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Preface 
 
 

The research activities of the Vietnam Atomic Energy Institute (VINATOM) during 
the period from 1 January to 31 December 2014 are presented in this Report. The research 
activities are focused on the following fields: 

1. Nuclear Physics, Reactor Physics; 

2. Research Reactor, Nuclaer Power Technology, Nuclear Safety, Nuclear Power 
Economy; 

3. Instrumentation, Nuclear Electronics; 

4. Industrial Applications; 

5. Applications in Ecology, Environment and Geology; 

6. Applications in Biology, Agriculture and Medicine; 

7. Radiation Protection and Radioactive Waste Management; 

8. Radiation Technology; 

9. Radiochemistry and Materials Science; 

10. Computation and Other Related Topics. 

The total number of permanent staff working at the VINATOM as December 31, 
2014 is 745 including the clerical service staff. The VINATOM was funded from the 
Government with the total amount to 126.954 billion VN Dong for FY 2014, a decrease of 
26.3% compared to the last fiscal year. The international support of 250,000 USD for the 
VINATOM activities is committed to the operating projects including equipment, staff 
training and expert services (3 VIE projects, 10 FNCA projects, 17 RAS projects and some 
research contracts with the IAEA). 

Main results of fundamental and applied research implemented in the year were 
presented in 190 scientific articles, reports and contributions published in many journals, 
proceedings of conferences, etc. 

During the time of year 2014, in the VINATOM there were 10 to be graduated in 
Ph.D. courses; 221 people have been trained abroad in the fields of nuclear science and 
technology.  

 

 

Dr. Tran Chi Thanh 

President, VINATOM 
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ABSTRACT: The study on nuclear physics is presented by both theory and experiment. For theory, we present 

the analyses on the scatterings of nucleon (proton and neutron) and nucleus. This approach is known as the 

simplest way to study nuclei of interest because nucleon is structuredness. Precise nuclear radii of 
6,8

He has 

been obtained from the Glauber analysis on the experimental data. The microscopic calculations of elastic 

nucleon-nucleus scattering off double-closed shell nuclei 
16

O and 
208

Pb at energies below 50 MeV were 
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performed. This work will be a key input for the prediction of elastic and inelastic scattering reactions of nuclei 

far from the stability valley. Through analysis on the charge-exchange (
3
He, t) reaction, the neutron skins of 

208
Pb and 

90
Zr have been obtained which were in a good agreement with previous works. Further study on 

elastic α+α scattering at low energy gives possible explanation of a long-standing inconsistency of the double-

folding model in its study on this system and α-nucleus scattering using the same realistic density dependent 

M3Y interaction. For the experiment, the experiments performed at RIKEN and IPN Orsay are reported. The 

results from the RIKEN experiments shows that the 2
+
 and 4

+
 energies of 

66
Cr and 

70,72
Fe were measured for 

the first time. The preliminary results on the data of 
68

Fe show 4 de-excited gammas on the spectrum of this 

isotope. The level scheme of 
68

Fe is built. The results from the IPN Orsay experimental data analysis improved 

level schemes of the neutron-rich 
83,84

Geand 
82

As isotopes. The experimental data of unstable nuclei is 

significant in nuclear structure or shell evolution study.  

1. INTRODUCTION 

Nuclear properties of unstable nuclei have attracted much attention since the availability of 

radioactive beam at laboratories worldwide which allows to achieve experiments in inverse 

kinematics. The first strange phenomenon of long tailed matter density distribution of 
11

Li was 

discovered by Taniata et al. [1] when they measured systematic interaction cross sections of several 

isotopes of 
6,7,8,9,11

Li. Afterwards, a lot of effort has been devoted to both experimental and 

theoretical studies. To follow the modern study in nuclear physics, we proposed “Study on physics 

of unstable nuclei within the framework of Vietnam-France joint laboratory” project. In which, 

some theoretical and experimental studies were proposed. In this report, important achievements 

will be shown. 

In section 2, the theoretical study is presented. First, the Glauber model analysis of the 

elastic 
6,8

He+p scattering data at energies around 700MeV/nucleon is shown. Then, the nucleon-

nucleus microscopic optical potential (OP) model of nucleon scattering off double-closed shell 

nuclei 
16

O and 
208

Pb at energies below 50 MeV will be discussed. Second, the neutron skin studies 

of 
208

Pb and 
90

Zr are reported via the charge-exchange (
3
He, t) reaction. Finally, the low energy 

elastic α+α scattering study in the folding model is shown. 

Section 3 presents experimental research. The experiments performed at RIKEN and IPN 

Orsay are introduced. These experiments aim at study on nuclei far off stability which have charge 

state up to Z=40. The spectroscopies of 
66

Cr, 
68,70,72

Fe and 
82,83,84

Ge will be shown. According to the 

new measurements, some physical conclusions were made. 

2. THEORETICAL STUDY 

2.1 Nucleon-nucleus scattering 

2.1.1 Proton-nucleus scattering at intermediate energy 

The Glauber model analysis of the elastic 
6,8

He+p scattering data at energies around 700 

MeV/nucleon, measured in two separate experiments[2], [3] at GSI-Darmstadt, has been done using 

several phenomenological parametrizations GG, GO, GH, SF and WS [4] of the nuclear matter 

density. By taking into account the new data points measured at high momentum transfer [3], the 

nuclear matter radii of 
6,8

He were accurately determined from the Glauber model [5] analysis of the 

data, with the spin-orbital interaction explicitly taken into account.  

The detailed GMSM analysis of the latest experimental data of the elastic 
6,8

He+p scattering 

at 717 and 674 MeV/u has been performed[6]. Based on the new data points measured 

up to the first diffractive minimum, the nuclear radii as well as the radial shape of the matter 

distribution of these helium halo nuclei have been determined, and the results are in a sound 

agreement with the recent systematics of these quantities given in Ref. [7]. 
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Table 1 and 2 present the results of 5 above density models’ parameters from the analyses 

on 
6,8

He+p data. Among these density models, GG and GO allowed to treat the core and halo parts 

separately. Therefore, the core, halo radii (Rc,h) and neutron skin (Rn-Rp) were attracted. 

Table 1: The best-fit parameters of the nuclear densities GG, GO, GH, SF and WS obtained from 

the present GMSM analysis of the combined set of the elastic 
6
He+p scattering data measured at low [2] and 

high momentum transfer [3]. The relative χ
2
r is per data point, and the errors are statistical. AL,Hare 

normalization factor for low- and high-momentum transfer, respectively. 

 

Table 2: The same as Table 1 but for 
8
He. 
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Figure 1: Elastic 
6,8

He+p scattering cross sections (divided by Rutherford cross section) obtained 

with the Glauber calculation (solid curve) using the best-fit parameters of the GG (upper panel) and GO 

(lower panel) models of the nuclear density, in comparison with the data measured by Neumaier et al.[2] and 

by Kiselev et al.[3] at low and high momentum transfers, respectively. 

The dash-dotted curves were obtained with the best-fit parameters of the GG and GO 

density models taken from Ref. [10], and the dashed curves were obtained with the 
6,8

He density 

given by the cluster-orbital shell-model approximation (COSMA) [8]. 

Focusing on the new data points measured at high momentum transfer, one can see that the 

first diffraction minimum in the elastic scattering cross section is now fully covered by the data and 

it turned out that the combined data set allowed for an improved determination of the parameters of 

the density distribution. The data and the calculated cross sections divided by the Rutherford cross 

section are presented in Fig.1, comparing to those using COSMA [9] and GO [10] density 

parameters.  The COSMA[9] and GO [10] densities give a good description of the 
6
He+p data, but 

fail to account for the data points taken at angles beyond the diffractive minimum for the 
8
He+p 

system. 

The final averaged nuclear matter radii Rm of the 
6
He and 

8
He isotopes obtained from the 

current analysis are 

Rm = 2.44 ± 0.07 fm for 
6
He, 

Rm = 2.50 ± 0.08 fm for 
8
He. 

All the results have been submitted and accepted for publication [6]. 

2.1.2 Nucleon-nucleus scattering at low energy 

Optical potential (OP) model is a useful tool to study nucleon-nucleus scattering. Most OPs 

have been generated from phenomenological or microscopic approaches. The phenomenological 

optical potential (POP) has been obtained by adjustment to the experimental data. It has 

successfully described nucleon-nucleus (NA) scattering in the mass range 24 < A <209 with 



VINATOM-AR 14--01 

 

The Annual Report for 2014, VINATOM 

 
21 

incident energies from 1 keV up to 200 MeV [11]. However, the POP does not have prediction 

power for the no-experimental region, e.g., the region of neutron-rich exotic nuclei. The 

microscopic optical potential (MOP) will be a powerful tool to investigate in this region of nuclei. 

So far, several kinds of approaches for the MOP have been proposed in the literature: so-called 

nuclear matter approaches[12], [13], nuclear structure approaches[14], [15], semi-microscopic 

approaches [16], methods based on self-energy theory [17], a method which combines nuclear 

matter and nuclear structure approaches [18], [19], the Faddeev RPA method [20] and the coupled-

cluster theory [21]. Nuclear matter approaches could produce satisfactory results at nucleon incident 

energies E ≥ 50 MeV. At energies below 50 MeV, early nuclear structure calculations [22] for NA 

elastic scattering for heavy-nucleus 
208

Pb have been performed. This approach only used the 

Skyrme nucleon-nucleon (NN) effective interaction SIII via the particle vibration coupling (PVC) 

method to calculate the MOP. Since the absorption part of the MOP is too weak, they could not 

fully explain the observed absorption in nuclear scattering below 30 MeV. Along the same lines, 

Nobre et al. [23] provided encouraging results for NA elastic scattering below 70 MeV within the 

energy density functional structure models. By using the continuum particle vibration coupling 

(cPVC) with the SkM* interaction Mizuyama et al. [24] have explained 85% of the NA elastic 

scattering reaction cross section by 
16

O below 30 MeV. Recently, the energy density functional [15] 

built from Gogny force has been successfully applied to nucleon-nucleus scattering from 
40

Ca. 

However, the nuclear targets of above nuclear structure approaches (except the calculations of 

Bernard et. al [22]) are limited to the light-medium nuclei region.  

We have carried out the microscopic calculations of elastic nucleon-nucleus scattering off 

double-closed shell nuclei 
16

O and 
208

Pb at energies below 50 MeV. This work will be a key input 

for the prediction of elastic and inelastic scattering reactions of nuclei far from the stability valley. 

The work is published in [25]. 

2.2 Neutron skin study via charge-exchange scattering 

The charge-exchange (
3
He,t) reaction can be considered as elastic scattering of 

3
He by the 

isovector term of the optical potential that flips the projectile isospin. Therefore, the accurately 

measured charge-exchange scattering cross section for the isobaric analog states can be a good 

probe of the isospin dependence of the optical potential, which is determined exclusively within the 

folding model by the difference between the neutron and proton densities and isospin dependence of 

the nucleon-nucleon interaction. Given the neutron skin of the target related directly to the neutron-

proton difference of the ground-state density, it can be well probed in the analysis of the charge-

exchange (
3
He,t) reactions at medium energies when the two-step processes can be neglected and 

the t-matrix interaction can be used in the folding calculation. For this purpose, the data of the 

(
3
He,t) scattering to the isobaric-analog-state of 

90
Zr and 

208
Pb targets at Elab = 420 MeV have been 

analyzed in the distorted wave Born approximation using the double-folded charge-exchange form 

factor. The neutron skin of 
208

Pbis 0.16 ± 0.04 fm (Fig. 2), and that value is 0.09 ± 0.03 for 
90

Zr 

(Fig. 3). The neutron skin deduced for these two nuclei turned out to be in a good agreement with 

the existing database. 

The present study has been published in Ref. [26]. 
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Figure 2: The nuclear charge-exchange and 

neutron skin thickness of 
208

Pb. 

 
Figure 3: The nuclear charge-exchange and 

neutron skin thickness of 
90

Zr. 

 

2.3 Alpha-Alpha scattering at low energy 

The low energy elastic α+α scattering study in the folding model has been done using the 

density dependent versions of the M3Y interaction and realistic choices for the 
4
He density. The 

α+α overlap was found strongly distorted by the Pauli blocking, gives possible explanation of a 

long-standing inconsistency of the double-folding model in its study of the elastic α+α and α-

nucleus scattering at low energies using the same realistic density dependent M3Y interaction.  

The knowledge about α+α interaction at low energies is of fundamental importance due to 

diversities of the α-cluster phenomena in nuclear physics.  In an optical model (OM) study of elastic 

α+α scattering, the α+α optical potential (OP) that has been treated either phenomenologically [27] 

or evaluated microscopically from the (two-body) nucleon-nucleon (NN) interaction between 

nucleons bound in the two interacting α-particles. To treat the Pauli blocking effect, the OP (U) for 

α+α system is introduced in the direct and exchange parts of the effective nucleon-nucleon (NN) 

interaction between nucleons[28]: 

1 2;

D EX

i i

U ij v ij ij v ji
  

                                                  (1) 

Among different choices of the effective NN interaction, the original density independent 

M3Y interactions [28] have been used with some success in the double folding calculations of the 

heavy-ion (HI) optical potential at low energies, where the data are sensitive only to the potential at 

the surface because of the strong absorption. In contrast to HI scattering, the elastic α+α scattering 

data at energies below the reaction threshold of 34.7 MeV (in the lab system) can be well described 

by the real OP only [27], [28], [29], [30] neglecting the imaginary (absorptive) part of the OP. A 

detailed folding model analysis of the available elastic α+α data at energies below the reaction 

threshold have been performed with different assumptions for the α+α overlap density to study the 

effects of the density dependence of the NN interaction to the α+α potential: (1) the frozen density 

approximation (FDA) introduce the overlap density as the sum over two α densities at the position 

of each nucleon 1 1 2 2( ) ( )r r   
; (2) the antisymmetrized overlap density (AOD) produce the 

total density of the α + α system at a given distance R between the centers of mass of the two α-

particles via the Slater determinant of the single-particle wave functions of 8 nucleons bound in the 

two α clusters which is microscopic cluster model suggested by Brink for 
8
Be resonance [31] 
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8

1

( , ) , ,i

i

   


 r R r R r r r R

                          (2) 

where,  

 
1 2

( )R A     
                                                           

(3) 

A is the antisymmetrizer and 
1,2 are the antisymmetrized wave functions built upon the 

single-particle wave functions of 4 nucleons bound in each α cluster; (3) The dynamic treatment 

directly links the momentum distribution of the di-nuclear density to the potential strength at each 

internuclear separation R. The Pauli blocking forbids the overlap of the two Fermi spheres in the 

momentum space, and the shapes of the two Fermi spheres must be modified. Within this formalism 

of dynamic Pauli distortion (DPD) approximation, the total density (ρ1 + ρ2) must be unchanged and 

the Pauli distortion results on a non-spherical shape of each distorted Fermi sphere (Fig. 4). 

 

Figure 4: The dynamic Pauli distortion of the two Fermi spheres representing the local densities of 

the two colliding nuclei in the momentum space. 

Our consistent folding model description of the elastic α+α data (Fig. 5) under study has 

shown that the DPD approximation, based on the dynamic Pauli distortion of the two overlapping 

α-densities in the momentum space, gives the best folding model prediction of the α+α potential at 

low energies. Although the DPD treatment of the density dependence of the M3Y interactionis just 

a local approximation based on the Pauli blocking of the overlap of the two α-densities in a di-

nuclear matter picture in the momentum space, the results of the present study show clearly that the 

density dependence of the effective NN interaction should be strongly distorted at the small 

distances between the two α-particles. This results seems to explain a long standing problem of the 

double-folding model (DFM). Namely, the failure of the DFM in a consistent description of both 

the α+α and α-nucleus optical potentials at low energies using the same realistic density dependent 

NN interaction is due to a breakdown of the FDA by the Pauli blocking. The DPD approximation 

for the density dependence of the M3Y interaction can also be applied to study different nucleus-

nucleus systems within the same dynamic DFM approach, and it is expected to improve the 

performance of the double folding model. The above study has been published in Ref. [32]. 
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Figure 5: The OM description of the elastic α + α data measured at E= 8.87 and 29.5 MeV given by 

the unrenormalized folded potentials obtained with different approximations for the density dependence of 

the CDM3Y6 (left panel) and BDM3Y1 (middle panel) interactions. The results given by the CDM3Y6 

folded potentials obtained with the experimental α-density are compared (right panel) with those given by 

the Gaussian potential of Buck et al.[27]. 

 

3. EXPERIMENTAL STUDY 

3.1 Nuclear structure study via systematic measurement of E(21
+
) 

Nuclear structure characterized by shell gaps is mainly governed by the strong force, 

normally constructed from 2-nucleon (NN) interaction, and by quantum mechanical laws. Shell 

model predicts stable states at magic numbers N=8, 20, 28, 50, ... but not always valid for unstable 

nucleon-rich nuclei. The evolution of nuclear shell is investigated by creating these nuclei and 

measuring their spectroscopy. Measurement of the first new nuclear 2
+

1 states is a very efficient 

experimental technique to evidence new nuclear structure phenomena at low excitation energy. The 

results from the theoretical interpretation of these experimental data give the answer for NN 

interaction in medium and, possibly 3N interaction as argued recently by T. Otsuka et al.[33]. The 

SEASTAR project aims at a systematic search for new 2
+

1 energies in the wide range of the 

neutron-rich nuclei [34]. The first experimental campaign was performed at RIKEN in May 2014 

with 
238

U primary beams at about 345 MeV/u, mean intensity of 10 pnA. The spectroscopy of these 

nuclei will also give the information about the robustness of sub-shell levels, for example that of 
52

Ar should give this information of the N=34 below 
54

Ca. The data will allow investigating the 

vicinity of new doubly magic nuclei (such as 
48

S). The SEASTAR experiments were done using 

beams produced by Radioactive Ion Beam Factory (RIBF) at RIKEN with the combination in the 

advantages of the facilities: Big RIPS [35], [36], MINOS [37], DALI2 [38], [39] and Zero Degree 

[36]. 

- For 
66

Cr and 
70,72

Fe 

We have analyzed in-beam γ-ray spectroscopy of 
66

Cr and 
70,72

Fe. The nuclei of interest 

were produced by (p, 2p) reactions at incident energies of 260MeV/nucleon. The results are the 

energies of the first 2
+
 and 4

+
 states of these nuclei, Fig. 6. This provides more data for N≥38 and 

N≥40 for even-even Cr and Fe isotopes, respectively. Figure 7 shows low-energy plateau of 2
+

1 and 

4
+

1 energies as a function of neutron number. State-of-the-art shell model calculations with a 
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modified LNPS interaction in the pfg9/2d5/2 valence space reproduce the observations. 

Interpretation within the shell model shows an extension of the Island of Inversion at N=40 towards 

neutron-rich isotopes and hints at a smooth transition to collective N=50 Cr and Fe isotopes. 

 

Figure 6: Doppler-corrected γ-ray spectra of(top) 
66

Cr, (middle) 
70

Fe, and (bottom)
72

Fe, populated 

from (p, 2p) and (p, 3p) reactions: experimental data points, the simulated response of each transition 

(orange), and the sum of these simulated transitions with a two-exponential background (black). (Insets) 

Gamma-gamma coincidence spectra. 

 

Figure 7: Systematics of E(2
+

1) and E(4
+

1) energies (top) and R4/2=E(4
+

1) /E(2
+

1) (bottom) for Cr 

(left) and Fe (right) isotopes. Experimental energies from Refs. [40], [41], [42] and from the present work are 

compared to large-scale shell model calculations. 
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The E(4
+

1) and E(2
+

1) of 
66

Cr and 
70,72

Fe were observed for the first time. It gives more data 

to study nuclear structure far off stability. The result has been submitted to Physics Review Letters 

for publication [43]. 

- For 
68

Fe 

In-beam gamma-ray spectroscopy of 
68

Fe observed by DALI2 is shown in Fig. 8. Four peaks 

(or gammas) are presented at 517(7), 868(9), 1075(10) and 1300(16) (keV), respectively. The first 2 

peaks correspond to de-excitation of the 2
+
 and 4

+
 excited states agreed with the observation in [42], 

[44]. The later 2 peaks are newly detected via (p, 2p) reaction. According to the gamma-gamma 

coincident analysis and the statistical sum rule, the level scheme of 
68

Fe is built in Fig. 9, with the 

state exclusive cross section on the right. These results are preliminary. Further corrections are 

needed to obtain the final results which is expected to be published in the future. 

 

Figure 8: Experimental in-beam gamma                 

spectrum of 
68

Fe. 

 
Figure 9: Level scheme 

68
Fe with state exclusive 

cross sections. 

3.2 Nuclear structure study in the vicinity of 
78

Ni 

The transformation of the neutron shells from N = 40 to N = 50 is known to be derived from 

the interaction mechanisms of three particles like in the case of Ca and O. This region is also seen 

as the ideal to verify the improvement of the model of effective interaction force of many particles. 

The experimental studies of the vicinity of 
78

Ni give information as single-particle sequences and 

variations thereof, evaluation collective properties.... which is used to verify this model. The N=49 

isotonic line, from stability towards 
77

Ni, provides a wealth of intriguing structure phenomena, the 

first of which being the relative evolutions of normal one-hole (1h) and very low lying (positive 

parity) one-particle, two-hole (1p-2h) intruder states in the N=49 odd isotones, originally noticed 

some three decades ago by Hoff and Fogelberg in their seminal work of Ref. [45].  
82

As constitutes 

an interesting intermediate case that should hold the fingerprints of these supposed evolutions. From 

 to the nature of the first excited (and isomeric) state changes for the first time, 

switching from 1/2
−
 to 1/2

+
; that is, supposedly from to nature [45]. The 

experimental of the structure of the nuclei in this region is very important. In this report, the 

experimental measurements of beta-decay of 
82

Ge and beta-decay (beta-n) of 
84

Ga to study structure 

of the nuclei in the region 
77,78

Ni are mentioned. The experiments were performed at IPN Orsay by 

using the equipment ALTO linear accelerator and BEDO detecting system. 

Table 3: γ transitions attributed to the 
82

Ge decay. 

E (keV) I (%) - 

92.6 (4) 1.0 (5) 329.3; 420.4; 426.6, 447.4; 2196.6 

249.1 (5) 3.6 (4) 843.4 



VINATOM-AR 14--01 

 

The Annual Report for 2014, VINATOM 

 
27 

329.3 (3) 0.5 (1) 92.6; 426.692.6; 426.6 

420.4 (5) 0.27 (9) 92.6; 447.4 

426.6 (2) 0.87 (9) 92.6; 329.3; 553.1; 1063.9; 1311.3; 1462.4 

447.4 (3) 0.5 (1) 92.6; 420.4 

516.5 (2) 1.25 (9) 575.3 

526.3 (3) 0.22 (4) 843.4 

553.1 (4) 0.20 (4) 426.7; 1063.9; 1462.4 

575.3 (2) 1.1 (1) 516.5 

843.4 (2) 8.0 (3) 249.1; 526.3; 1201.1; 1600.1 

951.8 (3) 1.4 (4) 1092.0 

1063.9 (3) 0.16 (4) 329.3; 426.6; 553.1 

1092.0 (2) 100 (6) 951.8; 1199.1 

1199.1 (6) 0.5 (2) 1092.0 

1201.1 (2) 0.6 (2) 843.4 

1311.3 (3) 0.34 (7) 329.3; 426.6 

1462.4 (5) 0.31 (7) 329.3; 426.6 

1600.1 (4) 0.09 (2) 843.4 

2196.6 (2) 0.12 (2) 92.6 

The fission fragments were produced in the interaction of the 50 MeV, 10 μA electron beam 

delivered on to a thick uranium carbide target in a standard UCx form at ALTO [46]. To allow fast 

fission products effusion and diffusion, the target was heated up to 2000◦C. The gallium and 

germanium atoms were ionized within a two-step process with the laser ion source. For the 

detection of γ rays we used two large-volume coaxial high-purity germanium (HPGe) detectors of 

BEDO system. This system was built to measure β-decay of neutron-rich radioactive isotopes. Its 

goal is to measure the β
-
-, -coincidence and remove Compton background and bremsstrahlung 

due to high energy beta radiation emitted from the radioactive isotope formed by photosynthesis 

fission. We focused our attention on the β decay of 
82

Ge: γ transitions were attributed to 
82

As based 

on half-life measurements of the corresponding γ lines and the γ-γ coincidence measurements, 

Table 3. 

On the basis of the relationship coincidence listed in Table 3, we were able to build 
82

Ge 

decay scheme in Fig. 10. 

The improved knowledge of the higher energy part of the 
82

As level scheme from the 

present work allows suspecting the existence of (only) three additional potential 1
+
 states above the 

already known one at 1092 keV. In addition our data allow ruling out the hypothesis that the 843 

keV level could be a 1
+
 state. The question now is to understand this new level scheme and also try 

and understand the differences between it and the one from transfer reaction data. The results were 

published in [47]. 
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Figure 10:  
82

Ge β-decay scheme. 

The γ transitions which were attributed to 
83

Ge and 
84

Ge based on measurements of their 

half-lives (obtained from the decay curve during the decay cycle) and γ-γ coincidence 

measurements are listed in Table 4. Some of the transitions were already assigned to one of the two 

nuclei in Refs. [48]. For 
84

Ge, we confirm the coincidence of the 624.2 keV γ ray with the 765.1 

keV γ ray previously reported in [48]. We found two new coincidences with the 624.2 keV γ ray: 

1603.9 and 2878 keV, and two transitions to the ground state of 
84

Ge with energies 1389.3 and 

3502.3 keV. With this result we propose to assign two new excited levels to the 
84

Ge level scheme; 

see Fig 11. For 
83

Ge, three coincidences with theγ ray of energy 247.7 keV (1/2
+

1 →5/2
+

gs) were 

found: at 798.9, 1204.9, and 1778.7 keV, and two very weak coincidences with the line at 1045.9, 

941 and 2193 keV. Having seen the coincidence between the 247.7 and 798.9 keV transitions we 

confirm the existence of the excited state at 1045.9 keV (previously reported in [48]). We confirm 

the γ ray at 1238 keV (previously reported in [49]); no coincidence with this γ ray was found. The 

corresponding 
83

Ge level scheme deduced from the 
84

Ge βn decay is reported in Fig.11. The result 

was published in [50]. 
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Table 4: The list of γ rays observed in the β/βn decay of 
84

Ga assigned to the de-excitation of 
83

Ge 

and 
84

Ge, with intensities relative to the most intense line in 
83

Ge, and the γ-γ coincidences. The γ rays 

marked with asterisks are of low statistics and their assignment is tentative. 

Nucleus Eγ(keV) Irel (%) γ - γ T1/2 (s) 

 

 

 

 

 

83
Ge 

247.7(3) 100(3) 798.9, 1204.9, 1778.7 0.078(9) 

798.9(3) 5(1) 247.7 0.164(95) 

*941.5(4) 5(1) 1045.9  

1045.9(4) 55(3) 941.5, 2193 0.085(19) 

1204.9(6) 7(2) 247.7 0.112(73) 

1238.4(8) 9(3)  0.110(66) 

1778.7(4) 6(2) 247.7  

2026(1) 3(1)   

*2193(1)  1045.9  

3238(1) 6(2)   

 

 

 

84
Ge 

624.2(2) 61(3) 765.1, 1603.9, 2878.1 0.097(17) 

765.1(3) 9(3) 624.2 0.107(93) 

1389.3(4) 5(4)   

1603.9(2) 10(2) 624.2 0.159(100) 

2878.1(6) 13(4) 624.2  

3502(1) 36(5)  0.086(29) 

  

 

 

 

 

 

Figure 11: Level scheme of 
83

Ge and 
84

Ge populated in the 

β/βn decay of 
84

Ga. Relative 

intensities of each γ transition 

are normalized to the 247.7 keV 

transition in 
83

Ge. 
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4. CONCLUSION 

Several achievements in nuclear physics research have been reported. 

The more precise nuclear radii of 
6,8

He have been extracted through the Glauber model 

analysis of the elastic 
6,8

He+p scattering data at energies around 700MeV/nucleon [6]. 

We have successfully described elastic nucleon-nucleus scattering off double-closed shell 

nuclei 
16

O and 
208

Pb at energies below 50 MeV by the microscopic calculations. This work is very 

useful in the prediction of elastic and inelastic scattering reactions of nuclei far from the stability 

valley [51]. 

By analyses on the charge-exchange (
3
He, t) reaction, the neutron skin of 

208
Pb and 

90
Zr 

were attracted in a good agreement with previous works [26]. 

The 2
+
 and 4

+
 energies of 

66
Cr and 

70,72
Fe was measured for the first time [43]. The data 

supplement to the experimental data to study the structure of unstable nuclei. 

The decay of 
84

Ga has been reinvestigated at IPN Orsay. Improved level schemes of the 

neutron-rich 
83,84

Ge (Z = 32) isotopes were obtained [50]. 

The β decay of 
82

Ge was reinvestigated at IPN Orsay. From the analysis two conclusions 

can be drawn: (i) the presence of a large number of low-lying low-spin negative parity states is due 

to intruder states stemming from above the N = 50 shell closure, and (ii) the sudden increase, from 
82

As to 
80

Ga, of the number of low-lying 1+ states and the corresponding Gamow-Teller 

fragmentation are naturally reproduced by the inclusion of tensor correlations and couplings to 2p-

2h excitations [47]. 
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ABSTRACT: Basing on the idea in using fuel of nuclear power plants such as PWR (AP-1000) and VVER-

1000 with light water as moderation, design calculation of critical assembly was performed to confirm the 

possibility of using these fuels. Designed critical assembly has simple structure consisting of low enriched fuel 

from 1.6% to 5% U-235; water has functions as cooling, biological protection and control. Critical assembly is 

operated at nominal power 100W with fuel pitch about 2.0cm. Applications of the critical assembly are quite 

abundant in basic research, education and training with low investment cost compare with research reactor and 

easy in operation. So critical assembly can be used for university or training centre for nuclear engineering 

training. Main objectives of the project are: design calculation in neutronics, thermal hydraulics and safety 

analysis for critical configuration benchmarks using low enriched fuel; design in mechanical and auxiliary 

systems for critical assembly; determine technical specifications and estimate construction, installation cost of 

critical assembly. The process of design, fabrication, installation and construction of critical assembly will be 

considered with different implementation phases and localization capabilities in installation of critical 

assembly is highly feasibility. Cost estimation of construction and installation of critical assembly was 

implemented and showed that investment cost for critical assembly is much lower than research reactor and 

most of components, systems of critical assembly can be localized with current technique quality of the 

country. 

 

1. INTRODUCTION 

In training and basic research related to reactor engineering, simple equipment and multi 

functions as critical assembly to be a good tool in helping the students, operators or researchers to 

consolidate their knowledge as well as to conduct basic research and other applications. 

Using fuel of nuclear power plant [1, 2] with low enrichment from 1.6% to 5% U-235 and 

light water has function as moderation, cooling, radiation shielding and control, critical assembly 

was designed, calculated to ensure safety, simple structure and met requirements of application and 

exploitation in basic research as well as education, training, and applications related to reactor 

engineering. Universities and training centers can fully build and install critical assembly with low 

cost investment, operating and maintenance comparing with research reactor higher power such as 

Project information: 

- Code: ĐTCB.03/13/VNCHN 

- Managerial Level: Ministry 

- Allocated Fund: 645,000,000 VND 

- Implementation time: 24 months (Jan 2013- Dec 2014) 

- Contact email: thomcuongdl@vnn.vn 

- Paper published in related to the project:  

1. “Conceptual design of critical assembly using low enriched Uranium fuel and moderated light water”, 

NGUYEN Kien Cuong, VO Doan Hai Dang, J. Nuclear Science and Technology, 2015, 17 pages (to 

be published) 

2. “The development of depletion program coupled with Monte Carlo computer code”, NGUYEN Kien 

Cuong, HUYNH Ton Nghiem, VUONG Huu Tan, J. Nuclear Science and Technology, 2015, 12 

pages (to be published). 
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TCA [3] in JAEA Japan. Moreover in research, the experimental results from the critical assembly 

have important role in calibration model, library or theoretical calculation methods. In addition, 

critical assembly is useful in testing of new fabricated fuel, neutron instrumentation system to serve 

for experiments or control. 

Computer codes that have been used in design calculation of critical assembly include: 

- Neutron transport calculation programs: WIMS-ANL [4], PIJ (SRAC) [5]; 

- Diffusion programs to calculate whole core: SRAC code (PIJ, CITATION) [5] of Japan, 

system code WIMS-ANL and REBUS [6] of the United States; 

- Computer codes solving neutron transport equation by Monte Carlo method: MVP code 

[7] and MVP-BURN burn-up code [8] of Japan, MCNP5 [9] of the United States. 

Other codes like ORIGEN [10] and MCDL [11] were used for activity, photon spectrum of 

fuel, fuel burn-up distribution. ENDF/B VII calculation libraryy mainly used for SRAC and 

MCNP5 codes, but for WIMS-ANL and REBUS codes, ENDF/B6.0 library is applied. 

After considering of neutronics, thermal hydraulics and safety analysis, critical assembly is 

designed systems related to operation including control systems, mechanical systems and auxiliary 

systems to support for safety in operation and utilization. Making plan for the construction and 

installation of critical assembly and evaluating construction cost were done to show that comparing 

with research reactor, critical assembly is simpler and easier in manufacturing as well as possible 

localization. 

2. DESIGN CALCULATION IN NEUTRONICS, THERMAL HYDRAULICS AND 

SAFETY ANALYSIS FOR CRITICAL ASSEMBLY USING FUEL WITH DIFFERENT 

ENRICHMENTS 

2.1. Fuel consideration 

Fuels of critical assembly are fuel rods in fuel assemblies of power reactors with head and 

tail are re-fabricated to be fixed on the 2 grid plates inside critical assembly tank. VVER fuel cell 

has hexagonal shape while PWR fuel cell has square shape with initial pitch 1.26 cm 1.275cm 

respectively as shown in Fig. 1 and Table 1. 

 

 

 

 

 

 

 

 

 

Figure 1: Geometry of VVER and PWR fuel cells using in critical assembly 

The changing of fuel infinite multiplication factor has been considered when using different 

enrichments of fuel, fuel pitches from 1.25 to 2.5cm. Group constants or macro cross sections have 

been calculated by PIJ of SRAC code with two neutron energy groups. Micro cross sections have 

been estimated by MCNP code.  
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Table 1: Parameters characteristics of fuel VVER and PWR types 

Parameter PWR VVER 

Temperature (
o
C) 20 20 

Fuel density (g/cm
3
) ~10.4 ~10.4 

Fuel compositions (%) 

U-235 

U-234 

U-238 

1.6 – 2.1 – 2.6 – 3.2 – 4.2 – 

4.8 

0.050 

100 - 0.05 – enrichment of 

U-235 

1.6 – 2.4 – 3.3 – 3.7 – 4.1 – 

4.5 

0.034 

100 - 0.034 – enrichment of 

U-235 

Cladding material Zr4 Zr4+1%Nb 

Fuel pitch (cm) 1.260 1.275 

Dimension (cm) 

Fuel radius 

He gap 

Cladding 

 

0.46955 

0.00955 

0.0673 

 

0.14 – 0.38 

0.006 

0.069 

Height (cm) ~170 - 200 ~170 - 200 

Table 2: Calculation results of infinite multiplication factors to VVER and PWR fuel                                              

with different fuel enrichments and calculation libraries 

VVER Enrichment 

Library 
Computer 

code 
1.60% 2.40% 3.30% 3.70% 4.10% 4.50% 

ENDF/B70 

 

SRAC 

MCNP 

1.14457 

1.14705 

1.27661 

1.27902 

1.36263 

1.36557 

1.38963 

1.39288 

1.41212 

1.41558 

1.43116 

1.43461 

JDL33 

 

SRAC 

MCNP 

1.11681 

1.12312 

1.25199 

1.25884 

1.34090 

1.34837 

1.36894 

1.37697 

1.39237 

1.40080 

1.41222 

1.42110 

JEF31 

 

SRAC 

MCNP 

1.11949 

1.12449 

1.25430 

1.25958 

1.34289 

1.34853 

1.37082 

1.37657 

1.39414 

1.40032 

1.41391 

1.42009 

PWR Enrichment 

Library 
Computer 

code 
1.60% 2.10% 2.60% 3.20% 4.20% 4.80% 

ENDF/B70 

 

SRAC 

MCNP 

1.15824 

1.15574 

1.22808 

1.22542 

1.27613 

1.27345 

1.31731 

1.31470 

1.36372 

1.36125 

1.38377 

1.38140 

JDL33 

 

SRAC 

MCNP 

1.15200 

1.15585 

1.22210 

1.22588 

1.27037 

1.27432 

1.31175 

1.31544 

1.35840 

1.36279 

1.37854 

1.38326 

JEF31 

 

SRAC 

MCNP 

1.15465 

1.15449 

1.22448 

1.22422 

1.27253 

1.27230 

1.31371 

1.31348 

1.36011 

1.36003 

1.38015 

1.38005 
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Burn-up calculation of VVER and PWR fuels was carried out by PIJ (SRAC) and MVP-

Burn codes. Two critical configurations with the highest fuel enrichment of VVER (4.5%) and 

PWR (4.8%) fuel were estimated in burn-up. In fact burn-up of fuels of critical assembly can not be 

reached higher than 9% because operating power of critical assembly is very low. 

Table 3: The changing of infinite multiplication factor of PWR and VVER                                                    

fuels depending on burn-up (% U-235) 

Burn-up U-235 (%) SRAC-PWR MVP-PWR SRAC-VVER MVP-VVER 

0.0 1.501485 1.497387 1.395287 1.391835 

1.0 1.490713 1.485842 1.385428 1.382567 

2.0 1.485229 1.481154 1.380037 1.376817 

3.0 1.481383 1.476928 1.376034 1.372680 

4.0 1.478029 1.473209 1.372448 1.369280 

5.0 1.474789 1.470164 1.368955 1.365756 

6.0 1.471542 1.466859 1.365448 1.362748 

7.0 1.468246 1.463985 1.361889 1.358794 

8.0 1.464890 1.460288 1.358269 1.354844 

9.0 1.461471 1.456818 1.354582 1.350730 

The changing of infinite multiplication factor can simply divided into two main types: 

geometry and enrichment. Enrichment effects to VVER fuel varying from 0.26% k/k to 0.04% 

k/k for fuel with enrichment from 1.6% to4.5% respectively. For PWR fuel is only about 0.17% 

k/k to 0.03% to enrichment fuel from1.6% to 4.8%. Influence of fuel diameter, fuel volume on 

moderator volume ratio and radius of cladding varies from low to high enrichment for both PWR 

and VVER fuel types. Total effect of all factors to VVER and PWR fuels is approximately 0.48% to 

0.89%.  

2.2. Critical configuration establishing 

Designed critical assembly having typical parameters are given in Table 4. From the design 

values, critical cores have been investigated with different fuel pitch and enrichment.  

Table 4: Typical parameters of designed critical assembly 

Parameter Value 

Power 100 W 

Moderator Light water 

Fuel PWR fuel with enrichment from 1.6% to 4.5% U-235 

VVER fuel with enrichment from 1.6% to 4.8% U-235 

Fuel pitch 2,0 cm 

Core dimension using VVER 

fuel 

Minimum 270 fuel rods, side dimension 20cm 

Maximum 720 fuel rods, side dimension 32cm 

Core dimension using PWR 

fuel 

Minimum13×13-1 fuel rods, side dimension 26cm                                

Maximum 25×25-1 fuel rods, side dimension 50cm 
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Neutron source Am-Be with intensity 10
6
 n/cm

2
.s. Dimension: 0.6cm×6cm 

Position in the core: Center of the core 

Safety control rod Cadmium plate. Dimension: 10cm×0.5cm×200cm 

Critical tank Radius 1m, height 2m 

 

 

 

 

 

 

 

 

Figure 2: Calculation model of critical assembly by MCNP code 

Effective multiplication factor of ten benchmark critical configurations are calculated by 

MCNP, SRAC, WIMS-ANL and REBUS. 

Table 5: Calculation results of effective multiplication factors of ten benchmark problems 

Core 

Fuel 

enrichment 

(%) 

Number 

of fuel 

rod 

Water 

level 

(cm) 

MCNP 
WIMS-ANL 

and REBUS 

PIJ – 

CITATION 

(SRAC) 

VVER1 3.3 630 54.5 0.99996 0.99978 1.00020 

VVER2 3.7 546 48.0 1.00031 1.00021 1.00067 

VVER3 4.1 396 56.0 1.00004 0.99979 1.00042 

VVER4 4.5 270 116.0 1.00032 0.99995 1.00105 

VVERM Mix-core 546 60.0 1.00045 1.00023 1.00121 

PWR1 2.6 360 95.0 1.00018 0.99923 1.00052 

PWR2 3.2 288 70.0 1.00023 0.99975 1.00067 

PWR3 4.2 224 58.0 0.99986 0.99871 1.00038 

PWR4 4.8 168 100 1.00052 1.00002 1.00137 

PWRM Mix-core 624 34.6 1.00010 0.99998 1.00062 

Investigation process of changing effective multiplication factors has been performed by the 

fluctuations of important parameters within ±5% compared with the original values. Except the 

changing of water temperature is not significant effect to multiplication factor, geometric 

parameters as fuel radius, pitch arrangement of fuel and fuel enrichment have significant influence 

to multiplication factor. To have significant effective reactivity of safety control rod, control rod 

needs to put at the position near fuel rods. Depending on loading configurations, safety control rods 

will be had different effective reactivity. 
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2.3. Neutronics and thermal hydraulics calculation for benchmark configurations 

Neutron flux calculation results showed that the average neutron flux total at nominal power 

100W in range from 2.3 to 3.3 × 10
9
 n/cm

2
.s. Distribution of the average neutron flux of benchmark 

configurations are given in Table 6.  

Table 6: Average neutron flux (n/cm
2
.s) of benchmark critical configurations 

Core 

Thermal 

neutron flux 

(<0.625eV) 

Epi-thermal 

neutron flux 

(0.625eV< and 

<0.82MeV) 

Fast neutron flux 

(0.82MeV< and < 

20MeV) 

Total neutron 

flux 

VVER1 5.29E+08 1.29E+09 4.85E+08 2.31E+09 

VVER2 7.15E+08 1.55E+09 7.08E+08 3.27E+09 

VVER3 6.78E+08 1.83E+09 7.15E+08 3.23E+09 

VVER4 4.46E+08 1.25E+09 4.98E+08 2.19E+09 

VVERM 5.14E+08 1.29E+09 4.89E+09 2.29E+09 

PWR1 3.87E+08 1.11E+09 4.23E+08 1.92E+09 

PWR2 5.10E+08 1.62E+09 6.42E+08 2.77E+09 

PWR3 6.69E+08 2.44E+09 1.01E+09 4.13E+09 

PWR4 4.66E+08 1.80E+09 7.63E+08 3.03E+09 

PWRM 5.03E+08 1.64E+09 6.48E+08 2.79E+09 

Distribution of neutron flux of all configurations has highly symmetry and the fuel rod 

having highest neutron flux is located around neutron source i.e. center of active core. Power 

peaking factor of benchmark configurations are calculated by MCNP code and in axial direction 

each fuel rod is divided into 19 to 21 or 25 nodes with equal volume.  

Table 7: Calculation results of power peaking factors of benchmark configurations 

Core 
Radial power 

peaking factor 

Axial power 

peaking factor 

Total power 

peaking factor 

Average power 

linear (W/m) 

VVER1 1.640 2.262 3.710 2.9125E-03 

VVER2 1.601 1.889 3.024 3.8156E-03 

VVER3 1.533 2.098 3.216 4.5094E-03 

VVER4 1.440 2.115 3.046 3.1928E-03 

VVERM 1.297 1.809 2.346 3.0525E-03 

PWR1 1.572 2.262 3.556 2.9240E-03 

PWR2 1.513 2.278 3.447 4.9603E-03 

PWR3 1.488 1.990 2.961 7.6970E-03 

PWR4 1.368 1.993 2.726 5.9524E-03 

PWRM 1.202 1.567 1.884 4.6314E-03 
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The power peaking factor of all ten benchmark configurations are quite high, due to 

operating at low power so even high power peaking factor the hottest fuel rod has not high 

temperature of fuel pellet and cladding. The decreasing of neutron flux on reflector was evaluated 

according two neutron energy groups detail in axial and radial direction.  

  

Figure 3: The decreasing of thermal and epi-thermal neutron flux on reflector                                                              

from outside critical assembly core of two configurations VVERM and PWRM 

Neutron flux attenuation on reflector show that in the distance about 30cm from outside the 

core, neutron flux decreases rapidly to nearly 150 times. Temperature feedback coefficients of 

water and fuel as well as the kinetic parameters are calculated by MCNP and SRAC codes. 

Temperature feedback coefficients of water and fuel of critical assembly have negative values. 

Value of delayed neutron fraction is about 0.78% and prompt neutron lifetime is about 5.0×10
-5

 

seconds. Burn-up calculation was implemented for mixed cores VVERM and PWRM by MCDL 

code (in-house development). Maximum burn-up of fuel is about 0.0031% U-235 and average burn-

up is about 0.0015% U-235 under operating 600 full power days and 100 cooling days. Fuel 

temperature were estimated by RELAP5 [12] code with assuming water temperature in the core 

about 27
0
C. Fuel and cladding temperature are almost not changed significantly as critical assembly 

is be operating continuously about 5 hours. This reason is mainly that critical assembly operation at 

low power levels so linear power on each fuel rod is low.  

Table 8: Calculation results of fuel pellet and cladding temperature                                                                              

of benchmark configurations 

Core Temperature (
o
C) Core Temperature (

o
C) 

Fuel Cladding Fuel Cladding 

PWR1 27.0178 27.0172 VVER1 27.0174 27.0170 

PWR2 27.0177 27.0171 VVER2 27.0173 27.0169 

PWR3 27.0176 27.0170 VVER3 27.0173 27.0170 

PWR4 27.0180 27.0174 VVER4 27.0179 27.0175 

PWRM 27.0172 27.0167 VVERM 27.0174 27.0170 

 

2.4. Safety analysis 

In safety analysis [13, 14], parameters used in calculation model are given in Table 9. In 

safety analysis calculations, system response time is larger than practice to have conservative 

results, in fact response time of the protection system is only about 1 to 5 seconds. 

0.00E+00

2.50E+07

5.00E+07

7.50E+07

1.00E+08

1.25E+08

1.50E+08

1.75E+08

2.00E+08

2.25E+08

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

N
e

u
tr

o
n

 fl
u

x 
(n

/c
m

2
.s

)

Distance (cm)

Thermal neutron

Epi-thermal neutron

0.0E+00

2.0E+07

4.0E+07

6.0E+07

8.0E+07

1.0E+08

1.2E+08

1.4E+08

1.6E+08

1.8E+08

2.0E+08

2.2E+08

2.4E+08

2.6E+08

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30

N
e

u
tr

o
n

 fl
u

x 
(n

/c
m

2
.s

)

Distance (cm)

Thermal neutron

Epi-thermal neutron



VINATOM-AR 14--02 

 

The Annual Report for 2014, VINATOM 

 
39 

Table 9: Parameters used in safety analysis of critical assembly 

Parameter Value 

Power, W 100 

Water temperature in the core, 
o
C 27 

Power peaking factor  

- Axial power peaking factor 1.889 – 2.287  

- Radial power peaking factor 1.202 – 1.640  

Kinetics parameters  

-  Prompt neutron life time, s 4.453-5.86510
-5

 

-  Delayed neutron fraction (1$) 7.737-8.17510
-3

 

Temperature reactivity feedback coefficient  

-  Moderator, %/C; (300-350
o
K) - 0.441-1.31410

-2
 

-  Fuel, %/
o
C;   

(300-400
o
K) - 1.26-1.6910

-3
 

(400-500
o
K) - 1.13-1.5310

-3
 

(500-600
o
K) - 0.974-1.3910

-3
 

Reactivity control  

-   Reactivity of shutdown critical assembly, %  0.4 

Protection characteristics of critical assembly  

- Rod drop time of Safety control rod, s  10 

- Response time in draining water, s  

Opening relief valve  20 

Reducing water level by gravity force 30 

The calculation results for all ten benchmarks configurations showed that no significant 

change of temperature in fuel pellet and cladding when peak of power about 110W, 300W and 

500W when insertion reactivity from 1 to 3 $ instantaneously due to open water supply valve or 

load back neutron source into the core while critical assembly is operating.  

Table 10: Fuel temperature in transient and accident of VVER and PWR cores 

Power from 538 to 540W  

Parameter VVER PWR 

Maximum power 540.2W 538.2W 

Temperature of water in the tank 300.15
o
K or 27.000

o
C 300.15

o
K or 27.000

o
C 

Temperature of fuel 300.417
o
K or 27.267

o
C 300.382

o
K or 27.232

o
C 

Temperature of He gap 300.409
o
K or 27.259

o
C 300.374

o
K or 27.224

o
C 

Temperature of cladding 300.387
o
K or 27.237

o
C 300.362

o
K or 27.212

o
C 
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Although power level increased 5 times compared to normal operating power 100W, fuel 

and cladding temperature has not increased to 27.5
o
C. So in aspect of thermal safety, reactivity 

insertion accident do not affect to thermal safety aspect of fuel and cladding of critical assembly.  

2.5. Gamma shielding calculation 

ORIGEN code is used to calculate the activity, photon spectrum with 18 energy groups for 

average fuel rod of benchmark configurations. Photon spectrum is then used in MCNP code to 

perform calculation gamma dose rate at interested positions.  

Table 11: Calculation gamma dose rate (Sv/h) of critical assembly 

Without concrete shielding around critical assembly tank 

VVER Height 

1m-3m 

Distance outside critical assembly  (cm) 

50 100 150 200 250 300 350 400 450 500 

Operation 
8.00E     

+03 

3.62E   

+03 

1.92E 

+03 

1.15E 

+03 

7.60E 

+02 

5.40E 

+02 

4.07E 

+02 

3.20E 

+02 

2.62E 

+02 

2.22E   

+02 

Cooling 1 day 
2.78E 

+01 

1.23E 

+01 

6.47E 

+00 

3.85E 

+00 

2.54E 

+00 

1.81E 

+00 

1.37E 

+00 

1.09E 

+00 

8.95E    

-01 

7.64E          

-01 

Having concrete shielding 50cm around critical assembly 

VVER Height                      

1m-3m 

Distance outside critical assembly tank (cm) 

50 100 150 200 250 300 350 400 450 

Operation 
5.28E

+01 

4.33E

+01 

3.68E

+01 

3.20E

+01 

2.83E

+01 

2.53E

+01 

2.29E

+01 

2.09E

+01 

1.94E

+01 

Cooling 1 day 
1.10E

-01 

1.17E

-01 

1.15E

-01 

1.09E

-01 

1.02E

-01 

9.49E

-02 

8.81E

-02 

8.20E

-02 

7.72E

-02 

Without concrete shielding around critical assembly tank 

PWR Height 

1m-3m 

Distance outside critical assembly (cm) 

50 100 150 200 250 300 350 400 450 500 

Operation 
1.84E

+04 

8.66E

+03 

4.68E

+03 

2.81E

+03 

1.84E

+03 

1.28E

+03 

9.48E

+02 

7.33E

+02 

5.90E

+02 

4.91E

+02 

Cooling 1 day 
6.82E

+01 

3.16E

+01 

1.70E

+01 

1.02E

+01 

6.66E

+00 

4.68E

+00 

3.49E

+00 

2.73E

+00 

2.22E

+00 

1.87E

+00 

Having concrete shielding 50cm around critical assembly 

PWR Height                    

1m-3m 

Distance outside critical assembly tank (cm) 

50 100 150 200 250 300 350 400 450 

Operation 
1.18E

+02 

9.71E

+01 

8.23E

+01 

7.13E

+01 

6.28E

+01 

5.59E

+01 

5.02E

+01 

4.57E

+01 

4.22E

+01 

Cooling 1 day 
2.60E

-01 

2.76E

-01 

2.69E

-01 

2.54E

-01 

2.37E

-01 

2.19E

-01 

2.03E

-01 

1.88E

-01 

1.77E

-01 
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Results showed that when the dose rate is high without shielding around 500 Sv at distance 

about 5m outside critical assembly tank. Therefore shielding surrounding critical assembly tank and 

enhanced thickness of the wall of critical assembly building needs to be necessary during operating 

of critical assembly. When fuel is cooled from 1 to 2 days, employees may handle with fuel because 

fuel dose rate will be decreased significantly. 

3. DESIGN OF MECHANICAL SYSTEM, AUXILIARY SYSTEMS FOR CRITICAL 

ASSEMBLY 

General structure of the critical assembly is quite simple and includes the tank containing 

fuel, a water tank supply connected to the critical assembly tank through large pipe diameter about 

20cm. Two pumps are used to supply water from the water supply tank to the tank of critical 

assembly. Neutron source is loaded and unloaded into the tank of critical assembly by the hydraulic 

pump with controllable.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 4: General structure of critical assembly 

3.1. Control system 

Control system [14, 15] is designed to meet the basic functions: measuring technological 

parameters, controlling operation of critical assembly and safety functions to stop chain reactions in 

all abnormal situations. In critical assembly, abnormal status are caused mainly by insertion positive 

reactivity when the water has reached over water level at critical state or neutron source is reloaded 

into the core while critical assembly is operating. In this situation, the safety rod (Cd plate) should 

be inserted to the core with shortest time under 1 second or automatic open relief valve to drain 

water in the core quickly to reduce the water level immediately. For safety functions, control system 

have to shutdown critical assembly and maintain in this state even other systems are damaged. 

Depending on the operating regime in source range or power range signal modes are reasonable 

offer. Output signal can be analog or digital signals to display power, period on the screen or inform 

about failure signals.  

Critical assembly 

tank 

Water supply tank 

Steel frame 

Pipe connected to critical assembly 

Neutron source 
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    Figure 5: Neutron instrument system with two channels in source and power ranges 

3.2. Critical assembly tank and water supply tank 

An important component of critical assembly is the tank that is used for loading fuel as well 

as water supply to start up critical assembly to designed power level. The size of the critical 

assembly core has radius about 30 to maximum 50cm depending on the loaded configuration, type 

of fuels and fuel pitch. To enhance shielding gamma radiation as well as relatively large space for 

arrangement of experiment, size of the tank is determined with radius 1m and 2m height.  

 

 

 

 

 

 

 

 

 

 

Figure 6: Structure of critical assembly tank 

The structure of the main water supply tank is also quite simple including water tank having 

cover, the top of the lid with tube diameter 18 to 20cm connected to the tank. On this pipeline 

having control valve to drain water in the critical assembly tank very fast. Before operation critical 

assembly, this valve has to close avoid to leak of water from the tank to the main water supply tank. 

In severe accident, if critical assembly can not be stopped, opening relief valves by hand will be an 

important action to prevent the risk of accident occurring rapid and escalate. 

Air chamber 

Pipe conect to relief valve 
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3.3. Pump control system 

Water pump control system has been designed with the following main functions: 

- Putting water into critical assembly at high or low flow rate from the main supply water 

tank. Particularly, pumping water at low speed has ability to fill or drain water by control pump or 

valve. Valves of these pumps are also controlled by the control buttons on the console of control 

system. Status of this valve can have multiple states that may indicate speed of the water put in or 

take out of critical assembly tank. 

- Control pumps and valves may be seen as part of safety system of critical assembly. 

- The operation of these valves and the pumps can be considered as the control rods of the 

critical assembly. Of course except for safety control rods made of cadmium. 

3.4. Mechanical and auxiliary systems 

Mechanical systems within critical assembly include fuel, grid plates and neutron detector 

tubes of control system. Watertight tube neutron source is locate at the center of the core to load and 

unload neutron source to the core when starting critical assembly or carrying out experiments. 

Experimental equipment used for neutron activation analysis or radioisotope production can be 

located around the core.  

 

 

 

 

 

 

 

 

Figure 7: Structure of the core, grid plates and core supporting frame of critical assembly 

Mechanical systems outside the core consist supporting the tank of critical assembly, steel 

frame around critical assembly to create workspace. Water purification systems and water supply 

[16] for the critical assembly is designed to be active in the operation as well as quality of water to 

avoid corrosion to extend lifetime of critical assembly. 

Dosimeter system must be installed to monitor gamma dose rate around critical assembly 

building and the control room. Ventilation system for critical assembly is designed to serve for 

critical assembly building, control room and laboratory preparation room or related storage devices 

related to critical assembly. The ventilation system in critical assembly building have to ensure 

fresh air inlet and outlet air blown through filter to ensures no discharge directly of radioactive gas 

into the surrounding environment. The building has simple structure consisting of critical assembly 

building that must be had space enough to put experimental equipment and fuel storage after 

operating.  

Storage equipment of fuel after using for critical assembly is designed with steel barrel 

having support racks inside. Because fuel is kept in dry condition so it is not needed other 

complicated equipment. To handling with fuels and irradiated samples, fuel handling tools as well 

as lead container for temporary storage radioactive materials need to be equipped. Because burn-up 
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of fuel using in critical assembly is not high before keeping in the steel barrel, fuels need to be 

cooling 1 or 2 days to ensure low dose rate. 

Water supply and fire protection systems are two important systems related to operation of 

critical assembly. The water supply system is also necessary for fire protection system so fire 

protection pump need to be installed. Sewer and liquid radioactive waste collection must be 

equipped for operation of critical assembly. 

Security and protection system for critical assembly is used having camera system with goal 

of warning, protecting stored fuel to avoid theft as well as ensuring preventing access of staff at 

areas high dose rate. Communication systemic installed for critical assembly and connected to 

conventional local telephone system. Radio mobile used in short range is equipped to serve 

implementation of experiments on critical assembly. Additionally, computer system is directly 

connected with computing center by LAN network to serve for fast calculation in determination 

critical configurations and water level. Particularly monitor dose rate system as well as short report 

can be connected directly to the mobile phone of the employees that responsible for the operation of 

critical assembly. 

3.5. Design for experiment and applications of critical assembly 

Experiments to be done on the critical assembly are quite abundant, including experiments 

related to reactor physics, reactor kinetics together with radiation measurements or using neutron 

source of critical assembly. Basic experiments of critical assembly are experiments in fuel loading 

patterns. For these experiments, mane grid plates having different fuel arrangement pitches need to 

be fabricated. Experiment to measure reactivity is performed by putting interested material in 

watertight tube, critical assembly is used to determine reactivity effective of interested materials. 

Critical experiments are important to serve for comparing theory calculation results and 

experimental data to calibrate or correct data library, method or model calculations. 

Experiments related to reactor physics include determining neutron distribution or neutron 

spectrum by foil sample neutron activation method, neutron diffusion in various mediums in the 

core. In experiments involve to reactor kinetics, kinetics parameters are determined by various 

methods such as Feynman, pulsed neutron source, the Alpha Rossi methods. 

On grid plate of critical assembly can be designed empty holes that can used for fixing tube 

contain materials used in neutron activation analysis or production of radioisotopes. Position for 

irradiation samples need to be considered to have appropriate neutron flux. 

Applications of critical assembly [17, 18] are experiments related to research, application, 

training and educating. Critical assembly is an object to research applications in construction of the 

reactor, thermal hydraulic and reactor safety with high neutron flux that can only be performed at 

the research center not in university or training center. Critical assembly itself can also be object to 

study in simulation by the model and method calculation. 

The main advantage of critical assembly used as experimental device are safe, simple in 

operation, flexible in experiments and lower investment cost compared with research reactor. 

However, limitations of critical assembly are low power level and neutron flux affect to sensitivity 

of neutron activation analysis and radioisotope productions. 

4. CONSTRUCTION PLAN 

4.1. Critical assembly assessment 

The main features of critical assembly when operating under nominal power 100W, neutron 

flux about 310
9
 n/cm

2
.s as follows: 
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- Meet inherent safety as well as nuclear safety due to low excess reactivity and radiation 

safety. 

- Fuels using for PWR and VVER reactors have been proved safety under high pressure, 

high temperature and high power conditions so they can completely be used for critical assembly. 

- Inherent safety of critical assembly due to temperature reactivity feedback coefficients 

of fuel and moderator has negative value. 

- Simple in design, manufacture as well as repair and maintenance. 

- Operation is simple and safe. To start-up and operate at designed power, critical 

assembly is controlled by put water in the tank via two different pumps with different capacities. 

- Flexibility in experiments as well as operating conditions.  

- With not so high neutron flux but some applications can be deployed on critical 

assembly such as activation analysis, isotope production, neutron imaging… 

- Critical assembly is used for testing new fuel, neutron instrumentation systems. 

- More importantly, critical assembly does not create radioactive waste with high-level so 

treatment solid and liquid waste is not like reactor with high power. 

With the main features above, critical assembly is a flexible and compact device with good 

supporting for research, education and training as well as implementation many simple applications.  

The main disadvantage of critical assembly is high gamma dose rate when operating, even at 

low power level, because no shielding is installed around critical assembly tank, it is necessary to 

create a wall shielding around critical assembly building with thicknesses from 40 to 50cm to 

ensure radiation safety. Having low neutron flux, applications of critical assembly when using 

neutron source is not high efficiency as reactor with high power. 

4.2. Plan construction and installation of critical assembly 

Important components of critical assembly include: fuel, critical assembly tank, control 

system, dosimeter system, valves and pumps performance supplying water from main water supply 

tank to critical assembly tank, neutron source, water purification system embedded with water 

supply tank, electrical system and other auxiliary systems. Comparing with research reactor, critical 

assembly does not need cooling system, radioactive waste treatment system, horizontal beam tubes 

or hotcells to serve for material with high activity.  

Building process of critical assembly [19] is implemented under the following key steps: 

design calculation, operation & utilization, and decommissioning. In design calculations, the main 

concerned items include: the core, control and safety protection systems as well as radiation safety 

system. Applications can be deployed on critical assembly also need to be carefully considered 

during design of critical assembly. After considering of basic components of critical assembly, 

design construction as well as other systems related to operation of critical assembly need to be 

conducted. 

Design, construction and installation of critical assembly can be made through the following 

steps: sitting; construction of infrastructure; installation of important mechanical equipment of 

critical assembly; installation of electrical system; installation of control system; installation of 

dosimeter system and other auxiliary systems. 

4.3. Finance appraisal in construction and installation of critical assembly 

Financial investment in construction and installation of critical assembly is significantly 

lower research reactor high power because critical assembly has simple structure but also existing 

complex system such as control system. In particular, localization of manufacturing, installing 



VINATOM-AR 14--02 

 

The Annual Report for 2014, VINATOM 

 

46 

critical assembly will be implemented in almost systems, except fuel and some equipment related to 

neutron instrumentation equipment.  

Finance for construction and installation critical assembly can be divided into three types as 

follows: 

Fuel 

Fuel cost is a main part of investment finance of critical assembly for construction and 

installation. PWR and VVER fuel have been globally commercialized but an ordered fuel bundle is 

customized to make tail and head of fuel rod, the price of fuel will be significant changed.  

With one fuel bundle or fuel assembly of power reactor numerous fuel rods used in critical 

assembly will be manufactured. The cost of a fuel bundle of power reactor is about 2 million US 

dollar, it is quite high to compare with full cost of investment.  

Equipment imported from aboard 

Some devices need to import from abroad to manufacture critical assembly including some 

important equipment as follows: 

- Fuel is ordered or buy fuel bundle and then manually manufactured. 

- Am-Be neutron sources need to be imported because the production is not fabricated in 

domestic. 

- Some devices in control system include aluminum tube containing neutron detector 

submerge in water, wide working range neutron detector for neutron measuring channels, electronic 

circuit boards with high reliability related measuring and control system or pumps, valves in 

operation of critical assembly, devices such as sensors for measuring temperature, water level. 

- The necessary experimental equipment: gamma spectrometry system as well as 

precision equipment related experiment to deploy on critical assembly. 

- Equipments calibrate electronic devices as well as measuring systems require high 

accuracy. 

Local made equipment and installation 

- Critical assembly tank, water supply tank made by aluminum can to be manufactured 

with domestic technique. Grid plates used to fix fuel rods can be completely manufactured in the 

country. 

- Water purification system and provide clean demineralized water for critical assembly 

can also be manufactured, installed without imported from abroad. 

- Pumps, valves and fan of ventilation system can buy on the domestic market so they are 

convenient for maintenance or even replacement when necessary. 

- Neutron source control system transfer in and out the core and storage container of 

neutron source can be designed and installed because all devices can be purchased on domestic 

market. 

- Water pipe between critical assembly tank with supply water tank as well as water 

purification system are also easily fabricated. 

- Steel supporting critical assembly tank, steel frames around the tank of critical assembly 

can be completely manufactured and installed. 

Finance for construction, installation of critical assembly is about 3,518,000 US Dollar 

approximately 71 to 73 billion VND. Total finance includes experimental equipment about 300,000 
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US Dollar approximately about 6.5 billion VND. This finance is draft estimated and it can not 

correct for construction, installation of critical assembly, finance may be high or low depending on 

required investment for operation, exploitation and application of critical assembly.  

5. CONCLUSIONS 

The project has been completed research contents in calculation and design of critical 

assembly with multi-purposes using low enriched fuel from 1.6% to 5% U-235 and moderated light 

water.  

It can be seen that the most important characteristics of critical assembly is safety in 

operation at design power 100W, simple in manufacture, meet requirements in basic research, 

training and educating. Cost of construction and installation of critical assembly is much lower than 

research reactor with higher power. Critical assembly is also capable of testing new manufactured 

equipment in reactor technology. Moreover, fuel of critical assembly may extended long time due to 

burn-up of fuel under operation at the power level is not so high. 

The process of building and installing critical assembly is relatively simple comparing with 

research reactor with higher power. Excluding fuel and some equipment are imported from abroad 

including neutron detectors, some electrical board, dosimeter system, most of the system and the 

remaining parts of the structure to be able to design, fabricate and install. Localization in 

construction and manufacturing of critical assembly is an important step in gradually mastery of 

nuclear industry related to construction, installation and utilization of critical assembly. Financial 

appraisal is done during construction and installation of critical assembly, investment fund focused 

primarily on fuel cost and experimental equipment. Total funding for construction and installation 

of critical assembly is in range from 60 to 75 billion VND (around 3 to 3.5 million US Dollar) 

corresponding to with or without experimental equipment. 
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ABSTRACT: Control rods of a nuclear reactor are divided into two groups: shut down and power control. 

Reactivity worth of the control rods depends nonlinearly on the rods' compositions and positions where the 

rods are inserted into the core. Therefore, calculation of control rod worth is of high important. In this study, 

we calculated the reactivity worth of the power control rod bank of the Mitsubishi PWR 900MWe. The results 

are integral and differential worth calibration of the control rods.  

Keywords: Control rod worth, PWR, integral and differential worth calibration. 

 

I. INTRODUCTION 

Control rods play an important role in 

controlling power and assuring safety of Nuclear Power 

Plant (NPP). Determining integral and differential 

characteristics of control rod is important in design and 

operation of both NPP and research reactor. The control 

rod worth can be determined by using some direct 

measurement methods or using neutronics codes. In this 

study, we used a comprehensive neutronics calculation 

code system SRAC [1] that is developed by JAEA for 

investigating the control rod worth. 

The control system is responsible for  keeping 

the stability and safe operation of reactor. This system 

consists of the measurement system and main control 

room used for making command [2]. The control system 

will ensure the implementation of the reactor start up 

process, adjust power and normally shut down the 

reactor or in case of emergency situation. In PWR, the 

reactivity control is implemented by means of rod 

cluster control assembly (RCCA) together with the 

concentration change of boric-acid in the reactor 

coolant. RCCAs are divided into six groups for 

implementing their differential missions. Control rods are made of strong neutron absorbers and 

Table 1 : Composition of control rods. 

Isotopes 
Atomic density 

(atom/barn.cm2) 
Temperature 

(K) 

Ag-107 2.3538E-02 

580 

Ag-109 2.1884E-02 

In-113 3.4244E-04 

In-115 7.6586E-03 

Cd-106 3.2966E-05 

Cd-108 2.3975E-05 

Cd-110 3.3756E-04 

Cd-111 3.4736E-04 

Cd-112 6.5577E-04 

Cd-113 3.3402E-04 

Cd-114 7.8627E-04 

Cd-116 2.0651E-04 
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they can move in the reactor to compensate the small reactivity change due to random causes or 

scram when accident occurs. Reactivity depends non-linearly on composition and position of 

control rod in reactor. Therefore, it is necessary to determine the control rod worth.  

In the reactor PWR, Control rods are arranged into some groups called rod cluster control 

group in each fuel assembly. One RCCA has twenty-four control rods as shown in Fig-1. RCCAs 

are moved by the rod cluster control (RCC) system. There are forty-eight RCCAs  divided into six 

banks that are two shutdown banks -SA, SB and four control power banks -A, B, C, D [ 

HYPERLINK \l "HUS11" 3 ]. Each bank has eight RCCA as shown in Fig-2. Control rods of 

Pressured water reactor (PWR) 900MWe are made of cadmium, silver and indium with the density 

shown in Table 1. When the reactor is started up, each bank is withdrawn in this order. The 

reactivity added to reactor is controlled by the concentration of boric-acid and by the position of 

RCCAs. A reactor is planed so that the reactor approaches to criticality when the bank SA, SB, A, B 

and C are fully withdrawn and the bank 

D is partially withdrawn. Then, the bank 

D will be gradually withdrawn in order 

to increase the reactor power to 

designed power while one part of bank 

D is still inserted in the core. The partial 

insertion of bank D can allow the reactor 

to adjust the reactor power. 

         The reactivity worth of the control 

rod is a measurement of the efficiency 

of the control rod to absorb excess 

reactivity.  This value mainly depends 

on the characteristics and the sizes of 

reactor core. According to the 

perturbation theory,  if the size of the 

control rod is much smaller than reactor’s 

sizes, the control rods worth will depend 

on the square of neutron flux 2]. 
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Where, ρ0 is the total reactivity of 

control rods probabilistic collision 

method is used for calculating group 

constants of fuel rod and fuel assembly 

when they are fully inserted into the 

reactor core. Actually, the RCCAs are 

quite large compared to reactor’s sizes so 

that we perform this calculation by using 

the comprehensive neutronics code 

system SRAC with nuclear library data 

JENDL 3.3 [ HYPERLINK \l "Shi02" 4 ]. A quarter of reactor core is modeled for determining the 

control rod worth. The major results are integral and differential worth calibration of the control 

rods. 

Figure 1: The position of control rods in a fuel assembly. 

Figure 2: The position of RCCAs in the reactor core. 
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II. CALCULATION PROCEDURE 

In this study, we use two modules, PIJ and CITATION, in system codes SRAC for 

investigating the control rods worth. SRAC is a neutronics system code based on deterministic 

method 1]. PIJ based on cells. CITATION based on finite difference method to solve diffusion 

equation. Group constants are obtained from module PIJ and used for modeling the whole core by 

using module CITATION. The procedures of modeling are following: 

Step 1: Using module PIJ for: 

- Modeling and calculating of a fuel rod. 

- Modeling special cells such as instrumental guide tube and control rod in the center of a 

fuel matrix 3×3 to obtain accurate group constant of these cells. 

- Modeling all of fuel assembly and homogenizing them into one region to prepare data 

for modeling the whole core. 

Step 2: Using module CITATION for modeling the whole core with group constant obtained 

from module PIJ. 

The control rods are withdrawn or inserted into the core step by step to adjust the power. In 

the reactor PWR 900MWe, control rod can move in the reactor with 228 steps [3] in about 4 m.  In 

this study, using proper boundary condition, we simulate a quarter of the core instead of the whole 

core to reduce calculation time. The quarter core is divided into 51×51 meshes in radius direction 

and 100 meshes in vertical direction. In addition, there are reflectors at the bottom and top of the 

core and each of these regions is divided into 12 meshes. The reactor core is divided into two parts 

for simulating the movement of the control rods. The upper part includes the control rods and the 

lower part not includes control rods. The control rods are simulated to insert into the reactor by 

increasing the length of upper part and reducing the length of lower part. Each step is 

correspondingly to the length of each mesh. 

The obtained result is the infinite multiplication factor corresponding to each step of the 

control rods moving in the reactor core. The control rod worth is obtained by using the following 

formula [ HYPERLINK \l "Joh01" 5 ]: 

                                  0i
w i

i

k k

k
 


                                                             (2) 

Where:    is the effective multiplication factor in case of the control rod is fully withdrawn 

from the core,    is the effective multiplication factor in case of the control rod is partly withdrawn 

i-th step from the core. 

III. RESULTS AND DISCUSSION 

Firstly, the influence of the number of meshes along the height of the core to the integral and 

differential worth calibration of the control rods is investigated. The number of meshes makes the 

result change but not much. Four meshing cases were investigated in which the height of the active 

region is divided into 10, 20, 50 and 100 meshes. The Fig.3 shows the control rod worth of bank D 

which plays important role in adjusting power of the reactor. Three integral characteristic curves 

with 10, 20 and 50 meshes are the same and they have slightly different value compared to the 

result with 100 meshes. These results show that increases of the number of meshes along vertical 

direction make very small change in result. Therefore, 51 meshes can be used in the next 

investigations.    
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Figure 3: Integral characteristic depend on the number of meshes. 

Secondly, the main important results are the integral characteristic curves of the control rod 

worth of power control rod banks.  In Fig.4, we can see that the closer the control rod is to the 

bottom or the top of the reactor core, the lower of the control rod worth will be and it changes 

linearly near the center of the reactor core.  

 

Figure 4: The integral characteristic of power control rod banks. 

The average of the total worth of each control rod bank is approximate 1000pcm. Although 

the control rod banks have the same composition, dimensions and eight RCCAs, they are placed at 

different position so their worth is different. The reason is that the distribution of neutron flux is 

different at the position of the control rod banks [6]. Another result is the excess reactivity of the 

entire 48 control rod banks approximately 5.09 (% Δk/k) in accordance with specifications of PWRs 

designed by Mitsubishi [3]. The calculated results using the formula (1) shows that the control rod 

worth depends on z as a function of (z/H)
3
 ( H is the height of the reactor core). This is a symmetric 

function about the center of the reactor core. However, the control rod worth does not obtain the 

largest value at the center of the core. The peak of control rod worth shifts to the bottom of the 

reactor core as shown in Fig 5. 
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Figure 5: The differential characteristic of bank D 

Fig.5 shows the differential characteristic of bank D. We can see the maximum of control 

rod worth at the point which is 35% far from bottom core. This result is in good agreement with 

experimental result of the control rod worth of the reactor PWR [3].  

IV. CONCLUSION 

We conducted the calculation of control rod worth of all control rod groups in the reactor 

PWR 900WMe that is designed by Mitsubishi company by using the comprehensive neutronic code 

system SRAC. Two of five modules of system code SRAC were used for modeling the fuel rods, 

control rods and the quarter of reactor core. The results are integral and differential characteristics 

of power control rods groups. The other important result that is excess reactivity of all control rods 

approximates 5%. These results are in good agreement with documents that was used for training at 

Hanoi university of Science and Technology by Mitsubishi. However we need to perform additional 

calculation of the control rod worth by using Monte Carlo code to verify these results. 
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ABSTRACT: On November 25, 2009, in Hanoi, the National Assembly of 12
th

 term had been approved the 

resolution about policy for investment of nuclear power project in Ninh Thuan province which include two 

sites, each site has two units with power around 1000 MWe. For the nuclear power project at Ninh Thuan 1, 

Vietnam Government signed the Joint-Governmental Agreement with Russian Government for building the 

nuclear power plant with reactor type VVER. At present time, the Russian Consultant proposed four reactor 

technologies can be used for Ninh Thuan 1 project, namely: AES-91, AES-92, AES-2006/V491 and AES-

2006/V392M. This report presents the main reactor engineering systems of nuclear power plants with VVER-

1000/1200. The results from analysis, comparison and assessment between the designs of AES-91, AES-92 

and AES-2006 are also presented. The obtained results show that the type AES-2006 is appropriate selection 

for Vietnam. 

 

I. INTRODUCTION 

With 60 years of development and enhancement, nuclear power industry shows not only 

technical feasibility, economical competitiveness, but also its contribution to reduction of 
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environmental impact caused by green house effect. Therefore, nuclear power industry takes the 

role in balance of electricity power supply in all the world. However, the nuclear accidents at TMI 

in 1979, at Chernobyl in 1986 and especially at Fukushima in 2011 already show that effectiveness 

of nuclear power strongly depends  on safety. 

On November 25, 2009, in Hanoi, the National Assembly of 12
th

 term approves the 

resolution about policy for investment of nuclear power project in Ninh Thuan province which 

include two sites, each site has two units with power around 1000 MWe. In October, 2010, Vietnam 

Government signed the Joint-Governmental Agreement with Russia Federal Government for 

building the nuclear power plant at Ninh Thuan 1 (NPP NT1) and in January 2011, the 

Arrangement with Japanese Government for building the nuclear powers at Ninh Thuan 2 also 

signed.     

Nuclear reactors  of  VVER type were designed from years of 60’s of last century and were 

successfully built in Russia and other Eastern countries. In the years of 80’s of previous century the 

nuclear reactor of type VVER-1000 version V-320 were built in Russia, Ukraine, Bulgaria and  

Czech Republic [1]. 

In the years of 90’s previous century, the Russia design institutions launch research and 

development program for nuclear reactor of 3
rd

  generation. The St Petersburg Design Institute 

developed nuclear power plant AES-91, version V-428. This design had built and put in operation 

in Tianwan, China [2,3]. The Moscow Design Institute  developed nuclear power plant AES-92 and 

this design was built in Kudankulam, India [4,5].   

In the year of 2000, both design institutions in St Petersburg and in Moscow developed the 

new nuclear power plant AES-2006 with reactor VVER-1200. The first two units AES-2006/V491 

are under construction in Leningrad NPP-2, which was designed by  St Petersburg Design Institute 

[6] and other two units AES-2006/V392M was built in  Novo-Voronezh NPP-2, which was 

designed by Moscow Design Institute [7]. 

For the nuclear power project Ninh Thuan 1, Vietnam needs to consider and assess reactor 

technology and select one type of reactor from four options proposed by consultant. The four 

reactor technologies are AES-91, AES-92, AES-2006/V491 and AES-2006/V392M. With the 

purpose of providing recommendation to National Steering Committee for Ninh Thuan nuclear 

power project and also of providing advice to utility in reactor technology assessment and selection, 

the Ministry of Science and Technology requested Vietnam Atomic Energy Institute to be main 

responsible role to implement an independent national project, code DTDL.2011-G/82: “Study, 

Analysis, Assess and Compare the Nuclear Engineering Systems of Nuclear Power Plants with 

different reactor types VVER-1000, namely,  AES-91, AES-92 and AES-2006”.  

The specific goal of the project is following:  

- To identify clearly the main technology features, safety design of three reactor 

technologies, including AES-91 with model V-428, AES-92 with model V-412 and AES-2006. 

- To compare the advantages and disadvantages of three reactor technologies mentioned 

above and submit to the National Steering Committee for Ninh Thuan nuclear power project about a 

proposal of an appropriate nuclear reactor type for Vietnam.   

- To train the staff  member under framework of the project.  

- With the goal mentioned above, two main issues of the project are following: 

- Study, Analysis, Assess and Compare the Nuclear Engineering Systems of Nuclear 

Power Plant of different reactor types  VVER-1000, namely AES-91, AES-92 and AES-2006; 

- Calculation and analysis of reactor physics and core thermal-hydraulics of the reactor 
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type VVER-1000. 

II. RESULTS AND DISCUSSION 

With in the period of 33 months, from September 2011 to June 2014, the participants of the 

project have been implemented their works with the content mentioned above and  summed up the 

results in 3 main reports, printed in 3 volumes: 

- Volume 1: Report on Design Analysis of reactor technology type VVER-1000; 

- Volume 2: Summarized report on analysis, assessment, comparison of three type of 

reactor technologies: AES-91, AES-92 and AES-2006; 

- Volume 3: Report on calculation and analysis of reactor physics and core thermal-

hydraulics for reactor type VVER-1000/V392. 

Volume 1 presents analysis design of main nuclear engineering systems of nuclear power 

plant type VVER-1000/1200, including: 

1. Reactor design of VVER-1000/1200; 

2. Design of reactor coolant system; 

3. Design of safety systems; 

4. Design of instrumentation and control systems; 

5. Design of steam and power conversion system (Turbine-Generator system); 

6. Design of electricity supply systems; 

7. Design of nuclear fuel storage and fuel handling systems; 

8. Design of radioactive treatment and waste management systems; 

9. Design of radiation protection systems. 

The study results show that: 

Design bases of the nuclear engineering systems of nuclear power plant type AES-91, AES-

92 and AES-2006 comply with Russia Regulatory Requirement Documents, Technical Standard 

and Code applying to design of engineering systems and equipments for nuclear power plants. 

These design bases also comply with safety requirements from International Atomic Energy 

Agency – IAEA and  other international documents. Besides, the new nuclear reactors VER-

1000/1200 are also designed in compliance with  European Utility Requirements for LWR NPPs – 

EUR and compliance with general design criteria of NPPs from US NRC. 

The design of nuclear engineering systems of NPPs type AES-91, AES-92 and AES-2006 is 

inherited experience from previous operation records and also is improved significantly in 

comparison with the design of nuclear engineering systems of NPPs of reactor VVER-1000/V320 

[2,4,8,9]. 

The designs of nuclear engineering systems of NPPs type AES-91, AES-92 and AES-2006 

are mainly similar with each other, but the design of AES-2006 was improved, upgraded, especially 

in severe accident mitigation and management systems [10]. It satisfyes the new requirements from 

Russia Regulatory Body, IAEA, International Nuclear Safety Advisory Group (INSAG) and other 

stakeholders. Therfore, the AES-2006 nucear powe plant with reactor type VVER-12000 achieves 

new features [1,10]: 

- Enhancement of economy and engineering effectiveness; 

- Advanced safety features with high confidence; 
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- Optimization of  construction cost and operation cost.   

Volume 2 introduces the engineering systems of NPPs type AES-91, AES-92 and AES-

2006 and proposes a method for comparison and assessment of reactor technology. The procedure 

of comparison and assessment focus on structure, system and components (SSCs) important to 

safety, including two aspects: 

- The SSCs takes the functions of normal operation such as reactor and reactor coolant 

system; 

- The SSCs take the function of safety such as engineering safety systems dealing with 

design base accidents (DBA) and severe accidents (SAs).   

The analysis, comparison and assessment were applied to four considerable technologies, 

that are AES-91, AES-92 AES-2006 designed by St.Peterburg Institute and AES-2006 designed by 

Moscow Institute. The main characteristics of unit with reactor VVER-1000/V428, VVER-

1000/V412, VVER-1200/V491 and VVER-1000/V292M are shown in Table 1.  

Table 1: Main characteristics of unit with reactor VVER-1000/V428, VVER-1000/V412,                        

VVER-1200/V491 and VVER-1000/V292M [2,4,6,7]. 

No. Parameter AES-91              

St. Ptbg 
AES-92 

Moscow 
AES-2006 

St. Ptbg 
AES-2006 

Moscow 

1 Reactor type VVER-

1000/V-428 

VVER-

1000/V-412 

VVER-

1200/V-491 

VVER-  

1200/V-

392M 

1.1 Reactor thermal power, MWth 3,000 3,000 3,200 3,200 

1.2 Unit electric power, MWe 1,060 1,060 1,198 1,198 

1.3 Power unit gross efficiency, % 35.3 35.3 37.4 37.4 

1.4 Reactor lifetime, years 40 50 60 60 

1.5 Number of loops, loop 4 4 4 4 

1.6 Coolant flow rate through the 

reactor, m
3
/h 

86,000 86,000 88,000 88,000 

1.7 Coolant temperature at reactor 

inlet, ºC 

291.0 291.0 298.6 298.6 

1.8 Coolant temperature at reactor 

outlet, ºC 

321.0 321.0 329.7 329.7 

1.9 Coolant pressure at core outlet, 

MPa 

15.7 15.7 16.2 16.2 

2 Steam generator type PGV-

1000M 

PGV-

1000M 

PGV-

1000MKP 

PGV-

1000MKP 

2.1 Steam production, t/h 1,470 1,470 1,600 1,600 

2.2 Steam pressure, MPa 6.27 6.27 7.0 7.0 

2.3 Temperature of feetwater, ºC 220 220 225 225 

3 Main circulation pump type GTsNA-

1391 

GTsNA-

1391 

GTsNA-

1391 

GTsNA-

1391 
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4 Turbine type K-1000-

60/3000 

K-1000-

60/3000 

K-1200-

6,8/50 

K-1200-

6,8/50 

5 Generator type TZV-1000-

2UZ 

TZV-1000-

2UZ 

TZV-1200-

2UZ 

TZV-1200-

2UZ 

The study results show that: 

For normal operation systems: the design of main structure, systems and components of 

AES-2006 was improved, upgraded significanly in comparison with SSCs in AES-91, AES-92 and 

especially in NPPs with standard reactor VVER-1000/V320. 

Reactor vessel was enlarged in height length and diameter and was made by better material 

with  increasing the thickness of the inner layer. Therefore, the service time of the reactor vessel 

was increased from 30-40 years to 60 years [2,4,11]. 

The core volume was enlarged to hold more fuel and then to extend the fuel cycle. By using 

new fuel assembly type with new improvement of high enrichment and high burnup and also new 

improvement of more control and protection system absorbing rods (CPS ARs)  arranged, the AES-

2006 gets higher safety level and economy effectiveness in comparison with AES-91, AES-92 [12].  

In comparison with those in AES-91& AES-92, the steam generator of AES-2006 was 

enlarged, so that its water volume increases and it will be more confident if deal with LOCAs. The 

arrangement of heat exchange tubes is also changed from alternate pattern to parallel pattern. This 

will allow to increase coolant flow in the tubes, to reduce deposition and to increase strength of the 

tubes also to increase heat exchange capability. In the design, pressure and temperature of steam 

increase. All of the issues mentioned above  make increasing power of the steam generator and its 

safety level is also improved [1,2,4]. 

The reactor coolant pumps used in AES-91, AES-92 and AES-2006 are the same type of 

GtsNa-1391. Many experience from operation of the reactor coolant pump with different types such 

as GtsN-195and GtsN-195M in standard NPPs was inherited in design of pump type GtsNA-1391. 

The new improvements used in design of pump GtsNA-1391 focus on enhacemnt of confidence, 

convenience in operation, mainternance in comparison with pump type GTsN-195M [1,2,4]. 

Although investment cost of AES-2006 is higher than AES-91 & AES-92, but the NPP type 

AES-2006 with new improvements torward enhancement of safety and of economy effectiveness, it 

will be attractive selection for Vietnam and also will be suitable to the trend of future NPPs in the 

world. 

For safety function systems: according to the requirements of resolution N
o
41 adopted by 

National Assembly on safety, the AES-2006 meets requirements better than AES-91 & AES-92. In 

the design of AES-2006, the severe accident mitigation and management systems can deal with 

almost scenarios effectively. The results from quatitative PSA calculation are shown in Table 2. The 

core damage frequency (CDF) and large release frequency (LRF) of AES-2006 are 10 time lower in 

comparison with AES-91 & AES-92 [13,14,15].    

Table 2:  Results from PSA calculations of defferent reactor types [14,19]. 

No. Parameter 
AES-91              

St. Ptbg 
AES-92 

Moscow 
AES-2006 

St. Ptbg 
AES-2006 

Moscow 

1 Reactor type VVER-

1000/V-428 

VVER-

1000/V-412 

VVER-

1200/V-491 

VVER-  

1200/V-

392M 
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2 Core damage frequency (CDF), 

1/a 
3.39 x 10

-6
 2.38 x 10

-7
 5.80 x 10

-7
 4.68x 10

-7
 

3 Large release frequency (LRF), 

1/a 

6.30 x 10
-8

 2.20 x 10
-7

 2.00 x 10
-8

 2.27x 10
-8

 

The CDF anh LRF two designs, namely AES-2006 with VVER-1200/V491 and AES-2006 

with VVER-1200/V392M are very low and they are close each to other. The difference from two 

these designs is the different approach to realize safety systems and severe accident mitigation and 

management systems [13,14,15]. 

From safety point of view, the AES-2006 is appropriate selection for Vietnam. 

Volume 3 presents the study results from reactor physics and thermal-hydraulics of reactor 

VVER-1000/V392, including: 

1. Overview of fuel design and nuclear design of reactor VVER-1000/V392; 

2. Calculation several reactor physics parameters of the VVER-1000/V392; 

3. Prepare data for thermal-hydraulics simulation; 

4. Data calculation of  main components  used for RELAP5 input;  

5. Calculation and analysis of steady state of reactor VVER-1000/V392; 

6. Calculation and anaylysis of several transient and accident scenarios of reactor VVER-

1000/V392.  

In analysis of scenario of LOCAs, the behavoir of peak cladding temperature is mots 

important due to related to safety acceptance criteria. Figure 1 shows the peak cladding temperature 

in hot channel versus time in different location of break: guillotine break in cold ledg of loop 1, in 

cold leg of loop 2 and in hot leg of loop 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            Figure 1: Peak cladding temperature vs time calculated by RELAP5 
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          Figure 2: Peak cladding temperature calculated in SAR [9,16] 

Figure 2 presents behavior of peak cladding temperature in hot channel in six sensitivity 

study calculated by SAR including different break locations: guillotine break of Main Circulation 

Pipe Line in cold legs (2x 850 mm), double end break at surge line of pressurize and guillotine 

break of Main Circulation Pipe Line in hot legs. 

The calculation results in Figure 1 and Figure 2 show that the results calculated by  RELAP5 

and by SAR are similar in term of maximum of peak cladding temperature lower than 1200 
o
C and 

after 300 second of accident these peak temperature decease to  100
o
C. 

The study results show that utilization of computer code MCNP5 for claculation of reactor 

physics and especially utilization of computer code RELAP5 for thermal-hydraulics analysis can 

get the results suitable with reactor physics characteristcs metioned in the design of reactor VVER-

1000/V392 and also suitable with results from analysis some scenarios mentioned in Safety 

Analysis Report [8,16,17,18]. 

 

Figure 3: Distribution of Linear Heat Generation Rate (LHGR) vs percent of core height                                             

at beginning of first cycle: (1) LHGR given by Regulator; (2) LHGR is recommed to be used                                         

in safety analysis; (3) LHGR given in (SAR); (4) LHGR calculated MCNP5 code in present study. 
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Figure 3 shows that Linear Heat Generation Rate calculations along core height between 

present study and SAR is similar in the sharp. The different values may be come from model 

evaluation of each codes.  

Study results from thermal-hydraulics simulation also expose that the utilization of 

computer code  RELAP5 as independent tool in order to assess the Safety Analysis Report of 

reactor type VVER designed by Russia is practical and feasible application. 

III. CONCLUSION  

The results from analysis, comparison and assessment between  the designs of AES-91, 

AES-92 and AES-2006 show that in order to satisfy the requirements of highest safety level and 

advanced technology level of the resolution  N
o
41 adopted by National Assembly of 12

th
 term, the 

NPP type AES-2006 is appropriate selection for Vietnam. 

These results have been used by Vietnam Atomic Energy Institute for recommendation to 

the National Steering Committee for Ninh Thuan nuclear power project and advice Electricity of 

Vietnam in reactor technology assessment and selection. 

The results of study on reactor physics and thermal-hydraulics for the reactor VVER-

1000/V392 were presented in format of two papers being to printed in  Journal of Science and 

Technology (Volume 52, N
o
 2B, 2014) and three reports at the 10

th
 National Conference on Nuclear 

Science and Technology, Baria-Vungtau, August 2013. The resuls were also contribution to finish 

successfully the Master Degree study for two staffs and contribution to Ph.D study for one other 

staff.   
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ABSTRACT: The Ninh Thuan 1&2 Nuclear Power Plant Projects were approved on November 25
th

, 2009. At 

present, the task of NPP technology selection of these projects is an important and complex task. This report 

will show the acceptable method to create a set of criterion for selecting technology for Ninh Thuan 2 NPP 

project. The result of evaluation of three NPP technologies, such as ATMEA1, AP1000 and MPWR+ 

introduced in the Feasibility Study Reports of this project, will be discussed. In conclusion, the AP1000 

technology is the first candidate for the Ninh Thuan 2 NPP Project. 

Keywords: NPP, AP1000, ATMEA1, MPWR+, set of criterion. 

 

I- INTRODUCTION 

On November 25
th

, 2009 Vietnam's National Assembly approved the Government Plan on 

the implementation of the Ninh Thuan Nuclear Power Plant (NPP) Project composed of two NPPs 

called Ninh Thuan 1 and Ninh Thuan 2. Russia and Japan have been chosen as partners of the Ninh 

Thuan 1 and Ninh Thuan 2 NPPs Projects, respectively. At the first stage, each Project consists of 2 

units of about 1000 MWe capacity. 

At the end of 2011, the Feasibility Study (FS) reports of two Ninh Thuan NPPs had been 

implemented with Russian partner (E4 Company) and Japanese partner (JAPC - Japanese Atomic 

Power Company). One of the important tasks of the feasibility study report is the technology 

selection for Ninh Thuan 1 & 2 Nuclear Power Plant Projects. For the Ninh Thuan 1 NPP, the 

Russian VVER (Vodo-Vodyanoi Energetichesky Reaktor or Water-Water Power Reactor) 

technology will be selected. However there are several different versions of the VVER design, such 

as AES-91, AES-92, AES-2006/V491, AES-2006/V392M.... For Ninh Thuan 2 NPP, the NPP 

technologies of the appropriate vendors are considered as potential technologies for this project. 

Therefore, the task of technology selection for Ninh Thuan 2 is an important and complex task, 

especially the after of the Fukushima nuclear accident, the enhanced nuclear safety for designing 

nuclear power plant is required. 

Project information: 

- Code: HD-15/HD/NVCB 

- Managerial Level: Ministry 

- Allocated Fund: 290,000,000 VND 

- Implementation time: 12 months (Jan 2013- Dec 2013) 

- Contact email: tranchithanh@vinatom.gov.vn 

- Paper published in related to the project: (None). 

../tranchithanh@vinatom.gov.vn


VINATOM-AR 14--05 

 

The Annual Report for 2014, VINATOM 

 
67 

To contribute to process of technology selection for Ninh Thuan 2 NPP, Viet Nam Atomic 

Energy Institute (VINATOM) had proposed to study the design requirements, nuclear safety and 

create a set of criterion for selecting technology. At the beginning of 2013, research project had 

been performed in one year. However, because technology selection for a NPP project is 

complicated, as well as, lack of significant documents of technologies, then the project was behind 

schedule, it was finished in the early 2014. Its results have been now applied for nuclear power 

projects. The results of this project have used to make the Decision on the criteria for selecting 

technology for Ninh Thuan 1 NPP. This decision was forced on August 29
th

, 2014 (No. 7790/QD-

BTC). For Ninh Thuan 2 NPP, the set of criterion for selecting technology currently is used by 

Ministry of Industry and Trade (MOIT) to make the decision in near future.   

II- METHOD OF TECHNOLOGY SELECTION FOR NINH THUAN 2 NPP 

The criterion for selecting technology for Ninh Thuan 2 NPP Project is built using the IAEA 

guides “Common User Considerations by Developing Countries for Future Nuclear Energy 

Systems” (No. NP-T-2.1) [1] and the European Utility Requirements (EUR) for LWR Nuclear 

Power Plants Volume 1 & Volume 2, Issued April 2001 [2]. The nuclear accident happened on 

March 11, 2011 at Fukushima nuclear power station in Japan gave the big lesson for the all 

countries which are planning to develop nuclear power program. Therefore, in the process of 

creating the criterion for Ninh Thuan 2 NPP, the requirements for nuclear safety design must be 

included clearly in the set of criterion of technology selection (according to documents were 

summarized by American and Japanese experts, established in more than 3 years ago) [3,4].   

Especially, the specific requirements of Viet Nam must have a weighty factor which will 

contribute a significant role during the process of the set of criterion. Specific requirements of Viet 

Nam include the climate condition, nature environment, and culture condition, human... and they 

are suitable with the policy of nuclear power plant development in long term in future (50 – 100 

years).    

In other aspect, the Ninh Thuan NPP projects, at the beginning time Viet Nam should only 

use one NPP technology, and is the advanced pressurized water reactor, such as the NPP technology 

chosen for Ninh Thuan 1 NPP (type of VVER).   

Basically, the steps to perform the creation of the criteria for selecting technology are 

provided below:  

Step 1: Creating the set of criterion for selecting technology 

According to this method, firstly the set of criterion for selecting NPP technology must be 

established. The steps to create the set of criterion for selecting specific technology for Viet Nam 

are presented on Figure 1.  

These steps to create the set of criterion for selecting technology are followed: 

1. Creating the brief criteria based on the requirements of Viet Nam, study the guidelines 

of IAEA, and consider the safety design requirements after Fukushima nuclear accident of other 

countries; 

2. Taking feedback from independent experts on the criteria 

3. Modifying the criteria based on the feedback of independent experts 

4. Defining the weight of criteria based on evaluation of experts. 
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Figure 1: The steps of creation of the criteria for selecting nuclear power plant technology. 

 

Step 2: Creating the database of nuclear power plant technologies 

For Ninh Thuan 2 NPP, the four types of NPP technology given in FS by JAPC are ABWR 

(Hitachi - Advanced Boiling Water Reactor), MPWR+ (Mitsubishi Pressurized Water Reactor), 

AP1000 (Westinghouse – Toshiba) and ATMEA1 (Areva and Mitsubishi) [5].  

Step 3: Experts’ opinion 

After creating the criteria for selecting technology and collecting enough data base of the 

four types of NPP technology, the team held technique seminars with experts to present the 

technical information of these NPP technologies and the set of criteria. Then, the team obtained the 

experts’ independent opinion about the criteria. 

In the analysis process, the weight factor of the experts defined by experiences, knowledge 

and major field of experts is included.  

Step 4: Analysis the assessment results using the Expert Choice program - AHP and 

ranking technology 

The next step of the technology selection method is to resolve the assessment results of four 

types of NPP technology of the independent-experts. This process is based on the Expert Choice 

program using hierarchical analysis method - Analytic Hierarchy Process (AHP) [6, 7]. Ranking 

table of the NPP technologies was organized in priority order, from high grade to low grade that 

will be obtained after processing comments about the four types of technology following the 

criteria. 
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In this step, the sensitivity analysis with the weight factor of the criteria is performed with 

different scenarios. The sensitivity analysis is necessary when studying the effect of each particular 

criterion to the final rank results of the types of technology. 

Step 5: Selecting NPP technology for the project and technology development 

The technology selection not only to take into account the long-term orientation of 

Vietnamese NPP program, but also to support for the development program of NPP technology 

under the basis of technology transfer policies and localizing process (including technology, 

equipment, human resources, management systems, regulatory, scientific capacity, consultation 

etc.). 

III- CREATION OF THE CRITERIA FOR SELECTING TECHNOLOGY 

As mentioned in Section 1, the creation of the criteria is based on the specific requirements 

for selection the best NPP technology for the investment project of Ninh Thuan 2 NPP. The criteria 

are suitable with the new requirements of the nuclear safety from the Lessons Learned from the 

Fukushima Nuclear Accident. Based on the given requirements, the criterion was built on the basis 

of selecting the most important elements, major groups, and that will be used to evaluate and select 

the NPP technology for Vietnam. 

Based on the methodology proposed in Section 1, the criteria have been proposed, 

discussed, consulted experts’ opinion, ranked, modified and integrated into the final version. The 

experts include experts from VINATOM and other units under the Ministry of Science and 

Technology, Ministry of Industry and Trade. The main areas (common criteria) were divided into 

5 group, the small criteria in each area are integrated into the criteria for selecting the Ninh Thuan 

2 nuclear power technology. The specific content of the criteria after performing the steps outlined 

in Section 1 are shown in the following pages. 

The main fields of assessment, technology selection of Ninh Thuan 2 nuclear power plant 

Project and its weight are shown in Table as below: 

No. Requirements Weight Criterion Abbreviation 

1 Advanced Technology 20 
The modernity and advance 

of technology 
AD 

2 Proven Technology 20 
The provenness of 

technology 
PT 

3 Safety Requirements 25 The design of safety system SD 

4 Economic Requirements 20 Economic criterion EC 

5 
Vietnam’s Specific 

Requirements 
15 Specific criterion VS 

 Total 100   

 

Method of grade for evaluating and selecting technology 

The criteria are divided into five main fields and the experts evaluate the weight factor for 

each field. This process does not depend on the considered and evaluated type of NPP technology. 

Total weight factor is 100. 
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Considered and assessed technologies will be graded according to each main domain based 

on the total grade of the criteria. Grade for considered and assessed technology will be by 

production of weight factor and score for each area. 

The NPP technology that has higher grade will be proposed as first candidate for Ninh 

Thuan 2 NPP Project. 

IV- EVALUATION OF NPP TECHNOLOGY FOR NINH THUAN 2  

The Expert Choice program [6, 7] was used by many experts in the world when they want 

to determine the priority for the sites or problems while they have a lot of candidates. This 

program was also used by experts of Institute of Energy, MOIT for evaluating potential of sites for 

renewable energy project and for planned sites of first nuclear project in Viet Nam, and to arrange 

order for sites located in the site plan to build nuclear power plant projects in future. Recently, 

Expert Choice program was used by VINATOM to propose the site in the preliminary report of 

construction site selection for the new Center for Science and Nuclear Technology. 

The expert team of VINATOM used the Expert Choice program with permission of 

copyright from Institute of Energy to evaluate the set of criterion for selecting technology for Ninh 

Thuan NPP projects. 

As above mentioned, the viewpoint for selecting technology of Viet Nam is to focus on the 

pressurized water reactor (PWR) technology. This type of technology has been applied for Ninh 

Thuan 1 NPP project in the co-operation with ROSATOM (Russian Federation). Therefore, the 

experts only evaluate and compare three types of PWR technology applied for Ninh Thuan 2 NPP, 

such as the AP1000, ATMEA1 and MPWR+. The following results only represent evaluation and 

comparison between three types of NPP technology. 

Figures 2&3 show the results of the evaluation and rank of three technologies. The results 

showed that AP1000 has highest rank and is the best technology with 38%, MPWR+ was the 

second with 31.4% and the last one is ATMEA1 with 30.6%. 

 

Figure 2: The evaluation results for ranking technology for Ninh Thuan 2 NPP project. 
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Because the ATMEA1 technology has not been proven yet, therefore this technology is 

located at the position with the lowest rank. The design of ATMEA1 is the theoretical model. 

Although this design was assessed preliminarily, but this design has not been certified/or licensing, 

and has not been constructed in any country yet (No country selected this technology except for 

Turkey planned to build with capital provided by Japan). The MPWR+ technology is considered 

and it doesn’t meet the safety requirements, especially the new requirements after Fukushima 

accident. Additionally, MPWR+ is considered as “less advanced and modern” technology. 

However, this technology has been operated for a period of considerable time, so MPWR+ got a 

high score based on the assessment of proven feature. AP1000 technology is advanced and modern 

technology with the passive safety systems (Passive safety are essential criteria for Viet Nam, 

especially in specific conditions of Viet Nam). The feature of passive safety system will assure the 

long grace time (at least 72 hours) for the operators with un-damaged core. Although AP1000 

technology has not been operated in any places of the world yet, but this technology is used to 

construct the NPP Projects in China, USA and UK. Many countries on the world select AP1000 

technology for their nuclear power program now and in the future. 

 Synthesis with respect to: 

Goal: NPP Technical Selection 

Overall Inconsistency = 00 

 
  

  

  

AP1000 .380   

ATMEA1 .306   

MPWR+ .314   

Figure 3: The evaluation results of technology rank with basic method. 

V- CONCLUSIONS 

The research project named “Study and Assessment the selection technologies for the Ninh 

Thuan 2 Nuclear Power Plant Project” is performed and analyzed by the Vietnamese experts. The 

result of this project is the set of criterion for selecting technology that purposed by JAPC partner 

for the Ninh Thuan 2 NPP Project. In this report, these three PWR technologies such as ATMEA1, 

AP1000 and MPWR+ are evaluated and ranked. The following steps have been performed in the 

research project: 

- Study about the requirements for evaluating and selecting technology of IAEA, 

Europe; 

- Study new requirements on nuclear safety that were recommended to apply after 

Fukushima accident; 

- Study on methods and requirements as well as effects of nuclear technology selection 

to economic, social, and other aspects; 

- Study specific requirements of Viet Nam in technology selection problems; 

- Create set of criterion for selecting technology for Ninh Thuan 2, consists of 5 group of 

criteria, with its weight factor; 

- Study and discuss on the NPP technology designs; create the databases of the NPP 

technologies introduced for Ninh Thuan 2 based on the basic requirements using the criteria; 

- Develop the methods and apply the appropriate tools for evaluating and ranking NPP 

technologies for Ninh Thuan 2 (three NPP technologies); 

- Evaluate and rank three NPP technologies according to the Expert Method; perform the 

sensitivity analysis with the weight factor of criteria. 
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From the results, we see that the AP1000 technology occupies the first position in 

comparison with the other NPP technologies (ATMEA1 and MPWR+). Thus, according to the 

judgment of experts, AP1000 technology is the first candidate for the Ninh Thuan 2 NPP Project. 
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ABSTRACT: The project "Completion of the experimental equipment systems and preparation of practical 

tutorials on the Dalat Nuclear Research Reactor for nuclear science and technology education” performed by 

Dalat Nuclear Research Institute and financed by Ministry of Science and Technology aimed at strengthening 

the training capability of nuclear human resources. The content of this work includes: i) Improvement of 

experimental equipment; ii) Compilation of training material for experiments with the improved equipment 

systems on the reactor; iii) Compilation of training material for reactor calculations includes the following 

areas: neutronics, hydrothermal, safety analysis and accident consequence analysis. Results of the project 

provide important conditions to support practical educational and training curriculums in nuclear science and 

technology. 

Keyword: NRI, SRAC, WIMS-ANL/REBUS, MCNP, PLTEMP, COBRA, RELAP5, MACCS2.  

 

1.  INTRODUCTION 

Vietnam is in the stage of preparation for the national program on the use of nuclear energy 

for peaceful purposes, including construction of new research reactor and nuclear power plants. 

Therefore, the training of human resources to meet the program’s requirements is very necessary 

and urgent. For the purpose of research and training in the nuclear technology, research institutes or 

universities in the world are equipped reactor or critical structure and associated laboratories. In 

recent years some universities such as Electric Power University, Hanoi National University, 

HoChiMinh National University, Dalat University have implemented nuclear technology education. 

The investment in facilities for the training of nuclear technology from the beginning would require 

a very large amount of funding, so most of the facilities are still lacking on the experimental 

equipment to ensure minimum demands. 

The Nuclear Research Institute (NRI) is the only research and training facility in the country 

to be adequately equipped with the nuclear research reactor and laboratories of nuclear physics, 

chemistry, radiation technology, etc. After 30 years of operational management and utilization of 

Dalat Nuclear Reactor, the experimental equipment has been developed for the purpose of research 

and safety operation [3, 4, 5]. However to meet the training purpore, the equipment needs to be 

improved. Especially, with the competent staffs, the institute will contribute positively and is very 

suitable place to become a training center, supporting the others for training of nuclear human 

resources in Vietnam.  

Project information: 

- Code: HD-4/HD/NVCB 

- Managerial Level: Ministry 

- Allocated Fund: 550,000,000 VND 

- Implementation time: 24 months (Jan 2013- Dec 2014) 

- Contact email: vinh.reactor@gmail.com 

- Paper published in related to the project: (None). 
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The content of project includes: 

- Improvement of experimental equipment. 

- Compilation of training material for experiments with the improved equipment systems 

on the reactor. 

- Compilation of training material for reactor calculations includes the following areas: 

neutronics, hydrothermal, safety analysis and accident consequence analysis. 

2.  IMPROVEMENT OF EXPERIMENTAL EQUIPMENT 

The experimental equipment was improved on the basis of the equipment that has been used 

for purposes of research and safe operation of the reactor. The mounting and positioning structures 

has been designed and installed to ensure the safety and flexibility of the experiments. A solid 

framework will be fited in the oval window of the reactor and is used for most of the equipment 

systems. Each specific system will have its own structure to fix the device with this framework. The 

equipment for measurement of neutron distribution by self-powered neutron detector (SPND) was 

first put to use at the Dalat reactor. 

The equipment systems were improved for training purposes include:  

- Equipment system for measuring fuel rod surface temperature. 

- Equipment for measurement of neutron thermal flux density and spectrum by neutron 

activation technique. 

- Two systems for measurement of distribution of neutron flux using SPNDs. 

- Two systems for neutron flux density measurement with fission chambers 

- Two systems for neutron flux density measurement using compensated ionisation 

chambers. 

- System for measurement of gamma spectrum of irradiated fuel assemblies. 

For example, Figure 1 shows the design and installation of the system for measurement of 

gamma spectrum of irradiated fuel assemblies. 

 

Figure 1: System for measurement of gamma spectrum of irradiated fuel assemblies. 
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3. COMPILATION OF TRAINING MATERIAL FOR EXPERIMENTS ON 

REACTOR 

Based on the above-mentioned equipment systems, some experimental excercises on the 

reactor were selected and the companying tutorials were compiled as well. The selected excercises 

are very basic and important experiments in the training of reactor technology. 

3.1. Measurement of fuel surface temperature [6, 7]  

The fuel surface temperature is an important parameter related to the reactor safety and has 

extremely been concerned in reactor design and operation. In most research reactors, the onset of 

nucleate boilling can be considered as the first concern to ensure the safety limits is not violated. 

The measured fuel surface temperature gives us to confirm the reactor operating in safe condition. 

In addition, experimental data of the fuel surface temperature is used for evaluating and adjusting 

the thermal-hydraulic calculations and safety analysis. 

3.2. Measurement of thermal neutron flux distribution and density by neutron 

activation technique [1, 2] 

The thermal neutron flux distribution and density is used for calibration of the experimental 

channels, assessment of absolute power and determination of the maximum power point. It is also 

important for users to determine thermal flux density at the irradiation positions. The flux density 

distribution is proportional to the power, so we can determine the reactor power by measuring the 

relative flux distribution and absolute flux density at a given position. Compared with ionization 

chambers or fission chambers, the foil activation technique has some advantages as insensitive to 

gamma rays and can be used in places where others can not due to their small size. 

3.3. Measurement of neutron spectrum 

Neutron spectrum is an important parameter for the utilization of the reactor. Therefore, the 

neutron spectrum in some positions has to be identified to confirm the ability of reactor utilization 

when core configuration changes. At the same time, the neutron spectrum is also used to assess the 

accuracy of the calculation methodology as well as the libraries used in the neutronics calculations. 

The neutron spectrum measurment was performed by activating the foils with cross section in the 

threshold energy. The SANDII code with iterative perturbation method is used to obtain a best fit 

neutron spectrum for a given input set of foil activities. The calculational procedure consists of the 

selection of a known flux spectrum form to serve as the initial approximation to the solution, and 

subsequent iteration to a form acceptable as an appropriate solution.  

3.4. Measurement of neutron flux distribution using SPND 

The principle of measuring the electron generated from the reaction (n, β) has been studied 

and recognized since 1938. The neutron detector without an external power source was published in 

1961, but the practical application in neutron flux measurement technique was first published in 

1964. SPNDs have been used effectively as in-core flux monitors for over twenty-five years in 

nuclear power reactors world-wide. 

In SPNDs, the interactions of neutrons and atomic nuclei are used to produce a current 

which is proportional to the neutron flux. Compared to other in-core detectors, they feature some 

advantages: need no power supply; simple and robust structure; relatively small mechanical “size” 

desired for in-core installation; good stability under temperature and pressure conditions; generate a 

reproducible linear signal; low burn-up (dependent on emitter material). In addition, there are also 

some disadvantages: limited operating range due to relatively low neutron sensitivity; compensation 

for background noise required (for some emitters); delayed signal response (for some emitters).   
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3.5. Critical experment 

Safety is the top requirement in reactor operation. The criticality condition is an important 

safety design parameter in any type of reactor and the approach to criticality is the most 

fundamental experiment in reactor technology. When a reactor is initially loaded with fuel, the 

amount of fuel necessary for reactor criticality is usually not known very accurately. Therefore, the 

prediction of the critical mass by neutronics calculations is necessary for the safe loading of fuel. 

The physical characteristics of a nuclear reactor as well as the validation of the calculation methods 

and the nuclear data employed may also be better understood by the comparison of the predicted 

and measured critical mass. This experiment aims to help trainees to understand the process of 

loading through the determination of the position of the control rods when the reactor reaches 

critical by measuring the neutron flux while gradually withdrawing control rods. 

3.6. Control rod calibration 

The reactivity of reactor changes during operation due to various causes. The operating 

reactor has always to be kept in critical condition (in this case its reactivity is zero) using control 

rods. The determination of excess reactivity and shut-down margin of a reactor is one of the strictest 

requirements for safe reactor operation. Thus, control rod calibration of a new built core is the most 

essential experiment to be performed immediately after the approach to criticality. 

The integral characteristic reactivity curves of the control rod play an important role in 

managing the safe operation of the reactor. Based on these curves, the parameters such as shut-

down margin, excess reactivity, reactivity temperature coefficients, reactivity of xenon poisoning, 

etc. can be determined. There are several methods for determining the integral characteristic 

reactivity curve of a control rod. The selection of method depends on the reactor type, the individual 

rod values, the available instrument and time. The current methods are: 

- Determination of reactivity based on the reactor period measurement; 

- Rod calibration in a sub-critical system; 

- Inter calibration method; 

- Rod drop method. 

3.7. Measurement of reactor parameters using noise technique [9, 10, 11, 12, 13]
 

Noise is a general concept to refer to the noise or interference and the measure signal 

overlaped, it exists independently with the measure signal and is difficult to be eliminated. 

However, in many cases, the noise contains important information related to the internal kinetic 

characteristics of systems we need to study. Noise techniques are widely used in many fields of 

science and technology. On the reactor, this technique is also used to measure the kinetic 

parameters, reactor power, boiling phenomenon recognization, etc. 

This experiment includes: 

- Learn the basis of experimental methods to determine the power spectral density (PSD) 

and cross power spectral density (CPSD) fuctions of measure signal; 

- Measure the experimental Rossi-α quantity (





eff
 ) in the subcritical state to 

determine the ratio (


eff


); 

- Measure the reactivity by using PSD function. 
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3.8. Burnup Measurement of irradiated fuel using gamma spectrometry technique [14, 

15, 16, 17]
 

Gamma spectroscopy of irradiated fuel allows us to obtain much information as power or 

flux distribution, fuel burnup, ect ... The burnup of the fuel assemblies is a important parameter 

need to determine in reactor operation and management for the purpose of the safety operation and 

effective utilization. The burnup can be determined by calculation and experimental measurement. 

For the Dalat Reactor, MCNP and REBUS-PC codes are used to manage the burnup of fuel 

assemlies. Advantage of calculation is determination of fuel burnup performed for all fuel 

assemplies at all times. Experimental methods are complementary for calculations to validate the 

calculated results. 

There are many methods to measure burnup with different advantages and disadvantages. 

The non-destructive methods often used in research reactors are measurement of reactivity and 

gamma spectroscopy. The method uses the gamma spectroscopy to mearsure absolutely activity of 

fission product as 
137

Cs or activity ratios of a secondary fission product to primary one (e.g. 
134

Cs / 
137

Cs or 
154

Eu / 
137

Cs).  

4. COMPILATION OF TRAINING MATERIAL FOR REACTOR CALCULATIONS
 

The computer code systems were selected for training cover almost areas of reactor design 

calculation and have been used for HEU to LEU conversion as well as core management of the 

Dalat reactor. The compiled training materials of the code systems include the following areas: 

- Neutronics calculation: SRAC code system; WIMS-ANL/REBUS code system; MCNP 

code.  

- Hydrothermal calculation: PLTEMP code; COBRA code. 

- Safety Analysis: RELAP code. 

- Accident consequence analysis: MACCS2 code.  

4.1. SRAC code system [18] 

SRAC is a general purpose neutronics code system applicable to core analyses of various 

types of reactors, including cell calculation with burn up, core calculation for any type of thermal 

reactor. The core burn up calculation and fuel management were done by an auxiliary code. Since 

the first publication of JAERI in 1986, a number of additions and modifications were made for 

nuclear data libraries and programs. Many new functions and data are implemented to support 

nuclear design studies of advanced reactors.  

Collision probability method, 1D and 2D Sn for cell calculations; 1D, 2D and 3D diffusion 

for core were used in SRAC. The system consists of several nuclear data libraries derived from 

ENDF/B-IV-VI, JENDL-3.1, JENDL-3.2, and JEF-2.2. Five modular codes are integrated into 

SRAC: collision probability calculation module (PIJ) for 16 types of lattice geometries, Sn transport 

calculation modules (ANISN, TWOTRAN), diffusion calculation modules (TUD, CITATION) and 

two optional codes for fuel assembly and core burn-up calculations (ASMBURN, COREBN). 

4.2. WIMS/REBUS code system [19, 20] 

The WIMS code has been used extensively throughout the world for lattice physics analysis 

of power and research reactor. There are many WIMS versions currently in use. The D4 version 

was selected by the Reduced Enrichment Research and Test Reactor (RERTR) program. It was 

chosen for the accurate lattice physics capability and for an unrestricted distribution privilege. The 

RERTR program has added three important features: the capability to generate up to 20 broad-
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group burnup-dependent macroscopic or microscopic ISOTXS cross-sections for each composition 

of the unit cell; an ENDF/B-V based nuclear data library; and a SUPERCELL option.  

WIMS uses transport theory to calculate the neutron flux as a function of energy and spatial 

location in a one-dimensional cell. Two main transport options that are most frequently used are 

DSN (discrete ordinates) and PERSEUS (collision probabilities). The transport solution can be 

performed with any user specified intermediate group structure up to the number of library groups. 

The SUPERCELL option was developed to generate cross-sections for strong absorbers or unusual 

fuel assembly designs and includes a generalized Sn option.  

The RERTR Program uses REBUS-PC code to provide reactor physics and core design 

information such as neutron flux distributions in space, energy, and time, and to track isotopic 

changes in fuel and neutron absorbers with burnup. The code is very general codes with 1D, 2D, 

and 3D neutronics capabilities, and with complete fuel shuffling capabilities. While it incorporates 

the same neutronics capabilities from DIF3D 9.0, REBUS-PC has numerous changes and 

enhancements directed toward the needs of the thermal reactor analyst. 

REBUS will handle both equilibrium and non-equilibrium problems using a number of 

different core geometries including triangular and hexagonal mesh. The neutronics solution may be 

obtained using finite difference, nodal diffusion-theory and variational nodal transport methods. 

Fuel management is completely general for nonequilibrium problems.  

4.3. MCNP code [21, 22, 23] 

MCNP is a general-purpose Monte Carlo N-Particle code that can be used for neutron, 

photon, electron, or coupled neutron/photon/electron transport. Specific areas of application 

include, but are not limited to, radiation protection and dosimetry, radiation shielding, radiography, 

medical physics, nuclear criticality safety, detector design and analysis, nuclear oil well logging, 

accelerator target design, fission and fusion reactor design, decontamination and decommissioning. 

The code treats an arbitrary three-dimensional configuration of materials in geometric cells. 

Pointwise cross-section data typically are used, although group-wise data also are available. 

For neutrons, all reactions given in a particular cross-section evaluation (such as ENDF/B-VI) are 

accounted for. Thermal neutrons are described by both the free gas and S(alpha,beta) models. For 

photons, the code accounts for incoherent and coherent scattering, the possibility of fluorescent 

emission after photoelectric absorption, absorbtion in pair production with local emission of 

annihilation radiation, and bremsstrahlung. A continuous-slowing-down model is used for electron 

transport that includes positrons, k x-rays, and bremsstrahlung but does not include external or self-

induced fields. 

Important standard features that make MCNP very versatile and easy to use include a 

powerful general source, criticality source, and surface source; a rich collection of variance 

reduction techniques; a flexible tally structure; and an extensive collection of cross-section data. 

The capability to calculate keff eigenvalues for fissile systems is also a standard feature. 

4.4. PLTEMP/ANL code [24] 

PLTEMP/ANL obtains a steady-state flow and temperature solution for a nuclear reactor 

core, or for a single fuel assembly. It is based on an evolutionary sequence of “PLTEMP” codes in 

use at Argonne National Laboratory (ANL) for the past 20 years. Fueled and non-fueled regions are 

modeled. Each fuel assembly consists of one or more plates or tubes separated by coolant channels. 

The temperature solution is effectively 2-dimensional. It begins with a 1-dimensional solution 

across the fuel plates/tubes within a given fuel assembly at the entrance to the assembly. The 

temperature solution is repeated for each axial node along the length of the coolant channel. The 

geometry may be either slab or radial, corresponding to fuel assemblies made from a series of flat 

(or slightly curved) plates, or from nested tubes. A variety of thermalhydraulic correlations are 
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available with which to determine safety margins such as onset of nucleate boiling (ONB), 

departure from nucleate boiling (DNB), and onset of flow instability (FI). Coolant properties for 

either light or heavy water are obtained from functions rather than from tables. The code is intended 

for thermal-hydraulic analysis of research reactor performance in the sub-cooled boiling regime. 

Both turbulent and laminar flow regimes can be modeled. Options to calculate both forced flow and 

natural circulation are available.  

4.5. COBRA-EN code [25] 

COBRA-EN is an upgraded version of the COBRA-3C/MIT for thermal-hydraulic transient 

analysis of reactor core. Starting from a steady state condition in a LWR core or fuel element, the 

code allows simulating the thermal-hydraulic transient response to user-supplied changes of the 

total power, of the outlet pressure and of the inlet enthalpy and mass flowrate. 

The thermal-hydraulic homogeneous model of COBRA-EN is based on three partial 

differential equations that, using what is known as "subchannel approximation", describe the 

conservation of mass, energy and momentum vector in axial and lateral directions for the water 

liquid/vapor mixture and the interaction of the two-phase coolant with the system structures. 

Optionally, a fourth equation can be added which tracks the vapor mass separately and which, along 

with the correlations for vapor generation and slip ratio, replaces the subcooled quality and 

quality/void fraction correlations, needed to extend the capabilities of the essentially homogeneous 

three-equation model. 

4.6. RELAP5 code [26, 27, 28, 29, 30, 31] 

RELAP5 code is developed at the Idaho National Laboratory (INL) for the U.S. Nuclear 

Regulatory Commission (NRC). The U.S. Department of Energy (DOE) began sponsoring 

additional RELAP5 development in the early 1980s to meet its own reactor safety assessment 

needs. Following the accident at Chernobyl, DOE undertook a re-assessment of the safety of all of 

its test and production reactors throughout the United States. The RELAP5 code was chosen as the 

thermal-hydraulic analysis tool because of its widespread acceptance. 

RELAP5 allows for the simulation of the full range of reactor transients and postulated 

accidents, including: trips and controls; component models (pumps, valves, separators, branches, 

etc.); operational transients; startup and shutdown; maneuvers (e.g. change in power level, 

starting/tripping pump); small and large break; loss of coolant accidents (LOCA); anticipated 

transient without scram (ATWS); loss of offsite power; loss of feedwater; loss of flow; light water 

reactors (PWR, BWR, APWR, ABWR, etc.); heavy water reactors (e.g. CANDU reactor); gas-

cooled reactors (VHTGR, NGNP); liquid metal cooled reactors; molten-salt cooled reactors. 

RELAP5 is a transient, two-fluid model for flow of a two-phase vapor/gas-liquid mixture  

that can contain non-condensable components in the vapor/gas phase and/or a soluble component in 

the liquid phase. The multi-dimensional component in RELAP5-3D was developed to allow the 

user to more accurately model the multi-dimensional flow behavior that can be exhibited in any 

component or region of an LWR system. Recent developments have incorporated viscous effects in 

multi-dimensional hydrodynamic models. Temperature-dependent and space-dependent thermal 

conductivities and volumetric heat capacities are provided in tabular or functional form either from 

built-in or user-supplied data. There is also a radiative/conductive enclosure model, for which the 

user may supply/view conductance factors.  

There are two options that include a point reactor kinetics model and a multidimensional 

neutron kinetics model. A flexible neutron cross section model and a control rod model have been 

implemented to allow for the complete modeling of the reactor core. The decay heat model 

developed as part of the point reactor kinetics model has been modified to compute decay power for 

point reactor kinetics and multi-dimensional neutron kinetics models. 
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4.7. MACCS2 code [32, 33, 34] 

MACCS2 is under development at Sandia National Laboratories (SNL). Since the issuance 

for nuclear facility accident analysis, MACCS2 has been used for DOE applications primarily as a 

tool for deterministic consequence analysis. This information is used to support decision-making on 

control selection in nuclear facilities, specifically identification of safety structures, systems, and 

components. 

MACCS2 predicts dispersion of radionuclides by the use of multiple, straight-line Gaussian 

plumes. The direction, duration, sensible heat, and initial radionuclide concentration may be varied 

from plume to plume. Crosswind dispersion is treated by a multi-step function and both wet and dry 

deposition features can be modeled as independent processes. For safety analysis applications, the 

user can apply either the stratified random sampling mode or the Latin Hypercube Sampling mode 

to process one year of site-specific meteorological data, with the former approach encouraged for 

current applications. Based on the meteorological sampling of site-specific data, and application of 

user-specified dose and/or health effects models, complementary cumulative distribution functions 

are calculated for various measures of consequence. The average, median, 95th, and 99.5th 

percentile consequences are provided in the output. 

The code used to calculate dispersion of radioactive material to the environment and the 

population. The code uses a dose-response model to determine the health consequences of a severe 

accident in terms of early fatalities (how many people in a population would die in the weeks or 

months following exposure) and latent cancer risk (how many people in a population would 

contract a fatal cancer as a result of exposure). MACCS2 is a fully integrated, engineering-level 

computer code developed to analyze the off site consequences of an accidental atmospheric release 

of radioactive material. MACCS2 analyses results include land contamination areas and levels of 

contamination, doses to individuals and populations, health effects and risks, and economic losses 

resulting from an accident.  

5.  CONCLUSIONS 

From the results of the project, the training ability of the NRI has improved. The 

experimental equipment is more perfect that allowed to practice on the reactor from basic level as 

critical experment, control rod calibration, measurement of thermal neutron flux distribution and 

density to advanced level as measurement of neutron spectrum, measurement of reactor parameters 

using noise technique, measurement of fuel surface temperature, burnup measurement of irradiated 

fuel using gamma spectrometry technique.  

The compilation of training material for reactor calculations was performed. The code 

systems selected to compile cover almost areas for reactor calculations and have been used for 

Dalat reactor calculations. The code systems include the following areas: neutronics calculation, 

hydrothermal calculation, safety analysis and accident consequence analysis.  

With the competent staffs, the reactor technology training at the NRI can combine theory 

letters as reactor physics, hydrothermal, safety analysis … with the experiments on the reactor and 

the calculation codes. This combination will help trainees better understand the knowledge of 

reactor technology. However, the hydrothermal experiments are still deficient by requiring a large 

amount of funds to strengthen the equipment. 

Using all training abilities at home country before sending abroad for advanced training on 

the technology systems of nuclear power plants will shorten time as well as save funding for 

training of nuclear human resources. 
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ABSTRACT: This project built a standard system include a exposure chamber and a Thoron (
220

Rn) gas 

emanation source. The chamber: volume of 101 liters, sealed, a convection fan is inside. Emanation source is 

made from lantern mantle nets soaked Thorium (
232

Th) and contained a negligible amount of radon (
222

Rn). 

The result was measured by HPGe detector showed 
232

Th ~ 137kBq/kg and 
238

U ~ 0.8kBq/kg in the lantern 

mantle nets. We study Thoron gas concentration generated from the lantern mantle nets by experiments: 

change the amount of the lantern mantle nets, change the speed of gas pump speed, check the tightness of the 

system, evaluate reliability the system with long time and determine the optimal distance to install the 

measurement detector of radon, thoron. The results showed that the concentration of Thoron depends linearly 

on the amount of the lantern mantle nets, the changing in the speed of air flow through effects little to the 

Thoron concentration. Checking the tightness of the system with standard radon sources showed the radon 

concentration decline exponentially, the half-life of 3.85 days proved absolutely closed system. Evaluation of 

system stability, the results also showed maintain 60% relative humidity, temperature 21.3 
0
C, the average 

concentration of Thoron 13.9 ± 0.7 kBq/m
3
 and Radon 0.6 ± 0.2 kBq/m

3
 was maintained throughout the 14-

hour period. Comparing the results of the measurement detector of radon, thoron set at the distance of 30 and 

7.5 cm showed that density of track in the measurement detector at 30 cm is more uniform than that at 7.5cm. 

Keyword: Calibration system, Radon, Thoron... 

 

1. INTRODUCTION 

Radon is natural radiation contributes the largest percentage to the total average annual 

effective dose equivalent  to human. All isotopes of radon are radioactive and also emits alpha 

radiation, 
222

Rn and 
220

Rn are the most important of the  three  radon  isotopes because of its 

concentrations in indoor air and due to the health effects associated with exposures to its radioactive 

decay products. Actinon (
219

Rn) does not contribute significantly to human radiation  exposures  

due  both  to  the  low natural  abundance  of the 
235

U  precursor  and the very short (4s) 
219

Rn half-

life.  

2. EXPERIMENTAL AND METHODS 

Standard system include a exposure chamber and a Thoron (
220

Rn) gas emanation source. 

The stainless steel chamber: volume of 101 liters, sealed, a convection fan insite. The 
220

Rn 

concentrations in the chamber were measured continuously using a RAD7 electrostatic collection 

method (Durridge Co. Inc., USA). The operation diagram of the system as the figure 1. 

- Thoron Source: can change the amount of the lantern mantle nets, in experiment test 

with the number 10 nets, 30 nets and 50 nets. 

- Pumping: AlphaPump (Saphymo GmbH, Germany) can control and change the gas flow 

with rate: 0.5 and 1 (L/min). 
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- Exposure chamber: Use the standard exposure chamber (Genitron instruments GmbH, 

Frankfurt, Germany), volume 101 (L). 

- RAD7: DURRIDGE Company Inc is installed in Thoron: ON; Pumb: AUTO; Mode: 

Sniff. 

 

Figure 1:  The operation diagram of the system. 

3. RESULTS AND DISCUSSION 

a) Checking of the tightness of the system 

 

Figure 2:  Time variation of Radon concentration inside Thoron chamber. 
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In the initial experiments, the magnitude of chamber leakage was tested by using the 
222

Rn 

gas, which was monitored by the RAD7 instrument. The emporal variation was monitored about a 

week in order to fit the measured concentration as a function of time, as shown in Fig. 2. The 
222

Rn 

concentration measured by the monitor decreased with time due to decay and was consistent with 

theoretical decay curve derived from the half-life of 
222

Rn. 

b) Stability of Thoron concentration 

 The depending of Thoron concentration on the amount of the lantern mantle nets,  and 

the air flow rate: 

 

Figure 3:  The depending of Thoron concentration on the amount                                                                                

of the lantern mantle nets,  and the speed of air flow rate. 

The results (Fig 3.) showed that the concentration of Thoron depends linearly on the amount 

of the lantern mantle nets, the changing in the speed of air flow through effects little to the Thoron 

concentration. 

 Evaluation of system stability: 

 

Figure 4:  The depending of Thoron concentration on time. 

 

Figure 5:  The temperature and Relative Humidity on time. 
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Evaluation of system stability, the results also showed maintain 60% relative humidity, 

temperature 21.3
0
C, the average concentration of Thoron 13.9 ± 0.7 kBq/m

3
 and Radon 0.6 ± 0.2 

kBq/m
3
 was maintained throughout the 14-hour period. 

4. CONCLUSION 

Compared with the original objectives, this project completed the basic content: 

-  Literature review and a number of Thoron standard system. 

- Design Standard successfully fabricated with high stability. Check decline over time, 

determine the half life source of perfectly matched the actual value. 

- Evaluation of  Tn concentration dependence on the amount of the lantern mantle nets 

and the the air flow rate. 

- Provide configuration is standard procedure Tn measured with standard system. 
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ABSTRACT: For the purpose of operating and optimizing the analyses of the equipment: wavelength 

dispersion X-ray fluorescence (WDXRF)- model “S8 TIGER” from Enhancing Equipment Project (TCTTB) 

2011-2012, we set up sampling and analytical process for different sample kinds; we constructed multi-

elemental calibration curve for clay sample; we analysed elemental concentrations of 5 clay samples by XRF 

method and compared the results with the results given by NAA method. Equipment sensitivity was tested by 

analysing elemental concentrations of 2 Kaolin standard samples. The results show that S8-Tiger equipment is 

within good condition and is able to analyze powder clay sample exactly.   

 

I. INTRODUCTION 

Since its inception (1964) [1], X-ray fluorescence (XRF) analysis method has made a 

considerable progress. A lot of research improving the method have been done [4] to develop X -

ray fluorescence analysis into one of the powerful methods for determining elemental 

concentrations - fast and convenient with many advantages. XRF equipment has been innovated to 

determine the elemental concentration with precision and higher sensitivity, as well as identifying a 

wide range of elements. XRF method has the advantages such as: compact, fast analysis, does not 

require a large investment like a nuclear reactor or a neutron generator (neutron activation analysis-

NAA). A kind of XRF device based on the principle of wavelength dispersion (WD) has been 

produced and commercialized. Based on WDXRF equipment, many laboratories around the world 

have been studying to develop analytical techniques for different sample kinds such as materials, 

environment, biology, ... 

II. THEORY 

X-ray beam from Rh-target-tube irradiates sample and excites atoms in the sample. Excited 

atoms will emit characteristic X-rays. The characteristic X-rays emitted from the sample will be 

diffracted on a crystal in which distance (d) between the network layer have been known. The 

crystal will be rotated around one axis to change the angle of diffraction and diffracted beam is 

recorded by a detector. Bragg's law in X-ray diffraction: 

n 2dsin( )    
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Corresponding to diffractive peaks (2θ), we can deduce the wavelength (λ) of the 

characteristic X-rays and thereby infer the elements in the sample, which is a qualitative analysis 

[7]. At the same time, we handle the peaks with many different data processing techniques, then we 

could obtain relative intensities of the peaks, thereby we determine the elemental concentrations in 

the sample [7]. 

III.  PROCEDURE 

1. Setting up sampling process for different types of samples: solid, liquid, powder... 

2. Setting up process of analysis, measurement mode corresponding to different sample 

kinds.  

3. Buying 2 Kaolin standard samples (white clay) for the construction of multi-elemental 

calibration curve.  

4. Experiment: Analysing elemental concentrations of 5 clay samples: 1 clay sample, 2 

kaolin samples and 2 bentonite samples encoded: BNVN, SNN, KLTQ, BNAD & SMC by XRF 

nethod and NAA method collaborating with the Institute for Nuclear Research. Analysing elemental 

concentrations of 2 Kaoline standard samples by XRF method. 

5. Surveying the matrix effects on the results of elemental analysis of the clay samples by 

XRF method. 

IV. RESULTS AND DISCUSSION 

Table 1: Result of sample BNVN. 

Element Unit XRF (S8 Tiger) NAA (ko-NAA) Note 

Si % 27.03 ± 0.11 29.80 ± 4.70  PGNAA 

Al % 12.52 ± 0.08 10.40 ± 0.20  

Fe % 5.76 ± 0.02 5.58 ± 0.29  

Ti Ppm 6,700 ± 111 7,330 ± 1,070  

Mg Ppm 10,500 ± 224 3,000 ± 160  

Ca Ppm 8,700 ± 152 6,600 ± 2,000  

Mn Ppm 600 ± 22 545 ± 5  

K Ppm 14,500 ± 207 12,000 ± 1,700  

Table 2: Result of sample SNN. 

Element Unit XRF (S8 Tiger) NAA (ko-NAA) Note 

Si % 16.68 ± 0.11 ND  ko-NAA ND  

Al % 2.24 ± 0.05 3.03 ± 0.07  

Fe % 19.91 ± 0.03 17.00 ± 0.05  

Ti Ppm 2,000 ± 64 <2,500  

Mg Ppm 36,500 ± 672 1,700 ± 110  

Ca Ppm 3,300 ± 98 3,420 ± 1,140  
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Mn Ppm 1,500 ± 35 1,240 ± 10  

K Ppm 1,700 ± 76 1,790 ± 210  

Table 3: Result of sample KLTQ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5: Result of sample SMC. 

Element Unit XRF (S8 Tiger) NAA (ko-NAA) Note 

Si % 17.92 ± 0.12 23.30 ± 3.40  PGNAA  

Al % 2.48 ± 0.05 2.83 ± 0.04  

Fe % 20.48 ± 0.03 17.50 ± 0.04  

Ti Ppm 1,700 ± 60 <1,900  

Mg Ppm 37,500 ± 690 1,380 ± 90  

Ca Ppm 2,800 ± 90 <2,200  

Mn Ppm 1,500 ± 34 1,370 ± 10  

K Ppm 1,700 ± 76 1,570 ± 130  

Element Unit XRF (S8 Tiger) NAA (ko-NAA) Note 

Si % 19.13 ± 0.12 22.20 ± 3.70  PGNAA  

Al % 21.70 ± 0.13 23.50 ± 0.34  

Fe % 0.42 ± 0,01 0.42 ± 0.01  

Ti Ppm 5,300 ± 105 4,600 ± 900  

Mg Ppm ND 5,690 ± 170  

Ca Ppm 800 ± 53 <1,200  

Mn Ppm ND 8 ± 1  

K Ppm 900 ± 57 600 ± 110  

Table 4: Result of sample BNAD. 

Element Unit XRF (S8 Tiger) NAA (ko-NAA) Note 

Si % 24.70 ± 0.07 24.20 ± 3.40  PGNAA  

Al % 10.42 ± 0.05 8.79 ± 0.12  

Fe % 7.08 ± 0.01 6.85 ± 0.03  

Ti Ppm 12,900 ± 94 10,000 ± 1,100  

Mg Ppm 13,000 ± 173 2,400 ± 160  

Ca Ppm 3,600 ± 60 <1,200  

Mn Ppm 800 ± 15 840 ± 10  

K Ppm 9,400 ± 103 8,270 ± 2,100  
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Table 1 - Table 5 show results of the elemental analysis of the clay samples by XRF method 

and by NAA method. Most of the values given by the XRF method are in good agreement with  the 

values given by the NAA method, with an exception of Mg. The analytical results of Mg are 

completely different between the two methods. This is due to matrix effect occurring in the clay 

samples. Magnesium absorbs the energy  Al Kα1 and Si Kα1, therefore Mg Kα1 peak is 

significantly enhanced. We can fix this by setting standard curve for magnesium. 

Table 6: Result of standard sample NCSDC60122 (GBW 03121)                                                                           

in Full Analysis mode.  

Element Certified value (%) Analytical result (%) 

SiO2 54.55 ± 0.17 50.71 ± 0.23 

Al2O3 31.41 ± 0.11 35.71 ± 0.17 

Fe2O3 0.5 ± 0.03 0.46 ± 0.01 

CaO 0.052 ± 0.008 0.06 ± 0.01 

MgO 0.12 ± 0.02 0.10 ± 0.02 

K2O 0.34 ± 0.02 0.34 ± 0.01 

Na2O 0.015 ± 0.004 ND  

TiO2 0.69 ± 0.03 0.79 ± 0.02 

MnO 0.0032 ± 0.0003 ND 

P2O5 0.099 ± 0.009 0.11 ± 0.01 

SO3 0.53 ± 0.04 0.50 ± 0.02 

Table 7: Result of standard sample NCSDC60123 (GBW 03122)                                                                          

in Best Detection mode.  

Element Certified value (%) Analytical result (%) 

SiO2 44.53 ± 0.17 43.50 ± 0.12 

Al2O3 38.62 ± 0.10 38.55 ± 0.10 

Fe2O3 0.72 ± 0.04 0.85 ± 0.01 

CaO 0.16 ± 0.03 0.16 ± 0.01 

MgO 0.068 ± 0.005 0.050 ± 0.008 

K2O 0.049 ± 0.007 0.060 ± 0.003 

Na2O 0.069 ± 0.006 0.050 ± 0.010 

TiO2 0.39 ± 0.02 0.42 ± 0.01 

MnO 0.0054 ± 0.0011 0.0068 ± 0.0008 

P2O5 0.21 ± 0.02 0.25 ± 0.01 

SO3 0.12 ± 0.01 0.22 ± 0.01 
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The analysis results of standard samples in the table 6 and 7 show that elemental content is 

in good agreement with certified value. However, on the Full Analysis mode, the analysis capability 

(sensitivity) of the equipment is limited to hundreds of ppm, such as MnO and Na2O content as 

show in table 6. The Best Detection mode has the best sensitivity, it's around tens of ppm which can 

detect the MnO content (54ppm) as show in table 7. 

V. CONCLUSSION 

The project has been done with these contents: setting up sampling process for different 

sample kinds; setting up process of analysis; constructing multi-elemental calibration curve for clay 

sample; analysing elemental concentrations of 5 clay samples by XRF method and comparing the 

results with the results given by NAA method; analysing elemental concentrations of 2 Kaoline 

standard for testing equipment sensitivity. The above results show that XRF (S8-Tiger) equipment 

is within good condition and is able to analyze powder clay sample exactly.  

The application of  XRF S8-Tiger equipment after the end of the project 

- Undertaking XRF analyses in Center for Nuclear Techniques in HCM city. 

- Participating in Institute Project 2014. 

- Participating in Nafosted Project 2014-2015. 
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ABSTRACT: This study aims was successful prototype radiation imaging systems and digital fluorescence test 

to assess a number of technical characteristics according to ASTM E2597, including the spatial resolution, 

ratio signal - noise, efficiency, contrast sensitivity and specific material thickness range of the material. In the 

process of evaluating the technical characteristics, the team also built the corresponding characteristic curve of 

the device system. The study also using digital fluorescence was made to capture the standard samples and 

compare the results obtained with the method used film photography. 

Keywords: Digital fluoroscopic, digital radioscopy, spatial resolution. 

 

1. OBJECTIVES 

The Fluorescence technology has long been used screening X-ray to tests objects in medical 

and industrial fields. With the development of technology, fluorescent images can now digitized to 

create digital imaging. Objectives of this research are design, Development and Optimization of 

Digital Fluoroscopy System for Digital Industrial Radiology. 

2. APPROACH 

In order to develop a Digital Fluoroscopic 

System(DFS) we built-up, and tested, using a voltage range 

80 – 250 KV X-ray  source, a filmless device to be used for 

usual X-ray nondestructive material testing. 

 Manufacturing  the  DFS,  some  procedure  must  be  

followed  according  to the  standard ASTM E2597-14. We 

have tested the Basic Spatial Resolution (SRb), the detector 

Signal-to-Noise Ratio-normalized (dSNRn), the Contrast-to-

Noise Ratio (CNR), (the CSa-Contrast Sensitivity was 

calculated) and the Specific Material Thickness Range 

(SMTR). 

3. RESULTS 

Specific product: A digital fluoroscopy system in 

industry include notes, drawings fabrication, V2 image 

recognition software, software analysis and image 

interpretation ISEE,documentation manual. 

Project information: 
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Figure 1: Digital fluoroscopy system. 
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Specifications 

- Radioscopic viewable image: 15x20 cm 

- Resolution fluoroscopy plate: 406 micrometer 

- Active pixel: minimum 1.4 megapixel 

- Sensitivity: accordance ASTM  

- Basic Spatial Resolution: accordance ASTM  

- Operating Temperature: 5 to 35
0
 C  

- Applicable energy range (X-ray): 90 kV- 210 kV 

- Pixel Size: 6.45 (H)x 6.45 (V) µm 

- Synchronization Internal Digital Interface: IEEE1394a cable 

- Weight: less than 35kg 

- Mobile digital radioscopy system 

3.1 Assess the characteristics of fabrication parameters 

In the framework of topic prototype device radiation image recorded by means of the 

method digital Fluorescence, we use standard ASTM E2597 that's equivalent / 2597M - 2014 

(Standard Practice for Manufacturing Characterization of Digital Detector Arrays) to assess the 

characteristics of fabrication parameters. 

a) Interpolated Basic Spatial Resolution of a DFS (iSRb
detector

) 

 

Figure 2: iSRb
detector

 of Digital fluoroscopic. 

Function regression obtained, replace the value %. At depth 20% we obtain a 

value iSRb
detector

 is ~488mm. 

b)  Signal noise ratio  (SNR) and Efficiency  (dSNRn at 1mGy) 

- SNR- signal noise ratio 
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Figure 3: Plot of SNR for 

fluoroscope according to 

ASTM E 2597 at Fe- 160 

kV- 5mA. 

  

 

 

 

 

Figure 4: Plot of dSNRn 

for efficiency 

measurements with the 

fluoroscope. 

 

 

c)  Achievable Contrast Sensitivity (CSa)  

 

 

 

 

 

 

Figure 5:  Plot of CSa for 

fluoroscope according to 

ASTM E 2597 at 160kV-

5mA-Fe. 
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d)  Specific material thickness range (SMTR) 

Table 1: SMTR for Steel. 

Sensitivity (%) 

GV step wedges 

minimum/GV full 

saturation (%) 

SNR for step 

wedges maximum 

Thickness for step 

wedges maximum 

(mm) 

2 79.89 250 5.0 

3.2 General assessment of the quality digital fluoroscopy system 

Measurement results for Digital Fluoroscopy accordance with ASTM E 2597  

Table 2: Quality number and system classer of DFS. 

Parameter Unit Condition Value 
Quality 

number 

iSRb
detector 

m 220KV, no filter 486 3 

Contrast sensitivity CSa % 160KV, step wedges, 4s 0.382 9-10 

Efficiency= (dSNRn @ 1mGy) - 160KV, 10mm Fe 609.8 11 

Specific material thickness 

range -SMTR 
Mm 160KV, 4s, SNR>250 5 4 

DDA system classes  SNRn >43 46.1 DDA III 

- The DFS provides image quality comparable with that of other commercial industrial 

systems for DIR. The achievable contrast sensitivity is better than or equal to that provided by 

computed radiography and digitized films in a certain material thickness range, but is less than that 

provided by modern DDAs. 

- The attractive features of this system include: the reduction of radiation dosage and 

inspection time; protection of the environment resulting from the elimination of chemical 

processing; long term storage of digital data without degradation; digital data analysis; quantitative 

defect detection and evaluation; and easy digital data transmission. 

- Because of the compact design of the DFS, it is suitable for mobile inspection of welds 

and castings. 

- The concept of a low cost DIR system has the potential for use in providing training in 

DIR technology.  

4. RECOMMENDATION AND CONCLUSION 

Conclusion: The topic has completed the purpose research, manufacture 

prototype, application of radiation imaging device digital as the demonstration given 

Recommendation: For product more developmental and further perfect, the center has 

professional staff in the field of information technology that can write software for product 

operations. In addition, the investment needs more the equipment mechanical processing for 

targeted research to more perfect, which give a variety of products according to purpose user... 
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ABSTRACT: Residual stresses can play a significant role in explaining of deformation and crack in weld 

joints. There are many methods of residual stress measurement. Most commonly methods used in industry and 

academia are considered: x-ray and neutron diffraction, hole drilling, Barkhausen, eddy current and ultrasonic 

methods. This paper introduces a new method for stress measurement, which is based on magneto-elastic 

effect, is a nondestructive method, available to assist evaluate and monitor the stress level, concentration and 

the gradient which are very important parameters for the evaluation and assessment of predicted life of the 

components and preventive care. The paper also reports on research which involved diagnostics and 

assessment of stressed state in butt weld plate before and after heat treatment 

Keywords:  Residual stress, nondestructive method, magneto-elastic effect. 

 

1. INTRODUCTION  

Residual stresses are stresses that remain in a solid material after the original cause of the 

stresses has been removed. Virtually all manufacturing and fabricating processes such as casting, 

welding, machining, molding, heat treatment, plastic deformation during bending, rolling or forging 

introduce residual stresses into the manufactured object. 

Welding process is one of the most significant causes of residual stress and typically 

produces large tensile stress in the weld balanced by lower compressive residual stress elsewhere in 

the component. The heat generated during welding causes a high temperature gradient in and 

around the welded area. This leads to non-uniform expansion and contraction of the material 

causing buildup of stresses. 

 

Figure 1: Causes of residual stress: a) heat source from the sun,                                                                                          

b) heat generated during welding process, c) grinding process. 
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2. PRINCIPLE OF RESIDUAL STRESS MONITOR (StressVision) 

The principle of magneto-elastic effect in materials (ferromagnetic materials change 

magnetic properties under the influence of mechanical stress) can be used to design inspection 

devices. Magneto-anisotropic ("cross") transducers used in series "StressVision" are two mutually-

perpendicular U-shaped coils, one is an activation coil and the other coil is a measuring coil. 

Transducers measure anisotropy of magnetic properties in ferromagnetic metals under external load 

using magneto-elastic converters within the limitations of equipment. 

Relationship between mechanical stress σ and magnetic environment B characterized by 

magneto-elastic sensitivity S:  S =dB/dσ 

Principle of operation of magneto-anisotropic converter is based on the effect of rotating 

magnetic induction vector B, in the primary measurement coil. The voltage U at the output of the 

measuring coil ω is described by the formula: 

U = K.(ω2/ω1).Bc.So.f.sin β 

    where: Bc - average value of induction; So - area covered by windings; K- coefficient 

proportionality; f - voltage frequency, β - the angle between the vector measuring winding ω2 and 

magnetic induction B; ω1, ω2- the number of turns in activation coil and measuring coil. 

3. EVALUATION 

General acceptable criteria as recommended by manufacturer (for non-nuclear applications 

and strongly depends on metal’s conditions, without external/internal stresses): 

 Stress gradient up to 350 (difference between top and bottom highest points) is consider 

as acceptable working condition 

 Stress  gradient  from  350  to  400  is  considered  as  high  working  stress  level  but  

still  can  be accepted but it is recommended that the equipment be monitored for increase of 

gradient. 

 Stress gradient from 400 to 450 is  considered  as critical (defects could  have  

developed  already) and  can  be recommended for  replacement  as  soon  as  possible  (stress  

gradient  400 to 420  could  be accepted but with frequent monitoring) 

 Any stress gradient 450 to 500  and above  should be recommended for immediate care 

(even if there are no detectable defects) 

4. RESULTS AND DISCUSSION 

4.1. Examination steps 

The plates with thickness 10mm were welded with low quality. The tested samples are 

marked and tested for stress concentration and gradient before the heat treatment 600ºC for 30, 60 

and 120 minutes. After the heat treatment process, the plates were measured again using same 

mapping grid. 

For holding testing with help StressVision to grind a surface of metal it is not required. It is 

possible to execute measuring through a nonmetallic, antimagnetic insulating cover width up to 4 

mm. Examination steps are as follows:  

- A stencil and preparation of a construction in a zone of the testing 

- Stacking a stencil (mask) on a zone of the testing 

- Checking of Block of measurements.  

- Preparation of a file with parameters of a zone in the Block of measurements 
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- Holding measurements 

- Copy file to the PC and analysis 

4.2. Results 

 Sample 1: Butt weld, 150x150x10mm, 600
o
C, 30 minutes, cooling in air 

a)   b)  

Figure 2: Residual stress DPMS a) before HT and b) after HT. 

 Sample 2: Butt weld, 150x150x10mm, 600
o
C, 60 minutes, cooling in air 

c)   d)  

Figure 3: Residual stress DPMS c) before HT and d) after HT. 

 Sample 3: Butt weld, 150x150x10mm, 600
o
C, 120 minutes, cooling in air 

e)           f)  

Figure 4: Residual stress DPMS e) before HT and f) after HT. 

 Sample 4: Butt weld, 150x100x10mm, ultrasonic standard sample 

              

Figure 5: Residual stress DPMS of ultrasonic standard sample. 

 

Defect 



VINATOM-AR 14--10 

 

The Annual Report for 2014, VINATOM 

 
105 

Table 1. Results of residual stress monitor (DPMS). 

Sample Heat treatment-HT 
Before HT After HT 

DPMS MSC DPMS MSC 

No.1 600
o
C, 30 minutes 400 8.0 200 3.0 

No.2 600
o
C, 60 minutes 220 3.25 170 2.4 

No.3 600
o
C, 120 minutes 300 2.8 180 2.8 

No.4 No HT 360 5.5 - - 

4.3. Discussions 

- The results of the difference of Principal Stresses-DPMS (sample 1 to 3) show that 

applying heat treatment only reduces a part of stress in welds. After heat treatment, the stress level 

in welds remains about 170 to 200 units and stress distribution is uniform in weld zone. According 

to manufacturer recommendation, stress gradient up to 350 is consider as acceptable working 

condition. 

- Sample 4 (ultrasonic standard steel plate), 10 mm thickness were welded with low 

quality. Location of defects are known by ultrasonic test, then measured by StressVision. Values of 

DPMS and stress concentration (MSC) of defect were about 360 units (difference between top and 

bottom highest points) and 5.5, means the plate showed high levels of residual stress, but is consider 

as acceptable working condition and it is recommended that the equipment be monitored every 6-12 

months for increase of gradient . 

4.4. Verified testing by using hole drilling method 

Purpose of testing the residual stresses by the hole drilling method is to verify the value 

measured by StressVision method. Because hole drilling method is acceptable by ASTM standard, 

but StressVision is new technique and is not covered yet by international standards 

 

Figure 6: Residual stress бmax and бmax measured by hole drilling at location (4,4)                                                              

in the weld zone. 

Hole drilling test were carried at location (4,4) in the weld zone. Absolute value of stress 

(бmax - бmin) is -62.9MPa. Relative value of StressVision is about -69.6 units. Comparison between 

two values, we found that:  

Depth (z/D) 

Stress (MPa) 
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- Two methods have the similar value (error 6.7MPa). 

- The result of hole drilling test is absolute value of residual stress, but StressVision value 

is only relative. Therefore, we have to do more experiment in various location to correct the 

compatibility of the two methods. 

5. EXAMINATION APPLICATION IN CIRCUMFERENTIAL WELD OF GAS 

CYLINDER 

 

 

 Figure 7: Residual stress distribution in circumferential weld of gas cylinder. 

6. CONCLUSION 

We have completed the research subject “Research and application of residual stress 

monitor based on magneto-elastic effect” on times with support from Centre for Nondestructive 

Evaluation.  

Additional studies and research could be conducted to extend applications or limitations of 

the Stress Indicator for each specific case (or condition). 

This technique based magnetic anisotropy «StressVision-2» can be used for instant 

information and low-cost inspection on the stress level and be used as complimentary with 

conventional NDT. 

As a relatively new technique, is not covered yet by International standards but is in the 

process for accreditation. 
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ABSTRACT: Tritium is the radioactive isotope of the hydrogen element (denoted as T or H-3). Main chemical 

forms of Tritium in the atmosphere are Tritium vapor (HTO) and gaseous Tritium (HT). HTO and HT were 

collected simultaneously by the MARC-7000 Tritium sampler. The sampler has been specifically designed for 

capturing Tritium most efficiently using a series of four sample bottles, a cooling system and a system of 

Palladium-Alumina catalytic oven. Air Tritium samples were collected at a flow rate of 30L/h continuously for 

duration up to 15 days depending on atmospheric humidity. Average efficiency of H-3 collection in the 

atmosphere was 74.82 %. The collected samples were enriched by electrolytic method. The electrolyzed 

samples were purified afterward by distillation with PbCl2 for alkali precipitation. Finally the samples were 

mixed with Packard Ultima Gold LLT cocktail in proportion of 1:1 and measured by the TRI CARB 3170 

TR/SL Liquid scintillation counting system in a total period of 1000 min. Minimum detectable activity (MDA) 

was about of 4 mBq/m
3
. Relative error was less than 11 %. 24 air samples in Hanoi for one year from 11/2013 

to 10/2014 were collected and analyzed. Monthly average radioactivity of H-3 was 22.39 mBq/m
3
 and its 

standard deviation was 4.84 mBq/m
3
. This value was 5.6 times higher than MDA value and equivalent to H-3 

background level in several countries. The obtained technical procedure is applicable to determine Tritium 

radioactivity in the atmosphere. 

Keywords: HTO  and  HT  in  the atmosphere,  MARC-7000  Tritium air  sampler,  TRI CARB 3170 TR/SL 

LSC. 

 

1. INTRODUCTION 

Since 1954 up to now, 400 nuclear power plants (NPP) have been built in the world [4]. The 

number of NPP tends to increase in the Asia region. At present, nuclear energy has accounted for 

over 17 % of the total world electricity production, particularly 88 % in France. 

It is mandatory and inevitable for every NPP to monitor environmental radiation 

surrounding. One of radiation isotopes which need monitoring regularly is H-3, especially in the 

atmosphere, hydrosphere and foodstuff. Its half-life is 12.32 years; therefore, H-3 always exists in 

the environment with various concentrations depending on geographical and meteorological 

conditions. In atmosphere, H-3 usually appears in two main chemical forms: oxide form (HTO) and 
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elemental form (HT), in which HT is rapidly transformed into HTO under humid condition and 

deposits on ground. According to UNSCEAR 2000, the total activity of naturally originated H-3 

was 72 PBq/year, corresponding to collective dose of 0.8 man Sv/PBq. The total activity of H-3 in 

the atmosphere was 1.9x10
20

 Bq in the Northern Hemisphere and 0.5x10
20

 in Southern Hemisphere 

corresponding to collective doses of 1.5 man Sv/PBq and 0.2 man Sv/PBq. 

Although its radiation toxicology is not higher than those of Cs-137 or Sr-90, H-3 is a factor 

impacting greatly on human health due to high risk of cancers after entering human body through 

digestion, inhalation, skin penetration and involvement in atomic energy application activities. 

When breaking into body, HTO replaces normal water molecules in body cells or penetrates fetuses 

through placentas… Thus, nations having NPPs have to monitor H-3 radioactivity frequently and 

conduct specific researches related to human health in order to ensure safety. 

Vietnamese government is planning to construct NPPs with relatively high capacity in Ninh 

Thuan province. According to the expectation, each NPP has two units (two nuclear reactors) with 

capacity of 1000 MW/unit (VVER-1000). Before setting to build NPPs, we need to obtain the 

information about the initial radiation background to monitor its variation due to activities of NPPs 

and compliances with radiation safety standards. Some radiation isotopes such as U, Ra, Th, K-40, 

Be-7, Cs-134, Cs-137, Sr-90, Ra-226, Rn.… have been analyzed in different environments. 

However, Vietnam has not published investigation works about determining H-3 radioactivity in the 

atmosphere. This report presents main results of the project on building up technical procedure to 

determine Tritium radioactivity in the atmosphere using the modern sampler MARC-7000 and TRI 

CARB 3170 TR/SL Liquid Scintillation Counting (LSC) System in the Institute for Nuclear Science 

and Technology (INST). 

2. EXPERIMENT 

2.1.  Sampling 

MARC-7000 Tritium air sampler has been used for collecting H-3 sample in the 

atmosphere. It is specific equipment for low H-3 activity sample collection in the atmosphere 

throught 4 sample botles. The sampler is produced by SDEC company in French under ISO 2889 

and widely used in the international nuclear industry, nuclear power plants, research centers, 

radioactive waste treatments or the isotope laboratories. This equipment allows to collect samples 

under the two main existence forms of H-3 (HTO and HT). Air H-3 samples were collected under 

condition as follows: 

- Initial dead/deionized water in each sample bottles is 150 mL. 

- Air flow rate is 30 L/h. 

- The temperature of the cooling system is 5 
0
C. 

- The temperature of the oxidation furnace is 450 
0
C. 

- Time for collecting 1 sample is about 2 weeks (10 to 15 days). 

- Total sample volume after collection is about 700 to 900 mL. 

- The amount of collected air is about 10 m
3
/2 weeks. 

Collection efficiency of H-3 in the atmospheric was determined by semi-experimental 

formula [15]: 

    ,                    (1) 

where: 

AH – absolute humidity of air (g/m
3
); 
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RH – relative humidity of air (%); 

T = 273.15 + t (
o
C); 

C = 2.16679;   A = 6.116441; 

Tn = 240.7263;   m = 7.591386. 

2.2.  H-3 electrolytic enrichment 

H-3 samples collected by the MARC-7000 were enriched by electrolytic method. H-3 

electrolytic enrichment was carried out following the procedure set up by Isotope Hydrology 

Laboratory, INST [16]. The electrolyzed samples were purified by distillation with PbCl2 for 

precipitation of alkali. Normally, the process of enrichment and purification took about 7 days. 

2.3.  Liquid scintillation counting 

TRI-CARB 3170 TR/SL is low background liquid scintillation counting (LSC) controlled 

through a PC with a specialized software. 20 mL clear Polyethylene vials were used as sample 

containers. At least 3 dead/deionizing water samples (as background samples), 3 standard samples 

and unknown samples were prepared in the same time simultaneously. 

Enriched and purified samples were mixed with Packard Ultima Gold LLT cocktail in 

proportion of 1:1 and kept in a dark place for 3 hours before measuring by the TRI CARB 3170 

TR/SL LSC system 10 times in 100 min each measurement [16]. 

2.4.  Calculation of H-3 radioactivity and its error 

Enrichment coefficient of each measurement sample (ZI) was determined by formula:  

,                            (2) 

   ,                                       (3) 

where: 

Pi – enrichment factor; 

ZIS = NSPE/NSPI , enrichment coefficient of each spike sample (SPK); 

WIS – mass of spike sample in i-th electrode before electrolyzing; 

WFS – mass of spike sample in i-th electrode after electrolyzing; 

F – Faraday constant; 

NSPF – counting rate of i-th spike sample before enrichment; 

Q – electricity amount used for enrichment (Ah); 

WCE – mass of empty electrolytic cell (g); 

WCI – mass of electrolytic cell with sample before electrolyzing (g); 

WCF – mass of electrolytic cell with sample after electrolyzing (g); 

WI – mass of solution before electrolyzing (g); 

WF – mass of solution after electrolyzing (g); 

WE – mass of sample after electrolyzing (g). 

H-3 radioactivity (Bq/l) was calculated by formula: 
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 ,                          (4)     

 

Activity error was calculated by formula:  

σA =  ,              (5)     

where: 

A –  H-3 radioactivity (Bq/l); 

 ns – counting rate of sample (cps); 

 ɛ – counting efficiency; 

 V – volume of sample (L);  

 F

sfsBE VV )/( = Z, enrichment factor of sample; 

 σA – standard deviation of radioactivity (Bq/l); 

 σs – standard deviation of net counting rate (cps); 

 σɛ – standard deviation of ɛ; 

 σz – standard deviation of Z. 

After making correction for volume of sample collected (in litter) as well as amount of 

collected air (in m
3
), unit of H-3 radioactivity was converted into mBq/m

3
. 

3. RESULTS AND DISCUSSION 

24 air samples in Hanoi were collected within one year period from 11/2013 to 10/2014. 

Details of collected air samples are shown in Table 1. 

Table 1: Details of air samples collected in Hanoi. 

Sample Collection date 
Collection 

duration, h 

Air Volume, 

m
3
 

Total sample 

volume, mL 

24h sample 

volume, mL 

1 18/10/13-31/10/13 330.20 9.88 40 2.91 

2 31/10/13-14/11/13 330.20 10.06 82 5.96 

3 14/11/13-28/11/13 334.97 9.86 40 2.87 

4 28/11/13-13/12/13 355.00 10.44 23 1.55 

5 13/12/13-30/12/13 405.68 11.94 11 0.65 

6 30/12/13-15/01/14 380.52 11.20 10 0.63 

7 27/11/14-17/02/14 507.42 14.93 44 2.08 

8 17/02/14-28/02/14 269.30 7.93 23 2.05 

9 28/02/14-13/03/14 313.93 9.24 74 5.66 

10 13/03/14-28/03/14 364.11 10.71 60 3.95 

11 28/03/14-08/04/14 256.95 7.56 113 10.55 
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12 08/04/14-26/04/14 427.18 13.57 191 10.73 

13 26/04/14-09/05/14 316.27 9.31 91 6.91 

14 09/05/14-30/05/14 504.13 14.84 192 9.14 

15 30/05/14-13/06/14 330.61 9.72 153 11.11 

16 13/06/14-30/06/14 408.16 12.01 176 10.35 

17 30/06/14-15/07/14 375.00 10.51 156 9.98 

18 15/07/14-31/07/14 386.92 11.39 179 11.10 

19 31/07/14-14/08/14 341.73 10.05 150 10.53 

20 14/08/14-31/08/14 400.88 11.79 180 10.78 

21 31/08/14-15/09/14 361.90 10.60 152 10.08 

22 15/09/14-30/09/14 361.84 10.65 134 8.89 

23 30/09/14-15/10/14 293.41 8.91 82 6.71 

24 15/10/14-31/10/14 380.22 10.91 109 6.88 

Monthly average relative humidity and temperature of atmosphere at sampling site were 

used for determining H-3 collection efficiency of the air sampler. Average value obtained was 74.82 

%. 

The collected samples were enriched, purified and counted by the TRI CARB 3170 TR/SL 

LSC system of the accredited IHL (VILAS 670) in the INST. H-3 radioactivity and error of air 

samples in Hanoi are presented in Table 2. 

Table 2:  H-3 radioactivity and error of air samples in Hanoi. 

Sample 
Starting 

sampling 

Ending 

sampling 

Enrichment 

factor, % 

H-3 adioactivity, 

mBq/m
3
 

Error, 

% 

1 18-10-13 31-10-13 35.17 29.32 9.8 

2 31-10-13 15-11-13 34.20 25.87 9.9 

3 14-11-13 28-11-13 30.78 21.40 10.0 

4 28-11-13 13-12-13 37.65 29.27 8.7 

5 13-12-13 30-12-13 30.57 16.79 9.6 

6 30-12-14 15-01-14 26.22 17.87 9.6 

7 27-01-14 17-02-14 37.23 18.98 10.0 

8 17-02-14 28-02-14 31.04 20.82 8.9 

9 28-02-14 13-03-14 35.92 17.60 9.8 

10 13-03-14 28-03-14 34.87 16.04 8.5 

11 28-03-14 08-04-14 30.50 22.01 9.5 

12 08-04-14 26-04-14 28.19 13.42 9.6 

13 26-04-14 09-05-14 31.48 16.86 9.7 



VINATOM-AR 14--11 

 

The Annual Report for 2014, VINATOM 

 
114 

14 09-05-14 30-05-14 29.10 20.79 8.5 

15 30-05-14 13-06-14 32.40 26.39 10.6 

16 13-06-14 30-06-14 27.99 35.26 9.8 

17 30-06-14 15-07-14 28.21 23.26 9.8 

18 15-07-14 31-07-14 30.08 19.85 9.8 

19 31-07-14 14-08-14 27.95 27.89 10.1 

20 14-08-14 31-08-14 33.12 21.91 10.0 

21 31-08-14 15-09-14 32.16 20.03 9.5 

22 15-09-14 30-09-14 28.66 20.22 10.2 

23 30-09-14 15-10-14 30.81 38.15 8.9 

24 15-10-14 31-10-14 31.05 25.62 10.4 

H-3 minimum detectable activity (MDA) in atmosphere was 4 mBq/m
3
 for case of 15-day 

sample collection, sample volume was about 10 m
3
 of atmosphere and measuring time was 

1000minutes per sample. 

Monthly average radioactivity of H-3 in atmosphere from 11-2013 to 10-2014 was 

calculated and is presented in Table 3 and on Figure 1. 

Table 3: Monthly average radioactivity of H-3 in Hanoi atmosphere. 

Date 
H-3 in atmosphere, 

mBq/m
3
 

H-3 rainy 

water, TU
(
*

)
 

T
o
C RF, mm RH,% 

T11/13 23.66 1.22 22.8 70 73 

T12/13 22.99 1.91 16.3 22 68 

    T1/14 19.25 - 17.7 1 72 

T2/14 19.91 1.22 17.2 16 79 

T3/14 16.84 2.47 19.9 69 87 

T4/14 17.78 1.75 25.3 170 88 

T5/14 18.85 4.71 29.3 106 77 

T6/14 30.87 2.60 30.1 223 78 

T7/14 21.52 2.10 29.5 357 82 

T8/14 24.86 1.98 29.0 315 82 

T9/14 20.18 1.89 29.2 237 78 

T10/14 31.94 1.79 25.6 61 73 
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Figure 1: Time series of H-3 concentration in the atmosphere and rainy water. 

Monthly average radioactivity of H-3 in Hanoi atmosphere was compared to those in several 

countries. Data in Table 4 shows that they are quite equivalent to each other. 

Table 4: Monthly average radioactivity of H-3 in several countries. 

Sampling site 

Monthly average 

radioactivity of H-3, 

mBq/m
3
 

Average deviation, 

mBq/m
3
 

Darlington-2007 (within 2km from 

establishment) 
1157.9 753.5 

Bruce-2006 (within 2km from establishment) 825.0 57.7 

Rokkasho (2005-2006), 

counting time is 1000min for  HT+HTO 
12.1 

 

HT 8.5 2.6 

HTO 3.6 2.3 

Fukuoka (2003-2005), at 25 m height, sample 

5000 L, counting time is 1300min for 

HT+HTO 

19.2 
 

HT 12.5 6.9 

HTO 6.7 5.4 

Hanoi (INST) 10/13-10/14), at 4 m height, 

sample of 10660 L, counting time is 1000 min 

for HT+HTO 

22.39 4.84 

The obtained experimental results indicated that: 
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- The minimum radioactivity of H-3 in 24 collected and analyzed samples was 13.42 

mBq/m
3
. The minimum monthly average of H-3 radioactivity was 16.84 mBq/m

3
 in 3/2014. 

- The maximum radioactivity of H-3 in 24 collected and analyzed samples was 38.15 

mBq/m
3
. The maximum monthly average of H-3 radioactivity was 31.94 mBq/m

3
 in 10/2014. 

- The monthly average radioactivity of H-3 was 22.39 mBq/m
3
 with standard deviation of 

4.84 mBq/m
3
. This value was 5.6 times higher than MDA value and equivalent to H-3 background 

level in several countries. 

- The obtained results of H-3 radioactivity in the atmosphere were compared to H-3 

radioactivity in rainwater monitored at the same time in Hanoi (see Figure 1). The correlation 

between these two data is not yet an evidence maybe due to the statistical insufficiency of the 

sample number. In order to assert this correlation, a longer H-3 monitoring period is required. 

4. CONCLUSION 

The ministerial project coded ĐTCB.10/13/VKHKTHN on “Study to build up method for 

determining radioactivity of H-3 in atmosphere” was completed fully. The main contents of the 

obtained method included: 

- Determining working mode of air sampler; 

- H-3 enrichment extract mode; 

- Sample preparing techniques with liquid scintillator; 

- Measurement conditions for H-3; 

- Establishing detection efficiency standard curve; 

- Methods for radioactivity and its error calculation and for determining H-3 minimum 

detectable activity in atmosphere. 

The analytical procedure to determine H-3 radioactivity in atmosphere was established with 

high quality, reliability and applicability in practice.  

The procedure was confirmed by actual application to analyze 24 air samples in Hanoi 

collected from 11/2013 to 10/2014. The project results were published in Annual Nuclear Science 

and Technology Conferences in 2013 and 2015. 

The obtained analytical procedure for H-3 should be applied in practice to have continuous 

data of H-3 in atmosphere. 
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ABSTRACT:  This report presents contents of the first phase of the Project set out to solve apart from the 

research - focused solely on standardized methods and determination of some important anthropogenic 

radionuclides (
90

Sr; 
137

Cs; 
237

Np, 
238

Pu, 
239,240

Pu, 
241

Am, 
242

Cm) in a soil samples, marine sediments and marine 

organism in some southern provinces of Vietnam, especially in Ninh Thuan province - where planning to 

install the nuclear power plants and of some radionuclides of Actinides - which not being found in the previous 

studies in Vietnam. The correlation between the level of specific radioactivities in surface soil samples has 

been evaluated with pairs of 
137

Cs-
90

Sr; 
137

Cs-
239,240

Pu; and 
90

Sr-
239,240

Pu following a linear pattern. There is a 

clear distribution with latitude due to global fallout of 
90

Sr, 
137

Cs and 
239,240

Pu. By using the calculated 

accumulative density of 
137

Cs, 
90

Sr, and 
239,240

Pu in soil samples, the empirical regression models assessing the 

inventory density for the whole sampling area in latitude and average rainfall annual at the sampling location 

were developed. The radioactivity ratios of the radionuclides (
137

Cs/
90

Sr, 
90

Sr/
239,240

Pu, 
238

Pu/
239,240

Pu, and 
241

Am/
239,240

Pu) in surface soil samples are lightly higher than the value of global fallout; the ratio of 
137

Cs/
239,240

Pu is lightly lower than the value of global fallout. The atomic ratio of 
240

Pu/
239

Pu in some soil 

samples equivalent to the ratio of the global fallout caused by nuclear weapons testing. In the lake sediment, 

the ratio of radioactivity of 
137

Cs/
90

Sr is lower than the value of the global fallout. In marine sediments, the 

ratio of radioactivity of 
137

Cs/
90

Sr; 
137

Cs/
239,240

Pu; 
90

Sr/
239,240

Pu and 
241

Am/
239,240

Pu and the atomic ratio between 
240

Pu/
239

Pu are slightly higher than the value of the global fallout. For marine organisms, the radioactivity ratio 

of 
90

Sr/
239,240

Pu & atomic ratio between 
240

Pu and 
239

Pu in some of oyster and seaweed samples and the 

radioactivity ratio of 
137

Cs/
90

Sr, 
137

Cs/
239,240

Pu, 
90

Sr/
239,240

Pu & atomic ratio of 
240

Pu/
239

Pu in individual samples 

have been evaluated and most of these ratios are slightly higher than the values of the global fallout. Depth 

distribution of 
137

Cs radionuclides in soil samples taken from soil profile with layers of 5cm soil depth down to 

50cm have been investigated, and thereby the relaxation length factor, RL, and the absorption coefficient α of 

each position were determined. The range of RL factor is from 13.7 to 34.5; The average value is of 22.6. This 

value in comparison with the period after the fallout  by ICRU Report 53, is greater than 20 years. 

Keyword: Anthropogenic radionuclides, Actinides group, Radiochemical separation, Alpha spectrometer, Beta 

counting, Soil, Sediment, Organisms, Accumulative density, Inventory density, Latitude distribution, 

Radioactivity ratio, Atomic ratio, Global fallout, Depth exponential distribution, Relaxation length factor, 

Absorption coefficient. 
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1. INTRODUCTION 

Collecting additional data on the existence of hazard anthropogenic radionuclides in some 

typical environment objects in Vietnam is an important task supporting for the environmental 

impact assessment caused by the activities and the nuclear accidents, affecting to Vietnam.  

After directly release of radioactive materials into the atmosphere and seawater from the 

starting of nuclear activities, the radionuclides is transporting, dispersing and accumulating in the 

environment. Especially, the anthropogenic radionuclides with long half lives, high biological 

toxicity characteristic, such as 
90

Sr, 
137

Cs, 
237

Np, 
238

Pu, 
239

Pu, 
240

Pu, 
241

Am, 
242

Cm will be 

redistributed in soil, water, sediment and organisms. Generally, after a nuclear incident/accident 

with large amount release and scale, like the Chernobyl (1986) and Fukushima-I (2011), the 

information of monitoring, immediately warnings, the inventory of anthropogenic radionuclides in 

the environment, etc. are to be interested, researched by international scientific community. Thus, 

every country, especially the countries having coastal, are required to establish and update the 

database of anthropogenic radioactivity and then to identify their sources. The database is as a basis 

for the planning of environment protection and environment impact assessment activities of the 

applied atomic energy programme. 

In Vietnam, there were some previous projects running related to the investigation of 

baseline data of anthropogenic radionuclides in some environmental objects. Typical results of 

these subjects have been established a preliminary database of anthropogenic radioactivities, 

including: 
90

Sr, 
137

Cs, 
239,240

Pu in the soil, water, sediment and some organism samples of Vietnam. 

However, this preliminary database is gapping some of the important information as the followings: 

(1) information of important anthropogenic radionuclides, especially the Actinides (Np, Pu, Am, 

Cm) in the soil, marine sediments, marine localized organisms. These radioactivity compositions 

should be complementary, and together with the data of inventory of existing 
90

Sr, 
137

Cs to establish 

the database of long lived anthropogenic radionuclides with high biological toxicity and existing in 

the environment prior to the release of other potential sources; (2) Due to lack of information of the 

anthropogenic radionuclides inventory, it is hardly to establish the relationship between 

radionuclides, and is more difficult to identify the sources of the radionuclides in the environment, 

while the information is very important in the EIA activities; (3) The study of anthropogenic 

radioactivity in marine sediment and marine organism is as exploration, the number of samples was 

little, lacking some radionuclides composition, sparse sampling points; and (4) The methods to 

determine some radionuclides of Actinides are not available to use. Thus, the Project with two 

stages is set out to solve apart from the research; in which the contents of the first phase focused 

solely on Standardized methods and determination of some important anthropogenic radionuclides 

(
90

Sr; 
137

Cs; 
237

Np, 
238

Pu, 
239,240

Pu, 
241

Am, 
242

Cm) in a soil samples, marine sediments and marine 

organism in some southern provinces of Vietnam, especially in Ninh Thuan province - where 

planning to install the nuclear power plants. 

2. EXPERIMENTAL METHOD 

2.1. Sample collection 

Based on the typical soil categories, 12 soil profiles with 5cm layers to a depth of 50cm; 89 

surface soil samples at different latitudes of the South Vietnam have been collected. For surface soil 

samples, by using stainless corer with diameter of 105mm, a total of 10 soil core samplings with the 

depths of 0-30 cm and 30-50cm respectively at each site were cumulated, stirred, and reduced to an 

amount (approximately 2-4 kg). 

Sediment and organism samples were taken at Phuoc Dinh commune (Ninh Thuan province) 

- where Ninh Thuan 1 Nuclear Power Plant project carrying out; and Vinh Hai commune (Ninh 

Thuan province) - where Ninh Thuan 2 Nuclear Power Plant project planning. Reference to ICRP 
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2009 (Publication 108: Report on Reference Animals and Plants), the organism samples selected in 

this study were fish, algae, bivalve fauna and  terrestrial vegetation samples selected were grass, 

leaf tree, rice. In detail, 10 river/lake sediment samples, 7 aquatic vegetation samples (algae, 

hyacinth, etc ...), 20 leaf-plant samples of commonly vegetation, 6 rice samples, 10 sea sediment 

samples, 15 seaweed  samples,  5 marine fish samples, 6 bivalve fauna samples were collected in 

Ninh Thuan province. 

2.2. Method 

2.2.1. Analysis of 
90

Sr by the radiochemical separation and low background beta counting 

for soil, sediment and organism samples. 

Soil and sediment samples after pretreatment were burn to dryness at the temperature of 

450
o
C. By using hydrochloric acid, Sr was extracted from the sample into solution. 

90
Sr was 

separated by oxalate coprecipitation method. Ash from organism samples were decomposited by the 

mixed solution of HCl and HNO3 acid. 
90

Sr was separated from the elements in the sample by the 

application of radiochemical separation methods such as fuming nitric acid, oxalic acid or ion 

exchange. 

The radioactivity of 
90

Sr was determined through the radioactivity of 
90

Y when reaching the 

radioactive equilibrium between 
90

Sr and 
90

Y. 
90

Y was separated by Y(OH)3 precipitation and 

converted into Y2(C2O4)3 precipitation. The radioactivity of 
90

Y was determined with low 

background beta counting system. The radiochemical separation yield of 
90

Y was determined by 
85

Sr tracer technique or atomic absorption spectrometry method to determine the performance of 

carriers. 

2.2.2. Determination of 
137

Cs by using low level background gamma spectrometry method 

for soil, sediment and organism samples 

The 
137

Cs radionuclide in the sample was measured on low level background gamma 

spectrometer with the HpGe detector model GX3019, which has a relative efficiency of 30%, an 

energy resolution of 1.90keV at 1333keV and a peak-to-Compton ratio of 56:1. Computer software 

MAESTRO-32 was used to analyze obtained spectra. 

Detector calibration was done by soil reference materials (IAEA-CU-2006-03, IAEA-CU-

2009, etc...). The counting time for each measurement was around 90000s, in order to obtain good 

counting statistics. To measure 
137

Cs, peaks 661,66keV (85,1%) was used. 

2.2.3. Analysis of artificial radionuclides belonging to Actinide group (
237

Np, 
238

Pu, 
239,240

Pu, 
241

Am, 
242

Cm) by the radiochemical separation and alpha spectrometer for soil, 

sediment and organism samples. 

-   Analysis of  
237

Np: 

Radiochemical separation of Np from the sample was used by ion-exchange resin in the acid 

media, then extracted with organic solvents. This method was applied to separate and determine Np 

in the soil, sediment and organism samples 

Standard tracer of 
239

Np (T1/2 = 2.35 days) was used to determine the radiochemical 

separation yield. In the study, the tracer of 
239

Np was done by using 5-10 Bq of 
243

Am standard 

solution, which was evaporated the solution to dryness, then dissolved in HCl 9N. The next step 

was to prepare the ion exchange column (0.5 cm diameter, 5cm high, 41 DOWEX ion exchange 

resin, 50-100 mesh); adjusted the column with 9N HCl; then added NH4I 1N solution and put 

through the column with a flow rate of about 1 ml/min; washed the column with 9N HCl; desorpted 
239

Np with 0.5m HNO3 solution; evaporated the solution to almost empty. Used this solution as 

tracer.  
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-   Simultaneous analysis of  
238

Pu, 
239,240

Pu, 
241

Am, 
242

Cm: 

Radiochemical separation of Actinide group from the sample by ion-exchange resin in the 

different acid media, then made the electrolyte disk and measured on alpha spectrometer. To 

evaluate the radiochemical separation yield of Actinide, the following tracers commonly were used: 
242

Pu tracer for Pu radionuclides, 
243

Am tracer for Am or Cm radionuclides; 
244

Cm tracer for Cm 

radionuclides. 

2.3. Exponential distribution and attenuation coefficients 

The experimental method for determining the attenuation coefficients is used by soil profile 

sampling. In this study, the depth of the topsoil layer is considered of 0 (cm), the depths of the 

layers below are the average depths of these layers (cm). The empirical data corresponding to the 

ratio of the radioactivity of a radionuclide in the beneath layers and the topsoil layer were 

determined and then were used for estimating of the gradient in the linear regression model of 

natural logarithm of these ratios versus depth soil as follows: 

z
A

Az 









0

ln ; where, A is the specific radioactivity (Bq/kg) at the depth z (cm) layer of 

soil; A0 is the specific radioactivity (Bq/kg) at the soil surface layer; α/ρ is the attenuation 

coefficient of the radioactivity of a radionuclide in the soil (cm
2
/g); ρ is the soil density (g/cm

3
);  ≡ 

RL ≡ 1/α, is the relaxation length (cm). 

Determination of the relaxation length (RL) is useful for the interpretation and application to 

calculate the specific radioactivity of radioactive materials by gamma in-situ spectrometer method 

and/or the changes over time to time after the deposition. The distribution of each radionuclide by 

depth soil is usually described in the above expression for the relaxation length coefficient RL of 

typical soil, rainfall and time after deposition. Based on this method, the time after a nuclear 

accident and/or the source of artificial radionuclides were identified.  

3. RESULTS AND DISCUSSIONS 

3.1. QA/QC 

The quality assurance and quality control of methods were performed by international test 

proficiency runs, inter-laboratory test and the analysis of standard samples, replicated samples. The 

obtained results have well done in comparison with the reference values. The standard reference 

material samples used for this study were IAEA-375 (soil), IAEA-CU-2009 (soil), IAEA-368 

(marine sediments), IAEA-385 (marine sediment) and IAEA-367 (marine sediment). 

3.2. Experimental results 

3.2.1. On the specific radioactivities of anthropogenic radionuclides (
90

Sr, 
137

Cs, 
237

Np, 
238

Pu, 
239,240

Pu, 
241

Am and 
242

Cm) in environmental objects 

The specific radioactivities of anthropogenic radionuclides in 89 soil surface samples  

collected in some southern provinces of Vietnam were surveyed. Summarized results of the specific 

radioactivity ranges and average values of 
90

Sr, 
137

Cs, 
239,240

Pu, 
237

Np, 
238

Pu, 
241

Am and 
242

Cm in the 

soil samples are presented in Table 1 and Table 2. 
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Table 1: Specific radioactivity ranges and average values of 
90

Sr, 
137

Cs, 
239,240

Pu                                                  

in the soil samples collected in several southern provinces of Vietnam. 

No. Sample location 
Number 

of samples 

Specific radioactivity, Bq/kg dry wt. 

90
Sr 

137
Cs 

239,240
Pu 

1 Quang Ngai 5 0.35 ÷ 0.52
(*)

 <0.10 ÷ 3.14 0.026 ÷ 0.207 

0.41 ± 0.08 2.10 ± 0.77 0.093 ± 0.073 

2 Kon Tum 2 0.19 ÷ 0.27 <0.10 ÷ 0.52  

0.23 ± 0.06 0.52 ± 0.16  

3 Binh Dinh 4 0.25 ÷ 0.35 <0.10 <0.001 ÷ 0.010 

0.30 ± 0.05  0.006 ± 0.003 

4 Gia Lai 3  <0.10 ÷ 0.52 <0.001 

0.56 ± 0.08 0.52 ± 0.16  

5 Dak Lak 5 0.58 ÷ 0.79 <0.10 ÷ 1.19 0.029 ÷ 0.044 

0.70 ± 0.11 0.88 ± 0.37 0.037 ± 0.011 

6 Dak Nong 4 0.43 ÷ 0.75 0.52 ÷ 1.14  

0.59 ± 0.23 0.78 ± 0.27 0.043 ± 0.014 

7 Lam Dong 5  <0.10 ÷ 1.32  

0.42 ± 0.06 1.05 ± 0.35 0.047 ± 0.013 

8 Ninh Thuan 22 <0.08 ÷ 0.46 <0.10 ÷ 0.51 <0.001 ÷ 0.022 

0.30 ± 0.12 0.51 ± 0.13 0.017 ± 0.005 

9 Binh Phuoc 1 0.30 ± 0.05 1.03 ± 0.19 0.015 ± 0.005 

10 Dong Nai 4 0.47 ÷ 0.49 <0.10 ÷ 0.87 0.007 ÷ 0.014 

0.48 ± 0.01 0.67 ± 0.29 0.011 ± 0.005 

11 Binh Duong 1 0.61 ± 0.10 <0.10  

12 Ba Ria-Vung Tau 7  <0.10 ÷ 0.62  

0.54 ± 0.10 0.44 ± 0.14  

13 HCM city 2  0.64 ÷ 1.17 <0.001 ÷ 0.042 

0.45 ± 0.05 0.90 ± 0.37 0.042 ± 0.013 

14 Long An 10 0.15 ÷ 0.68 <0.10 ÷ 0.80  

0.41 ± 0.27 0.59 ± 0.26 0.005 ± 0.003 

15 Tien Giang 4  <0.10 ÷ 0.55 <0.001 

0.48 ± 0.17 0.42 ± 0.18  

16 Ben Tre 10 0.39 ÷ 0.57 <0.10 ÷ 0.68  

0.48 ± 0.13 0.48 ± 0.16 0.032 ± 0.006 

All sampling sites 89 <0.08 ÷ 0.79 <0.10 ÷ 3.14 <0.001 ÷ 0.207 

0.39 ± 0.17 0.81 ± 0.56 0.039 ± 0.047 
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(*) Top row: Range of specific radioactivities  

Bottom row: (Average specific radioactivity) ± (Standard deviation) 

Table 2: Specific radioactivities of 
237

Np, 
238

Pu, 
241

Am and 
242

Cm in the soil                                                         

samples collected in several southern provinces of Vietnam. 

No. Lab. code Specific radioactivity, Bq/kg dry wt. 

237
Np 

238
Pu 

241
Am 

242
Cm 

1 DQNI05 <0.001 0.003 ± 0.001 <0.001 <0.001 

2 DGLI07A <0.001 <0.001 <0.001 <0.001 

3 DDLK05A <0.001 0.002 ± 0.001 <0.001 <0.001 

4 DDNG11A <0.001 <0.001 <0.001 <0.001 

5 DLDG43F <0.001 <0.001 <0.001 <0.001 

6 DNTNS19 <0.001 <0.001 <0.001 <0.001 

7 DBPC13A <0.001 <0.001 <0.001 <0.001 

8 DDNI16A <0.001 <0.001 <0.001 <0.001 

9 DHCM33A <0.001 0.002 ± 0.001 <0.001 <0.001 

10 DLAN37A <0.001 <0.001 <0.001 <0.001 

11 DTGG41A <0.001 <0.001 <0.001 <0.001 

12 DBTE47F <0.001 0.003 ± 0.002 0.014 ± 0.007 <0.001 

The specific radioactivities of anthropogenic radionuclides in 10 river/lake sediment 

samples, 7 aquatic vegetation samples (algae, hyacinth, etc.), 20 leaf-plant samples of commonly 

vegetation, 6 rice samples, 10 sea sediment samples, 15 seaweed  samples,  5 marine fish samples, 6 

bivalve fauna samples collected in Ninh Thuan province were determined. In addition, 3 sea 

sediment samples collected at Nha Trang (Khanh Hoa), Phan Thiet (Binh Thuan), and Vung Tau 

(Ba Ria - Vung Tau) of the previous study (2001) were also surveyed. Summarized results of the 

specific radioactivity ranges and average values of 
90

Sr, 
137

Cs, 
239,240

Pu, 
237

Np, 
238

Pu, 
241

Am and 
242

Cm in the sediment and organism samples are presented in Table 3 and Table 4. 

Table 3: Specific radioactivity ranges and average values of 
90

Sr, 
137

Cs, 
239,240

Pu in the sediment and 

organism samples collected in several southern provinces of Vietnam. 

No. Sample 

location 

Sample 

type 

Num

ber of 

sampl

es 

Specific radioactivity, Bq/kg 
(*)

 

90
Sr 

137
Cs 

239,240
Pu 

1 Ninh Thuan River/lake 

sediment 

10 0.08 ÷ 0.66 
(**)

 0.10 ÷ 0.76 <0.001 

0.28 ± 0.19 0.33 ± 0.23  

2 Ninh Thuan Aquatic 

vegetation 

7 <0.08 ÷ 0.10 <0.05 <0.0001 

0.08 ± 0.01   

3 Ninh Thuan Leaf-plant 20 <0.08 ÷ 0.55 <0.05 <0.0001 
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0.27 ± 0.15   

4 Ninh Thuan Rice 6 <0.08 <0.05 <0.0001 

5 Khanh Hoa Sea 

sediment 

1 0.18 ± 0.03 0.54 ± 0.18 0.561 ± 0.072 

6 Binh Thuan Sea 

sediment 

1 0.16 ± 0.04 0.97 ± 0.33 0.368 ± 0.046 

7 Ba Ria-Vung 

Tau 

Sea 

sediment 

1 0.15 ± 0.04 0.64 ± 0.18 0.232 ± 0.020 

8 Ninh Thuan Sea 

sediment 

10 0.16 ÷ 0.96 0.60 ÷ 1.34 0.367 ÷ 0.738 

0.45 ± 0.22 0.98 ± 0.22 0.594 ± 0.107 

9 Ninh Thuan Seaweed 15 <0.08 ÷ 0.23 <0.05 <0.0001 ÷ 0.0091 

0.15 ± 0.04  0.0069 ± 0.0011 

10 Ninh Thuan Marine 

fish 

5 <0.08 ÷ 0.13 <0.05 ÷ 0.11 <0.0001 ÷ 0.0008 

0.09 ± 0.02 0.07 ± 0.03 0.0008 ± 0.0002 

11 Ninh Thuan Bivalve 

fauna 

6 <0.08 <0.05 <0.0001 ÷ 0.0102 

  0.0095 ± 0.0008 

(*) Unit for sediment samples: Bq/kg dry wt.; for organism samples: Bq/kg fresh wt. 

(**) Top row: Range of specific radioactivities   

  Bottom row: (Average specific radioactivity) ± (Standard deviation) 

Table 4: Specific radioactivity ranges and average values of 
237

Np, 
238

Pu, 
241

Am and 
242

Cm in                                       

the sediment and organism samples collected in several southern provinces of Vietnam. 

No. Sample 

location 

Sample type Number 

of samples 

Specific radioactivity, Bq/kg 
(*)

 

237
Np 

238
Pu 

241
Am 

242
Cm 

1 Khanh Hoa Sea sediment 1 <0.001 <0.001 0.184 ± 0.018 <0.001 

2 Binh Thuan Sea sediment 1 <0.001 <0.001 0.119 ± 0.024 <0.001 

3 Ba Ria-

Vung Tau 

Sea sediment 1 
<0.001 <0.001 0.224 ± 0.029 <0.001 

4 Ninh Thuan 
(**)

 

Sea sediment 3 <0.001 <0.001 0.138 ÷ 0.161 <0.001 

<0.001 <0.001 0.150 ± 0.016 <0.001 

5 Ninh Thuan Seaweed 10 <0.0001 <0.0001 <0.0001 <0.0001 

6 Ninh Thuan Marine fish 5 <0.0001 <0.0001 <0.0001 <0.0001 

7 Ninh Thuan Bivalve 

fauna 

6 
<0.0001 <0.0001 <0.0001 <0.0001 

(*) Unit for sediment samples: Bq/kg dry wt.; for organism samples: Bq/kg fresh wt. 

(**) Top row: Range of specific radioactivities  

Bottom row: (Average specific radioactivity) ± (Standard deviation) 
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The obtained results show that the specific radioactivity of 
90

Sr, 
137

Cs and 
239,240

Pu were no 

abnormal in comparison with the same data of the previous study in Vietnam and over the world. A 

special feature of this study is the investigation of radionuclides of Actinide group  such as 
237

Np, 
238

Pu, 
241

Am and 
242

Cm in some environmental objects that have not been found in the previous 

study in Vietnam. Results of average radioactivities in soil, sediment, organism samples collected in 

some areas of Ninh Thuan province are shown in Fig. 1. Results of average radioactivities of 
241

Am, 
239,240

Pu in marine sediment samples (Nha Trang, Khanh Hoa; Phan Thiet, Binh Thuan; Vung Tau, 

Ba Ria - Vung Tau; and Phuoc Dinh, Ninh Thuan) are shown in Fig. 2. 
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Figure 1: Average radioactivities of 
90

Sr, 
137

Cs                   

and 
239,240

Pu in soil, sediment, organism samples 

collected in some areas of Ninh Thuan province. 

Figure 2: Average radioactivities of 
241

Am,                     
239,240

Pu in marine sediment samples (Khanh Hoa; 

Binh Thuan; Ba Ria - Vung Tau; and Ninh Thuan). 

The correlation between the level of specific radioactivities in surface soil samples was 

evaluated. The results show that the correlation coefficients between pairs of 
137

Cs-
90

Sr; 
137

Cs-
239,240

Pu; and 
90

Sr-
239,240

Pu are 0.65; 0.66 and 0.80, respectively. The results explain that 65%; 66% 

and 80%, respectively, of the data between the pairs follow linear patterns. Latitude distribution 

versus the specific radioactivities of 
90

Sr, 
137

Cs and 
239,240

Pu in the soil samples were also evaluated. 

The results show that there is a clear distribution with latitude due to global fallout of each above 

mentioned radionuclide - the same as previous studies in the country and in the world. The 

accumulative density of 
137

Cs, 
90

Sr, and 
239,240

Pu of soil samples in this study were calculated and 

then by using these results the empirical regression models to assess the inventory density for the 

whole sampling area in latitude and average rainfall annual at the sampling location were 

developed. 

For the accumulative density of 
137

Cs: Ln(ICs) = (3.64 ± 0.56) + (0.094 ± 0.054)Lat + (0.54 

± 0.21)10
-3
AR; where, ICs - Accumulative density of 

137
Cs, Bq/m

2
;  Lat - Latitude at sampling 

sites, 
o
N; AR - Average rainfall annual for sampling sites, mm. The results show that the correlation 

coefficient (R = 0.59) explains that 59% of the data follow this model with standard error of 1.51 

Bq/m
2
. 

For the accumulative density of 
90

Sr: Ln(ISr) = (4.37 ± 0.63) + (0.049 ± 0.056)Lat + (0.14 ± 

0.12)10
-3
AR; where, ISr - Accumulative density of 

90
Sr, Bq/m

2
;  Lat - Latitude at sampling sites, 

o
N; AR - Average rainfall annual for sampling sites, mm. The results show that the correlation 

coefficient (R = 0.37) explains that 37% of the data follow this model with standard error of 1.45 

Bq/m
2
. 

For the accumulative density of 
239,240

Pu: Ln(IPu) = (-2.44 ± 1.44) + (0.35 ± 0.12)Lat + 

(0.28 ± 0.38)10
-3
AR; where, IPu - Accumulative density of 

239,240
Pu, Bq/m

2
;  Lat - Latitude at 

sampling sites, 
o
N; AR - Average rainfall annual for sampling sites, mm. The results show that the 

correlation coefficient (R = 0.69) explains that 69% of the data follow this model with standard 

error of 2.16 Bq/m
2
. 
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3.2.2. Ratio of radioactivities of different anthropogenic radionuclides 

The ratio of the radioactivities of different anthropogenic radionuclides in the environment 

is an important factor and a good tool to evaluate, identify the sources of pollutants. 

The results of the radioactivity ratio of radionuclides in surface soil samples collected in 

some southern provinces of Vietnam are as the followings: The ratio of 
137

Cs/
90

Sr is from 1.10 to 

4.06 with the average value of 2.22; the ratio of 
90

Sr/
239,240

Pu is from 10.7 to 35.0 with the average 

value of 20.3; the ratio of 
238

Pu/
239,240

Pu is from 0.014 to 0.094 with the average value is of 0.056; 

the ratio of 
241

Am/
239,240

Pu in only one sample is of 0.44 ± 0:15. These ratios are lightly higher than 

the values of global fallout; the ratio of 
137

Cs/
239,240

Pu is from 14.4 to 56.0 with the average value of 

27.5, is lightly lower than the value of global fallout. The atomic ratio of 
240

Pu/
239

Pu in some soil 

samples from 0.16 to 0.20, equivalent to the ratio of the global fallout caused by nuclear weapon 

testing. In the lake sediment, the radioactivity ratio of 
137

Cs/
90

Sr ranges from 0.72 to 1.99 with the 

average value of 1.26. This value is lower than the value of the global fallout. In marine sediments, 

the radioactivity ratios of 
137

Cs/
90

Sr; 
137

Cs/
239,240

Pu; 
90

Sr/
239,240

Pu and 
241

Am/
239,240

Pu have been also 

estimated with the average value of 3.11; 1.82; 0.73 and 0.44, respectively. The atomic ratio of 
240

Pu/
239

Pu ranges from 0.14 to 0.28 with the average value of 0.21, this value is slightly higher than 

the value of the global fallout. For marine organism samples, the radioactivity ratio of 
90

Sr/
239,240

Pu 

& atomic ratio of 
240

Pu/
239

Pu in some of oyster and seaweed samples and the radioactivity ratios of 
137

Cs/
90

Sr, 
137

Cs/
239,240

Pu, 
90

Sr/
239,240

Pu & atomic ratio of 
240

Pu/
239

Pu in individual samples were 

evaluated. Most of these ratios are slightly higher than the values of the global fallout (from Fig. 3 

to Fig. 8).  
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Figure 3: Radioactivity ratio of 
137

Cs/
90

Sr for surface soil                

samples. 

Figure 4: Radioactivity ratio of 
137

Cs/
239,240

Pu for surface soil 

samples. 

Figure 5: Radioactivity ratio of  
90

Sr/
239,240

Pu for surface soil 

samples. 
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Figure 6: Radioactivity ratio ranges 

of 
137

Cs/
90

Sr; 
137

Cs/
239,240

Pu; 
90

Sr/
239,240

Pu and 
241

Am/
239,240

Pu for 

sediment samples. 

Figure 7: Radioactivity ratio 

ranges of 
137

Cs/
90

Sr; 
137

Cs/
239,240

Pu 

and 
90

Sr/
239,240

Pu for organism 

samples in Ninh Thuan province. 

Figure 8: Atomic ratio 
240

Pu/
239

Pu 

in soil, sediment, algae, fish and 

oysters. 

3.2.3. Results of exponential distribution and attenuation coefficients 

The specific radioactivities of 
137

Cs in 12 soil profiles were determined. Depth distributions 

of 
137

Cs in soil were obtained and the RL coefficient, attenuation coefficient (α) of each site was 

estimated (Table 5). The results show that the correlation coefficient of the regression model is 
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quite good (> 70%) and shows the data almost following the rules of the model. The ranges of RL 

coefficients are from 13.7 to 34.5 with the average value of 22.6. This value in reference to the time 

after deposition in ICRU Report 53 is greater than 20 years. The results of attenuation coefficients 

indicate that there have been no observed variation for deposition until the time of the study after 

the Fukushima-I nuclear accident.  

Table 5: RL coefficients and α attenuation coefficients of soil profile. 

No. Lab. code Sample location Density, g/cm
3
 RL /  

1 DKTM09F Kon Tum 1.72 28.6 0.020 0.035 

2 DQNI05 Quang Ngai 1.80 14.9 0.037 0.067 

3 DGLI07F Gia Lai 1.69 34.5 0.017 0.029 

4 DDNG11F Dak Nong 1.38 17.2 0.042 0.058 

5 DLDG43F Lam Dong 1.46 13.7 0.050 0.073 

6 DDNI16F Dong Nai 1.93 18.9 0.027 0.053 

7 DTGG41F Tien Giang 1.74 31.3 0.018 0.032 

8 DHCM33F Hochiminh City 1.45 20.8 0.033 0.048 

9 DBRV20F Ba Ria - Vung Tau 1.69 21.7 0.027 0.046 

10 DBTE47F Ben Tre 1.50 23.1 0.033 0.048 

4. CONCLUSIONS 

Applied research and selection the procedures of analyzing anthropogenic radionuclides 

(
90

Sr; 
137

Cs; 
237

Np, 
238

Pu, 
239,240

Pu, 
241

Am, 
242

Cm), especially the radionuclides of Actinides in soils, 

sediments and organisms samples. Estimating the practical sensitivity and conducting the quality 

control & quality control of the selected methods aim to establish the procedure for the determining 

of these radionuclides. The new feature of this research is to investigate, study and determine some 

radionuclides of Actinides: 
237

Np, 
238

Pu, 
241

Am and 
242

Cm in some environmental objects which 

have not found in the previous studies in Vietnam. 

The specific radioactivities of the above mentioned anthropogenic radionuclides were 

determined in 89 surface soil samples and 12 soil profiles collected in some southern provinces of 

Vietnam; 10 sediment samples from rivers and lakes; 7 samples of freshwater plants (algae, 

hyacinth, etc.); 20 leaf samples of terrestrial plant types - the commonly plants; 6 rice samples; 10 

sea sediment samples; 15 seaweed samples; 5 marine fish samples; 6 bivalve fauna samples 

collected in Ninh Thuan province. The specific radioactivities in some surface soil samples is of 

<0.08 ÷ 0.79 for 
90

Sr; <0.10 ÷ 3.14 for 
137

Cs; <0.001 ÷ 0.003 for 
238

Pu; <0.001 ÷ 0.207 for 
239,240

Pu; 

<0.001 ÷ 0.014 for 
241

Am; while the specific radioactivities of 
237

Np and 
242

Cm is below the 

detection limit. In addition, the three comparison sediment samples (Khanh Hoa, Binh Thuan and 

Ba Ria - Vung Tau) collected from the previous study (2001) were also analyzed in this study. The 

results show that the ranges of the specific radioactivities of 
90

Sr, 
137

Cs, 
237

Np, 
238

Pu, 
239,240

Pu, 
241

Am and 
242

Cm are no abnormal in comparison with the same data of previous studies in Vietnam 

and over the world. 

The correlation between the level of specific radioactivities in surface soil samples was 

evaluated. The results show that the correlation coefficients between pairs of 
137

Cs-
90

Sr; 
137

Cs-
239,240

Pu; and 
90

Sr-
239,240

Pu are 0.65; 0.66 and 0.80, respectively. The results explain that 65%; 66% 

and 80%, respectively, of the data between the pairs follow linear patterns. Latitude distribution 
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versus the specific radioactivities of 
90

Sr, 
137

Cs and 
239,240

Pu in the soil samples were also evaluated. 

The results show that there is a clear distribution with latitude due to global fallout of each above 

mentioned radionuclide - the same as previous studies in the country and in the world. The 

accumulative density of 
137

Cs, 
90

Sr, and 
239,240

Pu of soil samples in this study were calculated and 

then by using these results the empirical regression models to assess the inventory density for the 

whole sampling area in latitude and average rainfall annual at the sampling location were 

developed. 

The ratio of the radioactivities of different anthropogenic radionuclides in the environment 

is an important factor and a good tool to evaluate, identify the sources of pollutants. The results of 

the radioactivity ratio of the radionuclides in surface soil samples collected in some southern 

provinces of Vietnam are as the followings: The ratio of 
137

Cs/
90

Sr is from 1.10 to 4.06 with the 

average value of 2.22; the ratio of 
90

Sr/
239,240

Pu is from 10.7 to 35.0 with the average value of 20.3; 

the ratio of 
238

Pu/
239,240

Pu is from 0.014 to 0.094 with the average value is of 0.056; the ratio of 
241

Am/
239,240

Pu in only one sample is of 0.44 ± 0:15. These ratios are lightly higher than the values 

of global fallout; the ratio of 
137

Cs/
239,240

Pu is from 14.4 to 56.0 with the average value of 27.5, is 

lightly lower than the value of global fallout. The atomic ratio of 
240

Pu/
239

Pu in some soil samples 

from 0.16 to 0.20, equivalent to the ratio of the global fallout caused by nuclear weapon testing. In 

the lake sediment, the radioactivity ratio of 
137

Cs/
90

Sr ranges from 0.72 to 1.99 with the average 

value of 1.26. This value is lower than the value of the global fallout. In marine sediments, the 

radioactivity ratios of 
137

Cs/
90

Sr; 
137

Cs/
239,240

Pu; 
90

Sr/
239,240

Pu and 
241

Am/
239,240

Pu have been also 

estimated with the average value of 3.11; 1.82; 0.73 and 0.44, respectively. The atomic ratio of 
240

Pu/
239

Pu ranges from 0.14 to 0.28 with the average value of 0.21, this value is slightly higher than 

the value of the global fallout. For marine organism samples, the radioactivity ratio of 
90

Sr/
239,240

Pu 

& atomic ratio of 
240

Pu/
239

Pu in some of oyster and seaweed samples and the radioactivity ratios of 
137

Cs/
90

Sr, 
137

Cs/
239,240

Pu, 
90

Sr/
239,240

Pu & atomic ratio of 
240

Pu/
239

Pu in individual samples were 

evaluated. Most of these ratios are slightly higher than the values of the global fallout. 

Depth distribution of 
137

Cs radionuclides in 12 soil samples taken from soil profile with 

layers of 5cm soil depth down to 50cm were investigated, and thereby the relaxation length factor, 

RL, and the absorption coefficient α of each position were determined. The results show that the 

correlation coefficient of the regression model is quite linearly (> 70%) explaining that almost the 

data follow the rules of the model. The range of RL factor is from 13.7 to 34.5; The average value is 

of 22.6. This value in comparison with the period after the fallout  by ICRU Report 53, is greater 

than 20 years. 
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ABSTRACT: In recent studies of contamination sources of arsenic, ammonium, iron, organic carbon in 

groundwater, acetate is measured a lot because it is the main decomposition product of organic compounds 

from sediment into groundwater. In order to better support for the study of the origin and mobilization 

mechanism of the pollutants, acetate was studied analysis method in Isotopes Hydrology Laboratory using ion 

chromatography technique. Project Researchers used Ion Chromatography system - DX-600 including IonPac 

ICE-AS1 column for separating acetate and conductivity detector CD 25 to quantify acetate in water samples. 

The study results showed that project team has successfully developed analytical procedures of acetate in water 

with acetate’s retention time is 12 minutes, limit of detection (LOD) of the method was 0.01 ppm. The 

accuracy of the method was established by calculating the precision and bias of 10 analysis times of a standard 

sample at content levels 1 ppm and 8 ppm. The results of the 10 measurements are satisfiable about precision 

and bias with repeated standard deviation coefficient CVR were 1.3% and 0.2% and the recoveries R were 

99.92% and 101.72%. 

Keywords: Acetate, Ion chromatography, peak, conductivity detector. 

1. INTRODUCTION 

The world is facing the risk of serious water pollution because of by  fast population growth, 

industrial, agriculture activities and services in the process of economic development. Vietnam is 

known by phenomenon of arsenic and nitrogen compounds contamination in the water at the Red 

River Delta and the Mekong River region. The researchs for assessment and control of surface and 

groundwater pollution is one of the special concerns of  the Ministry of Science and Technology 

and the Ministry of Environment and Natural Resources. Besides the detection of pollution, the 

issues of pollution traceability in order to find out  pollution reducing methodd are also focused on 

research by many scientists in the world. 

There are many scientific publication in the world has shown that acetate is one of the 

parameters to be considered when tracing the arsenic, ammonia, organic compounds and heavy 

metals contamination in water, especially in groundwater. Because acetate is one of the main 

products of the decomposition of organic matter in mineralization process [3,4,6] Vietnam is facing 

the arsenic contamination and nitrogen compounds problem in drinking water at big cities, 

especially the Hanoi southern area. To determine the source of this contamination, the acetate is a 

need parameter for monitoring water quality. However, there is no standard  method to determine 

the amount of acetate ion in water samples in the Vietnam test methods guidelines.  

To contribute to this parameter control, we developed the basis project on "Establishing 

analytical procedure for acetate in water by ion chromatography method" on the DX - 600 device of 

the Institute for Nuclear Science and Technology.  
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- Allocated Fund: 35,000,000 VND 
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2. MAIN OBJECTIVE AND CONTENTS OF THE MISSION 

a) Objectives 
The main objective of the mission is to develop a acetate analysis procedure in water using ion 

chromatography techniques to serve the development research about organic contamination in water 

and organic mater decomposition rate  from  sediment into groundwater. 

b) The main contents 

 Overview of acetate analytical methods and its applied capacity in water pollution 

studies 

 Building procedure 

- Sampling and storage procedure 

- Developing acetate analytical procedures in water by ion chromatography techniques  

- Validation of  the procesdure 

3. RESULTS OF TASK PERFORMANCE 

a) Sampling and storage procedure 

- Water samples are usually taken by a dedicated tool called batomet or can sample water 

directly into the container.The container are glass or polyetylen jars.  

- Before sampling, the device should be cleaned with detergent and distiled water. 

- Samplers can be a bucket, wide mouth jar, Rettner or Kemmerer bottle. This bottle is a 

cylinder with volume  from l to 3 liters and has two ends. You can also use automatic sampling 

equipment. Normally automatic sampling devices include: a ball, compressor vacuum or peristaltic 

pump. 

-  When sampling surface water or wastewater, it must be immersed bottle  in water, put 

the orifice of the bottle towards upstream, open the cap (if still closed) and put it down 25 cm at 

depth. If the water basin is shallow, the water samples must be taken to ensure that no contaminated 

sediment. Lift the bottle off the water and cap tightly to avoid any air bubbles in the bottle.  

- For groundwater, the water samples are taken from the wells using a pump, remove 

about three times water volume of the well before sampling.  

- The sample is filtered throught 0.45m membrand into 100 ml bottle, labeled and 

preserved by 5ml H3PO4 acid 17% per 100 ml of sample. Samples are keep in dry ice or in deep 

freezer ultill analysis. 

b) Developing acetate analytical procedure in water by ion chromatography 

technique 

Surveying optimal analysis conditions on DX-600 instrument as folowing: 

- Eluent solution: 1.0 mM solution of acid heptaflobutylic; 

- Eluent flow rate: 0.8 ml/min; 

- Regenerant solution: 5 mM tetrabutylammonium hydroxide; 

- Regenerant flow rate: 5 ml/min; 

- Analytical column: IonPac ICE-AS1 (9mm x 250mm); 

- Oven temperature: 20°C; 

- The sample loop volume: 100 l; 
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- Suppressor AMMS-ICE 300  and Conductivity detector CD25. 

With the chromatographic conditions abow, acetate was eluted from analytical collumn at 

average retention time 11.75 minutes. Acetate is separated well from formate and propionate as 

shown in Figure 1. 

Acetate is quantified by external standard method with calibration curve including 4 points 

at levels 1, 2, 4, 8 ppm. The calibration curve is built well with corresponding coefficient reached 

99.98%, the relative standard deviation is 2.56%. Figure 2 below shows the results of  acetate 

calibration. 

  

 

 

 

 

Figure 1: Acetate 

chromatograph and analysis 

report. 

 

 

 

 

 

 

 

 

Figure 2: Results of acetate 

calibration method on Peaknet 

6.0. 
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c) Validation of the procesdure 

The validation of acetate analytical procedure were implemented including determination of 

detection limit (LOD), limit of quantity (LOQ) and accuracy.  

The determination of LOD and LOQ is based on 10 times analysises of acetate standard 

added blank samples at content of 0.05 ppm. We calculated the average result (Xtb), the standard 

deveation (SD), LOD, LOQ as equations (1), (2), (3): 

 
210

1110

1







k

tbk XXSD                                                          (1) 

LOD = 3 x SD                                                           (2) 

LOQ = 10 x SD                                                           (3) 

The results show that LOD of method is 0.01 ppm acetate, LOQ of acetate is 0.03 ppm. 

They satisfy requirements of the Association of Official Analytical Chemists (AOAC). 

Surveying  accuracy of the method by evaluating the precision and the trueness of the test 

results. The acetate standard solutions at concentrations of 1.00 ppm and 8.00 ppm were analysed 

10 times. Precision was assessed through repeatation of standard deviation (RSD) as the  equation 

(4) and the trueness was determined through the recovery (R) which is calculated by the  equation 

(5) as following: 

100% x
X

SD
RSD

tb

                                                              (4) 

100% x
X

X
R

std

tb                                                    (5) 

The results show that at level of 1 ppm acetate concentration, the RSD was 1.30 %  and the 

R was 99.92% . At 1 ppm acetate level, the RSD was 0.20%  and the R was 101.72% . All values 

are satistified AOAC requirements. 

4. CONCLUSION 

The project has been completed  with all the registed contents. 

The acetate analysis procedure using DX-600 ion chromatography instrument was 

successfully developed in the Isotope Hydrology Laboratory - Institute for Nuclear Science and 

Technology.  

The procedure of sampling and preservation have been applied to water samples ensuring 

the analysis requirements.  

The parameters such as limit of detection, limit of quantity, repeatability, standard deviation 

and the recovery of the method has been evaluated in detail: 

+   Limit of acetate detection was 0.01 ppm; 

+   Limit of acetate quantity was 0.03 ppm; 

+   The accuracy of method was very good with high precision and the recovery from 

99.92% to 101.72% at 1 ppm - 8 ppm acetate concentration levels. 
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ABSTRACT: Method for the determination of 16 rare earth elements (REEs) in soil samples without 

separating by inductively coupled plasma mass spectrometry (ICP-MS) has been studied at Dalat Nuclear 

Research Institite. The optimal conditions for ICP-MS NexION 300X with three modes: Standard, Collision 

(KED), and Reaction (DRC) have been studied on the Montana II soil reference material. The result analysis 

shows that: DRC mode only gives good analysis result for Sc, Y, La, Ce, Pr, Nd, Tm, Yb, and Lu; Standard 

mode exhibits good analysis results for all elements with error from 1.2-29.0% and KED mode is the best one 

with error less than 15%. The concentrations of elements in the soil samples of Cau Dat, Bao Loc, and Da Lat 

were determined, which concentrations of REEs in soil samples of Cau Dat are higher than that of the other 

areas in Lam Dong Province. 

Keywords: Rare earth elements; soil; Lamdong; ICP-MS. 

 

1. INTRODUCTION 

REEs are a series of 17 chemical elements. They include the lanthanide series from 

lanthanum(La) to lutetium(Lu), scandium(Sc) and yttrium(Y) in the periodic table. Today REEs 

have used very popular in different areas in the world, about 70% of REEs are used to produce fiber 

optic cable. The rest is used in the fields of electronics, advanced glass production and manufacture 

of magnetic materials, laser technology, catalyst in the petrochemical technology and processing 

environments ect. They have also been applied generally in agriculture for more than 30 years in the 

world such as treat seeds, fertilizer. 

Lam Dong tea area about 25,000 hectares is the largest in Vietnam. The area of high quality 

tea was mainly planned in Cau Dat, Bao Loc, Di Linh ect. Due to the suitable soil and climatic 

conditions of this region are favorable for the growth of tea plants, making tea has a unique taste 

and products. To promote the growth of tea plants, besides the mode of cultivation, varieties ect. 

Many studies show that the REEs can promote plant growth, increase the concentration of 

chlorophyll, increase the photosynthesis, increase absorption of micronutrients and accumulation of 

nutrients, and increase productivity of 8-10%. Therefore, the research to determine of REEs in soil 

samples is extremely important and useful for the investigation in the soil environment and its 

impact on crops. 
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Through technical projects of the Ministry of Science and Technology in 2013, the Center 

for Analytical techniques has been equipped ICP-MS NexION 300X. This analytical instrument has 

high sensitivity and accuracy, determined most of elements in the periodic table of elements and 

special applications for the determination of REEs and isotopes of the elements. 

Therefore, in this topic, we will research to operate of optimal conditions of ICP-MS 

NexION 300X, to build processes analysis of REEs in soil samples, and to contribute training 

analysis staffs for the Centre. 

2. EXPERIMENTS  

2.1. Equipments and tools 

- ICP-MS 300X NexION PerkinElmer with 3 modes: Standard (SD), Collision (KED), 

and Reaction (DRC), control software and spectrum analysis NexION 300X version 1.5. 

- Microwave Digestion Berghof Speedwave four. 

- Furnaces Lenton Tmax 1100 
0
C. 

- Platinum cup, laboratory instruments. 

2.2. Chemicals and reagents 

- Multi-element standard solution of 16 rare earth elements (Sc, Y, La, Ce, Pr, Nd, Sm, 

Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) 10 mg/L, Perkin Elmer. 

- The standard reference material 2711a – Montana II soil. 

- Single-element standard solution 1g/L: Ce, Gd, Nd, Pr, Er, Eu, Sm, Fe, Al, Ca, Mg. 

- Milli-Q water 18 MΩ; Hydrochloric acid 37%, Merck; Nitric acid 65%, Merck; 

Hydrofluoric acid, 48%, Merck; Perchloric acid, 67% Merck; NaF PA ect. 

3. PROCEDUCES 

About of 0.10-0.25g of each sample was placed in platinum cups and heated in a Lenton 

furnace for 10 hours at 550 
0
C (ashing organic). Allow to cool and transfer the samples into teflon 

bomb, a 10 mL mixture of HF, HNO3 were added in the ratio 2:1. Dissolve the sample by 

microwave Speedwave Four digestion with program for soil samples. Samples were transferred to a 

platinum cup and then evaporated to near dryness at temperature not exceeding 300 
0
C, treated with 

more mixed acid (10 mL mixture of HF, HNO3) and evaporated to near dryness, repeat again. To 

the residue was added 5 mL of HNO3 and evaporated to moist salt state, moist salt was dissolved in 

10 ml of 1M HNO3 and 2 ml of 0.05M NaF to achieve transparency of the solution. Filtration, The 

resulting solution was transferred to a 25 mL flask and brought to volume with purified water, 

diluted 1-25. Proceed determine of REEs by ICP-MS. 

4. RESULTS AND DISCUSSION 

4.1. Sample preparation, instrumentation 

Soil samples were collected to laboratory, dried at room temperature, removed impurities 

such as roots, leaves, rocks ect, pulverized and dried at 105 
0
C to constant mass. 

Table 1: Instrumental operating conditions of the ICP-MS. 

Nebulizer gas flow STD/KED 0.85 

Auxiliary gas flow 1.40 

Plasma gas flow 11.0 
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Deflector voltage -9.50 

ICP RF power 1250 

Analog stage voltage -1700 

Pulse stage voltage 900 

KED cell gas A 0.42 

DRC cell gas A 0.60 

4.2. The study of the optimal condition analysis of the equipment. 

The analytical results of the reference material Montana II soil with three modes Standard, 

KED, and DRC are given in Table 2. 

Table 2: The analytical results of Montana II soil. 

Element 
Certified 

(mg/kg) 

DRC mode SD mode KED mode 

Measured 

(mg/kg) 

Error 

with 

Certified 

(%) 

Measured 

(mg/kg) 

Error 

with 

Certified 

(%) 

Measured 

(mg/kg) 

Error 

with 

Certified 

(%) 

Sc 8.5 8.75 2.9 7.19 -15.4 9.04 6.4 

Y - 35.0 - 21.6 - 27.1 - 

La 38 34.1 -10.3 28.7 -24.5 33.1 -12.9 

Ce 70 60.0 -14.3 49.7 -29.0 60.5 -13.6 

Pr - 9.82 - 5.59 - 7.15 - 

Nd 29 23.5 -19.0 22.3 -23.1 32.8 13.1 

Sm 5.93 17.46 194 4.82 -18.7 5.21 -12.1 

Eu 1.1 2.32 111 1.02 -7.3 0.95 -13.6 

Gd 5.0 21.3 326 4.94 -1.2 4.51 -9.8 

Tb 0.8 10.6 1225 0.67 -16.3 0.68 -15.0 

Dy 5.0 7.42 48.4 4.04 -19.2 4.48 -10.4 

Ho - 1.87 - 0.75 - 0.67 - 

Er - 7.59 - 2.31 - 2.03 - 

Tm - 0.30 - 0.34 - 0.30 - 

Yb 3.0 2.76 -8.0 2.56 -14.7 2.70 -10.0 

Lu 0.5 0.48 -4.0 0.37 -26.0 0.43 -14.0 

(%) Error with Certified =
( ) 100tn st

st

M m

m

 
 

where: Mtn - experimental values, mst – certified values 
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The analytical results of the standard reference material by ICP-MS method with three 

modes Standard, KED, and DRC show that: DRC mode only gives good analysis for Sc, La, Ce, Yb 

and Lu with low error (<15%); Standard mode gives good results only for Eu and Gd with error 

<10%, other elements with error than 15%; and KED mode is the best one with error less than 15% 

for all of elements in which Sc, Gd, Yb with error <10%. Therefore, the  analytical results of REEs 

in soil samples to ensure high precision need to run KED mode. 

4.3. The analytical results of soil samples in Lam Dong 

The analytical results of REEs in soil samples of Cau Dat, Bao Loc and Da Lat are given in 

Figure 1, 2, 3. 

 

 

Figure 1: Comparison of concentrations of REEs in soil samples of Cau Dat. 

Through the figure shows the concentration of REEs in soil samples feralit black brown-

heavy and medium earth (CĐ1, CĐ3 and CĐ4 collected in tea production area of Cau Dat tea, 

Haiyih and Fusheng company) is higher than the adjacent feralit red brown samples. 

 

Figure 2: Comparison of concentrations of REEs in soil samples of Bao Loc. 
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The study results showed that the concentration of REEs  in the tea growing group soil in 

Bao Loc is different, it is highest in the feralit soil containing heavy-medium earth  (BL03 the feralit 

red-brow heavy earth, BL05 the feralit dark-brown light soil). The concentration of REEs of two 

soil types reddish brown and reddish brown sandy is lower, but the difference is not significant. 

 

Figure 3: Comparison of concentrations of REEs in soil samples of Dalat. 

The concentration of REEs of the feralit red gold soil, which is mainly occupied in Dalat 

city, is the same among samples. 

 

Figure 4: Comparison the average values of REEs of Cau Dat, Bao Loc, and Da Lat. 

The study results showed that the concentration of REEs in soil samples of tea growing 

region in Cau Dat is the highest, the lowest of soil group in Dalat city. The concentrations of REEs 

at Cau Dat (CĐ)> at Bao Loc (BL)> at Dalat (ĐL). In it, especially the concentration of REEs in 

feralit dark-brown heavy earth of tea growing region in the Cau Dat is specially higher than the 

other soils. 
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5. CONCLUSIONS 

The analytical results of the standard reference material Montana II soil by ICP-MS 

PerkinElmer NexION 300X allow conclusions: The determination of the REEs in soil samples with 

the optimal conditions of the equipment for KED mode, along with the process down model is high 

sensitivity and accuracy. 

The concentration of REEs in soil samples collected at different localities is different. 

Especially the concentration of REEs in soil samples of feralit dark-brown –heavy and medium 

earth collected in tea growing areas of Cau Dat is much higher than other areas. 
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ABSTRACT: Degraded alginate extracted from brown seaweed compounds with molecular weights of 14.5 

kDa was obtained by the Co
60

 gamma ray irradiation at the absorbed dose of 5 kGy in presence of 0.5% H2O2. 

It was observed that the obtained oligoalginate promoted the growth of mustard greens and lettuce at an 

optimal concentration of 75 ppm and stimulated the plant height, root length, fresh biomass and dried matter 

content of the tested vegetables. The oligoalginate prepared by the irradiation under the presence of hydrogen 

peroxide showed growth promotion effects in the same level as the oligoalginate prepared by only irradiation. 

Note that the oligoalginate exhibited as a potential, safety and high effective product for plant growth 

promoter. 

 

I. INTRODUCTION 

Alginate, a natural anionic polysaccharide obtained by the extraction from brown algae, is 

composed of (1–4)-linked b-D-mannuronic acid and a-L-guluronic acid blocks [1]. Recently, the 

oligoalginate showed a positive influence on germination of rice and komatsuna seeds and growth 

promotion on the plants such as Japanese radish, barley, rice, peanut and flower plants [2-8]. Beside 

the growth promotion effect on plants, oligoalginate is also reported to have the phytoalexin 

activity. For instance, low molecular weight alginate have showed to enhance the chitinase activity 

in Wasabia japonica cell, induction of phytoalexins in unhulled rice and tobacco callus as an 

oligosaccharine compound [6-12]. More recently, one of the promising approaches is the using of 

degradable alginate in order to make the backbone of alginate degradable by acid hydrolysis, 

enzymatic degradation, gamma irradiation and other oxidation technologies. The gamma-irradiation 

method showed to increase the degradation rate of alginate in vivo by decreasing the size of alginate 

chains, and enhance the formation of the new backbone [13]. Previous oxidation methods have also 

been developed to promote the hydrolysis of alginate in the aqueous solution by cleaving the C-C 

bond and altering the chain conformation [14]. Hydrogen peroxide is an effective and 

environmentally friendly oxidant, and has been used to oxidize many polysaccharides such as 

chitosan, starch, cellulose, and dextran [15, 16]. The oxidation method can not only depolymerize 
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the polysaccharides, but also change the structure of the main chain. In addition, there have been 

very few reports on the treatment of alginate by H2O2. Only Yang et al. (2004) utilized H2O2 to treat 

polymannuronates from acid hydrolysis products of alginate [17]. While the most aforementioned 

studies on the degradation of polysaccharides by ionizing radiation were carried out mainly using 

solid samples and aqueous solutions, the recent studies have focused on the degradation in the 

accelerated conditions using an additional OH radical generating systems such as hydrogen 

peroxide, ammonium per-sulfate and nitrous oxide in order to reduce the absorbed dose for large-

scale production [17, 18]. Previous studies about the alginate degradation by enzymes or radiation 

indicated that  a weight average molecular weight (Mw) is of 14 kDa and this amount of alginate  

strongly promoted plant growth in rice, peanuts, carrots, barley, soybeans, and in vitro flowering 

plants [3, 20, 21] . Radiation processes have been explored recently for the degradation of alginates 

because the processes are conducted at room temperature and can be reliably controlled for use in 

the large-scale applications and the obtained products can be used without further purification. 

However, one drawback of the process is that the irradiation dose required the preparation of 

oligoalginate used to plant growth promoter is high (at least 75 kGy) and this is the challenges for 

large-scale applications. The purpose of this research is to investigate the feasibility of producing 

plant growth promoters via a low-cost production method by treating alginate solutions by γ-ray 

irradiation under the presence of H2O2. This product is expected for the growth promotion effect on 

vegetables in hydroponics in order to evaluate the possibility of application of oligoalginate for 

producing high yield and quality of safe vegetables by hydroponics system. 

II. EXPERIMENT  

1. Material: The brown seaweed was collected in Nha Trang, Khanh Hoa, Viet Nam. 

Alginate powder used in this study was supplied by Katokichi Chemical Co. Ltd., Japan. The 

different vegetables such as mustard greens (Brassica junceavar rugosa) and lettuce (Lacuta sativa 

lollo rossa) used for testing were supplied by Trang Nong Ltd., Vietnam. Other chemicals were 

provided by Sigma Aldrich Co. (St. Louis, MO). 

2. Extraction of alginate from brown seaweed: Seaweed was cleaned with purified water 

and cut into the small pieces. The sample was extracted with 3% sodium carbonate in the condition 

of constant stirring at 90 
o
C for 5h..  The resulting Na-alginate solution was separated from the solid 

phase by filtration. This step was followed by the precipitation of the alginic acid by addition of 

dilute hydrochloric acid and conversion of the sodium salt into the insoluble acid (pH < 1.0). The 

alginic acid precipitate was pelleted and washed with distilled water then converted to the neutral 

sodium salt upon the addition of a saturated sodium carbonate solution. The obtained Na-alginate 

was re-dissolved with ethanol solution and freeze-dried. 

3. Degradation of alginate: Degradation by chemical was conducted using 4% solution of 

alginate containing 5% H2O2 and the reactions were permitted to proceed for a maximum reaction 

time of 24 h at room temperature. The irradiation degradation was conducted using γ-ray irradiation 

at absorbed doses up to 300 kGy for 4% alginate solution. To degrade using irradiation under the 

presence of H2O2, 4% solution of alginate contained 0.25–1.0% H2O2 were irradiated with absorbed 

doses of 4-16 kGy. 

4. The average molecular weight of alginate: The average molecular weight (Mw) of 

alginate samples was measured by gel permeation chromatography (GPC) at 40 
o
C and was eluted 

with 0.1 mol/l sodium nitrate solution at a flow rate of 0.5 ml/min. Polyethylene glycol and pullulan 

samples were used as the standards. 

5. UV and FTIR spectrometry: UV-visible spectroscopy was conducted for alginate 

solutions (0.025%, w/v) at 25 
o
C by a Shimazu UVmini-1240 spectrophotometer. FTIR spectra of 

samples were collected with a Shimadzu FTIR-8100A spectrophotometer by measuring samples in 



VINATOM-AR 14--15 

 

The Annual Report for 2014, VINATOM 

 
147 

KBr pellets that were prepared from well-dried mixtures of 3 mg of sample and 100 mg of KBr. All 

spectra were recorded at ambient temperature in the wave number of 4000-450 cm
-1

 using 

resolution of 4 cm
-1

 over 128 scans.   

6. Growth promotion test on vegetables:  The effects of the degraded alginate on growth 

promotion were evaluated using seedling plants (14 days-old) for each variety of lettuce and 

mustard greens. A seedling plant was cultivated on the hydroponic systems in a standardized 

greenhouse at Saigon Thuy Canh Corporation. The testing plants were planted in the system with 

Hyponex solution and degraded alginate while the control plants grown under the identical 

conditions without the degraded alginate supplement. The shoot height, root length, fresh biomass 

(root and shoot), and dried matter content (root and shoot) were determined after 28 days of 

cultivation.  

  

Figure 1: The hydroponic systems used in the research. 

7. Statistical Analysis: The triplicate experiments were conducted using three blocks for 

each treatment. Data were statistically analyzed using the analysis of variance (ANOVA) test. The 

means were compared using the Duncan’s multiple range tests at P < 0.05. 

III. RESULTS AND DISCUSSIONS 

1. Extraction of sodium alginate from the brown seaweed 

Table 1: The identification results of extracted alginate. 

Standard Identification Results 

Solubility 

1 gram of  alginate dissolves in 10 ml distilled water 

after 2.5h 
Pass 

Insoluble in acol Pass 

Insoluble in eter  Pass 

pH Test pH ~ 7.5 at 1% concentration Pass 

Precipitate formation 

To a 1 ml 0.5% solution of sample in 1.5ml 2.5% 

solution of calcium chloride. A voluminous, gelatinous 

precipitate was formed. 

Pass 

To a 1 ml 0.5% solution of sample in 0.5ml saturated 

solution of ammonium sulfate. No precipitate was 

formed.  

Pass 

Colour identification test Purple- red color with saturated Fe2(SO4)3/H2SO4 Pass 

Purity 93,2% Pass 
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Table 1 presents the identification results of extracted alginate. The results showed that the 

extracted alginate passed in identification tests basing on FAO standard, 1992 standards [22]. The 

IR spectra of all the extracted samples were determined and compared in Figure 1. The results 

indicated the native alginate clearly exhibited the absorbance bands characteristic of alginate 

structure around 1299, 1122, 1091and 1032 cm
-1 

similar to the commercial alginate. The 

asymmetric, symmetric stretching vibrations of carboxylate were observed at 1617 and 1414 cm
-1

, 

respectively. They suggest that the extracts exhibited identical IR spectra which showed 

characteristics absorption bands of sodium alginate. In addition, the average molecular weight of 

alginate extracted from brown seaweed is about 566 kDa measured by GPC system.  

 

Figure 2: FTIR spectra and assignment of the main IR absorption bands of alginate. 

2. Preparation and characterization of degraded alginate 

a. Degradation by chemical treatment : Figure 3 shows the change of Mw of the alginate in 

the presence of 5% H2O2 as a function of reaction times (a) and the FTIR spectra of degraded 

alginate (b). The depolymerization of 4% (w/v) alginate solutions of was firstly studied by average 

molecular weight (Mw) change under different reaction times.  The change of Mw after H2O2 

treatment was obtained by GPC measurement. As showed in Figure 3a, the apparent Mw of the 

samples decreased as a function of reaction time. After 24 h reaction at room temperature with 5% 

H2O2, the Mw decreased to about 29 kDa from the initial Mw of 566 kDa. The infrared (IR) spectra 

of the degreaded alginate prepared by using H2O2 at 5% concentration was also showed in Figure 

3b.  

  

Figure 3: Change in the Mw of the alginate in the presence of 5% H2O2 with various reaction                                  

times (a) and the FTIR spectra of degraded alginate compared with original alginate (b). 

The spectrum of oxidized alginate exhibited most of the characteristic adsorption peaks of 

native alginate but they were slightly different. The spectrum exhibited the new bands appeared at 

1730 and 948.5 cm
-1

 in which the former indicated the formation of carboxyl groups and the latter 

a b 
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can be assigned to the C–O stretching vibration of uronic acid residues. The results suggest that 

H2O2 treatment broke the glucoside bonds lead to the change of the alginate structure. 

 

Figure 4: Effect of H2O2 concentration on the change in the Mw of the degraded alginate                                                  

with reaction time of 8h (a) and the FTIR spectra of degraded alginate at 1% H2O2                                                   

concentration and reagent time of 8h (b). 

Figure 4 shows the effect of H2O2 concentration on the level of alginate depolymerization 

(a) and the IR spectra of degraded alginate samples (b). The depolymerization of alginate by H2O2 

is considered predominant cause of free radicals. Only small amount of peroxide resulted in a fast 

decrease of the alginate’s molecular weight. When the H2O2 concentration was more than 1%, the 

increase of the depolymerization rate was slow. The Mw of degraded alginate was about 134 kDa 

(1% H2O2 concentration) and decreased slowly to 58 kDa at 5% H2O2. As our previous reported 

results, Mw ~ 14.7kDa can be applied to promote the growth of vegetables in the hydroponics 

culture. In addition, the IR spectra of degraded alginate samples (Fig. 4b) showed that the structures 

of the control samples were different from that of degraded alginates by the H2O2 treament. As 

those above reasons, the requirement of the Mw of alginate is reduced to about 14 kDa and can be 

able to apply on the agriculture. 

b. Degradation by γ-irradiation: The γ-ray irradiated degradation of the alginate samples 

resulted in a decrease of the alginate Mw with an increase of absorption doses (Figure 5a). The Mw 

of the alginate decreased rapidly in the absorbed doses of 050 kGy and then gradually reduced as 

the absorbed doses further increased in the range of 150300 kGy. Note that at an absorbed dose of 

200 kGy the Mw of alginate sample is quite low of 5 kDa and it is highly desirable for purposes of 

agricultural application.   

 

Figure 5: Change in the Mw of the degraded alginate by γ-rays radiation in the dose                                                        

range 50-300 kGy (a) and the UV spectra of degraded alginate at 50 and 75 kGy (b). 

a b 

a 
b 
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Figure 5b shows the UV spectra of degraded samples in which a new band appeared at 270 

nm with the increase of the peak intensity by the increase of absorbed doses. Several previous 

reports proved that the carbonyl groups were formed in the molecules of polysaccharides during the 

irradiation processing [23,24], and thus the 270 nm-new-band should be attributed to the formation 

of carbonyl group appeared by the scission of polysaccharide molecules by the  rays irradiation. 

It should be pointed out that a new-band at 270 nm appeared in the irradiated samples with the 

intensity increase by the increase of the absorbed doses as a result of the scission of alginate 

molecule by the irradiation.  

c. Degradation by irradiation in combination with H2O2: In this study, the effect of gamma 

irradiation in the presence of H2O2 was investigated.  Namely, a 4% alginate solution containing of 

0.5% H2O2 was degraded by γray irradiation and the results were showed in Figure 6. The results 

revealed that the addition of H2O2 into the alginate solutions caused the rapid decrease in the Mw of 

the alginate product at a dose of 4 kGy and as a result the Mw of the degraded commercial alginate 

irradiated at 8 kGy was 14.7 kDa (Figure 6a). The Mw of the product was close to that of alginate 

irradiated at 75 kGy without the existence of H2O2. Clearly, the addition of 0.5% H2O2 to the 

alginate solution reduced the required irradiation dose by 90%. Figure 6c shows the FTIR spectra of 

the degraded alginate samples and the results show that the main assignments of the absorption 

bands are similar with those of the original products. In addition, the UV spectra of the irradiated 

samples with and without the presence of H2O2 showed the similar peak intensity. Figure 6b shows 

the decrease of the Mw of degraded alginate in the presence of 0.5% H2O2 with various absorbed 

doses. The results denoted that a 5 kGy absorbed dose is suitable for preparation the oligoalginate 

solution with the Mw about of 14.5 kDa.  

 
Figure 6: Changes in the Mw of the alginate degraded by γ-irradiation                                                                                       

with the existence of H2O2 (a, b), and the FTIR (c) and UV (d) spectra of degraded alginate. 

a 

c 

b 

d 



VINATOM-AR 14--15 

 

The Annual Report for 2014, VINATOM 

 
151 

3. The growth promotion effect of the irradiated alginate on vegetables in hydroponics 

  

Figure 7: Mustard greens in the hydroponic system (left side) and after 28 days growth on                                    

hydroponics solution (control), supplemented with oligoalginate at 75 ppm and 150 ppm (right side). 

Table 2: Effect of oligoalginate concentration on the growth of mustard green. 

Types of 

vegetabl

e 

Concentration 

ppm 

Plant height 

cm 

Root length 

cm 

Fresh 

biomass 

g/plant 

Dried mater 

content % 

Mustard 

Greens 

0 19.00 
b 

37.33 
b 

35.58 
c 

6.37
 b

 

25 19.00 
b 

37.00 
b 

38.34 
c 

6.26
 b

 

50 22.67 
a 

45.67 
ab 

47.71 
b 

6.29
 b

 

75 21.00 
ab 

40.00 
ab 

52.90 
a 

6.49
 b

 

100 21.25 
ab 

48.17 
a 

47.85 
ab 

6.89
 a

 

150 22.27 
a 

37.33 
b 

44.05 
b 

6.88
 a

 

CV% 7.09 12.00 6.97 3.06 

Lettuce 

0 19.00 
b 

37.33 
b 

35.58 
c 

4.7
 bc

 

25 19.00 
b 

37.00 
b 

38.34 
c 

4.67
 c

 

50 22.67 
a 

45.67 
ab 

47.71 
b 

4.73
 bc

 

75 21.00 
ab 

40.00 
ab 

52.90 
a 

4.87
 a

 

100 21.25 
ab 

48.17 
a 

47.85 
ab 

4.82
 ab

 

150 22.27 
a 

37.33 
b 

44.05 
b 

4.72
 bc

 

CV% 7.09 12.00 6.97 3.06  

Means values followed by the same letter within a row are not statistically different 

according to a Duncan’s multiple range test at P<0.05 

Control 
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The oligoalginate with the Mw ~14.5 kDa was found as an optimal product for promoting 

the growth of vegetables in hydroponics as being reported in our previous works [25]. In this study, 

the oligoalginate concentrations in the range of 0-150 ppm were investigated on mustard greens and 

lettuce in the hydroponic system. Table 2 shows the values of fresh biomass, shoot high, root length 

and dried mater content plants which were treated with 50-100 ppm oligoalginate were higher than 

those of the control. The optimal promotion affected on fresh biomass (48.6%), shoot height (10.5 

%) and root length (7.2%) on the mustard green were obtained by the treatment of the oligoalginate 

at 75ppm. The concentration of 50-100 ppm was also found as the suitable concentration for the 

growth promotion of lettuce. 

In this work, the growth promotion effects on the vegetables of 14.4 kDa oligoalginate 

prepared by irradiation techniques with and without the existence 0.5% H2O2 were compared in 

order to find the differences of two products. The results from table 4 indicate that both of the 

oligoalginates prepared by irradiation method (75 kGy) and those produced by irradiation 

combination with H2O2 treament showed a positive effect on mustard greens and lecttuce 

vegetables. The vegetables were used these products which were same Mw preparing both of 

method indicated similar effect of growth promotion on plants and promoted the increase of fresh 

biomass, shoot height, root length, and dried matter content of samples compared with those treated 

with the non-irradiated alginate and the control. In addition, the method of irradiation combination 

with H2O2 treament was considered as an economical method because of low absorbed dose. Thus, 

the oligoalginate prepared by the combined treatment (γray/H2O2) shows potential as an 

environmentally friendly plant growth promoter in agricultural industries. 

Table 3: Growth promotion of the oligoalginates prepared by γray irradiation or                                               

the combined treatment with the existence of H2O2 on mustard greens and lettuce. 

Types of 

vegetable 
Degradation  

methods 

Plant height  

cm 

Root length 

cm 

Fresh 

biomass 

g/plant 

Dried mater 

content % 

Mustard 

Green 

Control 37.1 
b 

23.2 
b 

89.8 
b 

6.57 
a 

0 kGy 41.7 
a 

23.5 
b 

95.3 
b 

7.02 
a 

Irradiation  38.8 
ab 

26.2 
a 

122.4 
a 

7.13 
a 

Combined treatment 39.3 
ab 

25.5 
ab 

124.1 
a 

7.15 
a 

Figure 8: Lettuce after 28 days growth on hydroponics solution (left side), supplemented 

with Oligoalginate (right side). 

Control 



VINATOM-AR 14--15 

 

The Annual Report for 2014, VINATOM 

 
153 

CV% 4.48 4.92 8.35 5.94 

Lecttuce 

Control 19.5 
a 

9.0 
a 

28.8 
b 

6.77 
a 

0 kGy 21.3 
a 

9.5 
a 

30.0 
b 

7.02 
a 

Irradiation  23.3 
a 

10.8 
a 

40.3 
a 

7.18 
a 

Combined treatment 23.2 
a 

10.7 
a 

40.3 
a 

7.24 
a 

CV% 9.7 9.5 7.4 5.38 

Means values followed by the same letter within a row are not statistically different 

according to a Duncan’s multiple range test at P<0.05 

  

Figure 9: The Mustard green and Lecttuce after 28 days growth on hydroponics                                                          

solution supplemented with oligoalginate preparated by irradiation (left side)                                                                

and by combination method (right side). 

IV. CONCLUSIONS 

Alginate with Mw ~ 566 kDa extracted from seaweed was successfully degraded by the -

rays irradiation. The oligoalginate with Mw ~ 14.5 kDa was prepared by irradiation at absorbed 

dose of 5 kGy with the existence of 0.5% hydrogen peroxide showed the growth promotion effect 

on the Mustard greens and Lettuce in the hydroponics systems. The optimal concentrations of 

oligoalginate for test vegetables were found in the wavelength range of 75 ppm. The oligoalginate 

prepared by irradiation with and without H2O2 showed growth promotion effects in the similar 

level. The oligoalginates prepared by the combined treatment promoted the growth of vegetables to 

the same extent as the oligoalginate prepared by the irradiation only. The oligoalginate plant growth 

promoter was recognized to be capability used in the agricultural applications because of the 

competitive costs of the production. 
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ABSTRACT: Mutation research by gamma irradiation is an effective technique in producing new plant 

breeding. In this study, we optimized some elements on the propagation process of Warty Brassia (Brassia 

verrucosa Lindl.) in vitro; determination of lethal dose (LD50) of Warty Brassia bud clusters in vitro; initial 

evaluating of gamma irradiation effects on the morphology of Warty Brassia in vitro. The results showed that, 

the appropriate medium for meristem-tip culture was on VW medium (Vacin and Went, 1949) containing 1 g/l 

activated charcoal (AC), 10% coconut water (CW), 50 g/l potato and 20 g/l sucrose; medium for in vitro shoot 

multiplication was on VW medium supplemented with 0,5 mg/l NAA, 0.3 mg/l BA, 1 g/l AC, 10% CW, 50 g/l 

potato and 20 g/l  sucrose; medium for in vitro root induction was on VW medium supplemented with 0.5 mg/l 

NAA, 1 g/l AC, 10% CW, 50 g/l potato and 20 g/l sucrose. The plantlets were acclimatized and transplanted to 

50% sphagnum moss and 50% coconut fiber, the survival rate was 94.7%; the LD50 values were in the range 

of 40 - 50 Gy; the stimulation dose was 10 Gy; the highest variation rate was on the dose of 40 Gy; the 

absolute lethal dose was 80 Gy. 6 variations of Warty Brassia in vitro were obtained including the variant of 

morphology, structure and diameter of pseudo-bulb were very difference comparing to control. The following 

study are evaluating of the growth and the phenotypic changing of potential variant types of Warty Brassia in 

green house. 

Keyword: Brassia verrucosa, LD50, in vitro propagation, gamma irradiation. 

1. INTRODUCTION 

Brassia verrucosa Lindl. is a perennial plant with big medium size, grows strongly with 

narrow egg-shaped, light green leaves and small yellowish blue flowers that is grew on shelves in 

the in-house gardens, ecological tourist gardens. Brassia verrucosa Lindl. is less diverse in shape 

and colour flower. Overcoming this shortcoming does not only prove the role of the ionized 

radiation in the creation of varieties but also improve the value of Brassia verrucosa Lindl. 

2. EXPERIMENTAL 

2.1. Materials  

Brassia verrucosa Lindl. with long shoots (5-10 cm) from the healthy original plant. 

2.2. Reagents 

Macro minerals, micronutrients, vitamins, hormones are used in all the experiments of Merck; 

agar (HaLong Canfoco); sucrose (Bien Hoa Sugar Joint Stock Company).  
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2.3. Procedures 

For formulas without repetition, data is recorded and the actual average value is calculated 

in Microsoft Excel 2010 software. 

For the repeated formula, the formula is completely random arrangement between the 

treatments. Data recorded were processed by software MSTATC, LSD test. 

-   The propagation process of Brassia verrucosa Lindl. 

Disinfection and separate samples: samples disinfected with 0.2% HgCl2, time 5-7 minutes 

Create bud (meristem-tip culture): the effect of different types of environments the ability to 

create and apical buds from apical meristems Warty Brassia  

Shoot proliferation (shoot multiplication): survey effect the combination of auxin (NAA) 

and cytokinin (BA) on shoot proliferation 

Complete plantlet (root induction): survey concentrations of NAA on rooting the Warty 

Brassia  

In vitro plant nursery: the effect of substrate type on survival of Warty Brassia putting the 

tree nursery 

-   External dose study sample 

Define criteria for tissue bud clusters irradiation mutagenesis 

Valuation of LD50 (lethal dose 50%) for tissue bud clusters  

-   Review the growth of bud Spider orchids form after irradiation 

3. RESULTS AND DISCUSSION 

3.1. The propagation process of Brassia verrucosa Lindl 

-   Disinfection and separate samples  

Buds from Spider orchid sterilized with 0.2% HgCl2, time 5-7 minutes 

The result: 84% living and non-infected samples after 15 days in samples 

-   Create bud (meristem-tip culture) 

The appropriate medium for meristem-tip culture was on VW medium (Vacin and Went, 

1949) containing 1 g/l activated charcoal (AC), 10% coconut water (CW), 50 g/l potato and 20 g/l 

sucrose  

-   Shoot proliferation (shoot multiplication) 

Medium for in vitro shoot multiplication was on VW medium supplemented with 0.5 mg/l 

NAA, 0.3 mg/l BA, 1 g/l AC, 10% CW, 50 g/l potato and 20 g/l sucrose, the number of shoots 

/cluster is highest, fat buds, not deformed. 

-   Complete plantlets (root induction) 

Medium for in vitro root induction was on VW medium supplemented with 0.5 mg/l NAA, 

1 g/l AC, 10% CW, 50 g/l potato and 20 g/l sucrose for the nursery tree quality, uniformity on 

balanced trees, growing well. 

-   In vitro plant nursery 

The plantlets were acclimatized and transplanted to 50% sphagnum moss and 50% coconut 

fiber, the survival rate was 94.7% after 60 days follow-up. 
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Picture 1: The propagation process of Brassia verrucosa Lindl. 

3.2. External dose study sample 

-   Define criteria for tissue bud clusters irradiation mutagenesis 

Increases in height cluster bud mite spreads depends mainly on incubation time; s tandard 

bud cluster tissue samples for irradiation mutagenesis bud clusters with a height of 0.4 cm in the 

initial period of 10 - 20 days of culture. 

-   Valuation of LD50 (lethal dose 50%) for tissue bud clusters 

Table 1: Valuation of LD50 (lethal dose 50%) for tissue bud clusters. 

Gamma dose 

(Gy) 

Survival rates (%) 

20 days 40 days 60 days 

0 (Control)  100 ± 0.0 100 ± 0.0 a 100 ± 0.0 a 

10 100 ± 0.0 100 ± 0.0 a  98 ± 0.5 a 

20 100 ± 0.0  96 ± 0.6 a   82 ± 1.3 b 

30 100 ± 0.0  82 ± 0.8 b    64 ± 0.9 c 

40  96 ± 0.6  80 ± 0.7 b  56 ± 0.9 c 

50  94 ± 0.9    76 ± 0.6 bc  42 ± 0.8 d 

60  94 ± 0.6    70 ± 0.7 bc  26 ± 1.1 e 

70  94 ± 0.6    72  ± 0.8 bc   8 ± 0.8 f 

80  94 ± 0.9   66 ± 1.1 c 0 f 

100  92 ± 0.5   48 ± 0.8 d 0 f 

F-value   1.94
ns 

  27.22
** 

  120.13
** 

CV (%)           5.39 8.95 16.54 

 

Sampling Disinfection and 

separate samples 
Create bud 

Shoot proliferation 

Complete plantlets  In vitro plant nursery 
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*Different letters within a column indicate significant differences; 
**

: statistically significant 

at a probability level of 0.01; ns: not significant by MSTATC, LSD test 

The different doses of irradiation clearly influence on survival of spider orchid bud 

clusters in vitro. Survival rates of plantlets were lower when irradiated doses higher. The LD50 

values were in the range of 40 - 50 Gy; the stimulation dose was 10 Gy; the highest variation 

rate was on the dose of 40 Gy; the absolute lethal dose was 80 Gy (Table 1) 

3.3. Review the growth of bud Spider orchids form after irradiation 

-   Statistical results and noted the variant 

Table 2: Statistical results and noted the variant. 

In vitro 

generation 

Gamma 

dose 

(Gy) 

Total 

buds 

obtained 

(Bud) 

Rate bud 

mutation 

(%)  

Type 

1 

(%) 

Type   

2  

(%) 

Type 

3 

(%) 

Type 

4 

(%) 

Type 

5 

(%) 

Type 

6 

(%) 

MV1 0 405 0 0.0 0.0 0.0 0.0 0.0 0.0 

10 437 1.4 0.9 0.3 0.2 0.0 0.0 0.0 

20 321 5.0 2.5 0.3 2.2 0.0 0.0 0.0 

30 239 10.5 0.4 4.6 5.5 0.0 0.0 0.0 

40 204 17.6 0.0 4.9 4.4 0.0 0.0 8.3 

50 105 37.2 0.0 6.7 7.6 0.0 0.0 22.9 

MV2 0 461 0 0.0 0.0 0.0 0.0 0.0 0.0 

10 480 2.5 1.5 0.4 0.6 0.0 0.0 0.0 

20 276 9.8 4.0 3.3 2.5 0.0 0.0 0.0 

30 225 18.2 0.9 6.7 10.2 0.4 0.0 0.0 

40 178 27.5 0.0 6.7 7.9 3.9 2.8 6.2 

50 95 42.1 0.0 5.3 8.4 3.2 6.3 18.9 

MV3 0 498 0 0.0 0.0 0.0 0.0 0.0 0.0 

10 425 3.3 1.9 1.2 0.2 0.0 0.0 0.0 

20 215 11.2 4.7 3.7 2.8 0.0 0.0 0.0 

30 190 29.0 1.6 17.3 16.6 0.0 0.5 0.0 

40 160 30.0 0.0 10.6 11.3 5.6 2.5 0.0 

50 86 37.2 0.0 15.1 12.8 3.5 5.8 0.0 

The variant was recorded in statistics and the selected reference dose, different doses were 

incurred the phenotypic variation at different levels, with different morphology than the original 

species (Table 2), the typical variant: 

Type 1: vigorous shoot, large pseudo bulb, dark green leave (2a); 

Type 2: albino shoot, white tree trunk (2b); 

Type 3: light green bud, leaf streak mosaic (2h); 

Type 4: shoot out with fake belt round, with many edge, rip (2c, 2e, 2f); 
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Type 5: buds have round pseudo-bulb, dwarf trees, leaves short, strong growth (2g). 

Type 6: buds deformity, poor growth (remove) (2d); 

 

Picture 2: Variations of Brassia verrucosa. 

-   The growth of the bud variations 

Table 3: The growth of the bud variations. 

 

Variations 
Plant 

height 

(cm) 

Diameter of 

pseudo-bulb 

(mm) 

The 

number of 

leaves/ 

plant 

The number 

of roots/ 

plant  

Root                 

length                

(cm) 

Control 7.6 ± 0.7b 0.5 ± 0.04b 5.4 ± 0.4   8.5 ± 0.5abc   3.2 ± 0.7ab 

Type 1 9.7 ± 1.0a 0.8 ± 0.03a 5.3 ± 0.5   9.5 ± 1.3ab 2.1 ± 0.6c 

Type 2 6.8 ± 0.5b 0.4 ± 0.03c 4.8 ± 0.4   7.7 ± 0.9c 4.0 ± 0.3a 

Type 3 7.6 ± 0.3b 0.4 ± 0.09c 5.3 ± 0.5   7.5 ± 0.7c   2.8 ± 0.4bc 

Type 4 5.6 ± 0.5 c 0.6 ± 0.07b 5.1 ± 0.3   8.1 ± 0.6bc   2.5 ± 0.5bc 

Type 5 4.6 ± 0.5c 0.6 ± 0.04b 5.4 ± 0.4   9.8 ± 0.9a 2.1 ± 0.3c 

F   42.47
** 

 38.82
** 

  1.82
ns 

5.85
** 

  11.24
** 

CV (%)  8.63 9.95 7.60       9.97 17.48 

*Different letters within a column indicate significant differences at 0.01 by MSTATC, 

LSD test  

Gamma (Co
60

) rays irradiation effectively effected to the growth, 6 variations of Brassia 

verrucosa in vitro were obtained including the variant of morphology, structure and diameter of 

pseudo-bulb were very difference comparing to control (Table 3)   
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4. CONCLUSIONS 

The topic completed registration content: construction and completion of in vitro propagation 

process; creation of a diverse group of morphological variation of Brassia verrucosa; contribution to 

the training of young cadres and building scientific credibility of biotechnology center. In the future, 

this study is going to evaluate the growth and the phenotypic changing of potential variant types of 

Brassia verrucosa in green house.  
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ABSTRACT: From collected New Zealand strawberry runners, micropropagation was executed to establish 

500 shoot clusters for investigation effect of Gamma ray irradiation doses on survival rate. LD50 at 52Gy was 

recorded 45days after re-injection and used as base for choosing 5 irradiation doses of 20, 40, 60, 80, 100Gy 

for creation potentially existent mutant materials. 30 shoot clusters were irradiated at each chosen dose. 

Irradiated material was propagated by in vitro techniques to achieve 300 plantlets/chosen dose. There was no 

recorded alteration in survival rate and other morphological characteristics of irradiated materials compared to 

the control in nursery period. These materials were transplanted to plastic greenhouse to screen the mutant.  

Keywords:  strawberry, irradiation dose, plantlet. 

 

I. INTRODUTION  

Mutation breeding plays an important role in improvement of cultivars. Spontaneous 

mutants used to be the main source for mutation breeding before but artificial mutants have been 

induced nowadays by developed techniques in radiation, chemical and genetic engineering. 

Generation of mutants by irradiation was considered as process which does not anything different 

from what nature does but more quickly and can induce new traits in plant. Using gene transfer 

techniques to improve the crops has been the controversy due to its side effects. 

Thus, inducing mutants by irradiation still be chosen in many breeding program although we 

don’t know which gene regions/plant’s traits may be affected. 

Strawberry is consumed in large quantities in the world market due to the richness of 

vitamin C and flavonoids. Strawberry is cultivated in temperate or semi-tropical climate regions, in 

Vietnam it is cultivated in some small area with the elevation above 1450m and mainly in Dalat 

city. Strawberry cultivars become the important in crop structure here, but it is difficult to identify 

their origins and some of them become degraded due to long time cultivation. Lacking of breed 

authority is one of technical barriers to export. Developing mutant strains/cultivars with strange 

characteristics or good quantity is necessary to adapt the demand of product diversification in local 

crops structure. 

In strawberry breeding, following group of traits are focused on: cultivation trait (size, 

yield), quantity strait (fruit hardness, sweetness, acidity), organoleptic trait (fruit color, shape, 

odour) and disease resistance ability (Capocasa, 2008). With the actual condition of CANTI, firstly 

task implementary group focus on screening mutants in yield and yield component factors, 

organoleptic trait. Irradiated materials were propagated to execute this task and also stored in in 
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vitro condition for screening mutant in other traits as disease resistance, fruit quantity etc. when it 

become suitable. 

Thus, we registered and have implemented this task with the purpose of screening the 

mutants as materials for subsequently breeding. 

II. EXPERIMENTS 

Strawberry cultivation areas of Da Lat city investigation were executed in January, 2014 to 

collect initial input materials for the task. 

Available sample sterilization, callus/shoot induction, in vitro propagation protocol for 

strawberry from Radiation breeding Lab. - CANTI were applied to implement the related works in 

this task. 

In vitro materials (shoot clusters) were irradiated using the Gamma cell in Radiation 

Technology Lab. - NRI to experimentally identify the LD50 and achieve potentially mutant-carrying 

materials.  

Choosing doses for irradiation to create potential mutant-carrying materials in actual 

condition of task implementation: the criteria of material to be irradiated, the ability to use the 

irradiation facility, human resource and expenditure for carrying out the task were estimated and 

compared to the counterparts from “The basic process for irradiation with breeding purpose using in 

vitro and in vivo materials”, which was established from the cooperative research task via protocol 

with Japan and inspected in 2012. 

Irradiated in vitro plantlets were moved to nursery but still kept in plastic bags with the low 

illumination. Step by step remove the shadow net to increase the illumination intensity. After 

adapting to the nursery condition, plantlets were transfer to ex vitro condition and transplanted by 

slots, each slot corresponded to an irradiation dose for mutant screening. These experimental 

activities were implemented in the nursery-plastic house system in CANTI campus. 

The survival rates, shoot coefficients, average number of roots/plantlet, length of roots, 

number of leaves/plantlet and plants’ height, suddenly morphological alteration were recorded. Data 

analysis was carried out using Microsoft Excel 2007 software. 

III. RESULTS AND DISCUSSION 

1. Initial materials collection 

The result from strawberry cultivation area investigation showed that there has been many 

strawberry cultivars used to introduce to Da Lat and 7 of them have been cultivated commercially: 

Old American hard; New American hard; American odor; Japanese; Korean and New Zealand 

strawberry cultivars. New American hard and New Zealand strawberry cultivars have been mainly 

cultivated. In addition, there are several origin-unknown strawberry cultivars also cultivated as 

ornamental plants. Comparing to other commercial cultivars, New Zealand cultivar possesses 

medium yield and fruit hardness, high level of fruit odor and sweetness. Demands of yield, fruit 

hardness and number of fruits improvement in this cultivar from the farmers are recorded. 

500 runners of New Zealand strawberry was collected, 43 of them were identified that have 

the same mother plant were used as input material for in vitro propagation, remaining part were 

planted for breed-keeping and material preventive. 
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Picture 1: New Zealand strawberry was cultivated in plastic house by farmers. 

2. Sample sterilization, callus/shoot induction, in vitro propagation 

In the first propagation ware (January to April, 2014): from the collected initial materials, 

400 shoot clusters were induced. 200 of them were used as materials for LD50 experimental 

establishment, the remaining were the materials for subsequently propagation. 

In the second propagation ware (April to June, 2014): from 200 remaining shoot clusters in 

the first propagation ware, 500 standard shoot clusters were created and used as materials for 

irradiation to establish the materials which may carry the mutants. 300 shoot clusters were 

irradiated and 200 shoot clusters were kept in vitro for preventive. 

3. Shoot clusters irradiation for LD50 experimental establishment 

Three batches of irradiation were implemented in June, 2014. 10 doses of Gamma 

irradiation 0, 20,40, 60, 80, 100, 150, 200, 250, 300 Gy were applied to samples with 20 shoot 

clusters/dose.  

4. LD50 experimental establishment and choosing doses for irradiation to create 

potential mutant-carrying materials 

Irradiated materials were re-injected to MS medium for observing survival rates after 45 

days. The results were shown in the Table 1 below. 

Table1: Effect of Gamma irradiation doses on survival rate in the LD50                                           

establishment experiment. 

 Gamma irradiation doses (Gy) 

 0 20 40 60 80 100 150 200 250 300 

Survival rate (%) 100 100 60 40 35 25 15 5 0 0 
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Picture 1: Chart of corellation between irradiation doses and survival rates. 

Results from Table 1 and Chart 1 show that the survival rates recorded 45 days after re-

injected and irradiation doses were inversely proportional. From the experimental Chart, LD50 was 

about 52Gy. 

The survival rates were zero in 250 and 300Gy and is 5% in 200Gy. This is the base for 

recommendation that over 200Gy Gamma irradiation doses should not applied for mutant breeding 

in New Zealand strawberry shoot clusters. 

With the purpose of mutant materials creation, the task implementation group chose 5 doses 

of 20, 40, 60, 80, 100Gy for irradiation to create potential mutant-carrying materials with the 

quantity of sample was 30 shoot clusters/dose.  

5. Irradiation to create potentially mutant-carrying materials 

Three batches of irradiation were implemented in the end of June, 2014 to establish 

potentially mutant-carrying materials with the quantity of 30 shoot clusters/dose. 

6. In vitro propagation and plantlet establishment from irradiated materials 

Irradiated materials were re-injected to MS medium to remove the shoot clusters which may 

die due to seriously damages by radiation for 45 days. Survival rates of irradiated materials in this 

case are shown in Table 2 below. 

Table2: Effect of Gamma irradiation doses on survival rate for establishment                                                   

of potentially mutant-carrying  materials. 

 Gamma irradiation doses (Gy) 

 0 20 40 60 80 100 

Survival rate (%) 100.00 96.67 56.67 46.67 36.67 30.00 

The results from Table 2 is equivalent to results in LD50 investigation experiment.  

In next step, remaining alive materials were separated to smaller shoot clusters and 

transferred to medium for shoot cluster propagation, this was repeated again after 25 days to 

achieved the shoot clusters which were relatively uniform in size. These materials was transferred 

to same but fresh medium to induce the shoots for 25 day. Induced products from whole this 

process and shoot coefficients separated by applied doses are shown in the Table 3 below: 
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Table 3: Induced products from whole this process and shoot coefficients. 

 Gamma irradiation doses (Gy) 

 0 20 40 60 80 100 

Number of shoot clusters after 1
st
 separation 75 71 60 42 34 28 

Number of shoot clusters after 2
nd

  separation 150 142 120 84 68 56 

Number of induced shoots 1079 1036 828 513 381 302 

Number of induced shoots/ shoot cluster 7.19 7.30 6.90 6.11 5.60 5.39 

In the period of shoot cluster and shoot propagation, there was no suddenly morphological 

alteration was recorded. In general, shoot height; number and size of leaves were decreased when 

increasing the applied dose. In the dose of 20Gy, the shape of shoots was the same to the control but 

the shoot coefficient was little higher. With the irradiated materials, shoot coefficient and applied 

doses were inversely proportional. 

Induced shoots were transferred to root induction medium to establish the in vitro complete 

plantlets. 300 - 1075 in vitro complete plantlets were generated and ready to transfer to ex vitro 

condition in nursery.  

 

 

 

 

 

Picture 2: Strawberry plantlets at 30 days 

after transferred to root induction medium. 

 

Traits of achieved in vitro complete plantlets after 30 days in root induction medium are 

shown in Table 4 below. 

Table 4: Traits of achieved in vitro complete plantlets. 

Trait 
Gamma irradiation doses (Gy) 

0 20 40 60 80 100 

Average number of 

roots/plantlet 
5.1±1.6 4.9±2.1 5.0±1.3 5.2±1.3 5.1±1.8 4.1±1.0 

Average length of 

roots 
3.5±1.2 3.6±0.5 3.7±0.2 3.7±0.2 3.4±0.2 2.4±0.1 

Average number of 

leaves/plantlet 
5.7±0.3 5.8±0.4 5.8±0.5 5.7±0.4 5.8±0.2 5.7±0.2 

Average height of 

plantlets (cm) 
4.2±0.1 4.4±0.1 4.3±0.8 4.3±0.1 3.5±0.1 3.2±0.1 

(α =0.05) 
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Results from Table 4 show that there was no effect of irradiation on the average number of 

leaves/plantlet (F<FCrit). With higher doses of 80 and 100Gy, average height of plantlets and length 

of roots significantly reduced comparing to other doses and the control (F>FCrit). Average number 

of roots/plantlet actually was affected by radiation when high dose of 100Gy were used (F>FCrit). 

In the period of inducing the in vitro complete plantlets, there was no suddenly 

morphological alteration was recorded in irradiated plantlets comparing to the control. 

7. Nursery stage 

Results of observing and recording the criteria of survival rate, plant’s height, average 

number of leaves and suddenly morphological alteration after 30 days in nursery were shown in 

Table 5. 

Table 5: Traits of plantlets after 45 days in nursery. 

Trait Gamma irradiation doses (Gy) 

 0 20 40 60 80 100 

Survival rate (%) 100 100 100 100 100 100 

Average number of 

leaves/plantlet 
5.9±0.5 5.9±0.4 5.9±0.3 5.8±0.4 6.0±0.2 6.0 ±0.4 

Average height of 

plantlets (cm) 
5.3±0.2 5.3±0.2 5.2±0.2 4.9±0.2 4.0±0.8 3.9±0.3 

(α =0.05) 

From Table 5, it can be recognized that in the nursery stage, there was no effect of former 

irradiation on survival rate of plantlets and the average number of leaves/plantlet (F<FCrit). 

However, the plant’s average height reduced when increasing irradiation dose (F>FCrit). 

There was no suddenly morphological alteration was recorded when comparing irradiated 

plantlets and the control in nursery stage. 

  

 

  

  100 Gy 80 Gy 60 Gy 40 Gy 20 Gy Control   

Picture 3: Irradiated and control materials after 45days transplanted in nursery. 
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8. Transfer irradiated materials to plastic house 

After spending the nursery stage, the plants were transplanted to plastic house and arranged 

by slots, each slot corresponded to an irradiation dose together with the control slot. 

 

Picture 4: Irradiated and control materials were transplanted in plastic house. 

IV. CONCLUSION 

Using Gamma ray irradiation, LD50 for in vitro shoot clusters was established at 52Gy. 

Survival rates of irradiated materials and applied irradiation dose were inversely proportional. 

Upper limit of applied doses to achieve alive materials was 200Gy.  

Five doses of Gamma ray 20, 40, 60, 80 and 100Gy were chosen to induce potentially 

mutant-carrying materials base on the actual condition for task implementation. 

All of registered products and intermediate products were induced fully.  

Task implementation complied with registered contents and progress schedule. Some 

contents were done with larger scale comparing to inspected proposal. 
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ABSTRACT: Strippable polymer coating is one of the methods for effective surface decontamination. A gel 

solution of a water soluble polymer, preferably polyvinyl alcohol (PVA) and chelating agent is applied to 

remove radioisotopes of Cs
137

, Sr
85

 I
131

, P
32

 and Tc
99m

 on the surface of stainless steel, mild steel, ceramic, PVC 

plastic. After cleaning is completed, the gel solution is dried, formed a strong thin film, which is easily peeled 

off from a contaminated surface and can be disposed of as radioactive solid waste. Decontamination efficient 

of this gel polymer for radioisotopes have been studied on the surfaces and compared with Decongel 1101. The 

influence of decontamination agents, activity, film thickness to decontamination factor have been studied. The 

infrared spectrophotometer has been conducted to study mechanism of the decontamination for this 

radioisotope.  

Keywords: strippable coating, polymer coating, decontamination by polymer. 

I. INTRODUCTION 

Radioisotopes are widely used in industry, agriculture, scientific researches and education, 

especially in nuclear industry. While handling or storing radioisotopes, surface of machines, tools, 

laboratory desks, extraction hoods, walls, ceilings, floors may get contaminated with radioactive 

materials. If contaminated surfaces haven't decontaminated in time, the radioactive materials can 

transfer to the environment and staffs working around.  Radioisotopes may be absorbed by the 

human body and caused internal doses. Radioactive contamination is dangerous to human health. 

Radioactive decontamination is a process of removal of radioisotope from contaminated surfaces. 

Normally, diluted acids or detergents could be used for surface decontamination, however these 

techniques have a disadvantage: it'll release large amount of secondary liquid radioactive waste, 

which needs complicated procedures to treat before storage and final disposal. 

Using strippable polymer coating is thought to be an effective and simple technique to 

remove radioisotopes from contaminated surfaces. Polymer gel solutions are prepared by mixing a 

polymer or copolymer in suitable solvent with decontaminating agent and additive. Selected 

polymers should have relatively strong bond but weak adhesiveness to the surface and it can be 
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easily peeled off when it was dried. Moreover, it should be environment friendly and no harm to the 

surfaces.  Polyvinyl alcohol (PVA) was chosen for this research because it met all the requirements 

mentioned above. 

II. EXPERIMENTAL 

1. Preparation of gel polymer solution 

In our experiments: 140 g PVA (14% wt) was dissolved in 770 g distilled water in 1 litre 

beaker at 50
0
 – 60

0
C(speed up PVA dissolution, stir well by using mechanical stirrer made from 

stainless steel until PVA completely dissolve and form white homogenous solution. After that, add 

75 g (7.5% wt) glycerine, 5 g citric acid in 10ml distilled water (0.5 %wt) to the polymer solution 

(all were laboratory reagent). Continue stir until it become sticky, gel-form and transparent solution. 

The gel solution beaker sited for overnight at in room temperature without stirring for eliminating 

air bubbles. Then this gel mixture is transferred in to a sealed clean polyethylene bottle for storage.  

2. Influence of various agents to decontamination factor 

The gel solution of PVA/H2O/glycerine is prepared as above. Add 5 g of each 

decontamination agent in each solution sample to form polymer gel containing various 

decontaminating agent as follow: ethylenediaminetetraacetic acid disodium salt (EDTA), 

diethylenetriaminepentaacetic acid (DTPA), oxalic acid, citric acid and PVA. 0.5 ml solution of 

radioisotope Cs
137

(0.0377mCi/ml), 0.1ml Sr
85

(0.14mCi/ml), I
131

(0.026mCi/ml), P
32

(0.01mCi/ml), 

Tc
99m

(0.025mCi/ml) is spread on a 10 cm x 10 cm plates of glass within a 20 cm
2
 circle, then dry 

out by infra-red light inside a fume hood (30 – 60 minutes). Activity on the surfaces was measured 

by MED-CoMo170 survey meter right after the solution was dried. Then contaminated areas were 

covered with 2.0 g gel, peel off the coating after drying (about 24 h) and measure activity again. 

Decontamination capability of polymer coating is represented by K(%) decontamination efficiency 

or (DF) decontamination factor and calculated by following formula: 

                                       K (%) = [(Aj–Af)/Ai]*100                                               (1)         

                                DF = Ai /Af                                                                                                         (2) 

where:  Ai is the surface activity before decontamination 

             Af is the surface activity after decontamination 

3.  Influence of polymer coating thickness to decontamination factor 

About 0.5 ml of radioisotope solutions was spread separately  on a 10 cm x 10 cm of 

stainless steel plates within a 20 cm
2
 circle, then dry out and cover contaminated area with various 

amount of gel 0.7 g; 1.0 g; 2.0 g; 3.0 g, equivalent to various thickness: 0.09 mm; 0.11 mm; 0.22 

mm; 0.34 mm respectively. Coating thickness is measured by spline micrometer. Activity of the 

contaminated area before and after decontamination are measured by MED -CoMo170. 

Decontamination factor related to each coating thickness is calculated by formula (2) 

4.  Influence of activities to decontamination factor 

On the surface of  plates of glass (10 cm x 10 cm), 0.5 ml; 1.0 ml; 1.5 ml; 2.0 ml of 5  

radioisotope solutions were spread  separately  within a 20 cm
2
 circle, dry out and cover about 2.0 g 

polymer gel. The polymer coating is peeled off after drying. Radioactivity of the glass circle is 

measured before and after decontamination by MED-CoMo170. Decontamination factor (DF) 

relating to each activity is calculated by formula (2) 

5. Decontamination factor of polymer gel and Decongel 1101 on various surfaces 

On the surface of 10 cm x 10 cm glass, stainlesssteel, mild steel, ceramic, PVC plastic 

plates, apply 1.0 ml of 5 radioisotope solutions within a 20 cm
2
 circle, dry out and cover 
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contaminated area by 2.0g polymer gel and Decongel 1101 (supply by CBI Polymer US) separately. 

Activity of these surfaces is measured before and after decontamination by MED-CoMo170. 

Decontamination factor related to polymer gel and Decongel 1101 on each surface is calculated by 

formula (2). 

6. Interaction of polyvinyl alcohol (PVA) and polymer gel (Gel) with cesium and 

strontium ion 

Solutions of SrCl2, CsCl, NaI and Na2HPO4 with 0.1M concentration were prepared 

separately. Apply 0.5 ml of these solutions on 50 mm diameter pieces of smooth stainless steel. 

Dried out and covered them by PVA solution, Polymer gel separately. The coatings were peeled off 

after drying, they were analyzed by FTIR (pellet compressed with KBr in IMPACT-410 

compressor, Nicolet-Carl Zeiss Jena – Germany  

III. RESULTS AND DISCUSSION 

1. Influence of various agents on decontamination factor 

The results indicated that polymer gel with decontaminating agents has the much higher 

decontamination factor (DF) than (PVA) and (PVA-glycerin) gel (no agent), but DF of polymer gel 

with citric acid is highest compare to the others. It proved the key role of decontaminating agent 

ingredient in polymer gel. It was also determined that citric acid was the most effective 

decontamination agent of this particular coating for these isotopes, because in this case, citric acid 

not only acts as acid but also as chelating agent. This agent will be used in the polymer coating for 

all our studies. The DF of various agents for Cs
137

, Sr
85

,
  

I
131

, P
32

 and Tc
99m

 on the glass surface 

were showed in table 1. 

Table1: Decontamination factor of polymer gel with various agents on glass plate. 

Isotopes 
Decontamination 

agents 

Ai 

(Bq/cm
2
) 

Af 

(Bq/cm
2
) 

Decontaminatio

n factor DF 

Decontamination 

efficiency K (%) 

 

 

Cs
137 

PVA 23.1 1.79 12.9 92.3 

PVA-Glycerin 24.6 1.78 13.8 92.8 

EDTA 23.4 0.21 111.4 99.1 

DTPA 23.1 0.14 165.0 99.4 

Oxalic acid 23 0.1 230.0 99.6 

Citric acid 23 0.1 230.0 99.6 

 

 

 

Sr
85 

PVA 178.9 39.59 4.5 77.9 

PVA-Glycerin 159.5 31.36 5.1 80.3 

EDTA 175.5 0.28 626.8 99.8 

DTPA 177.7 0.57 311.8 99.7 

Oxalic acid 156.2 0.22 710.0 99.9 

Citric acid 152 0.21 723.8 99.9 

 

 

PVA 281.7 4.1 68.7 98.5 

PVA-Glycerin 223.0 3.2 69.7 98.6 
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I
131 

EDTA 172.6 2 86.3 98.8 

DTPA 202.8 2.6 78 98.7 

Oxalic acid 242.6 1.4 173.3 99.4 

Citric acid 254.9 1.3 196.1 99.5 

 

 

P
32 

 

PVA 197.2 3.2 61.6 98.4 

PVA-Glycerin 196.5 3.2 61.4 98.4 

EDTA 188.5 1.9 99.2 99.0 

DTPA 185.2 2.1 88.2 98.9 

Oxalic acid 177.0 1.7 104.1 99.0 

Citric acid 180.7 1.4 129.1 99.2 

 

 

Tc
99m 

PVA 54.6 1.6 34.1 97.1 

PVA-Glycerin 56.8 1.7 33.4 97.0 

EDTA 56.2 0.3 187.3 99.5 

DTPA 40.7 0.5 81.3 98.8 

Oxalic acid 66.7 0.3 222.3 99.6 

Citric acid 48.5 0.2 242.3 99.6 

 

Figure 1: Decontamination factor of polymer gel with various agents on glass plate. 

2.  Influence of polymer coating thickness on decontamination factor 

The results of studies showed that decontamination efficiency of 5 isotopes depend on 

thickness of polymer coating. Decontamination factor get highest value with coating thickness from 

0.11 mm to 0.22 mm (equivalent to 1 – 2 g/20 cm
2
). At the thickness of 0.09 mm, there's too little 

of gel, so that coating film can't absorb all radioisotopes. At the thickness of 0.34 mm, the coating 

can't dry out completely within 24 hours at room temperature. Therefore, it causes a small amount 

polymer gel remain in the surface after strip process and leave radioisotopes on the surface,  As a 

result, the DF factor is decreased.  In order to save polymer gel and time, the amount of optimal 

polymer gel is about 0.8 – 1 ml/m
2
 surface, equivalent to 0.15-0.2 mm thickness of coating film. 

With this amount, decontamination efficiency can archive 97% for Cs
137

 and 99% for Sr
85

. 

Influence of polymer coating thickness on decontamination factor are shown in figure 2. 
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Figure 2: Influence of polymer coating thickness on decontamination factor. 

3. Influence of activities on decontamination factor  

Table 2: Influence of activities on decontamination factor. 

Isotope Ai (Bq/cm
2
) Af (Bq/cm

2
) DF K (%) 

 

Cs
137 

 

22.9 0.07 318.2 99.7 

34.7 0.12 289.4 99.7 

46.5 0.20 232.7 99.6 

67 1.08 62.3 98.4 

 

Sr
85 

155.4 0.21 723.7 99.9 

187.6 0.50 375.2 99.7 

215.3 2.14 100.6 99.0 

256.3 7.16 35.8 97.2 

 

I
131 

252.7 3.08 82.1 98.8 

270.3 4.36 62 98.4 

353.3 10.33 34.2 97.1 

450.4 25.74 17.5 94.3 

 

P
32 

108.2 0.84 129.1 99.2 

295.7 2.86 103.3 99.0 

305.1 3.23 94.5 98.9 

400.2 4.80 83.4 98.8 

 

Tc
99m 

168.3 1.15 146 99.3 

256.3 2.29 112 99.1 

456.2 5.13 89 98.9 

832.7 10.41 80 98.8 
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The DF of 5 isotopes on the  glass plate are demonstrated in table 2. Experiments showed 

that in the range of studied activities of 5 isotopes on the glass surface, the higher activity, the lower 

decontamination factor we can obtained, because at high activity, the density of ions are very high 

and they will compete with each other in interaction with decontaminating agent or they possible 

need more agents, time for this removal process completely.  Difference between DF of each 

isotope depends on characteristic and their interaction ability with agents in polymer gel, especially 

with citric acid. Decontamination efficiency of 5 isotopes archived highest at 99.9 % and lowest at 

94%. This result showed that decontamination factor depends on much of activity.  

4. Decontamination factor of polymer gel on various surfaces  

Decontamination factor of polymer gel for Cs
137

, Sr
85

, I
131

, P
32

 and Tc
99m

 has great 

difference on various surfaces, the DF decreased in the order: glass > stainless steel > ceramic > 

plastic > mild steel. The DF also decreased in the order Sr
85 

> Tc
99m

 > Cs
137

> P
32

>I
131 

for the same 

surface. Results in table 3 showed that DF great depends on porosity, smoothness of each surface. 

Decontamination efficiency (K%) of Sr
85

 and Tc
99m

 reached 99 % value on all surfaces  except mild 

steel and 95% value on all surfaces  for all isotopes.  After the first decontamination, all activity of 

surfaces (Af) were below 3.7 Bq/cm
2
, satisfy the regulations of IAEA for maximum permissible 

contaminated surface of β and γ rays. 

Table 3: Decontamination factor of polymer gel on various surfaces. 

Surface Isotope Ai (Bq/cm
2
) Af(Bq/cm

2
) DF K (%) 

Glass 

Cs
137 

22.6 0.07 315 99.7 

Sr
85 

155.4 0.21 723.7 99.9 

I
131 

252.1 3 84 98.8 

P
32 

108. 2 0.84 129.1 99.2 

Tc
99m 

176.8 0.06 146.3 99.5 

Stainless steel 

Cs
137 

24.2 0.64 38.1 97.4 

Sr
85 

70.3 0.36 196.6 99.5 

I
131 

241.9 4.2 57.6 98.9 

P
32 

115.7 1.3 89 98.9 

Tc
99m 

178.1 0.09 120.3 99.2 

Stainless steel 

Cs
137 

24.2 0.64 38.1 97.4 

Sr
85 

70.3 0.36 196.6 99.5 

I
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Ceramic 
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24.3 0.87 27.9 96.4 
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85 
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I
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P
32 

118.2 2 59.1 98.3 
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PVC plastic 

Cs
137 

22.5 0.84 26.8 96.3 

Sr
85 

77.7 0.99 78.2 98.7 

I
131 

245.2 5.6 43.8 97.7 

P
32 

111.2 2.2 50.5 98 

Tc
99m 

179.5 0.16 70.1 98.6 

PVC plastic 

Cs
137 

22.5 0.84 26.8 96.3 

Sr
85 

77.7 0.99 78.2 98.7 

I
131 

245.2 5.6 43.8 97.7 

P
32 

111.2 2.2 50.5 98 

Tc
99m 

179.5 0.16 70.1 98.6 

Mild steel 

Cs
137 

27.9 1.31 21.3 95.3 

Sr
85 

92.7 2.50 37.1 97.3 

I
131 

253.4 9.6 26.5 96.2 

P
32 

121.5 6.0 20.1 95.0 

Tc
99m 

182.1 0.41 27.7 96.4 

723,7

196,6

98,3 78,2
37,1

129,1
89 59,1 50,5 20,1

0

100

200

300

400

500

600

700

800

Glass Stainless 
steel

Ceramic PVC plastic Mild steel

D
e

co
n

ta
m

ia
ti

o
n

 f
ac

to
r 

D
F

Contaminated surfaces

Cs-137

Sr-85

I-131

P-32

Tc-99m

 

Figure 3: Decontamination factor of polymer gel on all surfaces. 

5. Comparison of DF for Decongel 1101 and  Polymer gel on the surfaces 

Table 4: The DF of Decongel 1101 and Polymer gel on the surfaces. 

Decontamination gel     

and isotopes 

DF of isotopes on all surfaces 

Glass 
Stainless 

steel 
Mild steel Ceramic 

PVC 

plastic 

Gel 1101-Cs
137 

323 90.7 28.7 33 30 
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Gel polymer- Cs
137

 229 82.4 26.3 30.4 28.4 

Gel 1101-Sr
85 

658.4 201.4 41.3 154.1 99.7 

Gel polymer-Sr
85

 723.7 196.6 37.1 135.6 98.3 

Gel 1101-I
131 

101.3 64.6 28.4 59.3 45.6 

Gel polymer-I
131 

84 57.6 26.5 50.2 43.8 

Gel 1101-P
32 

142.2 101.9 22.9 69.8 53.9 

Gel polymer-P
32 

129.1 89 20.1 59.1 50.5 

Gel 1101-Tc
99m 

246.5 113.4 30.3 87.7 78.8 

Gel polymer -Tc
99m 

242.3 92.8 27.7 79.7 70.1 
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 Figure 4: The DF of Decongel 1101 and Polymer gel on the surfaces. 

6. Studies on the mechanism of decontamination by polymer gel  

6.1. FTIR Spectra Analysis 

 FTIR Spectra of PVA and polymer gel have 4 main bands in the Fig. 5:  

  

  

  

  

PVA Gel polymer 
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Figure 5: FTIR spectra of ions in PVA and polymer gel. 

- The band at 3445.87 cm
-1

 wave number due to the presence of hydroxyl group O-H.  

- The bands at wave number 2926.81 and 2849.85 cm
-1

 corresponding to the -CH2- 

asymmetric and the symmetric stretching.  

- The band at 1452.78 cm
-1

 can be attributed to O-H and C-H bending and the band at 

1106.92 cm
-1

 is related to C-O stretching.  

- The absorption bands at 1710.11 cm
-1

 and 1652.00 cm
-1

 are due to mono and dime pick 

of the symmetric stretching of C=O in carboxyl group remaining after hydrolysis of PVA C=O 

PVA-Cs Gel polymer - Cs 

PVA-Sr Gel polymer-Sr 

PVA-I 
Gel polymer-I 

PVA-P 
Gel polymer-P 
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group thus polar electronegativity of oxygen is higher than that of carbon, so they can accept 

electron and react with other elements easily. 

a. FTIR spectra of PVA and polymer gel after absorbed Cs ion: PVA-Cs and Gel-Cs  also 

have 4 main bands similar to PVA. There's a shift in wave number of C=O group and only band at 

1637.13 cm
-1

 remains. In the spectra of Gel-Cs, there is a negative wave number shift of C=O group 

(contributed mainly from citric acid) from 1714.46 cm
-1

and 1636.14 cm
-1

(Gel) to 1695.06 cm
-1

 and 

1623.21 cm
-1

(Gel-Cs). It indicated that there was interaction between cesium ion and carbonyl 

group C=O in PVA and polymer gel. On the other hand, there is a shift in wave number of M-O 

group from 610,86 to 625,25cm
-1

, it is seem that new bond of Cs-O had formed [6]. 

b. FTIR spectra of PVA-Sr and Gel-Sr: There's a shift in wave number of (C=O) group 

from1710.11 cm
-1

 and 1652.00 cm
-1 

(PVA) to 1715,84 cm
-1 

and 1650.70 cm
-1

(PVA-Sr). In the 

spectra of Gel-Sr, there is a shift in wave number of (C=O) group from 1714.46 cm
-1

 and 1636.14 

cm
-1

(Gel) to 1717.58cm
-1

(shoulder) and 1627.44 cm
-1 

(Gel-Sr). However, the peak intensity ratio of 

carbonyl group is big varied in the case of Gel-Sr spectra, this indicated that there is a strong  

interaction between strontium ion and carbonyl group C=O in this. On the other hand, there is a 

shift in wave number of M-O band from 610.86 cm
-1

 to 646.76cm
-1

, it is seem that new bond of Sr-

O had formed [6]. 

c. FTIR spectra of PVA-I and Gel-I: In IR spectra of PVA-I also has 4 main bands similar to 

PVA. There's a small shift in wave number of C=O group from 1710.11 cm
-1

và 1652.00 cm
-1

 

(PVA) to 1715.17 (shoulder) and 1637.13cm
-1

 (PVA-I) with weaker intensity. IR spectra of 

polymer Gel and Gel-I also have a small shift in wave number of C=O carbonyl group from 

1714.46 cm
-1

and 1636.14 cm
-1

(Gel) to1718 cm
-1 

(shoulder) and 1629.20cm
-1 

(Gel-I). So, it is seem 

that there is a new interaction in PVA and polymer Gel after uptake I
- 
and Na

+
 ions [6]. 

d. FTIR spectra of PVA-P and Gel-P: From spectra of PVA-P and Gel-P in figure 5 

indicated that there's a small shift in wave number of C=O group from 1710.11 cm
-1 

and 1652.00 

cm
-1

 (PVA) to 1702.23cm
-1

(PVA-P) with smaller intensity.  The shift of this wave number of C=O 

group also happened in spectra of Gel (1714.46 cm
-1

and 1636.14 cm
-1

) with Gel-P (1724.37 cm
-1

 

and 1632.49 cm
-1

). On the other hand, there was a shift in wave number of C-O(H) group 

corresponding to the asymmetric stretching from 1106.92 cm
-1

 and 1052.3 cm
-1

 of PVA and  Gel 

to1072 cm
-1

 and 946.98 cm
-1

(low intensity) in spectra of PVA-P and Gel-P, this may be  a 

asymmetric stretching of C-O-P group[6].  

6.2 Mechanism of decontamination by polymer gel 

The SrCl2, CsCl, NaI, Na2HPO4 solutions are dissociated in to Cs
+
, Sr

2+
, I

-
, PO4

3-
 HPO4

2-
, 

Cl
-
, Na

+
, H

+
, OH

-
 ions in water. These ions stick to the surface or diffuse in to studied specimen 

through small capillaries. The adhesion and diffusion abilities depend on characteristics, radium of 

each ion, the smoothness, porosity and size of capillaries. PVA chains contain hydroxyl (-OH) and 

acetate (-C4H6O2-) group which did not undergo hydrolysis in the production process of PVA from 

polyvinyl acetate  

For Cs
+
 and Sr

2+
ions: The results of IR analysis in Fig.5 showed that Sr

2+ 
and Cs

+ 
 ions 

could interact with carboxyl group (C=O) in PVA. However these interactions were not strong. Cs
+
, 

Sr
2+

 ions reacted with citric acid (H4L) forming chelating complexes in following diagram: 

                                       Cs
+
  +   HL

3-                       
 CsHL

2- 
   

                                       Sr
2+ 

+   HL
3-                         

SrHL
- 
 

Stability constant (K) of CsHL
2-

 and  SrHL
- 
complex  is 0.32 and 3.05 respectively at 25

0
C . 

It meant that citric acid could form chelating complex with Sr ion better than with Cs ion. The same 

results was obtained from decontamination process. It showed that decontamination of strontium 
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was better than that of cesium and polymer gel removed strontium and cesium much better than 

PVA gel did.  

For I
- 
and Na

+
: I

-
 is oxidized in to I2 in the presence of oxygen in the air. Iodine (I2) makes 

blue color complexes (in the presence of boric acid) with PVA solution similar to starch [8]. In the 

polymer gel, in the presence of citric acid and oxygen in the air, I
- 
ion is oxidized easily in to I2 

(polymer coating change color from white to brown yellow) and makes complexes in following 

diagram:  

H4L           H
+
 + H3L

-
           H

+ 
+ H2L

2 
         H

+
 +

  
 HL

3-
 

I
-
 -   e   I2 +   PVA            PVA   –   I 

For HPO4
-1 

and PO4
3-

 ions: Polyvinyl alcohol (PVA) can interact with phosphoric acid (PA) 

to form polygene at 70
0
C. Film formed from a mixture of PVA and PA (PVA-PA) will turn color 

when processing time and acid concentration varied. In the acid solution, PVA can lose OH
- 
group 

and form H2O according to the following diagram [9]:
 

 

 In the polymer gel with citric acid, that make balance tends to shift to the right, it means 

that forming more C-O-P bonds. So this reaction takes place more   completely, a large amount of P 

ions interact with PVA.  

By considering the interaction of the ions in solution and IR spectral analysis of PVA and 

polymer gel with ions can conclude that decontamination process on the surface of steel, glass, 

ceramic and PVC plastic by polymer gel is combined two mechanisms: chemistry and mechanics 

- Mechanical mechanism is adhesion, diffusion of ions or isotopes in to the polymer gel 

- Chemical mechanism is interaction of functional groups (C=O và C-O(H)) with ions or 

isotopes to form C-O-M bonds. Binding degree and reaction speed of each functional group with 

ions is varied, that depend on ion’s characteristic, diffusion, pH, temperature.  

IV. CONCLUSIONS 

- Polymer gel has ingredients as follows: 14% (wt) PVA, 7.5% (wt) glycerin, 0.5%  (wt) 

citric acid in distilled water can effectively be used for the decontamination of Cs
137

, Sr
85

, I
131

, P
32

, 

Tc
99m

 radioisotopes on various surfaces.  

- DF of polymer gel for isotopes the DF decreased in the order Sr
85

 >Tc
99m

 >Cs
137

 >P
32

 

>I
131

. DF has great difference on various, depending much on characteristic, porosity, smoothness 

of decontaminated surface. After a decontamination, almost activity on the decontaminated surfaces 

(Af) were below 3.7 Bq/cm
2
, satisfy the regulations of IAEA for maximum permissible 

contaminated surface of β and γ rays. 

- Decontamination factor depend on decontamination and contaminated time, thickness of 

polymer film, activity to of isotopes. The amount of optimal polymer gel is about 0.8 – 1 ml/m
2
 

surface, equivalent to 0.15 - 0.2 mm thickness of coating film  

- DF of Decongel 1101 is almost higher than that of polymer gel on studied surfaces for 

all isotopes but the difference isn't noticeable, 

- Mechanism of the decontamination for this radioisotope by polymer gel is combined by 

two mechanisms: chemistry and mechanisc 
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- The secondary wastes from decontamination process exist in solid form, small volumes. 

It's also compressible and combustible. This enables the management of radioactive waste to be 

more effective and economical.  

We hope that this study to develop the low cost, high efficiency decontamination material 

that will able to apply in nuclear facilities, hospital to ensure absolute safety for people and 

environment in  Vietnam in the future.  
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ABSTRACT: Nano Fe3O4 KT was produced from the Military Institute of Science and Technology were used 

to adsorbed heavy metal elements in liquid waste. In this report, the nano Fe3O4 KT particles sized 80-100nm 

and specific surface area was 50-70m
2
/g was applied to study the adsorption of radioactive elements in the 

liquid waste of uranium ores processing. The effective parameters on adsorption process included temperature, 

stirring rate, stirring time, the pH value of the solution, the initial concentration of uranium in solution. The 

results showed the maximum adsorption capacity of the nano Fe3O4 KT was 53.5 mg/g with conditions such as 

room temperature, stirring speed 120 rounds/minute, the pH value of solution was 8, stirring time about 2 

hours ( Uranium/materials). From the results obtained, nano Fe3O4 KT tested to treatment liquid waste of 

uranium ore processing after preliminary precipitation removed almost heavy metals and a part of radioactive 

elements. The results were analyzed on the ICP-MS and α, β total counting, instrument. The solution 

concentration after treatment was suitable for Vietnam discharge standards into environment (QCVN 40:2011 

on Industrial wastewater)  

Keywords: nano Fe3O4  KT, adsorption, Uranium. 

 

I. REQUEST AND MISSION OF THE PROJECT  

- Examining effective parameters to adsorption process of nano magnetite material in 

simulated solution. And then testing with liquid waste from uranium ore processing. 

- Constructing technology process application nano magnetite material to treatment liquid 

waste from uranium ore processing. 

- Analysis Methods: total activity α, β and Photometric colorimetric; ICP-MS. 

II. EXPERIMENTAL 

Analytical Methods: Total α - β counting (MPC-2000 counter) for  total activity α and β;  

Spectrophotometry for Fe and U concentration (Jenway 6300 spectrophotometer); ICP-MS for other 

elements (Agilent 7500a ICP-MS). 

Project Information: 

- Code: CS/14/03-02 

- Managerial Level: Institute 

- Allocated Fund:  75 ,000,000 VND 

- Implementation Time: 12 months (Jan 2014 – Dec 2014) 

- Contact Email: vhuuanh82@yahoo.com.vn 

- Papers published in relation to the project:  

1.  Vuong Huu Anh, Nguyen Ba Tien, Doan Thi Thu Hien, Nguyen Van Chinh, Luu Cao Nguyen. “Study 

on treatment of radioactive liquid waste from uranium ore processing by the use of nano Fe3O4 KT 

particles”; to be published in Journal Nuclear Science and Technology of Institute Vietnam Atomic 

Energy in 2015; 

2.  Vuong Huu Anh, Nguyen Ba Tien, Nguyen Van Chinh. “Study on treatment of radioactive liquid waste 

from uranium ore processing by the use of nano” on the 3
rd

 Conference of Nuclear  Science and 

Technology for young staffs, Hanoi 3-4 Oct., 2014;  

 

mailto:vhuuanh82@yahoo.com.vn
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Research effective parameters to adsorption process of nano magnetite material with 

simulated solution such as: the pH value, time, initial uranium concentration. 

 Testing effective parameters to liquid waste from uranium ore processing after preliminary 

precipitate on the pH value 8 to removal parts of heavy metals in liquid waste. 

 Compare with four types of different nano materials such as Fe3O4 KT Vietnam; NiFe2O4 

KT Vietnam; Fe3O4 Slovakia; NiFe2O4 Slovakia. 

 Propose processing for treatment liquid waste from uranium ore processing by nano 

magnetite. 

III. RESULTS AND DISCUSSION 

Tables, graphs and figures: 

 

Figure 1: X-ray diffraction diagram. 

 

Figure 2: TEM image of sample Fe3O4. 

The dependence on contact time to adsorption processing is shown in Fig 3. 
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Figure 3: The dependence on time to adsorption processing. 

(T= room temperature, nk=120 rounds/minute, Uinitial=5.15 mg/L, moxit=0.1g) 

Comment: The data from Figure 3 revealed that uranium uptake reached equilibrium after 

mixing time about 2 hours. The Uranium sorption efficiency was constant after increased mixing 

time from 3 to 4 hours.  

The dependence on pH to adsorption performance of material is shown in Figure 4. 

 

Figure 4: The dependence on pH to adsorption performance of material. 

(T= room temperature, nk=120 rounds/minute, Uinitial=5.15 mg/L, moxit=0.1g) 

Comment: The data from Fig 4 revealed that the highest sorption efficiency (97.3%) could 

be observed on pH value 8 with mixing time about 2 hours. 

The dependence on initial uranium concentration to adsorption capacity of the material is 

shown Figure 5. 

 

Figure 5: The dependence on initial uranium concentration                                                                                                

to adsorption capacity of the material. 

(T= room temperature, nk=120 rounds/minute, Uinitial=5.15 mg/L, moxit=0.1g) 
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Comment: The data from Fig 5 revealed with mixing time about 2 hours, the pH value 8 

could be maximum adsorbed initial Uranium concentration 5.35mg on 0.1g nano Fe3O4 KT 100708 

(expression clearly on experimental 3).  However, the uranium adsorption efficiency was not 

increased with increasing continuous uranium concentration.  

Table 1: Compositions of initial liquid waste solution from uranium ore processing. 

Number Elements Concentration Unit Analytical Method 

1 Fe 1536.4 mg/l ICP-MS 

2 Al 1454.4 mg/l ICP-MS 

3 Cr 4.12 mg/l ICP-MS 

4 Mn 1046.8 mg/l ICP-MS 

5 Mg 287.2 mg/l ICP-MS 

6 Zn 278.84 mg/l ICP-MS 

7 As 8.856 mg/l ICP-MS 

8 U 154.4 mg/l ICP-MS 

9 Total activity α 2988.01 Bq/l MPC-2000 α - β counter 

10 Total activity β 29696.96 Bq/l MPC-2000 α - β counter 

The data from Table 1 revealed that  liquid waste from uranium ore processing have the pH 

value was low, heavy metal concentration and total activity α, β were high. 

Table 2: Compositions of liquid waste solution at pH 8 after preliminary precipitate. 

Number Name of 

Elements 

Concentration Unit Analytical Method 

1 Fe 20.76 mg/l Spectrophotometry (Jenway 6300) 

2 U 4.75 mg/l Spectrophotometry (Jenway 6300) 

3 Total activity α 57.86 Bq/l MPC-2000 α - β counter 

4 Total activity β 575.07 Bq/l MPC-2000 α - β counter 

Comments: the data from Table 2 revealed that heavy metal concentration and total activity 

α, β higher than Vietnam discharge environment standards 40: 2011 after Preliminary precipitate in 

pH 8. 

Table 3: Compositions of liquid waste after Preliminary precipitate                                                                              

and deeply treatment by nano magnetite material. 

Number Elements Concentration Unit Analytical Method 

1 Fe 0.542 mg/l ICP-MS 

2 Al 0.66 mg/l ICP-MS 

3 Cr 0.001 mg/l ICP-MS 

4 Mn 0.009 mg/l ICP-MS 
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5 Mg 0.23 mg/l ICP-MS 

6 Zn 0.025 mg/l ICP-MS 

7 As 0.006 mg/l ICP-MS 

8 U 0.014 mg/l ICP-MS 

9 Total activity α 0.097 Bq/l MPC-2000 α - β counter 

10 Total activity β 0.985 Bq/l MPC-2000 α - β counter 

Comments: The data from Table 3 revealed that liquid waste from uranium ore processing 

after Preliminary precipitate and deeply treatment by nano magnetite material was reached 

discharge environment standard 40:2011. 

Table 4: Adsorption capacity of different materials. 

Number Materials Type 
Particular 

size (nm) 

Specific surface 

area (m
2
/g) 

Adsorption 

capacity (mg/g) 

1 Fe3O4 Vietnam 80 - 100 50 - 70 53.5 

2 NiFe2O4 Vietnam 70 - 90 60 - 80 58.5 

3 Fe3O4 Slovakia 20 - 30 100 - 110 82.2 

4 NiFe2O4 Slovakia 15 - 20 110 - 120 86.5 

Table 5: Compare the adsorption capacity of 4 categories materials. 

Number Materials Type 

Weight 

materials 

(g) 

The total 

activity of α 

(Bq/l) 

The total 

activity of β 

(Bq/l) 

1 Fe3O4 Vietnam 1 0.097 0.985 

2 NiFe2O4 Vietnam 1 0.089 0.865 

3 Fe3O4 Slovakia 0.5 0.092 0.95 

4 NiFe2O4 Slovakia 0.5 0.085 0.876 

Comments: The compare data revealed that materials of Slovakia have practical application 

but higher price materials of Vietnam. Therefore, the project was chose NiFe2O4 material for 

treatment liquid waste from uranium ore processing. 

The applicability of nano magnetite material for adsorption Uranium from uranium solution 

and uranium ore processing uranium was assessed. Propose process treatment liquid waste from 

uranium ore processing application nano magnetite. 
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Figure 6: Technology process for treatment liquid radioactive waste                                                                      

generated from uranium ores processing. 

This is a processing has practical application because: 

- After preliminary precipitate, heavy metal concentration decreased significant and 

reached discharge environment standard 40:2011. However, radioactive elements concentration 

have not reached discharge environment standard 40:2011. Therefore, we need to increase the pH 

value to 9.5 and addition BaCl2 (harmful), however, sedimentation and filter very difficult and cost 

chemicals very high. 
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- Treatment using nano magnetite material has advantages such as: simple treatment, less 

chemicals, phase separation liquid – solid. Liquid waste after treatment suitable to discharge 

environment standard (QCVN 40:2011). 

- The parameters measure on ICP-MS, Photometric colorimetric, total activity α,β, 

figures, tables, graphs. 

IV. CONCLUSIONS 

1. The project was tested effective parameters to adsorption processing with simulated 

uranium solution: temperature, stirring rate, stirring time, the pH value of initial uranium 

concentration. 

2. The project was tested radioactive elements adsorption capacity from liquid waste 

solution from uranium ore hydrometallurgical processing. After treatment, liquid waste reached 

discharge environmental regulation 40:2011. 

Recommendation 

1. Due to the conditions and duration of the study are limited, therefore, the project did not 

studied completely adsorption of uranium solution by nano magnetite. 

2. The project did not study elution processing regeneration nano magnetite after 

adsorption and not survey continuous adsorption column.  

Thus, in the next time, the project need to research uranium adsorption with nano magnetite 

and desorption processing. The adsorption of nano magnetite for the radioactive metal and other 

heavy metals were expanding studied of in liquid waste. Continuous adsorption method and 

modeling processing were showed in research column 
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ABSTRACT: Assessment of internal dose based on the in vivo technique by using the whole body counter 

(WBC) is a new approach relating to the field of internal dosimetry in Vietnam (besides the in vitro technique 

based on analyzing biological samples was applied). The Accuscan Bed WBC Model 2260 is the first 

equipment in Vietnam which was invested and set up at INST on November 2013. In 2014, our dosimetry 

laboratory belong to the Center for Radiation Protection - INST carried on studying about assessment of 

internal dose for radiation workers based on this WBC. Within the study, we want to describe the functions of 

this WBC, display some results of experiment during the process of equipment operation and calibration in 

order that this equipment operates with efficiency the same as at factory; the experiment in order to determine 

minimum detectable activity (MDA); and determine activity of some standard radiation sources (Ba
133

, Mock 

I
131

, K-IAEA.RGK-1) with relative deviation about 2.3 - 6.6 %; this study provides the process of assessment 

of internal dose by using WBC. 

Keyword: WBC, whole body counter, in vivo, calibration, transfer phantom. 

 

1. INTRODUCTION 

Internal exposure of radio nuclide is due to four main processes such as ingestion via gastro-

intestinal (GI) tract, inhalation via respiratory tract system, injection via intravenous and absorption 

via skin. In Vietnam, assessment of internal dose based on the in vivo technique by using the whole 

body counter is a new approach relating to the field of internal dosimetry (besides the in vitro 

technique based on analyzing biological samples was applied). In vivo technique has more 

advantages than in vitro technique, and is particularly suitable for  radiation safety assessment in 

terms of committed dose for radiation workers who work with unsealed sources. The Accuscan 

WBC Model 2260 is the first equipment in Vietnam which was invested and set up at INST on 

November 2013. So the effective uses of this equipment is extremely necessary. For this we need to 

build the process of operation for this equipment and the process of assessment of internal dose by 

hand [1,2]. 

2. MATERIALS AND METHODS 

2.1. Materials 

This Accuscan Bed WBC Model 2260’s design includes: the radiation shielding made from 

iron without Co
60

, a bed, NaI Detector (3” x 5” x 16”) and photomultiplier tube, pre-amplifier, 

multiple channel analyzer (DSA - LYNX), monitor control 2287A-60, the Apex-In-Vivo software, 

Genie 2000 and PC, a mixed gamma calibration source S.N 93409, a quality check source S.N 

510134 and RMC-II transfer phantom (model 2257). 
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Block diagram as fig 1: 

 

 

 

 

 

 

 

 

Figure 1: The block diagram of WBC Accuscan Model 2260. 

The operating principle of this system: By using software in PC or using monitor control, 

the bed is moved and brings the person scanning through NaI detector, gamma rays emit from 

radionuclides inside body to interact with NaI scintillator crystal, atoms are excited by interaction 

with radiation, these atoms escape from excited state by emitting light photon, these light photons 

follow light pipe and hit on photocathode of photomultiplier tube to create electrons, these electrons 

are multiplied after through dynodes of photomultiplier tube, and then these electrons are collected 

to anode. The signal is amplified through the pre-amplifier. And the signal is transfered to LYNX-

DSA. LYNX-DSA is a multiple channel analyzer in small design, is the strong signal collector, 

combine a fast digitizing analog-to-digital converter (ADC), programmable digital filters, digital 

oscilloscope, automatic pole-zero adjuster, base line restorer and interference assessment algorithm. 

LYNX-DSA analyses amplitude of signal, counts number of signal and analyses multiple channels: 

the amplitude shows the energy of incident gamma rays and the number of signal having same 

amplitude shows the activity. All measurement data is stored in PC. So, by measuring and analyzing 

the gamma spectrum, we can identify and determine activity of radio-isotope inside human body 

[3,4] 

2.2. Methods 

Calibration procedure 

This system is calibrated by using mix gamma standard source including 8 radio- isotopes 

(Cd
109

, Co
57

, Ce
139

, Hg
203

, Sn
113

, Cs
137

, Y
88

, Co
60

) with energy range from 88 keV to 1836 keV and 

RMC-II transfer phantom with four positions corresponding to thyroid, lung, gastro-intestinal tract 

and total body with dimensions specified in ANSI N44.3 and ANSI N13.30. So, we built five 

efficiency curves corresponding to 4 positions above and empty bed. 

The efficiency verification of this WBC is performed with mix gamma standard source and 

compared with ANSI N13.30.1996. ANSI N13.30.1996 is developed by American National 

Standard Institute (ANSI) and Healthy Physics Society (HPS). It provides some standards in quality 

assurance (QA), evaluation of performance and  laboratory accreditation for both direct (in vivo) 

and indirect measurements (in vitro) [5, 8]. 

MDA(s) values were estimated using equation (1) (Kramer et al., 2001):  

                                                            (1) 

Where B is the background counts, t is the counting time and  is the counting efficiency, Y 

is the gamma emitting probability with E energy, K is the correction factor for the nuclide decay 
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during counting. , tc is the elapsed real clock time during the 

measurement (in the same units as T1/2). 

  

Figure 2: RMC-II transfer phantom. Figure 3: A mixed gamma calibration source. 

3. RESULTS AND DISCUSSION 

3.1. Energy and FWHM calibration 

The energy increased linearly with channel number of multichannel analyzer. The 

correlation between energy to channel number is about 3.85 keV/ch. 

3.2. Efficiency calibration 

During a setting up process of operation and calibration of equipment, because at first the 

values of its efficiency curves at our lab were smaller from 16% to 30% than the values at 

manufactory so we carried out some experiments in order to check measurement geometry, and 

considered a installation diagram carefully and finally we found that detector is fitted up with 

wrong direction (fig 4, 5). And after changing direction and carried out again calibration of this 

equipment, the efficiency curves have the same shape and the value of efficiency is come back the 

same as value at manufactory (as figures 6, 7, 8, 9, 10). Efficiency verification  satisfies 

ANSI.13.30.1996. 
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Figure 4: Thyroid efficiency curve 

on January 2014 and on June 2013. 

The efficiency on January 2014 is 

smaller than June 2013 about 

27.6%.  
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Figure 5: Total body efficiency 

curve on January 2014 and on June 

2013. The efficiency on January 

2014 is smaller than June 2013 

about 17.8%. 
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Figure 6: Thyroid efficiency curve 

on September 2014 and on June 

2013.The efficiency relative 

deviation is 2.1 %. 
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Figure 7: Empty Bed efficiency 

curve on September 2014 and on 

June 2013. The efficiency relative 

deviation is 2.7 %. 
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Figure 8: GI efficiency curve on 

September 2014 and on June 2013. 

The efficiency relative deviation is 

2.7 %. 
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Figure 9: Lung efficiency curve on 

September 2014 and on June 2013. 

The efficiency relative deviation is 

5.3%. 
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Figure 10: Total Body efficiency 

curve September 2014 and June 

2013. The efficiency relative 

deviation is 4.2%. 

 

3.3. Minimum Detectable Activity (MDA) 

MDA(s) values for some radionuclides typically measured with this WBC were calculated 

as table 1. 

Table 1: MDA values of this WBC with the counting time 5, 10 and 20 minutes. 

Radio -

Isotope 

Energy 

(keV) 

MDA(Bq) 

Total Body Lung GI Thyroid 

20 

min 

10 

min 

5 

min 

20 

min 

10 

min 

5 

min 

20 

min 

10 

min 

5 

min 

20 

min 

10 

min 

5 

min 

Mn
54

 834.8 128 179 253 108 152 215 95 133 188 63 88 125 

Co
58

 810 128 183 260 109 156 221 95 136 193 63 90 128 

Co
60

 
1173 

112 162 229 96 139 197 84 122 172 62 89 126 
1332.5 

I
131

 364.5 191 275 378 171 245 337 150 216 297 84 121 166 

Cs
134

 796 131 189 268 111 161 228 97 140 198 64 92 131 

Cs
137

 661.7 156 215 305 133 184 260 116 160 227 73 101 143 

Ce
144

 133.5 2422 3458 4846 2273 3245 4547 2031 2899 4063 1033 1475 2066 

3.4. Check sources 

Some results determining activity of some standard sources such as K -IAEA.RGK-1, Mock 

I
131

, Ba
133 

when put them on empty bed or inside phantom corresponding to lung, GI, thyroid, total-

body positions, are shown as tables 2, 3, 4, 5, 6, 7, 8.  
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Table 2: Measurement result of source Mock I
131

 SN.0573, empty bed geometry, tcount = 10 minutes 

No Real activity (Bq) Measurement activity (Bq) Deviation (%) 

1.   

 

2890.14 

2727.55±4.0% -5.6 

2.  2827.52±3.95% -2.2 

3.  2877.28±3.94% -0.4 

4.  2964.92±3.89% 2.6 

5.  2906.63±3.92% 0.6 

The medium absolute value of deviation 2.3 

Table 3: Measurement result of source K-IAEA.RGK-1, empty bed geometry, tcount =5 minutes. 

No Real activity (Bq) Measurement activity (Bq) Deviation (%) 

1.   

 

9107 

10065.93 ±4.67% 10.5 

2.  9461.75 ±4.87% 3.9 

3.  9606.40±4.62% 5.5 

4.  9815.50 ±4.71% 7.8 

5.  9575.36 ±4.82% 5.1 

The medium absolute value of deviation 6.6 

Table 4: Measurement of result of source Ba
133

 KD482, Lung geometry, tcount=5 minutes. 

Table 5: Measurement of result of source Ba
133

 KD482, total body geometry, tcount=5 minutes. 

  No Real activity (Bq) Measurement activity (Bq) Deviation (%) 

 1 

16875.14 

17636.24 ± 3.65% 4.5 

2 17727.43 ± 3.64% 5.1 

3 17143.59 ± 3.66% 1.6 

4 17413.26 ± 3.65% 3.2 

5 18121.36 ± 3.63% 7.4 

The medium absolute value of deviation 4.3 

No Real activity (Bq) Measurement activity (Bq) Deviation (%) 

1 

16875.14 

17467.95 ± 3.65% 3.5 

2 17771.41 ± 3.64% 5.3 

3 17122.34 ± 3.66% 1.5 

4 17790.57 ± 3.64% 5.4 

5 18191.27 ± 3.63% 7.8 

The medium absolute value of deviation 4.7 
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Table 6: Measurement of result of source Ba
133

 KD482, GI geometry, tcount=5 minutes. 

  No Real activity (Bq) Measurement activity (Bq) Deviation (%) 

1 

16875.14 

17565.32 ± 3.56% 4.1 

2 17649.63 ± 3.55% 4.6 

3 17687.31 ± 3.55% 4.8 

4 17680.42 ± 3.56% 4.8 

5 17793.51± 3.55% 5.4 

The medium absolute value of deviation 4.7 

Table 7: Measurement of result of source Ba
133

 KD482, empty bed geometry, tcount=5 minutes. 

  No Real activity (Bq) Measurement activity (Bq) Deviation (%) 

1 

16875.14 

17281.17 ± 3.42% 2.4 

2 17240.40 ± 3.43% 2.2 

3 17133.45 ± 3.43% 1.5 

4 17625.59 ± 3.42% 4.4 

5 17497.24 ± 3.42% 3.7 

The medium absolute value of deviation 2.8 

Table 8: Measurement of result of source Ba
133

 KD482, thyroid geometry, tcount=5 minutes. 

  No Real activity (Bq) Measurement activity (Bq) Deviation (%) 

1 

16875.14 

17739.26  ± 3.4% 5.1 

2 17943.60 ± 3.4% 6.3 

3 17951.12 ± 3.4% 6.4 

4 17551.83 ± 3.41% 4.0 

5 17900.13 ± 3.4% 6.1 

The medium absolute value of deviation 5.6 

We have these deviations between real activity of source and measurement activity are 

about 2.3% to 6.6%. 

3.5. Process of assessment of internal doses by hand 

This study also sets up the process of assessment of internal doses by hand, this process 

have 4 steps, can be described schematically in Figure 11 as below. 
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Figure 11: Diagram for assessment of equivalent dose and effective dose (internal dose).
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4. CONCLUSION 

This study have completed the main contents as follows: Perform energy calibration of 

detector and efficiency calibration of this equipment. And efficiency verification satisfies with 

ANSI.13.30.1996. Some values of MDA for some radionuclides are performed with scanning time 

5 minutes, 10 minutes, 20 minutes. Basing on analyzing the results of scanning measurement, we 

can identify and determine the activity of radionuclide inside human body, and basing on the 

calculation method of ICRP, we can determine the equivalent committed dose and internal effective 

committed dose. From these results, we propose process of system operation effectively and the 

process of assessment internal dose by hand. 

5. RECOMMENDATION 

Process of operating manual and processes of assessment for internal dose established in this 

study can be used in the researching and measuring on person, objects of measurement are radiation 

workers relate to unsealed sources, especially in cases of radiation and nuclear accidents. 

An other research can be deployed on this system is evaluation of isotope K
40

 in the 

Vietnamese people [16,17]. 
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ABSTRACT: Biological dosimetry is an dose assessment method using specify biomarkers of radiation. IAEA 

(International Atomic Energy Agency) and ISO (International Organization for Standardization) defined that 

dicentric chromosome is specify for radiation, it is a “gold standard” for biodosimetry. Along with the 

documents published by IAEA, WHO, ISO and OECD, our results of study on the chromosome aberrations 

induced by radiation were organized systematically in nine standards that dealing with chromosome aberration 

test and micronucleus test in human peripheral blood lymphocytes in vitro. This standard addresses: the 

reference dose-effect for dose estimation, the minimum detection levels, cell culture, slide preparation, scoring 

procedure for chromosome aberrations use for biodosimetry, the criteria for converting aberration frequency 

into absorbed dose, reporting of results. Following these standards, the automatic analysis devices were 

calibrated for improving biological dosimetry method. This standard will be used to acquire and maintain 

accreditation of the Biological Dosimetry laboratory in Nuclear Research Institute. 

 Keyword: Biological dosimetry, Chromosome aberration, Micronuclei, Radiation risk assessment, Standard. 

 

1. INTRODUCTION 

The individual radiation dose estimation is an important step in the radiation risk 

assessment. In some cases of radiation incident or radiation accident, physical dosimetry method 

can not be used for calculating the individual radiation dose, the other complement method such as 

biological dosimetry is a well replacement method. Using the cytogenetic techniques for biological 

dosimetry were recommended by IAEA with some documents: Technical reports 160 (1986); 405 

(2001); IAEA / WHO EPR (2011). The International Organization for Standardization published 

ISO 19238:2004 - Radiation protection-performance criteria for service laboratories performing 

biological dosimetry by cytogenetics. The task for compiling some biological dosimetry standards 

including: standard for chromosome aberration test and standard for micronucleus test in human 

peripheral blood lymphocytes in vitro. These standards are intended to standardize the protocols and 

analysis methods, providing the basis for the implementation and development of biological 

dosimetry techniques in Nuclear Research Institute and Vietnam. 

2. METHOD 

The standards for biodosimetry were compiled base on the documents published by IAEA, 

WHO, ISO standards and OECD including: 

- The IAEA documents: IAEA – EPR – Biodosimetry, “Cytogenetic Dosimetry: 

Applications in Preparedness for and Response to Radiation Emergencies”, WHO, IAEA, Vienna, 

2011; IAEA Technical Reports, Series No. 405, “Biological dosimetry: Cytogenetic analysis for 

radiation dose assessment”, A manual, IAEA, Vienna, 2001; IAEA Technical reports, Series No. 
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260, “Biological dosimetry: Chromosomal aberration analysis for dose assessment”, IAEA, 

Vienna, 1986.  

- The ISO documents: ISO 19238:2004: Radiation protection – Performance criteria  for 

service laboratories performing biological dosimetry by cytogenetics; ISO 21243:2008: Radiation 

protection – Performance criteria for laboratories performing cytogenetic triage for assessment of 

mass casualties in radiological or nuclear emergencies – General principles and application to 

dicentric assay. 

- The OECD documents: OECD 473 In vitro mammalian chromosome aberration test; 

OECD 487 In vitro mammalian cell micronucleus test. 

The result of studies on biological dosimetry carried out in Nuclear Research Institute from 

1990 up to date were used for these standards including: the dose – effect respond curve of some 

radiation sources (gamma Co-60, thermal neutron and mixed gamma neutron fields), epidemiology 

of chromosome aberrations, chromosome aberrations induced by some chemical agents…   

3. RESULTS 

3.1. Some standards for biological dosimetry including 

- Chromosome aberration test in human peripheral blood lymphocytes in vitro – Part 1: 

Standards for culture of human peripheral blood lymphocytes. 

- Chromosome aberration test in human peripheral blood lymphocytes in vitro – Part 2: 

Standards for microscope slides of conventional Giemsa – stained chromosomes in human 

peripheral blood lymphocytes. 

- Chromosome aberration test in human peripheral blood lymphocytes in vitro – Part 3: 

Standards for karyotyping of human peripheral blood lymphocytes using conventional Giemsa 

staining. 

- Chromosome aberration test in human peripheral blood lymphocytes in vitro – Part 4: 

Standards for analysing of chromosome aberrations in human peripheral blood lymphocytes 

exposed to ionizing radiation. 

- Chromosome aberration test in human peripheral blood lymphocytes in vitro –Part 5: 

Standards for biodosimetry using chromosome aberration analysis in peripheral blood lymphocytes. 

- Chromosome aberration test in human peripheral blood lymphocytes in vitro –Part 6: 

Standards for analysing of chromosome aberrations in human peripheral blood lymphocytes 

exposed to chemical agents. 

- Micronucleus test in human peripheral blood lymphocytes in vitro – Part 1: Standards 

for culture of human peripheral blood lymphocytes. 

- Micronucleus test in human peripheral blood lymphocytes in vitro – Part 2: Standards 

for microscope slides of conventional Giemsa- stained micronuclei in human peripheral blood 

lymphocytes. 

- Micronucleus test in human peripheral blood lymphocytes in vitro – Part 3: Standards 

for analysing of micronuclei in human peripheral blood lymphocytes. 

3.2. Testing the protocol of chromosome aberration test and micronucleus test in 

human peripheral blood lymphocytes in vitro 

Chromosome aberration test and micronucleus test in vitro in human peripheral blood 

lymphocytes irradiated by 3.0 Gy of gamma 
60

Co and control following the standards. 

- Chromosome aberration test in human peripheral blood lymphocytes in vitro: 
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The requirements for cell culture technique and microscope slide of human peripheral blood 

lymphocytes in vitro including: Mitotic index – MI (%), the proportion of  first cell cycle metaphase 

to second cell cycle metaphase – P (%), the shape of metaphase and chromosome. Following the 

protocols in standards, all of these criteria got well for biological dosimetry.  

We used the slides from this test for calibration of Carl Zeiss AXIO Imager Z2 microscope 

controlled by Metafer 4.0 and DCscore (Metasystem). After calibration, this system was compatible 

with slides for scoring the chromosome aberration automatically. 

  

Figure 1a: Metafer 4.0 scanning metaphase 

automatically. 

Figure 1b: DCscore scoring dicentric chromosome 

automatically. 

- Micronucleus test in human peripheral blood lymphocytes in vitro: 

The requirements for cell culture technique and microscope slide of human peripheral blood 

lymphocytes in vitro including: Nuclear division index – NDI (%), the proportion of mononuclei, 

binuclei, trinuclei and tetranulei, the shape of binuclei cell. Following the protocols in standards, all 

of these criteria got well for biological dosimetry. 

  

Figure 2a: Metafer 4.0 scanning binuclei 

automatically. 
Figure 2b: MNscore scoring micronuclei in 

binuclei cell automatically. 

We used the slides from this test for calibration of Carl Zeiss AXIO Imager Z2 microscope 

controlled by Metafer 4.0 and MNscore (Metasystem). After calibration, this system was 

compatible with slides for scoring micronuclei automatically. 
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4. EVALUATION 

The cytogenetic biological dosimetry is a dose assessment method which fills a gap in 

dosimetric techniques, particularly in cases that persons or radiation workers not wearing 

dosimeters have been exposed to radiation, or in cases of overexposure in an individual working 

time. Many biomarkers were recognized for biological dosimetry, however the dicentric 

chromosome is the best biomarker, so called “ the gold standard” for some characteristics: shows 

close dose – effect relationship, was very specify for radiation, shows the radiation quality effects, 

persists after exposure, determines the whole body or partial body exposure, can assess in fraction 

and chronic exposures, is amenable to automation. The studies carried out in Nuclear Research 

Institute brought about protocols and data used for biological dosimetry such as: cell culture, slide 

preparation, analysis method, automatic analysis system, dose – effect curves… These standards 

were built base on our data, these documents are expected to contribute to the radiation protection 

area.   

5. CONCLUSIONS 

The results of this task were completing nine standards for chromosome aberration test and 

micronucleus test in human peripheral blood lymphocytes in vitro, standardizing the protocols and 

calibrating the automatic analysis devices for biological dosimetry. These standards will be used for 

radiation risk assessment, the necessary thing in radiation safety. 
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ABTRACT: The process for production of insoluble β-glucan product from brewer’s yeast cell wall collected 

from the discard waste of beer production was successfully established. Radiation was improved as a useful 

tool for preparation of low Mw β-glucan. The water soluble oligoβ-glucans with Mw ~ 18 - 25 kDa were found 

to have novel features for application as plant growth promoter, growth and immune stimulator additive for 

animals and functional food for prevention and therapy of diabetic, dyslipidemia, cancer, etc. The processes for 

large scale production of oligo-β-glucan as plant growth promoter. chicken additive and functional food by 

gamma Co-60 irradiation method have been set up for application. In addition, gold nanoparticles (AuNPs) 

with size of 10 - 50 nm stabilized in sericin and water soluble chitosan and silver nanoparticles (AgNPs) with 

size of 5-20 nm stabilized PVA, PVP, sericin and alginate were also successfully synthesized by gamma Co-60 

irradiation method. While AuNPs product was found to be not toxic and can be used for bio-medicine and 

cosmetics, AgNPs exhibited highly antimicrobial activity for potentially use as new and safety antimicrobial 

agent. The processes for large scale production of AuNPs, AgNPs, cream/AgNPs and hand-wash 

solution/AgNPs products were also successfully developed within this project.  
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1.   INTRODUCTION 

β-glucan, composed of glucose units linked together to form a long polymer chain is a fiber-

type homopolysaccharide contained in the cell walls of fungal, bacteria and plant [1-3]. Fungi, 

including yeast and mushrooms are the major source for production of β-glucan. According to Klis, 

et al. [4], yeast β-Glucan has a long chain of approximately 1,500 β-D-glucose units and consist of a 

backbone of β-(1→3)-linked β-D-glucopyranosyl units with β-(1→6)-linked side chains of varying 

length and distribution. In food industry, β-glucans isolated from yeast has been used in the 

production of salad toppings (dressings), frozen desserts, sauces, yogurts and other milk products, 

soft doughs and paning doughs, conditories and mixture for cake filling [5,6]. Yeast β-glucan is also 

known to possess antitumor and antimicrobial, activities by enhancing the host immune function. 

Stimulatory effects of this polymer on both specific and non-specific immune responses, 

antimicrobial activity, and tolerance to oral antigens have been demonstrated in mice [7], in fish [8], 

pig [9,10], broiler [11], shrimp [12]. In addition, these authors also informed that β-glucan has 

beneficial effects on growth performances in pig, fish, shrimp and chicken. In plant, laminarin and 

β-glucan extracted from fungus Pyricularia oryzae were found as elicitors for causing an 

accumulation of antibiotic phytoalexins to prevent infection from fungal diseases [13,14]. However, 

the activity of the polysaccharides is usually influenced by molecular weight (Mw) and low Mw 

products displayed stronger effects on stimulation of immune response, antimicrobial and 

phytoalexin activities than those of high Mw polysaccharides [15,16]. Polyshaccharides have been 

reported to be degraded by acidic hydrolysis [17,18] or enzymatic treatment [19,20]. Although these 

methods are effective in decreasing the molecular weight, they do exist some disadvantages such as 

high cost, low yield, long processing time, and chemical wastes from the treatment [21,22]. Gamma 

irradiation is a useful tool for degradation of alginate, chitosan, cellulose and so on by the cleavage 

of the glycosidic bonds [23-25]. The basic advantages of polymeric degradation by radiation 

include the ability to promote changes reproducibly and quantitatively, without the introduction of 

chemical reagents and without the need for special equipment/setup to control for temperature, 

environment, and additives [23]. Therefore, this technology is unique and more environmentally 

friendly than conventional methods. Although the acid and alkaline hydrolyses, enzymatic 

digestion, and ultrasound irradiation have been applied as methods for degradation of β-glucan [26-

29], ionizing radiation was rarely used in the research of β-glucan degradation. So far, there have 

been several reports on stimulation of immune response of yeast β-glucan, but the research on 

biological effect of this natural polysaccharide on plant, animals for application as growth promoter 

and immune stimulator as well as for functional food is still limtted. Hence, the aim of the present 

study is to apply radiation degradation method to prepare low Mw and water-soluble β-glucan for 

producing natural additive and feed functional food. 

Gold nanoparticles (AuNPs) with diameter less than 100nm exhibit new characteristics such 

as a catalytic property for conversion of CO to CO2 at low temperature (35
0
K) [30], enhancement of 

free radical scavenging for anti-oxidation in cosmetics [31], acceleration of reaction speed in highly 

sensitive bio-sensor [32] and cancer diagnosis and therapy assistances [33]. AuNPs also can be used 

to modify pharmaceuticals for targeted therapy purpose [34]. Compared with other methods, 

gamma Co-60 ray irradiation is considered as an effective method with several advantages such as: 

(1) the reaction is carried out at room temperature; (2) yield of AuNPs is high; (3) AuNPs can be 

purely prepared without contamination of excessive chemical reductant and Au
3+

 ions residue; (4) 

the size of AuNPs is easily controlled by varying Au
3+

ions or seed enlargement approaches; (5) 

mass production can be carried out and (6) processing is satisfied to requirement of clean 

production. On the other hand, silver nanoparticles (AgNPs) exhibit highly antimicrobial, fungicidal 

and antivirus activities and AgNPs can kill about 650 kinds of microorganisms [35]. AgNPs have an 

advantage that is safe and non-toxic at the bactericidal concentration [35-37]. Saturated conversion 

dose is defined as the dose to reduce totally all Ag
+
 ions in solution into Ag atoms. Theoretically, 

the dose of 1.67 kGy can be completely reduced 1mM Ag
+
 in aqueous solution. The reduction 
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mechanism of Ag
+
 to Ag

0 
reported by Du et al. [38]; Li et al. [39] and Belloni et al. [40]. Polyvinyl 

alcohol (PVA) is a water soluble and biocompatible polymer that has been widely used in bio-

medicine, pharmaceutics, cosmetics, etc. In this project, synthesis of AuNPs by gamma Co-60 

irradiation using sericin as stabilizers is carried out. Seed enlargement and antioxidant activity of 

AuNPs with different sizes is investigated. Synthesis of AgNPs using PVA as stabilizer by gamma 

Co-60 irradiation and antibacterial activity of AgNPs is also carried out. The products of 

cream/AgNPs for treatment of burn and antimicrobial hand-wash solution/AgNPs have been also 

developed. 

2.   MATERIALS AND METHODS 

2.1. Material: Vegetable seeds were supplied by Trang Nong Ltd. The chickens (Gallus 

gallus) were supplied by University of Agriculture and Forestry. The tested mice are Swiss line 

supplied by Pasteur Institute of Ho Chi Minh city. 2,2'-azino-bis(3-ethylbenzothiazoline-6-

sulphonic acid)  (ABTS) were pure products from Merck, Germany. Sericin (cocoon) was pure 

product from Sigma. The K-YBGL Kit for analyzing of β-glucan was supplied by Megazyme 

International Ireland Ltd. HAuCl43H2O, and AgNO3 were from Merck. Other chemicals used were 

pure products from Merck. 

2.2. β-glucan preparation: β-glucan was prepared from brewer’s yeast cell wall was 

obtained by means of extraction with NaOH and HCl at 90
o
C. The residue was then washed in turn 

by ethanol, diethylether, and deionized water. After the removal of all soluble components, β-

glucan was left as the insoluble residue. 

2.3. Degradation of β-glucan: The degradation of β-glucan by radiation was conducted as 

follows: the β-glucan was suspended in deionized water and incubated overnight at room 

temperature to induce swelling, and then stirred for 3 hrs to obtain 10, 15 and 20% (w/v) mixtures. 

Irradiation of β-glucan mixtures was carried out using a Co-60 irradiator for degradation at the 

doses in range of 50 - 300 kGy.  

2.4. Water-solubility determination: The water-solubility of irradiated β-glucan was 

determined by the method of Byun et al. [41], the samples after irradiating were first lyophilized. 2 

g of sample powder were put into a 50-ml glass tube with a cap, vortexed with 10 ml deionized 

water for 20 min, and centrifuged at 3500 g for 20 min. The supernatant was separated and dried at 

100
o
C for 2 hrs, and the weight of the dried products obtained from the supernatant was determined. 

The water-solubility was calculated as follows: Water-solubility (%) = 100 × (weight of dried 

supernatant) / (weight of initial β-glucan powder). 

2.5. Mw estimation: The average molecular weight (Mw) of β-glucan samples were 

estimated by a Gel permeation chromatography (GPC, Agilent 1100 GPC system, USA) using 

pullulan standard samples (Mw in range of 7.78-380 kDa). 

2.6. UV, FTIR and NMR spectrometry: UV-visible spectroscopy of β-glucan solutions 

(0.025%, w/v) was performed at 25
o
C by a Shimazu UVmini-1240 spectrophotometer. Fourier 

transform infrared (FTIR) spectra of samples were obtained on a Shimadzu FTIR-8100A 

spectrophotometer using KBr pellets contained 3 mg sample and 100mg KBr. While 
1
H and 

13
C-

NMR (Nuclear Magnetic Resonance) spectra were carried out by a Utrashield 500 plus (Brucker 

Bioscience Corporation, USA). β-glucan was dissolved in D2O with a concentration of 5 mg/l. 
1
H 

and 
13

C spectra were measured at 500 MHz and 125 MHz, respectively.  

2.8. Investigation of growth promotion test for plant: The effects of the degraded β-

glucan on growth promotion were evaluated using 14-day-old seedlings cultivated in solutions 

containing hydroponics solution and degraded β-glucan. The controls were performed under 

identical conditions without supplementation of β-glucan. The shoot height, root length, fresh 

biomass (root and shoot), and dried matter content were determined after cultivating 28 days. 
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2.9. Investigation of biological effect for chickens: 2-week-old chicks with average body 

weight about 210 g were daily supplied by feed contained 250 - 1000 mg/kg irradiated β-glucan. 

After feeding for 8 weeks, the total body weight, feed conversion rate, eviscerated rate survival rate, 

total white blood cells, lymphocyte and neutrophils of broilers were determined. Antigen specific 

antibodies were detected individually at each date by antigen specific ELISA (Enzyme Linked 

Immunosorbent Assay). The newcastle disease antibody of were carried out by determination of 

antibody response of chickens. Gumboro disease antibody was analyzed by a commercial IBDV-

ELISA kit (Synbiotics IBD ProFLOK1) and the infectious bronchitis virus antibody was detected 

by a CK119 kit (BioChek). 

2.10. Investigation of biological effect in mice: Mice with average body weight about 28 g 

were daily oral supplied by 0.5 ml solution contained 1-4 mg β-glucan. For haematology analysis, 

the blood of mice after feeding 28 days was collected and put into tubes contained heparin for 

analysis. Haematology indexes included total white blood cell, red blood cell, lymphocytes and 

neutrophil were analyzed by a haematology analyzer Celltac α (Japan). For serum clinical 

chemistry analysis, the blood was centrifuged at 5000 rpm for 10min to separate the serum for 

analysis. Serum clinical chemistry indexes included glucose, urea,  triglyceride and cholesterol 

contents were analyzed by BioSystem A17 analyzer (Belgium). The immunoglobulin G (IgG) was 

determined by ELISA method. 

2.11. Preparation of AuNPs: Sericin is dissolved in water and HAuCl4 is added to prepare 

0.25, 0.5 and 1 mM Au
3+

/0.5% sericin. Irradiation is carried out on a gamma Co-60 irradiator 

SVST/Co-60/B at VINAGAMMA Center with dose up to 12 kGy. 

2.12. Preparation of AgNPs: Preparation of Ag
+
 solution with concentration: 5, 10 and 20 

mM/2% PVA. Irradiation is the same as above described. To investigate the effect of stabilizer: four 

solutions with 1 mM Ag
+
/0.5% PVA, PVP, sericin and alginate are prepared and irradiated by 

gamma Co-60 rays with dose of 6 kGy. 

2.13. Characterization of nano particles: The absorption specta of AgNPs and AuNPs 

solution which was diluted by water to 0.1 mM calculated as Au
3+

 or Ag
+
 concentration were taken 

on an UV-Vis spectrophotometer model UV-2401PC, Shimadzu. The size and size distribution of 

AgNPs and AuNPs were characterized by TEM images on transmission electron microscope (TEM) 

model JEM1010 (JEOL, Japan) and statistically calculated from about 500 particles. 

2.14. Preparation of Cream/AgNPs: Bacterial cellulose (BC): 100g (~66.7%), water 

soluble chitosan (WSC): 0.9g (~0.6%), PVP: 2.25 g (~1.5%), AgNPs: 30 mg/kg cream, water up to 

150 g. All components are homogenously mixed and sterilized by gamma ray at 25 kGy. 

2.15. Preparation of Hand-wash/AgNPs: 20 g Sodium laurylsunfate, 20 g Hydroxyethyl 

cellulose, 15 mg AgNPs and water up to one litter. All ingredients are homogenously mixed and 

investigation of antimicrobial activity is investigated according to method of Wei et al. [42] and Phu 

et al. [43]. 

2.16. Antimicrobial activity of AgNPs: Antimicrobial efficiency:  (%) = (N0 Ni)  

100/N0, where N0 and N are the survival numbers in the control and studied sample, respectively 

[42,43]. 

2.17. Investigation of antioxidant activity of AuNPs: Efficiency (%) = 100× (ODAC–

ODAS)/ODAC, where ODAC is the optical density of the ABTS control solution and ODAS is optical 

density of the solution containing free radical cation ABTS
•+

 and AuNPs with different sizes [44]. 

3. RESULTS AND DISCUSSIONS 

3.1. Preparation of β-glucan from brewer’s yeast cell wall 
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Picture 1: The effect of NaOH concentration, temperature, reaction time and sample/                               

extracted solvent ratio for β-glucan content. 

In this study, the conditions for extracting β-glucan in brewer’s yeast cell wall collected 

from the discard waste of beer production were investigated. The results from Fig. 1 show that the 

concentration of NaOH at 3%, the reaction temperature at 90
o
C, the reaction time of 3 hrs and ratio 

between brewer’s yeast cell wall and extracted solvent at 1/5 are the optimum conditions for 

extraction β-glucan. The β-glucan product is insoluble by water, Mw of is more than 70 kDa and the 

content of β-glucan is ~ 92%.  

3.2. Degradation of β-glucan by irradiation 

β-glucan extracted from brewer’s yeast cell wall in this study is water insoluble. To induce 

water-soluble β-glucan, several researchers have modified by carboxylmethylation [26,30]. Beside 

these methods, degradation to reduce the molecular size is also a way for preparation of water-

soluble β-glucan. The results in Fig. 2 also indicate that the lower concentration of β-glucan used, 

higher water-soluble content is obtained in irradiated mixture. In addition, the water soluble content 

of irradiated β-glucan sample is linear increased by the increasing of irradiation dose. In 

particularly, the water soluble content was increased from 25.9% at 100 kGy to 66.7% at 300 kGy. 

Contrary to the water soluble content, The Mw of water-soluble β-glucan decreases by the increase 

of irradiation dose and these results are in agreement with those of Byun et al. [41] and Methacanon 

et al. [45]. 

 

Picture 2: Effect of irradiation dose on the change in water soluble content;  the change                                         

in Mw; UV spectra; FTIR spectra; and 
1
H and 

13
C-NMR spectra of β-glucan 
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It is found in the IR spectra of degraded samples that a new band appeared at 265 nm with 

the peak intensity is increased by the increasing of irradiation dose. Several reports proved that 

carbonyl groups are formed in molecule of polysaccharides during irradiation [46,47], therefore the 

265nm-new-band seemed to be attributed to the formation of carbonyl group appeared by the 

scission of polysaccharide molecule by gamma rays. It can be seen that a new-band at 265 nm 

appeared in irradiated samples with the intensity increased by the increase of the dose, suggesting 

the scission of β-glucan molecule by irradiation. The FTIR spectra of irradiated β-glucan are 

showed in Fig. 2 and the results are recognized by the increase of peak intensity at 1731 cm
-1

 

indicated to C=O linkages. In addition, intensity ratios between C-O-C glycosidic linkages (the 

peak which appears at 1156 cm
-1

) and C-C linkages (the peak which appears at 1653 cm
-1

 was 

proposed to be almost stable by irradiation [48,49] were decreased by the increasing of irradiation 

dose. This is an evidence to prove that scission in molecular chain of β-glucan by radiation occurred 

at glycoside linkages.  

The 
1
H and 

13
C NMR spectra of irradiated β-glucan indicate that the chemical ships of H-1, 

H-2, H-3, H-4, H-5 and H-6 of yeast β-glucan are observed at 4.48, 3.43, 3.59, 3.45, 3.47, 3.82 

ppm. While the the chemical ships of C-1, C-2, C-3, C-4, C-5 and C-6 of yeast β-glucan at 102.55, 

72.32, 84.12, 68.14, 75.56 and 60.73 ppm. The obtained results are in agreement with those of Kim 

et al. [50], Byun et al. [41], Methacanon et al. [45] and Du et al. [51]. 

0

20

40

60

80

100

0 50 100 150 200 250 300

W
a

te
r
 s

o
lu

b
le

 c
o

n
te

n
t,

 %

Dose, kGy

0%

0,5%              

1%

2%

H2O2

H2O2

H2O2

H2O2

 

0

10

20

30

40

50

60

70

80

0 50 100 150 200 250 300

M
w

, 
k

D
a

Dose, kGy

0%

0,5%         

1%

2%

H2O2

H2O2

H2O2

H2O2

H2O2

H2O2

 

 

Picture 3: Effect of irradiation dose and H2O2 concentration on the change in water soluble content; 

the change in Mw; UV spectra; FTIR spectra; and 
1
H and 

13
C-NMR spectra of β-glucan. 

In this study, the effect of gamma irradiation in presence of H2O2 was also investigated. The 

results from Fig. 3 show that the water soluble content strongly increased by the increase of 

irradiation dose while the Mw reduction was recorded with a higher rate compared to that of sample 

irradiated in water. The UV spectra of irradiated sample indicated that the structure of samples 
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treated by synergistic effect is almost unchanged by the irradiation dose up to 250 kGy and the 

H2O2 concentration of 2%, but the water soluble content is increased in 38% and the irradiation 

dose is reduced in about 20%.  

3.3. Growth promotion effect of degraded β-glucan on plants 

Oligoalginate and oligochitosan prepared by radiation degradation have been reported to 

have a good effect on plant growth promotion [47,52]. In current study, the plant growth promotion 

activity of degraded β-glucan was also tested on mustard green, lettuce and cabbage. The results 

from Table 1 indicate that the supplementations of unirradiated β-glucan and β-glucan samples 

irradiated from 100 to 150 kGy don’t show a significant effect on the growth and development of 

tested plants. While β-glucan samples irradiated at the dose in range of 200 - 300 kGy stimulate 

strongly the plant height, root length and fresh biomass.  In addition, the dried matter content of 

tested vegetables treated with 250-kGy- and 300-kGy-irradiated β-glucan also increases 

significantly compared to that of the untreated control. It can be seen clearly that among radiation 

degraded β-glucans promoted the development of tested plants, the 250-kGy-irradiated β-glucan 

with Mw~18,1 kDa displays a strongest growth promotion effect (Fig. 4). On the other hand, the 

investigated results in Table 2 indicate that the suitable concentrations for application of radiation-

degraded β-glucan with Mw ~ 18.1 kDa on mustard green are found at 50 - 100 ppm. 

Table 1: Effect of irradiation dose for degradation of β-glucan on the growth of vegetables. 

Dose, 

kGy 

Plant height**, cm Root length, cm Fresh biomass, 

g/plant 

Dried mater content, 

% 

M green Lettuce Cabage M green Lettuce Cabage M green Lettuce Cabage M green Lettuce Cabage 

Control* 33.5c 21.4c 18.1b 29.2bc 14.0b 27.0c 84.19c 33.61b 18.45c 6.35b 4.7bc 5.33c 

0 37.5ab 22.9abc 20.9a 28.5bc 14.0b 25.3bc 85.25c 33.16b 21.49b 6.37b 4.67c 5.29c 

100 35.7bc 22.5bc 22.4a 28.1c 13.8b 30.5abc 84.8c 35.87b 22.80b 6.26b 4.73bc   5.43abc 

150 38.6ab 22.9abc 22.5a 28.5bc 14.0b 30.1abc 98.11bc 44.95a 23.34b 6.29b 4.74bc  5.39bc 

200 39.1ab 24.7a 21.9a 32.6ab 15.0b 33.8a 111.69b 47.11a 23.61b 6.49b 4.87a  5.51ab 

250 40.2a 24.4a 22.3a 34.6a 15.7a 32.4a 133.63a 47.51a 29.02a 6.89a 4.82ab 5.60a 

300 39.1ab 23.7ab 21.8a 30.7ab 14.0b 32.1ab 133.22a 43.41a 26.69a 6.88a 4.72bc  5.53ab 

*Control: without supplementation of irradiated β-glucan, **Means values followed by the 

same letter within a column are not statistically different according to a Duncan’s multiple range 

test at P<0.05. 

 

Picture 4: Mustard green (left side), lettuce (middle) and cabbage (right side) after 28 days growth on 

hydroponics solution (control) (a) and supplemented with β-glucan irradiated at 250 (b) and 0 kGy (c). 

 

 

(a) (c) (b) (a) (c) (b) (a) (c) (b) 
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Table 2: Effect of olio-β-glucan concentration on the growth of mustard green. 

      
Plant height, cm Root length, cm Fresh biomass, 

g/plant 

Dried mater 

content, % 

0   30.1
abc 

27.0
b 

36.15
c 

6.08
c 

25 27.7
c 

 31.7
ab 

37.60
c 

6.37
b 

50  31.4
ab 

35.6
a 

 44.99
ab 

6.38
b 

75 31.4
a 

36.4
a 

47.70
a 

6.69
a 

100  29.8
abc

 36.6
a 

 46.24
ab 

 6.29
bc 

150 28.9
bc 

32.5
a 

 40.63
bc 

 6.28
bc 

The growth promotion effect of β-glucan irradiated in 2% H2O2 at doses from 50 to 250 kGy 

(Mw has decreased from 33.1 to 10.2 kDa). The water-soluble β-glucan preparations with 

Mw~10.2-33.1 kDa were applied for growth promotion investigating on lettuce and the results 

show that oligo-β-glucan with molecular weight of about 18.8 kDa prepared by irradiation of 15% 

β-glucan in the 2% H2O2 solution at 100kGy displayed an optimum promotion (see Table 3). In a 

comparison with the untreated control sample, the treatment by oligo-β-glucan with Mw~18.8 kDa 

has made an increase of fresh biomass, plant height, root length and dried matter content of lettuce 

in about 36.2, 18.2, 41.7 and 6.2%, respectively (see Fig. 5). 

Table 3: Effect of degradation dose for of β-glucan in the presence of H2O2                                                                

on the growth of vegetables. 

Dose, 

kGy 

Plant height, cm Root length, cm Fresh biomass, 

g/plant 

Dried mater 

content, % 

M green Lettuce M green Lettuce M green Lettuce M green Lettuce 

Control 21.0
c 

17.83
d 

15.2
e 

13.57
d
         41.54

d 
27.82

c 
4.81

b 
5.23

d
          

0 22.0
bc 

18.73
cd

          16. 7
de 

14.83
cd

         46.03
cd 

31.27
bc 

4.81
b 

5.49
cd

         

50 22.7
b 

19.70
bc

     17.7
cd 

16.83
bc

          49.22
bc 

38.90
ab 

4.98
ab 

5.83
bcd

         

100 24.8
a 

20.83
ab

          21.5
a 

18.40
ab

          56.58
a 

42.39
a 

5.11
a 

6.37
ab

        

150 23.5
ab 

22.17
a
          19.8

ab 
20.60

a
          51.04

b 
45.44

a 
5.10

a 
6.69

a
         

200 23.2
b 

20.50
ab

          18.8
bc 

18.00
ab

          51.31
b 

37.98
ab 

5.10
a 

5.95
abcd

          

250 22.8
b 

20.00
bc

          18.2
bcd 

17.33
bc

          49.37
bc 

33.95
bc 

4.84
b 

6.03
abc

          

   

 

 

Picture 5: Lettuce after 28 days 

growth on hydroponics solution 

(left side). supplemented with and 

irradiated 100 kGy in presence of 

2% H2O2 (middle) and unirradiated 

β-glucan (right side). 
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Thus, the oligo-β-glucan with Mw~18 kDa is a very promising natural product for 

production of safe and high quality vegetables. Processes for production of oligo-β-glucan with 

Mw~18 kDa by irradiation method with and without H2O2 treatment have been built up for 

production and commercialization. 

3.4. Growth promotion and immune stimulation effect of degraded β-glucan in chicken 

β-glucan products irradiated in an aqueous solution of 10% by gamma-rays from a Co-60 

source at the doses of 100 - 300 kGy were used for supplementing in feed stock in order to study the 

growth promotion effect on chickens. The results obtained after 8 weeks raising in Table 4 indicate 

that the supplementation of irradiated β-glucan products not only promotes the growth of chicken 

but also reduces the feed conversion rate. In addition. the quality of eviscerated chicken is also 

increased by feeding of irradiated β-glucan. The β-glucan product irradiated at 200 kGy with Mw ~ 

25 kDa shows the highest effect on the growth of broilers. The parameters indicate for the immune 

activity in blood and serum of broiler such as number white blood cells, lymphocytes, neutrophils 

and the antibody against the virus causing gumboro, newcastle and infectious bronchitis diseases 

are also increased by the feeding of irradiated β-glucan. In comparison with the untreated control, 

the addition of β-glucan product increases the average of total body weight in ~ 40%, the 

eviscerated rate in 5.7%, the carcass yield in 9.6%, the thigh yield in 5.6% and the chest yield in 

3%, and reduces about 35.4% the feed conversion rate for each kg of chicken weight (Fig. 6).  

Table 4: Effect of of degradation dose of β-glucan on the growth                                                                           

and immune activity of chicken. 

Index 
Dose. kGy 

Control 0 100 200 300 

Survival ratio, % 61.1
b 

66.7
b 

72.2
b 

94.4
a 

94.4
a 

The weekly weight gain, g/bird/week 16.3
d
 17.8

c 
18.8

b 
20.63

a
 20.7

a 

The used feed, g/bird/week 491.1
a
 475.0

a 
480.4

a 
453.3

b
 479.0

a 

Feed conversion rate g/con/tuần 4.8
a
 3.8

ab 
3.7

ab 
3.1

b 
3.4

ab 

Total body weight, g/bird 1013
d 

1096
c 

1152
b 

1256
a 

1260
a 

The eviscerated rate, % 70.4
a 

70.8
a 

71.4
a 

76.1
b 

75
b 

The carcass yield, % 50.6
b 

52.5
c 

54
d 

60.2
a 

58.7
a 

The thigh yield,% 20.7
c 

22.8
cd 

21.7
c 

26.3
b 

25.4
a 

The chest yield, % 29.6
a 

29.7
a 

31.3
b 

32.6
b 

31.8
b 

Leukocyte, 10
3
/mm

3
 29.3 30.4 30.4 30.9 31.1 

Neutrophil content, % 62.3 61.0 63.0 63.7 63.0 

Lymphocyte content, % 25.0 28.7 25.3 31.3 29.7 

The anti-gumboro disease antibody, Unit 7980.3 13366.8 11903.2 14770.7 5613.3 

Anti-infectious bronchitis disease 

antibody, Unit 
131.5 151.7 175.8 181.9 156.0 

Anti-newcastle disease (anti-ND) 

antibody, Unit 
13.3 21.3 21.3 26.7 21.3 
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Control: without supplementation of irradiated β-glucan, means values followed by the 

same letter within a row are not statistically different according to a Duncan’s multiple range test 

at P<0.05. 
Table 5: Effect of oligo-β-glucan concentration on the growth                                                                               

and immune activity of chicken. 

Index 
Concentration. ppm 

0 250 500 750 1000 

Survival ratio, % 53.3
b 

73.3
a 

86.7
a 

86.7
a 

86.7
a 

The weekly weight gain, g/bird/week 16.3
c
 18.1

b 
20.6

a 
20.6

a
 20.6

a 

The used feed, g/bird/week 446.3
a
 446.6

a 
435.0

a 
444.8

a
 436.6

a 

Feed conversion rate, g/con/tuần 4.4
a
 3.6

b 
3.0

c 
3.1

bc 
3.0

c 

Total body weight, g/bird 1012.8
c 

1113.3
b 

1255.6
a 

1255.6
a 

1255.6
a 

The eviscerated rate, % 69.1
b 

69.1
b 

75.8
a 

76.1
a 

75.0
a 

The carcass yield, % 51.3
b 

54.1
b 

62.5
a 

60.1
a 

60.1
a 

The thigh yield,% 21.1
b 

24.3
a 

25.1
a 

25.5
a 

25.5
a 

The chest yield, % 29.8
b 

29.2
b 

36.1
a 

33.6
b 

34.3
b 

Leukocyte, 10
3
/mm

3
 30.1 29.7 30.5 29.8 31.0 

Neutrophil content, % 62.7 58.7 67.7 61.3 65.0 

Lymphocyte content, % 25.0 27.0 29.7 25.3 24.3 

The anti-gumboro disease antibody, Unit 3031.2 5627.2 9629.2 7079.6 5991.4 

Anti-infectious bronchitis disease 

antibody, Unit 
69.27 155.4 212.2 201.1 187.7 

Anti-newcastle disease (anti-ND) 

antibody, Unit 
10.7 10.7 18.7 13.3 13.3 

The results from Table 5 indicate that the suitable concentration of β-glucan is about 500 

ppm. It can be seen that the irradiated β-glucan, a natural product is very promising for production 

of safe and high quality products as well as for gaining the economic benefit for raisers. A process 

for production of oligoβ-glucan with Mw ~ 25 kDa by irradiation method applying as growth 

promotion and immune stimulant additive for breeding has been set up. 

 

Picture 6: Chickens after 8 weeks feeding with 

β-glucan irradiated at 200 kGy (right side) and 

the control one without feeding with β-glucan 

(left side). 
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3.5. Growth promotion and immune stimulation effect of degraded β-glucan in mine 

It can be seen from Table 6 that β-glucan irradiated at 100 – 300 kGy shows a better effect 

on the growth promotion and the immune stimulation of tested mice compared to that of the control 

and the unirradiated β-glucan treatment. The water soluble β-glucan with Mw ~ 25 kDa prepared at 

200 kGy seem to be the most suitable product and the feeding of this product increases 16.1% body 

weight and decreases 13.3% the FCR in mice after 28 days.  In addition, the β-glucan with Mw ~ 25 

kDa also decreases the content of glucose, urea, triglyceride and total cholesterol in about 27, 67, 57 

and 52%, respectively.  

Table 6: Effect of of degradation dose of β-glucan on the growth                                                                        

and immune activity of mice. 

Index 
Dose. kGy 

Control 0 100 200 300 

Total body weight, g/mouse 13.49
c 

13.83
bc 

15.50
a 

15.67
a 

14.65
ab 

Feed conversion rate, g/mouse/week 5.34
a 

5.20
ab 

4.63
c 

4.58
c 

4.89
bc

 

Glucose, mg/dl 200.3
a
 191.3

ab
 165.2

abc
 145.9

c
 158.3

bc
 

Triglyceride, mg/dl 284.0
a
 265.6

ab
 224.8

b
 121.0

c
 108.3

c
 

Cholesterol total, mg/dl 214.7
a
 194.3

a
 124.5

b
 105.9

b
 102.5

b
 

Urea, mg/l 75.5
a
 69.6

a
 39.5

b
 24.7

b
 35.0

b
 

Red blood cells, 10
6
/mm

3
 5.44

a 
5.46

a
 5.64

a
 5.61

a
 5.48

a 

Leukocyte, 10
3
/mm

3
 4.95

b
 5.05

ab
 5.20

ab
 5.50

a
 5.40

b
 

Neutrophil content, % 10.08
b
 14.70

a
 15.73

a
 16.37

a
 15.22

a
 

Lymphocyte contents % 57.23
b
 59.92

ab
 62.55

ab
 65.97

a
 64.42

a
 

IgG (indicated by OD405nn) 0.760
b
 0.721

b
 0.731

b
 0.860

a
 0.868

a
 

Table 7: Effect of oligo-β-glucan supplemented dose on the growth                                                              

and immune activity of mice. 

Index 
Supplemented dose, mg/head 

0 1 2 3 4 

Total body weight, g/mouse 6.13
d
 7.78

b
 10.02

a
 6.17

d
 7.18

c
 

Feed conversion rate, g/mouse/week 14.65
a
 9.35

c 
7.11

d 
11.76

b 
10.02

bc 

Glucose, mg/dl 144.2
a
 115.9

b
 89.6

c
 93.8

c
 94.0

c
 

Triglyceride, mg/dl 103.3
a
 89.4

ab
 64.89

c
 53.06

c
 33.04

c
 

Cholesterol total, mg/dl 109.4
a
 86.57

ab
 76.44

b
 65.84

b
 73.29

b
 

Urea, mg/l 72.8
a
 49.9

b
 29.4

c
 35.5

bc
 34.6

bc
 

Red blood cells, 10
6
/mm

3
 5.7

b
 5.8

b
 6.7

a
 6.2

b
 6.1

b
 

Leukocyte, 10
3
/mm

3
 5.1

b
 5.8

ab
 6.5

a
 5.9

ab
 5.7

ab
 

Neutrophil content, % 13.1
b
 17.1

ab
 19.2

a
 20.0

a
 20.3

a
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Lymphocyte contents % 63.1
b
 65.2

ab
 67.7

a
 68.1

a
 64.5

ab
 

IgG (indicated by OD405nn) 0.760
b
 1.00

a
 0.860

ab
 0.929

a
 0.926

a
 

The effect of β-glucan with Mw ~ 25 kDa concentration for feeding was also investigated 

and the results in Table 7 indicate that the optimum concentration for daily feeding for a mouse is 

found to be 2 mg/head. The results indicate that the oligo-β-glucan product with Mw ~ 25 kDa has a 

potential for application as functional food to prevent the widespread disease such as cancer, 

diabetics, high cholesterol and triglyceride, etc. Our results are in agreement with those of previous 

studies [7.41]. The process for preparation of this product by irradiation method has been scaled up. 

3.6. Preparation of AuNPs 

Table 8: Value of opticaldensity (OD)  and λmax of AuNPs solution                                                              

with different concentration and dose. 

Dose, 

kGy 

Au
3+

 0.25 mM, Sericin 0.5% Au
3+

 0.5 mM, Sericin 0.5% Au
3+

 1 mM, Sericin 0.5% 

OD λmax, nm OD λmax, nm OD λmax, nm 

3 0.5742 520 0.9562 529 0.6568 525 

6 0.6376 521 0.9210 528 0.7277 524 

9     0.8340 525 

12     0.8410 524 

 

 
 

Picture 7: TEM image, particle size distribution of AuNPs/sericin 1 mM                                                                

and photographs of AuNPs solution and powder prepared by spray drying. 

The results in Table 1 show that the saturated conversion dose for Au
3+

 0.25 and 0.5 mM is 

3 kGy and for Au
3+

 1 mM is 6 kGy. The sizes of AuNPs are of 5.6, 9.4 and 14.1 nm for 0.25, 0.5 

and 1 mM AuNPs concentration, respectively. The results indicate that the size of AuNPs increases 

with the increase of Au
3+

 concentration. A typical TEM image and particle size distribution for 

AuNPs 1 mM are described in Fig. 7. AuNPs powder is suitable for long time storage and 

transportation, especially for export. 

Table 9: Characteristics of AuNPs with different ratio [Au
3+

]/[Au
0
]. 

[Au
3+

]/[Au
0
] OD max, nm dtb, nm 

0 (seed) 0.375 523.0 9.8 ± 1.1 

2.5 0.395 525.0 20.3 ± 1.7 

5 0.442 537.0 38.1± 2.7 
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10 0.450 549.0 53.1 ±  4.7 

20 0.444 543.5 41.4 ±  3.2 

30 0.423 541.5 31.8 ±  2.8 

40 0.401 532.5 19.3 ±  1.7 

Since the appropriate larger size of AuNPs is needed in some cases for applications in the 

field of biomedical and other fields, especially for diagnosis and treatment of cancer. Therefore, this 

project also studied the AuNPs with seed enlargement. First, the AuNPs with diameter approx. 10 

nm prepared from solution of 1 mM Au
3+

/1% WSC is used as seeds for preparation of AuNPs with 

larger size. In the enlargement step, appropriate amounts of precursor Au
3+ 

ions and AuNPs solution 

are mixed and irradiated for the growth of the seed diameter. The AuNPs size increases from ~ 10 

nm (seed) to 53 nm for [Au
3+

]/[Au
0
] = 10 and then decreases to 19 nm for [Au

3+
]/[Au

0
] = 40 (Table 

9). 

3.7. Antioxidant activity of AuNPs 

The results in Fig. 8 show that the antioxidant activity increases with the increase of the 

reaction time and the decrease of AuNPs size. The antioxidant efficiency of WSC at a concentration 

of 0.1% was of 34.4% compared with that of 10 nm AuNPs (100%) and then it dropped to 90.1, 

80.2 and 71.4% for the AuNPs size of 20, 38 and 53 nm. respectively. Furthermore, AuNPs are not 

toxic and innoxious to the skin. Thus, the obtained AuNPs can be potentially applied in 

biomedicines, cosmetics and in other fields as well. The processes for preparation of AuNPs in 

sericin and WSC by γCo-60 irradiation have scaled up.  

 

Picture 8: Antioxidant 

efficiency as a function of 

time and AuNPs with different 

sizes. 

3.8. Preparation of AgNPs 

Resuls in Fig. 9 show that the saturated conversion dose is of 12. 22 and 35 kGy for Ag
+
 of 

5, 10 and 20 mM, respectively. AgNPs size calculated from TEM images are of 9.7, 12.7 and 17.8 

nm for 5, 10 and 20 mM, respectively. The higher the Ag
+
 concentration the larger the particle size 

of AgNPs is attained. Typical TEM image and particles size distribution for AgNPs 10 mM is also 

showed in Fig. 9. On the other hand, results in Table 10 indicate that the size of AgNPs is strongly 

depends on stabilizer. 
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Figure 9: Relationship of optical density (OD) of Ag
+
 solution with concentration of 5,                                   

10 and 20 mM; and TEM image and particles size distribution of AgNPs 10 mM.  

Table 10: Characteristics of AgNPs 1mM capping by different stabilizers. 

Stabilizer Dose, kGy max, nm OD d, nm 

PVA 6 411 0.800 6.1  0.2 

PVP 6 407 0.647 4.3  0.4 

Sericin 6 418 0.252 10.2  1.1 

Alginate 6 413 0.757 7.6  0.5 

3.9. Antimicrobial activity of AgNPs for E. coli and C. salmonicolor 

Results in Table 11 show that the antimicrobial efficiency increases with the increase of 

AgNPs concentration, particularly 99.0, 99.5, 99.94 and 99.98% for AgNPs concentration of 5, 10. 

20 and 50 mg/l, respectively. In addition, results in Fig. 10 indicate that the antifungal effect of 

AgNPs increases with the increase of AgNPs concentration. The growth inhibition for C. 

salmonicolor was of 35.4, 68.6, 76.7, 79.7 and 81.9% for AgNPs 20, 40, 60, 80 and 100 ppm (Fig. 

10), respectively. The ED50 value (effective dose for 50% inhibition) of AgNPs on C. salmonicolor 

was found to be 27.2 ppm. 

Table 11: Antimicrobial efficiency for E. coli of AgNPs (d ~ 10 nm). 

AgNPs, mg/l Concentration of E. coli, CFU/ml , % 

0 (Ref.) 8  10
6
 - 

5 8  10
4
 99.00 

10 4  10
4
 99.50 

20 5  10
3
 99.94 

50 2  10
3
 99.98 
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Picture 10: The antifungal 

effect of AgNPs on                          

C. salmonicolor. 

 

The antimicrobial activity of AgNPs in different stabilisezs for E. coli was also investigated. 

Results in Fig. 11 indicate that the antimicrobial activity for E. coli of AgNPs is as follows: 

AgNPs/alginate (7.6 nm) > AgNPs/PVA (6.1 nm) > AgNPs/PVP (4.3 nm) > AgNPs/sericin (10.2 

nm).  Beside particles size and stabilizer, the antimicrobial activity of AgNPs still depends on 

concentration and contact time. 

 

Picture 11: The growth curves of E. 

coli exposed to the AgNPs in different 

stabilizers. 

 

3.10. Effect of cream/AgNPs on treatment of burn 

Table 12: Degree of burn healing on treated mouse. 

Sample 
Area of burn, cm

2
 

0 day 3 day 7 day 10 day 15 day 

Mu u oil 1.10 1.10 1.00 0.90 0.60 

Cream/AgNPs 1.20 1.20 0.49 0.21 Total heal 

Results in Table 12 show that the healing time for burn of cream/AgNPs (30 mg/kg) on 

mouse is of 15 days. Thus, the treatment of burn with cream/AgNPs is effective for healing and not 

causing scars. 
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3.11. Antimicrobial efficiency of hand-wash/AgNPs for E. coli 

The antimicrobial efficiency of hand-wash/AgNPs is of 99% for 3 mg/l of AgNPs and 5 

minutes of contact time (Fig. 12). 

 

 

 

 
Picture 12: Photograph of 

hand-wash/AgNPs solution 

and the growth of E. coli on 

LB agar     with contact 

time. 

4. CONCLUSIONS 

The β-glucan product with Mw > 70 kDa and β-glucan content ~ 92% was successfully 

prepared by hydrolysis the brewer’s yeast cell wall collected from the discard waste of beer 

production. The water soluble β-glucan was successfully prepared by gamma irradiation and the 

Mw of water-soluble sample was decreased with the increasing of irradiation dose. The degraded β-

glucan with Mw ~ 18 kDa prepared by irradiation of 10% β-glucan in water at 250 kGy and 

irradiation of 15% β-glucan in 2% H2O2 at 100 kGy stimulated the plant height, root length, fresh 

biomass and dried matter content of treated vegetables. The degraded β-glucan with Mw ~ 25 kDa 

prepared by irradiation method not only promoted the growth of chickens and mice, but also 

stimulated the production of immune components in blood and serum of mice and chickens. The 

radiation-degraded β-glucan displayed as a potential, safety and high effective for plant growth 

promoter, feed additive and functional food. 

AuNPs with size of 10 - 50 nm were synthesized by gamma Co-60 irradiation method using 

sericin and water soluble chitosan as stabilizers. AuNPs are not toxic and can be used for bio-

medicine and cosmetics. AuNPs powder product is suitable for storage and transport, especially for 

export. AgNPs with size of 5-20 nm were also synthesized by gamma Co-60 irradiation method 

using different stabilizers: PVA, PVP, sericin and alginate. The obtained AgNPs exhibited highly 

antimicrobial activity. The cream/AgNPs and hand-wash solution/AgNPs have been developed. The 

cream/AgNPs showed a good healing effect on burn, while the hand-wash solution/AgNPs 

displayed a highly antibacterial activity that can be put into practical application.  

More than 6 processes for preparation of oligo-β-glucan AuNPs and AgNPs with different 

purposes (plant growth promoter, chicken additive and functional food, and so on) by gamma Co-60 

irradiation method have been set up from this project and these products be produced on large scale 

for application. 
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ABSTRACT: Oligoβ-glucan and oligochitosan were prepared by gamma Co-60 irradiation of β-glucan/H2O2 

and chitosan/H2O2 solution. The efficiency of the degradation process was determined by gel permeation 

chromatography (GPC) method. Results showed that the Mw decreased with increasing concentration of H2O2 

and doses. For oligoβ-glucan, Mw reduced from 56.7 kDa to 7.1 kDa when β-glucan 10%/H2O2 1% solution 

was irradiated at 14 kGy. For oligochitosan, Mw reduced from 45.5 kDa to 5.0 kDa when chitosan 5%/H2O2 

0.5% solution was irradiated at 21 kGy. Tra catfish (Pangasianodon hypophthalmus) was fed with oligoβ-

glucan and oligochitosan in various concentrations of 0, 50, 100, and 200 mg/kg feed for 45 days and then was 

challenged with Edwardsiella ictaluri bacteria to investigate immune stimulation effect against white patches 

in the internal organs disease. The results indicated that oligoβ-glucan and oligochitosan exhibited good 

immune stimulation effect with optimum concentration of 100 mg/kg feed. Survival rate of Tra catfishes fed 

with oligochitosan and oligoβ-glucan is 47.62 ± 1.96% and 46.67 ± 2.58%, respectively. In addition, the 

mixture of oligochitosan 50 mg/kg +  oligoβ-glucan 50 mg/kg showed the highest survival rate (62.22 ± 

1.96%). 

Keywords: Oligochitosan, oligoβ-glucan, immune stimulation, gamma irradiation. 

 

I.  INTRODUCTION 

Immunostimulants are widely used in farms for health management. Fishes treated with 

immunostimulants usually show enhanced protection against various pathogens. This increased 

protection to infectious diseases is not by enhancing specific immune response but by enhancing 

non-specific cellular and humoral defense mechanisms. β-glucan and chitosan have been shown to 

enhance the disease resistance against several major bacteria pathogens including Vibrio 

anguillarum, Vibrio salmonica, Yersinia ruckeri, Edwardsiella tarda and Aeromonas hydrophila in 

several fish species such as carp Cyprinus carpio [1], Atlantic salmon Salmo salar [2], yellowtail 

Seriola quinqueradiata [3], rainbow trout Oncorhynchus mykiss [4], brook trout Salvelinus fontinail 

[5], and Afican catfish Clarius gariepinus [6]. 

Immunostimulant and immunomodulators comprise a group of biological and synthetic 

compounds that enhance the nonspecific cellular and humoral defense mechanisms in mammals. 

These susstances, such as levamiso, β-glucan, peptidoglycan, chitosan, β-glucan yeast and vitamin 

combinations as well as various products derived from plants and animals are effective in 

preventing disease [7,8]. Most of the research on immunostimulants has been focused on the 
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treatment of tumor in human and animal [9]. The basic for this approach in tumor therapy is the fact 

that natural or synthetic immunostimulants active macrophages, neutrophils, natural ability to 

destroy tumor and increase resistance to viral, bacterial and fungal infection [10,11]. 

Chitosan and β-glucans are polysaccharides linked by glycoside bonds. Chitosan is 

commonly prepared by sodium hydroxide deacetylation of chitin from crab, shrimp shells and squid 

pens. The low Mw chitosan and its oligomer possess some special biological properties that differ 

from those of the ordinary high Mw chitosan such as antimicrobial activity [12,13], antioxidant 

activity [14,15], antitumor activity [16], immunity-enhancing effect [17,18] and so on. β-glucans 

are a diverse group of molecules that can vary with respect to molecular mass, solubility, viscosity, 

and three-dimensional configuration. They occur most commonly as cellulose in plants, the bran of 

cereal grains, the cell wall of baker's yeast, certain fungi, mushrooms and bacteria. Some forms of 

beta glucans are useful in human nutrition as texturing agents and as soluble fiber supplements, but 

can be problematic in the process of brewing... One study has shown that insoluble (1,3/1,6) β-

glucan, has greater biological activity than that of its soluble (1,3/1,4) β-glucan counterparts. The 

differences between β-glucan linkages and chemical structure are significant in regards to solubility, 

mode of action, and overall biological activity. In aquaculture, β-glucan and chitosan were used as 

an immunostimulant to protect salmon against bacteria disease [19,20]. The aim of this work was to 

prepare oligochitosan and oligoβ-glucan solution and to investigate their effect on the immune 

stimulation against Edwardsiella ictaluri on tra catfish (Pangasianodon hypophthalmus). 

II. EXPERIMENTAL 

2.1. Chemicals 

Chitosan from shrimp shell chitin with Mw0 of 91.7 kDa and degree of deacetylation (DD) 

of 91.3% was purchased from Chitosan Co., Vung Tau province, Vietnam. Spent brewer’s yeast 

slurry (a train of Saccharomyces uvarum), a by-product from the Sai Gon brewery. Hydrogen 

peroxide (H2O2), pure water from Merck, Germany, Tra catfishes were brought from National 

Breeding Center for Southern Freshwater Aquaculture. Edwardsiella ictaluri bacteria was isolated 

from diseased fish in Research Institute for Aquaculture No 2. Ho Chi Minh, city. 

2.2. Method 

2.2.1 Prepared oligochitosan 

Chitosan was swollen in solution hydrogen peroxide (H2O2) at different concentrations of 

0.5, 1 and 2 % with ratio 1:20 (w/v) for 24h. After 24h, 2% (w/v) lactic acid solution was added the 

mixture to dissolve completely chitosan. An required amount of 30% H2O2 was added together with 

water to prepare solutions containing concentration (w/v) of 5% chitosan and concentrations of 

0.5% H2O2 (w/v). Then, the resulting solutions were irradiated on gamma SVST Co-60/B irradiator 

at theVINAGAMMA Center with the absorbed dose up to 21 kGy and the dose rate of 1.13 kGy/h 

at ambient temperature. 

2.2.2. Preparation oligoβ-glucan 

Prepared β-glucan: β-glucan was isolated from spent brewer’s yeast slurry (Saccharomyces 

uvarum) following published method of Suphantharika et al. with some modifications [21]. β-

glucan was prepared by a single step alkaline extraction of brewer’s yeast cell walls obtained from 

autolysis of yeast cells. The optimum extraction conditions were at a temperature of 90
0
C by using 

1 N NaOH with sample to alkaline solution ratio of 1:5 (w/v). Products obtained contained ~ 93% 

β-glucan. 

Preparared oligoβ-glucan solution: β-glucan in powder form was swollen in aqueous H2O2 

solution at concentration 6% (w/v) with 1:6 ratio. Then, the mixture was treated by hydrothermal 

steam in 30 min. at 125
0
C and 1.3 atm. After steaming, an required amount of hydrogen peroxide 

http://en.wikipedia.org/wiki/Polysaccharide
http://en.wikipedia.org/wiki/Glycosidic_bonds
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http://en.wikipedia.org/wiki/Bran
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(30% H2O2) was added together with water to prepare solutions containing concentration of 10% β-

glucan (w/v) and different concentrations of 0.5, 1 and 2% H2O2 (w/v). Then, the resulting solutions 

were irradiated on gamma SVST Co-60/B irradiator at the VINAGAMMA Center with the 

absorbed dose range up to 20 kGy and the dose rate of 1.13 kGy/h at ambient temperature.  

2.2.3. Characterizations 

 The weight-average molecular weight (Mw) of oligochitosan and oligoβ-glucan samples 

was measured by gel permeation chromatography (GPC), Shimadzu. The standards used to calibrate 

the column were pullulan (Mw 780–380.000 Da). The fluent was aqueous solution containing 

0.25M CH3COOH/0.25M CH3COONa with flow rate of 1 ml.min
-1

 and temperature at 40
o
C. The 

sample concentration was 0.3% (w/v), and the injection volume was of 50 μl.  IR spectra were taken 

on a Shimadzu FT–IR 8400S spectrophotometer in the range between 4000 cm
-1

 and 400 cm
-1

 using 

KBr pellets. The DD (%) of degraded chitosan was calculated based on FT–IR spectra according to 

the equation [46]: A1320/A1420= 0.3822 + 0.0313(100–DD). Where A1320 and A1420 were absorbance 

of chitosan at 1320 cm
-1

 and 1420 cm
-1

, respectively [22]. 

2.2.4. Investigated the immune stimulation of oligochitosan and oligoβ-glucan on Tra 

catfish 

Tra catfish was fed with oligochitosan and oligoβ-glucan of 50, 100 and 200 mg/kg feed for 

45 days, and then was challenged with Edwardsiella ictaluri bacteria to investigate immune 

stimulation. The number of dead fishes was recorded daily up to 21 days and survival rate was 

caculated. 

2.2.5. Investigated the immune stimulation of the mixture (1/2 oligochitosan and 1/2 

oligoβ-glucan) at optimal concentration on Tra catfish 

Tra catfish was fed with the mixture (oligochitosan and oligoβ-glucan) at optimal 

concentration for 45 days, was challenged with Edwardsiella ictaluri bacteria to investigate 

immune stimulation. The number of dead fishes was recorded daily up to 21 days and the survival 

rate was caculated. 

III. RESULTS AND DISCUSSION 

3.1. Preparation oligochitosan 

3.1.1.  Effect of H2O2 concentration on the degradation of chitosan powder 

Chitosan powder was swollen in H2O2 solution in the ratio 1:20 (w/v) at various 

concentration of H2O2 for 24h. The result of Mw in Table 1 indicated that the Mw of chitosan 

decreased with increasing concentration of H2O2. Mw of chitosan reduced from 91.7 kDa to 66.6, 

45.5 and 35.3 kDa when H2O2 concentration rose from 0.5% to 1% and 2%, respectively. 

Table 1: Mw and  polydispersity index (PI, PI = Mw/Mn) of chitosan after swelling                                           

in H2O2 solution for 24h. 

Initial Mw  

(kDa) 
Initial PI  

Initial 

DD%  

Degradation 

mode 
Mw (kDa) PI  DD (%) 

91.7 2.26 91.3 

CTS/0.5%H2O2 66.6 2.97 91.8 

CTS/1%H2O2 45.5 3.37 90.9 

CTS/2%H2O2 35.3 3.44 87.9 
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Moreover, results in table 1 showed that as the concentration of H2O2 increased the DD of 

chitosan decreased from 91.8% to smaller values (~87.9) and PI increased from 2.97 to 3.44. The 

results indicated that the suitable concentration of H2O2 used to reduce Mw of chitosan is 1%. 

3.1.2. Reduction of Mw and the synergistic degradation effect 

In this study the concentration of chitosan was increased from 3% (in our previous study) 

[23] to 5% and the concentration of H2O2 was chosen 0.5% to inhibit the decrease of DD. The effect 

of dose to reduction Mw of 5% chitosan/0.5% H2O2 was shown in Table 2. Results showed that the 

Mw of chitosan decreased with increasing dose. Mw of chitosan reduces from 45.5 kDa to 5.0 kDa 

for chitosan swollen in H2O2 1% and 3.7 kDa for chitosan swollen in H2O2 2% when dose raises 

from 0 to 21 kGy. These results indicated that oligochitosan was prepared in range of dose from 10 

to 21 kGy. The higher the concentration H2O2 used to swell chitosan the greater the reduction of 

Mw of chitosan. However, it is obvious from the results in Table 2 that as the DD of chitosan 

decreases when concentration H2O2 used to swell chitosan increases. Therefore, the suitable 

concentration of H2O2 to degrade Mw of chitosan powder is 1% and chitosan solution 0.5%. 

Table 2: Value of Mw, DD and  polydispersity index (PI, PI = Mw/Mn) of  degraded β-glucans. 

Degradation mode Dose (kGy/h) 0 3.5 7 10.5 14 17.5 21 

 

CTS/H2O2 1% 

Mw (kDa) 45.5 17.9 12.6 8.9 6.6 5.5 5.0 

DD (%) 91.4 89.9 89.1 88.6 88.0 87.6 87.2 

PI 3.37 2.78 2.52 2.48 2.18 1.97 1.88 

 

CTS/H2O2 2% 

Mw (kDa) 35.3 15.9 7.1 6.0 5.2 4.1 3.7 

DD (%) 87.9 80.1 77.3 76.8 74.9 72.9 71.4 

PI 3.4 2.9 2.2 2.1 1.9 1.8 1.7 

The mechanism of radiation degradation of chitosan was studied in detail by Ulanski and 

von Sonntag (2000) [24] and it indicated that hydroxyl radicals were responsible for the degradation 

process.  

3.2. Preparation of oligoβ-glucan  

3.2.1.  Effect of H2O2 concentration on the degradation of β-glucan powder  

β-glucan powder was swollen in H2O2 solution in the ratio 1:6 (w/v) at various concentration 

of H2O2. The samples was treated by hydrothermal steam in 30 minutes at 125
0
C and 1.3 atm. The 

result of Mw in Table 3 indicated that the Mw of β-glucan decreased with increasing concentration 

of H2O2. Mw of β-glucan reduced from 296.6 kDa to 44.4 kDa when H2O2 concentration rose from 

0% to 10%. 

Table 3: Mw, Mn and  polydispersity index (PI, PI = Mw/Mn) of β-glucan solution after steaming. 

H2O2 concentration  (%) 0 2.5 5.0 7.5 10.0 

Mw (kDa) 296.6 141.6 81.6 58.0 44.4 

Mn (kDa) 114.1 71.0 44.7 34.1 26.9 

PI 2.60 1.99 1.83 1.70 1.65 

Results in table 3 also indicated that as the concentration of H2O2 increased the PI decreased 

from 2.60 to smaller values (~1.65). Mw decreased rapidly when the concentration of H2O2 

increased from 2.5 to 5% and then decreased slowly with increasing concentrations up to 10%. The 
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results showed that the suitable concentration of H2O2 used to degrade β-glucan is in the range of 5 

-7%. 

3.2.2. Effect of H2O2 concentration and dose on the degradation of β-glucan solution 

 

Figure 1: Reductions Mw of β-glucan with  the concentration H2O2 and dose. 

 Figure 1 showed the reduction of β-glucan Mw versus the treatment doses at different 

concentrations of H2O2. Accordingly, the Mw of β-glucan decreased as the increase of the absorbed 

dose and concentration of H2O2. It was also observed from figure 1 that Mw of chitosan dropped 

rapidly at the dose range from 0 to about 10 kGy for all three concentrations of H2O2 used and then 

it decreased slowly up to 20 kGy. It was also obvious in figure 1 that the higher the H2O2 

concentration the higher the extent of the decrease of chitosan Mw attained. This can be explained 

due the synergistic effect of degradation occurred when β-glucan was irradiated in the presence of 

H2O2 [23]. Results showed that oligoβ-glucan could be effectively prepared by irradiation in the 

dose range of 12 to 16 kGy. Thus, -irradiation of β-glucan solution containing a small amount of 

H2O2 is feasible and potentially applicable technique for production of oligoβ-glucan on large scale. 

Byun et al. (2008) studied to degrade β-glucan under γ ray irradiation at dose from 10 to 50 kGy. 

But they did not use H2O2 in  β-glucan samples, therefore the dose use rather high (50 kGy) [25]. 

3.3. Effect of the immune stimulation of oligochitosan on Tra catfish 

Table 4: Weight gain, specific growth rate  (SGR), survival rate of Tra catfishes for 45 day                                

fed with oligochitosan and 21 challenged with Edwardsiella ictaluri bacteria. 

Items Initial weight  (g) 
Final weight 

(g) 

Weight gain 

(g) 

SGR 

(%/day) 

Survival rate 

(%) 

Control-1 20.01 ± 0.10
a
 49.26 ±4.08

a
 29.25 ± 4.04

a
 2.00 ± 0.05

a
 100.00 ± 0.00

a
 

Control-2 20.21± 0.34
a
 51.34 ±2.16

a
 31.13 ± 2.16

a
 2.07 ± 0.04

a
 8.89 ± 1.96

 a
 

NT1 20.24 ± 0.03
a
 50.74 ± 5.52

a
 30.50 ± 5.52

a
 2.04 ± 0.08

a
 22.70 ± 1.87

 b
 

NT2 21.07 ± 0.11
 a
 60.66 ± 2.65

b
 39.32 ± 2.17

b
 2.35 ± 0.08

b
 47.62 ± 1.83

 c
 

NT3 20.19 ± 0.10
a
 58.09 ± 4.02

b
 37.84 ± 4.07

b
 2.35 ± 0.09

b
 43.17 ± 2.30

c
 

* The rows with the same superscript are not statistically significant at P < 0.005. 

** Control-1: Non-supplement of oligochitosan and non-challenged with Edwardsville 

ictaluri bacteria. 
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Control-2: Non-supplement of oligoβ-glucan and challenged with Edwardsiella ictaluri 

bacteria. 

NT1: Supplement of oligochitosan of 50 mg/kg and challenged with Edwardsiella ictaluri 

bacteria. 

NT2: Supplement of oligochitosan of 100 mg/kg and challenged with Edwardsiella ictaluri 

bacteria. 

NT3: Supplement of oligochitosan of 200 mg/kg and challenged with Edwardsiella ictaluri 

bacteria. 

After challenge with Edwardsiella ictaluri bacteria, survival rate of Tra catfishes fed with 

oligochitosan of 50, 100 and 200 mg/kg was higher than the control-2. These results indicated that 

oligochitosan supplemented the feed enhanced the nonspecific immune system of Tra catfishes. 

This reason made Tra catfishes fed with oligochitosan have weight gain higher than the control. 

Moreover, results in table 4 showed that Tra catfish fed with oligochitosan at concentration 150 

mg/kg has SRG and survival rate higher than that fed with oligochitosan concentration 50 mg/kg. 

However, the SRG and survival rate are not statistically significant when the concentration of 

oligochitosan increased 200 mg/kg. This result showed that the best concentration of oligochitosan 

used immunostumulant is 100 mg/kg feed. The same tendency was also obtained in our previous 

study when we investigated the immune stimulation of oligochitosan against Edwardsiella ictaluri 

bacteria on Talipia [26]. 

3.4. Effect of the immune stimulation of oligoβ-glucan on Tra catfish 

Table 5: Weight gain, specific growth rate  (SGR), survival rate of Tra catfishes for 45 day                                 

fed with oligoβ-glucan and 21 challenged with Edwardsiella ictaluri bacteria. 

Items 
Initial weight  

(g) 

Final weight 

(g) 

Weight gain 

(g) 

SGR 

(%/day) 

Survival rate 

(%) 

Control-1 20.01 ± 0.10
a
 59.26 ±4.08

a
 39.25 ± 4.04

a
 2.41 ± 0.05

a
 100.00 ± 0.00

a
 

Control-2 20.21± 0.34
a
 60.34 ±2.16

a
 40.13 ± 2.16

a
 2.43 ± 0.04

a
 8.89 ± 1.96

 a
 

NT4 20.74 ± 0.03
a
 62.44 ± 5.82

a
 41.70 ± 5.82

a
 2.45 ± 0.09

a
 25.08 ± 2.12

 b
 

NT5 20.19 ± 0.60
a
 71.08 ± 3.05

b
 50.89 ± 3.89

b
 2.80 ± 0.08

b
 46.67 ± 2.58

 c
 

NT6 21.22 ± 0.10
a
 72.87 ± 3.82

b
 51.65 ± 3.82

b
 2.74 ± 0.09

b
 48.89 ± 1.96

 c
 

* The rows with the same superscript are not statistically significant at P < 0.005. 

**Control-1: Non-supplement oligoβ-glucan and non-challenged with Edwardsiella ictaluri 

bacteria. 

Control-2: Non-supplement oligoβ-glucan and challenged with Edwardsiella ictaluri 

bacteria. 

NT1: Supplement oligoβ-glucan of 50 mg/kg and challenged with Edwardsiella ictaluri 

bacteria. 

NT2: Supplement oligoβ-glucan of 100 mg/kg and challenged with Edwardsiella ictaluri 

bacteria. 

NT3: Supplement oligoβ-glucan of 200 mg/kg and challenged with Edwardsiella ictaluri 

bacteria. 
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The effect of oligoβ-glucan concentration to the immune stimulation of Tra catfishes has 

also been studied. Results table 5 showed that the Tra catfishes fed with oligoβ-glucan at 

concentration 50 mg/kg feed has the effect of immune stimulation lower than that fed with oligoβ-

glucan at concentration 100 and 200 mg/kg. The effect of immune stimulation rose with increasing 

oligoβ-glucan concentration. The weight gain, SGR and survival rate of Tra catfishes fed with 

oligoβ-glucan at concentration 100 mg/kg and 200 mg/kg is not statistically significant. These 

results exhibited that the suitable concentration to use oligoβ-glucan as immunostumulant is 100 

mg/kg feed. A similar behavior was observed in our previous works when we investigated the 

immune stimulation of oligoβ-glucan against Edwardsiella ictaluri bacteria on Talipia [27]. 

3.5. Effect of the immune stimulation of the mixture (oligochitosan + oligoβ-glucan) at 

optimal concentration on Tra catfish 

Table 6: Weight gain, specific growth rate  (SGR), survival rate of Tra catfishes for 45 day                               

fed with the mixture (oligochitosan + oligoβ-glucan) at optimal concentration                                                                      

and 21 challenged with Edwardsiella ictaluri bacteria. 

Items 
Initial weight  

(g) 

Final weight 

(g) 

Weight gain 

(g) 

SGR 

(%/day) 

Survival rate 

(%) 

Control-1 23.05 ± 0.08
a
 61.34 ± 1.45

a
 38.29 ± 1.45

a
 2.18 ± 0.04

a
 100.00 ± 0.00

a
 

Control-2 23.05 ± 0.08
a
 63.74 ± 5.52

a
 40.69 ± 5.16

a
 2.26 ± 0.08

a
 16.03 ± 2.16

a 

NT7 23.05 ± 0.08
a
 78.64 ± 2.32

b
 55.59 ± 2.52

b 
2.72 ± 0.09

b
 62.22 ± 1.96

b 

NT8 23.05 ± 0.08
a
 75.07 ± 4.02

b
 52.02 ± 4.02

b
 2.62 ± 0.11

b
 44.44 ± 1.96

c 

* The rows with the same superscript are not statistically significant at P < 0.005. 

** Control-1: Non-supplement of the mixture (oligochitosan + oligoβ-glucan)  and non-

challenged with Edwardsiella ictaluri bacteria. 

Control-2: Non-supplement the mixture (oligochitosan + oligoβ-glucan) and challenged with 

Edwardsiella ictaluri bacteria. 

NT7: Supplement the mixture (oligochitosan 50 mg/kg +  oligoβ-glucan 50mg/kg) and 

challenged with Edwardsiella ictaluri bacteria. 

NT8: Supplement the mixture (oligochitosan 75 mg/kg +  oligoβ-glucan 75 mg/kg) and 

challenged with Edwardsiella ictaluri bacteria. 

Currently, the effect of the mixture oligochitosan and oligoβ-glucan against Edwardsiella 

ictaluri bacteria on Tra catfish has not been studied yet. Therefore, the results in this study have 

novelties. These results in Table 4 and 5 indicated that the best concentration of oligichitosan and 

oligoβ-glucan used as immunostumulant is 100 mg/kg feed. Therefore, the mixture of oligochitosan 

50 mg/kg  + oligoβ-glucan 50 mg/kg and  oligochitosan 75 mg/kg + oligoβ-glucan 75 mg/kg were 

used to investigate the effect of immune stimulation. Results in Table 6 showed that the Tra 

catfishes fed with the mixture of oligochitosan 50 mg/kg  + oligoβ-glucan 50 mg/kg had the weight 

gain, SGR and survival rate higher than that fed with oligochitosan 100 mg/kg and oligoβ-glucan 

100 mg/kg. The reason may be due to the synergistic effect (An effect arising between two or more 

agents, factors, or substances that produces an effect greater than the sum of their individual 

effects). However, the Tra catfishes fed with the mixture of oligochitosan 75 mg/kg + oligoβ-glucan 

75 mg/kg had the weight gain, SGR and survival rate lower than that with the mixture of 

oligochitosan 50 mg/kg + oligoβ-glucan 50 mg/kg. The results indicated that the synergistic effect 

has just effective at optimal concentration. 

http://www.businessdictionary.com/definition/agent.html
http://www.businessdictionary.com/definition/factor.html
http://www.businessdictionary.com/definition/produce.html
http://www.businessdictionary.com/definition/sum.html
http://www.businessdictionary.com/definition/individual.html
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IV. CONCLUSIONS 

Oligoβ-glucan and oligochitosan were prepared by gamma Co-60 irradiation of β-

glucan/H2O2 and chitosan/H2O2 solution. Oligochitosan with Mw about 5-7 kDa was prepared by γ-

irradiating chitosan 5%/H2O2 0.5%  solution at 14-21 kGy. Oligoβ-glucan with Mw about 6-10 kDa 

was prepared by γ-irradiating solution oligoβ-glucan 10%/H2O2 1% at 15-20 kGy. The immune 

stimulation of oligochitosan and oligoβ-glucan was investigated. The results indicated that oligoβ-

glucan and oligochitosan exhibited good immune stimulation effect with optimum concentration of 

100 mg/kg feed. Survival rate of Tra catfishes fed with oligochitosan and oligoβ-glucan is 47.62 ± 

1.96% and 46.67 ± 2.58% respectively. In addition, the mixture of oligochitosan 50 mg/kg +  

oligoβ-glucan 50 mg/kg showed the highest survival rate (62.22 ± 1.96%). 
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RADIATION DEGRADATION TECHNIQUES IN PILOT SCALE                             

FOR APPLICATION IN DISEASE CONTROL AND GROWTH 

PERFORMANCE OF CHICKENS 
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ABSTRACT:Degradation of chitosan to prepare the low molecular weight chitosan has been carried out by 

gamma irradiation of chitosan in H2O2 solution. The effects of radiation dose, dose rate, ratio of CTS:H2O and 

H2O2 concentration to the degrading efficiency of chitosan have been investigated. The obtained results 

showed the chitosan molecular weight reduced with the increase of radiation dose. Chitosan was irradiated at 

radiation dose 10 kGy in the presence of H2O2 1% its molecular weight achieved 45 kDa. The effect of 

irradiated chitosan on the growth development and the survival ratio of breeding chickens in the process were 

also studied. The results shown that low molecular weight chitosan supplement in diets had positive effect of 

the resistant ability, growth performance and reduced chick mortality. With supplement ratio of 100mg/ kg 

diets, chitosan 45 kDa had positive affect on growth performance of chicks, the weight of chickens increased 

6% and survival ratio was 94,8% while the normal survival ratio was only 92.6%. 

Keywords: Resistant ability, chitosan, chick, growth, low molecular weight, mortality. 

 

INTRODUCTION 

In recent years the agricultural production of our country is relatively developed, especially 

in livestock. With the rapid growth of agriculture and livestock, especially poultry, in the world and 

even our country is developing the agricultural sector-oriented "natural and clean food". 

Currently most used animal food industry, industrial-type farming, using a variety of 

stimuli: sex hormone substances, chemicals, stimulants, antibiotics, ... cause rapid weight gain as an 
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artificial muscle tissue in the area of water and other unfavorable factors also residues in meat, eggs 

reduces the flavor of the food and harm human health. So recently scientists were interested in the 

research component of feed for poultry, cattle have the ability to increase weight naturally, reduce 

the mortality rate, creating clean products, meat delicious eggs [2]. 

In parallel with the developing other economic fields, nuclear techniques are applied 

effectively in many science and technology fields particularly in medicine and agriculture.  

Radiation modification of biological polymers to prepare performance applications in agriculture and 

medicine is one of the interesting application achievements and are being studied in many countries 

in the world. Chitosans with different molecular weights are not only potent antibacterial effects, 

but growth regulators also. Therefore, it has great potential for use in agriculture, pharmaceuticals, 

health care, etc.  Especially recently some countries have research and application of chitosan as an 

ingredient in animal feed and poultry to increase immunity of them [5; 6; 8;10; 11; 12; 13; 14]. 

 The objective of the present study was to evaluate the effect of low molecular weight 

irradiated chitosan on growth performance and immune index in Luong Phuong chicks and to 

determine the appropriate supplemental dosage level of this chitosan. 

I. EXPERIMENTAL METHOD 

I.1. Equipment 

a. Irradiators 

- Isscledavatel (Russia), capacity of 300 Ci, dose rate of 0.25 kGy/h. 

- GC 5000 (BRIT - India), capacity of 4000 Ci, dose rate of 3.6 kGy/h. 

Dose rate of both irradiators has been determind by the Fricke dosimeter. 

b. Measuring equipments 

- UV-VIS (Shimadzu, Japan) 

-  FTIR (Shimadzu, Japan) 

- XRD (Bruker AXS GmbH, Germen) 

- GPC (LC–20AB Shimadzu, Japan) 

-  SEM (SEM S-4888 NIHE, Japan) 

Other equipments such as oven, balance, grinding machine, and glass tools. 

I.2. Materials and Chemicals 

The main material was used for research in the Project is chitosan. It is prepared from 

shrimp shell chitin and was supplied by the Radiation Technology Center  Nuclear Research 

Institute. The technical specification of chitosan: Mw = 91.7 kDa; deacetyl degree (DD) = 90%; 

humidity of 12%, toxic heavy metals: As (0.4 mg/kg); Pb (2mg/kg); Cd & Hg (non-detection). 

The other chemicals H2O2 PA Merck Co. Germen, CH3COONa, CH3COOH,... RA Grade use 

directly without further purification.  Distilled water was used for this research. 

II. PROCEDURE 

Degradation of chitosan was carried out by gamma irradiation in H2O2 solution.  Powder 

chitosan samples were weighed and shocked in H2O2 solution for 1h and then irradiated with 

different radiation dose (5 to 25 kGy), these experiments for study of the dependence of degradation 

efficiency of chitosan upon radiation dose. Preparation of samples is the same and irradiated at 10 

kGy radiation dose, at various dose rates of 0.25 to 3.60 kGy/h for avaluation of the effect of dose 

rate, difference of H2O2 concentrations for the effect of H2O2 [4; 9].    
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The properties of irradiated chitosan were determined by GPC, FTIR, XRD and SEM those 

of the VINAGAMMA, Universities in HCM City. 

III. RESULTS AND DISCUSSION 

III.1. Effect of H2O2 concentration to the degraded efficiency of chitosan 

The reduction of chitosan molecular weight when it was irradiated in H2O2 solution with 

different concentrations was shown in Figure 1. The obtained results indicated that the degradation 

efficiency of chitosan increases 50% in the presence of 1% H2O2 and then slowly increases at high 

H2O2 concentration in range of 2 to 5%. 

 

 

 

 

Figure 1: The dependence of chitosan 

molecular weight on H2O2 concentrations.  

Radiation dose of 10kGy, dose rate of 

3.60 kGy/h, CTS:H2O2 solution (1:5). 

 

In the presence of H2O2 has increased the concentration of H2O2 in the irradiation system.  It is 

known that H2O2 is a strong oxidative agent, it can make the degradation of chitosan to reduce 

molecular weight of chitosan.  In fact H2O2 is used as a degrading agent for degradation of chitosan in 

the chemical method.  However when using H2O2 in high concentration, the degradation efficiency of 

chitosan decreased, it may due to the decomposition reaction creates the new radicals. According to 

the studied results of some authors reported that the presence of H2O2, molecular weight of chitosan 

reducing. When the H2O2/chitosan ratio is higher than 5 times, the deacetyl degree (DD) of chitosan is 

reduced so much [4; 9]. For this reason in order to prevent the reduction of its DD, ratio of H2O2: CTS 

must be chosen 5:1 to be suitable for this study. 

III.2. Effect of irradiation dose to the degrading efficiency of chitosan  

The decrease of molecular weight of irradiated chitosan with irradiation dose is shown in 

Figure 2.   

 

 

 

 

Figure 2: Relationship between of chitosan 

molecular weight with irradiation dose. 

Chitosan powder irradiated in 5% H2O2 -

solution, CTS : H2O2 solution (1 : 5), dose 

rate of 3.60 kGy/h. 
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The results indicated that Mw of chitosan fastly decreased at radiation dose of 5 kGy, and 

then slowly decreased in dose range of 10 to 20 kGy. When radiation dose is higher than 10 kGy, 

the reduction of chitosan molecular weight is negligible. Hien et al reported that the same result is 

also obtained in case of irradiated chitosan solution. Therefore at radiation dose > 10kGy, the 

degradation yield of chitosan by H2O2 solution is reduced in clearly [4;7; 15].  

III.3. Biological effect of low molecular weight chitosan 

III.3.1. Low molecular weight chitosan has the ability to inhibit Escherichia coli and 

Staphylococcus aureus. In there Escherichia coli is more sensitive with chitosan than 

Staphylococcus aureus. It is suitable with previous results.  

III.3.2. Enhancement of chicken mass in case of chicken - feed supplemented by different 

molecular weight chitosan 

The obtained results on the increase of chicken weight when chicken - feed is supplemented 

chitosan with different molecular weight were show in Table 1. 

Table 1:  Effect of the different Mw of chitosan on increasing mass of chicken. 

 Mw of 

chitosan 

kDa 

Chicken weight over the week-old (gam/ chicken) 

Chick  3 weeks 4 weeks 6 weeks 8 weeks 10 weeks 

Control 

91.7 

60.0 

45.0 

30.0 

50 ± 3  

50 ± 3 

50 ± 3 

50 ± 3 

50 ± 3 

210  ± 10 

215  ± 20 

212  ± 12 

207  ± 12 

209  ± 19 

490  ± 20 

495  ± 25  

510  ± 15 

500  ± 20 

530  ± 30 

751  ± 16  

756  ± 24 

801  ± 39 

816  ± 40 

790  ± 35 

1271 ± 110 

1269 ± 120 

1358 ± 140 

1430 ± 130 

1382 ± 182 

1760 ± 110 

1790 ± 170 

1820 ± 120 

1860 ± 140 

1804 ± 104 

It is seen that the chicken-mass increases with week-old, it is suitable with the rules and 

general growth and development of poultry. In the experimental lots which have contained chitosan, 

the chicken mass is higher, especially when chitosan 45 kDa in Mw has been supplemented into 

chicken - feed. The chicken mass increases 6% after 10 weeks-old and servival ratio of 100%. For this 

reason chitosan with Mw = 45 kDa has been selected to supplement for chicken - feed. 

III.3.3. Effect of chitosan concentration on chicken mass  

Effect of supplemented chitosan concentration on the chicken mass has been shown in Table 

2. From the experimental results show the chitosan with Mw - 45 kDa supplements 100 ppm in 

chicken-feed, the growth and development of chicken was good effect, the survival ratio achieve 

100% higher than 5% compare with control.    

Table 2: Effect of concentration of chitosan (Mw = 45kDa) on chicken mass. 

Week-

old 

Chicken mass (in average) gam/chicken 

Control Strepto-tetra 150 50 ppm 100 ppm 200 ppm 500 ppm 

Initial 

2 

4 

6 

8 

10 

50 ± 3 

220  ± 20 

560 ± 20 

1100 ± 200 

1730 ± 90 

2000 ± 200 

50 ± 3 

200 ± 20 

495 ± 40 

1150 ± 110 

1735 ± 185 

2060 ± 190 

50 ± 3 

230 ± 30 

530 ± 30 

1180 ± 150 

1800 ± 200 

2055 ± 155 

50 ± 3 

215  ± 25  

520  ± 30  

1160  ± 60 

1830 ± 110 

2120 ± 120 

50 ± 3 

200  ± 20 

560  ± 20 

1080  ± 110 

1820  ± 120 

2070  ± 105 

50 ± 3 

220  ± 20 

540  ± 30 

1190 ± 130 

1800 ± 200 

2040  ± 90 
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III.4. Producing process of chitosanTM-45 for supplement to the chicken-feed 

- Materials:  Irradiated chitosan with Mw = 45 kDa, 1 part and 9 parts of starch,  

- Processing: Chitosan was irradiated of 10 kGy, removed impurities by washing with 

water 3 times, drying at 60
o
C to constant weight and grinding to powder with size of 0.1 ÷ 0.2 mm. 

Prepared chitosan and starch was mixing in ratio of 1 : 9 and packaging. 

 

   

Figure 3:  Producing process of Chitosan TM-45 for supplementation into chicken-feed 

III.5. Testing of chitosan TM-45   

Chicken with namely “Lương Phượng (LP)” 1 day-old, each chicken 50 g ± 4/chicken, after 

feeding for 12 weeks - old, 500 chicken/lot (Control: basic ration supplemented Strepto tetra 150; 

testing lot: basic ration supplemented 1% chitosan TM-45. Chicken were warmed by infra lamp.  Testing 

was carried out three baths, 1000 chicken for each bath. 

 

Figure 5: Chicken after feeding for one week-old. 

Chitosan in powder form, 

irradiate 10kGy in 1% 

H2O2 

Irradiated chitosan with 

Mw = 45 kDa, washing, 

drying and grinding to 

size of 0.1÷ 0.2 mm 

Mixing prepared chitosan 

with starch in ratio of 1:9 

part, and packaging 

 

PRODUCTS 
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III.5.1. Enhancement of LP chicken mass in case supplement 1% chitosanTM-45  

The enhacement of chicken mass with the feeding stages was shown in Table 3. The 

obtained results indicated that the chicken mass with feeding stages by chicken-feed in original and 

supplemented chitosanT-45 during the initial two weeks, the growth of chicken mass of  two 

experimental lots is not different however after stages the chicken mass is quite different between 

these experimental lots. After 12 weeks-old, the chicken mass increases 6% in case of chicken lot 

that was keft by chicken-feed supplemented chitosanTM-45. Therefore chitosan may have changed the 

balance of the intestinal tract, inhibits the growth of harmful bacteria, promote the uptake of 

nutrients for chickens, chicken help resistance and gain better [1; 3]. 

Table 3: Enhancement of chicken mass with feeding stages (Unit: gam/chicken). 

Week-old Without chitosanTM-45 With chitosanTM-45 1% Enhancement (%) 

Initial 

2 

4 

6 

8 

10 

12 

48 ± 4 

210 ± 20 

490 ± 15 

751 ± 61 

1271 ± 151 

1760 ± 160 

2101 ± 201 

48 ± 4 

212 ± 22 

500 ± 20 

816 ± 66 

1430 ± 130 

1860 ± 160 

2229 ± 129 

0.0 

1.0 

2.0 

8.6 

11.3 

  5.6 

   6.0 

III.5.2. Shrinkage ratio of tested chicken used chitosanTM-45 

The experimental results on affect of the chicken-feed supplemented chitosanTM-45 to the 

shrinkage ratio of tested chicken were shown in Table 4.   

Table 4: Shrinkage ratio of tested chicken used chitosanTM-45. 

 

Week-old 

 

Quantity 

(chicken) 

Control chickenfeed 

without chitosanTM-45 

Chickenfeed contained  

chitosanTM-45 

Chicken died 

(chicken) 
Ratio  (%) 

Chicken died 

(chicken) 
Ratio (%) 

2 

4 

6 

8 

10 

12 

500 12 

8 

8 

6 

5 

2 

2.4 

1.6 

0.8 

1.2 

1.0 

0.4 

11 

4 

6 

2 

2 

1 

2.2 

0.8 

1.2 

0.4 

0.4 

0.2 

Total 500 41 7.4 18 5.2 

IV. CONCLUSIONS AND RECOMMENDATIONS 

IV.1. Conclusions 

1. Effect of degradation of chitosan has been investigated by gamma Co-60 irradiation in 

H2O2 aqueos solution.  The degradation efficiency of chitosan strongly enhanced at 10 kGy irradiation 

dose in the presence of H2O2. 
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 2. Chitosan product with molecular weight of 45 kDa and concentration used 100 ppm has 

been efficiently utilized for growing chicken,  the chicken mass enhanced 6% after 12 week-old, the 

survival ratio achieved of 94,8% higher than 2.2% compare to the control (92.6%). 

3. Novel product has been manufactured base on irradiated chitosan, directly improving 

productivity of breeding chickens. 

IV.2. Recommendations 

1. Need to continue further research on the bio-effect of irradiated chitosan in order to 

enlarge the application scopes on a variety of pet objects have high economic value to create the 

appropriate products for pig, cattle, fish, and other application fields.  

2. Set up the Trial Production Project of the irradiated chitosan used for raising livestock and 

poultry.  
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ABSTRACT: Silver nanoparticles (AgNPs) with diameter about 11.6  0.7 nm in chitosan solution were 

synthesized by -irradiation at the dose of 17.6 kGy, and then immobilized onto fabrics. The Ag-NPs contents 

onto cotton and peco fabrics were about 1700 and 140 mg/kg for the initial AgNPs concentrations of 1000 and 

100 ppm, respectively. The AgNPs colloidal solution was characterized by UV-Vis spectroscopy and TEM 

image. The AgNPs size has been estimated by using Debye-Scherrer formula from X ray diffraction pattern. 

The presence of AgNPs on fabrics was confirmed from scanning electron microscopy (SEM) images. The 

antibacterial activity of AgNPs cotton and peco fabrics after 60 washings against Staphylococcus aureus and 

Klebsiella pneumonia was found to be > 99.40%. Effects of AgNPs on multidrug-resistant pathogens from the 

clinical specimens were also tested. In addition, the AgNPs fabrics were innoxious to the skin (k=0) by skin-

irritation testing to animal (rabbit). 

 

1. INTRODUCTION  

The synthesis and functionalization of silver nanoparticles (AgNPs) have been extensively 

investigated in past decades due to their highly antimicrobial activity and potential applications. A 

number of reports are available on the synthesis of metal nanoparticles in solution by different 

methods [1, 2, 3]. Bogle et al. (2006) described the synthesis of dispersed nanoparticulate silver 

using gamma-irradiation [4]. Chen et al. (2007) also synthesized silver nanoparticles by γ-ray 

irradiation in acetic aqueous solution containing chitosan [5]. The advantage of radiolytic method is 

possibility to obtain a homogeneous distribution of synthesized AgNPs in stabilizer as well as to 

control particle size. The broad-spectrum of antimicrobial properties of AgNPs encourage its use in 

biomedicine, water and air purification, food production, cosmetics, numerous household products 

[6, 7]. Because of their effective antimicrobial properties and low toxicity toward mammalian cells, 

AgNPs have become one of the most commonly used nanomaterials in consumer products [8]. 

Kokura et al. (2010) proved that silver nanoparticles were able to be used for preservation of 

cosmetics against mixed bacteria and mixed fungi [9]. AgNPs can be immobilized on the fibers, 

bringing new properties to the final textile product, especially for antibacterial effect. The 
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antibacterial fabrics can be used to make bandage, gauze, bed sheets, surgical clothes,… [10, 11]. 

The AgNPs interact with the bacterial membrane and are able to penetrate inside the cell. The 

mechanisms of interaction involved AgNPs attached to bacterial cell membranes increase 

permeability and disturb respiration. The AgNPs may catalyze reactions with oxygen leading to 

reactive oxygen species (ROS) production which can cause DNA damage, protein and cell 

membrane breakdown. The catalytic silver can destroy bacteria’s disulfide bonds to counteract the 

synthesis of bacterial cell. AgNPs are oxidized generating silver ions that can disrupt ATP 

production (adenosine triphosphate) to inhibit the adsorption of phosphate of protein [12].  

In this study, we immobilized AgNPs which were prepared by -rays of AgNO3/chitosan 

solution onto cotton and peco fabrics. The durability of AgNPs adhered to fabrics and antibacterial 

effects as well as skin irritation test were investigated after repeated washings.  

2. EXPERIMENTAL 

2.1. Materials 

- Cotton (100%) and peco (65% polyester and 35% cotton) fabrics weighing 120 and 115 

g/m
2 

respectively were provided by VICOTEX Company (Vietnam). 

- All other chemicals, including silver nitrate (AgNO3), (S) - lactic acid (90%), sodium 

hydroxide (NaOH) were of reagent grade. 

- Chitosan with a deacetylation degree about 80% (Mw = 1.06  10
5
 Da) was prepared by 

deacetylation of chitin in 50% sodium hydroxide at 100
o
C for 1 h.   

2.2. Methods 

2.2.1. Preparation of silver nanoparticles by -irradiation  

Chitosan was dissolved in lactic acid 1% (v/v), then neutralized by NaOH 2mM to obtain 

mixture with pH~ 5.5. Next, AgNO3 10mM was added slowly into chitosan solution and irradiated 

by 
60

Co -rays in the dose range from 3 to 25 kGy. 

UV-Vis spectra were recorded on a Jasco V-630 spectrophotometer for the colloidal AgNPs 

from10 mM AgNO3 in 1.0 % chitosan solution irradiated by -rays. The crystalline size of AgNPs 

which were collected by ultra-centrifugal instrument at the rate of 4000 rpm, were estimated by 

using Debye-Scherrer formula: 

D = K λ/ β cosθ                                                           (1) 

where K = 0.89, λ is the wave length of X-ray (1.5405 Å), β is the full width at half 

maximum (FWHM), θ is the diffraction angle (Bragg) and D is the particle diameter size [13]. 

 The morphology of AgNPs was analyzed with a transmission electron microscope 

(TEM),  JEOL, JEM-1400, at an accelerated voltage of 100 kV.   

 2.2.2. Immobilization of silver nanoparticles onto textile fabrics 

All sample fabrics were immersed in a colloidal solution bath for 2-3 min and squeezed to 

100% wet pick-up by a rotation axis at a constant pressure. Then the AgNPs -fabrics were dried and 

cured at 120
o
C for 2-3 min before rolling AgNPs-fabrics product.  

 2.2.3. Antibacterial efficacy and skin irritation test of product 

Antibacterial properties of resultant fabrics were verified according to AATCC Test Method 

100-2004 against Staphylococcus aureus and Klebsiella pneumonia. The other bacteria which were 

isolated from the infected fabrics by sheeting on sick-beds such as Staphylococcus aureus, 

Klebsiella pneumoniae, Acinetobacter spp, Escherichia coli, Enterobacter spp, Proteus, 

Pseudomonas aeruginosa, Provindencia spp, Streptococcus pneumoniae and Staphylococcus 
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epidermidis were also observed. Skin irritation test was carried out by Institute of Drug Testing 

following ISO-10993-10 (2002) [14].  

3. RESULTS AND DISCUSSION  

3.1. Characterization of AgNPs colloidal solution 

During γ-irradiation of the AgNO3 solution, the hydrated electron (eaq
-
) and radical of H

  
that were 

generated
 
by water radiolysis can reduce Ag

+  
to Ag as shown in Eqs. (1), (2) and (3) [15]. 

Continuous reduction of the Ag
+
 solution causes the aggregation of clusters into AgNPs. In this 

study, chitosan was used as stabilizer of AgNPs because chitosan can form chelate compounds 

mainly with silver ions in the form of cations. Besides, the 

OH groups in radiolytic solution can 

react with chitosan to abstract hydrogen and form macromolecule free radicals as Eq. 4. These 

radicals can reduce the cluster of Ag
+
 ions forming the cluster of AgNPs (Eq.5). The binding of 

silver clusters by chitosan is achieved through the Ag-O bond [16]. The reactions can be proposed 

as follows: 

                                 H2O (γ –rays)     →    

OH  +  e

-
aq  +   

•
H   +   H2O2   +  H2  +  ...                (2)   

                                                                          Ag
+
     +    e

-
aq     →    Ag

0                       
(3)

                                                                                        

Ag
+
     +    H

  
 →   Ag

0
  +   H

+
                (4) 

             [C6H11O4N]n  (Chitosan)   +  

OH   →  [C6H11O4N]n-1[C6H10O4N]


    +    H2O                 (5)               

Ag 
+
 +  [C6H11O4N]n-1[C6H10O4N]


        → Ag

0
 - [C6H11O4N]n-1[C6H9O4N]

    
+ H

+ 
                (6) 

                  nAg
0
  Ag2   … Agn                   (7)                                                      

The UV-Vis absorbance spectra of AgNPs depict peak maxima in the range from 410-415 nm with 

respective increase in optical density (OD) in gamma dose from 3.2 to 17.6 kGy (Fig.1). These 

results demonstrate a proportional yield increase of AgNPs with gamma-irradiation dose below 17.6 

kGy. Above 17.6 kGy (22.0 and 25.5 kGy), the optical density changed insignificantly. Therefore, 

the dose of 17.6 kGy is optimal for conversion of the 10 mM AgNO3 to AgNPs in 1% chitosan 

solution at ambient temperature.  

 

Figure 1: UV-vis spectra of colloidial AgNPs from 10 mM AgNO3 solution corresponding                                   

to doses of: a) 3.2 kGy, b) 7.0 kGy, c)10.2 kGy, d) 13.6 kGy, e) 17.6 kGy, f) 22 kGy, g) 25.5 kGy. 
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            Figure 2: TEM image of AgNPs and histogram of particle size distribution at the dose of 17.6 kGy. 

 

 

 

 

 

 

 

 

Figure 3: Diffraction angle and the value FWHM at 2θ = 38.25
o 

Figure 2 shows TEM image and histogram of particle size distribution of silver 

nanoparticles stabilized by chitosan which was prepared by γ-irradiation at the doses of 17.6 kGy at 

starting concentration 10mM AgNO3. It can be seen that AgNPs with spherical morphology are 

well dispersed without aggregation. The crystalline size of AgNPs was calculated from the full 

width at half-maximum (FWHM) of diffraction peaks (111) in the XRD patterns as formula (1) to 

be 11.6 nm. 

3.2. Preparation of AgNPs/cotton and AgNPs/peco fabrics 

 

 

 

 

 

 

 

 

 

 

Figure 4: SEM images of original cotton fabrics  1,300 (a); AgNPs/ cotton fabrics  1300 (b),                            

AgNPs/ peco fabrics  1,300 (c), AgNPs/ cotton fabrics  5500 (d). 
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The presence of silver nanoparticles onto fabrics can be seen by SEM images (Fig. 4). The 

images in Fig. 4a show the smooth structure of the original cotton fabrics before coating with silver 

nanoparticles. After deposition of AgNPs onto cotton and peco fabrics, the nanoparticles that were 

dispersed on the surface of the AgNPs/fabrics demonstrated the immobilization of silver 

nanoparticles on the fabrics (Fig. 4b, 4c). The homogeneous deposition is observed in a higher 

magnification image (Fig. 4d) 

The concentrations of AgNPs colloidal solution were applied on fabrics from 100 to 1000 

ppm for preparation of AgNPs/cotton and peco fabrics. The effect of AgNPs concentration on the 

content of the AgNPs on fabrics was also investigated. In Fig. 5, the content of AgNPs increased as 

using the initial AgNPs concentrations from 100 to 1000 ppm. The AgNPs content deposited on 

fabrics to be about 1700 and 140 mg/kg for AgNPs concentrations of 1000 and 100 ppm, 

respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Relationship between concentration of AgNPs and AgNPs content on fabrics. 

The durability of antibacterial substance as AgNPs linked with fabrics is also an important 

factor for using. AgNPs fabrics were laundered 60 times to observe the durability of AgNPs on the 

fabrics. The AgNPs may be immobilized on fabrics by the bonds of the atomic silver with alcoholic 

groups in cellulose structure of fabrics and chitosan capped AgNPs. According to the result in Table 

1, the AgNPs content on fabrics decreased after the first washing cycle for both concentrations but 

changed insignificantly for next washings. The layer-by-layer links of the stabilizer molecules 

coating outside were formed from electrostatics force, so that they were broken easily by physical 

impact or detergent. However, the bond from the reactive center of cellulose to AgNPs capping by 

chitosan may be durable.  

Table 1: The AgNPs content on fabrics after washing cycles. 

Washing cycles 
AgNPs/cotton AgNPs/peco 

1000 ppm 100 ppm 1000 ppm 100 ppm 

0 1737   86 141  10 1779  90 143  6 

1 1058  54 109  6 771  40 103   6 
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5 994  50 113  6 718  36 107  6 

10 969  49 98  5 653  33 100  6 

20 788  40 119  8 643  33 88  5 

30 795  40 115  6 527  27 87  5 

40 529 27 107  5 435  22 90  5 

50 499  25 91  5 331  18 91  5 

60 301  15 108  6 233  12 94  5 

3.3. Antibacterial effect and skin irritation test   

Table 2: Bacterial reduction of AgNPs/cotton and AgNPs/peco fabrics in vitro. 

AgNPs/cotton AgNPs/peco 

 

Washing cycles  

   

Bacterial reduction (%) Bacterial  reduction (%) 

Staphylococcus 

aureus (+) 

        Klebsiella 

pneumonia (-) 

Staphylococcus 

aureus (+) 

Klebsiella 

pneumonia (-) 

0 

1 

5 

10 

20 

30 

40 

50 

60 

> 99.90 

> 99.90 

99.65 

99.77 

99.81 

99.82 

99.83 

99.85 

99.88 

> 99.90 

> 99.90 

98.93 

99.43 

99.49 

99.56 

99.62 

99.73 

99.78 

> 99.90 

> 99.90 

99.20 

99.79 

99.81 

99.81 

99.95 

99.96 

99.97 

> 99.90 

> 99.90 

99.38 

99.72 

99.75 

99.75 

99.84 

98.62 

99.88 

Results in Table 2 also demonstrated that antibacterial activity was influenced by the content 

of AgNPs on the fabrics. After 60 washings, an amount of AgNPs was remained on the fabrics 

about 100 mg/kg (Table 1) which inhibited the growth of S.aureus and K. pneumonia to be about 

99.90% (Table 2). Gupta et al. (2008) also reported that the AgNPs content is a key factor in 

controlling the antibacterial activity [11]. In addition, the AgNPs diameter is also an important role 

for antibacterial effect. Lee & Jeong (2005) proved that the AgNPs size about 2-3 nm has a better 

antibacterial effect than 30 nm one [17]. In this study, the AgNPs diameter about 11.6 nm was also 

effective for antibacterial activity.   

Tests in antibacterial activities against bacterial strains which were isolated from the 

infected AgNPs fabrics by coating on the sick-beds were also observed. The AgNPs fabrics 

inhibited the growth of the clinical strains such as: Staphylococcus aureus, Klebsiella pneumoniae, 

Acinetobacter spp, Escherichia coli, Enterobacter spp, Proteus, Pseudomonas aeruginosa, 

Provindencia spp, Streptococcus pneumoniaea and Staphylococcus epidermidis remarkably. The 

results were expressed by the reduction of total bacteria to be about 95-99% for AgNPs/peco and 

80-93% for AgNPs/cotton fabrics after 60 washings at the initial AgNPs concentrations of 100 and 

150 ppm.   
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Table 3: Bacterial reduction of AgNPs/cotton and AgNPs/peco fabrics in vivo. 

Samples Washing cycles  Bacterial reduction (%) 

    Bacteria: Staphylococcus aureus, Klebsiella 

pneumoniae, Acinetobacter spp, Escherichia coli, 

Enterobacter spp, Proteus spp, Pseudomonas 

aeruginosa, Provindencia spp, Streptococcus 

pneumoniae,  Staphylococcus epidermidis. 

AgNPs/cotton (1) 150 

ppm 

1 

5 

10 

20 

40 

60 

97.14 

95.72 

100 

85.79 

92.65 

93.11 

AgNPs/cotton (2) 100 

ppm 

 

1 

5 

10 

20 

40 

60 

98.11 

98.54 

99.92 

80.23 

88.41 

78.89 

AgNPs/peco (3) 150 

ppm 

1 

5 

10 

20 

40 

60 

96.59 

97.50 

98.41 

95.56 

92.46 

99.49 

AgNPs/peco (4) 100 

ppm 

1 

5 

10 

20 

40 

60 

96.61 

96.88 

91.45 

85.48 

96.27 

95.11 

The fabrics imbedded AgNPs were washed from 1, 5, 10, 20, 30, 40 and 60 cycles then were 

applied on the rabbit skin. The noxiousness on skin was determined from observing the skin 

situation after contact times for 12, 24, 48 and 72 hours at 25
o
C. The erythema and oedema on the 

rabbit skin were recorded at the numerical grades to be 0 during coating AgNPs fabrics. These 

results confirmed that AgNPs/cotton fabrics are innoxious to skin with coefficient of k = 0 (Table 

4). Lee & Jeong (2005) also reported that the AgNPs of 2-3 nm in diameter have the numerical 

grading to be 0 for erythema and oedema. They also included AgNPs with 2-3 nm size was skin-

innoxious [17].   
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 Table 4: Numerical grades for testing skin irritation of AgNPs/fabrics on the rabbit skin. 

 

Samples 

Washing

s(times) 

     Numercial 

grades 

 

Remark 

Erythema Oedema                               

AgNPs/cotton, AgNPs/peco 0 0 0 Skin-innoxious (k = 0) 

 1 0 0 Skin-innoxious (k = 0) 

 5 0 0 Skin-innoxious (k = 0) 

 10 0 0 Skin-innoxious (k = 0) 

 20 0 0 Skin-innoxious (k = 0) 

 30 0 0 Skin-innoxious (k = 0) 

 40 

60 

0 

0 

0 

0 

Skin-innoxious(k = 0) 

Skin-innoxious (k = 0) 

 

 

 

 

 

 

 

 

 

 

 

                

Figure 6: The antibacterial zone diameter of AgNPs/peco for S. aureus. 

4. CONCLUSIONS 

The AgNPs were prepared effectively by gamma irradiation at the dose of 17.6 kGy for the 

10 mM AgNO3 in 1.0 % chitosan solution at ambient temperature. The AgNPs were confirmed by 

UV-vis spectra and TEM images. The average diameter of AgNPs was determined by XRD pattern 

to be about 11.6 nm. The presence of AgNPs on the fabrics was depicted by SEM images. The 

AgNPs content remained on fabrics after 60 washings to be from 200 to 300 mg/kg and 100 mg/kg 

for initial AgNPs concentrations of 1000 and 100 ppm respectively. Antibacterial efficacy of the 

AgNPs fabrics after washing 1, 5, 10, 20, 30, 40, 50 and 60 cycles was about 99.90 % for S. aureus 

and K. pneumonia. Bacterial reduction of AgNPs fabrics in vivo for clinical strains including 

antibiotic- resistant bacteria were determined to be about 95-99% and 80-93% for AgNPs/peco and 

AgNPs/cotton respectively. The AgNPs - fabrics washing from 1 to 60 cycles were innoxious to 

skin (k = 0). These results demonstrate that the AgNPs fabrics are promising approach for 

preparation of safe and efficacious antibacterial fabrics.   
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ABSTRACT: Silver nanoparticles (AgNPs) doped in the zeolite framework (AgNPs/Z) were successfully 

synthesized by gamma irradiation in ethanol solution of silver ion-zeolite (Ag
+
/Z) prepared by ion exchange 

reaction between silver nitrate (AgNO3) and zeolite 4A. The effect of the Ag
+
 concentration and irradiation 

dose on the formation of AgNPs/Z were also investigated. AgNPs/Z with the silver content of about 10,000 

ppm and AgNPs size of about 27 nm was characterized by ultraviolet-visible spectroscopy, powder X-ray 

diffraction (XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM).  Firstly, 

AgNPs/Z was added into PP resins for creation of PP-AgNPs/Z masterbatch (Ag content of ~1.000 ppm) and 

then PP-AgNPs/Z plastics were preapared by mixing masterbatch with PP resins. The antibacterial activity of 

the PP-AgNPs/Z plastics was investigated against Gram-negative bacteria Escherichia coli (E. coli). The 

results showed that PP-AgNPs/Z plastic contained 100 ppm of Ag possessed a high antibacterial property, 

namely the bactericidal effect was more than 96 % on the platic surface. In conclusion, possessing many 

advantages such as: vigorously antimicrobial effect and good dispersion in plastic matrix, AgNPs/Z is 

promising to be applied as bactericidal agent for plastic industry. 

 

I- INTRODUCTION 

Nowadays plastics become one of the most popular material of human society. Therefore, 

the development of additives for plastic is inevitable. According to Allied Market Research of 

(USA), worldwide consumption of plastic additives is estimated of 12.6 million tons in 2013 and it 

is expected to increase to 17.1 million tons by 2020 [1]. In this field, antimicrobial systems serve as 

indispensable contribution, namely the consumption of plastic biocides was 25 million kg 

corresponding to $25 million in 2001 [2]. Recently, considerable interest has arisen in the use of 

silver nanoparticles (AgNPs) based on high antimicrobial activity and easy-incorporation ability 

into other materials, such as clay, montmorillonite, silica and zeolite [1-4], for special applications. 

The AgNPs-clay and the AgNPs-zeolite exhibited a higher antimicrobial activity than untreated 

samples [3,6], while the AgNPs deposited on silica were mingled with PP resins for antibacterial 

plastic masterbatch [5]. Interestingly, AgNPs were synthesized effectively on montmorillonite by γ-

irradiation method [4].  
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Zeolite A, known as Linde Type A, belongs to low silica zeolite. It have abundant extra-

framework cations, ion Na
+
. For that reason, zeolite A is considered as an excellent substrate for 

ion-exchange purpose. In this study, ion Ag
+
 was firstly loaded into zeolite 4A by ion exchange 

from silver nitrate and then irradiated by gamma Co-60 for forming AgNPs/Z. Subsequently, 

AgNPs/Z was mixed with PP resins and bactericidal tests of PP-AgNPs/Z plastics were carried out 

against Gram-negative bacteria Escherichia coli. 

II. EXPERIMENTAL 

1. Materials and chemicals: Zeolite 4A was purchased from China. AgNO3 and ethanol 

of analytical grade were from Shanghai Chemical Reagent Co. Ltd, China. Polypropylene resins 

were provided by HMC Polymers Co. Ltd, Thailand. The Luria-Bertani medium and agar plates 

used for bacteria incubation were purchased from Himedia, India. The Escherichia coli ATCC 6538 

was provided by University of Medicine and Pharmacy, Ho Chi Minh City and propagated and 

preserved at biology laboratory, VINAGAMMA, Ho Chi Minh City. 

2. Methods 

2.1. Preparation of Ag
+
/Z: Ag

+
/Z were prepared by ion-exchange method. Zeolite 4A was 

suspended in water (pH~ 6), following the suitable amount of AgNO3 was supplied into the mixture 

for the final Ag content on zeolite of ~ 10.000 ppm and stirred at 60
0
 C continually for 2h. The 

suspension was filtered to harvest the solid Ag
+
/Z and washed with water before drying at 110

0
 

overnight. 

2.2. Preparation of AgNPs/Z: The Ag
+
/Z prepared above was suspended in ethanol solution 

(10%) for the final Ag contents of 15, 20, 25 and 30 mM. The suspensions were irradiated by -ray 

to required dose (30-60 kGy) with the dose rate 3.2 kGy/h at Dalat Nuclear Research Institute. After 

removing the liquid, the obtained AgNPs/Z was washed and dried at 110
0
 overnight. 

3. Characterization of AgNPs/Z: AgNPs/Z dispersed in 2% polyvinyl alcohol (PVA) 

solution was used to demonstrate the formation of AgNPs on zeolite by UV-Vis absorption 

spectrum measurement on the Jasco-V630 spectrophotometer, Japan. The mean size of AgNPs was 

determined by X-ray diffraction (XRD) on D8 Advance Brucker, Germany. The microstructure of 

the AgNPs/Z was studied by using scanning electron microscopy (Hitachi S-4800, Japan) and 

transmission electron microscopy (JEOL JEM-1010, Japan). The Ag content in AgNPs/Z was 

determined by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) on Optima 

5300 DV Perkin- Elmer, USA. The presence of silver in AgNPs/Z was also assessed by energy 

dispersive X-ray spectroscopy (EDX) on JEOL 6610 LA, Japan.  

4. Prepareation antimicrobial plastic: AgNPs/Z prepared by 50 kGy-irradiation of 

Ag
+
/Z 25 mM with the Ag content of 10.000 ppm was chosen for adding into PP resins. Firstly, the 

mixture of AgNPs/Z- PP with 10% AgNPs/Z was loaded by extruder Brabender DSE 20, Germany 

for creating masterbatch PP-AgNPs/Z with the Ag content of ~ 1.000 ppm. Subsequently, the 

masterbatch was mixed with PP resin with the suitable ratios for PP-AgNPs/Z product with suitable 

silver contents. 

5. Bactericidal activity evaluation: The bactericidal activity of PP-AgNPs/Z plastic was 

carried out against E. coli ATCC 6538, as an indicator of fecal contamination of water [7,8], by two 

tests. The first test studied on the influence of Ag content on antibacterial activity of PP-AgNPs/Z: 

The PP-AgNPs/Z samples with different Ag contents (35, 70 and 100 ppm) were contaminated 

artificially with E. coli before washed by sterilized water. Survial cells of sample surfaces were 

detemined inderectly by the bacterial contamination of washing waters throught spread plate 

technique. The control experiment were conducted with PP sample. The second test, the samples 

with 10, 20 and 30 cm
2
 of PP-AgNPs/Z (~ 100 ppm Ag) were exposed to E. coli suspension 

overnight. The E. coli contamination in each suspension was evaluated by spread plate technique. 
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The bactericidal effect was calculated using the equation: (%)=(N0N)100/N0, where N0 and N 

are survival number of bacteria in the control and studied samples, respectively [9,10]. 

III. RESULTS AND DISCUSSION 

1. The influence of irradiation dose and Ag
+
 concentration on AgNPs formation into 

zeolite framework 

 

  
Figure 1: UV-vis spectra of AgNPs synthesis by 

different irradiation doses. 

Figure 2: UV-vis spectra of AgNPs prepared from 

different Ag
+
/Z suspensions. 

  

The figure 1 showed that when irradiated Ag
+
/Z suspension (Ag

+
 concentration ~ 25 mM) in 

the range of 20-60 kGy dose, UV - vis spectra of AgNPs/Z dispersed in 2% polyvinyl alcohol 

(PVA) solution had the maximum absorption wavelength (max) in the range 455-429 nm 

respectively, whereas in control sample (zeolite), maximum absorption peak did not appear in this 

range. According to Ramnani et al. (2007), silver clusters show characteristics absorption band in 

the visible region (max 390–450) [11]. Therefore, the UV-vis spectra demonstrated that the 

formation of AgNPs in irradiated samples. Moreover, the nearly resembled maximum absorptions 

of 50 and 60 kGy-irradiated samples prove that 50 kGy is the saturation dose of  25 mM Ag
+
/Z 

suspension. Thus, the complete conversion dose of 1 mM Ag
+
 to AgNPs is 2 kGy, higher than the 

dose 1.8 kGy in report of Ramnani et al. (2007) [11].  

The UV-vis spectra of AgNPs synthesized by irradiating 15, 20, 25 and 30 mM Ag
+
 

suspension at saturation doses of 30, 40, 50 and 60 respectively were presented in figure 2. The 

result showed that the max of AgNPs/Z prepared from the higher Ag
+
 concentration shift to the 

lower wavelength, which means the formation of smaller AgNPs. This is in agreement with report 

of D. Jiraroj et al. (2014) [12]. Moreover, the size of these AgNPs/Z were able to be estimated from 

XRD pattern in figure 3 by the Debye–Scherrer’s formula: t = 0.9λ/Bcosθ as described by Jiang et 

al. [13]. As the result of calculation, the AgNPs size were 34.6, 30.9, 27.4 and 23.6 for 15, 20, 25 

and 30 mM Ag
+
 concentration of suspension systems, respectively. The size of AgNPs decreased 

along with the decrease of Ag
+
 concentration, this result is suitable with above UV-vis result. 
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Figure 3:  XRD patterns of  AgNPs/Z prepared from different Ag
+
/Z suspension. 

Based on these results, the Ag
+
 concentration of 25 mM and irradiation dose of 50 kGy were 

selected for preparing the AgNPs/Z. 

2. Characteristics of AgNPs/Z prepared by 50 kGy-irradiation of Ag
+
/Z 25 mM  

The Ag content of AgNPs/Z was determine by ICP-AES (data not shown), which attained 

up to ~10.000 ppm. Results of energy dispersive X-ray (EDX) spectra in figure 4 showed that three 

main components of zeolite 4A were silicon, aluminium, oxygen and a small amount of sodium and 

potassium, but without any trace of silver, whereas the peak at 3 keV appeared in EDX spectrum 

confirming the appearance of silver in the composition of AgNPs/Z. In the study of Klemenčič et al. 

[14] and Gusseme et al. [15], the EDX spectrum was also used to confirm the presence of AgNPs in 

cellulose and polyvinylidene fluoride samples. 

 

Figure 4: EDX spectra of zeolite and AgNPs/Z. 

 

 Figure 5: SEM pictures of zeolite and AgNPs/Z. 
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The SEM and TEM picture of the AgNPs/Z were presented in figure 5 and 6. Figure 5 

showed that incorporation of AgNPs into zeolite by irradiation causes the break inside zeolite 

structure, whereas in the study of D. Jiraroj et al. (2014), the formation of AgNPs on zeolite 

structure by chemical reduction method did not make any change in the size and shape of zeolite 

[12]. In figure 6, the dark contrast spots just appeared on the surface of AgNPs/Z structure, this 

result confirmed the formation of AgNPs into zeolite framework. 

3. Bactericidal activity of PP-AgNPs/Z plastic 

The PP and PP-AgNPs/Z resins were shaped into sheets with the thickness of ~ 0.5 cm 

(Figure 7) before tested antibacterial activity against E. coli. 

 

Results of the bactericidal activity of PP-AgNPs/Z against E. coli were showed in figure 8 

and 9. In the test for estimating the influence of Ag content on anticbacterial activity of PP-

AgNPs/Z, the result from figure 8 indicated that η % increased along with the Ag
+
 concentration 

and up to 96 % at 97 ppm. The η value did not achieve the level 100 % because the amount of E. 

coli cells contaminated on plastic surfaces was too high, about 1.000 CFU/cm
2
. In the study of 

Suyen, the batericidal effect of PP plastic added Ag
+
/zeolite 100 ppm was aslo 91% of the initial 

contamination of ~ 1.000 CFU/cm
2
 [16]. 

 

Figure 6: TEM 

pictures of zeolite 

and AgNPs/Z. 

 

Figure 7: PP and 

PP-AgNPs/Z 

sheet. 

 

Figure 8: The 

antibacterial effect 

of PP-AgNPs/Z 

platics with 

different Ag 

contents. 
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In figure 9, the η % increased from ~71% to >96% when the contact surface area of PP-

AgNPs/Z increased from 10 cm
2
 to 30 cm

2
. Due to the highly initial contamination of E. coli of ~ 

10
7
 CFU/ml, the η value of 96% inidicated the highly antibacterial effect of PP-AgNPs/Z plastic. 

IV. CONCLUSIONS 

The AgNPs/Z was prepared successfully by two-step process, namely the ion Ag
+
 was 

exchanged into zeolite 4A and then irradiated in ethanol solution for reducing Ag
+
/Z to AgNPs/Z. 

The functioned PP resins with AgNPs/Z of about 100 ppm AgNPs presented highly bactericidal 

effect against E. coli which was contaminated not only on plastic surface but also in nutrient 

medium. Based on the strong antibacterial activity and easy-mixing into PP resins, the AgNPs/Z is 

promising to be applied as bactericidal agent for plastics. 
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ABSTRACT: Thermo-sensitive hydrogels have great potential in some applications. In order to use as the drug 

delivery systems, the hydrogels should be biocompatibility. New polymers with more biocompatibility and 

better biodegradibility, and environmental friendly crosslinking agents would be necessary for the successful 

drug carriers. Poly (N-isopropylacrylamide-co-dimethylacrylamide) based hydrogels have been prepared from 

the admixture solutions of N-isopropylacrylamide (NIPA) and N,N’-dimethyl acrylamide (DMA) by radiation 

copolymerization and crosslinking at radiation dose of 20 kGy as reported in our previous study. Water 

swelling behaviour of the resulting hydrogels were much depended on their nature such as initial ratio of NIPA 

and DMA. The drug-loaded hydrogels were prepared by immerging hydrogel in the solutions containing 

corresponding drugs. Loading capacity of the hydrogels were about 48.6 and 95.7 mg per g dried hydrogel for 

dexamethasone and tegafur. The release studies showed that the presence of ions in simulated body fluid and 

temperature of the solution much affecting to in vitro release behaviors of hydrogels for dexamethasone and 

tegafur. The release rates were fast for both drug models. The result also revealed that these drug carriers were 

biocompatibility without skin irritation, suggested the drug-loaded hydrogels may be used as controlled release 

drug delivery systems. 

Keywords: Poly (N-isopropylacrylamide); hydrogel; dexamethasone; tegafur; loading capacity; drug release 

 

I. INTRODUCTION 

Hydrogel is a network of hydrophilic polymers that can swell in water and hold a large 

amount of water while maintaining the structure. A three dimensional network is formed by 

crosslinking polymer chains through covalent bonds by chemical or physical processes, hydrogen 

boding, van der Waals interactions, or physical entanglement [1-4]. Hydrogels have been 

intensively studied and applied for development of the smart drug carriers, where the hydrogels can 

protect the drug from hostile environments. Recently, environment-sensitive hydrogels are proved 

as an ideal candidates for developing the drug carriers [5]. Among that, poly(N-

isopropylacrylamide) (PNIPAAm), a typical thermo-sensitive hydrogels are probably the most 

popular that have been intensively studied and applied as drug carriers. Poly(N,N-

dimethylacrylamide (PDMA) is also widely studied due to its lower critical solution temperature 

(LCST), close to the body temperature [6-8]. 

PNIPAAm can be synthesized from NIPA by radiation polymerization in both solid state 

and solution [9]. In aqueous solution, PNIPAAm can easily absorb water to become hydrogels. And 

the properties of obtained PNIPAM hydrogels can be modified with the monomer concentration and 

irradiation conditions [10]. Water-solubility of polymers with LCST decreases as the solution 

Project information: 

- Code: CS/14/08-01 

- Managerial Level: Institute 

- Allocated Fund: 100,000,000 VND 

- Implementation time: 12 months (Jan 2014- Dec 2014) 

- Contact email: hoangdangsang@gmail.com 

- Paper published in related to the project: (None). 

 

../../AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.IE5/6NZ2GTL0/hoangdangsang@gmail.com


VINATOM-AR 14--27 

 

The Annual Report for 2014, VINATOM 

 
258 

temperature increases, because their hydrophobic groups shrunken while hydrophilic groups 

become more hydrophobic. In general, the LCST can be changed by adjusting the ratio of 

hydrophobic and hydrophobic segment of the polymer. Popular way is to synthesis copolymers of 

hydrophobic (PNIPAAm) and hydrophilic (DMA) monomers [11]. In the previous studies, the 

PNIPAAm hydrogels have been prepared in aqueous solution by gamma irradiation [12].  

In this study, poly(PNIPAAm-co-DMA) hydrogels were prepared by gamma radiation of the 

NIPA/DMA admixture solutions at 20 kGy [7]. The swelling degrees of the resulting hydrogels 

were investigated with NIPA/DMA ratios in distilled water at room temperature. Their loading 

capacity and controlled release rate were analyzed with dexamethasone and tegafur in distilled 

water and simulated body fluid using UV-Vis spectroscopy. The influence of the solution 

temperature on the release rate of also investigated for 24 h at 25, 37 and 40ºC under constant 

shaking rate. In vitro skin irritation test for these drug hydrogels were determined with OECD (TG 

404) at National Institute of Drug Quality Control. 

II. EXPERIMENTS 

II.1. Materials 

N-isoprpylacrylamide 98% (NIPA), N,N-dimethylacrylamide (DMA) monomers were 

purchased from Wako Pure Chemical Inc., Japan. Nitrogen gas was obtained from DucGiang 

Chemical company, Vietnam. Other chemicals for preparation of artificial body fluid were bought 

from Merck, Germany. Dexamethasone sodium phosphate and tegafur, chemotherapy prodrugs 

used in anti-cancer treatments were obtained from the national institute of drug quality control. All 

chemicals were used as received 

II.2. Sample preparation and irradiation 

The aquoeus solutions of NIPA/DMA monomer with predetermined ratios of 90/10 and 

85/15 were divided into clean glass ampul of 5 mL, degassed by bubbling with nitrogen gas for 10 

min, sealed for sampling. Each sample was irradiated at 20 kGy under gamma ray at Hanoi 

Irradiation Center as described in our previous studies [7]. Absorbed dose and dose rate were 

measured using ECB dosimeters attached to the samples. After irradiation, the obtaining 

P(NIPAAm-co-DMA) hydrogels we recollected from ampul and cut into 1 cm length. The hydrogel 

disks were immerged in excess distilled water at 60C for a week to remove non-crosslinked 

polymers, dried at room temperature overnight, then under vacuum. 

II.3. Measurements 

Swelling degrees of hydrogels 

Dried hydrogel disks were immersed again and equilibrated in distilled water in glass 

beaker, which were put in the water bath at room temperature (25  0.2 C), for at least 72 h to 

reach the equilibrium degree of swelling. Relative swelling degree of hydrogels were calculated as 

follow: 

Swelling ratio 100)/(
0

0 



m

mm
gg st  (1) 

where m0 and mst are the weights of initial and swollen hydrogel at t time. In this 

experiment, each value was calculated as an average of three separate measurements. 

Drug loading and control release test 

The resulting P(NIPAAm-co-DMA) hydrogels were loaded with dexamethasone or tegafur 

by solution loading method [13]. A certain amount of dried hydrogels (Wg) was equilibrated in the 

aqueous solution containing 5000 ppm of drug at room temperature [14]. After 72 h incubation, the 
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drug-loaded hydrogels were taken, washed with cold water. Absorbance of the remaining solution 

was monitored with a Shimadzu UV-2450 spectrophotometer. The drug concentration was 

extrapolated using the calibration curve for each drug. The loading drug were determined by 

difference of initial (WDi) and remaining (WDa) drug in the solution as following equation: 

Drug loading (mg/g dried hydrogel)
g

DaDi

W

WW 


  

 (2) 

About 50 mg drug carriers were transferred in a glass beaker containing 200 mL of distilled 

water or simulated body fluid for in vitro release behavior. All beaker was put in shaker bath that 

keep at a certain temperature. After predetermined time periods, aliquots of 3 mL were withdrawn 

and their absorbance were measured by UV spectrometer at 241,5 and 271 nm for dexamethasone 

and tegafur, respectively to follow drug release. The amount of drug release were reported as 

percentage release as follow: 

% drug release at t time 
total

Rt

D

D


 

(3) 

where DRt and Dtotal are the weight of released drug at time t and total drug loaded in the 

hydrogels. 

In vitro skin irritation test 

Biocompatibility of the drug carriers were analyzed by in vitro skin irritation test, followed 

OECD standard test guideline TG 404 at National institute of drug quality control. In which, the 

drug loaded hydrogels is applied in a single dose to a small area of skin (~ 6 cm
2
) of an 

experimental animal (rat), untreated skin area of the test animal serve as the control. 

III. RESULTS AND DISCUSSIONS 

III.1. Radiation preparation of the P(NIPAAm-co-DMA) hydrogels 

After irradiation, the resulting gels were collected, washed and immersed in excess fresh 

water for 3 days to remove all residual monomer, homopolymers still remain in the gel. Figure 1 

showed some P(NIPAAm-co-DMA) hydrogels obtained from the irradiated solutions of 90/10 and 

85/15 of NIPA/DMA, respectively. As described in our previous study, the radiation dose of 20 

kGy was chosen for radiation preparation of the hydrogels. But the initial ratio of monomers also 

affected to their morphology as observed in the Figure (1c & d). This is due to the mobility of 

network increased with the increasing of hydrophilic constituent of DMA domain in the hydrogels 

[14]. 

 

Figure 1: Resulting hydrogels from the irradiated solutions at swollen a); dried state b); and SEM 

images of copolymer hydrogels of 90/10 c) and 85/15 d) of NIPA/DMA ratios. 
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III.2. Swelling behavior 

Swelling behavior of P(NIPAAm-co-DMA) hydrogels prepared by gamma irradiation at 20 

kGy were investigated at room temperature. As presented in Figure 2, the swelling  degree of all 

hydrogels increased with incubation time, reach to equilibrium swelling degree of about 13 and 18 

time for the hydrogels obtained from NIPA/DMA of 90/10 and 85/15, respectively. These swelling 

ratios are rather high results, suggested that the hydrogels can absorb larger amount of drug or 

further modified to obtain an adjusted drug carriers. The swelling degree of hydrogels also 

increased with the ratio of DMA, hydrophilic segments in the hydrogels as mentioned in our last 

study. This may be due to higher water content swollen by hydrophilic interaction of DMA with 

water. 

 

Figure 2: Swelling behavior of P(NIPAAm-co-DMA) hydrogels. 

III.3. Formation of the drug carrier and drug loading 

Table 1: Total dexamethasone uptake and loading capacity of then drug carrier. 

Sample Dried 

hydrogel 

mass (g) 

Drug uptake 

calculated 

from 

swelling  

Drug uptake 

measured by 

UV (mg) 

Loading 

capacity 

(mg/g dried 

gel) 

Loading 

efficiency 

(%) 

1 0.21 ± 0.002 11.64 ± 0.262 10.56 ± 0.251 50.53±0.975 72.56 ± 0.323 

2 0.21 ± 0.001 10.74 ± 0.135 9.65 ± 0.160 47.08±0.571 71.89 ± 0.324 

3 0.21 ± 0.002 10.97 ± 0.073 9.97 ± 0.047 48.14±0.224 72.65 ± 0.230 

Average 0.21 ± 0.016 11.12 ± 0.157 10.06 ± 0.521 48.59±0.591 72.36 ± 0.292 

In order to prepare the drug carrier, hydrogels were incubated with the drug solution. As 

presented in Table 1 and Table 2, total drug loading in practice are lower than that calculated from 

the weight difference of initial and drug loaded hydrogels. Loading capacity were 99.4 and 88.6 % 

corresponding to dexamethasone and tegafur.  
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Table 2: Total tegafur uptake and loading capacity of then drug carrier. 

Sample Dried 

hydrogel 

mass (g) 

Drug uptake 

calculated 

from 

swelling  

Drug uptake 

measured by 

UV (mg) 

Loading 

capacity 

(mg/g dried 

gel) 

Loading 

efficiency 

(%) 

1 0.21 ± 0.003 23.63 ± 0.122 20.86 ± 0.134 95.56 ± 0.589 97.45 ± 0.385 

2 0.22 ± 0.005 24.07 ± 0.119 21.27 ± 0.060 94.79 ± 0.743 97.43 ± 0.428 

3 0.21 ± 0.002 23.77 ± 0.025 21.26 ± 0.069 96.94 ± 0.595 98.06 ± 0.415 

Average 0.21 ± 0.038 23.82 ± 0.088 21.16 ± 0.087 95.75 ± 0.642 97.60 ± 0.409 

And maximum amount of drug loaded in the hydrogels were 48.6 and 95.7 mg/g dried 

hydrogels for dexamethasone and tegafur, respectively. Thus, tegafur showed higher capacity to 

incorporate to the drug carrier. It may due to its better water solubility. However, further studies 

should be carried out to estimate their applicability in practice. In this study, the same loading 

process was applied for both dexamethasone and tegafur as indicated in Figure 3. 

 

Prepare dried hydrogel 

Immerse the hydrogel in the drug solution 

for 72 h to equilibrium swelling 

 

 

Prepare aqueous solution of 5000 

ppm dexamethasone, tegafur 

Collect the drug-loaded hydrogels, washed, 

dried under vacuum overnight 

Determine the drug loading and storage the 

drug carriers for further experiments 

 

Estimate drug remain in the 

solution by UV spectrometer 

Figure 3: Preparation of drug carriers by incorporation of drug on the hydrogels. 
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III.4. In vitro drug release 

 
 

Figure 4: Cumulative release of drug model from P(NIAAm-co-DMA) hydrogels                                                             

of 85/15 NIPA/DMA molar ratio in simulated body fluid at various temperatures. 

The drug release from the hydrogels were measured with incubation time, and Figure 4 

showed the cumulative release of drug as functions of time at 25, 37 and 40C. We can be observed 

that the release rate were quite fast for both drug models, and almost drug were released from the 

hydrogels after first 24 h, then release with very slow rate. At the same temperature, dexamethasone 

gradually released to first 12 h, slower released to 24 h, then equilibrated to 36 h, whereas tegafur 

quickly release during first 12 h, then reach to equilibrium state. The release of drug through 

hydrogel carriers may cause by diffusion of the drug trapped on hydrogels, morphological, 

structural and characteristic changes in hydrogel, degradation of polymer… However, it is very 

difficult to predict the drug release, because it was governed by some parameters such as nature of 

drug, degradability of polymer hydrogels, polymer-drug interaction.  

Figure 4 also revealed the drug release reduced by heating. There are big amounts of drug 

still remained in the hydrogels after 36 h release in simulated body fluid. This may due to both drug 

models are more or less hydrophilic, and the hydrophilic interaction prevent the drug release from 

the hydrogels.  

Biocompatibility 

In vitro skin irritation test showed no any skin irritation can be observed in the test animals 

during investigation period, suggested that the dexamethasone and tegafur loaded P(NIPAAm-co-

DMA) hydrogels can be applied as the drug carriers for further experiments. 

IV. CONCLUSION 

Two kinds of P(NIAPAm-co-DMA) hydrogels were prepared by gamma radiation 

copolymerization and crosslinking. The resulting hydrogels are thermo-sensitive with swelling 

behavior suitable for drug carriers and their equilibrium swelling degree increased with the amount 

of hydrophilic segments of DMA in the initial solution. 

The drug models were easily incorporated into the hydrogels followed solution loading 

method by the same loading process. The drug-loaded hydrogels can be applied as drug carriers and 

their loading capacity were 48.6 and 94.7 mg/g dried hydrogel corresponding to dexamethasone and 

tegafur. 

In vitro release test showed the drug release from the carriers of dried P(NIPA-co-DMA) 

hydrogels were quite fast, and the release of tegafur was faster than that of dexamethasone in 

distilled water as well as simulated body fluid. The results also revealed that the drug release rate 
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depended on temperature of the solution. There are no any skin irritation can be observed for the 

hydrogels, means the hydrogels can be applied as subcutaneous or hypodermic drug carriers.  
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ABSTRACT: In this work, the research results on RE processing process at laboratory scale and pilot scale 

was reported and discussed. Experimental research on thermal decomposition and sulfate process of basnaesite 

ore with sulfuric acid in electric furnace was carried out, the different roasting conditions, mass transfer rate, 

reactions and RE and/or non-RE behaviors during roasting and leaching were investigated. The roasting 

temperatures were 450
0
C and 550

0
C. With higher roasting temperature and longer roasting time, the RE 

recovery yield reduced. The RE recovery yield reached the highest (over 94%) at roasting temperature of 

550
o
C for 2 hrs. The different extracting conditions for separation of REEs were investigated in laboratory 

scale as well as pilot scale. At pilot scale, the separation of REEs was performed on 120-stage extraction 

system produced by Japan, using PC88A solvent dissolved in IP2028. The volume of each stage was 20L. The 

results showed that REEs were separated from RE resource of Vietnam and individual RE elements such as La, 

Ce, Pr, and Nd were obtained at high purity. The parameters for each extraction stage were reported in this 

work. The results indicated that in order to obtain highly purified Nd (>99%), it needs to use an extraction 

system with higher stage number, about 200 stages. The extraction data at pilot scale of this investigation was 

used as basic data for calculating parameters for extraction system in industrial scale. 

Keywords: Basnaesite, feed, rafinate, RE, TREEs, TREO, PC88A, IP, TOA. 

I. INTRODUCTION 

In recent years, the research and application of rare earth elements have gained remarkable 

achievements. Besides the common applications in many industries such as manufacturing 
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electronic materials, glass technology, optical, magnetic materials, modified alloys, 

superconducting materials, nuclear materials, growth stimulants in agriculture, etc. there is the 

promotion for application of rare earth materials to manufacture the advanced materials for 

industrial production of environment- friendly cars, motor hybrid, mobile phone, petrochemical 

catalyst technology and organic synthesis. 

Vietnam is a country with rich resources of rare earth, but the exploitation and processing of 

rare earth and introducing products to the market is limited because of the lack of effective 

processing technology. The development of rare earth industry  requires advanced processing 

technology for the separation, purification to obtain the pure rare earth elements and research on 

applications of rare earth industry to serve  economic and technical sectors. 

This Protocol project is the counterpart contribution to Vietnam in the research program of 

deep processing of rare earth resources in cooperation with Japan at its early phase, based on the 

support of the Government of Japan on equipment investment and technical support for research. 

Since 2011, Japan has invested in building pilot research in Phung interim of ITRRE and 

collaborated with the ITRRE to establish the center of transferring Rare Earth Technology (RTTC) 

in Vietnam. The RTTC has carried out research on the process of production of rare earths 

including mineral beneficiation, calcination for decomposition, dissolving and removing of 

impurities, solvent extraction to recover the high-purity (over 99%) of rare earth oxide that can be 

met the standard for material  industry. Research results of the Project are basic parameters for the 

constructive design of rare earth processing plant for recovery of light rare earth group from 

bastnaesite mine at Dong Pao, Lai Chau, Vietnam. 

II. ACTIVITIES OF THE PROJECT 

A. REQUIREMENT AND PURPOSE OF THE PROTOCOL PROJECT 

- Investigating flotation, decomposition roasting, leaching, purification and extraction 

rare earth (RE) elements from laboratorial scale to pilot scale using RE ore Dong Pao Viet Nam. 

- Training science staff for man power resource of RE processing field in Vietnam. 

1. Responsibility of two sides 

a. Responsibility of Vietnam 

- Getting equipment funded by Japan. 

- Implementing scientific investigations at laboratorial scale and pilot scale with main 

subject of RE ore Dong Pao, Vietnam. 

- Exchanging investigating results, comparing experimental data and participating HR 

training course in RE processes.  

- Optimizing technological processes and testing operation of processes at pilot scale, 

building technology for processing RE ore at RE mine. 

b. Responsibility of Japan 

- Funding equipment, material facilities for investigation. 

- Guiding operation of equipment and investigation of technological process. 

- Exchanging investigation results. 

- Training science researchers in RE processing for Vietnam. 
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B. CONTENT OF WORKS AND ACHIEVEMENTS 

1. Content of works in rate of progress 

a. Works have been done in 2012 

- Building and setting up the laboratories, pilot plant for science investigation. 

- Receiving equipment and testing operation of equipment. 

- Flotation and enrichment of ore Dong Pao, recovery of RE ore with 40% TREEs.  

- Research on roasting for ore concentrate decomposition by using sulfuric acid. 

- Investigating leaching for getting RE sulfate solution.  

b. Works have been done in 2013 

- Investigating leaching for getting RE chloride solution. 

- Building technological process for separating heavy RE group and light RE group using 

liquid-liquid extraction with experimental extraction system and pilot extraction system. 

- Building technological process for separating La, Ce, Pr, Nd from mixture of total RE 

elements. 

- Investigating for removing U, Th for hydro-metallurgy process and extracting process.  

- Operation of extractive system for recovery total rare earths of light group. 

c. Works have been done in 2014 

- Investigation of separating process to get the individual RE elements. 

- Investigating distribution of radioactive elements during whole ore processing. 

- Treating and managing radioactive elements after removing from RE concentrated ore 

following stipulations of Vietnam and international organizations. 

2. Content of international cooperation, know-how exchanging and training 

- Organized 3 groups of ITRRE staff for scientific workshop, exchanging scientific issues 

with Japan experts at factories, training and researching centers in Japan in 2012, 2013 and 2014.  

- Receiving many groups of Japan experts for fitting up equipment, training operating staffs 

and problem-handling staffs.  

 

Experimental extraction system in MMC‟s Lab.:                      

Nov. of 2012. 

 

ICP-AES/MS Equipment in MMC‟s Lab.: 

August of 2013. 
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Meeting in Naka Energy Research Lab.:                         

Sep. of 2014. 

  
 

 

3. Equipment’s purchased by the Protocol project 

- Laboratorial extraction system for building overall extraction process: 30 stages, and 

more (60 stages), volume of each stage: 3L/box. 

- Pilot extraction system: 6 stages, volume of each stage: 200L/box. 

- Water purification system (ion exchanging system and pressure reverse osmosis 

membranes-RO) for separating extraction, capacity of 200 m
3
/day. 

 

Laboratorial extraction system: 

30 stages (3L/stage). 

 

Pilot extraction system:                          

6 stages (200L/stage). 

 

Water purification system. 

 

C. EXPERIMENTAL RESEARCH AND DISSCUSION 

1. Research on thermal decomposition of Dong Pao bastnaesite ore by sulfuric acid   

1.1.  Mineral and chemical contents of basnaesite ore concentrate 

 
 

 

 

 

Figure 1: SEM image of bastnaesite  

concentrate. 

Closing course date at Naka Energy Research 

Lap.: Sep. of 2014. 
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The morphology and particle size of Dong Pao rare earth ore were illustrated in Figure 1 and 

2, the average size was 11.3 µm and the particle distribution was quite uniform and the bulk density 

was about 1.6 g/cm
3
. This morphology and size seemed to be suitable with mixing ore and acid for 

transferring RE fluorocarbonate into RE sulfate.  
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Figure 3: XRD patterns of bastnaesite                      

concentrate ore. 
Figure 4: Thermal properties of bastnaesite 

concentrated ore measured in air. 

Table 1: Contents of RE elements in Dong Pao ore. 

N
o
 Element 

Concentration 

(g/Kg) 

Rate 

(%) 
N

o
 Element 

Concentration 

(g/Kg) 

Rate 

(%) 

1 Sc 5,00 1.41 9 Gd 2.80 0.79 

2 Y 2.20 0.62 10 Tb 0.18 0.05 

3 La 116.67 32.80 11 Dy 0.45 0.13 

4 Ce 159.80 44.93 12 Ho 0.10 0.03 

5 Pr 16.00 4.50 13 Er 0.06 0.02 

6 Nd 46.47 13.07 14 Tm 0.02 0.01 

7 Sm 4.70 1.32 15 Yb 0.07 0.02 

8 Eu 1.10 0.31 16 Lu 0.03 0.01 

    17 TREEs 355.65 34.68 

 

Figure 2: 

Distribution of 

Dong Pao rare  

earth ore‟s particle 

size. 
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The figure 3 showed XRD patterns of concentrated ore. That indicated that the main mineral 

components of bastnaesite concentrated ore were quartz, fluorocarbonate (REFCO3), a little bit of 

monazite (REPO4). The TG of Dong Pao ores was measured in air (Fig. 4) showed that the main 

peak was at the temperature range of 450 ÷ 500
o
C. It meant that in this temperature range, 

decomposition of rare earth fluorocarbonate mineral and the release of carbon dioxide occurred. 

Therefore, the range temperature of 450÷500
o
C was chosen for investigation of decomposition 

roasting the mixture of ore-acid. 

The results of chemical content (Table 1) of Dong Pao concentrated ore showed that 

concentrated ore contained almost light RE elements such as La, Ce, Nd and PR. The heavy RE was 

contained negligibly. The main impurities were radioactive elements such as Th and U, and the 

other elements such as Ca, Mn, Fe and Mg.  

1.2. Thermal decomposition process of Dong Pao bastnaesite ore 

    

Figure 5: Images of roasted ore at different condition (D1-D4). 

 As shown in Fig. 5, it can be seen that with different roasting conditions, the products have 

different colors. For example, with roasting temperature of 450
0
C, the color of products became 

darker (as grey as natural ore „color) than the color of products decomposed at higher roasting 

temperature of 550
0
C (the product‟s color are orange or red). The reason of changing color of 

products is during decomposing ore with concentrated sulfuric acid at high temperature, Fe2(SO4)3 

transferred into Fe2O3 (samples D3 and D4). 

1.3. Leaching process for obtainment of RE sulfate solution 

Roasted ore was grinded, then leached by water at room temperature. The leaching 

conditions were as follows: Solid/liquid rate of 1/8; leaching time of 2h; using MgO for 

neutralization of leachate at pH = 4 to remove some impurities such as Fe and Th as hydroxide 

precipitation. However, when increasing pH of solution, a part of RE would be precipitated causing 

decrease of RE recovery yield.  

1.4. Optimization of roasting and leaching processes 

Based on experimental data about concentration of RE and impurities in initial concentrated 

ore, in leachate and remaining residue of thermal decomposition at different roasting conditions 

(samples D1 to D4), it indicated that the mass transfer rate of total RE elements in general and each 

RE element in particular depend on thermal decomposition and sulfate process. With roasting 

temperature of 400
o
C and roasting time in range 2 ÷ 3.5h, the longer roasting time was, the higher 

recovery yield of light REEs was (Figure 6). With roasting temperature of 550
o
C, the longer 

roasting time was the lower recovery yield of REEs. The reason of this was at higher roasting 

temperature, the metal existing in ore was transferred completely into sulfate salts. When lasting the 

roasting time, a part of these salts was decomposed and transferred into oxide forms. These oxides 

dissolved difficultly in water, thus preventing RE from dissolving into solution, causing decrease of 

RE recovery yield (Figure 6 and 7). Therefore, the rate of ore/acid = 1/1.8 (by weight), roasting 

temperature of 550 
o
C, roasting time of 2hrs were chosen as optimal roasting conditions with RE 

recovery yield of over 94% (Figure 7).  
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Figure 6: Light RE recovery 

efficiency at different roasting 

conditions. 

Figure 7: Total RE recovery 

efficiency at different conditions. 
Figure 8: Dissolving efficiency of 

main impurities into solution of 

samples D1-D4. 

The effects of roasting conditions on RE recovery rate and impurity recovery rate were 

shown in Fig. 8. The results showed that, with roasting temperature of 400
0
C and roasting time of 2 

÷ 3.5hrs and with roasting temperature of 550
o
C and roasting time of 2 hrs., the concentrations of U 

and Th in leachate were almost same; however, with longer roasting time and higher roasting 

temperature, the dissolving rate of U and Th decreased. Especially, in the case of Fe, the 

concentration of Fe sharply decreased when lasting roasting time and increasing roasting 

temperature. Roasting ore and acid at high temperature was one of the methods for removing 

impurities that coexist with REEs. Conversely, in the case of Mn impurity, when increasing 

temperature and lasting roasting time, the concentration of Mn in the solution increased (Fig. 8) 

1.5. Purification of RE sulfate solution and trans of RE sulfate into RE chloride 

After leaching decomposed basnaesite ore, the main impurities that co-exist with RE 

elements are sulfate forms of: Fe, Mn, Ca, Mg, Th, U, so on that are dissolved into solution as 

sulfate forms. In order to get highly purified RE product, it is necessary to remove non-RE from RE 

solution.  

The most popular method for removing Fe and Th in RE solution is increasing pH of 

solution, and then adding MgO. When pH of solution reaches about 4 ÷ 4.5, ions of iron, thorium 

would be hydrolyzed and then precipitated and deposited on the bottom, finally they would be 

removed by filtration. 

Other method for removing impurities is double sodium sulfate precipitation using sodium 

sulfate; Sodium sulfate was added into RE sulfate solution forming sodium rare earth sulfate 

precipitation. After filtering precipitation, almost soluble non-RE material would be in liquid phase. 

Thorium and Uranium are radioactive impurities that harms environment, thus it is 

necessary to remove them. During chemical treatment of rare earth mine, a large amount of thorium 

and uranium will be released, so it needs to isolate them. The methods of adjusting pH and 

precipitating double sulfate salt do not remove completely radioactive elements. Another way 

applied to remove them entirely is solvent extraction using mixture of amines agent that can extract 

directly thorium and uranium from RE sulfate solution. 

In this part, both of two methods mentioned above, would be used to remove impurities 

from RE solution. Firstly, using MgO for neutralization of leachate, then increasing pH up to 4 for 

removing Th and Fe, then precipitating double sulfate salt and RE carbonate salt. After that, using 

mixture of amine solvents for separating radioactive elements of Th and U. Finally, using double 

sulfate method and RE carbonate method for getting highly purified RE solution. 

The results of hydrolysis process showed that when pH of solution was adjusted to 3.5, 99% 

of Fe was removed; the TREEs were lost 5%. However, the Th and U still remained in after-treated 

solution (4.0 and 10.7 mg/L), corresponding to removal of 90% Th and 35% U, respectively, and 
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the concentrate of Mg increased so much. So it needs to purify further by double sulfate and RE 

carbonate precipitation. 

Further purification of RE solution after treating by MgO was performed as follows: adding 

Na2SO4 with RE/ Na2SO4 = 1/2 (by molar), reaction temperature of    80 
o
C, stirring time of 2 hrs. 

After reaction, the precipitation of NaRE(SO4)2 was formed and then this precipitation would be 

filtered to remove impurities. The sodium RE sulfate was converted into hydroxide form by using 

sodium hydroxide. Finally, dissolving RE hydroxide by using hydrochloride acid to prepare RECl3 

solution. The ICP-MS results showed that after treating with double sulfate method, TREEs lose 

5%, uranium was removed completely, the concentrate of Mg reduced sharply from 785 to 6 ppm. 

Combination of both two purification processes (neutralization and double sulfate method) 

showed that the loss of TREE was about 10% in total, the remaining impurity concentrations in 

solution were very low. 

Another method supposed for further purification of RE solution was RE carbonate 

precipitation. The ammonium bicarbonate was added into sulfate solution with RE/NH4HCO3 = 1/3 

(by molar). The reaction time was 2 hrs. and temperature was 80 
o
C. After finishing reaction, rare 

earth carbonate solid form (RE2(CO3)3) was filtered, then dissolved by hydrochloride acid and 

RECl3 was obtained. The RE and impurity analyzing results showed that the mass transfer rate of 

RE reached 91.3% and the content of impurities was higher than those of solution that was treated 

by double sulfate process. Especially, Th and U still remained in the solution, so it is necessary to 

remove thorium and uranium before removing other impurities. 

Amine solvent extraction often is used for extraction of Th and U nitrate. However, using 

amines for extraction of radioactive elements from RE sulfate solution just has been developed 

recently. Amine N1923 can extract Th in sulfate medium and amine TOA can extract U in sulfate 

medium. Therefore, using mixture of N1923 and TOA can extract Th and U from RE in sulfate 

medium.  

In this work, extraction of Th and U was performed using mixture of TOA and N1923 with 

the concentrations of 0.01M and 0.015M, respectively. The extraction system contained 4 stages for 

extraction, 3 stages for scrubbing and 4 stages for stripping. The solution for scrubbing was H2SO4 

0.1M, the solution for stripping was HCl 2M. The funnel used for solvent extraction was 60 mL 

funnel. The results showed that 95% Th and U was extracted into organic phase and the content of 

the other impurities decreased lightly after extraction. 

2. Process of rare earths separation and extraction by PC88A solvent 

The 120 stages counter current continuous extraction system has including the steps used to 

extract and steps for the tripping, which used 20% PC88A solvent, 4.5N NaOH, 3N HCl acid... The 

counter current continuous extraction is the process, in which the solvent runs upstream with an 

aqueous solution. During this extraction process, the rare earth elements (RE) will be competed 

extraction with each other. RE which have the ability to create stable complex with PC88A will 

push out other RE from unstable complexes and turned down to the aqueous phase. Acid solution in 

the extraction system separates RE from complexes and cleaning solvents to continue the next 

extraction process. In addition, acid is also effective to create separation between the rare earth 

elements together. 

For the effective extraction and product collection, we need to be interested in research and 

management for material balance in the extraction system. The distribution and  accumulation of 

RE at different positions in the extraction system depend on operating regulations and time [7, 8]. 

Generally, the REs stand together for low separation factor, so it is necessary to have a lot of time to 

reach equilibrium and need enough separation steps to extract the elements and separated from each 
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other. Thus, to ensure the efficiency of the extraction process, the management research and tightly 

controlled distribution of RE at each extraction steps is needed. 

To assess the distribution of the RE during the extraction, the solution in the grade 1, 10, 20 

and 100 are removed from the system and then analysis element of RE for their distribution. 

Stage 1: Separation of La, Ce group and Pr, Nd… Lu group 

The parameters of separation of La, Ce group from total RE-Cl solution by pilot-scale 

extraction system as follows: 

- Using 120-box extraction system containing 80 boxes for extraction and 40 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 3L/m; 

NaOH 4.5N with flow rate of 0.14L/m; HCl 4N with flow rate of 0.25L/m; feed solution of 150g/L; 

pH at neutralization tank: 3-3.5; adding feed 150g/L into box 50 with flow rate of 150mL/m; 

draining out La/Ce group product at box 15 with flow rate of 110mL/m; draining out Pr, Nd…Lu 

group at box 70 with flow rate of 17.5mL/m. 

Stage 2: Separation of Ce from La, Ce group 

The parameters of separation of Ce from La/Ce group (product of stage 1) by pilot-scale 

extraction system as follows: 

- Using 120-box extraction system containing 80 boxes for extraction and 40 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 3L/m; 

NaOH 4.5N with flow rate of 0.14L/m; HCl 3N with flow rate of 0.32L/m; feed solution of 150g/L; 

pH at neutralization tank: 3-3.5; adding feed 150g/L into box 50 with flow rate of 150mL/m; 

draining out La product at box 15 with flow rate of 75mL/m; draining out Ce product at box 60 with 

flow rate of 75mL/m. 

Stage 3: Separation of highly-purified La from La solution containing impurities 

The parameters of separation of highly-purified La from La solution containing impurities 

by pilot-scale extraction system as follows: 

- Using 80-box extraction system containing 45 boxes for extraction and 35 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 3L/m; 

NaOH 4.5N with flow rate of 0.14L/m; HCl 3N with flow rate of 0.32L/m; feed solution of 150g/L; 

pH at neutralization tank: 2.7-3; adding feed 150g/L into box 5 with flow rate of 150mL/m; 

draining out La product at box 30 with flow rate of 150mL/m. 

Stage 4: Separation of Pr, Nd group and Sm… Lu group 

The parameters of separation of Pr, Nd group and Sm…Lu group by pilot-scale extraction 

system as follows: 

- Using 80-box extraction system containing 45 boxes for extraction and 35 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 2L/m; 

NaOH 4.5N with flow rate of 0.09L/m; HCl 4N with flow rate of 0.19L/m; feed solution of 150g/L; 

pH at neutralization tank: 2.8÷3.2; adding feed 150g/L into box 32 with flow rate of 150mL/m; 

draining out Pr/Nd group product at box 18 with flow rate of 140mL/m. 
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Stage 5: Separation of Nd and Pr, Nd group 

The parameters of separation of Nd from Pr, Nd group by pilot-scale extraction system as 

follows: 

- Using 120-box extraction system containing 100 boxes for extraction and 20 boxes for 

recycling used solvent; 

- Parameters for operation: solution of PC88A 20% (by volume) with flow rate of 2L/m; 

NaOH 4.5N with flow rate of 0.09L/m; HCl 3N with flow rate of 0.22L/m; feed solution of 150g/L; 

pH at neutralization tank: 2.8÷3.2; adding feed 150g/L into box 35 with flow rate of 150mL/m; 

draining out Nd product at box 90 with flow rate of 130mL/m; draining out Pr, Ce at box 2 with 

flow rate of 20mL/m. 

3. Summarise 

During the implementation of the Protocol Mission, research team in ITRRE has completed 

research objectives with the results as follows: 

a) Studied mineralogy, chemical composition of rare earth Dong Pao. Mineralogical 

composition of Dong Pao is mainly barite, fluorite, bastnaesite, and a number of associated 

minerals. The average composition of the rare earth ore is relatively low about 8-10%. This ore 

should be received by the dry magnetic and flotation recruitment method to collect over 40% of 

concentrated RE ore. 

b) Completed the construction of the decomposition technology of Dong Pao concentrated 

RE ore by directly decomposition techniques with H2SO4 using laboratory furnace and simulation 

rotary furnace. During this hydrometallurgical, recovery performance of RE in the laboratory and 

pilot are over 94%. The specifications of this process as the proportion of acid to the ore, firing 

temperature, time for heating are determined. During the decomposition firing process, we also 

determined the gas absorption phenomena, treating waste gas to make comments for building plant 

later. The results of this small-scale study has provided specifications for the operator environment. 

c) Completed the construction of dissolve technology for RE after firing decomposition and 

refining RE solution from the dissolving solution. The condition of dissolving and excluding 

impurities were taken in the process. 

d) Completed the process of transfer salts from RE-SO4 to RE-Cl by carbonate precipitation 

and solvent extraction method. We have published two processes that are precipitated carbonate and 

solvent extraction. The carbonate precipitation process is efficient and simpler than dual sulphate 

precipitate but the more impurities. The impurities are separated by dissolving process of RE 

carbonate with HCl acid. 

e) Completed the construction the separation technology process of Th, Fe impurities and 

other impurities by neutral method. In this case, there are 98% Fe and Th removing from RE 

sulphate solution when the pH is elevated to 4. However, RE would be precipitated about 5%. 

f) Completed the separating research of Th, U by solvent extraction techniques with amine 

levels are 1 and 3. The Th and U will be eliminated in the stage for cleaning RE sulphate solution. 

Relative cleaning Th and U amounts will be used for other purposes. 

g) Developed the technology process for separating light-heavy RE by liquid-liquid 

extraction techniques (based on the characteristics of the Dong Pao ore). 

h) Completed the process for separating and refining La, Ce, Nd and Pr by solvent 

extraction techniques on pilot scale. The light REs were separated by solvent extraction system that 

has 120 steps and the purity of the REs are about 99%, however Nd and Pr pair needs more than 

steps. Initially, accessing to RE separation technology using solvent extraction on large equipment 
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with high performance and advanced technology from Japan. 

D. SCIENTIFIC PRODUCTS OF THE PROTOCOL PROJECT  

1. Technological process for separation and recovery of individual pure RE elements 

from ore concentrate Dong Pao 

- Diagram of overall treatment of concentrated ore. 

- Tables of data of RE concentrations and U, Th concentrations at different technological 

stages. 

- Process for decomposition roasting of concentrated ore. 

- Process for leaching and getting total RE elements. 

- Process for transferring from RE-SO4 into RE-Cl using carbonate precipitation and 

solvent extraction. 

- Process for removing Th and U using solvent extraction. 

- Process for separating heavy-light RE groups and separating La, Ce, Nd and Pr using 

solvent extraction. 

2. Science results Published 

- 02 scientific articles in National Chemistry Journal, No. T53 and T54 in 2015. 

- Scientific reports, seminar in Vietnam, Japan and training course reports. 

3. Training 

In the implementation time of Protocol project: 03 master of  RE includes Nguyen Thanh 

Thuy, Nguyen Van Phu and Le Hai Son (graduating). 

4. Some of RE products in practice 

- Total RE-carbonate  > 95% TREO: 200kg. 

- Total light RE elements > 98% TREO: 150kg. 

- Pure rare earth oxides: La2O3 (>99%)  10kg; CeO2 (>99%)  15kg; Nd2O3 (>99%)   

5kg; Pr6O11 (>99%)  2kg.  

III. CONCLUSION 

During the implementation of Vietnam - Japan Protocol Mission, we have studied in detail 

the separating and refining process of light RE from concentrated RE ore. The results which 

received from these process are very important to build a RE processing plant in Vietnam. It 

improves the process of mineral resources and reduced export resources. Some specific content and 

results: 

- Built 07 basic technology processes which are the basis for the processing technology of 

RE ore Dong Pao in Lai Chau; 

- Recruited 25 tons of ore which has 17% and obtained 10 tons of ore containing more 

than 40% of rare earth; 

- Fired decomposition and sulfated about 10 tons of concentrated ore, receiving a number 

of tons of light RE; 



VINATOM-AR 14--28 

 

The Annual Report for 2014, VINATOM 

 
278 

- Dissolved and prepared solution for the extraction proccess; constructed processes, 

operated the extract equipment and obtained hundreds kilogram of light RE and tens kilogram of 

pure REs such as La, Ce, Nd, Pr. 
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ABSTRACT: The study to expand the VILAS activities in the field of uranium and rare earth ores as well as 

environmental samples on addition of accredited test methods has been implemented in VILAS 524. The 

maintainance of all routine activities at VILAS 524 laboratory (Center for Analytical Chemistry-Institute for 

Technology of Radioactive and Rare Elements) to comply with TCVN ISO/IEC 17025:2005 has been carried 

out regularly after the certificate of VILAS 524 was issued. The annual audit by the experts from BOA (Bureau 

of Acredditation) has been applied to VILAS 524 in order to control the compliance of VILAS activities with 

ISO standard and the renew of VILAS certificate  up to 2017 was issued. 

Keywords: VILAS, Test method validation, TCVN, ASTM, ISO. 

1. INTRODUCTION  

Laboratory of Center for Analytical Chemistry-CACE (belongin the Institute for 

Technology of Radioactive and Rare Elements-ITRRE) has been accredited on the base of TCVN 

ISO/IEC 17025:2005 and encoded as VILAS 524 from the end of 2011.  According to the guideline 

of the accreditation system, Bureaux of Accreditation (BOA) annualy sends the auditors to VILAS-

524  for the evaluation of the compliance with ISO/IEC 17025:2005 during undergoing routine 

activities. The VILAS 524 has been required to meet all criteria of TCVN ISO/IEC 17025:2005, 

which have been documented in quality manual and applied for routine analysis.  

Furthermore, the accredited methods of VILAS 524 till the end of 2012 consisted of 11 tests 

as the following.  

Zircon ore - Determination of the Zirconium Content by TCN 90:2005;  

Ilmenite Ore - Determination of Titanium Dioxide-TiO2 Content and Determination of Iron 

(III) Oxide –Fe2O3 Content by TCVN 8911:2012;  

Manganese Ore - Determination of Total Manganese Content and Manganese Dioxide- 

MnO2 Content  by TCN 91:2005;  

Zinc Ore - Determiantion of Zinc Content and Determination of Lead Content by TCN 

92:2005;  

Ground water, surface water, drinking water and waste water - Determination of Elements in 

Water by Inductively Coupled Plasma – Mass Spectrometry (ICP-MS) by ASTM D5673:2010; 

Project Information: 

- Code:  

- Managerial Level: Ministry of Science and Technology 

- Allocated Fund: 500,000,000 VND 

- Implementation Time: 30 months (Jan 2013 – June 2015) 

- Contact Email: nguyentkdz@yahoo.com 

- Papers published in relation to the project: 

     Nguyen Thi Kim Dung, Nguyen Thi Lien, Nguyen Thi Men, “Quantitative Determination of Rare Earth 

Elements and Uranium, Thorium in Rare Earth Ore by ICP-MS” reported in the 3
rd

 Conference of 

Nuclear Science and Technology for young staffs, Hanoi 3-4 Oct., 2014;  
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Non-saline water-Measurement of gross alpha activity in non-saline water-Thick source 

method by TCVN6053:2011;  

Non-saline water- Measurement of gross beta activity in non-saline water-Thick source 

method by TCVN6219:2011; 

Uranium ores /geological samples- Determination of uranium in ores /geological samples by 

ASTM C1110-03 (2008). 

The number of these accredited test methods was still limitted meanwhile the demand of 

customers on routinely analyzed sample types are several. Moreover, the main field of ITRRE 

activities concerns radioactive and rare elements, in which many test methods have not yet been 

accredited by BOA. The addition of accredited test methods in the fields of radioactive and rare 

elements and of environmental samples analysis is thus necessary for the development of VILAS 

524 as well as for the maintenance of the effective service to all research subjects implemented in 

ITRRE. The tasks of the above-mentioned project were thus carried out.   

2. RESULTS OF THE PROJECT 

2.1 Updating the documents in quality management system  

The quality management system of VILAS-524 consist of 17 procedures, 15 documents and 

about 25 forms, which must be updated monthly or annually meanwhile quality manual is the top 

document that described the strategy of the laboratory and it must not be changed or updated 

regularly.  

The update of whole documents of VILAS system has been taken part regularly and the 

activities have been carried out by the quality manager and all staffs of the laboratory. Management 

review and internal audit also played the very important role during operation of VILAS 524 and 

they have to be regularly done from time to time. Furthermore, the re-evaluation of VILAS 524 

system including re-issue of the quality manual was taken into account then the renewed certificate 

of VILAS 524 was granted for a new period 2014-2017.   

 2.2 Enhancement of Technical Potential of VILAS 524   

In the years of  2013-2014, the validation of seven suplementary test methods was carried 

out. They were as the following. 

(1)  Water quality - Determination of the activity concentration of  
40

K, 
226

Ra, 
232

Th -Method 

by high resolution gamma ray spectrometry activities by TCVN 7175:2011/ISO 10703:2007; 

(2)  Soil, Sediment - Simultaneous determination of  
40

K, 
137

Cs, 
226

Ra, 
238

U, and 
232

Th 

activities by TCCS–ĐT-07:2010; 

(3)  Portable and light polluted water - Water quality - Determination of fluoride, Part 1: 

Electrochemical probe method by TCVN 6195:1996/ISO 10359-1:1992; 

(4) Ground water, surface water, drinking water and waste water - Water quality-

Determination of cadmium by atomic absorption spectrometry by TCVN 6197:2008/ISO 

5961:1994; 

(5)   Uranium Concentrate - Determination of uranium by iron(II) reduction in phosphoric 

acid followed by chromium(VI) titration in the presence of vanadium by ASTM C1267-11; 

(6)  Soils, Rocks, and Ores - Determination of 16 rare earth elements by Inductively 

Coupled Plasma – Mass Spectrometry (ICP-MS) by TCCS-RE-01:2014; 

(7)  Soils, Rocks, and Ores - Determination of uranium content by Inductively Coupled 

Plasma – Mass Spectrometry (ICP-MS) by TCCS-U-02:2014; 
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These test methods were audited in details by technical experts from BOA until they would 

fully meet the requirement of ISO/IEC17025 and the final decision was granted by BOA to certify 

the accreditation of the above mentioned test methods.  

2.3 Equipment Calibration  

According to ISO/IEC 17025:2005 the link between analytical results issued by VILAS 524 

and the instruments used for producing data in the relevant test method must be assured by the 

calibration, which has been done by an accredited laboratory on corresponding specify. The 

calibration was annually carried out and the instrument was marked by calibrated label. Several 

instruments in VILAS 524 such as balance, furnaces, oven, pellette presser ect. were calibrated by 

different accredited laboratories in Vietnam Metrology Institute.     

The advanced instruments such as ICP-MS, Total Alpha Beta Counter, Gamma 

Spectrometer, AAS, ect. with stable status at operation for the long time were calibrated by 

expertised staffs of VILAS 524 on the base of the instruction and authorization by the 

manufacturers.   

2.4  Proficiency Test 

The inter-laboratory tests on environmental samples using Gamma Spectrometry, AAS and 

electro-probe ion selective method were carried out by the staffs of VILAS 524. The quality 

manager of  VILAS 524 assessed all the obtained data and reported to the auditors.  

During the years of 2013 and 2014 the proficiency tests (IAEA-TEL-2012-03 and IAEA-

TEL-2014-03) on water, sediment, and biological samples were organized by IAEA Terrestrial 

Environment Lab. at Seibersdorf, Austria, in which the staffs of VILAS 524 participated to analyze 

the sample by our proposed method to be approved by BOA. The analytical results was then 

reported to IAEA in order to evaluate the precision of each laboratory. According to the statistical 

data from IAEA, the results from VILAS 524 generally showed the Z-score within  + 2 that 

reflected the relatively low bias. However, some analyzed nuclides result showed the Z-score out of 

the expected range ( + 3 ) that did not meet the requirement of uncertainty and the technical experts 

from BOA requested to find out the reasons. In order to implement the reparative action according 

to ISO17025, the staffs of VILAS 524 had to repeat the experiments and to insert the appropriate 

standards for recalculation of these nuclides and the good agreement of analytical data from VILAS 

524 with those from other laboratories was finally got.       

2.5  Auditing the activities of VILAS 524 in the year of 2013 and the overall audit for 

the renew of VILAS 524 certificate together with approval of seven test methods 

The audit of VILAS 524 activities was implemented on 29 of November, 2013. The auditor 

of BOA after re-valuating the whole relevant documents of VILAS 524 reported to the director of 

BOA and the final information on the continue to approve VILAS 524 complying the 

ISO/IEC17025 was issued on 12 of February, 2014. 

The audit delegation came to VILAS 524 on the early day of November, 2014 for overall 

evaluation of quality management system and of new seven test methods requested to be accredited 

together with eleven former accredited test methods. The systematic auditor and other technical 

auditors carefully audited all relevant documents and status of related instruments as well as staff 

skill of VILAS 524, then the minutes was signed between the delegation leader and the head of 

VILAS 524, in which the minor mistakes had to be repaired and the re-issue of quality manual was 

suggested.  

Final decision of BOA on maintaining the accreditation status of VILAS 524 and on the 

approvement of total eighteen test methods dated on 17 March, 2015 was granted together with the 

renewal of VILAS 524 certificate in the period of 2014-2017 (see the attached figures in annex). 
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3. CONCLUSION 

- The tasks have been carried out by the staffs of CACE according to the registered 

contents together with research contract; 

- The Certificate of VILAS 524 has been re-accredited within a new cycle of the years 

2014-2017 by the decision of BOA dated on 17
st
 of March, 2015 and the addition of seven test 

methods were approved together with former 11 test methods were re-approved;  

- The results of proficiency test were evaluated and the certificate of participation would 

be issued according to the request of the individual laboratory; 

- A request on the continuing the annual project of VILAS 524 routine operation was 

proposed to the higher management in order to fulfill the tasks assigned by VINATOM and ITRRE, 

in which the extension of supplementary test methods for VILAS 524 from the researched results 

over 30 years would be taken part in and the number of accredited test methods would be increased;  
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ABSTRACT: Design work is the first step of the construction and operation of pilot plant. Thus, the project 

"Study on designing a complete pilot plant for processing sandstone ores in Palua - Parong area" was 

conducted to design a pilot plant for testing entire technological process to obtain yellowcake. 

Based on a literature review of uranium ore processing technology in the world, information of ore and 

previous research results of uranium ore in Pa Lua - Pa Rong area at the ITRRE, a suitable technological 

flowsheet for processing this ore has been selected. The size, location of the pilot plant and planed 

experiments has been selected during the implementation of this project, in which basic parameters, designed 

system of equipment, buildings, ect. were also calculated. 

Keywords: Pilot plant, uranium, uranium ore processing. 

 

1. INTRODUCTION 

Pilot plant is a small scale simulation of the future industrial operations. This is an 

intermediate stage of testing. The main objectives of the pilot plant is to determine the technical and 

economic indicators and the environment of the entire uranium ore processing and personel training 

for operation types of equipment and for control of the process. 

According to the results of the Uranium Exploration Project in Pa Lua - Pa Rong area, 

uranium reserve was calculated with a high reliability (C122 level). The size, complexion, 

uniformity of ore body and composition of the ore were also determined. Meanwhile research 

works on technologies for processing the ores in this area to get uranium concentrate have come up 

with an appropriate technology with a high recovery yield. However, in order to produce uranium 

from ores in Pa Lua - Pa Rong area, it is necessary to carry out feasibility study, especially in the 

case of Vietnam that does not have adequate experience in processing uranium ores and other 

similar ores. Therefore, operation of an ore processing pilot in which design of the pilot is very 

important and essential at present. 

Project Information: 

- Code: ĐTCB-07/13/VCNXH 

- Managerial Level: Ministry of Science and Technology 

- Allocated Fund: 540,000,000 VND 

- Implementation Time: 24 months (Jan 2013 – Dec 2014) 

- Contact Email: leqthai62@yahoo.com 

- Papers published in relation to the project:  

1. Le Quang Thai, Tran Van Son, Vu Khac Tuan, Tran The Dinh, Trinh Nguyen Quynh, Đoan Thi Mo, 

Nguyen Hong Ha, Bui Thị Bay, Pham Minh Tuan, Than Van Lien, “Studying on Design of a complete 

Pilot Plant for Processing Sandstone Ores in Palua-Parong Area”, to be published in Journal of 

Nuclear Science and Technology;  

2. Le Quang Thai, Pham Minh Tuan, Trinh Nguyen Quynh, Vu Khac Tuan, Nguyen Hong Ha, Bui Thi 

Bay, “ Ion Exchnge Resin Selection for Concentration and Purification of Uranium Leached by 

Sulfuric acid Solution”, to be published in Journal of Nuclear Science and Technology. 
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As considered a simulation of a plant in the future, the objective of this pilot is to verify the 

technology which was developed in the laboratory and optimize operational parameters of 

components in the process. In addition, other objectives were also paid attention, including study on 

circulation of solution in components and the accumulation of impurities in the whole operation of 

the pilot, necessary and adequate information for design, cost estimate of investment and operation, 

etc. 

For these reasons, the topic "Study on designing a complete pilot plant for processing 

sandstone ores in Pa Lua - Pa Rong area" was conducted to design a pilot plant for testing entire 

technological process to obtain yellowcake. 

2. RESULTS AND DISCUSSION 

2.1. General information of ore 

According to the results of exploration in the phase 1 of the project for uranium ore 

exploration in Pa Lua - Pa Rong area, uranium reserve in this area is 5,500 tons of U3O8  (in 

compliance with reserve level of C122, approximately equal to RAR level which is the highest 

reliability). However, the data at the end of 2007 showed that uranium reserve in the long-term 

vision might reach over 16,000 tone of U3O8. 

Sandstone ores in Pa Lua - Pa Rong have geological structure ranging from complex to very 

complex in which ore body can be a single vein or system of veins that have distribution without 

law; veins are in the forms of matrix, lens, cluster, tube with discontinuous distribution and 

destructed fault. This characteristic will affect the selection of methods for ore exploitation during 

implementation of production. 

In terms of uniformity, in the area of Pa Lua, the thickness of rock layer containing ores 

changes from 1.0 to 3.5 m, changing unstably while the average contents of U3O8 in the ore bodies 

change from 0.031% to 0.095%, varying very unevenly. In Pa Rong area, the content of U3O8 in the 

ore body is in the range of 0.006 - 1.43%, accounting for average 0.075%. The content of U3O8 in 

the rock layers containing ores distributes from unevenly to very unevenly. Average thickness of 

rock layers containing ores is relatively stable. In the 3 layers containing ores, the layer containing 

No 1 ore lying at the lowest level has large varying co-efficiency in thickness and contents, but the 

highest content of U3O8 and the largest thickness. 

In terms of mineral composition, it is possible to divide into groups including minerals 

creating the host rock, uranium minerals (primary minerals: nasturan and hydrated nasturan, 

coffinite and secondary minerals: uranophan, uranioxiacid - metaurnaioxiacid, autunite, 

metaautunite and hydrated metaautunite, uranoxiacid, soddyite, bassetite, etc.) and companying 

mineral group (sulfur mineral, oxide mineral, ferro and manganese hydroxides and mineral of 

carbonate group). Sandstone ore in this area consists of no weathered (primary ores) and weathered 

forms. 

In terms of chemical composition, the average uranium content of the area is 0.04 - 0.06% 

U3O8. The ore does not contain a considerable amount of rare and precious elements that are 

valuable to consider recovery during ore processing. Vanadium and Molybdenum are not in the 

range of concentrations that are usually paid attention to. Other impurities such as Cu, Ni, Cr, Mn, 

Ti etc. are not considerable and cause little affects to the quality of the products.The content of 

carbonate in the ore which ranges from 2% to 6% may lead to high acid consumption in the 

leaching process; however, it is still in the permissible limit for applying the method of leaching by 

acid sulphuric. Uranium contents in different ore objects are not the same. Due to the different 

levels of weathering, compactness of different ores, the ratio between reduction and oxidation forms 

of uranium are different, leading to the different ability of uranium leaching. This requires piloting 

to be flexible in terms of technology.  
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2.2. Selection of complete flowsheet 

Based on mineralogical, chemical compositions and results of laboratory research as well as 

some pilots after laboratory research, the group of authors proposed a flow sheet for processing 

sandstone ores in the area of Pa Lua - Pa Rong, similar to the flow sheet for processing low grade 

ores that have been used in the world. According to the flow sheet in the below figure, the ore 

processing process consists of main components, including ore handling  (crushing and grinding), 

agglomeration, stacking, leaching, ion exchange, precipitation, filtration, drying, effluent treatment 

and solid waste management. As chemical composition of the ore varies unevenly in the ore body, 

technological condi -tion would be 

pointed out in the scope to apply 

for the ore with the average 

uranium content of 0.05% U based 

on the previous research results. 

- The ore handling stage 

is to reduce size of ore particles to 

the appropriate size for leaching: 

crushing at two levels, in which at 

the first level, crushing from the 

size of ore particles after 

exploitation to the size of -10 cm 

(80%). A system of sieves with 

respective sizes was used after 

each level of crushing to avoid the 

ore to be over-crushed.  

- Agglomeration stage is 

to ensure even distribution of 

particle sizes and acid in the ore 

mass: concentrated sulfuric acid 

and water are added together with 

ore into a rotary drum mixer. Acid 

consumption in this component 

accounted for around 30% - 40% 

of the total acid consumption for 

the whole leaching process. The 

moisture content reached 5%.  

- Stacking is to put the whole mixed ore mass into a heap with solution containing 

uranium. In order to carry out this, the ore mixed from the previous component was transferred to 

the leaching area by rubber conveyor system. The height of the ore heap was around 3 - 3.5 m. 

After that, a system of pipes to provide solution (with dropper) on the surface of the ore layer with 

distance between holes on the pipe of around 30 - 35 cm. The size of the ore heap will be calculated 

based on determination of pilot scale as mentioned below. 

- Leaching: this is the main stage of the process for removing uranium from the ore and 

obtaining uranium containing solution. Solution of leaching agent (acid or circulated solution) is 

pumped into the heap via distribution system with a flow rate of around 10 - 20 l/m
2
.hour by batch. 

After leaching stage, water usually was pumped into the heap to recover the whole dissolved 

uranium and residual acid from ore residues. Water consumption based on the ratio of water/ore 

reached around 0.7. Leaching duration was around 2 months. Recovery yield reached around 80 - 

85%. 

Ore 

Uranium ore processing flowsheet 
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- Ion exchange: this stage was to remove majority of impurities from uranium and 

increase the content of uranium in the solution and was carried out in a continuous ion exchange 

system. Ion exchange resin used was strong base anion resin such as purolite. In the initial stage, 

uranium was removed from leaching solution to the resin, but most of impurities went with the 

effluent. Before conducting uranium adsorption, the leaching solution was adjusted to pH 1.6 by 

NaOH solution. In this stage, retention time of the solution in the resin bed was around 8-10 

minutes (longer than that for Amberlite IRA 420 resin). The next step was to elution in order to 

remove uranium from saturated resin into solution and increase uranium concentration. Eluant was 

solution containing NaCl 1M and H2SO4 0.1M. Retention time of the solution in the resin bed was 

around 15 minutes. Total volume of the eluant for this stage was 18 bed volumes. Uranium 

concentration in product solution reached around 10 g/l. The yield of uranium recovery reached 98 - 

99%. Between these two main stages there were stages of rinsing resins with sulfuric acid 1/1000 

(volumetric ratio). 

- Precipitation: this is the stage for recovery of uranium in the form of yellowcake as 

product. To ensure that the product has high purity and stability, H2O2 was used as precipitating 

agent. pH of precipitation process was maintained at 3.3 during the whole precipitation by adding 

dilute NH4OH solution. Consumption for H2O2 was 0.182 g H2O2/g U3O8. Mixing duration was 2 

hours. The solution was kept for 2 more hours to let crystals stable. The yield of uranium recovery 

reached over 99%, the content of U3O8 reached over 80%; content of impurities met the ASTM 

standards for commercial products. 

- Filtration, drying and packaging product: these are the last stages of the flow sheet to 

complete products, packaging and releasing. A vacumm coveyor filter is used in the filtration.   

- Treatment of the effluents was to dispose wastewater to the environment or recycle 

them in the process. The treatment was carried out in a mixturer by neutralization method through 2 

stages. 

Neutralizing agent was lime. Initially, the solution was neutralized to pH 8 and mixed for 20 

minutes. Lime was continued to be added to reach pH 10 and  mixed for additional 20 minutes to 

allow Ra to be co-precipitated completely with BaSO4. The solution was kept for several days and 

then was sedimented. Solid waste and tailings were collected and transferred to the landfill for 

disposal and management. 

2.3. Size and location of the pilot plant 

Yield of stages from ore crushing to leaching was determined by the amount of ore to be 

processed, but the later stages such as ion exchange, precipitation, drying, etc... depended on the 

uranium content in the ore. Therefore, the yields of those stages in the technological flow sheet for 

processing sandstone ores in Pa Lua - Pa Rong area were very different from each other. In 

principle, the larger scale of the pilot, the higher the reliability of the obtained information; 

however, the larger scope, the more difficult the provision of ore samples, especially the provision 

of budget. In order to reduce the necessary amount of ores for the pilot later on, stages including 

precipitation, filtration and drying would be operated in batch pattern (this kind of equipment is 

popular) to have sizes large enough.  

The other stages are divided into groups working in continuous mode. The first group 

include ore preparation, agglomeration and stacking with capacity of 10 tons of ore/hour. The 

second one include leaching, ion exchange and liquid waste treatment. Leaching system consists of 

5 boxes (85 tons of ore/box). Ion exchange system with yield of 185 litters of solution/hour works 

continuously 24 hours/day and 30 days/month. 

Through the survey, a suitable place for pilot plant  Pa Lua village, Pa Toi commune, Nam 

Giang district, Quang Nam province, because it is near the ore body. 
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2.4. Mass balances 

Based on the selected flow sheet, some of the main streams were calculated and given in 

below table. The calculation is based on the following parameters: 

Average moisture content of the ore (%):   2 

Leaching efficiency (%U):    82 

Saturated uranium loading of resin (g U/l): 45 

Efficiency of uranium recovery (%):  98 

Characteristics of the main streams of the block diagram 

Stream Working mode 
Solid Liquid 

Kg/h g U/t g U/ h L/ h g U/L Density  g U/h 

1 
Continuously, 8 

hours/day and 2 

days/month 

10,000 500 5,000 204.1   1.0   

2 10,000 500 5,000 204.1   1.0   

3 10,000 500 5,000 526.3       

4 

Continuously, 

24 hours/day 

and 30 

days/month 

231 500 116 12.2       

5       185.0 0.514   95.1 

6 2.2 42750 93.2         

7       13.1 7.125   93.2 

8 228 90 21         

9 2.2             

10       322.2 0 1.0 0 

11       172.8 0 1.0 0 

12       185.0 0.010   2 

13       13.1 0 1.0 0 

2.5. Calculation, design and selection of equipments 

2.5.1. The equipments in the ore handling stage 

With processing capacity of 10 tons/hour and the characteristics of the ore, on the basis of 

the required size of ground ore, a two stage grinding system has been selected. Due to the average 

hardness, low moisture and the largest size (maximum diameter of 250 mm) of the ore, a jaw 

crusher should be selected for phase 1, and a roll mill should be selected for phase 2 of grinding. A 

quantitative requirement is shown in the figure below. 

According to a calculation, a jaw crusher PE400(A) X600 is selected for phase 1 and a 

single roll crusher 900A KCД for phase 2. This selected grinding system of two crushers has met 

the requirements of productivity and ore particle size. Additionally, a mechanical screening 

ZKS0615 has been selected. 
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2.5.2. Agglomerator 

The designed ore 

agglomerator system consists 

of a mixer as a main part and 

an auxiliary system such as 

transportation equipment to 

weighing and carrying ore to a 

temporary storage, equipment 

for measurement of 

concentrated sulfuric acid 

volume and a tank for water 

supply. 

- The calculated 

parameters of the ore 

agglomerator are as follows: 

the rotation of the barrel is 25 

cycles/min.; mixing drum is 

1.2 m diameter and 7.7 m 

length; electric motor power is 

of 30 kW. 

- Conveyor for ore 

transportation from warehouse 

to the mixer: minimum band width 300 mm; tilted angle 20
o
; transmission speed 150 m/min. and 

the drive motor 4.5 kW. 

- A shaking chute feeder with shaking frequency of 43 times/min. is selected. The 

technical data are as follows: Feeder hopper dimensions 800 x 800 mm; shaking amplitude 300 - 

360 mm; maximum feed size 200 mm  and  engine power 3kW. 

2.5.3. Leaching system 

a. An ON/OFF leaching system is selected. According to this technology schema, 4 leaching 

boxes are in operation and 1 box is for preparation phase (discharge of leached ore and recharge 

fresh ore) simultaneously. Sulfuric acid solution is supplied to an individual box by dripping 

system. Uranium dissolution process occurs while the acid solution leaked through the ore. 

Leaching solution is collected into a pregnant tank by a corrugated perforated drainage pipe system 

placed at the bottom of leaching pad. Leaching solution obtained from a leaching pad will be 

supplied as a leach solution to the next one. 

b. Leach pad size 

The bottom of each box is 3 m x 3 m square and a the height of 6 m. Number of boxes is 5. 

The selected input data for calculation and design of leach pad system are as follows: 

- Volume of ore (ton/batch): 85 

- Ore particle size (mm): <10 

- Moisture of ore (%): 5 

- Ore bulk density: 1.65 

- Flow rate of acid solution (l/m
2
.h): 15 - 20 

- Concentration of acid (g/l): 75 

5 12.27; 122.7 

Crushing I 

Premininary screening and control 

Crushing II 

Crushed ore 

Crude ore 

1 
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4 
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Q (t/h); γ (%) 
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10; 100  
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10; 100 

12.27; 122.7 
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c. Acid dripping system 

The Ore-Max dripping system is selected. The system consists of emitter line in which the 

emitters are installed internally and welded to the inside of the tubing and fixed inside the pipe with 

certain distances, emitter pressure regulator, emitter line connectors, pumps and other accessories. 

- Emitter line with emitters of 2 liters/min. is selected; the distance between the emitter is 

0.35 m. Thus, each pipeline includes 9 emitters, and distance from the top of pipelines to the box 

sides is 0.1 m. According to the calculation as a design described above, the selected emitter line for 

acid dripping system is Max-Emitter line 16MM 2 LPH: Part No. OL21614MX; Wall Thickness 

0,89 mm; Max-Emitter Spacing 35 cm). Total length of emitter line required for 5 box leach system 

is 405 m. 

- The pressure regulators are installed at the top of each pipeline to ensure the dripping 

rate of each emitter. The pressure regulator Ore-Max OLPRH1016, pressure 10 psi, diameter 16 

mm with emitter line connector is selected. 

d. Leaching solution collection 

Due to a small area the leaching box bottom as designed so one main drainage pipe will be 

put on the center of a box bottom. It is a Corrugated Perforated plastic Pipe of 50 mm diameter. The 

tube axis direction is down gradient along to the axis of the box. 

- The branches: 

• Corrugated perforated plastic pipe of 42 mm diameter. 

• Placed 45 degrees angling compared to the main pipe. When coming from the main pipe 

is 250 mm a segment of 500 mm is bended  parallel to the main pipe; 

• The distance between axis of two adjacent pipes is 200 mm. 

• A branch pipes is placed alternately to the pipe in the other side of the main pipe. 

The slope of the leaching box bottom: 3%; there are 4 layers for a leaching box 

- The bottom layer: the compacted soil; 

- The second layer: concrete as a base for box 
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- The third layer: 2 HDPE fabric liners with thickness 1.5 mm. On the surface of this 

layer the solution collection system is located. 

- The top layer (in contact with the ore): ore with bigger size (used ore, generally) to 

avoid the pipes blocking and obstructing of solution flow due to the sludge formation of fine ore 

particles. 

2.5.4. Ion exchange system 

The ion exchange system includes a sorption column, an elution column and two wash 

columns, in which the sorption column performs selective sorption of uranium from the feed 

solution; The size of elution column is as the same as the sorption column. 

a. The input data 

- Capacity: 185 liters/hour 

- Sorption retention time: 10 min. 

- Elution retention time: 15 min. 

b. The main parameters 

The sorption and elution column size: 

 Resin volume: 77 liters; 

  Diameter: 0.22 m; 

 Height: 2.23 m. 

Wash Column (2 identical columns): 

 Resin volume: 15 liters 

 Diameter: 0.14 m 

 Height of resin volume: 0.97 m 

 Height of column: 1.27 m 

Pumps: 

  Pumps for sorption: 500 liters/hour (higher than required flow rate 185 liters/hour); 

 Pump for elution: 200 liters/hour (a little bit higher than required flow rate 123 

liters/hour); 

  Pumps for washing: the pump for washing is utilized to wash and to transfer the resin. 

Pump for elution can be chosen for wash columns. 

2.5.5. Precipitation, filtration, washing and drying 

- Precipitation: Two identical vertical cylindrical reactors with cone angle 120° bottom, 

working volume Vw = 3.25 m
3
 (total volume V = 4 m

3
) of which the first reactor will be used for 

impurity removal and the second one for product precipitation. The working capacity of the 

precipitation reactor is  4 batches/day. A uranium solution container with a suitable capacity for this 

stage has been selected. 

- Solution - precipitate container after precipitation is a upright, flat bottom and no cover 

box with total volume V = 4 m
3
 and working volume Vw = 3.25 m

3
. 

- Filtration equipment: using automatic filter press: Plate size 470 x 470 mm and number 

of plates 15. 
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- Discontinuously electric drying cabinet is used to dry yellowcake with a capacity of 10 

kg/batch. 

2.5.6. Liquid waste treatment system 

The chosen system consists of several processes: precipitation - decantation, filtration, 

adsorption and ion exchange with processing capacity of 1 - 1.5 m
3
/h to ensure the quality of waste 

after treatment reach QCVN 40: 2011/BTNMT standards. 

2.5.7. Solid waste disposal area 

Solid wastes primarily include ore and residues obtained from the liquid waste treatment 

process. The volume of residues should be buried 1773.55 m
3
/year. Burial zones are designed in 

Point 5.2.2.1, Clause 5.2.2, Section 5.2, Article 5 of TCXDVN 320: 2004 - Residue of hazardous 

waste landfills - Design Standards).   

2.5.8. Dust collection system 

Method of dry collection is selected, in which the cyclone is used to recover coarse dust 

particles and bag filters for the fine dust particles. Collected dust is then transported in sealed round 

screw conveyors to agglomerator.  

2.5.9. Design and installation of equipment system of ore processing, waste treatment and 

warehouse and support buildings 

Based on the size and the type of used equipments, the warehouse area is calculated as 

follows: crushing area: 40 m
2
; ore agglomeration area: 126 m

2
; ore processing area: 216 m

2
 and 

support: area 108 m
2
. The workshops are designed in standards of industrial buildings. 

The equipments are arranged in arrays of work group work and workshop area. Installation 

diagram of equipments is described in figure. 

2.6. Water, electricity demand and preliminary estimation of pilot plant investment 

and operation costs 

The parameters of water, electrical power demand, investment and operation costs of pilot 

plant are calculated on the basis of the scale, the number of devices used, the number of used 

equipments and the pilot plant is expected to operate for 6 months. 

Total electrical power is 67,936 kWh, including 50,258 kWh for operation of equipments 

and 17,678 kWh for lighting purpose). 

Total water demand is 3,880 m
3
, including 3,718 m

3
 for testing and 162 m

3
 for living 

demand. 

Cost of pilot plant construction includes many items, in which expenses for the construction 

of plant, purchase and installation of equipments and ore sampling occupy a large proportion. The 

total investment cost is estimated at about VND 23.8 billion. 

Operating costs include the purchase cost of raw materials, electricity, labor, management 

and other expenses. Preliminary cost estimates for the total operating costs of 9 billion. 

2.7. Additional study of oxidant and ion exchange resin selection 

With the existing conditions in Vietnam and by references published in the world, the use of 

agent MnO2 as an oxidation for uranium ore processing in Pa Lua - Pa Rong by heap leaching 

(which uses ore agglomeration) or mixing and curing is appropriate in comparison with other 

agents, at a cost of 4 kg MnO2/ton of ore. 
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Strong base anion resins of GS300 (India) and Purolite A400 (UK) can be used for solution 

processing in industrial scale. For leached solution of similar components, suitable conditions for 

the absorption stage is pH of about 1.6 and retention time of 8 minutes. 
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3. CONCLUSIONS 

1) Pa Lua - Pa Rong sandstone is a low grade uranium ores. For the treatment of this ore to 

obtain uranium, a  following technological process is proposed: the ore is undergone a two stages 

crushing to the size of -10 mm. The crashed ore is mixed with about 1/3 of the total acid desired for 

leaching, oxidizer and water so that the moisture of the mixture is about 5%. The mixture is placed 

on a leaching pad then a 75g/l solution of sulfuric acid is introduced on the top of the pile. Leaching 

solution obtained is concentrated and purified by means of a strong base ion exchange resin, elution 

solution is a mixture of 1M NaCl and 0.05M H2SO4. Uranium is precipitated by H2O2 (0.182 kg of 

H2O2 per 1kg of U3O8) at adjusted pH 3.3 by using NH4OH solution. After decantration, filtration 

and drying a solid concentrated uranium is obtained and packed. The uranium recovery efficiency is 

about 76 - 83%. 

2) The designed Pilot plant consists of 3 sections: 

 First section includes the continously running equipments for ore crashing, size sorting, 

mixing and ore stacking with capacity of 10 tons of ore/h (8 hrs/day, 2 days/month); 

 The second section includes leaching, ion exchange and waste water treatment (running 

24 hrs/day, 30 days/month). The heap leaching consists of 5 leaching box (4 for leaching and 1 for 

ore discharge/recharge); 

 The third section includes precipitation, filtration, drying and packing. Batch running. 

Capacity of precipitation reactor and dryer is  4 m
3
 and 10 kg/batch respectively, press filter is 470 

x 470 mm. 

3) The site selected  for the pilot plant is as the same  as the site of workshop for uranium 

ore testing at Pa Lua, Pa Toi village, Nam giang district, Quang nam province (6
o 

North latitude and 

105
o 
South longitude). 

4) A plan for testing at the site has been determined to implement the targets of this 

project. It consists of 4 categories: collecting technical data of ore, technology testing, testing the 

materials for buiding and for making equipment, testing of analytical procedures. 

5) On the basis of technological parameters and productivities, a material balance 

caculation for solid, liquid streams, especially for uranium in the continous running equipments has 

been made. 

6) On the calculation and pilot design: The basic parameters of devices are calculated, it is 

can be utilized as a basic for design and selection of equipment (especialy regular equipment). The 

preliminary design drawings of main machines and equipment such as leach pad, ion exchange 

system, etc. have been made. 

7) The installation diagram of equipment in the pilot plant, drawings of the factory and the 

auxiliary area have been made. 

8) For six months in operation, it is expected the electricity consumption (including 

electricity to operate equipment and lighting) to be 67,936 kWh,  total water demand is 3,880 m
3
. 

The investment and operation costs are expected to be VND33 billion. 

9) The additional research in this project shown that  we can use the oxidation agent MnO2 

- a commonly used chemical- for uranium leaching in the processing of Pa Lua- Pa rong ore by 

permeability leaching method (ore is aggregated using acid and water to enhance permeability). For 

ion exchange resins, instead of using amberlite resin IRA-420 we can use the resins Purolite A400 

(UK) and GS300 (India) because of its fairly inexpensive (80- 85% compare to IRA-420) and 

available in Vietnam. 
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ABSTRACT: This report presents the technology improvement and a production line to produce high quality 

zinc oxide of purity upper than 99.5% ZnO by evaporation-oxidation method. Secondary zinc metal recovered 

from galvanizing industrial  will  undergo a pre-treatment to meet all requirements of standardized feed 

material for evaporation-oxidation process.  Zinc metal is melted at a temperature of about 650
0
C,  some 

impurities and metallic oxides are separated preliminary, then zinc metal  is converted into liquid in 

evaporation pot. Here the temperature is maintained around 1050
0
C, zinc liquid is evaporated, zinc vapor is 

oxidized by air in the oxidation chamber naturally by oxygen in the air and then zinc vapor is converted to zinc 

oxide. Zinc oxide is passed through a product classification systems and then go to a product collection of 

filtering bag design. The whole process of melting, evaporation, oxidation, particles classification and product 

collection is a continuous process. The efficiency of the  transformation of zinc metal into  zinc oxide can reach 

the value of 1.1 to 1.2. ZnO product quality is higher than 99.5%. 

Keywords:  ZnO, zinc oxide; French process. 

I. OVERVIEW 

Zinc oxide production technology by evaporation-oxidation method was developed long ago 

in the world to produce zinc oxide products  of high quality, this method has a very high production 

efficiency and has low impact on the environment. Due to lack of zinc metal in the domestic 

market, evaporation-oxidation method has not developed in our country. Currently, we have some 

factories for production of zinc metal of high grade (99.95% Zn) by electrolysis in our country so 

the research and development a technology for zinc oxide production by evaporation-oxidation 

method is feasible and valuable. 

Oxidation evaporation method is used to produce zinc oxide of high quality . The raw 

material of this method is primarily zinc ingots with purity 99.95% of zinc by electrolysis and 

ingots source of lower purity (from 95 to 98.5%) recovered from secondary zinc metal. According 

to this technology, zinc metal is fed into the melting pot, and then liquid zinc is transferred to the 

oven to evaporate the liquid to zinc vapor. Zinc vapor then is oxidized in the oxidation chamber by 

oxygen to form zinc oxide. 

Zinc oxide produced by this method has a very high quality, so it can be used in many 

industrial fields such as rubber vulcanization, high quality industrial coatings, plastics, ceramics, 

pharmaceuticals, cosmetics, etc. 

Technology fundamentals 

The chemistry of the production process by evaporation-oxidation method can be 

represented by the following reaction equation: 
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              Zn(solid)      →          Zn(liquid)                            (1) 

              Zn(liquid)      →          Zn(gas)                                             (2) 

                         2Zn(gas)  + O2    →         2ZnO                                              (3) 

II. TECHNOLOGY IMPROVEMENT 

We have implemented this project with the following specific measures: 

1. Selection of materials for the production of zinc oxide 99.5% by evaporation-oxidation  

method. 

2. Research a technology for removal of impurities  in the raw materials by means of 

liquation method. 

3. Improvement of  evaporation- oxidation furnace. 

2.1. Selection of materials for the production of zinc oxide 99.5% by evaporation-

oxidation  method 

The selection of materials for production is very important, it does not only affect the cost of 

production but also affects the process technology. 

Raw materials used for the production of zinc oxide by  evaporation oxidation method 

consists of two materials: 

1. Zinc metal recycled from zinc galvanizing technology. This is the source of high quality 

material, but its quality is not high enough  to serve the  needs of evaporation-oxidation technology 

for zinc oxide production as material inputs  has shown in The Table 1. 

Table 1: The specification of zinc for zinc oxide production lines                                                                        

by evaporation-oxidation method. 

Spieces Unit Conc. 

Zn % ≥ 95.0 

Fe % ≤ 2.0 

Pb % ≤ 0.5 

Cd % ≤ 0.05 

Cu % ≤ 0.05 

Mn % ≤ 0.005 

Al % ≤ 0.2 

2. The second source of raw materials is high quality zinc metal Zn 99.95% supplied by 

Thai nguyen electrolytic zinc plant. This is an excellent quality material for the production of zinc 

oxide 99.9% by evaporation oxidation method, however this is also very expensive. Depending on 

the intended use, quality requirements as well as zinc oxide production costs we will select 

appropriate materials. 

2.2. Removal of impurities  in the raw materials by means of aliquation method 

Based on the analysis of the phase diagram of the binary system Zn - Pb and references on  

zinc metal refining, the project has conducted separate trials of zinc secondary Pb in order to 

standardize chemical inputs for evaporation oxidation furnace. Specifically, the secondary zinc 

materials typically have the following composition: 
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Zn=  93-95%; 

Pb= 1-1.5%; 

Fe  < 0.5%. 

Thus, compared to standard of zinc raw materials for the production of ZnO 99.5% by 

evaporation oxidation method (Table 1), Pb impurities should be separated to reduce Pb content.  

 

Figure1: Phase diagram of the Zn-Pb system [2] 

Experiments  for removal of Pb by aliquation method 

- Apparatus: 

- Electric furnace 1000
o
C; 

- Test tube made of graphite, h=7cm, d = 2cm; 

Chemicals and materials: 

Zinc metal secondary with a specified compositions, determined by titration method.  

Sample 1 (M1) : Zn 95.8%; Pb 0.71%. 

Sample 2 (M2) : Zn 93.9%; Pb 1.27%. 

Sample 3 (M3) : Zn 93.2%; Pb 1.35%. 

After a planar crystallization in the furnace, the cylindrical metal block will be sampled by 

the height of the cylinder. Determine concentration of Zn, Pb. 

The experimental results have shown in the table 2. 

The experimental data shows that, by using aliquation method we can obtained about 80% 

of zinc to be satisfied the needs  as materials for production of high quality ZnO by evaporation 

oxidation method . 

The laboratory tests were repeated with the time to maintain temperatures for aliquation 

process, the minimum time for the aliquation is about 11-12h. 

A trials for removal of Pb by Aliquation 
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Table 2: Test results for removal of Pb by aliquation. 

Sample Before aliquation 
Point of 

sampling 

After aliquation (%) 

Pb Zn 

M1 

Zn 95.8%; 

Pb 0.71%. 

 

1 0.2 98.2 

2 0.2 98.2 

3 0.44 97.5 

4 0.6 97.1 

5 1.32 96.0 

M2 

Zn 93.9%; 

Pb 1.27%. 

 

1 0.25 97.3 

2 0.35 97.3 

3 0.50 96.1 

4 0.95 95.0 

5 2.20 95.0 

M3 

Zn 93.2%; 

Pb 1.35%. 

 

1 0.25 97.1 

2 0.42 97.0 

3 0.81 95.2 

4 0.98 94.2 

5 2.43 94.2 

Composition of material for trial Zn 93.9%; Pb 1.27% (sample M2). 

- Equipment: Cast-iron cylinder, ; V = 30 l ; h= 40 cm. 

- The process of testing and sampling conducted similar process was conducted in the 

laboratory. Each test batch of 100 kg of zinc raw materials. 

- The process of trial-scale production test shows need to extend the time to maintain the 

temperature. Total time needed for aliquation is 20h, experimental results are similar to the results 

of experiments in laboratory oven. This can be explained by the droplet deposition process of Pb is 

longer due to the height of the pot is increased. 

2.3.  Improvements of evaporation-oxidation furnace and heating options 

2.3.1. Heating options 

Currently, liquefied natural gas (gas), fuel oil (FO and DO) and coal are 3 types of fuel 

commonly used in the industry. Gas and oil has the advantage of clean energy, easy to adjust 

temperature and control automated. The biggest disadvantage of Gas and oil  is its high cost,  so the 

use of coal as a fuel will allow reducing production costs, then the product will has a comparative 

cost in the market. That's why coal gasification technology has been chosen in this project. 

2.3.2. Improvements of evaporation oxidation furnace  

Limitations of old evaporation oxidation furnace  

Figure 2 describes the structure of the furnace combustion chamber oxidation conventional 

evaporation. The downside of this design: 
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                Figure 2: Limitation of old vaporisation oxidation furnace. 

1. Boiler pot for melting zinc is homemade by the Center for Technology Deployment  its 

lifetime is not high (10-15 days) so the production should not be  continuously.  

2. The charging door of the furnace is not closed, the air in many well-formed zinc oxide 

layer on the surface, preventing the evaporation of liquid zinc, thereby reducing the efficiency of 

zinc oxide to zinc metal is only 0.8 to 0.9 (theoretically 1.245). 

3. The air supply system is not good so oxygen for the oxidation of zinc oxide is mainly 

taken from the loading door, causing a lost of heat, which reduces the efficiency of conversion of 

zinc vapor to zinc oxide. Moreover,  the temperature of the zinc oxide obtained before dust 

collection is high, so it decrease the lifetime of the bag for dust collection system. 

4. The amount of molten zinc which did not transfer to the vaporization chamber is high, 

so it should be reduced the efficiency of zinc oxide. 

5. The quality of zinc oxide off old production line is only 98% -99% . 

6. The consumption of coal is high, it  cost 1.1 to 1.2 kg of coal/ 1kg product. 

Based on analyzing the disadvantages of the old system and refer to the technological 

references from Malaysia, China, we decided a technology transfer from China for setting up a zinc 

oxide production line by evaporation-oxidation. 

By using new design, the aforementioned disadvantages of the old design had to be 

overcome: 

- There are two zinc melting pot, the impurities are separated in two liquid zinc pot before 

being transferred to the pot evaporates. 

- Evaporation crucible is closed to minimize the oxidation zinc in the evaporator. 

- Zinc vapor is oxidized in the oxidation chamber, oxygen supplying for oxidation is the 

oxygen in air. Thereby   the temperature of the zinc oxide when put into the collection chamber is 

reduced. 

Zinc oxide is drawn into the collection chamber filter bag by pressure differences naturally, 

so the zinc oxide obtained with very fine particle size. 

After a test study, design and a selection of equipment, we have built a system  including 

major equipment listed below. 

1. Coal gasification system: 

- Diameter of the oven: 1.2 m. 

- Consumption of coal: 180-230 kg/h. 
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- Gas production: 450-700N m
3
/h. 

- Heat capacity of coal gas: 5020-6060 KJ/m
3
. 

2. Evaporation System oxidation oven: 

- Capacity 75 ton / month; 

- System of  pipeline, dust collection for Zinc oxide products made of stainless steel 

SUS304. 

- ZnO product collector is a bag filter system. 

3.  Product classification equipment 

4. Bagging product system. 

 III. TRIAL PRODUCTION 

Technological procedure: Figure 3 shows the schematic process for manufacturing zinc 

oxide of  99.5% and 99.9% ZnO by evaporation oxidation method. 

 

Figure 3: Technology schema for high quality zinc oxide(99.5% ) production line                                                    

by using evaporation oxidation method. 
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03 trials with two different types of materials shows the obtained quality ZnO 99.5% and 

99.9% depending on material inputs. 

- Evaporation-oxidation furnace was able to create products of high quality zinc oxide 

with the appropriate material. 

- The requirements for the inputs of the production of high quality ZnO are presented in 

Table 1. The compositions of ZnO obtained have shown in the Fig. 4 and Fig. 5. 

Table 3: The obtained ZnO 99.5% compositions. 

No. Species unit Conc. 

1 Zinc oxide (ZnO) % ≥ 99.5 

2 Lead (Pb) % ≤ 0.1 

3 Cadmium (Cd) % ≤ 0.005 

4 Copper (Cu) % ≤ 0.0008 

5 Manganese (Mn) % ≤ 0.005 

6 Acid-insoluble matter % ≤ 0.05 

7 Water-soluble matter % ≤ 0.05 

8 Surface area m
2
/g ≥ 3.5 

9 Weight loss on ignition % ≤ 0.25 

10 Volatile matter % ≤ 0.15 

11 Sieve residue 45 µm % ≥ 99.9 

 Table 4: The obtained ZnO 99.9% compositions. 

No. Species unit Conc. 

1 Zinc oxide (ZnO) %  ≥ 99.9 

2 Lead (Pb) %  ≤ 0.005 

3 Cadmium (Cd) %  ≤ 0.005 

4 Copper (Cu) %  ≤ 0.0005 

5 Manganese (Mn) %  ≤ 0.0002 

6 Acid-insoluble matter %  ≤ 0.01 

7 Water-soluble matter %  ≤ 0.1 

8 Surface area m
2
/g ≥ 4.5 

9 Weight loss on ignition %  ≤ 0.2 

10 Volatile matter % ≤ 0.1 

11 Sieve residue 45 µm % ≤ 0.05 

The XRD (Fig.4) of product and SEM image (Fig.5)  analysis showed that the products was 

of good quality.  
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Figure 4: XRD of ZnO 99.5% 

  

Figure 5: SEM image of  ZnO 99.5% and ZnO 99.9% 

IV. CONCLUSIONS 

The Project “Improving technology and setting up a  production line for high quality zinc 

oxide (99.5%) with a capacity of 300 ton/year by evaporation-oxidation method has been 

implemented as registered in the Project Notes. Specifically: 

- Technology improvement: The Projects completed all technology items, aimed at the 

stages of production of zinc oxide, especially focused on the process of raw material pre-treatment 

by using aliquation.. By using pretreated secondary zinc metal, ZnO product meet all requirements 

of high quality ZnO. The main technological parameters have been established and a new zinc 

oxide production line by reduction-oxidation process has been built.    . 

- Technology equipment: The selection of fuel for evaporation oxidation has been 

considered. The option of coal gasification instead of DO or natural gas is a reasonable and 

effective solution. The project has received technology transfer from China, in which the new 

production line technology and equipment have overcome the drawbacks of older technologies, 

particularly the performance of zinc and zinc oxide reaches 1.1-1.2; product quality meet all 
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requirements of ZnO 99.5%; Pb <0.15 for the process of vulcanizing rubber, paint, plastic, 

ceramics, .... 

- Production: The total amount of product produced during the time of implementing the 

project was 455 tons. Zinc oxide products met all the requirements of vulcanized rubber technology. 

In fact, the production cost will be reduced at a larger production scale by the depreciation of 

equipment and less labor consumption. 
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ABSTRACT: This report presents the recovery and purification of cadmium metal from a residue obtained in 

the zinc sulphate solution purification process for producing zinc metal by electrolysis. The cadmium 

containing residue was digested by sulfuric acid of 140 g/l at a temperature of 70
0
C for 4h, then the solution 

obtained will be purified for removal of some impurities such as iron, copper .... The purified Cadmium sulfate 

solution with cadmium concentration of 50 g/l sulfuric acid concentration of 120 g/l and the concentration of 

additive 0.1 g/l  then subjected to a process for recovery of cadmium by electrowinning with current density of 

50 A/m
2
. The temperature of the electrolytic process is  lower 40

0
C The overall efficiency for cadmium 

recovery is over 90%. Cd metal  obtained is up to 99.0% of purity. 

Keywords: Cadmium, electrowinning cadmium. 

1. INTRODUCTION 

Currently, the cadmium metal is produced mainly by two methods: electrolysis of molten 

salt and electrolysis in its salt solutions [5]. Source material is used primarily as a source of 

cadmium recycled from scrap batteries, and cadmium concentrate otained as a residue in the 

hydrometallurgical purifyication of zinc sulfate solution for production of zinc metal from ore by 

electrolysis [1,2,4,5]. The electrolysis of molten salt is used popularly for the recovery of cadmium 

from waste Ni-Cd batteries, ... 

Recovery of cadmium by means of hydrometallurgy combined with electrolysis is  

commonly used for the recovery of cadmium obtained in the process of purifying zinc sulfate 

solution in a production lines for zinc metal by electrolysis [1,2,4]. This method has the advantages 

of simple equipment, low chemiacls consumption (using sulfuric acid as a byproduct of  zinc metal 

production), cadmium metal obtained by electrolysis is of high quality (Cd > 99%). 

The process of producing cadmium hydrometallurgical method combined with electrolysis 

is performed as follows: 

Cadmium dissolution: cadmium is dissolved by dilute sulfuric acid 

                                Cd  +  H2SO4                CdSO4  +  H2               (1) 

The metallic impurities are dissolved in the solution according to the reaction 

                                Me +   H2SO4                MeSO4  + H2    (2) 

Cadmium solution purification: Adjust the pH of the obtained solution to remove iron, 

aluminum. Other impurities such as Cu can be removed by cementation using Cd powder: 

                        Me
2+

  +  Cd               Me  +  Cd
2+
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Electrolysis:  

The reaction at the cathode:                  Cd
2+

 + 2e
-
  Cd           Eo = -0,4V                      (3) 

Anode reaction:                           20H
-
 - 2e

-
  H20 + 

1
/202           E0 = 1,23V                   (4) 

General,  electrolysis reaction of cadmium sulfate solution can be discribed as follows::                     

                           CdS04 + H20  
   

        Cd  + H2S04 + 
1
/202 - Q                             (5) 

Cadmium metal produced by this method is of high purity (Cd > 99%).  

2. EXPERIMENTALS AND RESULTS 

Chemicals, measuring instruments and equipment: 

- Stirer, filter paper, pH paper; 

- Glasses beakers, graduated flask; 

- electrolysis cell with  electric equipments; 

- sulfuric acid , cadmium powder. 

2.1. Cadmium dissolution 

A process for cadmium dissolution was conducted with the following experimental 

conditions [1,2,3]: 

- Solid/liquid ratio: 1/5 

- Free sulfuric acid concentration ranging from 110-150 g/l 

- Time to dissolve: 2-6 h 

- Temperature: 60 - 85
0
C. 

2.1.1. The effect of sulfuric acid concentration to the performance of dissolution process 

Experimental conditions: 

- Temperature of 70
0
C; 

- Reaction time: 2h; 

- Solid/liquid ratio:  1/5; 

- Free sulfuric acid concentration is ranging from 110 g/l  to 150 g/l. 

Experimental results are shown in Table 1. 

Table 1: The Effect of sulfuric acid concentration. 

Sample 

No. 

Weight of cadmium 

in sample, g 

The concentration 

of H2SO4, g/l 

Weight of Cd 

remaining , g 

Performance of 

dissolution, % 

1 58.0 110 7.48 84.80 

2 58.0 120 4.78 90.29 

3 58.0 130 2.10 95.73 

4 58.0 140 1.56 96.83 

5 58.0 150 1.50 96.95 
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From Table 1 we found that the higher of acid concentrations, the dissolution efficiency is 

better. At H2SO4 concentration of 140 g/l, cadmium dissolution  performance achieved 96.84% and 

the increase of acid concentration, the performance increase is not significant. Therefore H2SO4 

concentration for dissolution process is 140 g/l. 

2.1.2. The effects of time to dissolution performance 

Experimental conditions: 

- Temperature of  70
0
C; 

- Reaction time: 2 - 6h; 

- Solid/liquid ratio:  1/5; 

- Free sulfuric acid concentration 140 g/l. 

Experimental results are presented in Table 2. 

Table 2: Effect of time to solvent extraction. 

Sample 

No. 

Weight of cadmium 

in sample, g 

Time for 

dissolution, g/l 

Weight of Cd 

remaining, g 

Performance of 

dissolution, % 

1 58.0 2 1.56 96.83 

2 58.0 3 1.02 97.93 

3 58.0 4 0.74 98.50 

4 58.0 5 0.71 98.56 

5 58.0 6 0.68 98.62 

From Table 2 found that, with time is 4 hours, the solvent extraction solvent extraction 

efficiency reached 98.5%. As time increases, the efficiency of dissolution process does significantly 

not increase. 

2.1.3. The effect of temperature on dissolution performance 

Experimental conditions: 

- Temperature of 65 to 85
0
C; 

- Reaction time: 4h; 

- Solid/liquid ratio:  1/5; 

- Free sulfuric acid concentration 140 g/l. 

Experimental results are presented in Table 3. 

Table 3: Effect of temperature on dissolution  performance. 

Number The volume of 

initial cadmium, g 

Temperature, 
0
C 

The volume of residue 

remaining cadmium, g 

Performance solvent 

extraction, % 

1 58.0 65 0.89 98.19 

2 58.0 70 0.74 98.50 

3 58.0 75 0.70 98.58 

4 58.0 80 0.67 98.64 

5 58.0 85 0.64 98.70 
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From Table 3, notice that the at a temperature of 70
0
C, the dissolution efficiency reached 

98.5%. When the temperature is increased to 75, 80, 85
0
C, the performance increase, but not much. 

2.1.4. A conclusion for the dissolution process 

Optimal parameters to carry out this process: 

- Temperature: 70
0
C; 

- Solvent extraction time: 4h; 

- Ratio of fluid: 1/5; 

- The concentration of sulfuric acid ranging from 140 g / l. 

2.2. Purification of cadmium sulfate solution 

The solution obtained will be analyzed to determine the impurities then a suitable separation 

method  will be applied to each impurity for its removal. 

Cadmium residues's composition is mainly Zn: 13%; Fe: 0.85%; Pb: 0.25% and other 

impurities such as Al, Ni, Cu, with very small amounts. The removal of Al and Fe is easier by using 

hydrolysis method, by adjusting  pH of the solution to pH 5.2 - 5.4, Al and Fe precipitate as 

Al(OH)3 and Fe(OH)3 then will be removed from the solution. Ni and Cu can  be removed by using 

cementation method. 

2.3. Cadmium recovery by means of electrolysis 

Electrolysis process was studied with the experimental conditions are as follows: 

- Current density:  35-60 A/m2; 

- Cadmium concentration of  in the electrolyte solution: 30-70 g/l; 

- The concentration of H2SO4: 90-150 g/l; 

- Temperature: 25-60
0
C; 

- Gelatinconcentration: 0 to 0.3 g/l. 

2.3.1. Effects of gelatin on the  current efficiency 

Experimental conditions: 

- Current density:  50 A/m
2
; 

- Cadmium concentration of  in the electrolyte solution: 50 g/l; 

- The concentration of H2SO4 : 90 g/l; 

- Temperature Electrolysis: 35
0
C; 

- Gelatinconcentration: 0; 0.05; 0.1; 0.15; 0.2; 0.3 g/l. 

Experimental results are presented in Figure 1. 
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Figure 1: Effect of the concentration of gelatin to the current efficiency. 

The cadmium precipitate  create multiple spikes, thickness of the cadmium layer are 

different. To overcome this drawback, a small amount of gelatin can be added  as a  surface-active 

substances into  electrolyte solution. From Figure 1 we found that the concentration of glue 0.1 g/l 

to achieve the greatest efficiency of electric current. When the glue quantity exceeds 0.1 g/l  current 

efficiency decreases due to reducing of solution polarization. 

Thus the concentration of gelatin 0.1 g/l is suitable, Cadmium precipitate layer are smooth, 

and the  current efficiency is the highest.  

2.3.2. The effect of cadmium concentration on the current efficiency  

Experimental conditions: 

- Current  density: 50 A/m
2
; 

- Cadmiumconcentration in the electrolyte solution: 30 - 80 g/l; 

- The concentration of free H2SO4 : 90 g/l; 

- Electrolysis temperature : 35
0
C; 

- The concentration of gelatin: 0.1 g/l. 

Experimental results are presented in Figure 2. 

 
Concentration of Cd, g/l 

Figure 2: The effect of cadmium concentration on the current  efficiency. 
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From Figure 2, we see that, when the cadmium concentration in solution increased from 30 

to 60 g/l, the current efficiency increases. When increasing cadmium concentrations higher than 70 

g/l, the current efficiency does not increase but somewhat diminished. 

2.3.3. The effect of current density  

Experimental conditions: 

- Current  density  35 - 60A/m
2
; 

- Cadmiumconcentration in the electrolyte solution: 50 g/l; 

- The concentration of free H2SO4: 90 g/l; 

- Electrolysis temperature : 35
0
C; 

- The concentration of gelatin: 0.1 g/l. 

Experimental results are presented in Figure 3 

.  

Figure 3: The effect of current density. 

From Figure 3 we see, when changing current density in the range of 35-50 A/m
2
, the 

current efficiency increased from 84.91% to 91.31%. However, when further increasing current 

density up to 60 A/m
2
, the current  has also increased, but not significantly. Hence the choice of 

current density of 50 A / m2 for cadmium electrolysis process is suitable. 

2.3.4. The effect of  free acid concentration on the current efficiency 

Experimental conditions: 

- Current  density 50A/m
2
; 

- Cadmiumconcentration in the electrolyte solution: 50 g/l; 

- The concentration of free H2SO4 : 90 - 150 g/l; 

- Electrolysis temperature: 35
0
C; 

- The concentration of gelatin: 0.1 g/l. 

Experimental results are presented in Figure 4. 
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           Figure 4: Effect of H2SO4 concentration to current efficiency. 

From Figure 4 found that when increasing free  of H2SO4 concentration, the current 

efficiency increased. Maximum of current efficiency is reached when H2SO4 concentration is about 

120 g/l. When further increasing  solution acidity, the current efficiency decreased, due to the 

liberation of Hydrogen. Hence the choice of free concentration of H2SO4 in the electrolyte solution 

is 120 g/l. The electric current efficiency reached 93.20 %. 

2.3.5. Effect of temperature to the current performance 

Experimental conditions: 

- Current density: 50 A/m
2
; 

- Cadmiumconcentration of  in the electrolyte solution: 50 g/l; 

- The concentration of H2SO4: 120 g/l; 

- Temperature: 25, 30, 35, 40, 50, 60
0
C; 

- The concentration of gelatin: 0,1 g/l. 

Experimental results are presented in Figure 5. 
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                    Figure 5:  The effect of temperature to the current efficiency. 

From Figure 5 found that when the temperature increases, the current performance 

significantly reduced at temperatures above 40
0
C. Heating the electrolyte solution can increase 

electric conductivity, increase the liberation of gases and reduce the electric potential of electrolysis 

cells. But the heating increases the electrolytic dissociation of hydration ions, reduces  dessired 

effect of surface-active substances, therefore chmical polarization can be reduced. Heating promote 
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diffuser, convection, promoting hydrogen liberation, leading to reducing electric current 

performance. Thus the electrolysis temperature should be kept at lower than 40
0
C. 

2.3.6. Conclusions for the electrolysis process 

Based on the experimental results carried out in this work, the optimal technical parameters 

for cadmium recovery by electrolysis are as follows: 

- Density current: 50 A/m
2
; 

- The concentration of cadmium in the electrolyte solution: 50 g / l; 

- The concentration of H2SO4: 120 g/l; 

- Temperature : < 40
0
C; 

- The concentration of gelatin: 0.1 g/l. 

In the conditions listed above, the electric current performance is 90% or higher.  

3. A PROPOSED PROCESS FOR CADMIUM RECOVERY FROM THE RESIDUES 

OBTAINED THE PRODUCTION OF ZINC METAL BY HYDROMETALLURGICAL 

METHODS COMBINED WITH ELECTROLYSIS 

From the results of this study, a proposed technological process for production of cadmium 

metal from residues containing cadmium is shown in Figure 6 . 

 

Figure 6: Technological process for  cadmium recovery  from a cadmium                                                           

containing residue by electrolysis. 

 

 

Cadmium residue 55% 

Prepare the electrolyte solution 

     -  Cadmium dissolution 

     -  Solution refining  

 

Electrolysis 

Melting 350
0
C 

Casting 

Cadmium ingots Cd ≥ 

99% 

Sulfuric acid solution 
- H2SO4: 140 g/l. 

- Temperature: 70
0
C. 

- Time: 4h 

- Solid/liquid ratio: 1/5 

-  The concentration of cadmium 50 g/l. 

-  The concentration of  H2SO4: 120 g/l.  

-  Density current: 50 A/m
2
. 

-  The concentration of gelatin: 0.1 g/l. 

-  Temperature: < 40
0
C. 
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4. CONCLUSIONS 

 Cadmium dissolution  

Optimal parameters to carry out this process: 

- Temperature: 70
0
C; 

- Solvent extraction time: 4h; 

- Ratio of fluid: 1/5; 

- The concentration of sulfuric acid ranging from 140 g / l. 

 Cadmium recovery by means of electrolysis 

- Density current: 50 A/m
2
. 

- The concentration of cadmium in the electrolyte solution: 50 g / l. 

- The concentration of H2SO4 : 120 g/l. 

- Temperature : < 40 
0
C. 

- The concentration of gelatin: 0.1 g/l. 

 Product obtained (cadmium metal) specification is shown in the Table 4. 

Table 4: Results of analysis of the cadmium. 

Number Model name 
Results of analysis (%) 

 

Noted 
Cd Cu Ni Pb 

1 Metal cadmium 99.5 0.050 0.002 0.071  
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ABSTRACT: Electronic library has contributed an important role to support activities of scientific research, 

management, training and information dissemination. Vietnam Atomic Energy Institute (VINATOM) is 

responsible to perform research and development activities on nuclear technology, human resource training to 

service the Nuclear Power Development Program in Vietnam. It is essential for VINATOM to build a digital 

library. This report summarizes the content of the task of building an electronic library for VINATOM. 

I. INTRODUCTION 

The advent of the electronic library is an inevitable result from the science and technology 

revolution in information era. Electronic library change the basic mode of operating libraries such 

as collecting and processing documents, serving readers. At the same time, it also creates valuable 

information product to meet the increasing need of users on information. 

The main task of the Project is to build the Electronic Library for VINATOM to support the 

activities of scientific research, human resource training and the management of VINATOM. The 

Library will serve mainly the researchers of VINATOM. Additionally, Library can also serve the 

others in the various research institutions and universities.  

II. CONTENTS OF THE PROJECT 

1. Developing the software of the digital library 

- Preparation of the software of the digital library; 

- Installation and deployment of the electronic library in the website;  

- Guideline of the utilization; 

- Building links to access resources on the Internet. 

2. Building database 

- Developing database of foreign journals on science and technology under the expertise 

in the field of atomic energy from 2008 to 2012.  

- Developing database of the National Conferences on nuclear science and technology.  

- Developing database of Nuclear Science and Technology Journal of VINATOM.  
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- Developing database of the activities of international cooperation in the field of atomic 

energy.  

- Developing database of some scientific conferences in the country related to the field of 

atomic energy.  

3. Purchase accounts to access to the database of the Special Reader Service 

To provide leaders and researchers of the VINATOM accounts to access the Special Reader 

Service of the National Center of Science and Technology Information. 

III. ACHIEVED RESULTS 

1. The software of the digital library 

Forming the Electronic Library of Vietnam Atomic Energy Institute as a website linked to 

the digital source of the database, which can be accessed through on-line mode.  

The digital library software includes the necessary modules for managing and exploiting the 

Library: 

- Modules to enter data in the form of full-text; 

- Modules of system administration; 

- Modules of functions to find information;  

- Other modules. 

- The software of the library allows to perform the functions of the library: 

- Decentralization; 

- Creating and editing full-text database; 

- Browsing full-text database; 

- Publishing the full-text database;  

- Editing information in full text database;  

- Searching by categories; 

- Searching information by keywords. 

In terms of structure, the electronic library are located on the web interface including the 

general parts to introduce the systems, manuals, and tools, etc ... The information resource - The 

main part of the Library is often directories. This section is structured according to the order from 

general to detail in hierarchy to enable users to extract information. The next section of information 

resource is a combination of the database, usually arranged by topics. Users can access the database 

to exploit information in different levels according to the permission of the administrator library. 

The next section is associated with information resources outside. The link capacity depends on the 

cooperation with other agencies in the future. Currently the Library has some links to sites in the 

field of atomic energy. 

Here are some examples describing software features: 
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Home page 

 

Picture of Screen for home page. 

Home page includes categories that introduce the information about  library’s activities and 

how to search document, etc... along with the searching function by keyword, document 

exchanging, and the links to other websites. 

Home page presents the diagram of blocks of materials in the digital library. Each category 

represents an array of materials, from where the items are divided into smaller levels: 

- Category - subcategories; 

- Sibcategories - smaller subcategories. 

The diagram is organized clearly to meet the demand of searching documents of readers. 

Readers have access to the full text contents of the database sources. 

 

 

 

 

 

 

 



VINATOM-AR 14--33 

 

The Annual Report for 2014, VINATOM 

 
322 

Page of E-library Management 

 

Picture of Screen for page of E-library Management. 

The E-library Management allows to perform the function: 

- To create access for members, that includes adding new members, removing members, 

modifying membership information, etc. 

- To manage the information, that includes adding or deleting categories of news, 

amending information, etc. 

- To manage the articles, that includes adding or deleting articles, amending information, 

etc. 

- To manage the documents. 
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Page of Material Management 

 

Picture of Screen for page of Material Management 

The Part of Document Management allows to perform the functions of document 

management, that includes adding or deleting an document entry, modifying an document entry. 

With the goal of serving the R & D activities, database of the E-Library consists scientific 

articles from foreign journals and from R & D activities of the Institute of Atomic Energy in 

Vietnam. 

For each document, e-library will display the following fields: 

- The author, 

- The year of publication, 

- Document description, 

- Keywords 

- Etc. 
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Page for entering database 

 

Picture of Screen for entering database 

The part of Database entry also belongs to the function of the document management, that 

allows to entry a document into a certain category of the E-library. 

This part includes the information fields as follows: 

- The name of the document, 

- The name of the author, 

- The year when the document was publishes, 

- Key words for searching, 

- Description of the material. 

Full text is also entered from here and readers can access full-text document. 
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Page for looking up documents 

 

 

Picture of Screen for looking up documents 

Besides the searching documents in the categories readers can perform from the home page 

under the layout of the documents, readers can search documents by keywords. This section allows 

to enter keywords and to search the documents by keyword. In case the reader enter the keywords 

and select the category that contains this document, the fuction will allow to search by keyword but 

only in the selected category 

2. Building database 

The database system was built consisting of two main parts, including foreign journals on 

science and technology and documents on the results of scientific research activities of VINATOM 

as well as other documents to serve management activities. 

a. Database of foreign journals on science and technology 

This kit includes journals by the expertise in the field of atomic energy and other essential 

magazine serving the research activities in the field of atomic energy, including journals in the 

following areas: 

Nuclear Energy 

Journal of Nuclear Science and Technology – 300 articles 

Progress in Nuclear Energy – 180 articles 
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Nuclear Engineering and Design – 120 articles 

Fusion Engineering and Design – 200 articles 

Progress in Nuclear Energy – 30 articles 

Physics 

Communication in Theoretical Physics – 50 articles 

European Journal of Physics – 24 articles 

Journal of Physics B Atomic Molecular and Optical Physics – 2 articles 

Journal of Physics G Nuclear and Particle Physics – 5 articles 

Physics Education - 5 articles 

Chemistry 

Journal of Radioanalytical and Nuclear Chemistry - 5 articles 

Journal of Energy Chemistry – 10 articles 

Chemical Engineering Journal – 300 articles 

Chemical Engineering Science – 100 articles 

Journal of Radioanalytical and Nuclear Chemistry – 30 articles 

Environment 

Process Safety and Environmental Protection - 10 articles 

Other ereas: No statistics 

b. Database of journals on Nuclear Science and Technology of VINATOM 

Journals on Nuclear Science and Technology published from 2002 up to now, including 21 

volumes. 

c. Database of Proceeding of the National Conferences on Nuclear Science and 

Technology 

Proceeding of the National Conferences on Nuclear Science and Technology organized by 

VINATOM every two years from the 1
st
 Conference to the 9

th
 Conference. 

d. Database of conferences related to the field of atomic energy 

National conferences on nuclear science and technology for young researchers, including 

about 15 articles.  

Documents of some other scientific seminars: No statistics 

IV. CONCLUSIONS  

Basically, the tasks registered in demonstration paper were completed. Currently a number 

of documents continue to be improved. 

Electronic Library has been put to running test. The software is relatively stable. However, 

the database of the Library is poor and cannot meet fully the requirement of the users. 

Building digital library requires funding and human resources, including funding to build 

software, to develop database, and expertise staff. The maintain of the system requires the 

investment of equipments (hardware) and funding to maintain. 
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Vietnam Atomic Energy Institute is a research and development body with many functions 

and important tasks in the field of nuclear energy. The building of an electronic library is urgently 

needed to meet the demand for information to support the activities of scientific research and 

training for the Institute.  

V. RECOMMENDATIONS 

- Considering on the improvement and upgrading of electronic software library.  

- Adding the necessary hardware to ensure the operation of the system.  

- Developing database of electronic library focuses on the following key sections:  

+    Database of the conferences on nuclear science and technology; 

+    Database of projects on science and technology of the VINATOM; 

+  The database of reference books related to the field of atomic energy and nuclear 

technology. 
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ABSTRACT: In the Decisions by the Prime Minister in the Strategy on Peaceful Utilization of Atomic Energy 

up to 2020, Vietnam Atomic Energy Institute (VINATOM) was assigned as the Technical Support 

Organization of the nuclear power projects; and as a key role-player in the decision-making process and in 

building the national nuclear power infrastructure. Therefore, Building the Strategic Action Plan (SAP) is 

necessary when VINATOM in present is facing several challenges of varying importance. This report will 

show the SAP of VINATOM during 2014-2019. The goal of SAP is to develop VINATOM up to the regional 

advanced level in the field of atomic energy application, such as radiation application, nuclear power and train 

human resources.  The plan of Organizational development, Implementation roadmap and Implementation 

Solutions of SAP is presented in this report. 

Keywords: SAP, VINATOM. 

 

I- INTRODUCTION 

Vietnam Atomic Energy Institute (VINATOM) is the national nuclear institution, under The 

Ministry of Science and Technology (MOST), for research, development, technical support, human 

capacity building and provision of technical services in the field of nuclear energy application in 

general and in nuclear power in particular.  

The duties of VINATOM cover the three major components of its portfolio- nuclear power 

and non-nuclear power applications as well as coordination of nuclear matters at national level, in 

the following manner:  

a) In nuclear power field: to acquire, master and develop nuclear reactor technology, 

nuclear island equipment, nuclear fuel, reactor materials; treat radioactive waste and manage spent 

nuclear fuel; as well as human resources development for Nuclear Power Plan (NPP) as provided 

for in the Law on Atomic Energy (master training, doctoral training, advanced training and 

certificate training);  

Project information: 

- Code: HD-16/HD/NVCB 

- Managerial Level: Ministry 

- Allocated Fund: 310,000,000 VND 

- Implementation time: 12 months (Jan 2013- Dec 2013) 

- Contact email: hsthan@vinatom.gov.vn 

- Paper published in related to the project: (None) 
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b) In non-nuclear power field: to build technical and scientific capacities for ensuring safe 

and effective use of radiation ionizing in potential socio-economic sectors of Vietnam, including 

human health, agriculture, industry, environment, water resources, and to provide relevant nuclear 

services and products in these fields to national end-users;  

c) Advisory and coordinating role at national level: to coordinate and develop international 

cooperation in the field of atomic energy as assigned by MOST, provide technical advice and 

implement bilateral cooperation activities with foreign nuclear organizations in the field of 

Research & Development (R&D), technical support and personnel training.  

The organizational structure of VINATOM consists of three main entities: Department of 

Administration and Personnel, Nuclear Power Development and Technical Support sector, and 

Research & Development of Radiation Application sector, with the latter being home to the nine 

R&D affiliates, all located in Hanoi, Dalat and Ho Chi Minh City.  

Specific areas of competence of VINATOM in nuclear science and technology include 

radiopharmaceutical production and distribution, radioactive waste management, economic and 

technical analyses of radioactive ores and nuclear fuel cycle, Non-Destructive Testing (NDT) 

services, human capacity building, environmental monitoring and preservation, safety analysis of 

nuclear activities, and technical assistance to end-users in these fields.  

On November 25
th

, 2009 Vietnam's National Assembly approved the Government Plan on 

the implementation of the Ninh Thuan Nuclear Power Plant Project [1]. Therefore, in the field of 

nuclear power, VINATOM started preparing itself to play the role assigned to it by the government 

of Vietnam in the Strategy on Peaceful Utilization of Atomic Energy up to 2020 [2, 3] (Decision by 

the Prime Minister in 2006 and 2010), not only as the Technical Support Organization (TSO) but 

also as a key role-player in the decision-making process and in building the national nuclear power 

infrastructure.  

The infrastructural capacity of VINATOM is supported by a core of scientists, engineers and 

technicians consisting of:  

- Professor, associate professor: 10  

- Doctor/ PhD: 40  

- Master/ MA: 70  

- University Graduate: ~ 450  

- College Graduate: 5  

- Technicians and clerks: ~ 225  

- Total: ~ 800  

In fulfilling its mandatory functions, VINATOM relies almost entirely on government 

financial support, which is complemented by income generated from some nuclear services in NDT 

and analytical services as well as radiopharmaceuticals products delivered to the medical sector. 

Like many other national nuclear institutions in developing countries, VINATOM is facing several 

challenges of varying importance; some of which are specific to Vietnam and others are rather 

inherent to the nature of the business. Therefore, building the Strategic Action Plan (SAP) during 

2014-2019 is very important task of VINATOM in the present. This plan will be applied for all 

units which are under VINATOM.  

II- PROSPECTS OF VINATOM IN FUTURE 

VINATOM is currently standing at a critical point in its history in view of the government’s 

decision to establish a new Centre for Nuclear Energy Science Technology (CNEST) and to pursue 
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a national nuclear power program [1]. The CNEST will be based on a Russian supplied research 

reactor with supporting infrastructure. The new Centre is intended to provide the foundation for the 

future nuclear power developments in the country.  

VINATOM recognizes the need for transformation to gain the necessary strengths and 

ability to respond effectively to this new development context. The change initiative will be guided 

by VINATOM’s mandatory functions, stakeholder requirements as well as the national environment 

in which it will operate, and this will include short term, medium term and long-term strategic goals 

and actions.  

In the short term, VINATOM has to address several goals; such as:  

- Select research groups and train them so that they can handle the tasks assigned to 

VINATOM under the nuclear power program,  

- Define the Terms of Reference for the new nuclear research Centre (CNEST), and start 

the related Feasibility Study (FS);  

- Develop adequate human resources for VINATOM and for CNEST, including 

educations and training curricula ad well as teaching facilities;  

- Defining the requirements for and selection of appropriate nuclear power technology for 

the next two NPPs; and  

- Establishing a group for consulting services for the Ninh Thuan 1&2 NPP projects  

In the medium term, VINATIOM is determined to achieve a high level of visibility 

nationally and regionally, firstly by positioning itself as a key role-player at the policy and decision-

making level regarding all matters pertaining to nuclear science and technology and nuclear power, 

secondly, by grasping the opportunities offered to it as the major TSO for the nuclear power 

program in Vietnam, and thirdly, by winning and maintaining the satisfaction of the national end-

users through the provision of high quality nuclear services and products to the national end-users.  

In the long term, VINATOM intends to reduce its dependency on the government funding, 

position itself as a knowledge-based organization in the field of nuclear science and technology, 

with modern management practices, safety culture, core values and civil responsibilities, thereby 

achieving high credibility within its internal and external stakeholders. 

III- THE STRATEGIC ACTION PLAN OF VINATOM  

III.1 Objectives 

To build and develop VINATOM up to the regional advanced level [4], acting as: 

- A hi-tech research and development agency in the field of atomic energy, functioning to 

promote radiation application, develop nuclear power and train human resources. 

- An independent national technical assistance agency in charge of quality inspection and 

assurance, safety and security assurance and environmental protection for nuclear power 

development. 

III.2 Tasks 

- To develop modern radiation application research directions so as to effectively 

implement and transfer radiation and radioisotope application technologies in various socio-

economic sectors, aiming to create high-quality import substitution products and assuring the 

competitive production and business as well as export of a number of basic products. 

- To form and develop application-oriented basic research directions in nuclear science. 
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- To build and develop capacity for absorbing, mastering and developing reactor 

technologies and facilities of nuclear island in nuclear power plants and technologies for handing 

and processing radioactive ores and rare elements, nuclear fuel and reactor materials; and for 

management of radioactive wastes and spent nuclear fuels. 

- To build and develop technical assistance capacity to inspect and assure the quality of 

nuclear power plants and their equipment and to assure nuclear and radiation safety and radioactive 

source security; radiation and nuclear measurement standards: radioactivity observation and 

environmental impact assessment; and radiation and nuclear incident response techniques up to 

international standards, thus meeting the requirements on the national nuclear power technical 

assistance agency. 

- To build capacity for training human resources in atomic energy to meet development 

requirements of VINATOM and related organizations. 

- To develop a system of science and technology businesses operating in the field of 

radiation application and nuclear power technical services. 

III.3 Organizational development 

- Regarding nuclear power technologies and application-oriented basic researches: To 

build a nuclear science and technology center which will absorb nuclear power technologies and 

conduct high-level atomic energy researches and, at the same time, act as the focal point in future 

cooperation with other countries In nuclear power technologies. 

- Regarding technical assistance: To develop the Institute for Nuclear Science and 

Technology into a technical assistance agency in charge of safety and security assurance and 

environmental protection for nuclear power development; to develop the Center for Nondestructive 

Evaluation into a technical assistance agency in charge of inspection and assurance of the quality of 

nuclear power plants and their equipment. 

- Regarding radiation application: To build 4 radiation application institutes in Hanoi, Ho 

Chi Minh City, Da Nang and Da Lat to serve the implementation of detailed master plans on 

development of radiation applications in various socio-economic sectors in different regions in the 

country. 

- Regarding human resource training: To develop the Nuclear Training Center in Hanoi 

into an institution to train human resources in atomic energy for VINATOM and related agencies. 

- Regarding technology transfer and services: To develop the Technology Application 

and Development Company and form science and technology businesses to transfer technologies 

and carry out production and service activities in the field of radiation application, supply radiation 

and nuclear equipment and radioactive sources, design reactors, supply nuclear fuels, handle and 

process radioactive ores and rare earth, and manage radioactive wastes and spent nuclear fuels. 

III.4 Implementation roadmap 

During 2014-2020: 

- To complete the construction of CNEST and put it into operation to serve nuclear power 

technology research and development activities. The center will have a new high-capacity research 

reactor and a synchronous laboratory for researching into nuclear power plant designs, nuclear fuel 

designs, radioactive waste treatment and reactor materials, and modem laboratories on atomic 

energy utilization in the fields of materials science, biotechnology and medicine. 

- To further invest in radiation application institutes in Hanoi, Da Nang, Da Lat and Ho 

Chi Minh City up to advanced levels. 
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- To enhance technical assistance capacity, meeting the requirement of inspection and 

assurance of the quality of nuclear power plants and their equipment; analysis, appraisal and 

assessment of nuclear and radiation safety; radiation measurement standards; equipment appraisal 

and calibration; environmental impact assessment, and radiation and nuclear incident response, in 

preparation for the safe operation of the first nuclear power plant. 

- To implement the master plan on the national environmental radioactivity observation 

and warning network and formulate and implement an investment project to build an operational 

center, regional stations and a national data center within the framework of the Comprehensive 

Nuclear Test Ban Treaty (CTBT). 

- To complete the construction of an environmental radioactivity observation and warning 

administration center and regional stations and put them into operation so as to effectively manage 

the operation of the national environmental radioactivity observation and warning network. 

- To complete investment in the nuclear training center to reach an advanced level and be 

capable of performing assigned training functions and tasks. To continue implementing plans on 

training human resources to meet development requirements of VINATOM as well as the demand 

for highly qualified human resources in atomic energy research, development and utilization as well 

as safety and security assurance, prioritizing those who are specialized in absorbing nuclear power 

technologies transferred to Vietnam and conduct appraisal for the grant of nuclear power plant 

operation licenses. 

- To expand and develop science and technology businesses which can create a number 

of radiation and radioisotope application products, technologies and equipment for the domestic 

market and export; to import nuclear fuels and prepare capacity for absorbing nuclear fuel 

manufacture technologies, searching and exploring a site for the construction of the national 

radioactive waste storage establishment and step by step approaching nuclear power plant designs. 

During 2020-2030: 

- To increase capacity in researching into nuclear reactor designs, nuclear island 

equipment as well as the capacity of the national low- and medium-activity radioactive waste burial 

and storage establishment so as to be able to join foreign partners in designing the other nuclear 

power plants in the country. 

- To build a system of synchronous and modern Laboratories on radioactive waste 

treatment and research into the management of long-lived and high-activity radioactive waste. 

- To increase capacity in researching into technologies to produce nuclear fuels from 

imported enriched uranium, serving the import of a nuclear fuel production chain into Vietnam. 

- To increase technical assistance and human resource training capacity to meet the 

requirements set down in the Orientations for planning nuclear power development through 2030 

and detailed master plans on development and application of radiation in various socioeconomic 

sectors. 

- To increase the capacity of science and technology businesses to turn out radiation and 

radioisotope application products, technologies and equipment for the domestic market and export; 

design nuclear power plants; produce nuclear fuels and build a national radioactive waste storage 

establishment. 

IV- IMPLEMENTATION SOLUTIONS 

IV.1. Mechanisms and policies 

a) To complete the formulation and promulgation of a system of mechanisms, policies and 

legal documents On science and technology development, occupation-based preferential allowances 
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for employees of atomic energy research and development and technical assistance institutions, and 

radiation disease diagnosis and treatment establishments. 

b) Research institutes, universities, businesses, scientists and technologists, businessmen, 

organizations and individuals engaged in atomic energy science and technology development 

activities will be entitled to the highest incentives regarding loans, credit, tax, land use rights, 

demand stimulation policies and other relevant policies according to current state regulations. 

IV.2. Investment and finance 

a) To increase and diversify investment capital sources for the effective and timely 

implementation of the scheme. 

b) To use state budget funds as follows: 

- State budget development investment capital and foreign assistance shall be used for 

investment in non-business science and technology, health and training units involving in the 

scheme implementation. 

- Annual non-business funding sources: Non-business science and technology funding 

sources shall be used for the performance of science and technology tasks and implementation of 

science and technology programs on atomic energy; non-business education and training funding 

sources shall be used for training human resources in atomic energy; and non-business healthcare 

funding sources shall be used for the operation of the radiation disease emergency and treatment 

system. 

IV.3. Human resources 

a) To recruit and train sufficient human resources to meet development requirements of 

VINATOM, paying special attention to human resources for nuclear power research and 

development and technical assistance. 

b) To attach importance on the employment of highly qualified specialists who are 

Vietnamese or overseas Vietnamese and international specialists in atomic energy training. 

c) To concentrate on setting up leading research groups and training highly qualified 

specialists and technicians. 

IV.4. International cooperation 

a) To expand and intensify bilateral and multilateral cooperation with foreign countries, 

organizations and individuals in the field of atomic energy. 

b) To take the initiative in elaborating and implementing programs and projects on 

international cooperation, especially with countries with an advanced nuclear industry so as to make 

use of their assistance in terms of experiences, intellectual and financial resources and investment 

so as to develop atomic energy science and technology in a fast, strong and sustainable manner in 

Vietnam. 

c) To combine international cooperation in building nuclear power plants with nuclear 

power research coordination, technology transfer and human resource training. 

V- CONCLUSIONS 

In conclusion, the Strategic Action Plan of Vietnam Atomic Energy Institute during 2014-

2019 has been developed through the Research Project supported by the Ministry of Science and 

Technology. This plan includes the SAPs of VINATOM’s units. For any strategic plan or program 

to succeed, there must be an efficient and effective system for constantly MONITORING and 

EVALUATION of the progress.  Similarly for this SAP, Monitoring will be done in order to 

continuously review the inputs delivery and implementation progress of the planned activities.  This 
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will enable prompt intervention and mitigation measures to be taken.  Further an Evaluation to 

qualitatively and quantitatively assess the SAP performance will be constantly done in order to 

determine the effectiveness of the impact.  Both monitoring and evaluation processes will need the 

involvement and participation of VINATOM’s units.  
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2.1-  LIST OF VIE PROJECTS 2014 

(Implemented by VINATOM) 

 

Code Project Title Start 

Year 

Finish 

year 

Budget 

(USD) 

Field 

code 

Project 

Counterpart 

Institution 

VIE1009 Applying Digital 

Industrial 

Radiography for 

Inspection of 

Materials with 

High Thickness 

and Density 

2014  166,850.00 18 Vu Tien Ha NDE 

VIE6025 Upgrading the 

Standard 

Dosimetry and 

Nuclear Safety 

Laboratories of 

the Institute for 

Nuclear Science 

and Technology 

(INST) 

2012 2014 49,216.00 29 Vu Manh 

Khoi 

INST 

VIE9011 Improving the 

Capability for 

Site 

Characterization 

and Evaluation of 

New Nuclear 

Installations 

2009 2014 179,897.00 9F Truong Y NRI 
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2.2-  LIST OF FNCA PROJECTS 2014 

(Implemented by VINATOM and other Vietnam organizations) 

 

Fields 
Project Title 

Project 

Counterpart 
Institution 

Radiation 

Utilization 

Development 

Mutation Breeding Dr. Le Huy Ham 
Vietnam Academy of Agricultural 

Sciences (VAAS) 

Biofertilizer 
Dr. Pham Van Toan 

 

Vietnam Academy of Agricultural 

Sciences (VAAS) 

Electron 

Acceleration 

Application 

Dr. Nguyen Quoc 

Hien 

Research and Development Center 

for Radiation Technology 

(VINAGAMMA) 

Radiation Oncology Dr. Bui Cong Toan 
National Cancer Hospital (K 

Hospital) 

Reseach 

Reactor 

Utilization 

Development 

Research Reactor 

Network 

Dr. Duong Van 

Dong 
Nuclear Research Institute(NRI) 

Neutron Activation 

Analysis 
Dr. Ho Manh Dung Nuclear Research Institute(NRI) 

Nuclear Safety Safety Management 

Systems for Nuclear 

Facilities 

Dr. Nguyen Nhi 

Dien 
Nuclear Research Institute(NRI) 

Radiation Safety & 

Radioactive Waste 

Management 

Dr. Pham Quang 

Minh 

Vietnam Atomic Energy Institute 

(VINATOM) 

Human 

Resources 

Development 

Human Resources 

Development 

Dr. Nguyen Hao 

Quang 

Vietnam Atomic Energy Institute 

(VINATOM) 

Nuclear 

Security and 

Safeguards 

Nuclear Security 

and Safeguards 

Dr. Nguyen Nu Hoai 

Vi 

Vietnam Agency for Radiation and 

Nuclear Safety(VARANS) 
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2.3-  LIST OF INT/RAS/NON RCA PROJECTS 2014 

(Implemented by VINATOM) 

 

Code Title Year of 

approval 

Budget 

(USD) 

Project 

Type 

Project 

Coordinators 

INT2014 Supporting Member States to 

Evaluate Nuclear Reactor 

Technology for Near-Term 

Deployment 

2012  INT Tran Chi 

Thanh 

RAS1012 

Characterizing and Optimizing 

Process Dynamics in Complex 

Industrial Systems Using 

Radiotracer and Sealed Source 

Techniques 

2012 

291,348.00 RCA Nguyen Huu 

Quang 

RAS1013 

Supporting Advanced Non-

Destructive Examination for 

Enhanced Industrial Safety, 

Product Quality and 

Productivity 

2012 

195,000.00 RCA Vu Tien Ha 

RAS1014 

Supporting Radiation 

Processing for the 

Development of Advanced 

Grafted Materials for 

Industrial Applications and 

Environmental Preservation 

2012 

262,500.00 RCA Doan Binh 

RAS1020 

Building Capacity for 

Applications of Advanced 

Non-Destructive Evaluation 

Technologies for Enhancing 

Industrial Productivity (RCA) 

2014 

 RCA Vu Tien Ha 

RAS5055 

Improving Soil Fertility, Land 

Productivity and Land 

Degradation Mitigation 

2012 

390,211.00 RCA Phan Son Hai 

RAS5056 

Supporting Mutation Breeding 

Approaches to Develop New 

Crop Varieties Adaptable to 

Climate Change 

2012 

354,000.00 RCA Le Quang 

Luan 

RAS5057 

Implementing Best Practices 

of Food Irradiation for 

Sanitary and Phytosanitary 

Purposes 

2012 

268,500.03 RCA Tran Minh 

Quynh 
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RAS5071 

Strengthening Adaptive 

Climate Change Strategies for 

Food Security through the use 

of Food Irradiation (RCA) 

2014 

469,184.41 RCA Tran Minh 

Quynh 

RAS7021 

Marine benchmark study on 

the possible impact of the 

Fukushima radioactive 

releases in the Asia-Pacific 

Region 

2011 

763,710.11 RCA Le Nhu Sieu 

RAS7022 

Applying Isotope Techniques 

to Investigate Groundwater 

Dynamics and Recharge Rate 

for Sustainable Groundwater 

Resource Management 

2012 

236,760.01 RCA Nguyen Kien 

Chinh 

RAS7023 

Supporting Sustainable Air 

Pollution Monitoring Using 

Nuclear Analytical 

Technology 

2012 

337,388.00 RCA Vuong Thu 

Bac 

RAS7024 

Supporting Nuclear and 

Isotopic Techniques to Assess 

Climate Change for 

Sustainable Marine Ecosystem 

Management 

2012 

240,751.00 RCA Trinh Van 

Giap 

RAS9064 

Strengthening the Transfer of 

Experience Related to 

Occupational Radiation 

Protection in the Nuclear 

Industry and Other 

Applications Involving 

Ionizing Radiation 

2012 119,743.35 Non-

RCA 

Vu Manh 

Khoi 

RAS9065 

Strengthening Radiation 

Protection of Patients in 

Medical Exposure 

2012 191,848.96 Non-

RCA 

Nguyen Huu 

Quyet 

RAS9068 

Strengthening and 

Harmonizing National 

Capabilities for Response to 

Nuclear and Radiological 

Emergencies 

2012 

236,032.48 Non-

RCA 

Le Ngoc 

Thiem 

RAS9071 

Establishing a Radioactive 

Waste Management 

Infrastructure 

2012 

506,948.02 Non-

RCA 

Nguyen Ba 

Tien 
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