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BIENNIAL REPORT OF
RADIOCHEMISTRY DIVISION

BARC, 1997-1998

FOREWORD

This report describes the work carried by Radiochemistry Division of BARC during
die period 1997 and 1998. The work is divided in three main branches (1) Nuclear Chemistry
(2) Actinides Chemistry (3) Actinide Spectroscopy. During this period research in nuclear
chemistry was focussed on nuclear fission, nuclear reactions, neutron activation analysis, use
of nuclear techniques for understanding of physico-chemical phenomena and developmental
activities in non-destructive assay techniques. The research work on chemistry of actinides
was directed on basic as well as applied studies related to complexation and extraction
behaviour of actinides and lanthanides with a variety of novel ligands. The choice of
complexing ligands was made with a view to examining the suitability in reprocessing
streams, treatment of high level active waste and recovery of valuables. The third part
"Spectroscopy of actmides" describes the basic studies solid state spectroscopy of actinides
and analytical spectroscopy for trace metallic assay. The solid state spectroscopy
investigations were carried out using EPR, ENDOR, fluorescence, thermally stimulated
luminescence and photo acoustic for spectroscopy techniques. In the analytical spectroscopy
work a lot a stress was given on finding suitable chemical separation procedures for pre
concentration of trace metals and a determination by ICP-AES/ETA-AAS techniques.

For making this report a large number of my colleagues have contributed and their
names are given below each individual contribution. In order to give this a final shape in a
presentable form, Dr. B.S. Tomar, Dr. A.G.C. Nair, Dr. S.S. Rattan, Dr. G.H. Rizvi, Dr.
MS. Murali Dr. M L Jayanthkumar and Dr. V. Natarajan have put efforts which I will like
to acknowledge.

The manuscript in its final form was complied by the office staff of Radiochemistey
Division and I will like to make special mention of Shri Marvin Alvares.

S.B. Manohar
Head, Radiochcmistry Division
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1. NUCLEAR CHEMISTRY

1.1 NUCLEAR FISSION

1.1.1 Mass distribution in 1 2 C induced fission of 2 0 9 Bi

S.S.Rattan, A.Ramaswami and S.B.Manohar

209
In our earlier studies the yield distribution of the fission products in " Bi(a,f)[l] and

Bi( O,f) [2] was found to be broad and symmetric. In the present work, the yield

distribution of fission products has been studied in the reaction of C with Bi. Targets
209 • 2

of Bi (0.84 mg/cm ) were prepared by
vacuum evaporation on 7.6 \im
aluminium foils. In order to avoid the
cross contamination due to direct reaction
products, the target was covered with a
0.76 nm aluminium foil. A 25 4 um
aluminium catcher foil was used for
collection of fission products. The target
assembly was irradiated for a suitable
length of time using 77 MeV and 87.5
MeV C particle beam of current * 100
nA, at PELLETRON facility, TIFR,
Mumbai. The gamma ray counting of
fission products was carried out on an 8%
HPGe detector coupled to a 4096 channel
analyser. The measured independent and
cumulative cross sections of a given

I
!

130 130SO SO 100 110

Mass number
FfgJ. 1 Mass chain yidd distribution of fission products

in the reaction of 73.4 MeV 12-C with 2O9-Bi.

fission product was used to arrive at the
total chain yield in a given mass chain
assuming a Gaussian charge
distribution. Z was determined by

assuming unchanged charge distribution
and varying the average number of
neutrons emitted per fission (vT). The
input values of vT = 5.5 for 73.4 MeV
and 7.1 for 84.2 MeV gave the best fit
for the chain yield distribution at az =
0.90. The chain yield distribution for

Bi( C,f) as a function of mass of the
fission product is symmetric with peak
near mass 107.7 and 107.0 and FWHM
around 24.8 and 25.4 mass units at 73.4
and 84.2 MeV respectively.(Fig 1.1 &
1.2). The total cross section was

determined by integrating the product yields for all the mass chains in Bi( C,f) and was

SO 90 100 110 120 130

Mass number
Fig.1.2 Mas dtainyielddtalribution of fission product*

in the reaction of 84.2 MeV 12-C with 209-BJ.

found to be around 473
respectively.

± 49 mb and 814 ± 86 mb for 73.4 MeV and 84.2 MeV



Reference

1) S.S.Rattan , A.Ramaswami, R.J.Singh and Satya Prakash, Radiochimica
Acta 55, 169(1991)

2) S.S.Rattan and A.Ramaswami, Radiochimica Acta 65, 9 (1994)

1.1.2 Charge Distribution for Light Mass Fission Products in the Thermal
Neutron Induced Fission of 229Th, 241Pu, " 'Cm and 252Cf(SF).

H. Naik, S.P. Dange and R.J. Singh

Fractional cumulative yields of various light mass fission products have been
determined in thermal neutron induced fission of 229Th, ^'Pu and 245Cm as well as in
spontaneous fission of 252Cf using direct gamma spectrometric technique. From these
data and literature data, the charge distribution parameters such as the width parameter
(az), the most probable charge (ZP) and the charge polarization ( AZ=ZP- ZUCD i.e. the
deviation of the most probable charge (ZP) from that based on the unchanged charge
density distribution (ZUCD) were obtained. Results of the present work along with our
earlier work for heavy mass chains show following important fetures: (i) The az value is
lower for Np=50 (A=84-90) and ZP =50, Np=82 (A=l 28-136) indicating an effect of shell
closure proximity, (ii) The Zp values shows an oscillating nature in the interval of five
mass units, which indicate a proton pairing effect. Besides the oscillating nature, the Z p

values decrease systematically with the approach of symmetric split, which is
characteristic of low energy fission. The Zp evaluated based on the minimum potential
energy hypothesis also shows a decreasing trend with the approach of the symmetric split
confirming the above fact.

References

1) H.Naik, S.P.Dange and RJ.Singh, Radiochim. Acta (in press).

2) H. Naik, S.P. Dange, R.J. Singh and SB. Manohar, Nucl. Phys. A612,
143 (1997).

1.13 Measurement Of Absolute Fission Yields In The Fast Neutron Induced
Fission Of Actinides: M8U, M7Np, ̂ P u , ^ P u , " 'Am, 244Cm By Track-Etch
Cum Gamma spectrometry.

R.H. Iyer, H. Naik, A.K. Pandey, P.C. Kalsi, R.J. Singh, A.Ramaswami and
A.G.C. Nair.

The absolute fission yields of 46 fission products in ^ U (99.9997 atom%), 46
fission products in ^ ^ p (pure), 27 fission products in ^ P u (99.21 atom%), 30 fission
products in 240Pu (99.48 atom%), 30 fission products in 243Am (99.998 atom %) and 32
fission products in 244Cm (99.43 atom%) induced by fast neutrons were determined
using a fission track-etch-cum gamma spetrometric technique. This work is a part of an
IAEA research contract "on measurements of absolute fission yields in the fast neutron
induced fission of actinides".

From the measured cumulative yields their mass chain yields have been deduced
using charge distribution systematics. The mass yields along with similar data for other
fast neutron induced fissioning systems shows several important features such as: (i)
Fine structure in the interval of five mass units in even-Z fissioning systems due to
odd-even effects. The fine structure decreases from lighter to heavier even-Z actinides
in accordance with their odd-even effect, (ii) Higher yields in the mass region 133-135,
138-140, 143-145 and their complementary mass regions depending upon the mass of the



fissioning systems is due to the presence of neutron shells combination of 82n-66n, 86n-
62n, 88n-56n and 88n-50n shells besides the odd-even effect, (iii) For odd-Z fissioning
systems having no odd-even effect the fine structure is very feeble and is only due to
shell effects, (iv) Remarkable fine structure in 239U* [2] compared to other m 2 3 >236U* is
most probably due to higher neutron to proton ratio (N/Z) of " 'U compared to lower
mass uranium isotopes, since more number of neutrons for fixed Z make it less fissile,
(v) The mass distribution parameters [1] such as FWTM and AL increase with increase
in the mass of the fissioning systems whereas the AH of 139±1 instead of 134±1 remains
constant in all the fissioning systems. This is due to the strong preference of
deformed 88n shell in the former compared to the spherical 82n shell in the later. The
AH of 139+1 is also favorable from the point of view of liquid drop (i.e. N/Z)
besides the deformed 88 shell effect.

References

1) R.H. Iyer, H. Naik, A.K. Pandey PC. Kalsi, R.J. Singh, A. Ramaswami
and A.G.C. Nair, Nucl Sci Eng (comunicated).

2) H. Naik, A.G.C. Nair, PC. Kalsi, A.K. Pandey, R.J. Singh, A.
Ramaswami and R.H. Iyer, Radiochim. Acta (1996).

1.1.4 Some important aspects of fragment angular momentum in medium energy
fission of 238U.

H. Naik, S.P. Dange, R.J. Singh, S.K. Das, R. Guin

Independent isomeric yield ratios of 131Te , 133Te and 134I have been determined at
five different energies in the range of 25-44 MeV alpha particle induced fission of
^'U using radiochemical and gamma spectrometric techniques. From the
independent isomeric yield ratios, fragment angular momenta (Jrms) have been
deduced using statistical model analysis. The Jrms were also calculated theoretically
based on thermal equilibration of various collective modes (wriggling, bending,
twisting, tilting and rigid rotation) after considering the occurrence of muttichance
fission. These data and the literature data for various products in the mass region 126-
136 in 238UCa,f), M8U(p,f) ^'Ufof) and 241Pu(nth,f) show the following important features:
(i) For the same compound nucleus 242Pu* the Jrms of various fission fragments in
^UCf ) at all the excitation energies are higher than in ^'Pufa^f) and increases
monotonically with increase in E* indicating the effect of entrance channel parameters
( e.g. )excitation energy and input angular momentum. There are two groups of fission
products from the point of view of change of fragment angular momentum with
increase in excitation energy and input angular momentum. The fragment Jrms of even-
Z products with 82n shell (I33Te, 135Xe) and odd-Z products away from neutron shell
(128J3° Sb, 130'1321) increase sharply with increase in excitation energy. On the other
hand the fragment Jrms of even-Z products away from neutron shell (13lTe, B3Xe) and
odd-Z products with 82n shell (132Sb, 134I) show very little increase or practically no
change with increase in excitation energy and input angular momentum. At all excitation
energies the Jrms of fragments having 82n shell are lower than that of same Z fragments
away from neutron shell. This indicates the effect of shell closure proximity even at
medium energy fission. On the other hand the odd-even effect on Jrms decreases with
increase of excitation energy from neutron and gamma induced fission to proton and alpha
particle induced fission indicating the effect of excitation energy. These observations
indicates that, fragment angular momentum depends on nuclear structure effect such as
shell closure proximity and odd even effect. The fragment angular momentum calculated
theoretically based on statistical equilibration of various collective modes are in good
agreement with the experimental values indicating the validity of such assumption.



This also indicates the role of different rotational modes on fragment angular momentum.

References:

1) L.G. Moretto and R.P. Schirikt, Phys. Rev. C 21 (1980) 204.

2) H.Naik, S.P.Dange, R.J.Singh, S.K.Das and R.Guin, Nucl. Phys. A648
(1999)45.
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273.

1.2 NUCLEAR REACTIONS

1.2.1 Complete and incomplete fusion in 12C + 89Y reaction.

S.Chakrabarty, B.S.Tomar, A.Goswami, S.B.Manohar, B.Bindu Kumar and
S.Mukherjee

The study of incomplete fusion (CF) reactions has attracted considerable interest in
the recent past in view of the observations that it starts competing with complete fusion
(CF) just above the Coulomb barrier[l,2]. There have been conflicting reports about the
angular momenta involved in ICF. The y- multiplicity measurements by Inamura et al.[3]
and others showed that ICF involves / values more than critical angular momentum ICR .
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However a few studies [4] on spherical targets showed involvement of / values lower than
/CR . With this in view we measured the excitation functions and recoil range distribution
(RRD) of the various evaporation residues (ER) formed in die reaction of 12C on 89Y in
the beam energy range 4-7 MeV/amu(5).

The experimental excitation functions for typical ERs formed by CF and ICF
reactions are shown in figure 1 along with the theoretical predictions for CF process

obtained using PACE2 code. The excitation
functions for rhodium and ruthenium
isotopes are, in general, in agreement with
the theoretical predictions indicating their
formation via de-excitation of the CN
formed in CF. The products 95Tc, **Tc and
93Tc show higher cross sections than
calculated values indicating that these ERs
have contributions from ICF involving the
projectile breakup into a and 8Be followed
by fusion of 8Be with the target. This is
further corroborated by the results of RRD
shown in figure 2, wherein the RRD's of
rhodium products are reproduced by
PACE2 code, while Tc, Mo and Nb
products show narrow low range
components reminescent of incomplete
momentum transfer. The RRD for the ICF
products was deduced using the breakup
fusion model. The Monte Carlo simulation
of RRD was carried out using PACE2 code
by supplying the E* and < / > of the

incompletely fused composite (IFC) nuclei ^Tc and 93Nb. The simulated RRDs are shown
as dotted curves. The simulated RRDs reproduce the deduced RRDs for 93"95 Tc, 93Mo and

Ring* (m#em )

Figure 2 Recoil range distribution of ERs

in 84 MeV n C + **Y

except for the width.

Table I shows the ICF cross sections in the yields of Tc, Mo and Nb isotopes. The
relative cross sections of ^ c and93Tc were used to deduce the E* and < / > of the IFC and
thereby evaluate the angular momenta involved in the ICF. The E* and < / > of the IFC
97Tc was varied in the range of 40-50 MeV and 25-35h respectively and the yields of 95Tc
and ^Tc were compared with experimentally deduced ICF cross sections for these
products. The best fit with experimental values was found for E* = 46 MeV and < I > -
30h. The corresponding angular momentum in entrance channel would be 30x3/2 = 45h,
which agrees with the /„„ value (45h) calculated using the prescription of Wilczynski.
This .hows that the ICF process is associated with peripheral collisions, that is, /ICF> /«.

References:

1) B.S.Tomar et al., Z.Phys. A343, 223 (1992).

2) B.S. Tomar et al., Phys. Rev. C 49,941 (1994).

3) T. faamura et al., Phys. Lett. 68 B,51 (1977).

4) KTricoire et al. Z.Phys. A306, 127 (1982).

5) BBindukumar et al. Phys. Rev. C57, 743, (1998).



Table I. CFandlCF* crosssections(inmb) in84McV"Con "Y.
Nuclei

«5TcS

* T < *
«3Tc«

93M<y»

«>NbK

CF

59.3±5.1

66.414.4

79±3

50.4±3.2

—

—

ICP

33.8±3.4

61.7±6.2

7.9±0.8

13.4±1.4

0.88±0.28

17.3±2.3

1.2.2 Investigation of incomplete fusion reaction in 12C + 103Rh

S.Chakrabarty, P.K.Pujari, B.S.Tomar, A.Goswami, S.B.Manohar, B.Bindu
Kumar, S.Mukherjee and S.K.Datta

The experiments on this system were carried out partly (76-84 MeV) at Mumbai
Pelletron and partly (50-71 MeV) at Nuclear Science Center, Pelletron at New Delhi. The
details of the experimental arrangement for excitation function and RRD measurements
are given in Ref. (1). The experimental excitation functions for proton emission (tin)
products were found to agree with the theoretically calculated ones indicating that these
are mainly formed by CF process. The cross sections for alpha emission (indium and
silver) products were found to be much higher than the calculated values indicating ICF
contribution in these products. These observations were further corroborated by RRD
measurements as shown in figure 3. The ICF component in indium and silver isotopes
was extracted by subtracting the simulated CF RRDs from the experimental RRDs. The
1CF component is clearly seen in " In and ' Ag isotopes. The angular momenta
involved in these 1CF reactions was deduced by analysis of the relative yields of the ICF
products using the statistical deexcitation code PACE2 and were found to be more than the
critical angular momentum for CF(1).

o.o
(a)

0.4 0.6 0 8

Range (mg/cm1) O.2 04 OS 08

H$ng» (mgfcm*)

FIG. 1 (a) and (b) RRD's of evaporation residues in "C+ '"Rh ii 60 and 84 MeV. respectively. The Kilid linc» arc eye guides to 0 *
experimenui dau and dashed lines are (he MCE2 prediction! Cor CP formation of HRt. The duh-doued lines represent (be ICF component
obtained by subtracting the FACE: predictions from the experimental dau. Dotted lines an: the timulaied RRD's Tor ICF bawd on it* breakup
fusion model.
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1.23 Excitation Functions of Evaporation Residues in I2C + 16*Tm reaction

SChakrabarty, B.S.Tomar, A.Goswami, G.K.Gubbi and S.B.Manohar Anil
Sharma, B.Bindukumar and S.Mukherjee

Most of the studies on incomplete fusion using excitation functions and RRDs (1-3)
have been carried out using medium mass targets (A-100). There are hardly any studies
using targets in rare earth region (A>150). The advantage of heavier targets is that the
emission of protons and alpha particles from the compound nucleus (CN) is hindered and
CF cross section is mainly manifested in neutron emission products. Thus even a small
contribution from ICF to these channels can be easily identified. With this in view, the
excitation functions of ERs were
measured in reaction of I2C on l6*Tm
at the Pelletron facility. For excitation
function measurements thin rolled
targets of thulium metal (—1-2 mg/cm2)
were bombarded with 12C beam in the
beam energy range of 60-84 MeV and
the reaction products, stopped in
aluminium catcher foils (2mg/cm2)
placed behind the targets were assayed
gamma spectrometrically.

1000- 100

oat

«0

Hgorel EgnaMioo fbnchoni of evaporation readim

in C + jnmcbfln

Figure 1 shows the excitation
functions of some of the ERs formed in
12C + 169Tm reaction over the beam
energy range of 60-84 MeV. The solid
lines are eye guide to the experimental
data. The dotted lines are the
calculated a(E)s obtained using PACE
code. For rehenium isotopes, the
experimental values agree well with
the theoretical calculations except for
high energy part in 176Re. In case of
tantalum isotopes, the experimental
values are higher than the theoretical values indicating a contribution from ICF. For
lutetium isotopes, almost the entire cross section is due to ICF as it has a negligible CF
contribution. The results clearly show that there is an ICF contribution to the yield of a-
emispton products (tantalum isotopes). Further, the a transfer products (lutetium isotopes)
are formed purely due to ICF reaction.
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1.2.4 Production of n tIn by 7Li + nat Ag for Perturbed Angular Correlation
Applications.

B.S.Tomar and S.V.Thakare

11'in is a potential nuclear probe for defect studies using perturbed angular correlation
(PAC) technique with cascade gamma lines of 171 and 245 keV, intermediate level
lifetime of 85 ns and spin state of 5/2. The commonly used method of doping m In in
semiconductor matrix is by ion implantation with eneregies upto 350 keV using online
mass separatorO)- This results in implantation depths of MIIn ions upto 0.16pm and is thus
useful only for very thin films. For studying bulk profile implantation to much larger
depths is desired.

With this in view niLn production by nat. Ag(7Li,pxn) reaction was studied. Rolled
silver metal foil of thickness lmg/cm2 backed by 2mg/cm2 aluminium foil was bombarded
with the 7Li beam from BARC-TIFR Pelletron accelerator(2). The excitation function for
the evaporation residues was measured over the beam energy range of 29 to 50 MeV using
off-line gamma-ray spectrometric method. Table 1. gives the cross sections for the ERs.
The data for i nIn and i nSn show maxima at 50 MeV beam energy. The data show that the
activity of UIIn is maximum at a 7Li beam energy of 50 MeV and its activity arises from
the cumulative cross section of l uSn and luIn. The gamma-ray spectrum taken after 24
hours of cooling showed only 171 and 245 keV gamma lines of '"in. Thus the above
reaction can be used for direct implantation of H1In into the matrix of interest. The recoil
energy of the i nIn will be 3.02 MeV which will implant the probe atoms at a depth of 1.3
fun in the silicon matrix.

Table 2. Cross sections of evaporation residues from Li + natAg (in mb)

Beam energy (MeV)

Nudide

»3Sn

112m l n

m Sn

l l lm] n

n i e ln

110Sn

110mIn

t09Sn

1098ln

49.8 ±0.2

175.4 ±1.06

269.9 ±13.1

5.44 ±0.15

597.76 ±3.2

306.5 ±4.1

263.0 ±7.6

85.4 ±0.8

315.9 ±1.9

4.67 ±0.22

45.9 ±0.2

190.9 ±2.86

191.9 ±5.34

5.15 ±0.63

428.7 ±11.5

355.4 ±6.0

260.7 ±4.3

34.6 ±1.4

147.6 ±4.9

1.842 ±0.07

41.8 ±0.2

167.5 ±3.38

155.8 ±5.85

2.88 ±2.12

357.7 ±18.0

362.4 ±5.0

224.6 ±5.0

5.74 ±0.19

57.18 ±2.2

1.435 ±0.33

37.4 ±0.2

201.1 ±11.2

157.4 ±2.97

274.7 ±11.6

5.389 ±0.2

639.7 ±7.4

359.5 ±5.5

184.9 ±2.4

29.75 ±0.55

0.648 ±0.13

33.8 ±0.2

279.6 ±18.8

74.6 ±1.61

368.0 ±34.1

8.518 ±0.860

635.0 ±25.5

177.7 ±4.6

80.8 ± 3.0

13.43 ±0.28

28.5 ±0.4

322.0 ±31.7

358.1± 26.05

10.753 ±0.77

604.4 ±8.1

21.4 ±0.7

18.72 ±0.57

1.527± 0.174
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1.3. NEUTRON ACTIVATION ANALYSIS

1.3.1 Multielement analysis by neutron activation method

R.N. Acharya, A.G.C. Nair, A.V.R. Reddy and SB. Manohar

Instrumental neutron activation analysis (INAA) has been applied for multielement
element analysis in various matrices. The ko NAA method, which is extensively used in
our laboratory, is used for (i) the charcterisatioin of emeralds, dolomites, dolerites and
serpentines, (ii) multielement analysis of medicinal leaves, cereals and pulses, (iii) the
analysis of minor and trace elements in manganese nodules and encrustation. A chemical
neutron activation analysis method has been developed for the determination of palladium
and gold in uranium bearing minerals of Jaduguda mines. In order to apply the
semiabsolute single comparator method (ko NAA method) for elemental analysis neutron
spectrum characterisation and validation of the method are essential and has been
established.

In each case appropriate samples weighing 50-100 mg along with 5-15 ug gold were
irradiated in suitable positions of the swimming pool APSARA reactor. Samples were
assayed for gamma activity of the activation products using an 80cc HPGe detector
coupled to a PC based 4K channel analyser. The standard 152Eu was used for both energy
and efficiency calibration. The concentration of the i ^ element (Cj in ug/g) was calculated
using the relation,

Q (ng /g) = (Ap u Asp* ) (l/ko,e)ip ) [(f + Q0*(a))6* / (f + Qofc))-*]

where, Ap j = the specific count rate of in, nuclide normalised per gram of the sample,

= the specific count rate per ug of the comparator and the symbol * refers to the

parameters of comparator gold, e = the detection efficiency of the detector for the gamma
ray energy used, T = the sub-cadmium to epi-cadmium neutron flux ratio, a = the
deviation from the ideal epithermal neutron flux distribution and Qo(ot) = the ratio of

cross sections and is equal to Io(<x)/oth, where, IQ(O) = the infinitely dilute resonance

integral corrected for the non-ideal epithermal neutron flux distribution and CTtt = the
thermal neutron cross section. ko,exp is world wide recommended IQ, values.

The peak area was converted to specific count rate (A™,) by the equation:

A*p = (CL/LT) . (PA. A.) / [( 1-e-^i) .e "**.. (1-e "*• C L ) . w ] (1)

where, U - time of irradiation, U~ cooling time, CL = clock time, LT = live time, X
= decay constant of radionuclide of interest, PA = peak area and w = weight of the
element in microgram (fig) for the comparator and gram for the sample when A,,,,- is
calculated.
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1.3.2. Simultaneous determination of flux ratio (f)» a and flux of the APSARA
reactor

R.N. Acharya, K.C. Jagadeesan', A.G.C. Nair, A.V. R. Reddy, K. Somakumar2

and S.B. Manohar

'isotope Division, 2Reactor Operation Division

Neutron Activation Analysis ( NAA ) using k0 method is a semiabsolute method and
this uses certain reactor paramters alongwtth nuclear parameters like; sub cadmium to epi
cadmium neutron flux ratio (f) and the parameter a (alia), the measure of the non-ideality
of the epithermal neutron flux distribution hi view of this T and ' a ' in seven irradiation
positions were determined.

hi the present work, the three bare resonance detectors, I97Au, MZr and ̂ Zr, are used
to arrive at f, a and <|>. The monitors were coirradiated and the activity formed were
measured using a high resolution gamma ray spectrometer. The f and a values along with
the total neutron flux <j> obtained in this work are given in Table 1. The maximum variation
observed in the obtained f values was about +10%. The f values ranges from 26 to 94 for
different irradiation positions corresponding to 96.4 % to 98.95% thermal neutron
component. The values obtained for a, in this work, are positive and ranges from 0.019 to
0.099. The precisional error on a ranges from 12-33 %. The value of a depends on the
factors like core configuration of the reactor, moderator materials used and position of
sample irradiation. Our results on a indicate a soft neutron spectrum on the epicadmium
range of the neutron flux distribution. The total flux values <j>, tabulated in the last column
of Table 1 show a gradual reduction as the irradiation positions are away from the core.
These values of f, a and Qo(a) are being used in lc NAA method for multielement
analysis of different primary standards and samples.

References.

1) F.De Corte, L.Moens, A.Simonits, A.De wispelaere, J.Hoste,
J.RadioanaLChem., 52(2) (1979) 295.

2) R.N. Acharya, K.C. Jagadeesan, A.G.C. Nair, A.V. R. Reddy, K.
Somakumar and SB. Manohar, NUCAR-99, January 19-22 (1999),
BARC, Mumbai NC-8, p.85.

Table L Results on a , f and 9 of seven irradiation positions of APSARA reactor.
Position

C9

D8

E8

A\

A7

F7

D4

a

0.03 ±0.01

0.054±0.009

0.047±0.008

0.099±0.013

0.019±0.006

0.064±0.01

0.048±0.006

f=<|»./<|>e

94.21 ±6.04

65.16+5.76

41.63±4.20

37.04±2.31

36.76±2.15

28.64±1.55

26.80±1.13

n- thermal

(%)

98.95

98.48

97.65

97.37

97.35

96.63

96.40

n-
epicadmium

(%)

1.05

1.52

2.35

2.63

2.65

3.37

3.60

total

^(n/cn^/sec)

(9.24±0.67)1010

(4.31±1.62)10"

(4.85±0.89)1011

(6.39±0.83)10"

(9.64±0.35)101]

(1.24±0.()6)1012

(3.78±0.48)1012
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13.3. Validation of k. Neutron Activation Analysis

R.N. Acharya, A.G.C. Nair, A.V.R. Reddy and SB. Manohar

Neutron Activation Analysis using single comparator method (k* NAA method) is
being used for obtaining elemental concentrations in a variety of matrices. Gold is used as
the single comparator instead of multielement standards. This method obviates the use of
multielement standards. The SRMs, that are prepared by the IAEA, USGS, NIST and
other sources, are frequently used as
primary standards in many laboratories for
routine analysis. The ko method uses the
parameters like k̂ exp, f, a (parameter that
represents the deviation from ideal
epithermal neutron distribution), Qte

efficiency of the detector (s) and peak
area under gamma line. The method
should be validated by standard reference
materials (SRMs). USGS geological
standards, W-l and NOD A-l, IAEA
environmental standards, SOIL-7 and SL-
3 and biological SRM-1571 of NIST were
analysed using gold as comparator.

t • - • — •

F BOO

• USOSW-1
• Mr
A MOO At

ELEMENT

Rg 133 Comparison of measured and certified elemental
concentrations of some standard reference materials

The comparison of measured and
certified elemental concentrations of the
five SRMs for 26 elements in total are
shown in Fig. 1. hi most of the cases the deviation from certified value is within 5%.
Elements like Al, Ca, Ti which are measured via short lived isotopes are reported with 5-
10 % uncertainties whereas elements measured through low energy gamma lines and/or
present in low level (sub ppm or ppb) like Nd, Sm, Eu, Tb and Dy are reported with ±10-
15% uncertainties. The reproducibility of measurements from quadruplicate experiments
was about 2-15% for a confidence limit of ±la.

References

1) R.N. Acharya, A.G.C. Nair, A.V. R. Reddy and S.B. Manohar, NUCAR-
99, January 19-22 (1999), BARC, Mumbai RA-19, p.355.

2) F. De Corte and A. Simonits, J Radioanal. Nucl. Chem., Articles, 133(1)
(1989)43.

3) A.Simonits, F.De Corte, J.Hoste, J.Radioanal.Chem., 24 (1975) 31.

13.4. Multielemnt analysis of manganese nodules and encrustation from Indian
Ocean.

R. K. Dutta1, R. N. Acharya, A. V. R. Reddy, A. G. C. Nair, S. N. Chintalapudi1,
V. Chakravortty2, S. B. Manohar
1 IUC for DAE facilities, Calcutta Centre, HI/LB-8, Bidhan Nagar, Calcutta
700091.
2 Department of Chemistry, Utkal University, Vani Vihar, Bhubaneswar 751004
India.
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(a). Studies on Rare and rare earth elements in manganese nodules from Indian
Ocean.

A total of five manganese nodule samples from different locations and water depths
of Indian Ocean were analysed by neutron activation analysis using ko method in order to
understand the possible differences in the trace element distribution. Though a total of 21
elements were estimated, emphasis was given to the elements like Sc, Co, Sb, W, Hf, Th
and REEs, which are important to understand the process of their accumulation in the sea
bed. The USGS nodule standard P-l was used for the control of the method. A few
elements like SC, As, Sb, Cs, Hf, W and Th, which were not reported in the standard
earlier, were measured afresh. The following points have been concluded.(i) Most of the
minor and trace elements are found to be enriched in the hydrogenous Fe-rich nodules
compared to Fe-depleted nodules. Slow growth rates and high retention time of these
species are attributed to their enrichment.

(ii) Cobalt shows negative correlation with depth of water column.(iii) The trend of
variation of Th is found to be similar to the REEs and Fe. Fe-REE-Th associated minerals
were proposed to be the source of Th in nodules, (iv) The shale-normalised REE patterns
show the positive Ce anomaly, which indicates an oxidative oceanic environment that

oxidises Ce4"-* to Ce+^. (v) The La/Lu ratio was found to be less than one and thus
suggests the enrichment of heavy REEs over light REEs.(vi) REE abundance increases
with increase in Fe content of nodules.

(b). Ferromanganese Oxide Encrustations.

Three ferromanganese crusts from different locations of the Indian Ocean and one
crust from Lau basin were analysed by ko NAA method for studying the distribution of
some trace elements along with Fe and Mn. Variation in Co concentration along with the
Mn/Fe ratio was discussed in terms of the hydrogenous (Mn/Fe>l) or hydrothermal
(Mn/Fe<l) nature of the crusts. The shale normalised REE content was used to identify
possible anomalies. The following conclusions have been made.

(i) Cobalt concentration in Afanasiy Nikitin seamount (ANS) crust was found
to be 1.23% and it may be considered economic for mining.

(ii) A Co-Sb correlation was observed and both were high in concentrations
particularly in sea mount crusts.

(iii) The REEs were found to be highly enriched in ANS crust and in elevated
region.

(iv) The hydrothermal oxide deposit from Mid Indian Oceanic Ridge (MIOR)
exhibits a negative Ce anomaly and is associated with a low concentration of trace
elements whereas hydrogenous crusts are enriched in many elements and exhibit
positive Ce anomaly. The Ce- fractionation in the oceanic environment has been

attributed to the oxidation of Ce+3 to Ce+4 as hydroxides and their subsequent
uptake by Fe and Mn oxide particles.

(iv) The thorium content was remarkably high (114 ppm) for hydrogenous
crusts. Thorium and W were several fold higher in sea mount crust than MIOR and
these enrichments are thought to be controlled by hydrogenous activities.
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Reference.

1) Elderfield, H., Greaves, M. J.: Negative cerium anomalies in the rare earth
element patterns of oceanic ferromanganese nodules. Earth Planet. Sci.
Lett., 55 (1981) 163

1.3.5. Multielement analysis of emeralds and associated rocks by ko NAA method.

R.N. Acharya, RK.Mondal1, P.P.Burte, A.G.C.Nair, N.B.Y Reddy^L.K.Reddy3

and A.V.R.Reddy

'Atomic Mineral Division, Begumpet, Hyderabad, AP

department of Applied Geology, department of Chemistry, S.V.U.P.G. Centre,
Cuddapah, AP.

Multielement analysis was carried out in natural emeralds, their associated rocks and
one sample of beryl obtained from Tikki area, Rajsthan, India. The concentrations of 21
elements were measured. Data have been analysed to understand the segregation of some
elements from associated rocks (trapped and host rocks) to the mineral beryl forming
gemstones.

i) The concentrations of Al in emerald and beryl are found to be 10.02 and 10.03 %
respectively which agree well with expected concentration of Al in emerald and beryl (~
10.0%), beryllium aluminium silicate [Be3Al2(Si03)6]. ii) Emerald contains higher
concentrations of V, Cr, Sc, Cs and Rb.iii) Chromium content increases in the following
order: host rock (17 ppm), trapped rock (71 ppm), emerald (620 ppm).iv) Potassium is
absent and Na is present in emerald and associated rocks. This indicated that the rocks
analysed contain sodic feldspar minerals.v) Our results show the presence of Mg as a
major and Co as trace constituents in emerald and the absence of expected elements like
K, Ga and Ca compared to some results of PIXE/PIGE. These results differ from the
reported results of Ma et al.

The higher concentration of some trace elements in emerald compared to associated
rocks may be due to the following reasons (i) in the formation of gemstones, these
elements might have segregated and (ii) these elements also might have been weathered
away from rocks over the time after formation of gemstones.

Reference.

1) X.P. Ma, J.D. Macarthur, PL. Roeder, AN. Mariano, Nucl. Instr, and
Meth., 875(1993)423.

1.3.6. Characterisation of Dolomites, Dolerites and serpentines by NAA.

R.N. Acharya, L.K. Reddy1, P.V. N. Kumar1, N.S. Kumar1, N.B.Y. Reddy2,
A.G.C. Nair, and A.V.R. Reddy

'Department of Chemistry, department of Applied Geology, S.V.U.P.G. Centre,
Cuddapah-516003.

Two types of dolomites (unaltered and altered dolomites) and two types of
serpentines (black and yellow) along with intrusive rock dolerite obtained from Cuddapah
basin were analysed by ko NAA method for (i) major, minor and trace element
compositions and (ii) understanding the process of serpent in isation and the extent of
contributions made by both dolomite and dolerite for serpentinisation. Our results indicate
that both dolomite and intrusive dolerite contribute to the mineralisation of serpentines. As
many as 21 elements were measured. The following observations were made.
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(i) The major constituents that are present in these five varieties are Mg, Ca, Fe and Al
(except Ca in one variety, as it is absent in black serpentine). It is observed that dolerite,
altered and unaltered dolomites have very similar concentration of Mg while the Ca
content increases from 8 to 25%. In black serpentine there is no trace of Ca but very large
concentration of Mg is present. Li the same way for yellow serpentine Ca is low while Mg
content is increased. Magnesium is being contributed to the serpentines both by dolerite
and dolomite. The concentration of calcium is higher in host rocks, dolerite and unaltered
dolomite. The absence of Ca in black serpentine might be attributed to its replacement by
Mg during serpentinisation.

(ii) The concentrations of Al, Fe and Ti were more in black serpentine than yellow
serpentine indicating the contribution of these three elements from dolerite.

(iii) The three diagnostic elements, Sc, Cr and Co of serpentines are in good agreement
with the results of Faust et al. The concentrations of Sc and Co are higher in black
serpentine than yellow serpentine and Cr is present in dolerite and black serpentine. These
three elements could be used to distinguish the black and yellow serpentines. Cobalt, Cr,
Ti and V are contributed by dolerite during mineralisation process.

(iv) Rare earth elements like La, Ce, Sm, Eu, Dy, Yb and Lu are present in dolerite,
black serpentine and yellow serpentine. A few REEs are also present in dolomite. The
sequence of REEs in these samples decrease in the following order: dolerite —> black
serpentine —> yellow serpentine -> dolomite.

From the present study it indicates that dolerite along with dolomite contributes major,
minor and trace elements in serpentine formations.

References

I) G. T. Faust, Geochim. Cosmochim Acta, 27 (1963) 665.

13.7. Determination of palladium by chemical neutron activation analysis using
low energy photon spectrometry.

A.G.C. Nair, A.V.R. Reddy, R.N. Acharya, P.P. Burte and SB. Manohar

A chemical neutron activation analysis method to determine trace amounts of
palladium present in the uranium containing minerals has been developed. The
concentration of platinum group elements (PGEs) in geological materials being in ppb-
ppm range and the distribution being highly heterogeneous, a preconcentration method to
separate Pd from Fe, Cu and U, was standardised. Palladium was concentrated on an
anionic exchanger (Dowex 1x8, Cl~form) to purify from large amounts of U, Fe and Cu
that were present in the ore. The separation factor for Pd from these elements were greater
than 104 below 2 M HCl

Synthetic samples containing U, Cu and Fe along with trace amount of Pd were
prepared in 1M HCl from their appropriate salts. The same method was applied to measure
Pd in 5 samples received from AMD, Hyderabad. The resin, in which Pd was adsorbed,
was irradiated at APSARA reactor and the activation product ^ P d w a s assayed through
its daughter 109m^g ^ y | o w e n e rgy photon spectrometry to estimate palladium. Both 88

keV gamma line and 22 keV x-ray line (arising out of the isomeric transition of ^ 9 m A g )
were used to arrive at the concentration values by a standard comparison technique. Table
1 lists the results of the Pd concentration in ore samples. A thin window Si(Li) detector
and a LO-AX HPGe low energy photon spectrometer were used for the radioactive assay.



15

An absolute detection limit of 0.12 ng could be arrived at by the use of the 22 keV x-ray
line in an interference free condition. Low background in the x-ray region reflected in
higher S/B compared to 88 keV gamma line in HPGe.

S.No.

SI A.

SIB

SA

S2B

S3A

S3B

Table 1. Concentration of palladium in ore samples (in ug)
Pd added

0

0.048

0

1.507

0

0.098

Pd determined

0. 139

0.184

Mean value

0.683

2.132

Mean value

0.187

0.300

Mean value

Pd present

0.139

0.136

0.138±0.002

0.683

0.625

0.654±0.029

0.187

0.202

' 0.19410.007

1.3.8. Multielement analysis in cereals and pulses by ko instrumental neutron
activation analysis

T. Balaji*, RN. Acharya, A.G.C. Nair, A.V.R. Reddy, and G.R.K.Naidu*

'Department of Chemistry, Sri Venkateswara University, Tirupati - 517 502

Five varieties of cereals and seven varieties of pulses which are used in the normal
dietary system were analysed using the ko NAA method. Elemental concentrations for 15
elements were measured in cereals and pulses. The major mineral contents are Mg, Ca, Cl,
Na and K. Out of these, Mg and Ca are considered most essential. There is very limited
data on the analysis of Ca and Mg. Both the elements could be determined simultaneously
with good accuracy and precision. The experimental detection limits in ug for Al, Ca, Mg
and V are 0.0033, 0.89, 0.48 and 0.0055 respectively. Calcium has an added advantage
that the activation product C*9Ca) has an intense gamma-ray energy of 3.08 MeV which is
free from any spectral interference. In both the cases the Til (Sesamum indicum) contains
almost same level of Ca and Mg and is the maximum. Except for Al, the role of other
trace elements are now well known. Aluminium is considered toxic. But even a very
small level of Ca (50-400 ug/g) has a protective role against an Al toxicity level of 50
mg/kg body/day. We have compared the Recommended Dietary Allowance (RDA) for
some of the known major essential elements with that of the values obtained from this
work based on an intake of lOOg cereal or pulses/d. The calcium value of 350 mg/d is the
highest value and corresponds to the concentration obtained for ragi. The determined
intake value of Mg for cereals range from 240-920 mg/d, whereas for pulses h is in the
range of 340-1150 mg/d and these values of Mg are well above the recommended value
(300mg/d) except for the wheat.

References

1) Fardy, J.J., Me Orist, G.D. and Farrar, Yvonne J. (1992) Neutron
Activation Analysis. J. Radioanal. Nucl. Chem., 163(2), 195.

2) Basu S, Chaudhuri D and Chaudhury,A.N., (1997),Influence of Ca on
the toxic effects of Dietary Al, J.Food Sci. Technol., 34(3),264.
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1 4 NUCLEAR TECHNIQUE

1.4.1 (a) Probing the microstructure in Nafion -117 using positron annihilation
spectroscopy

H. S. Sodaye, P. K. Pujari, A. Goswami, S. B. Manohar

Nafion is an inomer which absorbs large amount of water whereby the ionic
sulphonic acid groups aggregates to form a supermolecular cluster morphology (1).
Positron annihilation studies have been carried out in acid and cation neutralised
(Li+,Na+, K+, Rb+, Cs+, UO2+, Ni+) Nafion membranes using positron life-time and
Doppler broadened annihilation radiation(DBAR) measurements. Our studies have shown
that formation and expansion of clusters is always associated with a change in free volume
structure resulting in smaller free volume holes. It has been observed that there is a small
but significant change in O-Ps life time (i3) as the cluster expands from Cs+, to Li+ due to
the higher degree of hydration alkali metal ion, whereas i3 for Ni++ and UO2++ were
significantly different. The free-volume radius was lowest in the case of UO2+ in which
the cluster size is of the order of 100 A. The quenching of the positronium in Ni+ form
membrane indicated a partitioning of Ni+ between cluster region and amorphous region
where some of the sulfonic acid groups not taking part in the cluster formation lie.

Free-volume hole size distribution in water and ethanol swollen Nafion-117 polymer
have also been investgated. With the increase in water content the free-volume hole size
decreases but the overall volume fraction increases. The hole size distribution in dry
polymer is seen to be distinctly different from the hydrated ones. The narrower and
symmetric distribution in hydrated membrane as compared to dry membrane is believed to
be a consequence of crosslinking due to formation of clusters, hi alcohol swollen
membranes, on the other hand, not only the free-volume size and fraction are seen to be
higher, the hole size distribution is seen to be broader compared to dry or hydrated
membranes, indicating the effect of penetration of alcohol in to the hydrophobic backbone
region.

*
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1.4.1(b)Temperature dependence of positron life time and S-parameter in
Nafion-117.

The temperature dependence of S-
parameter for H and Cs form of Nafion
has been studied and is given in figure 1.
The S-parameter data shows a onset of
transition at 63 oC and transition at 112
oC represented as Tl ' and Tl respectively
for H+-Nafion which reaches saturation at
150 oC. In Cs+-Nafion the onset of
transition is shifted to 93 oC (TV) for the
transition at 162 oC (Tl) and a second
onset is seen at 188 oC (T21) for the
transition at 208 oC (T2). It is evident
from the above studies that the transitions
are influenced by the nature of
neutralising ion (counter ion) i.e. the free-
volume structure is affected considerably
b y ^ ^ ^ Q f ^

.'4/

%my*

t 162°C

OS
fi.-oa

Figure , T^^OepenJenceot S-Paramete, accssT



17

in Ihe S-parameter above 112 oC (Tl) in H+ and 208 oC (T2) is ascribed to the fast
movement of the polymer chains as a result of which considerable amount of electron
density diffuses in to these holes decreasing the S-Parameter. The saturation at 150 oC for
the H+ -Nation is indicative of polymer melting and the frequency of molecular motion
reaching the time scale of o-Ps life-time (10-9 s). Our result correlates well with the
reported phase transition using DSC, DMA, Stress relaxation and thermal expansion
studies.

Reference

1) T.D. Gierke and W.Y. Hsu, in Perfluorinated Ionomer Membranes, A.
Eisenberg and H.L. Yeager, Eds., ACS symposium series 180, America!
Chemical Society, Washington, D.C. 1982, p. 283.

1.4.2 Positron annihilation spectroscopic investigation of Al-Pillared
Montmorillonites

J. M. Joshia, H. S. Sodaye, P K. Pujarib, S. Srisailaa and M. B. Bajpaia

a. Chemical Engineering Division, Bhabha Atomic Research Centre, Mumbai
400 085,lndia.

b. RadioChemistry Division, Bhabha Atomic Research Centre, Mumbai- 400 085,
India.)

We report, for the first time, our result on characterisation of Al-pillared clay using
positron annihilation spectroscopy(PAS) along with XRD and BET techniques. Positron
life-time spectra for Al-pillared montmorillonite, as received and calcined at different
temperature( 100-500 C), along with the parent natural clay are measured. The annihilation
rate of ortho-Positronium (o-Ps) increases monotonically with calcination temperature up
to 300 C and falls subsequently. Similar behaviour is seen for the fraction of o-Ps
formed. We interpret the initial rise in annihilation rate of o-Ps to be due to the increase in
Bronsted acidity with dehydroxylation of pillars. The reduction in annihilation rate on
calcination at higher temperatures could be due to loss of acidity and/or due to mesopore
formation following delamination of clay structure.

1.43. After effects of P" decay on TDPAC spectra

B.S.Tomar and S.K.Thakare

Perturbed angular correlation (PAC) is a useful technique for studying the extranuclear
electric/magnetic fields and has found wide ranging applications in varied fields such as,
solid state chemistry, complex chemistry, polymerisation etc. (1). However the
information obtained from PAC if often influenced by the preceding decay process (EC,
p, etc.) which may leave the daughter atoms in excited state with holes in the inner shells.
These holes may get multiplied leaving the atom in a highly ionised state. Though a large
number of studies have been carried out on after effects of EC on PAC spectra, very little
in known about that of the preceding P" decay on PAC. In the present work PAC study on
semiconductor CdS was carried out using m Ag and lnCdm as probe nuclei(2).

i nAg was prepared by 1!oPd(n,y)mPd(p") 1MAg reaction. It was separated from the
irradiated target in carrier free form using the ion exchange method and was
coprecipitated with Cd as CdS bypassing H2S into a boiling solution of CdSO4. The X-ray
diffraction of CdS precipitate showed the cubic structure. For IUCdni study, CdS was first
prepared by the method as described above and the CdS crystals were irradiated for 10
minutes in the pneumatic carrier facility of CIRUS reactor to produce 1MCdm . As the half
life of lnCdm is short (49 minutes) repeated irradiations of 10 minutes duration were
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carried out to accumulate statistically good data. TDPAC counting was carried out using
the fast-slow coincidence set up consisting of a l"x 1" NaI(Tl) and two 2" x 2" BaF2

detectors. The coincidence spectra at 90 and 180 degrees between 96.7 and 245 keV
gamma rays of !UAg and 150.6 and 245 keV gamma rays of mCdm were acquired. The
coincidence spectra were analysed considering the time dependent EFG along with the
static EFG,

G2(t) = G2
td(t)G2

rt(t)

Where G2
rt(t) is the attenuation factor representing static interaction due to the EFG in

the crystalline solid, G2
ul(t) is the time dependent attenuation factor due to fluctuation of

EFG which may arise from relaxation of the probe atom to its equilibrium state after P"
decay. It is given by,

Where X*, is the Abragam and Pound's relaxation parameter and Xg represents the
recovery time (tg = 1/Xg) that is the time taken by the excited probe atom to reach the
ground state. The recovery time for the probe atom i nAg was found to be 16+5 ns
indicating that the preceding P" decay does affect the TDPAC measurements.

References:

1) J.P.Adloff, Radiochim. Acta 25, 57(1978).

2) S.V.Thakare and B.S.Tomar, J.Radioanalyt Nucl. Chem. (In Press),
(1999)

1.5

1.5.1

RADIOCHEMICAL SEPARATION AND DEVELOPMENT OF NDA

Separation of Carrier Free Gadolinium Produced in 80 MeV I2C Irradiated
CeOz Target and Separation of Carrier Free Dysprosium and terbium
isotopes from 12C Irradiated Nd2Oj.

S.K.Das, A.Ramaswami, S.B.Manohar, 'Dalia Nayak, Susanta Lahiri2 and
N.R.Das21Burdwan 2SINP

The radioisotopes of the rare earth
element Gadolinium and Dysprosium are
finding potential use in diagnostic nuclear
medicine. A method (Fig. 1.3) was
developed for the production and carrier
free separation of Gd and Dy radioisotopes
produced in the I2C irradiation of the targets
(3 mg/cm2) of CeO2and Nd2O3. The targets
were prepared by the centrifugal technique
on 2.05 mg/cm2 thick aluminium foil. The
targets were wrapped in 2.05 mg/cm2 thick
aluminium foil and irradiated with 80 MeV
12C beam at the BARC-TIFR pelletron
facility, Mumbai. The beam current was
measured using an electron suppressed
faraday cup. The average beam current was
50 to 60 nA. The irradiated CeO2 target was
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dissolved in cone, nitric acid and sulphuric acid mixture, evaporated to dryness and finally
taken in HC1. I41Ce tracer was added to monitor the radiochemical separation of the bulk
cerium. Gd was extracted in 1 % HDEHP in 10"4 M HC1 and back extracted with 1M HC1 (
Dcjd = 1 27 and DM = 0.0038). In the case of Dy, the irradiated target was cooled for two
hours for the decay of short lived l50>I51Dy isotopes and then dissolved in dil. HC1 and
l47Nd was added as tracer. Dy and Tb isotopes were extracted in 1% HDEHP and 0.1 M
HC1, and was back extracted with 6M HC1 ( Doy = 12.72 and DN<I = 0.033). This removed
the bulk Nd. Dy was further purified by extracting it in 10% HDEHP and 1.5 M HC1 and
back extracting with 6M HC1.

1.5.2 Setting up of a Hull Monitor at KARP, Kalpakkam

A.Ramaswami, G.K.Gubbi, S.P.Dange, S.S.Rattan, S.B.Manohar,A.Ramanujaml,
P.V.Achutan1 , P.Seetharamaiah1 , D.A.S.Rao1, K.V.Mahudeeswaran2, Y.R Peter2

and A.D.Moorthy2 ('FR&NW Group, B.A.R.C;2KARP, BARCF, Kalpakkam)

During the dissolution of spent fuel by chop-leach process in reprocessing plants,
significant amount of residual fuel may remain in the hull because of the incomplete
leaching of the crimped hulls. A hull monitor, based on passive gamma scanning, has been
setup at Kalpakkam Reprocessing Plant ( KARP). It consists of three steps.

1) The activity of 144Ce-!44Pr in the hull is measured using a suitable
collimator detector arrangement in the dissolver cell area.

2) The ratio of activity of l44Ce to that of the concentration of U and Pu in
the dissolver solution is determined in the radio chemical laboratory cf
the plant.

3) Assuming that the ratio of 144Ce to U and Pu in the hull is same as that of
the dissolver solution, the amount of U and Pu in the hull is estimated.

A high resolution HPGe detector coupled to a PC based 4K multi channel analyser
minimises the pileup effects and was used in the present work. Accurate measurement of
I44Ce activity present in hull basket requires the absolute detection efficiency as a function
of gamma ray energy under the conditions of measurement. A simulated hull basket was
aligned in front of the collimator inside the hot cell. 124Sb activity ( ~ 28 curies) was
distributed in the simulated basket. The vertical and horizontal scanning of the basket was
carried out by moving the basket using the overhead crane , to check the distribution of
124Sb activity in the simulated basket. The basket was rotated by 180° such that the other
face of the hull basket was infront of the detector. The horizontal and vertical scanning
were repeated and the spectra recorded. In order to determine the efficiency of detection
with different absorbers, measurements were carried out with lead, brass and aluminium
absorbers of thickness 3, 6 and 9 cm. respectively. Table-1.1 gives the calculated detection
efficiency values. It can be seen that the detection efficiency is higher for high energy
gamma rays. This is due to the severe self- attenuation of the lower energy gamma rays in
zdrcaloy matrix. From the measured detection efficiency it was estimated that about 28
Curies of 144Ce-144Pr in the hull basket could be measured within an accuracy of 10%.
Partial dissolution in the range of 10% and followed by the measurement of the hull basket
is proposed to verify the efficiency and the accuracy of the method.
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TaMe-U Absolute detection efficiency of HPGc detector for different gamma ray energies
S.No.

1.

2.

3.

4.

Gamma ray energy ( keV)

602.9

722.8

1691.0

2091.0

Detector Efficiency

(3.21 ±0.22 )E-10

(3.22 ±0.22 )E-10

(5.63 ± 0.39 ) E -10

(5.74 ±0.40 )E-10

1J53 The monitoring of gaseous fission products in moderator cover gas at
different PHWRs using charcoal absorption technique

A Ramaswami, S.S.Rattan and S.B.Manohar, C.R.Venketasubramani1, Krishna
Rao2, R.C.Khandelwal3, S.K.Upadhyaya4, ('IGCAR,2MAPS, 3KAPS, *NAPS)

Gaseous fission products ( isotopes of Kr and Xe) were detected in moderator cover
gas of different PHWRs. A method based on the absorption of the gaseous fission products
on active charcoal was developed for the measurement of the gaseous fission products in
the moderator cover gas. The method consists of collecting a known volume of the
moderator cover gas on an activated charcoal column kept at liquid nitrogen temperature
followed by direct gamma ray spectrometric analysis of the column. Approximately 30 1 to
40 1 of the moderator cover gas was collected over the column. It was seen that only the
xenon and krypton fission gases are absorbed on the charcoal column under these
conditions. The charcoal column was assayed by direct gamma ray spectrometry using a
pre-calibrated HPGe detector connected to a 4K Muki channel analyser. A simulated
charcoal column containing a known activity of l52Eu determined the efficiency of the
HPGe detector in the gamma ray energy range of 121.8 - 1408 keV. The charcoal column
showed a very high dead time initially (>50%) due to the presence of large concentration
of 4lAr and hence the short lived fission product l3*Xe could not be assayed. The correct
half- lives of the nuclides ensured that there was no leakage of the absorbed gases from the
charcoal column under these conditions.

Table-1.2 gives the determined values of the concentration of 133Xe and 83mKr in the
moderator cover gas from UNIT-1 and UNIT-2 of KAPS , UNIT 2 of NAPS and UNIT 1
of MAPS. The uncertainty shown is the variance in two determinations. The ratio of the
activity of fission products would give an indication of the origin of the fission product
activity. The measured activity ratios, shown in table- 1.2 agree within the experimental
uncertainties with the calculated range corrected yield ratio for the thermal neutron
induced fission of ^'U, indicating that these fission products are due to the recoil of the
fission products. Hence the conclusion drawn from these measurements was that the
source of the fission products in the moderator cover gas is the fission of the trace level of
uranium (0.5 -lppm) present as an impurity in the zircalloy clad material.

Tabk-12 Fission Product Activity in die Moderator Cover Gas
S.No

1.

2.

Nuclide

85m K r

»5Xe

Ratio of
135X e /8 5 m

Kr

Activity in uQ/1

UNIT 1 of KAPS

0.06 ±0.02

0.08 ± 0.17

1.33

Activity in \i.O,/\

UNIT 2 of KAPS

0.08 ± 0.02

0.11 ± 0.02

1.37

Activity in (ACj/1

UNIT 2 of NAPS

0.07 + 0.02

. 0.08 ±0.02

1.14

Activity in \JLCA/\

UNIT 1 of MAPS

0.07 ± 0.01

0.17 ±0.02

2.43
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1.5.4 Delayed neutron measurement for the Assay of sub microgram levels of 23SU
and " 'Pu

S.P.Dange, G.K.Gubbi, S.Venkheswaran, A.V.R.Reddy and S.B.Manohar

The method, based on tine measurement of delayed neutron, is a powerful technique
for the assay of fissile materials down to nanogram levels. Feasibility experiments for the
measurements of " 'U and ^'Pu in samples containing sub-microgram levels were carried
out using Pneumatic Carrier Facility (PCF) of CIRUS reactor. The neutron counting
system consists of a circular array of 10 3He detectors in HDPE moderator assembly, with
overall counting efficiency of 14%. The output of this unit was coupled to a PC based
MCS system. The irradiation and counting of the samples was carried out in PCF of
CIRUS reactor (20 MW, Thermal neutron flux ~ 5xlO12 n/cm2/s). Natural uranium
samples (corresponding to 0.137- 10 ug. of ^ U ) and (0.3-6 ng.) M9Pu samples were
prepared by sealing the weighed standard solutions in polypropylene tubes, and irradiated
for 60s. The irradiated samples were brought to the counting station within 30 to 40
seconds after the end of irradiation. The counting was done for about 300s. to ensure the
complete decay of the delayed neutron response. The delayed neutron count rates were
corrected for the dead time. The corrected delayed neutron count rates were fitted to

C(t) = Bo exp (- (1)

C(t) is the observed delayed neutron count rate as a function of cooling time. A,, and
Bo are zero time activities of delayed neutron groups with Xi (Ti/2 = 54s) and A,2 (Tm =21.85
s) respectively. The observed count rate was fitted to the above equation. The fitted values
of Aoand Bo are given in table-1.3. It was estimated that about 50 ng. of ^'U and 150 ng.
of 239Pu could be estimated with an accuracy of ± 10% at lcr level.

S.No

1

2

3

4

5

Table 13 Calibration constants for me assay of 35U and " 'Pu.
235JJ

0*)

0.2607

0.4727

0.7760

0.8520

0.9853

(Ao + Bo)

Ao (cps/flg)

( 54.0 sec.)

424

340

389

349

317

364 ± 42

3837 ±310

Bo(cps/ng)

< 21.8 sec)

3167

3583

3600

3871

3147

3473 ± 310

«9Pu(Hg)

1.3604

3.1487

3.1830

6.4578

2462 ± 310

Ao(cp»/ng)

209

219

184

186

199 ±12

Bo(cps/|ig)

2609

2440

1961

2042

2263 ±311

1.6 SOLID STATE NUCLEAR TRACK DETECTORS

1.6.1 Identification and assay of trace levels of actinides by measurement of ratio of
alpha decay constant to neutron fission cross section by SSNTI)

A.Ramaswami, P.C.Kalsi, R.Sampatkumar, RJ.Singh , S.B.Manohar and
D.D.Sood

A suitable method is required for the identification and estimation of ultra trace levels
of actinides in environmental and biological samples. All known isotopes of actinides are
uniquely identifiable by the ratio of alpha decay constant to the neutron fission cross
section. Nuclear solid state track detectors are inexpensive and also clearly distinguish
between alpha and fission events. Most of the fissile isotopes have large fission cross-
section for thermal neution induced fission (few hundreds of barns), while the fertile
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isotopes have few tens of barn cross section for the reactor neutron induced fission.
Measurements of track densities of alpha decay and neutron induced fission ( reactor or
epithermal neutrons) leads to the determination of ratios of alpha decay constant (A )̂ to
reactor or epithermal neutron induced fission cross section (ar). Feasibility studies were
carried out to determine the alpha decay constant to fission cross section ratio for depleted
uranium, ^ P

Standard solutions, in the concentration range of a few ng/ml to |ig/ml of depleted
uranium ( 99.99 atom % ^ U ) , M*Pu and 239Pu were prepared using radiometric as well as
mass spectrometric assay techniques. The experiment consist of measurement of the alpha
decay probability and neutron induced fission cross section using LR-115 and Lexan
track detectors respectively. The ratio of alpha and fission track densities is proportional to
the ratio of the alpha decay constant to the neutron fission cross section. The alpha decay
constant of the actinide is measured by registering the alpha tracks for a known length of
time in a standard solution. The developed alpha tracks are counted manually under an
optical microscope to get the alpha track density (Tda).

Neutron fission cross section is measured by irradiation of the Lexan foil immersed
in a standard solution of the actinide along with a standard gold sample in APSARA
reactor for a fixed duration. The samples were irradiated with and without cadmium foil
(0.5mm thick) covering. From the fission track counting ,the fission track density (Tdf),
number of tracks per unit area, was obtained. The determined values for depleted U, 238Pu
and 239Pu are given in Table-1.4. The measured values for the act in ides agree very well
with the calculated values. The ratio for all the actinides are widely different and hence
these can be used for their identification in ultra trace levels.

s.
No

1.

2.

3.

Table-L4 Measured ratio of alpha decay constant to fission cross section
Nuclide

Depleted U

2 3 8 P u

2 3 9 P u

Alpha to fission
cross section ratio

Reactor neutrons

Exp.

(6.19±0.34) 10«

(6.95±0.26) 1(P

(2.12±0.95)109

Alpha to fission
cross section ratio

Reactor neutrons

Cal.

2.43X106

7.66x10"

3.04xl09

Alpha to
fission cross
section ratio

Epi cadmium
neutrons

Exp.

(2.20±0.16)106

(1.21±0.50)1013

Alpha to
fission cross
section ratio

Epi cadmium
neutrons

Cal.

—

1.64x10"

1.30xl09

1.6.2 Measurement of alpha to spontaneous fission branching ratios of heavy
actinides in solutions by Solid State Nuclear Track Detectors

P.C.Kalsi

Alpha to spontaneous fission branching ratios of 2'2Cf, ^Cm, 23gPu and 240Pu in
solution medium have been determined by solid state nuclear track detectors like Lexan,
Tuffak, CR-39 and LR-115. The ratios are useful for partial half-life determination of the
actinides and identification of the actinides produced in sub-microgram quantities during
"transmutation reactions". For the measurement of the ratios, these detectors were exposed
to 232Cf solution (10 ng./ml) and 244Cm solution (0.200 ug/ml) directly to record alpha
and spontaneous fission tracks. After etching the tracks, they were counted under an
optical microscope to get fission and alpha track densities. The alpha to spontaneous



23

fission ratios were found to be 31.64+0.61 and (7.20 ± 0.10)xl03 for 252Cf and 244Cm,
respectively. The experimental ratios are in good agreement with the calculated values.

For measurement of the ratio for 23*Pu, Lexan polycarbonate detector was exposed to
^ P u solution (-992 ng/ml) for a month to record spontaneous fission tracks. The alpha
tracks were recorded on LR-115 detector from a dilute solution of 238Pu of cone. -500
ng/ml. The exposure time for alpha tracks was 5 m. Similarly, the exposure times for
^Vu solutions were 1 month and 30 min. respectively for spontaneous fission tracks and
alpha tracks. The cone, of the 240Pu solution used for recording spontaneous fission tracks
was about 500 ug/ml, while the alpha tracks were recorded from a dilute solution (Spg / 1).
From the track densities, the alpha to spontaneous fission ratio was determined as (5.377 ±
0.288) x 108 and (1.688 ±0.153) x 107 for ^ P u and ^ u respectively. The ratios
agree well with the calculated values.

1.63. Gamma and neutron irradiation effects on solid state nuclear Track
detectors.

P.C.Kalsi

The thermal degradation of Makrofol film of 10 um thickness has been studied and
the effects of gamma radiation on its thermal stability evaluated. The TG and DTA curves
of unirradiated and gamma irradiated films were recorded between 25-700° C in
flowing air atmosphere at a heating rate of 60°C /min on an ULVAC thermo-analyser
using sintered A12O3 as the reference material for DTA. For the gamma irradiation,
Makrofol pieces were irradiated with gamma rays from a *°Co source for doses of 9.3
and 21.7 Mrad respectively. The TG and DTA curves of unirradiated and gamma
irradiated (9.3 Mrad and 21.7 MRad) Makrofol films in air showed two main steps in its
degradation. The effects of ^Co gamma irradiation on the thermal degradation of
Makrofol did not reduce the number of degradation steps. However, degradation steps of
irradiated samples started at lower temperatures than that of unirradiated one and further
reduction in decomposition temperature was observed with increasing dose. The
temperatures corresponding to complete decomposition and the maximum decomposition
rate were also lowered in the irradiated samples. These studies indicate that thermal
stability of Makrofol film decreases with increase in the gamma dose. With an objective
to compare quantitatively the effects of gamma irradiation on the thermal stability of
Makrofol film, the kinetic parameters for the unirradiated and irradiated films were
investigated from the TG curves using the methods given in the literature. The
activation energy (E) values calculated from TG curves were found to decrease with an
increase in gamma dose. These results indicate that irradiation of Makrofol film leads to
its degradation by chain scission.

Thermal degradation behavior of unirradiated and neutron-irradiated CR-39 (DOP) of
thickness 250 urn in air was studied using DTA and TG techniques. The polymer
samples were heated at the rate of 60°C/min to 600°C in a ULVAC Thermoanalyser using
sintered A12O3 as reference material for DTA. For neutron-irradiation, the irradiation of
CR-39 (DOP) polymers was done at the thermal column of the APSARA reactor. It was
seen that the degradation of unirradiated and neutron irradiated detector takes place in
three steps. The activation energy values calculated for three steps of degradation were
found to decrease to a small extent with increase in neutron dose indicating that the same
chemical processes govern the degradation of both unirradiated and the irradiated polymer.

Thermal degradation studies of unirradiated and reactor neutron irradiated Lexan
polycarbonate track detector in air was carried out by Thermogravimetric method.
Irradiation of the Lexan detectors was done at the APSARA Reactor in C-9 position for
30 and 60 min. Two degradation steps were seen for the unirradiated as well irradiated
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detectors. However, irradiation of the detector with neutrons was found to lead to rapid
degradation compared to the unirradiated, with degradation getting enhanced by increase
in neutron dose. A linear relationship was found between the neutron doses and the
complete decomposition temperatures . The kinetic parameters were evaluated from
Thermogravimetric curves for all the degradation steps by standard methods. The
activation energy values calculated for all the steps were found to decrease with increase
in neutron dose indicating that the irradiation of polycarbonate leads to degradation by
chain scission.

1.6.4 Estimation of gamma dose with Lexan polycarbonate track detector

P.C.Kalsi

A method was developed for the estimation of gamma dose (range 2.5 - 15.5 Mrad)
with Lexan polycarbonate detector by thermogravimetry (TG). The method consists of
recording the thermogravimetric curves of the unirradiated and gamma-irradiated (0-15.5
Mrad) Lexan detectors under identical conditions. The thermal decomposition
temperatures for the 100% degradation of Lexan detectors are experimentally determined
from the TG curves. Calibration graph is made between the gamma-doses given to the
different detectors and their corresponding decomposition temperatures noted from the TG
curves for the 100% degradation of the detectors. The calibration graph was found to be
linear in the dose range 0 - 15.5 Mrad. This calibration curve was initially used to estimate
known gamma doses of 2.5 to 15.5 Mrad due to """Co gamma rays. The estimated dose
values were found to agree within ±10% of the calculated values. The TG curves of all the
unirradiated as well as irradiated Lexan detector samples were recorded at the heating rate
of 60°C/min to 700°C in a ULVAC thermoanalyser.

I. SKTOAlNAOFFSBTOf ADC

S. 5CTMODe(AOOOA5Uft)
4. SET TIMER MOOC (LIVE Oil StEAL)
5. SET TIME FOR ACQUIRE

1.7 INSTRUMENTATION AND DEVELOPMENT

1.7.1. Automation of Sol-gel pilot plant

S.B.Rajore, D.B.Gurav, RS.Kanoje

After the successful testing of different processes individually in the sol gel plant,
integration of processes like feed
dispersion, washing and
microsphere transfer were carried
out. Facilities were provided so
that user can carry out batch
operation through wash tankl or
wash tank2 in automode. Testing
of this process through either
wash tankl or wash tank2 was
successfully carried out by
preparing different batches.
Results were found to be
satisfactory. Solution transfer
routine for transferring solutions
like HMTA & urea and uranyl
nitrate to feed tank were
successfully carried out and was
integrated with the above
program. Program was developed
to run the plant in fully auto mode
with both the wash tanks active
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simultaneously Testing of this program is in progress. The stability of the 20-channel
level indicator unit was thoroughly tested because the proper working of the plant is
highly dependent on this instrument. The levels of different solutions in various tanks are
read through the BCD output of this instrument connected to PC using PC-compatible
PCL-225 card.

1.7.2 Temperature Controller for Positron Annihilation Studies

T.P.Chaturvedi and J.B.Mhatre

Glass transition of polymer sample and its temperature dependence can be suitably
studied by using Positron annihilation technique. An experimental setup required for this
purpose comprises a temperature controller, a HPGe detector and a PC based MCA
Temperature controller, comprising a suitable thermocouple amplifier, an error amplifier,
and an UJT & SCR assembly was designed and fabricated. SCR circuit is used in the
primary of the transformer to allow an SCR with a lower specification be used. The heater
unit is placed in an evacuated chamber to have low loss of heat. The sample-chamber
consists of a sample mount, heater element and temperature sensing thermocouple (Re-
type) The controller is interfaced to a PC-AT through an ADDA card (PCL207). It has a
low cost 12-bit, successive approximation type ADC and a 12-bit DAC. This facilitates
not only the reference voltage corresponding to 'SET TEMP' to be fed to the controller
but also monitors the sample temperature through thermocouple. On attaining the SET-
TEMP value, controller holds on the sample temperature. After stabilization, data
acquisition of the sample is started through HPGe detector and PC based MCA. PC-AT
also in-houses the data acquisition card (PCAII). Suitable software is written to do the
above job. User-friendly executable software (HT.EXE) reads the 'SET-TEMP' from the
USER.DAT file and feeds it to the controller through DAC channeh#l. The DAC's
sample & hold circuit maintains the set temperature. HT.EXE reads the sample
temperature through ADC channel#2. It compares the sample and set temperature values
and returns to the master program when the two values come close within the specified
limit. Another program (DATSEG.EXE) prepares the USER.DAT file, which contains all
the temperature points for data acquisition. Tire master program (USER.BAT), written in
PCA environment, first calls DATSEG.EXE to create the USER.DAT file. Then it calls
HT.EXE to hold the sample at set temperature and on return it calls the PCAII.EXE for
data acquisition USER.BAT runs the HT.EXE and PCAII.EXE programs in a loop till the
last set temperature is over. The flow chart of the program USER.BAT and DATSEG.EXE
are shown in fig.4.1

1.7.3 Preparation and Supply Of Actinide Sources

R.J.Singh, A.Ramaswami and S.B.Manohar

Thin sources of Actinides are required for basic research studies using neutrons and
charged particles and for the calibration of the nuclear detectors. Radiochemistry Division
is the only supplier of these sources to different units of DAE and universities. The
actinide sources are generally prepared by electrodeposition on various backings
depending on the requirement of the users. The details the sources supplied during 1997
and 1998 are shown intable-5.1.
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Table-5.1
SrJsIb.

1.

2.

3.

4.

5.

6.

7.

Nuclide

252Cf

2«Am

^'Am

NatU

239 P u + 241 A m

Total sources supplied

Approx. cost (Rs.)

No. of sources

4

1

13

11

1

3

3

Supplied to (* University)

NEHU*,Guahati*,

Gurunanak*,Osmania*

BARC

Gurunanak*,Utkal*, Osmania*JBARC

Osmania*. BARC

IGCAR

Mysore*,

BARC

36

4 lakhs.

Radioanalytical Services

25 Samples of Granite received from Defence Labjodhpur were analysed for uranium content
by die Fission Track Mediod (P.CKaki)

5.4 Teaching at Training School
S.No

1.

2.

3.

4.

Topic

Interaction of Radiation with matter
& Nuclear Radiation detectors

Electronics I

Electronics 11

Practical for 41 and 42 batch
chemistry trainees

#Lect

16

12

10

Name of lecturer

G.KLGubbi

S.B.Rajore

S.Venkiteswaran

S.B. Rajore and
S.Venkiteswaran, P.C.Kalsi



27

ACTBVIDE CHEMISTRY

i

2.1 BASIC STUDIES

2.1.1 Effect of the structure of alkyl substituents of tertiary amides on their
extraction behaviour of uranium and thorium

P. N. Pathak, R. Veeraraghavan, P. B. Ruikar and V. K. Manchanda

Tertiary amides have shown promise as aHemate extractants to tri-n-butyl phosphate
(TBP) used in the THOREX process for the preferential extraction of U over Th and fission

products from nitric acid medium. The effect
of length and branching of the alkyl groups in
tertiary amides R-C0-Nl(Ri)2 on the extraction
of uranium and thorium was ascertained
employing nine different monoamides. These
amides were categorised as: (i) R and Ri as
straight chain; e.g. di butyl decanamide

'Uiiii (DBDA), di hexyl hexanamide (DHHA), di
, f *"* -I 1 1 I hexy' octanamide (DHOA) and dihexyl

decanamide (DHDA), (ii) Ri as branched
chain e.g. di-2-ethyl hexyl butyramide
(D2EHBA), (iii) R as branched chain e.g. di
octyl isobutyramide (DOIBA) and di octyl
ethyl hexanamide (DOEHA), (iv) R and R,
both as branched chain; e.g. di 2-ethyl hexyl

isobutyramide (D2EHIBA) and di isobutyl 2-ethyl hexanamide (DIB2EHA).

Batch extraction studies were carried out using 1M solution of these amides in n-
dodecane and U-233 and Th-234 tracers at 4 M
HNO3. There was a moderate increase in the
separation factor (S. F.) values (Du / Dn,) with *
increase in the chain length but a significant
increase with branching of alkyl groups 3
(Fig.2.1). At 4 M HNO3, Du and Dn, for few
typical amides are 12.8 and 0.81 for DHHA; S
8.36 and 6.0x102 for D2EHBA; 5.84 and ?
1.42xlO"2 for DOIBA and 3.7 and lxlO2 for |
D2EHIBA respectively. Branching in the alkyl 1
group (R) was found to suppress the thorium
extraction considerably due to steric hindrance
of the bulky amide molecules experienced on
Th(TV) surrounded by four nitrate ions. S. F.
values for DIBEHA (351) and D2EHIBA (370)
at 4 M HNO3 are distinctly larger than that with
TBP (-10). However, the S. F. values for
straight chain amides were relatively low (-20).

• . 7

•-S

Fig. 2£: Extraction Isottwrmofup/I) dMrltouttan
Orpmle phase: 1M D2EH»AMMlacaM
Aquaoux Phase: 2M HNO,

D2EHIBA was found to be readily soluble in n-dodecane, a diluent recommended for
reprocessing of irradiated fuels. No third phase was observed while equilibrating I M
solution of the ligand with either HNO3 solution upto 10.4 M or with the ~ 200 g/L uranium
solution at 2 M HNO3. Extraction isotherm for U(VI) - 2 M HNO3 - lM D2EHIBA system
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was also studied (Fig.2.2). With increase of [U]«, concentration, free ligand concentration
and Du value decrease. It was found possible to load U upto ~40 g/1 in the organic phase.

2.1.2 Synergistic studies on U(VI) from sulphuric acid medium using alamine 336
and dihexyl octanamide (DHOA)

S.Sriram, R.Veeraraghavan and V.K.Manchanda

High molecular weight amines (R3N) are known to extract U(VI) from aqueous
nitrate, chloride and sulphate media. The extraction from sulphuric acid media has been of
particular interest in view of its application in the industrial preconcentration of uranium
from leach liquors (Amex Process). Such processes were found to involve the extraction of
ion pairs containing anionic complexes of U(VI). The present study aims at the synergistic
extraction of U(VI) by Alamine 336 in the presence of DHOA. Two other oxodonors
viz.tributyl phosphate (TBP) and trin-octyl phosphine oxide (TOPO) have also been
utilised for comparison with DHOA.

Equal volumes (lcm3) of uranium tracer solution in 0.13M H2SO4 and pre-
equilibrated extractants were agitated for an hour in a thermostated water bam adjusted to
25 ±1 °C. The phases were centrifuged and aliquots were taken from aqueous and organic
phases. Distribution ratio (Du) values were calculated as the ratio of 2B3U activity in a
certain volume of organic phase to that in the similar volume of aqueous phase.

The plot of log Du vs. log[Alamine] gives a slope of 3.50 ± 0.079 which suggests that
predominantly four amine molecules are involved in the extraction of each U atom. This
can be represented as follows:

.UO2(SO4)2
2-(.)+ 2(R3NH)2S04(o)» (R3NH)4 U02(S04)3(o) + SO4

2
(.)

TabteZl: Suggested composition of exbacted species of U(VT) in n-dodecame
System

TOPO alone

Aminc alone

Amine + TBP

Amitie + DHOA

Amine + TOPO

Probable species

UO2(SO4)2. (TOPOH)2

{R3NH}4UO2(SO4)3

{R3NH}2lIUO2(SO4)1+x. nTBP

x = l and 2; n = l and 2

{R3NH}4UO2(SO4)3. DHOA

{RaNH}^ {TOPOH+},. UO2(SO4)2

x= 0 and 1

Slope value of 3.5 indicates the presence of (R3NH)2 UO2(SO4)2 and uncomplexed
R3N in the organic phase in addition to the predominant (R3NH)4 UO2(SO4)3 . TBP and
DHOA alone poorly extract U(VI). Du< 10'2 was obtained at 0.13 M H2SO4 for 2M TBP
as well as for 1 M DHOA in dodecane medium. However, U(VI) is extracted
significantly by TOPO alone in the concentration range (0.02-0.2 M) employed in the
present synergistic studies. Investigation of the nature of extracted species was carried out
by distribution experiments in diluents of widely varying dielectric constants (DEC).
Increase in extraction of U(VI) by TOPO from 0.13M H2SO4 with increase in DEC of the
diluent suggests that the extraction of TOPO is by the formation of ion pairs which may
be of the type [UO2(SO4)2

2'.(TOPOH+)2]. m view of the larger basicity of TOPO (KH =
8.9), the protonation of TOPO is expected to be more extensive than that in the case of
DHOA (KH=019) or TBP (KH= 0.17).
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R was observed that if the alamine concentration is maintained constant and
oxodonor concentration is increased, synergistic enhancement of U(VI) extraction occurs
in each case. However, such increase in Du with increase in oxodonor concentration is
limited to a certain concentration range of donor. Synergistic extraction of U(VI) from
0.13M H2SO4 was studied at fixed alamine 336 concentration (6xlO'3 M) and varying
concentrations of DHOA (0.2 - 1.0 M) and TBP (0.05 - 0.6M ). Antagonism was observed
beyond 0.8 M (for DHOA) and 0.2 M (for TBP). It was seen mat the synergistic
enhancement is larger for TBP than that with DHOA. This is attributed to the presence of
1:1 as well as 1:2 species in the case of TBP in contrast to 1:1 species for DHOA. Results
of the speciation experiments as obtained by dependence of Dv on amine/oxodonor are
shown in Table 2.1.

It is seen that in the case of adducts involving TBP and DHOA, addition of the donor
molecule to the U(VI)-amine complex takes place without replacing any amine molecule
already present. This was possible because of substitution of water molecules present in
the U(VI)-amuie complex. However addition of TOPO to the uranium-amine complex,
leads to the release of at least two amine molecules. This could be explained on the basis
that whereas TBP and DHOA exist in the neutral form under the experimental conditions
chosen in the present work, TOPO exists in the protonated form and thus can compete
with amine molecules.

2.1.3 Extraction of Th (IV) with N, N dialkyl decanamides

T.Vasudevan*, M.S.Nagar and J.N.Mathur (• RSMD)

Extraction of Th(IV) from nitrate (5M NaNO3, pH=2.0) and thiocyanate (1.0 M,
pH=2.0) media has been studied using unsymmetrical amide (MBDA) and symmetrical
amides DBDA and DHDA in dodecane. Thorium concentration in organic and aqueous
phases was determined spectrophotometrically using Arsenazo (III) for colour
development. The nature of the species extracted into the organic phase was
ascertained by slope analysis method by varying NO3" , SCN" as well as amide
concentrations. The range of amide and anion concentration and the nature of species
extracted are given in Table 2.2.

Table 22: Thorium-Amide species extracted into the organic phase
Medium

NOj-

SCN-

Species

Th(NOj)4. 2 DBDA

Th(NO3)4- 2 MBDA

Th(NO3)4. 2 DHDA

Th(NO3>. 3 DBDA

Th(NO3)4. 3 MBDA

Th(NO3)4. 3 DHDA

Th(SCN)4. 3 DBDA

Th(SCN)4. 4 MBDA

Th(SCN)4-4DHDA

Range of anion
cone,

( [Amide] = 0.7 M)

3.75-5M

»

0.6 - 0.8 M
»

([Amide] = 0.-1 Ad)

0.3 -1.0 M

a

Range of Amide
Cone.,

([NO3-]=5M)

0.35 - 0.6M

»

it

0.6-0.8 M

»

([SCN] = 1M)

0.06-0.15 M

»
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2.1.4 Gamma radiolysis, primary and secondary clean-up and loading of the
extractant mixture 0.2 M CMPO +1 .0 M DHDA in dodecane

M.S.Murali, J.N.Mathur, M.S.Nagar, A.K.Bauri* and A.Bannerji* (* BOD)

Studies have been initiated on finding alternatives for TBP as phase modifier
for CMPO in extracting actinides from nitric acid medium. The effect of
gamma irradiation on the extraction of Am(III) by the extractant mixture 0.2
CMPO + 1.0 M DHDA (which was kept continuously in contact with 3.0
HNO3) was investigated. The distribution ratio (D) values of Am(IH)
pH=2.0, 0.04 M HNO3 and 3.0 M HNO3 were determined with the extractant
mixture that received doses of 0, 7, 14 and 30 M rad respectively. At
pH=2.0, the D value of Amflll) increased from 0.024 to 0.3, whereas at
0.04 M HNO3 it was almost constant at 0.2 upto 7 M rad and decreased to
0.085 thereafter. At 3.0 M HNO3 the D value monotonically decreased from
9.1 to 5.1 with increase in dose. The primary clean-up (using 0.25 M Na2CO3
solution three times at O.A ratio of 4:1) and secondary clean-up (using basic
alumina 5% w/v) of the irradiated extractant mixture were carried out. The D values
of Am(III) were determined at pH 2.0 and 0.04 M HN03 after these clean-up
operations. It was observed that at pH 2.0 the DAO, values decreased from the
values before these operations at all doses. For example, at 30 M Rad it reduced
from 0.3 to 0.2 and to 0.1 after the primary and secondary clean-up respectively,
but it did not attain the control value (at zero dose). On the other hand, at 0.04 M
HNO3, which is used for back extraction, the D/^ values remained almost constant
at 0.2 even after the clean-up operations.

From loading studies of the extractant mixture, no third phase formation has
been observed upto 15 g/1 of U(VI) and 10g/l of Nd(IH) loaded separately.

2.1.5 Extraction behaviour of Pu(IV) with bis (2,4,4-tri-methylpentyl)
octylphosphine oxide

M.S.Murali, K.M.Michael*, J.N.Mathur and U.Jambunathan* (*Fuel Reprocessing
Division)

Table 23-

[Acid], M

0.50

1.0

2.0

3.0

4.0

5.0

5.9

7.5

9.1

DofPu(TV) at fixed CYN=0.Q01M and different concentrations of
HNO^HdandHCKX

HNOj

3.49

2.17

1.36

0.88

0.75

0.63

0.52

0.34

0.20

D

HC1

0.91

0.75

0.59

0.46

0.58

1.21

3.45

4.36

12.44

HCIO4

1.30

1.09

0.99

1.13

1.35

1.14

3.35

5.67

10.70



31

Extraction of Pu has been carried out using various classes of reagents, prominent
among them being the organo- phosphorous extractants like tri-n-butyl phosphate (TBP), di-
2-ethylhexyl phosphoric acid (HDEHP), tri-n-octyrphosphine oxide (TOPO) and
c«tyl(phenyl)-N,N-diisobutylcarbamoyl- methyl phosphine oxide (CMPO) etc. In the
present study, bis (2,4,4-trimethylpentyl) octylphosphine oxide (Cyanex 925, abbreviated as
CYN), a highly sterically hindered extractant has been used to investigate the extraction
behaviour of Pu(IV) from different acid media and to establish the nature of species
extracted into the organic phase.

Table 2.3 gives the distribution ratio (D) values for the extraction of Pu(TV) from
HNO3, HC1 and HC104 medium by 0.001 M of CYN in dodecane. In HNO3 medium, the D
value decreases with increasing acidity; in HC1, the D decreases between 0.5 to 3.0 M and
then it starts increasing; whereas in HCIO4 medium, the D value almost remained constant
between 0.5 to 5.0 M and then started increasing at higher acidities. These trends are due to
the combined effect of various factors like (a) ionization of acids, (b) interaction of acid with
CYN (KH), (C) formation of anionic complexes, (d) reduction in water activity at higher
acidities and (e) the steric hindrance effect of branched chain structure of the extractant etc.
It will need further data on KH and D values under similar conditions with straight chain
compounds, TBP, CMPO and TOPO etc. to further explain these trends.

The D values of Pu(IV) at 3.0 M HNO3 and varying concentrations of CYN between
0.1 to 30% were found to be between 3.5 and 754 At tracer level of Pu even 1% solution
of CYN gives a D of more than 100, which ensures almost quantitative extraction of Pu.
The log D vs log [CYN] plots gave straight lines with a slope of ~2 suggesting thereby the
formation of Pu(X)4.2CYN in the organic phase where X = NO3" or Cl".

2.1.6 Extraction of Am(III) and Eu(III) from various aqueous' media by phosphine
oxides

J.N.Mathur, M.S.Murali and G. Suresh* (* RSMD)

The extraction of trivalent Am and Eu from aqueous nitrate, perchlorate or
thiocyanate media with three phosphine oxides, i.e. straight chain tri-n-octylphosphine
oxide (TOPO), a branched chain bis(2,4,4 trimethylpentyl)-octylphosphine oxide
(Cyanex 925, abbreviated as CYN) and octyl(phenyl)-N,N-diisobutyl-

carbamoylmethylphosphine oxide (CMPO) has been carried out. While taking 1M of the
counter anion in the aqueous phase, in the case of NO 3", with CMPO the DAO, is slightly
less than DEU (e.g. at 0.05 M CMPO, T>An>= 0.74 and DEU = 0.95), in the case of
perchlorate, D ^ (2.59) > DE» (1.97) whereas with SCN" D A m ( l l . l ) » D&, (2.3).
With CYN and TOPO D&, was always greater than D ^ with ail the three anions. With
a particular metal ion, in the case of CMPO, the order of extraction was NO3" < C1O4 '
< SCN , while with CYN, it was SCN" < NO3" < C1O4" and with TOPO it was NO3 <

SCN' < CIO4'. With a particular anion, the order of extraction of metal ions was CMPO
<: TOPO < CYN for NO3 , TOPO < CMPO < CYN for C1O4 and CYN < CMPO <
TOPO in the case of SCN". When the extractant concentration was varied while keeping
a fixed concentration of anion, the plots of Log D vs. Log[S] (S being the extractant)
gave straight lines with a slope of ~3 suggesting thereby that in all the cases, the
species present in the organic phase should be M(X)3,3S (M=Eu or Am, X=NO3", C1O4"
or SCNO.
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2.1.7 Paraffin wax as a diluent for extraction of acrinides and lanthanides
with TBP

J.N.Mathur and G.R.Choppin* (* Dept. of Chemistry, Florida state Univ.,
Tallahassee, USA)

Table 2.4: Extraction of U(V1) by 30% TBP/wax;T= 65 °Q [U(VI)=30 mg /ml
a. Varying organic to aqueous ratios

Ratio, O/A

%Extraction

|HNOj],M

0.5

79.3

-

1.0

90.1

-

2.0

96.7

• -

b. Varying HNO3 concentrations at O/A = 1.0

-

73.3

1.0

-

85.0

2.0

-

88.9

3.0

-

92.3

4.0

Molten paraffin wax has been utilised as a diluent for TBP in the extraction
of actinides and Ianthanides from HNO3 solution.

Tabfe 25: Extraction m<ycles of U(V* into 30%TBP/wax,
= 0 ^ T=65°Q PLJQ^] = 30ing/ml

Cycle

I

II

III

mgU(VI) in 4 ml

Before extraction

120

120

120

After extraction

26.7

86.0

111.0

% Extraction

77.7

28.3

7.5

Strong extraction of UO2
2+ and Pu4^ and practically no extraction of Eu3+

was observed from 3M HN03 by 30% TBP/wax at 65° C. The extraction of
UO22* increases with increasing wax: aqueous phase ratio as well as increasing
HNO3 concentration (Table 2.4).

Table 26: Stripping of UQz» from loaded 30% TBP/wax; UCM» = 30 mg(U)/ml (at loading),
strip solution = pHZO (HNQ,);O/A= 10

HNO3, M during
extraction

1.0

2.0

3.0

4.0

% stripped, cycle

I

60.2

54.9

48.9

40.6

II

30.7

33.3

37.6

46.1

III

5.5

6.4

10.8

10.3

IV

1.0

1.6

1.7

1.4

Total, % stripped

97.4

96.2

99.0

98.4

Reasonably high amounts of UO2
2+ could be loaded in the wax phase

(Table 2.S) and could be almost completely stripped with dilute HN03 solution
(Table 2.6). The phase separation with this technique is very simple since the
extraction is carried out at elevated temperatures (65° C or above) and with quick
cooling, the solid phase separates and the aqueous phase is easily drained off.
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2.1.8 Extraction of actinides and lanthanides with TOPO in paraffin wax
diluent

J.N.Mathur and G.R.Choppin* (*Dept. of Chemistry, Florida state Univ.,
Tallahassee, USA)

Paraffin-wax has been used for the extraction of Eu3+ , Pu4+ , and UO2
2t from

HNO3 solutions at 65° C. The extraction of Eu3+ increased with increasing TOPO
percent in the wax phase but it decreased with increasing HNO3 or Eu ' carrier
concentrations. The extraction of Pu4+ at tracer and UO2

2+ between 2 to 10 mg
(U)/ml from 0.5 to 1.0 M HN03 was almost quantitative while using 10 or

Table 27: % extraction of Eu(III) widi 15% TOPO/wax at vaiying [Eu(III)] and
fixed PJ(VT) = 10 mg/ml cone, and HNOs concentration

[Eu^l, M

Tracer

8.3 x 10 3

1.7xlO-2.

0.5M HNO3

77.2

70.9

65.8

1.0 M HNO3

53.6

52.6

46.8

15 % TOPO/wax at an aqueous to wax phase ratio of 1:1. In presence of
uranyl ion, the extraction of Eu3+ decreased under all conditions (Tables 2.7 & 2.8).
The best possible condition has been established and a scheme has been proposed
for the separation of trivalent actinides and lanthanides, Pu4* and UO2

2' from their
mixtures in laboratory wastes by using non-preequilibrated 15% TOPO/wax. The
metal ions were individually stripped using various reagents. The easy phase
separation from use of paraffin wax as the diluent makes the separation technique
very simple.

Table 2.8: Extraction of Eu^widi 15% TOPO/wax widi and without preequiKbration at fixed
Eu*+, uranyl and HNO3 concentrations; |Eu*»] = L7xHHM

% extraction of Eu3*, at fixed U and HNO3 concentrations

Extractant: 15% TOPO/wax

Pre-equilibrated phase ratio 1:1 (A.W)

Non-preequilibrated, phase ratio 1:1 (A-W)

Non-preequilibrated phase ratio 1:2 (A"W)

2mgU/ml,HNO3

0.5 M

83.8

87.2

95.5

1.0 M

68.6

78.3

92.9

10 mg U/mJ, HNO3

0.5 M

65.8

76.2

95.3

1.0 M

46.8

58.4

92.4

2.1.9 Extraction of actinides and fission products from salt solutions using poly
ethylene glycols (PEGS)

C.S. Pawaskar*, P.K. Mohapatra and V.K. Manchanda (* WMD)

Polyethylene glycol (PEG) based aqueous biphasic systems (ABS) have been widely
utilized for the separation of biomolecules. The presence of water structuring inorganic
anions such as sulphate, phosphate, carbonate etc. help in the effective salting out of the
PEG-rich phase.The recent interest in PEG based ABS for metal ions separations as an
alternative to the conventional oil-water biphasic systems stems from the facts that: i)
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PEG is cheap, easily available and non-toxic in nature; ii) it contains no organic diluents
which are usually volatile, inflammable and toxic; iii) aqueous soluble complexing agents
such as arsenazo HI, xylenol orange,
alizarin etc. can be utilised.The present
report deals with a systematic study on
the partitioning of several metal ions 1M
such as Am3+, Eu3+, UO2

2+, Th4+, Sr2*
and Cs+. Separation factors of Am3+ /
Eu3+ have also been evaluated.

Fig. 2.3 gives the distribution
behaviour of Am3+, Eu3+, UO2

2+, Th4*,
Sr24 and Cs+ with varying molecular
weight of PEG viz. PEG-1000, PEG-
2000 and PEG-3400.. The order of
extraction observed was Am3* > Eu3+

» UO2
2+ > Th4* > Cs+ > Sr2+. From

the plots of DM vs [PTA]
(polytungstic acid) for PEG-2000 at
pH 3.80 using 40% (NH4)2SO4 it
appeared that complex formation takes
place only in the case of Am3+, Eu3+

and possibly with Th4+ at PTA

•.1

o.ti

1E-3

concentration of ixlO"3 M. Cs+ and
Sr2* indicated lack of neutral complex
formation. Uranyl ion on the other
hand did not show any complexation at lower pH values.

18M 1SM 2«M 2SM MM 354M
PEO ntoL wt.

Hg.2.3: Effect of PEC motecutar wd«ht on nwtal low
extraction: [PWJ]:«%;)

HNH4)2SOJ=4«%;pH=3.M;

As expected, the distribution ratio (D) values of the metal ions as a function of the
equilibrium salt phase pH increased in the pH range 3.50 to 7.00 for Am , Eu and Th
while no change was observed for UO22*, Sr2* as well as Cs*. This was ascribed to
increasing complexation at higher pH values. On the other hand at pH 10.0, due to the
overwhelming effect of cation hydrolysis sharp decline in D values was observed in case
of Am +, Eu and UO2 . However, no change was noticed in case of Th which was
found anomalous.

Table 2.9: Separation behaviour of Am from Eu with varying PEG molecular weight and PTA
concentration

PEG type'

PEG-1000

PEG-2000

PEG-3400

S.F. (DA- / DE» )

14.8

3.07

2.74

PTA
concentration11

1.0x10 3 M

l.OxlO-1 M

1.0x10* M

S.F. ( D A - / D E . )

8.42

3.85

1.37

a: pH = 3.75; [PTA] = 1 .OxlO"4 M; [PEG] = 40%; [(NH^SOJ = 40%

b: pH = 3.60; [PEG-2000] = 40%; [(NH^SO-i] = 40%

The DM values for Am3+ as well for Eu34^ decreased linearly with increasing
concentration of PEG-2000 whereas in case of Th44, on changing the PEG-2000
concentration from 20% to 40%, the decrease was found to be non linear. The
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experiments with varying salt phase composition showed a maxima at 30% [(NHO2SO4]
for Am3*. A continuous decrease on the other hand was observed in case of Eu3+, Th**
while slight decrease was seen for UO2

2+, Sr2* and Cs+. The decrease in each case was
explained on the basis of increasing complex formation by the sulphate anion while the
partial increase in case of Am3+ at 30% salt concentration was due to the salting out effect
overcoming the complexation effect.The separation factor values of Am / Eu for different
PEG's and PTA concentration are listed in Table 2.9. The S.F. values increased with
decreasing PEG molecular weight and increasing PTA concentration.

2.1.10 Thermodynamics of extraction of uranium(VT) and p!utonium(rV) with some
long chain aliphatic amides

V.K.Manchanda, K.K.Gupta*, and R.K.Singh*

* PREFRE Plant, FR & NWM Group,

Extraction of U(VI) and Pu(IV) from 3.5 M nitric acid medium with 0.5 M N,N-
dihexyl derivatives of hexanamide (DHHA), octanamide (DHOA), and decanamide
(DHDA) in n-dodecane has been studied at various temperatures of 25, 30, 40 and 50 °C.
Thermodynamic parameters associated with the extraction reactions have been
evaluated by the temperature coefficient method.

The species extracted into the organic phase by all the three amides
have been proved to be UO2(NO3)2 2A and Pu(NO3>4 2 A by slope ratio method. Thus,
the extraction reactions of U(V1) and Pu(lV) can be expressed as

UO2
 24 + 2NO 3 ' + 2A c^ UO2 (NO3)2 . 2A ....(1)

P u * + 4NO, + 2 A o Pu(NO3)4. 2A ....(2)

(where A = DHHA, DHOA or DHDA)

Table 210: Thermodynamic data for U (VI)
Extractant

D1ITJA

DHOA

DIIDA

LogKu

1.43+01

1.49±0.01

1.47±0.01

AG

(kj/mole)

- 8.16 ± .04

-8.50± 0.03

-8.37± 0.03

AH

(kf/molej

- 20.59 ± .92

-21.60+ 0.75

-17.66 +0.67

AS

(J/mole/°K)

-41.72 +3.09

- 43.96 ± .52

-31.17 ±2.25

Table 211- Thermodynamic data for Pu (TV)
Extractant

DHHA

DHOA

DHDA

LogKpu

3.62 ± 0.02

3.55 ± 0.02

3.51 ± 0.01

AG

(kj/mole)

- 20.63 ± 0.12

-20.55+ 0.12

-20.03 + .06

AH

(kj/molej

- 30. 85 + 2.42

- 28.21 ± 1.92

- 18.46 ± 1.67

AS

(J/mole/°K)

- 34.29 ± 8.29

- 20.70 + 6.46

- 05.27 ± 5.32

and the corresponding log K values at 25 °C for these reactions have been evaluated
by the usual method. From the values of log D for U(VI) and Pu(FV) at various
temperatures, the thermodynamic constants associated with the above reactions have
been determined by the temperature coefficient method. As can be seen from Table 2.10,
the extraction of U(VI) with all the three amides is favoured only by the negative
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enthalpy change, the high negative entropy change counteracting the reaction. In the
case of PuQV), die extraction is stabilized by high negative enthalpy change only (Table
2.11). The entropy changes are found to be negative for DHHA and DHOA; but almost
zero for DHDA-Pu(IV) system. This can be due to the fact that DHDA molecule exerts
more steric hindrance around Pu(TV) as compared to DHHA and DHOA molecules and
thus forms weaker bond with it. Hence, the net entropy change is small. Moreover, the
net entropy change values are less negative as compared to U(VI). This can be due to
higher hydration energy of Pu(IV). On the contrary, AH values of Pu(IV) are more
negative compared to that of U(VI), which may be attributed to the formation of
stronger bond between Pu (TV) and amides.

2.1.11 Effect of temperature on the extraction of Am (III) from nitric acid by
dimethyl dibutyl tetradecyl malonamide (DMDBTDMA)

D.R.Prabhu, G.R.Mahajan and V.K.Manchanda

Studies have been carried out on the effect of temperature on the extraction of Am (HI)
from the nitric acid medium by 1 M solution of N,N'- dimethyl-N,N'-dibutyl-2-
tetradecylpropane-l,3-diamide (DMDBTDMA) in n-dodecane. Distribution coefficients of
americium were determined in the temperature range of 15 to 45 °C at varying nitric acid
concentration (1-5 M). DAm is plotted against 1/T at constant HNO3 concentration to
evaluate AH values. The values of AH thus obtained are given in Table 2.12. It is seen that
the AH values decrease with the concentration of nitric acid. The overall enthalphy value
comprises of (a) the dehydration of the metal ion (AHO, (b) the formation of the neutral
extractable species (AH2), (c) The dissolution of the metal species in the organic phase
(AH3).

Table 212; AH values obtained for Am(HI)-DMDBTDMA system
Concentration of HNOj, (M)

1.0
2.0
3.0
4.0
5.0

AH (kj/mol)

-35.60 ± 4.99
-32.33 ± 2.60
-29.48 ± 1.03
-28.19 ± 1.17
-22.38 ± 0.63

The magnitude as well as the sign of AH depends on the contribution from AH|, AH2

and AH3. It may be reasonable to assume that the value of A H2 remains constant since
species Am(NO3)3. 3A is the only species formed. The values of AHi and AH3 change with
increase in the concentration of nitric acid. The AHi values should be more exothermic with
increase in the nitric acid concentration, due to dehydration, whereas the AH3 values vary
in opposite direction. Due to the large concentration of nitric acid extracted in die organic
phase, more work needs to be done to create a cavity in the organic phase to accomodate the
neutral species Am(NO3)3.3A. The net effect is the continuous increase in AH values with
increase in nitric acid concentration as shown in Table 2.12.

2.1.12 Thermodynamics of Am(III) and Eu(III) extraction by CMPO from
SCN and NO3 medium

J.N.Mathur and K.L.Nash* ('Chemistry Division, Argonne National Lab.
Argonne, USA)

The extraction of Am(III) and EuflU) from I.OMNH4SCN and I.OMNH4NO;,
at pH 2.60 into octyl^)henyl)-N,N-diisobutylcarbamoylmethylphosphine oxide (CMPO)
in dodecane has been studied in the temperature range 15 to 45 °C. Under all
conditions, the species ML3.3CMPO (L = SCN' or NO3") is the dominant extracted
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complex. The extraction equilibrium constants are atleast 103 times higher in the SCN'
systems than in the NO3' systems. The difference is attributed to the relative energy
associated with transfer of the anions from the aqueous to the extractant phase. The
thermodynamic parameters of the CMPO and other related systems are given in Table
2.13. The more favourable AG values for Am(NO3)3 3CMPO or Eu(NO3)3.3CMPO
systems as compared to DBBP and DHDECMP (1) can be partiy explained as due to the
relative basicity of these neutral donors, hi the nitrate system, CMPO acts as
monodentate ligand, binding through P=O only. Though the AG values for Am/ Eu-NO3'
-CMPO systems are nearly identical, the AH value for Eu-system are more exothermic
than for Am-system. This may be attributed to the stronger binding of CMPO by Eu *
due to its higher ionic potential. The corresponding less favourable entropy term for
Eu(III) is consistent with this analysis, arising from the loss of rotation and vibrational
entropy of big CMPO molecule when it binds strongly with europium nitrate complex.

In the thiocyanate systems, higher than 3 dependencies of DBBP and DHDECMP
(1) have been observed, the thermodynamic parameters obtained for these systems
should not be compared with the CMPO systems where dependencies of only 3 have been
obtained. In these systems, CMPO acts as a bidentate ligand. More favourable AG values
are observed for SCN" systems than the corresponding nitrates. The SCN" system
extraction is principally derived from a more exothermic heat and a less favourable
entropy term.

The more negative AG values for Am(III) and Eu(HI) -SCN" - CMPO systems as
compared to the NO3" systems may primarily be related to : (a) relatively high bond
strength of SCN"- metal ion than with nitrate in the extracted complexes, (b) stabilization
of Am/Eu (SCN)3.3CMPO complexes by the formation of chelate ring structures, and
(c) the difference in the energy required to transfer the ionic species from the aqueous
medium into the organic extractant phase.

Table Z13:Thermodynamic parameters for Am(III) and Eu(III) extraction from nitrate and
thiocyanate media by neutral organophosphorous reagents at 25 °C

System

AmfNO,)., .3CMPO
EurNO3)3.3CMPO
AmfSCNh .3CMPO
Eu(SCN)3 3CMPO

AG (kj / mol)

-32.18+0.25
-32.75+0.25
-57.37+0.29
-51.5710.29

AH (kj/mol)

-49.4+3.6
-64.5+4.2
-89.9+7.0
-83.8+2.6

AS (J/mol/°K)

-58+4
-106+7
-109+9
-108+3

1. E.P.Horwitz, A.C.Muscatello, D.G.Kalina and L.Kaplan, Sep.Sci.Technol. 16, 417
(1981), study in 2.0 M LiNO3, diisopropylbenzene diluent.

2.1.13 Thermodynamics of extraction of macro concentration of U(VI) from nitric
acid medium using NJV- dihexyl octanamide (DHOA)

P.B.Ruikar, S.Sriram, M.S.Nagar and V.K.Manchanda

An evaluation of the extraction thermodynamics of U(VI) from 3M HNO3 with
DHOA at macro concentrations of metal ion (10 g/L to 200 g/L) was carried out.
Distribution data was obtained at elevated temperatures viz. 35 °C and 45 °C apart from
that at 25 °C.

Equal volumes (1 cm3) of uranium solution (ranging from 10 g/L to 200 g/L in 3M
HN0 3 ) and pre-equilibrated DHOA (1M in dodecane) were agitated for an hour in a
thermostated water bath adjusted to the desired temperature. The phases were allowed to
settle and aliquots from both the phases were drawn for assay of uranium by Davies-Gray
method. For distribution experiments at 25°C, U determination was also carried out
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spectrophotometrically using DBM as
the chromogenic reagent. Results
obtained by two methods agreed
within ±1%. The variation of
distribution data of U at 3M HNO3

with %U saturation of organic phase
(1M DHOA in dodecane) shows that
the Du value decreases from 8.5 to
1.15 with increase in U saturation from
15.5 to 90 % (Fig.2.4). Du value
employing tracer concentration of 233U
is 13.9. With increase of U saturation
(calculated assuming
UO2(NO3)2.2DHOA as the
stoichiometry of the extracted species),
free amide concentration decreases
thereby influencing the Du values.

10

SO20 40 SO
%U saturation

: Variation of Du as a function of
%U n h n H m of organic aolvant

100

Table 2.14: Temperature dependence of Du and AH values at various U concentrations;
Org.phase: 1M DHOA; Aq.phaser 3M HNQ> + varying concentrations of U

iLJjKKal concentiuion

(g/L)

9.86

39.42

118.20

197.10

266.08

Dt,

25»C

8.71

6.89

2.57

1.21

0.75

35«C

5.40

4.40

2.33

1.04

0.68

45»C

4.51

4.05

1.81

0.93

0.60

AH

(kj/mol)

-26.0

-21.1

-13.7

-10.4

-5.1

Distribution data was obtained at 25, 35 and 45 °C for a few typical concentrations of
U at 3M HNO3. As expected Du values decrease with temperature at all concentrations of
U suggesting exothermic nature of the two phase reaction. Enthalpy changes were
obtained graphically by plotting logD vs 1/T. The overall AH values in the two phase
reaction consists of enthalpy changes associated with a) the dehydration of UO2

2+ and
NO3" ions; b) the formation of the neutral extractable complex UO2(NO3)2.2DHOA and c)
the solvation of the neutral complex in the organic phase. In the present work with varying
concentrations of uranyl ion at a given concentration of nitric acid (3M HNO3) and DHOA
(1M); factors a) and c) are likely to influence AH values significantly. Continuous increase
in the AH value with U concentration (Table 2.14) was observed which suggests that
exothermic two phase reaction is countered by enthalpy changes asssociated with
dehydration of the uranyl ion in aqueous phase and solvation of the neutral complex in
organic phase.

2.1.14 Thermodynamics of strontium extraction from nitric acid medium using
a substituted crown ether

Amar Kumar*, P. K. Mohapatra and V.K.Manchanda (*WMPD)

Separation of strontium from high level waste is of great relevance in nuclear waste
management. Temperature of high level waste is around 40-45 °C due to presence of
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various heat generating radionuclides. It is essential therefore to understand the extraction
behaviour of strontium from nitric acid medium at various temperatures. The size selective
extraction properties of di-t-butyl-cyclohexano 18 Crown 6 (DTBuCH18C6) in developing
a Sr extraction (SREX) process have been reported in literature (1). We have earlier
reported a modified SREX process using mixed diluent system comprising of 80%
butanol-20% octanol (2). Table 2.15 gives the distribution ratio (DSr) values for Sr(II)-
DTBuCH18C6 in octanol-butanol media at various temperatures. It is interesting to note that
the DSt value decreases with increasing temperature. This is in sharp contrast to the
observation of Horwitz etal. [1] that there was no change in Ds, value for this extraction
system in octanol medium. It is also evident from Table 2.15 that DSr value increases with
increasing butanol content in diluent at each temperature. This may be due to higher
solubility of hydrated nitrate counter anion in butanol as compared to octanol.

Table Z15:Eftect of temperature on Dsr values for the extraction system
Si<II>-DTBuCH1806-ocianol-butaiiol

= 4.Q M; [DTBuCHJ8C6] = 0.01M
Diluent

100% octanol

80% octanol - 20% butanol

60% octanol - 40% butanol

40% octanol - 60% butanol

20% octanol - 80% butanol

DSr

10° C

3.22

3.69

4.99

6.49

8.48

20°C

2.21

2.59

3.40

4.44

6.08

30»C

1.61

1.87

2.41

3.17

4.32

40»C

1.15

1.30

1.72

2.20

3.14

50°C

0.85

0.97

1.18

1.54

1.92

Table 216: Thermodynamk parameters for the extraction system
Sr(II>DTBuCH18C6~oclaiiol / butanol

Diluent

100% octanol

80% octanol - 20% butanol

60% octanol - 40% butanol

40% octanol - 60% butanol

20% octanol - 80% butanol

AG (kcal/mot)

- 1.57±0.03

-1.65±0.05

-1.79±0.08

-1.94+0.04

-2.12±0.06

AH (kcal/mol)

-5.99±0.04

-6.07±0.07

-6.44±0.10

-6.46±0.10

-6.54±0.43

AS (cal/deg/mol)

-14.82±0.05

-14.82±0.09

-15.60±0.15

-15.16±O.11

-14.82±0.43

Table 2.16 gives the values of various thermodynamic parameters for Sifll)-
DTBuCH18C6 in octanol-butanol system. It shows that the reaction is enthalpy stabilised
and entropy destabilised. Increase in negative enthalpy with dielectric constant of the
diluent suggest that ion-association type of species are extracted into the organic phase. It
is interesting to observe that enthalpy of the reaction of the present system is more
favourable as compared to the corresponding value for dicyclo hexano 18 crown 6.

References

1) E. P Horwitz, M. L Dietz. and D. E Fisher; Solv. Extr. Ion Exch., 9, 1
(1991).

2) A. Kumar, P.K Mohapatra, PN. Pathak and V.K. Manchanda, Talanta,
45,387(1997).
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2.1.15 Synergistic extraction of Nd(III) with l-phenyl-3-methyl-4-benzoyl-pyrazoI-
5-one (HPMBP) and 18-crown-6

D.K Pant*, V.K. Manchanda, K.K Gupta*, P.G Kuikami* and R.K. Singh"

* PREFRE Plant, FRand NWM Group, B.A.R.C., Tarapur

Methods for the separation of lanthanides from each other or from actinides have been
extensively reported in literature. Most of these procedures are based on either (i) the
difference in the ionic potential of lanthanides or (ii) the ability of actinides to interact
effectively with soft donor ligands. With the advent of crown ethers, separations based on
size selectively have been observed in alkali metal ions and alkaline earths. Relatively
recently such interesting phenomenon has also been reported from our laboratory as well as
by other workers with reference to trivalent lanthanides where the polarity of the organic
diluent plays an important role. An attempt has been made in the present work to investigate
the extraction behaviour of Nd(III) with HPMBP and 18 crown 6 (CE) in nitrobenzene and
toluene.

The compositions of the extracted species formed were evaluated by the slope analysis
method. In both nitrobenzene and toluene media, Nd(IIl) was found to be extracted with
HPMBP alone as Nd(PMBP)3.HPMBP according to the following equation.

Nd3* + 4 HPMBP(O) o Nd (PMBP)3.HPMBP(o) + 3 H* ... (1)

In the presence of CE, the synergistic enhancement was observed in both the solvents
The synergistic species formed by Nd(III) in nitrobenzene was identified as a 1:2:1 complex,
Nd(PMBP)2CE+, which was extracted as ion-pair with CIO/ as a counter anion. On the other
hand, Nd(III) extracted due to the adduct formation between Nd(PMBP)3 and C.E. in
toluene. The stoichiometry of the adduct was established as Nd(PMBP)3.CE.

Thus, the extraction of Nd(IH) with HPMBP and CE in nitrobenzene and toluene
respectively can be written as

K
Nd3++2 HPMBP^+CE^+CIO/ <=> Nd^MBP^CE^lO^o) +2 H* ..(2) and

K
Nd3' + 3 HPMBP(O)+ CE(O)oNd(PMBP)3.CE(o) + 3 r f .. (3)

Tabk2.17:ExtretwocoostMteofNd(III)fordiebma^ systems
Diluent

Nitrobenzene

Toluene

Logk.

-2.91

-3.94

LogK

-0.56

-3.64

The equilibrium constant data are given in Table 2.17. Relatively larger log K value in
nitrobenzene as compared to toluene can be explained as due to the difference in extraction
mechanisms in two solvents. In nitrobenzene, CE in the monovalent complex,
Nd(PMBP)2CE\ interacts with Nd3* due to size-fitting effect and thus results in large log K
value. On the other hand, in toluene, CE in the complex Nd(PMBP)3.CE acts as a
polydentate oxodonor and does not bind the central metal ion by size encapsulation and thus
results in relatively smaller log K value for adduct formation. Log K value observed in the
present work with Nd3* in nitrobenzene is lower than the corresponding value reported by us
earlier for La3* (0.86) which interacts with 18 crown 6 relatively strongly.
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2.1.16 Extraction of Mo(VI) from nitric acid medium by di (octyl-phenyl)
phosphoric acid (DOPPA)

Amar Kumar*, P. K. Mohapatra and V.K.Manchanda (*WMPD)

™Mo can be produced by the fission of ̂ 'U. To recover and purify Mo from bulk U
and large number of accompanying fission products one needs to develop procedures for
its selective extraction from nitric acid medium, a-benzoinoxime, N-benzoyI N-phenyl
hydroxyl amine and HDEHP have been reported as selective extractants of Mo from nitric
acid medium. DOPPA has been selected as an alternate extractant in the present work in
view of its larger dissociation constant as well as lower solubility in aqueous phase as
compared to HDEHP. DOPPA was purified according to the reported method [1]. Table
2.18 shows the diluent effect on DMo. Dodecane with lowest dielectric constant (DEC.)
gives highest DMo. but no quantitative correlation was observed between dielectric constant
of diluent and corresponding DMo

Table Z18: Effect of diluent on DM^ExtracanfcO.OSMDOFPA; [HNO,] =
Diluent

Dodecane

ecu
CH2C12

Octanol

Nitrobenzene

D.E.C.

2.00

2.23

9.08

10.32

34.84

D M .

5.21

0.91

0.74

0.66

0.57

Fig. 2.5 shows that initially DMo value decreases with HNO? concentration upto 3M
and increases thereafter upto 10 M. DOPPA is distinctly a better extractant of Mo than

7#

M

It

It

« «• 2 4 • « 10 12
IHMOJ.M

FlgJU: Bite* af aqueous BddttywiO^

tun
[DOPPAJ.F

FigKfc Effect of igand concmlntlon on 0 . .

HDEHP throughout the acidity range. Two different mechanisms appear to involve in
this extraction system. Fig. 2.6 shows the effect of DOPPA concentration on DMO at 0. IM
HNO3

A straight line was obtained with the slope of 1.28±0.0l. At this acidity cation
exchange mechanism operates where Mo(Vl) is extracted by replacing the H' ion of the
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DOPPA as shown in equilibria (1) and (2). Existence of monovalent cationic species
HMo03+ along with MoO2

2+ has been reported in literature [2].

MoO2
2+ „ + 2 (H2A2) „* <» MoO2. 2( HA2) Ofg + 2H+«, (1)

H Mo03
+ „ + (H2A2) ^ <» H MoO3 . (HA2) org + H4., (2)

where H2A2 is a dimeric molecule of DOPPA.

Separation behaviour of Mo as tracer in the presence of macro concentrations of U
was investigated at 10 M HNO3. It was observed that separation factor value (DMO / Du)
increased from 25.72 (U tracer) to 66.64 (20 mg/rriL of U) and then decreased to 37.01
for 100 mg/mL of U. Work on separation of Mo from other fission products is in progress.

References:

1) D. F. Peppard, G.W. Ferraro, and G.W. Mason; J. Inorg. Nucl. Chem.,
7(4), 231 (1958).

2) B. I Nabivanets; Russian J. Inorg. Chem., 14 (3), 341 (1969).

2.1.17 Sorption of Radionuclides on bentonite

J.N.Mathur and M.S.Murali

Studies on sorption of Cs and Sr on bentonite (from Kutch, India) using bore
hole water from one of the candidate sites has been carried out. The distribution
coefficients (Kj), using batch technique, were determined as a function of time,
pH, amount of bentonite, Cs and Sr concentrations, complementary cations and
temperature.

The data on kinetics between 5 min to 24 h indicate that the sorption process is
rapid and equilibrium is reached instantaneously. In the case of varying pH (3-10),
the uptake of both Cs and Sr increases with increasing pH of the equilibrated
solution. With increasing amount of bentonite, the sorption of nuclides monotonically
increases since with the increasing amount of bentonite the availability of the
exchangeable sites increases. At a fixed ratio of bentonite to water (1:20), and the

concentration of Cs and Sr carrier ( 1x10"' to lxlO"2 M), the uptake of Cs or Sr
decreased with increasing metal ion concentrations. The effect of concentration of

complementary cations such as Na+, K+, Mg2+ and Ca2 + on the sorption of Cs+

and Sr2+ was studied in the range of 0.01 to 0.5 M, keeping bentonite to aqueous
phase ratio at 1:20. In general, the sorption of Cs+ and Sr2+ on bentonite decreased
with increasing concentration of each of the above competing metal ions. The ability

of the cations to depress the sorption of Cs+ follows an order K+ > Mg2 + >

Ca2 f > Na+ whereas the same for Sr2+ is Ca2 + > Mg2 + > K+ > Na+ The
sorption of Cs and Sr (0.01 to 0.5 M) on bentonite (bentonite to water ratio being
1:20) has been studied at 25, 40 and 60° C. The sorption isotherm plots show that
initially, at lower solute concentrations, due to nearly complete sorption of the
solutes, the isotherm is nearly vertical, however, at higher concentrations of the metal
ions, it reached saturation levels. It is also clear that the amount of Cs or Sr sorbed
per unit weight of bentonite decreases with increase in temperature suggesting that
the sorption process is spontaneous and exothermic. The effect of some organic
complexing agents like EDTA, DTP A and citric acid on the uptake of the above metal
ions on bentonite has been carried out. The D values of Cs and Sr, in general, decrease
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with increase in concentration of these acids in the range 10'5 to 10"3 M. The decrease in
D was more for the Cs-system as compared to that for the Sr-system. As an example,
under similar conditions D of Cs in absence of any organic acid was ~ 1105, which
decreases to 984(DTPA), 840(citric acid) and 670(EDTA) at their concentration of 10s

M. The respective values for Sr are -222 in absence of any acid and 210(DTPA),
212(crtnc acid). These studies suggest that these organic acids do affect the sorption of
Cs and Sr on bentonite and that their higher concentrations should be avoided in waste
water effluents, where otherwise bentonite will work as a good sorbing material.

2.1.18 Physico-chemical studies on the complexes of UO2(NO3)2 with DHOA

S.Sriram, P.B.Ruikar, PC.Kalsi, MS Nagar and V.K.Manchanda

Physico-chemical studies on the complexes formed during the two phase reaction
help to understand the mechanism of extraction particularly under high loading conditions
of the organic solvent, hi the present work ternary complex of uranyl nitrate with DHOA
was isolated and characterised employing IR, PMR and thermoanalytical studies.

UO2(NO3)2.DHOA complex was prepared by solvent extraction method and product
was recrystallised twice from n-hexane. IR spectrum was recorded as nujol mull in Pye-
Unicam 9512 IR spectrophotometer. PMR was recorded in CDC13 medium using Bruker
DPX (300 MHz) instrument. The thermal decomposition of UO2(NO3)2.2DHOA was
investigated in flowing air by differential thermal analysis (DTA) and thermogravimetry
(TG). The thermogram was recorded at the heating rate of 5 °C/min upto 500 °C and 10
°C/min between 500-850 °C in a ULVAC thermoanalyser. Sintered A12O3 was used as the
reference material for DTA.

Analytical data of the complex conformed to the stoichiometry UO2(NO3)2.2DHOA.
IR spectrum of the complex clearly showed i) anhydrous nature of the product, ii) an
absorption at 935 cm"1, corresponding to the asymmetric stretch of the uranyl group and
iii) a shift of 70 cm"1 in vc^o suggesting that DHOA moities bind the uranyl ion through
oxygen of the carbonyl group. Tables 2.19 (a) and (b) summarise the PMR data of DHOA
as free ligand as well as in UO2(NO3)2.2DHOA complex.

Type of
proton

Intensity

(no of
protons)

Chemical
. shift

(ppni)

Table 2.19 (a): Chemical shift data of DHOA as firce ligand

I

4

3.20 ± 0.02 (t)

3.11 ± 0.02 (t)

II

2

2.18±0.02{t)

i n

6

1.54 ±0.02 (t)

1.43,1.42 (d)

IV

20

1.20,1.18(d)

V

9

0.82 - 0.76 (m)

/ CH2 - CH2 - (CH2)3 - CH3

CH3 - (CH2)4 - CH2 - CH2 - C - N

V IV IE n I I v C H 2 - C H 2 - ( C H 2 ) 3 - C H 3

o i in rv v
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Table 2.19 (b): Chemical shift data of DHOA as coofdinated Kgand in UOz(NQi>22DHOA
Type of
proton

Intensity

(no of
protons)

Chemical
shift
(ppm)

I

4

3.61(s)

3.45(s)

II

2

2.68(s)

III

6

1.71(s)

IV.

6

1.32(s)

IVb

14

1.18-1.05(m)

V

9

0.74±0.64(m)

0.86±0.02(t)

PMR spectra of amides show five sets of signals for various methylene and methyl
groups at varying distance from electronegative centres viz. N and )C=O group and the
methylene groups adjacent to the N atom are deshielded maximum. As a consequence of
the conjugation between the carbonyl and the nitrogen nonbonding electron pair, the
double bond character of the C-N bond increases sufficiently to restrict its rotation at room
temperature. It results in the nonequivalence of the two methylene groups adjacent to
'N'which are either cis or trans to the anisotropic carbonyl group and each of them gives a
triplet due to the coupling of adjacent methylene protons with centres at 3.19 and 3.11
ppm. Similarly methylene group nearest to the carbonyl group too appears as a distinct
triplet with centre at 2.18 ppm. Lesser deshielding of these protons is due to the fact that
the corresponding methylene group is not directly linked to the electronegative centre.
Most upfield signal is due to nine protons belonging to three methyl groups ( two belong
to the hexyl group and one to the octyl group). On complexation with UO2(NO3)2 seven
sets of signals are observed. Methylene protons adjacent to carbonyl groups (set II) are

Table 220:Theimal Decomposition Date lor UQ?(NQi)eJZDHOA
Stage
No.

1

2

3

DTApcak
temp. (°C)

220 (Exo)

290 (Exo)

330 (Exo)

470 (Exo)

TG

TempO>C)

T;

200

305

355

T,

285

325

470

T,

295

345

500

Wt. loss (%)

Expt(.)

61.9

65.9

73.1

Theor(.)

61.2

66.5

7Z4

Product formed

UO2(NO3)2

U2O5(NO,)2

U3O8

E

(kj moF)

59.5

35.5

30.2

17=Inttial decomposition temperature,
T,=Decomposition maxima temperature
Tf=Final decomposition temperature

shifted downfield maximum (0.5 ppm) suggesting metal coordination through
carbonyl oxygen. Terminal methyl groups which appear as a multiplet in the free
ligand, show a triplet and a multiplet on complexation. Downfield shift was observed
in sets of protons represented by I, III and IVa but not in the protons represented by
FVb and V, It is interesting to observe that triplets observed for methylene protons
adjacent to N atom or carbonyl group (in the ligands) are seen only as broad single
absorption apparently due to spin lattice relaxation phenomenon facilitated on
coordination to uranium.

The thermal decomposition studies of UO2(NO3)2.2DHOA in air showed three
main stages in its decomposition. The interpretation of percentage weight loss at
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various stages is shown in Table 2.20 Whereas the first TG step corresponded to two
DTA exothermic peaks, each of second and third TG steps corresponded to single
DTA exothermic peaks. The DTA data and TG temperatures for all three stages are
also shown in the same table. Occurrence of 220 °C DTA peak without any distinct
step in TG suggested that the product formed is not stable under the experimental
conditions chosen in the present work. The kinetics of the different stages of
decomposition as seen from the TG curve was also investigated following various
approaches reported in the literature. TG data for all three steps were found to fit well
to Horowitz-Metzger's method for the kinetic analysis of non isothermal data of a
first-order reaction. The activation energy (E) values calculated from the TG curve by
this method for the different stages of thermal decomposition of UO2(NO3)2.2DHOA
are also presented in Table2.20.

2.1.19 Synthesis and thermal decomposition of K2UO2Fe(CN)g.7H2O

G.H.Rizvi and P.C.Kalsi

Potassium uranyl ferrocyanide was synthesised by adding equimolar (0.265 M)
solutions of potassium ferrocyanide to uranyl nitrate slowly with constant stirring with a
magnetic stirrer. The dark brown precipitate was filtered, dried followed by thermal
studies in flowing air using DTA and TG. The thermograms were recorded in a Mettler
thermoanalyser using sintered AI2O3 as the reference material for DTA.

The TG curve of the compound shows three different steps of decomposition. These
three steps are clearly indicated by three 'arrests' in the TG curve. The corresponding DTA
curve also showed three endotherms. The TG 'arrests' temperatures and the corresponding
weight losses and DTA peak temperatures for all steps of decomposition are given in
Table 2.21. The loss in weight for the first arrest at 210° C in the TG curve is 15.6%
indicating that the product formed has a composition K2UO2Fe(CN)6.H2O (theoretical loss
is 15.7%). The loss in weight for the second step found from TG curve shown by the arrest
at 235° C is 17.2%. This is in good agreement with the theoretical value of 18.4% if the
product formed is K?UO2Fe(CN)6 after the release of the remaining single water
molecule. Further decomposition of K2UO2Fe(CN)6 occurs at 480° C, as indicated by a
third arrest in the TG curve.

In the DTA curve, three extra sharp endotherms at 60, 120 and 170° C are seen which
do not correspond to any arrest in the TG curve. For the endotherm at 60° C the weight
loss is about 1% which may be due to the release of adsorbed gas or moisture. The other
two endotherms at 120 and 170° C correspond to the release of two and four water
molecules indicating that these water molecules are of different type than the remaining
water molecules of the compound. The kinetic parameters of the different steps i.e.
dehydration and decomposition were also studied from TG curve according to the different
methods reported in literature. However, our data was found to fit well to Coats-Redfem's
method for the kinetic analysis of non-isothermal data of first order reaction. In this
method, log[- log(l-a)/T2] is plotted against 1/T, where a is the fraction decomposed and
T is the temperature in Kelvin. The slope of the straight line thus obtained is given by -
E/2.303R where R is the gas constant and E is the energy of activation. The E values
calculated from the TG curve by this method for the dehydration and decomposition steps
are presented in Table 2.21.
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Table 221: Theimal decomposition data and kinetic parameters calculated from TG curve for

Decomp.

step

I

II

III

DTApeak

temp, °C

220*

250*

300-480"

TG surest

temp, °C

210

235

480

Weight k>88%

Exp.

15.6

17.2

325

Theor.

15.7

18.4

-

Probable

product formed

K2UO2Fe(CN)«H2O

K2UO2Fe(CN)6

- .

E,

kj mol i

27.0±0.0

43.3*2.0

sharp endo, # broad endo

2.2 Analytical Separations Using Novel Reagents

2.2.1 Diisobutyl carbinol (DIBC): A selective extractant of Pa from hydrochloric
acid medium

P. N. Pathak and V. K. Manchanda

• Pa tracsr only
o Pa tracer+ ia0g/L of barren liquor

-fî — U tracer only

To ensure the safe handling of 33U
in Th-U fuel cycle, it is desirable to
decontaminate it from 232U. In order to
develop efficient isotope separation

Iff8

2 4 6 « 10
[HCIJ,M

Flg.Z.7: Extraction behaviour of Pa and U;
Organic phase: ie»%OiBC

procedures, sufficient inventory of U
is needed which in turn requires
adequate supply of 23lPa. As a daughter
of 235U, "'Pa (t,Q = 3.28 x 104 years) is
present in 0.3 - " 0.4 ppm. range in
uranium ores. It is therefore essential to
separate 23lPa efficiently from the
natural sources. Residual waste
generated during the industrial scale
production of uranium from its ores is a
promising source for ^'Pa. Barren
liquor is obtained after removal of the
major part of uranium by anion
exchange from the ore leach liquor.
Diisobutylcarbinol (DIBC) is reported to
be one of the promising extractants of
Pa from hydrochloric acid medium.

The present study was aimed at optimising the conditions for the separation of 23JPa
from barren liquor residue. Apart from U, the major elements present in barren liquor are
Fe, Mg, Ca, Si, Mn and Al whereas the minor elements are Ni, Bi, Ti, V, Mo, Cr, Co, Cu,
Pb , Sn, Sb and Ag. Preliminary extraction studies of 23JPa and 233U (pure tracers as well
as in the presence of barren liquor) were carried out employing DIBC as extractant in
hydrochloric acid medium (1-10 M). Hydrochloric acid is extracted as an ion pair by
DIBC as [H(H2O)2(DIBC)2]

+Cr and therefore the organic phase was pre-equilibrated
twice with HC1 solution of desired acidity.

The effect of aqueous hydrochloric acid concentration on the extraction behaviour of
^ P a as pure tracer (10'10]Vl) as well as in the presence of 100 g/L of barren liquor is
shown in Fig. 2.7. At low and medium HC1 concentrations, Pa(V) forms monovalent
oxygenated anionic chloro complexes of the type PaO2Cl2" and PaOCU which are
transformed at high acidities (>7 M HC1) into highly chlorinated anionic species (PaCl6).
Increase in the Dp, values with HCI concentration in the aqueous phase suggests that
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chlorinated species are extracted better than oxygenated chloro species in to the organic
phase. However after 8 M HC1, a plateau is observed which could be due to the (a)
formation of bivalent anionic species like Pa(OH)Cl6

2\ PaCl7 and Pa(OH)Cl7 in the
aqueous phase which are poorly extracted and (b) the increasing solubility of D1BC in
concentrated HC1 solutions.

Extraction behaviour of uranium tracer (10"' M) is also shown in Fig.2.7. Distribution
ratio of uranium (Du) increases from 1.4 x 10^ (1 M HC1) to 0.36 (8 M HC1). However it
attains a steady value (0.4010.04) between 8-10 M HC1. Table 2.22 suggests that an
efficient separation of Pa from U can be achieved at >4 M HC1 (S. F. >103).

Table 222: Separation Factors of Pa and U Oiganic phase: 100% DIBC

[HCI], M
1
2
3
4
5
6
7
8
9
10

S. F. (DP. / Du)
. 29
105
500
2407
4923
2080
7538
4777
4912
4313

2.2.2 Supported liquid membrane studies on Am(III) from nitric acid medium
using dimethy!diburyltetradecyl-l,3-malonaniidc (DMDBTDMA)

S.Sriram, P.K.Mohapatra, V K.Manchanda and L.P.Badheka* (*BOD)

241 Am and 243Am are amongst the
major long lived alpha emitters present in
high level nuclear waste streams (HLW)
which necessitates the use of specially
designed ligands for their separation from
HLW. The present work deals with the
transport of Am(IH) from nitric acid
medium through SLM using
DMDBTDMA in dodecane as the
immobile carrier. Influence of various
parameters like carrier concentration, feed
acidity, nature of strippant. pore size as
well as chemical stability of SLM which
affect Am (III) transport have been
investigated.

PTFE membrane (47 mm dia) with an average pore-size of 0.45 ^m, a porosity of
70% and thickness of 80 fxm was used. The supported liquid membrane studies were
carried out using a pyrex glass cell consisting of two compartments viz. the feed side of 25
ml separated by a strip side of 10 ml capacity. The membrane had an effective area of
3.43 cm2 (exposed diameter of membrane = 25 mm). Membrane permeability was
determined by assaying the samples from both the feed as well as the strip sides by
aliquoting samples at different time intervals and assaying them by well type Nal(T!)
scintillation detector.

• 5 W 15 M 25
Tkraltil

Amwimum —1 trow tr»«p»rt — •

fmrntf-Amor Pa In S-OM HMO,; Strip: ( M M MHO,
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Am(III) transport increased with carrier concentration (0.2 - 1.0 M) reaching a
maximum at 0.6 M DMDBTDMA and decreased thereafter. This behaviour suggests the
presence of two competing factors viz. the concentration gradient of the americium
complex and the viscosity of the organic phase in the membrane. The transported complex
species was found to be Am(NO3)3.3DMDBTDMA as the log P (permeability coefficient)
vs log [DMDBTDMA] plot showed a dependence of ~3 upto carrier concentration of
0.6M. Varying feed acidity in the range 1 to 5.5 M HN03 suggested that there was an
increase in the Am permeability with increase in acidity of feed solution resulting from the
ease of formation of Am(NO3)3 as well as the decrease in viscosity of membrane phase
due to deaggregation of carrier with increasing acidity. Nitric acid was observed to be co-
extracted with Am3+ studied previously. Four PTFE sheets of pore sizes varying from 0.2
to 5.0 um were tested by observing the americium transport through the SLM. Both these
results were in conformity with the solvent in 3.0 M HN03 as the feed solution, 1M
DMDBTDMA in n-dodecane as the organic membrane phase and pH 2 nitric acid
solution as the strip solution. Percentage transport of americium was found to increase
with the pore size of the membrane from 0.2 um to 5.0 pm, thus suggesting hindered
diffusion in PTFE membranes.

Under identical conditions permeation of Fe(III) was found to be significantly poorer
than that of Am (Fig.2.8). This is explained on the basis of slow extraction kinetics of
Fe(IIl) observed earlier in liquid - liquid extraction experiments. Possibility of separation
of Am from Fe exists by this technique. The PTFE membrane support was seen to possess
adequate chemical stability of DMDBTDMA / n-dodecane even after prolonged use of 15
days and the PTFE membrane could be regenerated.

2.23 Extraction chromatographic studies on actinides and fission products from
nitric acid medium

S.Sriram, P.K.Mohapatra, D. R. Prabhu, G. R. Mahajan, P. N. Pathak and V.K.
Manchanda

Extraction chromatographic
separation methods combine the
advantages of both solvent extraction
and ion-exchange techniques efficiently.
The preparation, characterisation and
use of novel chromatographic resin
material with dimethyldibutyltetradecyl-
1,3-malonamide (DMDBTDMA) as
stationary phase and chromosorb-W as
the inert support is being reported for
the first time. Distribution behaviour of
several actinides and fission products
and the effect of macro concentrations
of Fe(III) on the uptake of Am(lH) was
investigated using this resin material in
batch as well as column studies in 4 M
HNO3 medium.

1 Z 3 4 5
(HNO,], M

Flg.2.9: Variation of DM values with HNO3

concentration for several actinides and
fission products

The sorption of the radionuclides from nitric acid medium was measured by
contacting a known amount of the resin material (~ 15-20 mg) with a known volume of the
desired acid containing the radiotracer (M1Am, l52-154Eu, l37Cs, 83il9Sr, B3U and 239Pu) in a
thermostated water bath for 1 hour. Distribution ratio (DM) was evaluated as the ratio of
the activity per gram of the resin material to the activity per ml of the aqueous phase. A
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chromatographic column was prepared by packing about 500 mg of the resin material in a
glass tube (4mm x 10mm). The flow rate was adjusted as 4 to 6 drops per minute.

The plot of DM with varying HNO3 concentration suggested that the order of
extraction is Pu4+ > UO2

2t > Am31 >Eu3+ >Cs+ >Sr2+ (Fig.2.9). Nitric acid uptake by the
resin material was found to be 6.0 + 1.0% of initial acidity in the range 1-6 M. Batch
studies for the sorption behaviour of Am(M) at 4M HNO3 under varying Nd loading
conditions indicate decrease in DAm from 21.7 (at 1.82 g/L) to ~ 4.0 (at 18.25 g/L of Nd).

Table 223: Variation of breakthrough capacity of Nd (Am) at various nitric acid concentrations
[HNO,] M

1

2

3

4

5

6

Nd (Am) mg/g of resin*

2

4

7

10

11

7

•Breakthrough capacity

The presence of Fe(Hl) affects the Am(III) ion extraction significantly. The effect of
macro concentration (0.5 - 6 g/L) of Fe(JII) on Am(III) sorption was investigated at 4.0M
HNO3. A significant decrease in DAm was observed from -48 (as pure tracer) to 1.85 in
presence of 6g/L of Fe(III). Breakthrough capacity of the column material for Am(III)
(using lmg/mL Nd(HI) + 241Am tracer) was determined at various nitric acid
concentrations (1-6 M HNO3). An increasing trend in breakthrough capacity was found
with acidity upto 5M HNO3 (Table 2.23). 6 mL of 0.01M HNO3 was sufficient to elute
>95% of the loaded Nd (Am).

10*

—C— An . nanttt
- o - A m . 5 0 M N.NO
—A—U -noBrit
—TJ— U -SOMMeNO,

Another chromatographic resin
material with Cyanex - 923 ( a mixture
of tri-n-octyl and tri-n-hexyl phosphine
oxides) coated on chromosorb W as
stationary phase was prepared and its
uptake behaviour towards Am(IH) and
U(VI) was investigated under varying
concentration of nitric acid conditions.
In column studies ~ 500 mg of the resin
material was packed in a glass column
(4 mm x 100 mm).

The uptake of Am (III) and U(VI)
was studied from varying concentrations
of nitric acid (0.01 to 3 M) by batch
technique by equlibrating the desired
composition of the aqueous solution
with a known quantity of the resin
material (15 - 20 mg). Fig. 2.10 shows
the variation of DM with nitric acid
concentration suggesting significantly higher extraction of U(VI) compared to Am(IH).

0 0 1 0.1

IHNOJ. U
Fig 3 10 Influence of |HNOJon O_andO_ In e
ehfomatogniphic shidrts; mattonafTF phue Cyinsv923;

Inert tupDort Chromosorb W
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DAB, values showed a maxima at 0.1 M HNO3 (~150) which subsequently decreased to 2.9
at 3M HNO3. However in presence of 5 M NaN03, a significant enhancement in DAM
values was observed in the lower acidity range; 570 (0.01 M) and 931 (0.1 M). At higher
acidity, it decreased sharply to 1.34 (3 M HNO3). In contrast to the Am(III) distribution
behaviour, Du values were relatively larger by few orders of magnitude showing
quantitative extraction of U throughout the acidity range studied even in presence of 5.0 M
NaN03.

Column experiments were carried out using 0.5 g of resin and loading successively
0.5 mL of Nd solution (lmg / mL in 0.1 M HNO3 + 5.0 M NaN03) spiked with MIAm
tracer. Breakthrough capacity of the resin material was evaluated as 42±2 mg of Nd(Am)
per gram of the resin material. Elution could easily be carried out by 8 M HNO3 as entire
amount of the activity (> 98.5 %) was recovered in 1.5 ml of the eluent.

2.2.4 Extraction chromatographic studies on a strontium selective crown ether

P. N. Pathak, P. K. Mohapatra and V. K. Manchanda

*°Y is often considered to be one of the most useful radioisotopes for
radiopharmaceutical applications due to its favourable characteristics such as convenient
half life (64 h), a pure beta emitter, reasonably high energy (2.28 MeV), a dependable
source (^Sr) and a stable decay product (^Zr). Due to the chemical similarity of Ca and
Sr, '"Sr (T,/2 = 28.5 years) can be permanently incorporated into the inorganic matrix of
the human bones and hence can deplete the bone marrow. Therefore a chemical separation
is essential prior to the safe and successful medical applications of 90Y which is produced
by the beta decay of ^Sr.

An attempt has been made to arrive at the extraction chromatographic conditions for
the separation of ""Y from ""Sr in order to make a suitable ""Sr / ""Y generator by
impregnating di-tert-butyl-cyclohexano 18 crown 6 (DTBCH18C6) in octanol on XAD-7
Amberlite resin as a stationary phase. All the experiments were carried out in a
polypropylene column (35 mm x 4 mm) using a 200 mg of Sr spec resin.

To understand the loading and elution behaviour of ^Sr, a more commonly used
radioisotope M*9Sr was used. Inactive yttrium in the form of YCI3.6H2O was also used in
some of the column studies. Ethelynediaminetetraacetic acid (EDTA) based
complexometric titrations using xylenol orange as indicator were carried out for yttrium
estimation.

The column capacity was determined as ~21mg Sr per gram of the resin material Sr
spec. With the increase in the nitric acid concentration, breakthrough volumes for Sr were
found to increase (Table 2.24). As the breakthrough curve for Sr shifted towards higher
volume with increasing acidity, it was expected that the use of higher acidity for elution
could give improved separation from Y. On the other hand, at higher acidity the reagent
itself gets washed out leading to the depletion of extractant. Therefore, 3 M HNO3 was the
optimum choice for loading as well as elution purpose.
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Table 224: Elution profile of *«Sr at different acidities
{HNO3],M

Loading
0.1
1.0
1.0
3.0
3.0
3.0
3.0

Elution
0.1
0.1
1.0

D.W.
0.1
1.0
3.0

Breakthrough

Volume (mL)
1.0
1.5
3.5
0.5
1.5
4.5
7.5

Peak Volume

(mL)
2.0
2.5
7.0
1.5
2.5
8.0
20.5

0.2 mL of 3 M HNO3 containing 4.3 mg of yttrium was loaded on the column. Elution
of loaded yttrium was carried out by 3 M HNO3 . Fig 2.11 clearly shows that entire
amount of yttrium could be eluted out using 1.0 mL of 3 M HNO3. This shows that Y can
easily be separated from Sr at 3 M HNO3. 4 u. Ci of carrier free '"'Sr / ^ tracer mixture
(0.5 mL) was loaded on to the column at different acidities and elution was carried out
by the acid of same concentration. It was observed that breakthrough volume of "Y (~ 0.5
mL) remained unaffected by the change in nitric acid concentration. Breakthrough
volumes of *°Sr for 0.1 and 1.0 M HNO3, were 1.3 and 7.0 mL respectively. On the other
hand, breakthrough volume was steady at ~ 10.0 mL for HNO3 concentration >3 M and £
10 M. 3 M HNO3 was used for loading/eluting 90Y. When higher amounts of ^Sr activity
(4 - 200 u. Ci) was loaded on the column, the elution profile of "V was not affected.

* MM

Radiochemical purity of carrier free ^ f product was checked following the decay
profile. For this purpose, the decay in radioactivity of an aliquot of 90Y separated from

Sr was followed. The plot of activity vs time showed no significant deviation from the
half life of 90Y Repeated elutions of ^Y from
200 u. Ci of ^Sr in 0.5 ml of 3 M HNO3

were carried out daily for 17 days at an
interval of- 24 hours. Everyday 1.5 mL of 3
M HNO3 was passed through column and
0.025 mL of the sample collected was taken
for estimation by counting. Decay profile of
all the collected samples indicated the
percentage impurity of 90Sr present in the
collected *°Y samples to be ~ 2.0 upto the
elution volume of 18 mL. An increase in the
percenatge of Sr is observed for '"Sr after
12th elution (18 mL). To improve the purity
of Y it is desirable to repeat the
loading/elution cycles several times.

With a view to study the separation behaviour of Sr in environmental / biological
samples, column runs were carried out using a synthetic mixture containing elements of
significance such as Li, Na, K, Mg, Ca, Al, Fe, Co, Ni, Zn and Cd. The elution profiles
were obtained using 3.0 M HN03 for loading as well as elution and 0.5 mL sample
aliquots each time. ICP-AES technique was used for analysis. It is clear that almost all the
elements were eluted out quantitatively in the first 1.5 mL of the eluent. However, steady
interference of K (30 ppm) and Li (5 ppm) was observed even upto 5 mL of the eluent.
Strong affinity of the crown ether for K+ ion is explained in view of its compatible ionic
radius.
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2.2.5 Recovery of Am from analytical waste containing macro amounts of U using
Cyanex-923

D.R.Prabhu, G.R.Mahajan, P.B.Ruikar and V.K.Manchanda

During the chemical analysis of nuclear fuel samples, variety of acidic liquid wastes are
generated. The present work deals with the application of Cyanex-923 (mixture of four tri-n-
alkyl phosphine oxides, R,P(O), R2R'P(O), RR2'P(O) and R3'P(O) where R=C«H,, and
R'^sHn respectively) for the quantitative recovery of Am(III) from raffinate, obtained after
the preferential separation of U using 50%TBP in n-dodecane. The distribution ratios (DM)
of U(VI) and Am(HJ) were determined at fixed concentration of ligand (30% TBP and 50%
TBP) and keeping [NO3"]«, at 8M. Table 2.25 summarizes the extraction data of U and Am
as a function of varying [HNO3]. The aqueous phase of the composition 6M HNO3 + 2M
NaNO3 was found to be suitable for preferential extraction of U over Am. The removal of
the bulk U from the analytical waste in 2-3 contacts with 50% TBP in n-dodecane was
ensured by determining concentration of U at each stage in aqueous raffinate by Davies-
Gray titration / spectrophotometric analysis. The acidity of the aqueous raffinate was
determined and found to decrease from 6M HNO3 to 2.0-2.5M HN0 3 depending on the
initial U concentration in the analytical waste solution. Co-extration of Am along with U was
found to vary from 2% to 8% depending on the initial U concentration and number of
contacts with TBP solution. >99% of Am could be scrubbed in a single contact with 5M
HNO3. Table 2.26 shows the DAK values obtained using 30% Cyanex (in n-dodecane) at
various compositions of aqueous phase. It can be seen that more than 99% of Am(Hl) could
be extracted towards the organic phase in single contact at 0.1 M HNO3 + 5M NaNO3. Table
2.27 summarizes the back-extraction data using nitric acid and ammonium oxalate solutions
of different concentrations as strippants. Recycling of the organic phase was quite
satisfactory (%E, 2nd cycle=99.85).

Table 225: U(VI) extraction into dodecane with 30% and 50% TBP
from various aqueous media

Aqueous Phase
8.0 M HNOj
7M HNOj + 1M NaNOj
6M HNOj + 2M NaNOj
5M HNOj + 3M NaNOj
4M HNOj + 4M NaNOj

Du(vi)
30%TBP

7.96
8.35
10.37
10.68

-

50%TBP
28.20
40.94
50.62
52.26

-

DAm<llI)

50%TBP
-

0.034
0.040
0.058
0.073

* Crystallisation occurred in the organic phase

Table 2J6:Am(m) extraction into i*<k>decancwi&
Aqueous Phase

1.0M HNOj + 4M NaNOj
1.0M HNOj + 2M NaNOj + 1M A1(NOJ)J

0.1M HNOj + 5M NaNOj
0.1M HNOj + 2M NaNOj + 1M A1(NOJ)J

D>*m0II) •

3.42
1.66
926
3720

Table 227:

Strippant
IHNOJI

4M
5M
6M
7M
8M

Back-extraction behaviour of Am(lll) bom loaded ofganic phase
(30% Cyanex-923 in dodecane)

DAm(ln)

0.206
0.101
0.048
0.021
0.003

Strippant

0.1M
0.2M
0.3M
0.4M
0.4M*

DAKI(I1I)

78.0
22.0
2.28
0.009
0.006

*+0.1MH2C2O4
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2.2.6 Recovery of Am(III) from fluoride analytical waste using DMDBTDMA.

D.R.Prabhu, P.K.Mohapatra and V.K.Manchanda

A method for the quantitative recovery of Am(III) from an aqueous fluoride waste
solution (composition given in Table 2.28) in ~4M HNO3 was developed. 1 M solution of
DMDBTDMA was used as the organic extractant and batch experiments were carried out at
1 ml scale: Three contacts of fresh organic phase were found sufficient to quantitatively
extract Am from aqueous phase. Similarly when the organic phase loaded with Am was
contacted repeatedly with fresh waste solution >95% extraction in three stages was
observed (Table 2.29). pH 1.0 solution was found to be an effective strippant of Am where
>99.5% stripping in two stages was observed. The recycling of the organic phase after
stripping was ascertained by contacting it with fresh waste solution where >94% extraction
of Am in a single contact was observed. The preliminary work on ICP-AES determination of
Ca, Fe and Al in the aqueous raffinate after first extract and the stripped solutions suggested
that whereas Ca is poorly extracted (<3%), Fe is co-extracted with Am quantitatively.
Addition of oxalic acid (0.05-0.2 M) suppressed Fe extraction only partially (-50%) whereas
Am extraction was not affected. A multistage extraction experiment was carried out in which
organic phase (1M DMDBTDMA in n-dodecane (preconditioned with 3.3 M HN03) was
repeatedly loaded with freshly taken aqueous phase (comprising fluoride solution of Fe, Ca,
Al and trace quantities of Am and Pu). It was observed that % extraction decreased from
95.5 at the first stage to 91.7 at the 10th stage. The overall % extraction was observed to be
62.5. The cumulative back-extraction into 0.1M HNO3 was 59%. The recycled organic phase
from the above was used for another 10-stage extraction. The recovery during the second
cycle was found to be 55%.

Table 228: Compositon of the fluoride waste solution
Metal ion

Am
Fe
Ca

Concentration, mg/mL
0.029
0.85
52

Method
Radiometry
ICP-AES
ICP-AES

Table 229: Multistage batch extraction of Am(III) with 1M DMDBTDMA
No. of Contact

1

2

3

%

Extraction*
96.4

99.9

>99.9

%

Extraction**
96.4

95.9

95.7

# Repeated extraction of Am(III) with 1M DMDBTDMA using fresh organic phase each
time;O/A = 1

## Repeated extraction of Am(III) with 1M DMDBTDMA using fresh aqueous phase
each time; O/A = 1

2.2.7 Mixer Settler Studies on simulated analytical waste solution

V.K.Manchanda, P. B. Ruikar and D. S. Deshingkar* (*PDD)

A four stage mixer settler was installed for the development work related to the
separation of macro amount of Uranium (100 g/L) from ~ 20 mg/L Am (Nd) at 7.5 M
HNO3. Volumes of the mixer and settler compartments were 30mL and 130mL
respectively. Flow rate of the aqueous /organic streams were regulated by purging air
through peristaltic pumps. 50% TBP in n-dodecane was used as the organic stream.
Table2.30 shows the composition with respect to Uranium as well as HNO3 of both
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phases at each stage after 1 vol. change as well as 2 vol. change. It is observed that after
two vol. changes 440 mg/L of uranium remained in the aqueous raffinate which has HNO3

concentration of 5.76 M. In view of the large concentration of uranium in the aqueous
raffinate which may interfere subsequently during the recovery of Americium (III) , it was
decided to neutralise the acid partly in the feed solution . Accordingly in the second run,
acidity was maintained as 6.0M HN0 3 + 1.5 M NaNC>3 in the feed solution . Keeping flow
rate as ~ 4.0ml/min for both streams, it was observed that after two volume changes ,the
acidity of the organic phase (out) was 1.7 M and of aqueous phase (out) was 4.2 M. In the
next run. composition of the feed was adjusted as 88.6 g/L of U, 20 mg/L of Nd, 5.7 M
HNO3 +1.5M NaNO3. It was observed that after two volume changes the concentration of
uranium in the outgoing organic stream was 83 g/L and in outgoing aqueous stream was 4
mg/L. Stage analysis data is shown in Table 2.31. ICP-AES analysis of stage samples as
well as aqueous phase (out) revealed that most of Nd is left behind in the aqueous
raffinate.

Table 230: Stage Analysis Data of Mixer Settler Runs
Composition of feed (aqueous stream) : 86 g /L 7.9 M HNOs, Flow rate: 4.8 ml/min

Composition of organic stream : 50 % TBP-dodecane, Flow rate: 5.6ml/min

Vol.

Change

1

2

Phase

Organic

Aqueous

Organic

Aqueous

Stage I

U(g/L)/
[UNO]), M

117.5(1.8)

25.9 (7.5)

58.4 (1.8)

18.7 (7.8)

Stage II

1%/L)/
I H N O J | , M

28.5 (1.7)

13.1 (7.5)

4.1(1.7)

2.1 (7.7)

Stage III

U(g/L)/
[HNOj], M

3.9(1.7)

15.7(7.2)

0.8 (IT;

2.1 (7.7)

Stage IV

[HNO3], M

1.2 (1.6)

0.7(6.1)

0.74(1.5)

0.44(5.8)

Table 231; Stage Analysis Data of Mixer Settler Runs after two bed volumes;
Composition of feed (aqueous stream): 88.6 g /L U, 20 g /L Nd, 5.7 M HNOs,

L5M NaNQj, Flow rate: 4 ml/min
Composition of organic stream: 50% TBP-dodecane; Flow rate: 4.0 ml/min

Stage

Aqueous

Organic

Ufe/L)
|HNO3], M

Ufe/L)
[HNOj], M

I

2.9

5.6

83.0

1.7

II

0.02

5.5

1.1

1.7

III

0.008

5.3

0.02

1.7

IV

0.004

4.2

0.004

1.6

23 Process Chemistry of Actinides

23.1 Counter current studies for the recovery of Np, Pu and U from
simulated PHWR-HLW using TBP

M.S.Murali, J.N.Mathur, R.R.Chitnis\ PJCWattal*, ARamanujam*,
P.S.Dhami* and V.Gopalakrishnan* (*FRD)

The counter-current extraction studies on partitioning of uranium, neptunium and
plutonium using 30 % TBP from simulated high level waste solution (HLW)
generated during reprocessing of spent uranium fuel from pressurised heavy water reactor
have been carried out. Oxidation states of neptunium and plutonium are adjusted
either by 0.01 M potassium dichromate or 0.01 M dioxo-vanadium ion. As an example,



55

Fig.2.12 gives the stagewise extraction and scrubbing as well as the activities of
neptunium plutonium and uranium in organic and aqueous phases while using
potassiumm dichromate as the oxidising agent. Neptunium and plutonium, extracted in
the TBP phase, are stripped together using a mixture containing 0.05 M ascorbic acid
and 0.25 M hydrogen peroxide in 2.0 M nitric acid solution. Fig.2.13 gives the stripping
behaviour of actinides from the loaded TBP phase (Np, Pu are oxidised by
K2Cr2O7). It has been observed that dioxo vanadium ion is more effective in proper
adjustment of the oxidation states of plutonium and neptunium, but the subsequent
recovery of these actinides from loaded TBP is better when potassium dichromate is used
for the valency adjustment. The uranium depletion step (with 30% TBP) which was
previously recommended only for the removal of most of the uranium from HLW
solutions can efficiently be used for the recovery of Np and Pu along with U
using the above process.

10,000

FEED (AQUEOUS!
Np:3172Bq/ml(T)
Pu:4747B<yml(a)
U : 16.325 ||A

1,0001 •

100:-

10
A— Pu (AOJJEOUSI < 1

*—Pu(ORbANIC)Q

-O - -U (ACHjEOUS)

10,000 =

-H-

\ < 1 Bq/m

r100

0.1

0.01

1,000:

100

10

FEED (ORGANIC! NP: 2044 BqftnK nl P>
4411BqAni(a) U 182*1
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-Pu (ORGANIC)
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.
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-H-U
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•rO.1

0.01
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STAGE NUMBER

Flg.2.12 Extraction of actinides from simulated PHWR-HLVt
90% TBP In the presence of 0.01 M potassium dtehromatf

STRIPPING
Fla 2.13: Strtodna of actinides from loaded TBP

2.3.2 Mixer settler run for the recovery of minor actinides from U, Np
depleted synthetic PHWRHLW using CMPO

M.S.Murali, JLN.Mathur, FLRChitnis*, P.K.Wattar, P.S.Dhami*,
V.Gopalakrishnan*, A.Ramanujam*, A.K.Bauri** and A.Bannerji** (* FRD, **
BOD)

It has been shown that from synthetic PHWR-HLW, Np can be oxidised to the
hexavalent state and extracted along with U(VI) and Pu(VI) with 30% TBP. The U, Np
and Pu depleted HLW thus obtained contains Am, rare earths and other fission products
along with small amounts of U, Np and Pu. This solution was used as a feed for 6-stage
mixer-settler using 0.2 M CMPO + 1.2 M TBP in dodecane as the extractant for the
removal and recovery of actinides and rare earths. The organic to aqueous phase ratio was
kept at 1:1. The extraction profile of the metal ions shows that U, Pu, Am, rare earths and
Zr are almost quantitatively extracted into the organic phase whereas Mo was extracted
83%, Cr 28%, Fe 2% and Sr and Cs were not at all extracted. The stripping of Am and
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rare earths was carried out with 0.04 M HNO3 (in two contacts, strip (i) and strip(ii)), 0.0S
M oxalic acid and 0.25 M sodium carbonate and the results are given in Table 2.32.

Table 232; Recoveiy of elements during <hc stripping runs

Element

I]

Pu

Am

I*

Ce

Nd

Sm

Eu

Gd

Zr

Mo

Ru

Fe

Cr

Stripping (%)

HNOj

strip fi)

2.91

6.31

57.43

50.27

50.26

58.62

56.11

60.67

54.09

5.32

7.05

25.83

33.31

31.56

HNOj

strip (it)

8.93

0.24

42.57

48.87

48.41

40.18

42.15

39.99

46.66

11.09

38.10

13.35

48.47

61.42

HzCjO*

(0.05 M)

35.24

92.86

<0.01

. < 0.01

<0.01

<0.01

<0.01

<0.01

<0.01

76.38

28.14

32.29

18.19

7.01

Na2CO3

(0.25 M)

55.09

0.59

<0.01

<0.01

< 0.01

<0.01

<0.01

<0.01

<0.01

7.01

25.18

20.39

<0.01

<0.01

Feed for extraction: Uranium-lean simulated PHWR-HLW containing K2G2O7

Organic phase: 0.2 M CMPO + 1 . 2 M TBP in n-dodecane

2.3.3 Partitioning of actinides from HNO3 and synthetic HLW using
trialkylphosphine oxide, Cyanex-923

M.S.Murali and J.N.Mathur

Cyanex-923 (trialkyl phosphine oxide, alkyl being mixture of C6 and C«), a
commercially available reagent has been utilized for the partitioning of a few actinides and
fission products from nitric acid solutions. While using a 30% solution of the extractant in
dodecane, very high distribution ratio (D) for U(VI) and Pu(IV) are obtained between 0.5
and 6.6 M HNO3, whereas in the case of Am(III) and Eu(III), the D values are low and it
decreased with increasing acidity, being ~1 at 3M. The extraction of Fe(III) and Zr(IV) was
found to increase with increasing acidity. Under the loading conditions, taking U(VI)
concentration between 1 to 25 g/1 in 1M HNO3, the D value of U(VI) remained almost
constant at -40 , whereas under the same conditions DA,,, decreased from -21 to - 8 . Am(III)
extraction was also carried out while varying the concentration of Fe(III) (0.06 to 3.0 g/1),
where a very small decrease in DAD, was obtained. Three types of synthetic waste solutions
namely, sulphate bearing (SB) at 0.3 M HN0 3 having nearly 25 g/1 U(VI), high level
aqueous raffinate waste (HAW) in -2M HN0 3 having - 2 g/1 U(VI) and the PHWR-HLW
solution in 3 M HN0 3 having -18 g/1 U(VT) have been tried forthe extraction of Am(HI). In
the cases of SB- and PHWR-HLW, a third phase formation was observed whereas in the
case of HAW both the phases were clear and nearly 80% of Am was extracted in one
contact.



57

Synthetic PHWR-HLW if contacted with 30% Cyanex-923 gives a third phase and
also, that reasonably high D ( >4) for Am is obtained only when the acidity is less than 2M.
ft was therefore decided to give contact with non-preequilibrated 30% TBP /dodecane, prior
to contact with Cyanex-923, which will deplete the uranium content as well as reduce the
acidity of the PHWR-HLW.

Table 233: Eflfect of TBP contact on acidity and uranium concentration in PHWR-HLW
Organic phase :30 % TBP/dodecane, oon-preequiKbrated;

Aqueous phase: PHWR-HLW, [H+] =2.6 M, \VO^] = 183 g/l
OigtAq phase ratio = 1

Number of contact with
30% TBP

.-

I

II

HI

IV

[Hi, M

2.6

2.3

1.9

1.5

1.3

[U<V] , (g/l)

18.30

1.14

0.19

0.08

-

Table 2.33 indicates that when contacted with non-preequilibrated 30% TBP /dodecane,
the acidity of the HLW can be considerably reduced. With the original acidity of 2.6 M, after
three contacts, it reached nearly 1.5M. Similar aqueous acidity was achieved after four
contacts, when the original acidity was 3.1 M. Also, the UO2

2+ content considerably reduces
after contacting with TBP and at the end of the third contact, it was ~ 80 mg IX.

In - 2M HN03, the D values of U(VI), Pu(TV), Am(III) and Eu(III) at their tracer level
concentrations with 30% Cyanex 923/dodecane have been found to be about 403, 1549, 4
and 8 respectively.

It seems likely that a few contacts with 30% TBP followed by contacts with
30% Cyanex- 923/dodecane should considerably bring down the alpha activity from
HLW solutions.

23.4 Actinide partitioning with pentaalkyl maSonamides

D. R. Prabhu, G. R. Mahajan and V. K. Manchanda

Several organophosphorous
extractants like CMPO, DIDPA and
TOPO have been evaluated for actinide
partitioning during last few years. In
view of inherent drawbacks associated
with these extractants like a) need for
prior separation of uranium, b)
interference from radiolytic and
hydrolytic degradation products and c)
large secondary waste volume, attention
of separation chemists has been drawn
towards completely incinerable ligands
like substituted diamides. In this
connection a number of pentaalkyl
malonamides namely N,N,N',N'-
tetrabutyl undecyl malonamide

20-
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(TBUDMA), N,N,N\N'-tetrabutyl dodecyl malonamide (TBDDMA), N,N,N\N'4etrabutyl
tetradecyl malonamide (TBTDMA), N,N'-dimediyl-N,N'-dibutyl tetradecyl malonamide
(DMDBTDMA), were synthesised and their efficacy as extractants for Am(III) was
evaluated. A more elaborate work was undertaken to study the distribution behaviour of
actinides and fission products using DMDBTDMA during last two years. A systematic
equilibration study of 0.5,1.0 and 1.5M solution of DMDBTDMA in n-dodecane with HNO3

of increasing concentration showed that third phase formation in the case of 0.5M ligand
took place at 4.3 M HNO3, that in the case of 1M at 6.3 M HN0 3 and in the case of 1.5M
ligand, no third phase was observed. In view of the larger D ^ value exhibited by dimethyl
dibutyl tetra decyl malonamide over other diamides, extraction behaviour of other actinides
and fission products as a function of HNO3 concentration was investigated using mis ligand
as shown in Table 2.34.

Table 234: Distribution data of U(VT), Pu(IV), Fe(III), Si(II) andCs(I)
Organic phase: 1M DMDBTDMA in n - dodrcane

Aqueous phase; Nitric add solutions + tracers
[HNOs]

M

0.1

1

2

3

4

5

Dufvi)

4.89

23.8

28.7

31.0

36.0

36.6

Dpa(IV)

115

161

373

377

383

Dc<i>

< 103

< 10*

< 103

< la3

< 10 3

< ia*

DFc<m)

0.02

0.04

0.77

4.14

6.22

6.72

Ds^i)

<10*

<102

< 10 2

<lfr2

< la2

<lfr*

Orwhasa-IMDMDOTIMA
- Ttuex Mlveat

( IMrt pitas* «t *.tffl- Ntf)

14

11-

1«

Aq. plMWK- 20A. m * S M HMO,
Of». ptHttK. 1M OMDBTDMA

• 2 4 « S • S 1« IS 2t

•ru

The DM values of actinides increased with nitric acid concentration which is typical of
solvated species. A constant value is attained for uranium and plutonium at 3-4 M HNO3.
The enhancement expected due to the law of mass action for increased nitrate concentration
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35

is compensated by the decreased free ligand concentration (caused by the HNO3 -diamide
adduct formation). Table 2.34 also summarises the distribution data of Fe, Sr and Cs.
Extraction of Cs(I) and Sr(II) was negligible whereas that of Fe showed continuous increase
with increase in nitric acid. The DM values for U(VI), Pu(IV) and Am(HI) were determined
at 3M HNO3 as a function of amide concentration in the range of 0.04-0.2 M for U(VI) and
Pu(TV) and 0.2-1.0 M for Am(III). The stoichiometry of the species extracted were
evaluated from the slopes of the graphs as UO2(NO3).2A, Pu(NO3)4.3A and Am(NO3)3.A
respectively for all the substituted malonamides studied (where A stands for diamide). It is
interesting to compare the DAD, values of DMDBTDMA system with that of TRUEX solvent
which has been suggested as another promising reagent mixture for actinide partitioning
(0.2M CMPO+1.2M TBP). Fig. 2.14 shows the extraction behaviour of AmflH) for these
two solvents in n-dodecane. Whereas DA™ gradually increases with increasing nitric acid for

DMDBTDMA, the value for TRUEX
solvent increases sharply initially and

m ^ M B reaches a maxima at 2M HNO3. As a
consequence a multistage stripping
process involving diamide is expected
to be efficient. The Am extraction
from 3M HNO3 was carried out in
presence of varying concentrations of
Nd (HO (0.22 mg/ml-9.8 mg/ml),
using pre-equilibrated 1M solution of
DMDBTDMA in n-dodecane. It was
observed that DAm remained almost
constant (10.3) until the Nd
concentration reached 4.4 mg/mL
Fig.2.15 shows the distribution
behaviour of Am(HI) at 3M HNO3

with varying aqueous concentration
of Nd(H0 (representing total
lanthanide concentration) for
DMDBTDMA as well as for CMPO
+ TBP. DAm values for amide are
somewhat lower than those for
CMPO upto Nd concentration of 2
mg/ml. With increase in loading of

Nd, the DA,,, values drop sharply for CMPO and at 9.8g/L Nd concentration third phase
appears. On the other hand no third phase appeared in case of DMDBTDMA and the DAm
values are larger. Fig. 2.16 summarises the Am(III) extraction carried out by keeping Nd
concentration at 2 mg/ml and varying uranium concentration from 0.8 mg/ml-20 mg/ml. In
all the cases 97.5% of uranium was extracted in a single contact (Du =39.6) without any
third phase formation. By dissolving appropriate quantities of nitrate salts of specified
cations in 3M nitric acid, PHWR-type waste was simulated. DAW and Du were determined
from nitric acid solution (0.01M - 8M) into n-dodecane using pre-conditioned 1M solution
of DMDBTDMA. It was observed that DAM values decreased as compared to those obtained
by using AmflH) tracer only. Also third phase formation was noticed at 5M HNO3. On the
other hand, Du values obtained were higher than those obtained during the extraction of
U(VI) alone. This may be attributed to the increased nitrate ion concentration in the
simulated waste solution. Fig.2.17 gives the extraction behaviour of actinides and fission
products from PHWR-simulated wastes as a function of nitric acid concentration.
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2.3.5 Distribution behaviour of U(VI), Pu(IV), Am(III) and Zr(IV) with N,N
dihexyl octanamide (DHOA) under uranium loading conditions

P.B.Ruikar, S.Sriram, M.S.Nagar, V.K.Manchanda, K.K,Gupta* and RK.Singh*

*PREFRE Plant, N.R.Group, Tarapur, BARC

The present work deals with the extraction behaviour of U(VI), Pu(IV), Am(III) and
ZTQV) by 1M DHOA in n-dodecane over a wide range of acidity (1-6 M HN0 3 ) in
presence of macro amounts of uranium (97.25 g/L).

Pu (principal isotope 239), M1Am and 95Zr were used as radioactive tracers.
Tetravalency of plutonium was maintained by using 0.05 M NaNO2 and 0.005M NH4VO3
as holding oxidant. The uranium was determined by Davies-Gray method.
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Fig.2.18: Ohttributlon behaviour of U(VI), Pu(IV) and
Am(UI) as a function of nitric add concentration

Distribution ratio of nitric acid was found to be 0.13 ± 0.02 with 1M DHOA in
dodecane. Fig. 2.18 shows the distribution behaviour of U(VQ, Pu(TV) and Am(III) as a
function of nitric acid concentration employing 1M DHOA. Relatively larger extraction of
PufTV) over U(VI) is a distinct feature of DHOA as compared to TBP. It appears that three
butyl groups in TBP offer more steric hindrance to its co-ordination to Pu(NO3)4 species
than that encountered during the binding of DHOA. Fig.2.19 shows the distribution of
U(VI), Pu(TV), Am(IH) and Zr(IV) in the presence of 97.25 g/L of uranium (corresponding
to ~ 60 % uranium saturation condition of organic phase) as a function of nitric acid
concentration. It is of particular interest to note that Dp, values are larger than Dy
values in the [HN03] range 2-6 M. Relatively larger values of Dp,, in the present work as
compared to mat for TBP suggests that DHOA can extract Pu more efficiently, both at
trace level concentration as well as under uranium loading condition. As a result of this
during the co-extraction of U(VI) and Pu(IV) with DHOA, the losses of Pu towards the
aqueous raffinate streams can be reduced considerably. This is of particular importance
while reprocessing fuels with high Pu concentrations. DAm and D& values throughout the
acidity range investigated were <0.01 suggesting reasonably high separation factors of Pu
from these two metal ions in the present system.
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2.3.6 Solvent extraction of Pa from nitric acid medium using di -2- ethyl hexyl
isobutyramide (D2EHIBA)

P. N. Pathak, R. Veeraraghavan and V. K. Manchanda

Reprocessing of irradiated thorium to separate U-233 is an integral part of Th - U fuel
cycle. At present, THOREX process is employed for the separation of U-233 from
irradiated Th-232 using tri-n-butyl phosphate (TBP) []]. However it is associated with
certain limitations namely low solubility of Th(NO3)4.TBP complex during the co-
extraction of U and Th using 30% TBP solution in n-dodecane and low throughput in the
preferential extraction of uranium employing 5% TBP solution in aliphatic hydrocarbon
diluent.

In our recent work, it was observed that di-2-ethyl hexyl isobutyramide (D2EH1BA),
a typical branched chain dialkyl amide
is particularly promising for the

Pa tracer omy reprocessing of irradiated Th fuels [2].
In view of the importance of Pa-233 in
Th-U fuel cycle, it was desirable to

*A] " "" / understand the distribution behaviour
of Pa to optimise the conditions for
quantitative recovery and purification
ofU. Pa(V) undergoes hydrolysis
which leads to adsorption on container
surface. 5% solution of di methyl

0.4

8.2

- Pa tracer • iOgfL Th
Pa tracer+ 1M>g/LTh
Pa tracer • tSOgn. Th

dichloro silane (DMDCS )
employed as a coating on
extraction tubes to suppress

Stoichiometry ofadsorption.

1 2 3 4 9 *
[HNOJ.M

Ptg.2.20: Effect of thorium concentration on D .̂ at
afferent HNO, concentration

was
the
the
the

extracted species of Th(IV) was
evaluated from ligand variation
experiments (0.2 to 1.0 M) as
Th(NO3)4.3A (A: D2EHIBA) using a
mixture of 2 M A1(NO3)3 and 1 M

HNO3 as the aqueous phase and from similar experiments on Pa, the extracted species of
Pa conformed to Pa(OH)2(NO3)3.A. Nitrate dependence studies were carried out using
varying amounts of A1(NO3)3 (2 M and 1.33 M) as saking out agents in experiments
conducted at 1 M and 6 M HN03 respectively. The extraction studies of Pa-233 were
carried out at varying nitric acid conditions (1-6 M) for pure tracer as well as in the
presence of different thorium concentration (50 - 250 g/L) in the aqueous phase (Fig.2.20).
In the case of pure Pa tracer (~10"n M), Dp, was found to increase continuously from
5.6xlO"3 (1 M) to 0.95 (6 M) with nitric acid concentration. However, it was interesting to
observe that in presence of 50 and 100 g/L of Th, Dp, increased marginally at lower
acidities (1 - 4 M) with a significant decrease at 5 and 6 M HN03. Marginal increase at
lower acidities is explained on the basis of the decreased water activity of the aqueous
phase and increased nitrate concentration due to the salt effect. Poor extraction of Pa at 5 -
6 M HNO3 is attributed to the formation of anionic species like Pa(OH)2(NO3)4".
Interestingly, there was negligible extraction of Pa in presence of 250 g/L of thorium in
the entire acidity range. Large thorium concentration in the aqueous phase might be
responsible for the formation of inextractable anionic species of Pa leading to the very low
Dp, values (~102). Marginal changes in Dp, values for pure Pa tracer and in presence of
20 g/1 of U, were observed in the acidity rnge (1-6 M HN03).
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Table 2.35 summarises the Separation Factor (S.F.) values of U over Th and Pa in
Ihe presence of 250 g/L of Th in the acidity range 1-6 M HN03. D2EHIBA is a promising
extractant for the separation of U from Pa as well as Th at macro concentrations of Th in
nitric acid medium.

Table 235: Comparison of separation factors of U over Th and Pa
in the presence of 250 g/L of Th

[HNOj], M
1
2
3
4
5

6

Du/Dp.
710

213
234
158
129

49

Du/Dn,
710
376
309
222

129
59
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2.3.7 Separation and recovery of uranium and plutonium from oxalate supernatant

G.H.Rizvi, J.N.Mathur, KM.Michael* and A.Ramanujam* (*FRD)

Oxalate supernatant generated while precipitating Pu from nitric acid solutions is one of
the last waste streams of the Purex cycle which contains U, Pu and oxalic acid
concentrations in the range of 5-15 g/L, 30-100 mg/L, and 0.10-0.18 M respectively in 3 M
HNO3. A procedure employing 30% tributyl phosphate (TBP) in dodecane for the initial
depletion of U(V1), followed by the extraction of the remaining U(VI) and Pu using
extractant mixture, 0.2 M CMPO+1.2 M TBP in dodecane is developed. Table 2.36 gives
the data of the extraction of U(VT) by 30% TBP in dodecane from 3M HNO3 as well as 3M
HNO3 containing O.IMH2C2O4. Table 2.37 gives the data of Pu(lV) extraction from 3M
HNO3 by 30% TBP. The D value is almost constant (10.2+0.45) in Pu concentration range
between 25-99 mg/L. This can be explained as due to very low concentration (4x1 O^M) of
Pu(IV) at -100 mg/L solution which leads to the loading of 30% TBP (1.1 M) to a negligible
extent. The D values of Pu(TV) in presence of 0.1 M oxalic acid, reduces drastically from
-10.2 to -0.08. This is due to the aqueous complexing of Pu(IV) with oxalate ions. Also it
was seen that in presence of 10-12 g/L of U(VI) at 0.10 and 0.18 M oxalic acid in the
aqueous phase, there is practically no effect on the D value of Pu(IV). The D value of Pu(IV)
by 0.2 M CMPO+ 1.2 M TBP in dodecane at 3.0 M HN03 containing 0.1 M oxalic
acid, 27.63 mg/1 Pu and varying uranyl ion concentration, decreases from -190 (in the
absence of U(VI)) to -148 when -8.5 g/L uranium was taken in the aqueous phase. The
decrease in D of Pu was due to the loading of CMPO by uranyl ion. At - 8.5 g/L of
U(VT), nearly 30% of CMPO is loaded with U(VI) itself. Efforts were made to extract Pu
from solutions containing higher concentrations of U(VI), but at such concentrations
formation of third phase was observed and hence the experiments were discontinued. The D
values of Pu(TV) at its varying concentrations(31-155 mg/1) by mixture of CMPO and TBP
while keeping HNO3, U(VI) and oxalic acid concentrations constant, has shown that the D
value is more or less constant, average value being 179.2+5 (within ±3%).
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Table 2J& Extraction of U (VI) from nitric add by 30% TBP/dodecane
at its varying concentrations

|HNQt] = 3jOM;org. to aq. phase ratio = 1
U(VI) g/1

2.44

4.80

7.20

9.60

12.00

14.40

D without oxalic acid

20.9

18.4

18.0

16.1

15.6

14.2

D with oxalic acid

15.3

13.6

11.8

11.5

11.2

9.8

Table 237: Extraction of varying concentration of Pu (IV) by 30% TBP/dodecane at varying U
(VI) concentrations and fixed nitric and oxalic acid concentrations

[HNQJ = 3.QM;oig.toaq. phase = 1

rPufTV)] fig/ml

24.75

20.54

57.98

57.98

74.25

99.00

ru(vi)] g/i

-
10.33

-

11.63

-

-

D without oxalic acid

10.6

-

10.7

-

9.6

9.9

D with oxalic acid

0.082

0.080

-

0.080

-

-

The D values of Pu(IV) at varying oxalic acid concentration (0.1 to 0.18 M), in
presence of ~1 g/1 of U(VI) decreases with increasing oxalic acid concentration. Even at the
highest oxalic acid concentration very high D value ensures near complete extraction of Pu
under such conditions. 5 ml solution containing 11.9 g/1 U(VI) and 25.1 mg/1 Pu(TV) in 3M
HNO3+O.IM or 0.18M H2C2O4 was given a contact with the same volume of pre-
equilibrated 30% TBP. In this contact - 9 2 % of U(VI) and - 7 % of Pu(TV) was extracted in
the organic phase. After one contact with TBP the raffinate was given a contact with
CMPO+TBP mixture. The extraction of the remaining U(VI) and Pu(IV) was -97% and
99.5% respectively. While stripping with 0.5 M acetic or 0.2 M ascorbic acid, although
recovery of Pu was >99%, but it also contained almost entire amount of uranium. With 0.1M
H2C2O4, Pu is selectively stripped (99.9%) whereas U(VI) remains in the organic phase.
Further, U(VT) from CMPO phase as well as from 30% TBP phase was quantitatively
recovered by stripping with 2% sodium carbonate solution.

The spectra of U(VI) solution in 3.0 M HNO3 and 3.0 M HNO3+0 1M H2C2O4 were
taken against respective acid blanks. A peak at 453 nm was observed in 3.0M HNO3+0.1M
H2C2O4 which was not present when U(VI) spectrum was taken in 3M HN03 . The sharpness
of this peak increased with increase in oxalic acid concentration (0.10, 0.15 and 0.20 M).
However, the molar extinction cofficient (s) values at the above three concentrations were
2.1, 2.2 and 2.5 respectively. Also, the peaks at 359 and 370 nm present in 3.0 M HNO3

disappeared in presence of oxalic acid. The formation of a peak at 453 nm and the
disappearance of peaks at 359 and 370 nm seems to be due to the formation of oxalate
complex of U(VI) in the aqueous medium. The spectra of the above solutions extracted into
pre-equilibrated 30% TBP were also recorded while taking 30% TBP pre-equilibrated with
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respective acids as blanks. These two spectra are almost identical and the peaks are sharp
and well separated. As compared to the spectra in 3M HNO3 both the organic phase spectra
have two new peaks at 437.5 and 453 nm. The s values at 453 nm are 1.85 and 1.97, which
are almost same (+3%). This indicates that the extracted species in both the cases are same,
and that no oxalate ion moiety is present in the species extracted into the TBP phase. Thus
the species conformed to be UO2(NO3)2.2TBP as suggested by slope analysis method.

2.3.8 Synthesis and characterisation of dialkyl amides and pentaalkyl malonamides

L. B. Kumbhare, D. R. Prabhu, G. R. Mahajan, M. S. Nagar, V. K. Manchanda
and L. P. Badheka* (* BOD)

Several amides/diamides shown in Table 2.38 were synthesised by the method reported
earlier (1). Whereas it is one step synthesis for monoamides (DHOA, D2EHIBA), it is a two
step synthesis for diamides (DMDBTDMA, TBTDMA, TBDDMA). TBDDMA was
synthesised for the first time in our laboratory. Intermediate tetraalkyl malonamide was
synthesised by the condensation of dialkylamine and dimethyl malonate in place of malonyl
chloride used in earlier work. C-alkyl substitution was carried out in tetrahydrofuran medium
in place of DMSO. Final pure products were obtained by vacuum distillation under the
conditions shown in Table 2.38. All the ligands were characterised by elemental analysis,
I.R and P.M.R spectral studies. Viscosity data was also obtained for DHOA and
DMDBTDMA.

C, H, N, S analysis was carried out using elemental analyser (EA-1110) procured
from Thermoquest Italia. Salient characteristic of the analysis is the use of dynamic flash
combustion technique to ensure instantaneous and quantitative conversion of the sample
into combustion gases which can be introduced to the GC column immediately. The
sample is dropped into a quartz reactor which is heated to 1050 °C while the known
quantity of oxygen (10 mL ) is intoduced in the combustion tube through the He carrier
gas stream. High purity tin used as the sample container undergoes exothermic reaction
and increases the temperature instantaneously from 1050 °C to 1700 °C. It ensures that
sample oxidation occurs mainly in the gaseous phase and provides a plug for injection into
the GC column. SnO2 formed is in itself an oxidation catalyst. Instrument was tested
intitially for the analysis of the solid samples using sulphanilamide, acetanilide and BBOT
as standards. The mean K value from nine determinations of sulphanilamide were as: C:
(0.5152 ± 0.0045) xfo7, H: (1.570 ± 0.015) xlO7 , N:(0.2186 ± 0.0014) xlO7 and S:
(0.1918 ± 0.006) x 107. Precision of analysis (r.s.d) for an unknown sample (DMDBMA)
for the various components was C: 0.74 %; H: 0.52 % ; N: 1.35 %.

Work was also carried out to determine amide content in a solution of di (2-ethyl
hexyl) isobutyramide using infrared spectrophotometry.

Table 238; Synthesis of amides and diamides
Amides / Diamide

DHOA
DMDBTDMA
D2EHIBA
TBTDMA
TBDDMA

Quantity (in gms)

5000
500
150
60
80

Distillation temperature (*C)

183 - 185 (0.2 mm)
215 - 225 (0.4mm)

160 - 165°C (0.5mm)
215 - 225 (0.4mm)

Reference:

1) Biennial Progress Report, Radiochemistry Division, 1995-96, pp 71-74.
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3 SPECTROSCOPY

The main activities of the spectroscopy section continued to be in the following areas:
(i) Basic research in the solid state chemistry and spectroscopy with a special emphasis
on : (a) spectroscopy of actinides in condensed matter (b) radiation effects in actinide
doped solids (c) EPR and microwave absorption studies of high temperature
superconductors and photo-refractive materials, (ii) Development of analytical
spectroscopic methods for the trace metal determination in nuclear materials, (iii)
Chemical quality control at different stages of 239Pu, M3U and Th based nuclear fuels.

To strengthen research work in these areas, new facilities were acquired during this
period under IX five year plan. These are upgradation of EPR spectrometer and
attachment of Electron Nuclear Double Resonance (ENDOR) Accessory and an electronic
life time measurement setup in nanosecond range. EPR and ENDOR studies conducted
on M9Pu (VI) oxalate and EPR of Pu doped PVA films have given evidence for the
radiation stabilized radicals, interacting with 1 = Vz of M9Pu. TSL and EPR studies
conducted on M7Np doped BaCO3 have elucidated the role of radiation induced free
radicals in TSL processes. During the current period experiments were started on photo-
EPR studies in photorefractive systems and also in molecular magnetic systems. This
work was initiated to investigate the basic mechanism involved in the photoinduced
electron transfer processes that are operative during hologram formation and also the
effects of optical illumination on influencing magnetic order in real time. The most
important finding in this area is the detection of photomagnetic effect in
(NBu4)2MnCu[(opba)]36DMSO.lH2O in which it was observed that illumination at 510
nm, at 14 K, using copper vapour laser destroyed the long range magnetic order.

In analytical spectroscopy a new 1CP-AES equipped with axial ICP-plasma was set
up. The operation of this unit and data acquisition is completely computer controlled. An
important aspect of R & D in analytical spectroscopy is the progress made in the sample
introduction into ICP using atom vapours produced in ETV. Furthermore, significant
stress was given to chemical separation procedures for the removal of impurities from
PuO2. Experiments were carried out using a new extractant Cyanex-923.

3.1 BASIC SPECTROSCOPY

3.1.1 Spectroscopic Studies of Actinide solids

3.1.1.1 EPR and ENDOR studies of Self-(a)irradiation effects in Pu(VI) oxalate

M.K.Bhide, R.M Kadam, V.Natarajan and M.D.Sastry

EPR investigations of self-(a) irradiated PuO2C2O4.3H2O(cumuIative dose= 100
Mrads) were carried out at room
temperature(RT) and at 77 K. EPR
spectrum of the title compound at
RT had shown presence of eight
line structure. Out of these, a set of
three doublets having gr=2.0197
(A,=15.9 G), gr=2.0055 (A2=12.3
G) and g3=1.9898 (A3=9.4 G) was
attributed to a radical centre having
orthorhombic symmetry interacting

EPR spectrum of PUQI.CJCMHJO at room temperature. . , f . n , TI,^» /n\
(.)E5q>erinMJ^(b)SinHU^«lditionapeclnm,ga,«ateJfi»m w l t h J ~ 1 / 2 nucleus. These (g)
CQj- and (V using g and A values as given above, values showed good agreement
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with that of CO2 reported in gamma irradiated sodium formate (HCOONa) [1] except for
the first g value. The other signal having axial symmetry with gu=2.0206 and gj=2.0042
was assigned to O2* radical [2].

ENDOR experiments were conducted on the title compound at 120 K by sweeping the
radiofrequency field between 1-25 MHz and by saturating the intense signal on
perpendicular component of CO2 radical. The ENDOR spectrum showed transitions at
14 5 18 5 and 23.3 MHz. A sharper signal at vF =14.5 MHz is around the free proton
larm'or precession frequency which could be due to distant hf coupling arising from
interaction of unpaired spins with water of hydration. The other two signals are broad (line
width= 2 MHz) greater than the free larmor precession frequency of B9Pu ( vp»= 1.08
MHz at 3.5 KG). These values are consistent with the two hf doublets
observed in EPR spectra suggesting interaction of CO2' with T>u(I=l/2) nucleus
indicative of strong bonding between the two. Due to weaker intensity of the third
hyperfine doublet in ESR spectrum (A3=9.4 G), it was difficult to obtain ENDOR signal
for this tensor. Weak signal observed around 3-4 MHz was attributed to hf interaction of
these radicals with distant 239Pu nucleus. The addition spectrum, of CO2' interacting with
739 Pu(I=l/2) and O2" is generated (Fig.-3.1) by simulation using above g and A values.

References:
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3.1.1.2 Thermally stimulated luminescence and electron paramagnetic resonance
studies in M7Np doped BaCOj

V.Natarajan, T.K.Seshagiri and M.D.Sastry

In continuation of our earlier studies on the radiation damage centres produced due to
self-irradiation as well as external gamma irradiation in a variety of actinide doped
inorganic phosphors [1-6] using thermally stimulated luminescence (TSL) and electron
paramagnetic resonance (EPR) techniques, we had carried out TSL and EPR studies of
&7Np doped BaCO3.

Samples of BaCO3 doped with 0.1% by weight of 237Np were prepared by
coprecipitation of BaCO3 along with 237Np4+ in 0.5 M dilute nitric acid medium using
ammonium carbonate. Later the residue was dried, ground thoroughly and heated at 970
K for about 5-6 hrs. The incorporation of 237Np in the sample was confirmed by gamma
ray spectrometry.

tao 3.oo
Temporature K

Fig 3.2 TSL gjow curve of gamma irradiated BaCOs: Np
Fig 3.3 EPR specUa of y irradiated BaCOj^Np recorded at
77 K
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In freshly prepared samples of BaCOj:237]^, no EPR signal nor TSL glow peak was
observed. Even after six months of storage (a-dose rate = 70 mGy /hr.), no glow peak was
observed in the sample, though EPR signals due to nitrogen centered radicals were
observed. However, in samples self- irradiated for 9 months, a very weak broad TSL glow
curve could be obtained. Chi external gamma irradiation to a dose of lOKGy, a glow peak
around 410 K was observed with a weak shoulder around 473 K at a heating rate of 2.5 K /
sec. (Fig.3.2). Spectral studies of the glow peaks revealed emission around 660 nm
characteristic of Np* ion [7]. The trap parameters for the peak at 410 K were evaluated
by different heating rate method. The trap depth and frequency factor for this peak are 0.55
eV and 4.1 x 10* respectively.

The EPR spectrum of the self-irradiated samples recorded at room temperature
showed the presence of a prominent triplet with g = 2.0038 and A = 33.3 G and g = 1.9952
and A = 65.5 G which was identified as NO32* ion. On cooling the samples to 77K and
recording the spectra, in addition to NO3

2" signals, a quartet signal with gi = 2.0230 and Ai
=13.6 G, g2 = 2.0145, A, - 10 G and g3 =2.0120 and A3 =9.2 G was observed (Fig.3.3).
This was assigned to CO3" ion interacting with trace sodium impurity[8]. Further a quartet
signal with g =1.9742 and A= 14.3 G was also observed in die EPR spectra recorded at 77
K. However, this was found to disappear within a few hours. This signal is tentatively
assigned to O2* radical ion interacting with nearby sodium impurity. This was earlier
observed by us in gamma irradiated BaCO3:Eu[4].

On gamma irradiation of freshly prepared samples up to a dose of 4KGy, only these
radical ions were found to be present in die sample.

The origin of NO^ was identified as trace amount of nitrate retained during the
precipitation and heating of the sample. This ion has been reported to have high stability in
barium and calcium carbonate lattices in view of its electronic structure [9,10]. Sodium
was another trace impurity present in the starting materials.

EPR spectra of the gamma irradiated samples were recorded after annealing at various
temperatures in die 300 - 600 K range. It was observed that die intensity of die CO3' ion
signal decreases in die 400 K - 440 K region suggesting its possible role in die TSL peak
around 410K whereas EPR signal of NO3 radical ion. The probable processes responsible
for this peak are as follows:

On gamma irradiation,

e—->NO3
2

On heating to 410 K, die radical ion, CO3" acts as die recombination centre for
electron released elsewhere. Small part of die energy released in die (CO3 - e~)
recombination is taken by Np4* ion resulting in a peak around 410 K.

NO32' radical ion was found to be tiiermally stable up to 600 K. One possible reason
for diis may be its chemical bonding wim lattice Ba2* ions as evidenced by die presence of
l3SJ37Ba superhyperfine structure on NO32* resonance. Therefore NO3' acts as deep electron
trap in barium carbonate, which gets filled in die early stages of u A- irradiation giving rise
to EPR signal but not TSL.
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3.1.U.I Alpha and Gamma-Irradiation Effects in PVA Films : EPR studies of
M9Pu doped PVA

Mithlesh Kumar R.M.Kadam and M.D.Sastry

Polymer based materials are reported to exhibit interesting radiation induced effects in
addition to non-linear optical properties.
Polyvinyl alcohol (PVA) impregnated with
transition elements are promising materials
for optical image storage through photo-
induced electron transfer and cross linkage
phenomenon [1]. Pure PVA film did not show
any EPR signal. On gamma-irradiation, EPR
spectrum had shown presence of three lines at
room temperature (RT) (Fig 3.4). The
spectrum was symmetrical with hyperfine
coupling of 35±2 G. The g value of the triplet
is g=2.0034. The intensity of the lines was in
the ratio 1:3:1 [2]. This triplet appears to
arise due to two radicals: (i) one giving rise to3MD 3480

Fig 3.4 EPR spectrum of 7-irradiated (dose 4 kGy)
PVA film at RT Fig 3.4 EPR spectrum of y-
irradiated (dose 4 kGy) PVA film at RT

a 1:2:1 triplet and (ii) the other a singlet
coinciding with the central line. The
presence of triplet in the present case, is
due to -CH2-C (0H)-CH2- radical
whereas singlet may be due to -CH2-
C(0.)-CH2- radical produced on
gamma-irradiation.

>2S0

3325

- * - H(S)

FRESH SAMPLE

3M5

AFTER ONE YEAH

3W0

Fig 3.5 EPR spectra of M!>Pu:PVA films, stored for
different times

The EPR spectra were obtained on
M9Pu doped PVA film at RT, stored for
different times (Fig 3.5). In freshly
prepared sample, a sharp line g=2.0007
appeared along with a broad line at g=1.998±0.001 presumably due to some unresolved
structure. In addition, there are a few weak satellite lines. In samples stored for long time
(nearly one year), clear doublet got developed, in addition to the central line which got
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broadened and became asymmetric. The sharp line at g=2.0007 got masked by the broader
line. The doublet is assigned to hyperfine structure from 239Pu nucleus with I = lA ,
interacting with a free radical stabilized close to 239Pu. The relatively broader line with
unresolved structure suggests that the unpaired electron is not close to hydrogen but is
weakly coupled to hydrogens. As its field position coincides with the central line of triplet
produced by gamma-irradiation, it is identified as due to -CH2-C (O.)-CH2-.This radical
was produced in gamma-irradiation also, but with smaller yield compared to -CH2-
C(OH)-CH2-. These features clearly suggest that alpha and gamma-irradiation yield
different radicals.
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3.1.2 Photo-EPR Studies in Photorefractive Matrices

3.1.2.1 CVL-Induced Charge Transfer in Photorefractive Crystals: Bii2SiO20 and
BaTi©3 at Low Temperatures.

N.K.Porwal, Y.Babu, RM.KadamandM.D.Sastry

Photo-induced charge transfer processes in photorefractive materials are of immense
interest because of their potential applications in optical data processing [1]. When these
crystals are illuminated with a suitable laser, the redistribution of charges takes place,
resulting in the photorefractive behaviour.

Jani and Halliburton [2], using a 350 nm light source, gave evidence for the presence
of three trapping sites in Bi)2Si02o (BSO), which correspond to the thermal releases of
holes at 145K, 165K and 245K. Much attention had been focussed on the behaviour of
Fe3+ impurity ions in these materials on photoexcitation at 77 K. We present evidence for
an intrinsically unstable centre at 10 K in BSO, which is involved in photo-induced charge
transfer. Temperature dependence of its decay time constant suggests that it is responsible
for the fast photorefractive response at room temperature.

The BSO and BaTiO3 crystals used in the present study have been grown by Dr.
M.D.Aggarwal at Physics Laboratory, A&M University, Alabama (USA). These crystals
were illuminated with copper vapour laser (CVL) at 510 nm wavelength in the 10 - 300 K
temperature range. The EPR signal due to Fe3+ was monitored using Bruker ESP-300
spectrometer equipped with computer controlled operating system. The growth and decay
curves were recorded by switching the laser light on and off The average life times were
also calculated at different temperatures by least square fitting method.

hi BSO, the intensity of EPR signal due to Fe3+ was found to get reduced on CVL
illumination appreciably at lower temperatures. The signal was found to recover even at 10
K on putting off the light. The average lifetimes were found to be 250 seconds and 200
seconds at 10 K and 80 K respectively. In the present study we could not find any
noticeable change at room temperature on laser irradiation at 510 nm wavelength. The
recovery of the signal at 10 K itself suggests clearly that the electron/ hole liberation by
510 nm laser does not happen at any of the centres identified by Jani and Halliburton[2]
and Baquedano et al [3] and it has got temperature dependent life time. At room
temperature the life time becomes too short for observation in EPR experiment. Attard
and Brown [4] conducted a two wave-mixing experiment and postulated the evidence of
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trapping centres with decay time constants 100 ms, 120 s and 400 s at room temperature
for the laser irradiation of BSO system. It appears quite likely that the centre observed in
the present work corresponds to the centre having 100 ms decay time constant at room
temperature.

Barium titanate (BaTiO3) is one of the first ferroelectric materials to be discovered and
also one of the first to be recognised as photorefractive [5]. Schwartz et al [6] showed,
using a CR-18 argon-ion laser operating at 514 nm, that the photo-sensitive centres in Co
doped BaTiO3 exhibit complex temperature behaviour as, depending on the temperature
excursion, some changes were reversible while others appeared to be irreversible. In the
present experiments, Fe3+ doped BaTiO3 crystal was illuminated at 20 K with copper
vapour laser (CVL) at 510 nm wavelength. The intensity of EPR signal due to Fe3+ was
found to get increased on CVL illumination. The signal was found to recover even at 20 K
on putting off the light. On repeated laser irradiation and cooling and heating cycles, die
behaviour was found to have changed. However, on heating the BaTiO3 crystal at 600°C
for two hours, the original behaviour of the crystal was restored.
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3.1.2JL Photoconductivity Study of GaAs Single Crystal Using EPR Technique

N K Porwal, Y.Babu and M.D.Sastry

Photoconductivity in many semiconductors is known to persist even after removal of
photoexcitation [1] Recombination of the charge carriers gets impeded at low

temperatures. It is repotted [2] that
100f I persistent photoconductivity (PP) is

GaAs at Room Temperature I also a measure of the nonhomogeneity
of the material. A quantitative
explanation for the build-up kinetics
was shown to depend upon the spatial
distribution of the traps as trap
distribution can be determined by
PP[3]. Election paramagnetic
resonance (EPR.) measurements with
in situ optical illumination (hv > Band
gap) are expected to yield information
on photoconductivity as die presence of
mobile carriers results in microwave
loss analogous to that in metals. This
technique has the advantage of being
contactless with the possibility of

Time (Sec)
Fig 3.6. Reversible Shift in EPR base-line on CVL
ilhiminatioa
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simultaneous detection of stable e/h traps in addition to the effects due to mobile carriers.
Photo-EPR investigations were, therefore, carried out to study the kinetics of
photoconductivity in GaAs single crystal under in situ laser illumination using both copper
vapour laser (CVL) and He-Ne laser in the 15-300 K temperature range. No EPR signal
was observed in this temperature range either in gamma irradiated or unirradiated GaAs
samples. However, on illumination with a CVL (510 and 578 nm) or with a He-Ne (632
nm) laser, significant shift was observed in the EPR base-line and the process was found to
be reversible (Fig 3.6). This shift is attributed to the increase in conductivity of the sample.
Kinetics of this process under light on/off conditions were studied. It was found that the
response of GaAs was very fast (<1 ms). The shift in base line was, however, not observed
in similar studies conducted on photorefractive Bii2Si02o (BSO) single crystals. This
difference in behaviour is attributed to the small band gap of 1.43 eV in the case of GaAs
as compared to 3.25 eV in BSO.
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3.1.3 Size Effects in High Tc Superconductors : An Electron Paramagnetic
Resonance Study of TI-2122 diluted in AI2O3.

Manmeet Kaur, Y.Babu, M.K.Bhide, R.MKadam, M V.Rane*,
I.K.Gopalakrishnan", J.V.Yakhmi" andM.D.Sastry

* Chemistry Trainee; ** Chemistry Division.

Electron paramagnetic resonance studies
were carried out on finely ground mixtures of
Tl-2122 superconductor and A12O3, with the
twin objectives of determining the minimum
concentration levels at which superconducting
phases can be detected using EPR and also to
detect possible occurrence of quantum size
effects in a high Tc superconductor. High T
cuprate superconductors are known to give a
very intense EPR signal near zero magnetic
field with characteristic hysteresis behaviour,
which provides a sensitive and contactless

method for detecting even dilute superconducting phases. These studies have shown that a
20 mg sample of Tl-2122 diluted to 0.005% in AI2O3, which corresponds to one
microgram of superconducting phase, gives detectable EPR signal. The diluted effects on
the signal are show in Fig. 3.7. There was no significant difference in hysteresis behaviour
on dilution. Further, evidence was obtained for the presence of oscillatory signals around
the zero field signal, which became more predominant with larger dilutions. However, the
results indicate that these features can be improved by producing nanosized particles by
chemical route instead of mechanical grinding.

< ' * * *¥Y*^^^
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3.1.4 An EPR study of spin correlations and Photomagnetic effect in
molecular ferromagnet (NBu4hMn2 [Cu(opba)]3.6DMS0.1H20 and

R.M.Kadam, M.D.Sastry, M.K.Bhide, S.A.Chavan* Amandeep
J.V.Yakhmi*

K. Sra* and

FIELD (GAUSS)

Fig 3.8 Effect of CVL illumination on the intensity of the
low and high field components at 14K. The exlent of
changes on exposure to CVL are estimated to be -40%.

* Chemistry Division

EPR measurements on (NBu4)2Mn2[Cu(opba)]3.6DMSO.lH2O carried out in second
harmonic mode in the range 300-13 K have shown a strong 1/T dependence of line
position in the paramagnetic phase, evolution of local ordering below 40 K and a new
zero-field signal in the long-range ordered phase. These features suggest (i) the existence
of spin correlations from room
temperature resulting in local short-range
order below 40 K. (ii) Coexistence of
ordered and disordered phases at 14 K.

On in-situ illumination of the title
compound using copper vapour laser
(CVL) with 510.5 and 578.2 nm
wavelengths at 14 K, the intensity of low
field component (H=3381 G) of EPR
spectrum is strongly affected by the light

with little or no effect on the higher field (H
= 3423 G) component, Fig. 3.8. It is
important to note that there is no visible shift
in the line positions. The decay of the signal
intensity under laser ON condition with time and its recovery with laser OFF condition is
also shown in Fig.3.9. The first and most important point to be addressed about the
observed photo - magnetic effect is whether or not it is purely a thermal effect
due to

laser heating of the sample. The temperature dependence of the EPR spectrum in the
range 300-14 K is included as an inset in Fig. 3.8. By comparing EPR spectrum shown in

Fig. 3.8 under laser illumination
condition at 14 K with those shown in
the inset, it can be inferred that the
observed effect is not significantly due
to thermal effect. Under the light
illumination conditions no significant
line shift was observed for either of
the lines. In view of these observations
it is concluded that the observed

spectral changes are indeed due to
photoinduced changes in magnetic
characteristics of the sample. The

CVL ON

CVL OFF

TIME (S) IU

Fig 3.9 Decay and recovery of the low field signal with ON and
OFF of CVL illumination respectively

lower field line is likely to be due to short range spin correlations and it is most susceptible
to CVL illumination. The electronic absorption of Cu2+ moiety is not expected to be at
510.5 and 578.20 nm whereas that containing Mn2+ can have an electronic excitation in the
green region [1]. The reduction in the lower field signal on CVL illumination clearly
shows that the light affects the spin-correlations which lead to short range order. The
intensity of second derivative signal in Fig.3.8 was measured [2] using the relation :

Intensity oc
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(where f^, and f m, are maximum and minimum in the intensity of second derivative
presentation). From these measurements the amount of reduction of spin correlated signal
under the present experimental conditions was estimated to be around 40 % . The
corresponding increase in the intensity of the higher field signal was found to be around
35%. With in the possible errors in the calculations of Unewidths this agreement appears to
be reasonable. The effect of light on magnetic order gives the possibility of manipulating
the magnetic properties by an external non-chemical means.

The EPR measurements were conducted in the temperature range 13-300 K on
JNi(Pn)2]3[Fe(CN)6]2-nH2O, where 'pn'= 1,2-propane diamine, which shows a bulk
ferromagnetic ordering below 19 K. EPR signal due to Ni2+ was not observed down to 13
K. However, the one observed around g=~2.00 in the'range 13-300 K is due to high spin
Fe3+ impurity. Important findings are (i) die observation of a signal at zero field below Tc

= 19 K symptomatic of magnetic ordering and appearance of a fine structure just above
To characteristic of a S=3/2 state arising fiom the coupling between Jhigh spin Ni**(S=l)
and low spin Fe3 (S=l/2), in a narrow temperature range. These spins get ordered just
below T«=19 K resulting in the ferromagnetic phase.

Befemwa:

1) C Mathomere, O Kahn, J C Daran, H Hilbig and F H Kohler, faorg.
Chem 32,4057-4062 (1993).

2) Wah^Gordy, Theory and apph<atioxis of EkctronSpmR
Wiley and Sons, U S A , Chap 4, 110, (1980).

John

3.1.5 lBves%atkmofJahn-Tdlerdistortkwiifflbeiixeae radical cation and to stedy
the effect off chemical SBbstftntion of hydrogen by deuterium on Jahn-
Tdkr distortion:

R.MKadam ( at Dept. of Chemical Physics, Linkoping University, Sweden) and
Prof A Lund

The benzene radical cation
undergoes a static Jahn-Teller distortion
at kiw temperature with lifting of orbtfal
degeneracy of 2e± orbital. The ENDOR
investigations of benzene radical cation
in CFC13 matrix at 30 K gave evidence
for the unpaired electron density
predominantly on the 2B2B orbital. In this
distortion the equivalence of six protons
is lost with the major spin densities on
the Hi and H* relative to H2, H3, H, and

From ENDOR measurements (Fig
3.10) the isotropic and dipolar coupling
were accurately measured. The isotropic
couplings for the two sets of protons are
a, = - 9 0 4 G (H, and H,) and a2 = - 1.94
(H2, H3, H5 and H,) The observed

isotropic and dipolar hyperfine coupling constants obtained from ENDOR measurements
were round to be in good agreement with those reported earlier from EPR measurements
and theoretical calculations. EPR and ENDOR investigations (Fig.3.10) were also carried
out on CsHsD* in CFC13 matrix. The EPR and ENDOR results on GtHjD* radical cation in
CFQ3 matrix at low temperature gave evidence for stabilisation of 2B2K state in contrast to

Kg 3.10 ENDOR syeobinn o f C A * ndfcal cation in CFCfe
m*rix*30K- a) ExpamaUl tpettnmtUgSAO
ENDOR spectnsn of C J C ra*al otionwCFCli mtrix
X30K. a) Experimental tpecbnm
b)Smn]Kcd spectrum using IbcbjperiioepannKten as
abtaiBed from ENDOR speobum
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EXP.

the 2B]g state in inert gas matrix.

The Electron Spin Echo Envelope
Modulation technique (ESEEM) is used
for probing the surrounding of a
paramagnetic species via dipolar coupling
with nearby magnetic nuclei. In addition
to this, ESEEM technique is also used
when weak anistropic hyperfine splitting
is present which can give modulations on
the electron spin echo decay (Fig.3.11). hi
case of CeJV radical cation the hyperfine
splittings (isotropic and dipolar hyperfine
coupling constants) are reduced by a
factor of 6.51 compared to that of C^i6

(magnetic moment of proton is 6.51 times
that of deuterium) and these weak
hyperfine interactions due to Jahn-Teller
distortion has been effectively studied by
ESEEM technique. The radical cations of benzene in H-ZSM-5 zeolite in the temperature
range 4 to 180 K gave an averaged EPR spectrum indicating that the cavity size in H-
ZSM-5 was not small enough to slow down the molecular motion and stabilise 2B2g or 2Big

state.

2000

Time (ns)
3000 4000

Fig 3.11 ESKEM spectrum of C4D4* radical cation in
CFClj matrix at 30 K. a) Experimental spectrum
b) Simulated spectrum using the hyperfine
parameters as obtained from F.NDOR spectrum.

3.1.6 ENDOR and EPR studies of radical cations of methyl substituted benzene in
halocarbon and zeolite matrices:

R.M.Kadam ( at Dept. of Chemical Physics, Linkoping University, Sweden) and
Prof. A.Lund

The radical cations of methyl substituted benzene, toluene, p-xylene, o-xylene m-
xylene and their deuterated analogues in CFC13 and CF3CCI3 matrices by X-ray irradiation
at 77 K were investigated by EPR and high resolution ENDOR spectroscopy. The EPR

r

TO 3O

Fig 3 12 ENDOR spectrum of the radical cation of toluene in
CFjCClj matrix at 120 K (a)Experimental (b) Simulated

,.. A i I
-— Mr~vV-

IO 2O 3O 4O 9O MHz

Fig 3.13 ENDOR spectrum of the radical cation of p-xylene
in CF3CCI3 matrix at 120 K (a)Experimental (b) Simulated

and ENDOR spectra in these radical cations are dominated by large axially symmetric
hyperfine splitting due to methyl-group protons. The anisotropic hyperfine coupling
constants (hfcc) of methyl protons and ring protons in radical cations of toluene (Fig.3.12)
and p-xylene (Fig3.13) were measured accurately by ENDOR spectroscopy. In the case
of deuterated p-xylene and o-xylene radical cations in CF3CCI3 matrix, the hyperfine
coupling constants are scaled by their magnetogyric ratio (H/D=6.51). Theoretical
calculations of the isotropic and dipolar hyperfine coupling constants in these radical
cations are found to be in good agreement with experimental results. The experimental and
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theoretical calculations supported the stabilization of the 2B2g state for the radical cations
of toluene and p-xylene compared to the stabilization of the 2B)g ground state for o-xylene
and m-xylene due to lifting of the orbital degeneracy of the 2eig orbital by lowering of the
symmetry after substitution of hydrogen by methyl group. EPR spectrum of radical cations
of these aromatic hydrocarbon in zeolite consists of well resolved lines from methyl group
protons and ring protons. There is an overall reduction in the hyperfine couplings for
methyl group in zeolite matrix compared to halocarbon matrix and this may be due to
transfer of some spin density from aromatic radical cation to the zeolite cavity.

3.1.7 Alanine Dosimetric Studies Under Simulated Conditions of a Reactor
Containment

V. Natarajan, S. Murali1, R Venkataramani.,', Pushparaja1, S. Bora,2 and
M.DSastry,

Radiation Safety Systems Division, 2. Reactor Safety Division

Study of long-term interaction effects of radiation dose on components under varying
temperature and humidity conditions is important from the point of view of proper
selection of materials for various applications, particularly in nuclear reactors. For this
purpose, a test chamber facility called Synergism Chamber has been set up inside a
panoramic batch irradiator cell, called Panbit, at Bhabha Atomic Research Centre, The
internal area of the chamber is divided into horizontal planes and each plane is further sub-
divided to 12 equidistant locations for dosimetric study (Fig. 3.14). The present study
within the synergism chamber was carried out at four different horizontal planes, viz. (Slot
A, Slot B, Slot C, Slot D) at 12.5 cm. vertical distance from each other.The need to know
the dose profile inside the chamber necessitates the development of solid state dosimeters,
smaller in size that can be
conveniently placed at different
locations which are logistically
difficult to the conventional
dosimeters.

Dosimetric studies were
conducted by Alanine-ESR
dosimeter to know the gamma
radiation dose profile inside the
chamber. DL - a - Alanine was
used for the dose measurements.
About 42 mg. of the material in
packets were placed at four well
defined planes inside the
chamber. The useful range for the
powder DL- a-Alanine, E- Merck-
AG - Darmstadt is 25 Gy to 7 X

10* Gy. The concentration of the
radiation induced free radicals in
Alanine, monitored using its electron spin resonance (ESR) signal, measured at g =
2.0038, was used for dosimetry purpose.

The ESR spectral peak height of die central intense line was used to generate the
calibration graph for the alanine dosimeter. This was used to calculate the doses received
by alanine dosimeters at various locations, in different planes in the synergism chamber
under no shield condition and shielded conditions. A typical result is shown in Table 3.1.
Depending upon the location of the dosimeter on the plane the dose rate differed.

-am
SMCtllfB CfeMlNf

1) Semi cylindrical shields
2) Co-60 source in raised position
3) Mounting platform
Fig 3.14 Synergism chamber in Panbit Irradiator facility
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From the computed dose rate it is observed that:

i) the source position of ^ C o for fully raised condition is between slot B - slot C,

ii) the dose rate computed using Fricke dosimeter and free radical Alanine dosimeter
agree within ± 3 % and

iii)the reduction in dose rate due to 3 Lead shields is by a factor of about 11.5 to
12.5, in all the cases.

The effect of humidity on Alanine samples was studied by carrying out irradiation for
410 Gy and 700 Gy, under identical conditions indicated that the ESR signal intensity
remained within + 5 % for humid and ambient conditions.

The reproducibility of the ESR measurements was studied for a set of 10 Alanine
samples irradiated for 840 Gy. It was found that the ESR signal of Alanine, was
reproducible within 1.1%.

In conclusion, DL- alanine dosimeter has the potential to be employed for the in-situ
measurements of irradiation dose of reactor components. Due to high stability of the free
radicals with time, alanine can be used for dose measurements in retrospect. Furthermore,
alanine - ESR dosimetry is simple, non-destructive and has good reproducibility.

TABLE. 3.1 Dose Rates at various locations and planes under no shield and shielded
conditions in Slot A.

No.

1

2

3

4

5

6

7

8

9

10

11

12

No shield

188

240

264

198

245

304

224

249

312

225

273

311

Dose Rate (Gy/h)

One shield

73.4

93.2

103.6

76.4

93.6

120

88.8

103.2

117.6

91.2

100.8

119.6

Two shields

38.5

47.3

53.4

41.9

52.8

65.3

47.1

52.8

64.2

47.8

55.7

64.2

Three shields

19.9.

20.9

27.6

17.9

21.1

29.1

21.6

24.0

29.1

21.5

25.8

30.4

3.1.8 Electron paramagnetic resonance and thermally stimulated luminescence
studies of gamma irradiated calcium hydroxy apatite

R.Veeraraghavan, V.Natarajan, T.K.Seshagjri and M.D.Sastry

The interest in the radiation effects on calcium hydroxy apatites has got a
considerable boost recently because apatites are the main constituents of human bones and
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teeth Electron paramagnetic resonance (EPR) signal from CO2 in human tooth has been
used in evaluating the doses in accidental dosimetry. With a view to study the radiation
induced defects in calcium hydroxy apatite and their thermal stability, EPR and TSL
studies were carried out in samples synthesised in our laboratory by precipitation method.
The precipitates were dried at 383 K, ground thoroughly and then fired at 1373 K for
about 4 hours. EPR spectra of unirradiated samples showed the presence of Mn (10-20
ppm) while those of the gamma irradiated samples showed the presence of a strong signal
from H° centre ( g = 2.007, A = 498 G) and also weaker signals from CO2 (g = 2.0006),
CO3" ( g = 2.0090) and another centre " X " with g = 2.006. The TSL glow curves of the
gamma irradiated hydroxy apatite samples showed two peaks around 400K and 460 K,
the latter one being more intense. The trap parameters for the peaks were evaluated using
different heating rate method. Spectral studies of the TSL glow showed emission peak
around 610 nm characteristic of Mn2+. Temperature dependence studies of the EPR
spectra showed that H° signal gets destroyed on heating to 460 IC The glow peak at 460 K
is thus associated with the electron transfer reaction involving a rF atom.

3.1.9 Photoacoustic Evidence of Perturbation of Energy Levels in U(IV)-Rare
Earth Compounds

A.R.Dhobale and M.D.Sastry

The photoacoustic (PA) spectroscopic investigations of tetravalent uranium
compounds containing rare-earth ions namely KLaU(OX)4, KPrU(OX)4 and KNdU(OX)4,
in the visible range are investigated. Comparison of oxalates of IT+, La , Pr* and Nd
with electronic absorption spectra of l / f and RE3* ions reported in the literature helped in
the identification of those transitions in which the relaxation is predominantly radiative.
The most important finding of this work is the complete absence of Pr + transition at
17000 cm*1, in the presence of uranium. This explained as due to strong perturbation of
Pr3+(4f2) and U 4 1 ^ ) levels having the same energy.

U5-,

0.0

8.0-1

975 460 888 800 878 780
[th (nm)

876 480 686 800 676 760
;th (am)

Fig 3.15 Photoacoustic Spectra of Rare Earth - U compounds
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1) The most interesting observations made on RE-U oxalate system are :

2) Complete suppression of PAS peak at 584.6 nm of Pr3* and presence of
additional peaks at 502 and 615 nm. in Pr-U oxalate.

3) Suppression of Nd3+ peak around 573.2 nm and presence of additional
peaks around 502 and 615 nm, in Nd-U-Oxalate.

4) Enhancement of U4* peak around 650 nm in Pr-U and Nd-U oxalates.

5) The absorption bands of \f+ are significantly narrow.

In Pr-U and Nd-U oxalates no fluorescence was observed. This together with the
presence of additional peaks on either side of the suppressed peak suggests the proximity
of excited states of Pr^-U4* and Nd3+-U4+, essentially results in their strong perturbation
resulting in one level going down and the other going up. (This can be visualized as Pr3+ -
U4* coupled system in the electronic excited state). This results in the absence of
absorption at single ion wavelengths.

The significant narrowness of bands of \J4+ when in association with REs except
KLaU(OX)4 can be attributed due to reduced U-U interactions as compared to UF4[2].
The enhancement of signal intensity at 650 nm reveals the increase in non-radiative
efficiency of lG4 state in these compounds probably due to additional energy levels of RE
ions providing pathways for non-radiative relaxation.

In summary we have obtained PAS evidence for the formation of U*+- Pr3* pairs in
the electronic state 'G4 of these ions.
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3.2 Analytical Spectroscopy

3.2.1 Examination of Cyanex-923 as chemical extractant for separation of trace
metallics from Plutonium matrix.

MJ.Kulkami, A.A.Argekar, A.G. Page and M.D.Sastry

Atomic Emission Spectroscopy using d.c. arc carrier distillation has been in use for a
long time for trace metal assay of PuC>2, UO2 and their mixtures. This procedure suffers
from the disadvantages of poorer precision ( typically 20-30% ) inherent in d.c. arc
excitation and locking up of precious 233U/239Pu matrix in arced globules necessitating
difficult dissolution and recovery procedures. In contrast to d.c-arc AES, ICP-AES offers
much better precision and ease of sample handling if the impurities are chemically
separated from the matrix. Therefore, efforts are being directed for developing suitable
chemical separation procedures which may enable near total removal of plutonium,
leaving behind trace metallics in the aqueous phase. Our earlier work had shown that the
Cyanex-923/xylene/HNO3 system works well for quantitative extraction of thorium. We
have therefore examined the suitability of the same extractant for selective extraction of
plutonium. The impurities in aqueous phase are determined by ICP-AES.
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High purity P11O2 was dissolved in concentrated HNO3:HF mixture. The excess
fluoride was removed by repeated evaporation with concentrated HNO3. Pu was converted
to Pu(IV) by adding a few drops of H2O2 and warming the solution. Detailed studies were
then carried out to optimize extraction parameters and it was seen that use of 30% Cyanex/
Xylene/4M HN03 would enable total removal of plutonium in just 5 extractions with a 5
minute contact time for each extraction.

The recovery of trace metals and monitoring of Pu, if any, left in aqueous phase were
carried out using ICP-AES. A 48 channel Jarrell-Ash Atom Comp 1100 series emission
spectr Twenty-*wo points, plus triple-word-score, plus fifty points for using all my letters.
Game's over. I'm outta here.ometer equipped with ICP excitation source operated at 27.12
MHz with a pc- based spectrochemical controller was used as the main experimental
facility. An analytical wavelength of plutonium viz. 453.6 nm was monitored in the
sequential mode(N+l channel) of the spectrometer for determination of Pu. Results
obtained for synthetic sample (figure) show quantitative recovery for all the trace
metallics except three. The three metallics viz., Mo, Fe and Sn show partial loss probably
because of the variable valency states exhibited by these metals. A residual blank
correction was applied for B, Ca, Cu and Pb.

as.o. m#1

Crf Sro
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Fig 3.16 Recovery of trace metallics from Pu Matrix using Cyanex-923

The values that are marginally more than 100% reflect the precision of
measurements and / or reagent blanks. They are all less than 10%.

3.2.2 On atomization of antimony from ThO2 matrix by atomic absorption
spectrometric technique

Neelam Goyal, Paru J.Purohit, S.K.Thulasidas and A.G.Page

As a part of chemical characterization of thorium oxide - a nuclear fuel material of
interest in Pressurized Heavy Water Reactors (PHWRs) and as a blanket material in Fast
Breeder Reactor, a number of trace metallics and non-metallics need to be monitored from
the point of view of their specified upper limits for rated nuclear performance. Antimony,
amongst in the list of trace metallics, has a specification limit of 2 ppm and it is difficult
to achieve such a low detection limit in the d.c.arc carrier-distillation. AES is normally
used for the determination of a host of other metallics. ETA - AAS is ideally suited for
single element determination at very low levels. The present work deals with the
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determination of Sb in Th and investigation of basic mechanism for atom formation of Sb
in thorium.

A GBC-906 atomic absorption spectrometer, equipped with a GF 3000 graphite
furnace atomizer and programmable sample dispenser, was used for the determination of
Sb. Detailed studies were carried out to optimize matrix concentration and the temperature
program for atomization of Sb using mid-range concentration of Sb in a thorium based
standard. The optimized parameters were then used to obtain a calibration curve required
for the analysis of samples. A graded series of standards was prepared for Sb in the
concentration range 0.002 - 0.1 mg/ml with 2.5 mg/ml Th and used for this purpose. Th
effect was studied on Sb absorbance. It was found that signal for Sb was affected in
proportion to the increase in the amount of Th in the sample. The thorium concentration
was, therefore, optimized to 2.5 mg/ml from the point of view of meeting the specification
limit. Based on the change in the background alone signal, matrix removal was
examined. Results show that with an optimum temperature of 900°C for 10 s, one could
get rid of the signal due to matrix in the pre-atomization stage itself, without resulting in
any significant decrease in Sb absorbance signal. Since the same tube is used repeatedly
and thorium accumulates in the tube, the effect of Th build-up in the tube on the
absorption signal of Sb was investigated. It was found that, there was no significant effect
on the Sb absorbance up to 60 atomization cycles i.e. up to 150 mg of thorium in the tube.
Impregnation of the GF with xylene prior to loading the sample was found to be
advantageous in retaining the pyrolytic coating and prolonging the useful life of the
atomizer.

The precision of determinations for Sb was obtained on the basis of 15 observations
and was found to be better than 5 %RSD. The temperature dependence of absorbance
signal during the ETA mode of atomization offers an excellent opportunity for studying in
detail the chemical processes leading to formation of Sb atoms. The plot of hi
absorbance vs 1/T (T being the surface temperature of the graphite furnace in K) was
linear for Sb in aqueous samples with a single slope giving an activation energy of 56.9+4
kcal/mol. In the presence of thorium, Sb absorbance was found to decrease but the hi
absorbance vs. 1/T plot gave an activation energy of 60+3 kcal/mol. These values are
closer to the value of 60.8 kcal/mol for the heat of vaporization of Sb(i). And the free
energy change for carbothermic reduction of Sb2O3 is negative at 1100-1200 K. The
signal appearance temperature of Sb obtained in the present studies is 1680 K. The boiling
points of antimony oxide and metallic antimony are 1820 K and 1650 K respectively.
Based on these data, it is inferred that the mode of atomization of Sb, therefore, appears to
be through the nitrate decomposition to antimony oxide^ followed by its carbothermic
reduction to antimony(i). This antimony(I) is then vaporized to antimony(g). These vapors
are then responsible for atomic absorption signal observed at 1680 K which is closer to
boiling point of metallic Sb.

3.2.3 CP-AES Method for determination of antimony and tellurium in high purity
arsenic

B.A.Dhawale, B.Rajeswari, T.RBangia and M.D.Sastry

Semiconductor grade arsenic has to be characterized for its trace metallic contents
with special reference to antimony and tellurium which can affect the properties of
semiconductors. A method developed earlier involving direct volatilization of arsenic was
not found suitable for Sb and Te determination owing to their high volatility nature. Thus
the method was modified by going through solution route and then resorting to
volatilization of arsenic by heating the solution of lg sample in a heating mantle at 150°C.
The analytes left behind in residue were dissolved in 10 ml of 0.1 M HNO3 and analyzed
by Jobin - Yvon Panorama Direct Reading Spectrometer using ICP as the excitation
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source. The analytical lines for Sb and Te were located by aspirating 50 mg/ml of these
solutions using polyscan facility available with the instrument. The analytes could be
determined at 0.1 ppm concentration level with a precision better than 2%. The method
developed is being used for analysis of high purity arsenic samples on routine basis for Sb
and Te along with other metallics.

3.2.4 ETV-ICP-AES a hyphenated approach for the trace metal assay of uranium
and thorium

Paru J.Purohit, Neelam Goyal, S.K.Thulasidas and A.G.Page

ETA-AAS and ICP-AES are the two highly sensitive, well established and most
widely used analytical techniques. The low sample through put and low tolerance to
dissolved solids is one of the major constrains in ICP-AES whereas ETA-AAS is limited
only for single element determination. To overcome these problems and to improve
detection sensitivity, ETV-ICP-AES -a hyphenated approach has been adopted by
combining the positive features of both the techniques. Mainly the microvolume sampling
of ETA and improved sample introduction efficiency with effective excitation and
multielement capability of ICP in presence of matrix. The principle of the technique is that
the analyte vapours are generated in an electrothermal vaporizer placed (out side the glove
box) and are transported to ICP (placed inside the glove box) for dissociation and
excitation. The separation of sample vaporization (ETV) using a programmable power
supply for excitation (ICP) leads to improved analytical performance.

Though the design and fabrication of ETV chamber and feasibility studies carried out
by this technique are discussed earlier, the unit had few limitations as it was totally made
of stainless steel provided with three viewing windows. Hence, a few modifications were
carried out in the ETV unit and the studies have been extended to enable the trace level
determination of common metallics viz., Al, Be, Ca, Cd, Co, Cr, Cu, Mg, Mn, Na, Ni,
Zn and four rare earths viz.,Dy, Eu, Gd and Sm presence of uranium and thorium.

All the experimental parameters for ETV and ICP were optimized to maximize the
analytical signal using a mid range concentration standard in presence of 20mg/ml of
uranium and thorium. A mid range concentration standard was used to study all the
experimental parameters. The most important parameter to initialize and sustain the
plasma, as the vaporization chamber is frequently opened in the plasma 'ON' condition,
was optimized by careful selection of the argon gas flow rates. The effect of carrier and
auxiliary gas studied by varying their gas flow rates indicated that flow rate higher than
0.7 1/min reduces the analyte residence time in the plasma whereas lower than that is
inefficient to carry the vapours. In both the case the analyte intensity was reduced. The
auxiliary Ar was used especially to minimize the diffusion losses. Argon flow of 20
1/min was used as coolant. The optimum vapour density was obtained by drying the
sample in the furnace upto 400°C for 100s then subsequently it was pyrolysed at 1100°C
for 10s and finally vaporized at as high as 2550°C and 2700°C for common metals and
rare earths respectively. The signal was then integrated for 70 seconds to get the
maximum intensity. The sample aliquot of 10 jxl was found to be optimum for higher
signal with better reproducibility.

Using the optimized parameters the analytical range for all the elements were
obtained. The linear analytical range and the lowest amount determined for common
metals and rare earths both in uranium and thorium are shown in Table 3.2. The lower
limits obtained in the present studies are comparable with those obtained by ETA-AAS
technique. The Eu, Gd, Dy and Sm in the present technique could be determined albeit at
higher levels but in the presence of uranium and thorium. However, rare earths being
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refractory and having rich line spectra, are otherwise difficult to be determined by any
other analytical spectroscopic technique.

Table 3.2. Analytical data for common metals and rare earths in uranium and thorium matrices
Element/

Wavelength

(nm)

Al

Be

Cs.

Cd

Co

Cr

Cu

Mg

Mn

Na

Ni

Zn

Dy

Eu

Gd

Soi

308.2

234.8

422.6

228.8

242.4

425.4

324.7

280.2

257.6

588.9

233.6

213.8

353.1

420.5

379.6

422.0

Uranium

Linear analytical

Range (u.g/mi)

0.05-10

0.005-10

0.005-10

0.02-5

0.01-10

0.05-5

0.02-10

0.02-5

0.2-20

0.01-5

0.005-5

0.005-10

0.25-50

0.25-50

0.25-50

0.5-50

Lowest amount

determined (ng)

0.5

0.05

0.05

0.2

0.1

0.5

0.2

0.2

2.0

0 1

0.05

0.05

2.5

2.5

2.5

5.0

Thorium

linear analytical lowest amount

raage(Ug/ml) detettnined(ng)

0.2-10

0.2-10

0.2-10

0.01-5

0.01-10

0.01-5

0.01-10

0.01-10

0.05-10

0.01-5

0.01-10

0.01-10

0.04-10

0.04-10

0.04-10

0.2-10

2.0

2.0

2.0

0.1

0.1

0.1

0.1

0.1

0 5

0.1

0.1

0.1

0.4

0.4

0.4

2.0

The performance of the technique was checked by analysing the two synthetic samples
which are in good agreement with the added amounts. These data showed that the
technique can successfully be used for the determination of these analytes in uranium
and thorium. Results can be improvement by placing the vaporization chamber in side
glove box and by reducing the interface tube to carry the vapours to plasma.

3.2.5 Atomization mechanism of analytes from aqueous, uranium and thorium
matrices.

Paru J. Purohit, Neelam Goyal and A.G. Page

During the development of ETA-AAS method the direct detection of
Al,Cu,Cr,Cs,Mn,Ni and Sr in U and Th matrices it was observed that the analyte
absorbance is matrix dependent. In the presence of U it was observed that with
consecutive loading of the same concentration the absorbance signal continuously
decreases upto -30 atomization cycles there after stabilizes. Investigations have therefore
been carried out to understand the relation between the density of atoms formed and their
precursor when heating the sample inside the graphite furnace and also the factors that
influence this process. With a view to studying this, the analyte absorbance and signal
appearance temperatures (Tapp) were measured, the Arrhenius plots [log Abs. vs l/T
(absolute)] were obtained and the activation energies (Ea) were calculated. Results
obtained from these studies are described in Table 3.3.
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As can be seen from the table that the activation energies for the anaiytes in aqueous,
uranium and thorium matrices are nearly the same with only difference in shift (100-200
K) in appearance temperature in higher temperature region. Thus the mechanism of atom
formation is same in U and Th matrices. The modes of atomization for different elements
were identified from the Ea - values obtained from experiments, Tapp - values. These are
included in the Table 3.3.

The atomization efficiency for the analyte under investigation is significantly lowered
in presence of about 100 ug of uranium and thorium resulting in reduced analyte signal. It
is attributed to the surface activity of the graphite furnace and the partial pressure of the
oxygen liberated during the atomization process. The source of oxygen, the matrix
amounts, used I the present studies are higher by at least three to four orders of magnitude
compared to the analyte used ( 0.01 ug). Oxygen liberated reacts with the carbon and
destroys the surface layer. This affects the evaporation kinetics[l] and finally the
vaporization rates of the anaiytes. This may lead to the temperature lag between the gas
phase species and the graphite surface finally results in shift in the appearance
temperature of the absorbance pulse to higher temperature as seen from the table.

The reduction in the absorbance signal with consecutive loading can be explained on
the basis of the partial formation of uniform UC\UC2 layer on the graphite surface.
Initially the oxygen released is used up in the formation of CO\CO2 as a result the analyte
is freed from the matrix leading to a higher atom density. As most of the surface carbon is
used up the formation of CO\CO2 is reduced which affects the release of the analyte from
the matrix.

Significantly large number of atomization cycles required to stabilize the analyte
signal can be explained by the following reaction:

UO2(NO3)2.6H2O >UO3 —>U3O. >VO2 >UC2

t I

HNO3+ UO2(NO3)2 I

4,

As seen from the reaction the partial dissolution of UC2 in each successive
atomization cycle partially destroys the carbide layer, this requires a large number of the
atomizations to form a stable uniform layer of the carbide . Beyond certain
atomization(30-40) the localized tube conditions are stabilized foe a given concentration.
Thus the matrix build up effect primarily is due to the U-graphite interactions. However,
large number of atomizations required to stabilize Al or Sr signal in presence of Th is not
well understood as atom formation mechanism for these elements is complicated.
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Tabfe-33 Appearance temperature and activation energies obtained
Aqu. U Th

Ele-
ment

Ni

Cr

Cu

Al

Sr

Mn

Cs

Tapp

(K)

1800

1960

1200

2200

2200

1480

1700

Ea

(Kcal/mole)

at temperature

lower Higher

99

99

76

217

92

46

54

46

108

38

100

54

Tapp

(K)

2000

2060

1400

2300

2100

1800

1900

Ea

(Kcal/mole)

at temperature

lower Higher

101

91

78

227

148

53

55

44

114

49

93

62

Tapp

(K)

1900

2030

1400

2300

2100

2000

1840

Ea

(Kcal/mole)

at temperature

lower Higher

97

98

79

228

106

45*

57*

40*

107#

46@

144 t
60

*CarbothermaI reduction followed by MO)

#A1O

@SrO

SrO + C

SrO)

tMnO

Reference:

M2 -

Al + Vz O2

Sr + Vz O2

Sr(l) + C

Sr

Mn + Vz O2

1) L.J. Margrave, The Characterization of High Temperature Vapours, John
Wiley and Sons, New York, pp 498, 1967.

3.2.6 Studies related to carrier distillation approach in the spectroscopic analysis of
ThOj

N.K.Porwal, M.K.Bhide, A.A.Argekar, PJ.Purohit and A.G.Page

A systematic study on behaviour of carriers in the d.c.arc carrier distillation approach
for trace metallic assay of ThO2 has been carried out leading to optimization of 6%
mixture of AgCl and SrF2 in 3:1 proportion as the suitable carrier combination for
selective volatilization of the analytes and leaving behind refractory ThO2 matrix.

In the present study the following carrier combinations were made by grinding
homogeneously the mixture of individual compounds in the desired proportion for use at
specific percentage.

1) AgCl+SrF2 in 3:1 proportion having total percentage at 6%.

2) AgCl+SrF2+NaF in 8:1:1 proportion having total percentage at 6%.

3) AgCl+SrF2 in 5:1 proportion having total percentage at 12%.

4) AgCl+SrF2+NaF in 8:1:1 proportion having totaJ percentage at 10%.
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5) Y203+ AgCI in 1:6 proportion having total percentage at 7%.

6) Y2O3+SrF2 in 3:1 proportion having total percentage at 8%

7) Ga2O3+BaF2 in 3:1 proportion having total percentage at 8%

A set of three standards , viz., blank and two standards with graded proportion of
trace metal amounts were prepared using each of the above seven carrier combinations at
die specified percentage concentrations for studying the analyte signal variation under
identical arc-buming parameters like arc-gap, viewing position of the arc, prebum, signal
integration period etc.

Some of the semivolatile analytes could also be brought into the arc stream on their
conversion into volatile halide form. Such a chemical reaction is possible at high
temperatures in the electrode crater with halide carriers. Of above mentioned seven carrier
combinations , the choice of AgCI + SrF2 in 3:1 proportion of the carrier mixture (6%)
has led to significant improvement in detection sensitivity for a number of trace metals
apart from meeting the specification limits stipulated for the material . Regular thorium
based samples obtained from various sources are being analysed in the division based on
the above technique.
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