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INTRODUCTION

In accordance with the objectives it has set upon itself,

the Fuel Chemistry Division is pursuing its research activities

encompassing many aspects of the nuclear fuel cycle. The major

thrust areas include development of new methodologies for nuclear

fuel fabrication, investigations on the behaviour of materials at

high temperatures, chemical quality control of nuclear fuel

materials, process chemistry and the studies related to the

chemistry of actinides and fission products.

In the field of fuel development, the process parameters

developed earlier were used for the preparation of requisite

(UO3+C) gel microspheres for obtaining good quality pellets

through Sol-Gel Microsphere Pelletisation (SGMP) route. The

continuation of research activities in 1989 led to the

preparation of uranium nitride.

In the area of high temperature chemistry, useful kinetic

and thermodynamic parameters were obtained employing different

experimental techniques for understanding the fuel and fuel-clad

behaviour. A number of new phases were identified using X-ray

powder diffraction and thermogravimetric techniques.

The scope of existing electrochemical techniques such as

potentiometry, amperometry and coulometry being employed in

chemical quality has been widened, keeping the diverse

requirements in view. A new chemical assay standard material has

been prepared and evaluated for its use in the determination of

uranium. The application of Spark source mass spectrometry has

been extended to the characterisation of plutonium bearing fuel

materials. Thermal ionisation mass spectrometry and alpha



spectrometry, in addition to their destined roles, have been used

to carry nuclear data measurements such as fission yields in

thermal neutron induced fission and half lives of transuranium

elements.

The extraction behaviour of actinides was investigated

employing Diethyl hexyl phosphoric acid and other extractants.

Work was also pursued on the synergic extraction of actinides.

The sol-gel process being used in nuclear technology has

been exploited in the preperation of non-nuclear ceramics.

Fuel chemistry Division continued t> fulfill its obligation

of supporting the research activities of sister Divisions of

BARC, other units of DAE as well as institutions and universities

by way of providing analytical services. Though small in their

contribution to the overall activities of the Division, these

services are indispensable in quality control and at times would

enable to reassess the experimental parameters in research

activities.

Developing statistical models and numerical evaluation

methods in the nuclear data management has been another important

activity of the Division.

A number of papers published in journals and presented at

various symposia and conferences during the year 1989 are given

at the end of the report.

The editor takes this opportunity to thank Dr.D.D. Sood,

Director, Radiochemistry and Isotope Group for his valuable

suggestions in the preparation and organisation of this report.
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1. FUEL DEVELOPMENT CHEMISTRY

1.1 SOL-GEL PROCESS DEVELOPMENT

1.1.1 Preparation of (U03 + P11O2 + C) gel particles

J.K. Joahi, V.R. Ganatra, Y.R. Bamankar, S.K. Mukerjee,

T.V. Vittal Rao, V.N. Vaidya and D.D. Sood

Internal gelation process is one of the important sol-gel

routes used for preparation of ceramic nuclear fuel in the fora
( 1—21of microspheres . The present work deals with the preparation

of (UO3+PUO2+C) gel particles using Internal gelation process.

The main problem in the preparation of such gel particles is the

proper choice of feed composition because of the increase in the

acid content of the feed solution due to the presence of

Plutonium. Addition of carbon to the feed solution also Makes the

gelation of droplets slightly slower. These problems have been
(3)overcome by modifying the equipment reported earlier and by

proper choice of feed composition using the gelation field
(4)diagram . Using this equipment it has been possible to prepare

carbon containing MOX gel particles.

The gelation assembly in the glove box was modified to suit

the horizontal mode of dispersion of feed solution using a

vibratory nozzle. The new gelation column was 85 cm tall in which

total contact time of 25 seconds could be obtained for feed

droplets of 2.0 mm dia. This assembly was tested for the

preparation of (UO3+CeO2+C) gel particles, outside as well as

inside the glove box. For plutonium containing particles, the

feed solution was prepared using (i) 3M acid deficient uranyl

nitrate solution ( ADUN, NO3/U mole ratio = 1.6 ), (ii) 3 M

hexamethylene tetramine (HMTA) and urea solution with dispersed



carbon (30 g/1), <iii) Pu(IV) nitrate solution in dilute acid.

The required Pu(IV) nitrate was obtained by evaporating to

dryness Pu solution in HNO3 below 15O*C and redissolving in 0.35M

HNO3. The droplets of the feed solution were gelled using

silicone oil (90-95*0 as gelation medium. The gel particles were

washed with CCI4 and followed by 2M ammonia solution. The washed

particles were then dried in an oven upto 300'C.

Good quality ( U03+PuC>2+C ) gel particles containing

4% plutonium and 30 g/l carbon were obtained by using a feed

composition having 1.1 M (U + Pu) and a mole ratio of (HMTA,

urea)/(U+Pu) as 1.5. About 3 kilograms of this type of gel

particles were supplied to the Hadiometallurgy Division for the

evaluation of sol-gel microsphere pel letisation (SGMP) process.

The preliminary results are very encouraging. These gel

particles, with proper choice of C/Metal ratio can also be used

for the preparation of mixed carbide and mixed nitride

microspheres.

REFERENCES
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1.1.2 Gelation studies in trich)oroethylene aediua

S. Suryanarayana, N. Kumar, Y.R.Bamankar, V.N. Vaidya and

D.D. Sood

Process equipment modification and installation for carrying

out gelation in Trichloro ethylene (TCE) medium has been carried

out keeping in view of large scale production of UO3 gel

particles required for gel pelletisation.

Gelation column

Based on the trial runs in small column a bigger column of

10 cm dia. and 1.1 meter height, with a side limb dia. of 1.5 cm

and with discharge end just below the main limb overflow level

has been installed for TCE gelation. The gelation column has a

capacity to handle feed broth discharge rates of 140-150 ml/rain.

At steady operation of the column main limb flow is found to

be 0.5 liter/min and side limb flow is 11 liter/min. The

temperature of TCE was maintained below 60°C to prevent

boiling.

Collection~cum~curing vessel

It was observed that the gel particles coming out of the

column were slightly soft, probably due to the lower temperature

of gelation used with TCE. These particles could not be

collected on the traveling filter belt as they tended to stick to

the belt . It was felt that some curing period is desirable for

making the gel particles hard enough for subsequent handling.

The belt drive unit was"therefore replaced by a collection vessel

with a conical bottom. This vessel has a capacity to accumulate

around 750 ml of UO3 particles and has a 25mm drain, fitted with

wire mesh, to return TCE back to the main tank. It is observed

that during accumulation time in the collection vessel, gelled



particles of higher uranium concentration < > 1.25M )

undergo adequate curing for the completion of their gelation.

Cont inuous ammoni a washing vessel

When collection vessel was nearly half full, gelled

partciles, alongwith some amount of TCE, were transferred to

another vessel with conical bottom for ammonia washing. This

vessel has a capacity of 14 liters which corresponds to about

7 liters of particles at a time which are accumulated before

starting ammonia wash. The vessel is complete with inlet

connections for fresh ammonia and outlet fitted with wireaesh

frit for draining of wash liquids and TCE. Wash liquid flow

equivalent to one tenth of volume of the particles per minute was

found to be necessary for the completion of washing in 1 hr in

this vessel. A pneumatically actuated 1" diameter ball valve was

provided for quick discharge of washed particles.

1.1.3 Studies on conversion of UO3 gel particles to UO2 particles

suitable for pel letisat ion

S. Suryanarayana, N. Kumar, Y.R. Bamankar, V.N. Vaidya and

D.D. Sood

The conversion of UO3 gel particles to soft UO2

raicrospheres suitable for pel letisation has been optimised. The

process consists of a heating step upto 500°C in Argon, a

decomposition step involving soaking in O2 for 1 hour at

temperature varying from 6OO'C-8OO*C, a reduction step in Ar/H2

for 1 hour at temperature varying from 600*C-800*C, and finally a

stabilization step in CO2 for 1 hour at 600*C.

Preliminary results show that the product obtained is softer

and the pellets resulting from the UO2 product obtained in the



new route have a better appearance without berry structure.

Studies have been carried out to find out the effect of varying

the heat treatment parameters like deconposition temperature,

reduction temperature, stabilization temperature and atmosphere

and the effect of varying uranium concentration in the feed

solution on the properties like tap density, 0/M, surface area,

and hardness of UO2 particles. The trend in the properties with

respect to variation ot parameters are as follows. Higher

decomposition temperature increases the tap density without

increasing the hardness. Higher reduction temperature increases

the tap density as well as hardness. Given the same heat

treatment conditions, product obtained from feed solutions with

higher uranium concentration is softer. Further work is in

progress to scale up the process.

1.1.4 Kinetics of the washing of UO3 gel particles

R.V. Kamat, S.K. Muksrjee, J.V. Dehadraye, V.N. Vaidya

and D.D. Sood

During washing of UO3 gel particles with ammonia solution,

NH4NO3 and left over HMTA and urea are removed. Kinetics of the

washing process is being studied under controlled conditions, by

monitoring the conductivity of the wash liquid as a function ot

time. Four trial batches of UO3 gel ( feed vol = 300 •! each

[U]= 1.1M, R=1.5) were made using 1 mm Z.D. vibratory nozzle and

washed in a 5 cm I.D. glass column with NH4OH feed rate of 300

ml/min. A calibration graph was plotted to correlate the

conductivity values with the NH4NO3 molarity, using a standard

solution. Further work is in progress.
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1.1.5 Prepration of (UO3+C) gel spheres containing 0.1 wtX of

TiO2

R.V. Kamat, S.K. Mukerjee, J.V. Dehadraya, V.N. Vaidya and

D.D. Sood

To meet the requirement of Radiometailurgy Division, one

batch of UO3+C paticles with T1O2 doping <feed vol = 1 litre, (UJ

= 1.1M, R = 1.5, C = 30 gm/litre and Ti02 = 3 mg) was Bade by

internal gelation process. After drying 1

350g of gel were supplied for SGMP studies.

internal gelation process. After drying at 100 C temperature

1.1.6 Thoria-yttria pellets by sol-gel route:

R.V. Kamat, K.T. Pillai, V.N. Vaidya and D.O. Sood

Thoria-yttria, pellets containing 7%, 10% and 15% yttria

were prepared by mixing sols of thoria and yttria drying at 90*C,

grinding and pelletising. The pellets were heated to 1100*C in

air and then sintered at 1700'C in nitrogen. The bulk densities

were determined.

1.1.7 Synthesis of uraniun mononitride aicrospheros by sol-gel

S.K. Mukerjee, J.V. Dehadraya, Y.H.Ba«ankai-, V.N,

Vaidya and D.D. Sood

The UN microspheres were prepared by carbotheraic reduction

of (UO3+C) gel particles, prepared by internal gelation process,

in the temperature range of 1250 to 1700*C in flowing purified

nitrogen gas. The carbon content in the UO3 gel particles was

varied between 2.3 to 2.7 moles per mole of uranium. UO3+C

particles were first heated in an inert atnosphere at 500-600*C

to obtain U02+C particle which were then taken for carbotheraic



reduction. Nitride preparation was done on 50 g per batch scale

in a tantalum carbide crucible. Heating was carried out in high

temperature, high vacuum tungsten heater furnace. Carbothermic

reduction of UO2 was initiated around 1200*C. At various

temperatures nitrogen gas flow rate was varied from 1 litre/»in

to 4 litre/min and soak time between 6 to 15 hours. Sintering was

done for 2 hours at 1700*C in argon pressure of 100 nbar. The

product was analysed chemically for carbon, nitrogen, oxygen and

uranium. X-ray diffraction analysis was done to identify the

phases present. Good product was obtained when the reaction

temperature was steadily increased from 1300 to 1700*C in 8 hours

and the nitrogen flow rate was maintained at 3 litres/min.

Product was silvery shining and crack free. It contained around

5.36% of nitrogen 0.2% of carbon and 0.15% of oxygen. Further

work is in progress to lower carbon and oxygen content.

1.2 HIGH TEMPERATURE CHEMISTRY

Useful kinetic and therroodynamic data have been obtained

employing different experimental techniques for understanding the

fuel, clad and fission product interactions.

1.2.1 KINETIC STUr~ES

1.2.1.1 Kinetics of carbothersic synthesis of UN aicrospheres

S.K. Mukerjee, J.V. Dehadraya, V.N. Vaidya and

D.D. Sood

The preparation of UN by carbothermic reaction of UO2+C in

nitrogen atmosphere has been discussed in the previous section.

In the present work UO3+C gel particles were allowed to react in
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vacuum upto 1150*C followed by carbothermic conversion to uranium

mononitride under flowing nitrogen gas. To study the kinetics of

this reaction under the isothermal conditions in the temperature

range from 1300-1500*C, the evolved gas was monitored as a

function of time.

The gel particles with r/U ratio of 2.5 were used for the

studies. About 50-60 g of dry UO3+C gel particles were loaded in

a tantalum carbide crucible and were first heated in vacuum upto

1150*C to convert UO3 into UO2 by reduction with carbon.

Carbide/nitride formation does not take place below 1200*C. The

isothermal kinetic studies were carried out by starting N2 flow

and raising the temperature upto the predetermined value in 20

minutes. Nitrogen flow rate of 60 ml/min/g gel particles was used

in all experiments. The evoived CO gas was converted to CO2 by

passing the effluent gas over heated oxidized form of the copper

catalyst < BTS catalyst ). Carbon dioxide was then trapped in

NaOH solution and was estimated by weighing of trap at regular

intervals. The weight of CO2 absorbed was corrected for the water

loss due to saturation of dry gas. Nine experiments were carried

out at various temperatures in the range of 1300 to 1550*C. The

product obtained was analysed for its nitrogen, oxygen and carbon

content and XRD analysis >as carried out for the phase

ident i f icat ion.

The carbothermic conversion of the uranium dioxide in

presence of nitrogen is given .py following reaction :

UO2+ 2C+ 1/2 N 2 > UN + 2 CO (1)

The reaction ratio a is defined as
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a = (wo-wt)/(wo-wf) <2)

where wo, wt and wf are the initial weight, weight at time 'f

and the final weight of the sample. Values of wo, wt and Wf as

well as a were calculated from the quantity of CO2 evolved as a

function of time. Table 1 gives results of chemical and XRD

analysis carried out after each experiment. Two or three

experiments were carried out at the same temperature to obtain

replicate data. The relation between a and time fits the first

order rate equation :

-In < 1-a ) = k t (3)

where k is the first order rate constant. The plot of -ln(l-a) vs

time is a straight line at each temperature except for values of

a > 0.95. The rate constants were determined from the slopes of

these plots. The temperature dependence of the rate constant was

used to determine the Arrhenius activation energy value of 315

kJ/mole.

A first order rate equation indicates a diffusion

controlled reaction mechanism . In analogy to the carbide

microsphere preparation there are three possible diffusion steps
(2)in the above reaction . These are : (i) the diffusion of

nitrogen through the UN layer into the microspheres, (ii)

similar diffusion of carbon and (iii) diffusion of CO through the
(11

UN layer out of the microsphere. Lindemer examined the

reacion between UO2 pellet and carbon pellet in nitrogen at

1700*C and reported that carbonitride formation is controlled by

solid state diffusion across product layer. Muroraura and
(4 )

Tagawa reported first order diffusion controlled kinetics for

this reaction in an ammonia stream, or 75X H2 + 25% N2 stream,
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with an activation energy of 320 - 380 kJ/aole. Greenhalgh

also reported first order diffusion controlled kinetics with the

activation energy of 354 kJ/moie and the reaction rate dependence

on the nitrogen gas flow; an observation confirmed during our

investigations. Dependence of reaction rate on flow rate of N2

indicate that the diffusion of CO through the product layer could

be the slowest and hence the rate controlling the step. The low

value of activation energy (315 kJ/raole) in the present work is

probably because of the homogeneity of carbon dispersion in the

gel particles, small size of primary UO2 grain (3-4 *j) and highly

porous structure of the gel particle.

Table 1 Cheaical and X-ray analysis of the products

Temp.

•c
1300

1350

1400

1450

1500

1550

Time
inin.

1200

1000

800

650

450

300

Uranium
%

87.

88.

98.

92.

93.

93.

94.

94.

94.

17

52

63

13

65

96

05

11

21

Ni

2

3

2

4

5

5

5

5

5

trogen
%

.56

. 12

.95

.60

.23

.36

.31

.42

.38

Oxygen

5

4

4

1
0

0

0

0

0

%

.86

.76

.82

.85

.62

.38

.36

.24

.22

Carbon
%

4.39

3.57

3.51

1.39

0.47

0.28

0.31

0.19

0.21

Phases
present

UN,

UN,

UN,

UN,
UN,

UN,

UN,

UN,

UN,

uo2

uo2
uo2

U02

UO2

U0 2

U0 2

UO2

UO2
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1.2.1.2 Oxidation and hydrolysis kinetic studies on UN

G.A. Rama Rao, S.K. Mukerjee, V.N. Vaidya, V.Venugopal

D.D. Sood

The reaction of oxygen and water vapour with UN microspheres

containing 0.78 mole% (UN-1) and 9.4 mole X (UN-2) U0 2 as

impurity was studied under different partial pressures of oxygen

or water vapour in argon, and in air. Uranium mononitride was

ultimately converted to l^Og with the formation of UO2 and U2N3

as intermediate.?. The end product of pyrohydro lysis was UO2 • The

kinetic parameters were evaluated and the mechanism of the

reaction was suggested. Different kinetic models were used to

explain the oxidation behaviour of UN.

Continuous weight change of the sample, as it is heated at a

controlled rate, was used for deriving kinetic parameters. The

data were evaluated by the method suggested by Zsako using a
(2)

computer programme developed by Ravindran . The sample was

heated at a controlled rate of 3.0 K/min with an infrared gold

image heating furnace. The sample temperature was monitored

independently by a calibrated Pt-Pt+10% Rh thermocouple touching

the sample holder. Oxidation was carried out using argon

containing 8 volX <pO2 = 8xlO~ atm) and 20 volX (pOs = 0.20

atm) oxygen, and air <p02 = 0.21 atm). The concentration of O2 in

argon was controlled by Brooks mass flow meter. The hydrolysis

reactions were carried out by passing argon saturated w.th water

vapour at 298 K to provide 0.03 atm. pressure of water vapour.

The reaction products were analysed by XRD.

The path of oxidation is supported by the following facts:

a) The end product for UN-1 oxidation was U3O8 whereas tor UN-2
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it was UO2. In UN-1 oxygen has to diffuse through the product

layer UO2 before reacting with UN leading to oxidation of UO2

to U3O3. In sample UN-2, oxygen diffuses through a layer of

UN/U2N3 and the product UO2 was shielded by nitride layer

preventing its further oxidation to U3O3.

b) In oxidation of UN-1, concentration of U2N3 decreases with a

(fraction reacted) whereas, in the UN-2, the concentration of

U2N3 increases with a upto a = 0.6. Uranium sesquinitride is

formed as a sandwitch product between UN and UO2 interface,

its concentration being proportional to the area of interface

assuming that it attains a constant thickness. The reactant-

product interface area, during the oxidation of UN-i,

decreases with a corresponding decrease in the

concentration of U2N3. However, in the case of UN-2, the

reactant/product interface continuously increases upto a =

0.6 and then starts decreasing as the interface area between

UN-UO2 decreases due to overlapping of the growing nuclei,

c) Nitrogen retention is less in UN-2 because the strain

developed by the voluminuous product formed inside reactant

matrix opens up the matrix leading to the escape of nitrogen

and resulting in the loss of sample geometry. However, in

case of UN-1 the sample geometry is retained because the

oxidation initiates at the surface and proceeds to the core.

The kinetic parameters for the oxidation of UN microspheres

are given in Tables 2 and 3.
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Table 2: Oxidation of Samples of UN in Oxygen under

non-isothermal heating conditions

a range g(a) Ea
kJ/mole

atm
sec

-1

UN-1 with 0.78 mole % UQg

0.08 0.50-0.90 -ln(l-a)

0.21<alr) 0.05-0.90 -ln(l-a)

UN-2 with 9.4 mole % U0 2

0.08 0.05-0.20 l-(l-a):

0.20-0.90 -ln(l-a)

0.21<air) 0.05-0.20 l-(l-a)*

0.20-0.90 -ln(l-a)

190.4
133.4

125.9

123.0

142.6

81.6

2
3

1

9

1

1

.1x10

.7x10

.7x10

.6x10

.2x10

.8x10

13

8

Table 3: Oxidation ot Samples of UN in Moisture under

non-isothermal heating conditions

p
H20
atm

UN-l

0.03

UN-2

0.03

with

with

a
range

0.78 mole

0.01-0.

0

0

0

.15-0.

•>ole

.01-0.

.15-0.

'. % UQ2

15

90

%. UQ2
15

90

g(a)

a3/2

-ln(l-a)l/2

a3/2

-ln(l-a)

Ea
kJ/mole

25.5

59.0

103.8

135.9

sec

3.99xl0~3

l.3xlO2

2.4xlO4

1.1X1010

REFERENCES

1. J. Zsako, J. Phys. Chem., 72, 2406 (1968)

2. P.V. Ravindran, Thermochimica Acta, 39, 135 (1980)
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1.2.2. THERMODYNAMICS STUDIES

1.2.2.1 Oxygen pressure measurements over

(A=Rb and Cs) systen at high temperatures

V.S. Iyer, V. Venugopal and D.D. Sood

Equilibrium oxygen potential over the

(A=Rb and Cs) have been measured in the temperature range 1019 to

1238 K for Rb system and 1033 to 1204 K for Cs system using a

solid oxide electrolyte galvanic cell. The cell is represented

by :

|o.l5 CaO+0.85 ZrO2 1 air(po2 =0.2093atm.)|pt

Purified argon was used as the cover gas. The compounds A2U4O22

have been prepared under high purity argon at 1173 K .

Differential thermal analysis did not indicate any phase

transition in the temperature range of the present study. X-ray

diffraction studies on samples before and after the oxygen

pressure measurement did not yield any new intensities indicating

that there were no side reactions. The e.m.f.s.' determined at

different temperatures for rubidium and cesium system can be

represented by the following respective equations :

(El/mV±1.7) = 529.0-0.3152(T/K) (1019 to 1283 K) (1)

(E2/mV±2.7) = 905.0-0.7387(T/K) (1033 to 1204 K) (2)

The Gibbs free energy of reactions

A2U4O12(s)+l/2 02(g) = A2U4O13(s) (3)

are given by :
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± 0.33 = -102.1 + 0.0543 (T/K) (Rb) (4)

± 0.52 = -174.6 + 0.1360 (T/K) (Cs) (5)

The Gibbs molar free energy of formation of Rbgl^Oj^ s)was

calculated using equation (4). Free energy of formation values

of ^2^40^3 required for this was calculated from the reported
(2)enthalpy of formation and entropy data^

AfGS(Rb2U40i3>s,T)/kJ.mol"
i = -5584 + 1.124 (T/K) ...(6)

The Gibbs molar free energy of formation of CS2U4O13 was

calculated using equation (5) and ^f Gm^s2^4^12 ̂  reported by
(3)One and can be given by •

A f G ^ C s ^ O ! 3 )/kJ.mol"
1 = -5901 + 1.3914(T/K) (7)

REFERENCES

1. K.L. Chawla, N.L. Misra and N.C. Jayadevan, J. Nucl. Mater.,

154,181 (1988)

2. T.B. Lindemer, T.M. Besmann and C.E. Johnson, J.

Nucl.Mater., 100,178 (1981).

3. K. Une, J. Nucl. Sci. Technol., 22, S. Note, No.7 (1985).
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1.2.2.2 Thermal properties of Na2Mo(>4(s) and Na2Mo207(s) by high

temperature Calvet caIorimetry in the temperature range

335 to 760 K

V.S.Iyer, Renu Agarwal, K.N. Roy, V. Venugopal and

D.D.Sood

Enthalpy increment (H°T-H°298> measurements were carried out

on Na2MoC>4 and Na2Mo207(s) in the temperature range 325 to 760 K

using a High temperature Calvet calorimeter (SETARAM HT-1000).

Using the enthalpy increment values the thermal properties like

heat capacity (Cp), entropy (S°(T)), Gibbs free energy

functions -(GOj-H°298^/T<K^ were evaluated.

The principle and the method of operation of the

calorimeter is given elsewhere . The calorimeter is based on

heat flow principle and the heat flow (flux) between the

calorimetric block and the sample or reference compartment is

monitored. One sample at a time is dropped in to the

calorimeter. Mono and dimolybdate samples are dropped into

separate compartments. At each temperature two to three samples

of mono and dimolybdates were dropped into the calorimeter. From

the area under the voltage vs time curve and the calibration

factors obtained electrically as well as by using NBS SRM-720
(2)alumina the enthalpy increment values were obtained. The

accuracy of the data obtained were also checked by dropping NBS

SRM alumina at each experimental temperature. The mono raolybdate

shows a solid state transition near 720 K which is in agreement

with the reported values in the literature as well as the OTA

study carried out presently (715 K). Another break observed at

520 K seems to be a first order solid state transition with a

small enthalpy change which could not be detected by DTA. The

enthalpy increment data were fitted against temperature with the
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constraint Hx-H-ijgs s O at 298.15 K. The equations are :

- l > = ~ 38795 + 113.7(T/K)

+ 0.05467(T/K)2 (325 to 520 K) .... (1)

(HT° -H298^/J-"»ol~
l(± 111.36) = - 38598 + 142.8(T/K)

+ 0.004585<T/K)2.(520 to 720 K) (2)

(HT° - H298)/J«nol~
l(±538.2) = -105742

+ 27O.7(T/K).(72O to 760 K) (3)

<HT
O-H298O)/Jmol~l(±317.9) = - 62413 + 190.6 (T/K)

+ 0.05894(T/K)2.(325 to 720 K) ...(4)

The thermal properties derived from the enthalpy increment

data for Na2Mo(>4(s) and Na2Mo20y(s) are given in Tables 4 and 5.
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Table 4; Thermal properties of

T(K)

298

350

400

450

500

550

600

650

700

740

765

(H°-Hi98)
J.mol

0

6879

14497

22389

30554

Trans

41342

48747

56175

63625
T*f» a n a

, 11 mm

94559

101336

C° (T)

J.K^mol"1

146.2

149.6

155.1

160.6

166.0

it ion

147.9

148.3

148.8

149.2

1 %, lull — —

270.7

270.7

S°(T) -C

J.K^mol-1

159.4

182.9

203.3

221.9

239.1

249.2

262.1

273.9

285.0

405.5

414.5

O°-HS 9 8>/T<K>

J.mol-V1

159.4

163.3

167.0

172. 1

177.9

174.0

180.8

187.5

194. 1

277.7

282.0

Table 5: Thermal properties of

T(K)

298

325

375

425

475

525

575

625

675

725

775

H°-Hg98

J.mol"1

0

5740

17331

29216

41396

53570

66639

79703

93062

106715

120663

C°(T)

J.mol"1

208. 1

228.9

234.9

240.7

246.5

252.4

258.3

264.2

270. 1

276.0

281.9

S°(T)

J.mol"1.K"1

250.6

268.5

301.7

331.4

358.5

383.5

406.7

428.5

449.0

468.5

487.1

-<O°-H°)/TCK)

J.mol"1.K"1

250.6

250.8

255.4

262.7

271.3

280.8

290.8

300.9

311.2

321.3

331.4
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1.2.2.3 Enthalpy increment Measurements of NaCr(>2 usiojf Calvet

calorimeter

K. Jayanthi, V.S. Iyer, G.A. Ramarao, V.Venugopal and

D.D.Sood

Enthalpy increment measurements on NaCrO2(s) were carried

out in the temperature range 323 K to 838 K using HT-1000 Calvet

micro calorimeter. The enthalpy increment values were least

square fitted with temperature with the constraint that (Hj-H29g)

at 298.15 K is equal to zero.

NaCrO2<s) was prepared by reducing NaCr207(3) under 8 vol X

hydrogen in argon stream at 1073 K for 10 h. Na2Cr2Oy was

contained in a platinum boat. NaCrC>2 obtained was subjected to

X-ray diffraction analysis (XRD) and all the intensity peaks in

the XRD pattern were matching with the one reported in the

literature. The sample was prepared in the form of pellets of 3

mm. diameter and 2 mm. thickness. The pellets were degassed at

373 K, cooled in purified argon stream and stored in a

desiccator. The pellets were sealed in evacuated quartz ampoules

and annealed at 600 K for 200 h. There was no chemical

interaction between the pellet and the quartz ampoule during

anneal ing.
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The enthalpy increments were correlated with temperature by

the method of least squares to obtain the following ••

= -23515+75.365 T(K)+O.01256 T2(K) (1)

The specific heat capacity is the first differential of (Hy-

with respect to temperature and can be given by :

Cp(NaCr02,s,T)(J.K"
1mol~1) = 75.764 + 0.02512 T(K) (2)

The enthalpy increment and molar heat capacity values of

NaCrC>2<s) were calculated using additive method

= NaCrO2 (3)

These estimated values are in close agreement with the

present values as can be seen from Table 6. Combining the heat

capacity values from the present study for NaCrO2 with the values

of Na20(s) and Cr2O3 (s) , Cp(0X) can be given for equation

(3) as :

CpCOXXJ.K'fraol"1) = -12.0 - 0.01458 T(K) + 9.896xl05/T2(K)..(4)

As equation (3) represents a solid to solid reaction to

produce another solid, it is expected that the enthalpy changes

for these types of reaction to be small. This has been amply

evident from the small Cp(0X) values and hence additive oxide

assumption is valid for the formation of NaCr(>2 from Na2<3 and

Cr2O3.

(3)Sreedharan et al. measured the molar specific heat of

NaCrC>2 by differential scanning calorimeter using the relative

ordinate displacement method. They could make measurements up
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to a maximum temperature of 600 K as their sanples got oxidised

by the presence of oxygen impurities in the argon streaa. The

temperature in the present study could be extended to 840 K by

incorporating insitu oxygen getters. Their molar specific heat

and the derived enthalpy increment values are compared with the

present data in Table 6. It can be seen that the present values

are more close to the values derived from additive oxide

assumpt ion.

Using the S°(298 K) values of 88.1 J.K~ .mol~ reported by

Lindemer et al. , entropy and Gibbs function were derived by

equations (5) and (6) respectively.

S°(T) - S°(298 K) = CCp/T) dT (5)

(G°T-H°298)/T(K) = <HT-H§ 9 8/T(K> - S°(T) <6)

Thermal functions thus calculated are in given in Table 7,

Table 6: Comparison of (H°-H298) *nd cp *T) values

Ref (H?-H°.98> (kJ.mol'1) Cp(T) (J.K"1 .mol"1)

400 K 800 K 298.15 K 800 K

1 9.47 52.76 88. 1 117.6

3 7.20 47.99 64.3 126.9

present 8.64 44.81 82.8 95.4

work
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Tafrle 7: Thermal functions of NaCrO2

T(K)

298

300

350

400

450

500

550

600

650

700

750

800

o o

J mol"1

0

224

4401

8640

12942

17307

21734

26225

30778

35394

40073

44814

Cp(T)

82.8

82.8

84.1

85.4

86.6

87.9

89. 1

90.4

91.6

92.9

94.2

95.4

S°(T>

J.K"1*©

88.1

88.5

101.3

112.7

122.6

132.0

140.4

148.2

155.5

162.4

168.8

174.8

o uo . .—.,

88.1

87.7

88.8

91 . 1

94.0

97.4

100.9

104.9

108.2

111.8

115.4

118.0
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1.2.2.4 Knudsen effusion mass spectroaaetric neasureaents of

vaporisation of Rhodium.

S.G. Kulkarni, C.S. Subbana, V. Venugopal and D.D. Sood

Partial pressure data of Pd, Ru and Rh in white metallic

alloy inclusions formed in the irradiated fuel are useful to

predict the behaviour of fuel during operation. Studies in this

direction have been initiated. Work on the volatility of Pd(s)

has been completed and on Rh(s) is reported here. There is

only one KEMS measurement reported in the literature on Rh(s) in

the temperature range 1855 to 2100 K. In the present work vapour

pressure measurements have been carried out in the temperature

range 1655 to 2217 K.

A tantalum Knudsen cell was used for the KEMS measurements.

Electron energy of 40 eV and 100 uA current were used for the

ionisation. High purity silver was used as internal calibrant.

Typical ion intensity data are given in Table 8.

From the ion intensity values, the pressure values were

calculated and the second and third law enthalpies of

vaporisation were evaluated. These values are compared with the

literature in Table 9.
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fable 8: Ion intensities of Rh (103) corrected for

multiplier efficiency

T(K) I(A)xlO18 T(K) I(A)xlO1 7 T(K) I(A)xlO1 7

Ta, Pressure calibration constant =

1786

1814

1842

1864

1877

1889

Cell
1655

1678

1698
1720

1742

1765

: Ta,
0

0

0

1

2

4

Pre
.29

.48

.86

.63

.58

.49

•nstant
0.62
0.93

1.44

1.96
2.76

3.78

= 1.838xlO*J

1913

1925

1941

1964
1977

2003

1 Pa A *K
4.92
6.32

8.44

11.1
16.0

20.0

Table 9: Comparison of standard enthalpies of vaporisation

for Rh(s) ̂ ==5*

Ref. method temp.range lg(p/pa)=A-B/T II law

"3
(K) BxlO

III law p(pa)X10*

"1 (2000K)

2
3

4

5

6

present

study

Langmiur
ii

••

Knudsen

KEMS

"

1744-2068
1708-2075

1845-2095
2051-2205

1855-2119

1655-2217

14

11

11

11

12

12

.0

.90

.8

.59

.25

.09

31.

27.

26.

26.

28.

28.

73

28

69

33

26

272

564.
-

-

-

552.

551.

8

7

7

562.3
554.8

548.4

556.0

560.2

572.6

1.

1.

2.

2.

1.

0.

36

82

85

66

32

90
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1.2.2.5 Standard molar Gibbs free energies of formation of

LiCrCPg and NaCrOg

Smruti Dash. Ziley Singh, R. Prasad and D.D. Sood

Lithium, its alloys and compounds like Li20, Li2SC>4, LiAlC>2

and Li2SiC>3 have been proposed as blanket breeding materials for

nuclear-fusion reactors. At the blanket temperature of more than

1000 K, it is necessary to know the reactivity of Li20 with the

structural material. Kurasawa et al.' found LiCrO2 as a

predominant corrosion product with chromium bearing structural

material. Similarly NaCrO2 is an important corrosion product of

stainless steel in a sodium-cooled fast breeder reactor (LMFBR).

A precise knowledge of the Gibbs free energy of. formation of

these chromites is useful to calculate the threshold oxygen level

in respective liquid metal, for the formation of these chromites.

A number of investigations are reported in the literature for

°ro NaCrO2(s)
 (2"8). Values for LiCrO2 are limited

(9~12). In

the present work the A»fG°m LiCrO2(s) was determined by taking

(LiCrO2+Cr+Cr2O3) and (LiCrO2+Cr+Li2O) phase fields and Z\fG°ra

NaCrC>2(s) by taking (NaCrO2+Cr+Cr2O3) phase field by Knudsen

effusion mass loss technique.

Compounds LiCrO2 and NaCrO2 were prepared by heating

corresponding carbonates with equal moles of Cr2O3, at 1150 K in

high purity flowing argon for 100 hours. Li20(s) was prepared by

decomposing Li2CC>3 in a platinum boat at 973 K under vacuum of
-4

1.33x10 Pa. Ternary mixtures of different phase fields were
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prepared and made into separate pellets and annealed in an argon

atmosphere at 700 K for 100 hours.

The vapour pressures of lithium and sodium were measured by

a Knudsen effusion mass loss technique. A stainless-steel Knudsen

cell of 10 mm height and 5 mm diameter with a knife edged orifice
—4of 8.2595x10 m diameter was used. A platinum cup. was placed

inside the Knudsen cell to contain (LiCrC>2+Cr+Li2O).

The vapour pressures of lithium were measured over

(LiCrO2+Cr+Cr2C>3) phase field in the temperature range 1251 to

1352 K. The reaction for generation of Li(g) is represented by

the equation

3LiCrO2 + Cr<s) = 2 Cr2O3 +3Li(g) (1)

Vapour pressures are given in Table 10 and could be fitted

to a least square expression :

log (pL1/kPa) = 8.32 - 15645.7<K/T) ± 0.028 (2)

Vapour pressures of Lithium were measured over

(LiCrC>2+Cr+Li2O) phase field in the temperature range 1065 to

1206 K. Lithium gas is generated by the following reaction :

2 Li2O(s)+Cr(s) = LiCrO2(s)+3 Li(g) (3)

The vapour pressures given in Table 10 could be fitted by

least square analysis to give:

log <pLi/kPa) = 8.35 - 13129.4 (K/T) ± 0.026 (4)
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Vapour pressures of sodium were measured according to the

reaction :

3NaCrO2(s)+Cr(s) = 2Cr2O3(s)+3Na(g) (5)

Pressure measurements were done in the range of 930 to

1044' K and the values are given in Table 11 and could be fitted

by least square analysis to give :

log(pNa/kPa) = 6.82 - 10276.79CK/T) ± 0.066 (6)

Pure LiCrO2<s) and NaCr02<s) did not show any mass loss.

Using A fG° values for Li(g) and Li20(s) from the JANAF

tablesvlo/ and of Cr203(s) and Na(g) from Knight and Philips^ '

as well as Li(g) and Na(g) pressures from the present study,

fGJjj LiCrO2(s) and £fG°, NaCrO2<s) can be calculated for reaction

(1), (3) and (5) and are given below

2 LiCrO2(s)/kJ mol"
1 = -895.6 + 0.1953 (T/K)±2.2 ...(7)

LiCrO2<s)/kJ mol"
1 = -918.5 + 0.2002 <T/K)± 1.7 . . . (8)

NaCrO2(s)/kJ mol"
1 = -847.0 + 0.1772 CT/K) ±3.7 ...(9)

The enthalpies of formation at 298.15 K of LiCrC>2 and NaCr02

have been calculated by the second law method. The AfHn

(298.15 K) value for LiCrO2 for phase fields (LiCrO2+Cr+Cr2O3>

and <LiCr(>2+Cr+Li2O) are -917.5 and -934.7 kJ mol"1 respectively

and for NaCr<>2 < NaCr(>2+Cr+Cr2O3 ) is -857.4 kJ mol"1.

The present &tGm <LiCrO2,s,T) values do not agree with

either Pankajvalli et al. ( 1 2 ) or Bhat et al. ( 1° while
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AfH£(298.15 K) agrees reasonably well wit-h that of Pankajvalli et.

al. and the *JfGm ( NaCrO2»s,T values), are in good agreement with
( 4 ) ( 5 }

those reported by Shaiu et al.l , Bhat et al.v ' and
Gnanasekaran and Mathews
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Table 10: Dependence on temerature of Li(s) over

+ Cr + Cr2<>3) and (LiCrC>2 + Cr +

First phase field Second phase field

T/K 105pLi/kPa T/K 105pLi/kPa T/K 105pLi/kPa T/K 105pLi/kPa

1251
1260

1270

1281

1285

7. 114
9.849

12.572

13.134

15.248

1292
1300

1304

1311

1321

17.824

20.841

24. 1 18

24.719

34.062

1329 37.427

1330 42.838

1345 59.036

1352 63.655

1065 10.551

1107 30.392

1124 45.170

1173 156.09

1206 276.17

T/K

930

958

991

Table 11:

10 5p L i/k

6.9277

10.041

30.610

Dependence

(NaCrC>2 + Cr

Pa T/K

1001

1012

1032

on

+ Cr

105p

34

38

71

temperature of

2<>3>

.371

.423

.931

T/K

1027

1033

1044

Na(g) over

105pLi/kPa

63.588

79.273

95.008
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1.2.2.7 Standard solar enthalpy of formation of Iron telluride

C FeTeo.9 >

N.K. Shukla, R. Prasad, K.N. Roy and D.D. Sood

In an operating fast reactor, tellurium is a Major fission

product which can combine with the stainless steel to fora

compounds like FeTeo.g. CrTej j and N13X62 and cause tellurium

induced liquid metal embrittlement of the stainless steel
(1 2)cladding ' . A recent review of tellurides of first row

(3)transition metals by Kleykamp and Chattopadhyay reveals a lack

of information on standard molar enthalpy of formation of these

tellurides. From the point of view of cladding corrosion, the

theroodynamic parameters of the compounds in equilibrium with

metal are of importance. Hence thermodynamic investigation on

these compounds was undertaken.

(4 )Only one calorimetric measurement by Fabre is reported on

the standard molar enthalpy of formation of FeTeo.9. Geiderikh et

al. have estimated the standard molar enthalpy of formation of

FeTeo.9 from galvanic cell measurements. Recently Prasad et
( 6) ( 7 )

al. and Vishwanathan et al. have obtained this value from

their vapour pressure data. In the present study the standard

molar enthalpy of formation of FeTeo.9 n a s been determined using

an isoperibol solution calorimeter.

Required amount of iron and tellurium of 99.99 mass percent

purities were weighed in an alumina cup and heated in an

evacuated sealed quartz ampoule at 1300 K for 200 h. Iron was

heated in hydrogen at 725 K before use. The X-ray diffraction

pattern and the chemical analysis indicated the composition as

FeTeo.9.
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Synthetic mixture of iron and tellurium in the mole ratio of

1.0/0.9 were prepared by grinding required amounts of iron powder

and tellurium powder in an agate mortar.

Enthalpy of solution of the alloy FeTeQ.g and its synthetic

mixture (Fe+0.9Te) were measured in 3.00 M H2SO4 + 0.10 M J^C^Oy

+ 0.01 M MnSO4 solution using an isoperibol solution calorimeter

and the corresponding values are given in Table 12. The

standard molar enthalpy of formation of the alloy FeTeQ.g is

obtained as the difference of the molar enthalpy of solution of

synthetic mixture A s oiH°m (Fe+0.9Te) and that of the alloy

^ H ^ (FeTeO9,s, ( 298.15 K) = ^solH°ro <Fe + 0.9Te)

Asol

and the value is -(23.462 + 0.534) kJ.mol

H°m

The present ^rH°m (FeTeo.9,s, 298.15 K) value and other

reported values are given in Table 13. It can be seen that the

present value is in excellent agreement with the values reported

by Geiderikh et al. , the selected value of -23.22 kJ.mol"1 by

K.C.Mills and also on estimated value of Adamson et al.
( R i ( 7 ̂

Also values reported by Prasad et al. , Saha et ai. and
( 3 )Kleykamp and Chattopadhyay y are in reasonable agreement. The

(4) /Q) 1
value of Fabrex 'as reported by Vagman et al. (-62.7 kJ mol )

is exceptionally low indicating some gross error.
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Table 12:Enthalpy of solution of alloy (FeTeo.9) and

synthetic Mixture (Fe+0.9Te) in 3.0 M H2SO4 + 0.10 M

K2Cr2O7 +0.01 M MnS04 solution at 298.15 K.

Al loyCFeTeo,

Run mass

1 .

2.

3.

4.

5.

6.

7 .

8.

g

0.02013

0.01855

0.01902

0.01736

0.01842

0.01790

0.01915

0.01905

9 >
As

95

87

89

82

87

84

90

89

olH°
J

.0

.5

.8

. 1

.0

.6

.4

.9

~ sol H ro

kJ.mol

805.539

805.109

805.873

806.434

806.171

806.732

805.756

805.535

Synthetic mi

Run

1 .

2.

3.

4.

5.

6.

7.

8.

9.

10.

mass -

g

0.01690

0.01510

0.02051

0.01834

0.01621

0.01965

0.01805

0.01805

0.01992

0.01937

Xture
AsolH°

J

82.0

73.4

99.7

89.2

78.8

95.5

87.6

87.7

96.8

94.2

(Fe+O.&Te)

" AsolH°m
kJ.mol"1

828.185

829.760

829.768

830.185

829.789

829,591

828.369

829.321

829.479

829.116

Asoi*
»o

m (FeTeo.9, 298.15 K) =
3
m (Fe+0.9Te,s,298.15 K) =

(FeTeo,9,s,298.15 K) =

-(805.894 ± 0.350) kJ.mol l

-<829.356 ± 0.404) kJ.mol

-(829.356 + 805.894)

-<23.462± 0.534) kJ.mol"1

-1

Molar mass of the alloy was taken as 170.687 g.mol *.

Uncertainties are equal to twice the standard deviation

of the mean.



34

Table 13; Comparison of £\fH°B (FeT«o.9. s.298.15 K) values

Reference £!H°m (FeTeQ.g, s,298.15 K)

No. • : — — — — —

kJ.fflol1

1 22.99

3 25,16

4 62.7

5 23.01

5 23.31

6 25.63

7 24.49

8 23.32

present work 23.46±0.53

1.2.3 HIGH TEMPERATURE ANALYSIS

1.2.3.1 Rapid estimation of carbon monooxide and nitrogen by

Quadrupole mass spectrometry

Y.S.Sayi, J.Radhakrishna, C.S.Yadav, P.S. Shankran and

G.C.Chhapru

Uranium and Plutonium . carbides/nitrides have gained

importance as fuels for the fast breeder reactors. During

the fabrication of these fuel materials from the oxides

by the carbothertnic reduction route, invariably some

nitrogen/carbon along with oxygen will be present as

impurities . During the operation of the reactor CO and N2
(2)

gases are evolved . Carbon monoxide produced wi'1 take part

in the carburisation of the stainless steel clad by vapour

transport mechanism while nitrogen can cause nitriding of the

clad. Hence it is of importance to have an accurate knowledge
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of the partial pressures of CO and N2 released. The total

pressure can be measured by raanometry after heating the

pellets under static vacuum to the desired temperature. The

total pressure exerted under these conditions is expected to be
— 3 ~ 1in the range 10 to 10 rabar. At these low pressures gas

chroraatography cannot be employed as it requires about 2 c.c.

of gas at S.T.P. for the determination of the gas
(3)composition . Hence an on-line quadrupole mass spectrometer

has been used for this purpose. However,both CO and N2 have

atomic mass of 28 and could not be resolved in the quadrupole

mass spectrometer having a resolution of M/ M £ M at 10% peak

height. During ionisation in the quadrupole mass spectrometer,

the gases however undergo fragmentation in the ion source

which is characteristic of the electron energy employed for

ionisation. This could be used for obtaining the gas
(4 5)composition ' . A method has been established for the

quantitative analysis of the mixture of CO + N2 from the

mass spectrum based patterns.

For the determination of the fragmentation patterns

of pure gases and the analysis of gas mixture, pure gases

and gas mixtures were fed through a leak valve to the mass
-4 -5

spectrometer over a pressure range 10 to 10 mbar and the

spectra were recorded over the mass rang© 1-50 amu with a

scanning time of 30, 100 and 300 sec. At each pressure and

scanning time at least five spectra were recorded.

The synthetic gas mixtures having 5 - 95S» CO were

prepared and the gas composition analysed by gas chromatography

as well as a nitrogen determinator

In quadrupole system carbon monoxide gave, the
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fragmentation peaks at 12,14,16 and 28 corresponding to C ,

CO , 0+ and C0+ while nitrogen gave peaka at 7,14 and 28

corresponding to N+ ,N+ or N2+ and N2+ • Peak at 7
+2corresponding to N is very small and peak at 16 corresponding

to 0+ of CO has the interference from the fragmentation peak of

background moisture.Hence in the present studies peaks

corresponding to m/e 12,14 and 28 only are considered for both

CO and N2- Absence of peaks at m/e 15 and 44 corresponding to

CH3 and CO2 indicates the absence of CH4 and CO2•

Table 14 and 15 show the fragmentation patterns of carbon

monoxide and nitrogen respectively. The pattern

coefficients (pc).obtained as the ratios of various

fragmentation peak heights in pure gases, are constant (within

7%), over the working pressure range 2X10 to 10 mbar.

This indicates that fragmentation patterns are independent

of pressure under the experimental conditions.
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Table 14: Fragmentation pattern and pattern

coefficients for carbon •onoxide

Total
pressure
mbarxlO
(approx.)

2.0

3.0

4.0

5.0

6.0

7.0

8.0

10.0

peak heights at m/e
28 14 12

(in cms)

46.00

75.00

96.00

114.00

148.00

161.00

180.00

206.00

0.60

1 .00

1 .20

1.50

1.95

2.50

2.80

3.00

3.75

5.95

8.00

9.90

12.40

14.20

15.65

17.25

pattern coeff
h28/hl2

12.80

12.61

12.00

11.52

11.94

11 .34

11 .50

11 .94

11.96{+}

icients(pc
hl4/hl2

0

0

0

0

0

0

0

0

.16

. 17

. 15

. 15

.16

.18

.18

. 17

0.16{+}

0.52 0.01

* mean of five determinations

It is observed that the ratio of the peak heights of doubly

charged to singly charged ions remain practically same (within

5%) confirming that the e-e transfer due to the higher

pressures investigated upto the limiting pressure, 4X10~4 mbar,

are minimum leading to the constancy of the pattern

coeff icients.
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Table 15 : Fragmentation pattern and

coefficients for nitrogen

fragmontation

Total
presauce
mbarlO
(approx.)

1.25

1.5

2.0

4.0

5.0

6.0

7.0

10.0

20.0

Peak heights at m/e
28 14

(in cms.)

24.00

25.00

34.50

88.00

91 .50

95.50

112.50

267.00

309.00

3.75

4.20

5.90

14.50

15.25

15.50

18.75

44.00

51.00

pattern coefficients
h28/hl4

6.40

5.95

5.85

6.07

6.00

6.16

6.00

6.07

6.06

6.06 {+} 0.15

* aean of five determinations

A careful analysis of fragmentation pattern shows that peak

at m/e corresponding to 12 is unique for CO while peaks at 14

and 28 are common for CO and N2- This indicates the

possibility of estimation of N2 in the presence of CO based on

the peak heights at m/e 12 and 14 in the compound spectra. The

contribution of CO component for peak at 14 CO (14) can be

computed and subtracted to obtain signal from N2 as

C0(14) = (peak height at 12)

x (pc.CO = hi4/hi2 as obtained in pure CO gas)

and N(14) = peak height at 14 - C0<14)

For calculating the sensitivity factor for CO assuming

the sensitivity factor of nitrogen at peak 14 as unity, a
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series of gas mixtures were analysed both by gas chromatography

and the quadrupole mass spectrometery. The relative

sensitivity factor for CO with respect to nitrogen is calculated

as

s =

where r^= % of CO / % of N2 as determined by gas

chromatography and r2 = % C014 / % N14 as determined by Q.M.S.

Table 16 shows that the relative sensitivity factor so

obtained is constant over the entire range of composition and

pressure employed.

From the C0(14) and N(14) data and the relative

sensitivity factors (s) the composition of CO and N2 in the

mixture is computed as

CO = C0(14) x s

N = N(14)

%C0= (CO/(CO+N)) X 100

= (N/(CO+N)) X 100

To check the validity of the method a series of gas

mixtures were prepared and analysed by QMS and LECO nitrogen

determinator. From the data in Table 17, it can be seen that

there is no bias in the present method and the gas composition

can be computed well within 556.
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Table 16: Relative sensitivity factors

*0.
XC0(14)

2.63

5 .35
9 . 7 0

18 .45

24.04

31 .54
4 5 . 0 5

M.S.

97

94

90

81

75

68

54

XNO4)

. 3 7

. 6 5

. 3 0

. 5 5

. 9 6

. 4 6

. 9 5

23

38

53

71

76

82
89

••G.C.
%C0

. 8 1

.25

. 5 2

. 7 5

. 3 8

. 7 8

. 3 0

7 5 .

6 1 .

4 5 .

2 8 .

23 .

16.
9 .

x»2

90

66

48

96

62

45

88

Relative
sensitivity
factor (s)

11.62

10.97

10.94
10.95

10.22
10.93
11 .03

10.86{+)
0.43

* mean of five determinations , *• mean ot two determinations

Table 17: Nitrogen detd. by QMS and LECO deterainator

percentage Nitrogen by
QMS LECO

^Deviation
<<QMS-LECO)/QMS> X 100

96.77

74.45

68.09

55.28

22.68

9.30

98.36

74.48

68.80

52.80

21 .96

9.21

-1.64

-0.04

-1.04

+4.49

+3. 17

+0.97

•mean of five determinations
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1.2.3.2 Estimation of carbon, oxygen and nitogen in Lead-Lithiua

al loy

Y.S. Sayi, J.Radhakrishna ,C.S. Yadav, P.S. Shaukaran

and G.C.Chhapru

Lead-lithium alloy is a potential material as a

coolant-blanket in fusion reactors. The compatabi1ity of

this alloy with SS can be affected by the presence of

iapurities like carbon, oxygen and nitrogen and hence a

precise knowledge of these elements in the alloy is

essential. Since this alloy is analysed for the first tise

employing LECO determinators in our laboratory, series of

studies were carried out to optimise the conditions for the

quantitative analyses. Following conditions were established

NITROGEN! lg sample in the form of small granules/pieces + 0.5g

nickel + 0.5g graphite

OXYGEN! 0.1£ sample in the form of small granules/pieces +

0.5g graphite

CARBON! O.lg sample in the form of granules + lg copper

accellerator.

Nitrogen in the alloy was independently analysed by

Kjeldahl's method and the results were in good agreement with the

inert gas fusion method.
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2 CHEMICAL QUALITY CONTROL

The Division continued its research and development work for

chemical quality control of nuclear fuel materials. A new

chemical assay standard for uranium - Rubidium Uranium (IV)

trisulphate, Rb2U(804)3 n a s been proposed, synthesised and

characterised by physical and chemical methods. Conventional

electroanalytical techniques and instrumental techniques such as

thermal ionisation mass spectrometry (TIMS), Spark source mass

spectrometry (SSMS) and X-ray fluorescence (XRF) have been

employed in the chemical control of nuclear fuel materials.

2.1 Rubidium Uranium (IV) Trisulphate -

A New Chemical Standard Refernce Material For Uranium

In order to develop accurate analytical methods, it is

essential to have chemical standard reference material.

Preliminary investiation on Rb2U(804)3 - a double sulphate of

uranium (IV), prepared on 5-iO g. scale in several lots, had

indicated that this anhydrous compound meets most of the

requirements of a chemical standard reference material (SRM). In

continuation of this work, various groups in the Division have

been involved in the preparation and characterisation of this

compound. The compound has been characterised with respect to

stability, solubility and stoichiometry.
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2.1.1 Preparation and characterisation of of Rb2U(804)3.

K.D. Singh Mudher, K. Krishnan, R.R. Khandekar,

N.C. Jayadevan and D.D. Sood.

Uranium dioxide (nuclear grade) was dissolved in HNO3 and

crystallised as uranyl nitrate. Crystals of uranjrl nitrate were

redissolved in dilute HNO3 and uranium was precipitated as ADD

which was subsequently converted to UO3 by heating at 380°C. The

oxide was dissolved on 100 g scale, in 1M H2SO4 to obtain uranyl

sulphate solution. Hexavalent uranium was reduced to U(IV) at -a

cathode in an electrolytic cell of 2 litre capacity. Rubidium

carbonate was added to the reduced solution to have Rb/U mole

ratio slightly more than 2 to crystallise out Rb2U(SC>4)3 by slow

evaporation. The double sulphate was purified by

recrystallisation from 0.5M H2SO4 . The green crystals were

washed first with alcohol water mixture and finally with

absolute alcohol and dried in air. Five separate lots were

prepared and yield of *N» 80% was obtlined. All the glass vessels

were leached in concentrated HNO3 before use. Triple distilled

water and 'select pure1 HNO3 and H2SO4 and Aldrich grade Rb2CC>3

(99.9%) were used for the preparation of the material.

The double sulphate from each lot was characterised by the

following methods: i) Trace metallic impurities by Atomic

Emission spectrometry. Total important content was below 200 ppm.

ii) Absorption spectra • The absorption spectrum of Rb2U(SO)3

dissolved in 1M H2SO4 were taken in the visible range on DU-7

spectrophotometer, which showed the characteristic peaks of U(IV)

only, iii) X-ray diffraction powder pattern of the compound. iv)

Thermogravimetry: TG pattern taken using ULVAC thermoanalyser

showed that the material is stable upto 550°C, beyond which it

starts decomposing with the loss of SO2.
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Stability of the compound under ambient conditions was

checked by storing it in glass weighing bottles both in presence

and absence of light. Periodically samples were drawn dried at

100*C and analysed for uranium content. The material was found

to be stable over a period of 8 months both in the presence and

absence of light. The uranium content has been determined by

potentiometry and coulometry. The uranium contents at the time

of storage were 34.22±0.09% and 34.2010.04X in presence of light

and in the absence of light respectively. The corresponding

values after 8 months were 34.22±0.07% and 34.23±0.08X

respect ively.

The compound is soluble in all the mineral acids. The

solubility was found to be maximum in 6-7 M HNO3, (»150 mg/ml)

dissolving completely in 10-15 minutes at room temperature.

2.1.2 Stoichiometry and assignment of a value for uranium

content in Rb2U(804)3

Efforts have been made to ascertain the stoichiometry of the

compound by determining uranium, rubidium and sulphate.

2.1.2.1. Uranium content

P.R.Nair, U.M. Kasar, A.R.Joshi, N. Gopinath, H.S.Sharma

A.V. Bhanu, N.B. Yadava, S.G. Marathe and S.Vaidyanathan

A statistical experimental plan based on Random Block Design

was designed to arrive at a most appropriate value for the U

content in the material by evaluating the results obtained by

different analysts using various analytical methods. Twenty seven

aliquots from nine dissolutions from 3 lots (3 dissolutions per

lot) were analysed separately by each technique. The results of
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analyses are given in Table 18. The methods employed for the

analysis were :

Amperometr ic method j_

Uranium in the- aliquot ( 5 ing) is reduced U(IV) by

Ti(III), the excess of which was selectively oxidised. Excess of

Fe (III) was then added to obtain Fe (II) which is titrated

against standard I^C^Oy solution using aroper ome trie end point

detection technique.

Potent iometric method :

Uranium analysis by potentiometry was based upon Davies and
(2)Gray method Uranium in the range of 2-6 nsg. is reduced to

U(IV) by Fe(II) in 10M H3PO4 medium. Excess Fe(II) is

destroyed by HNO3. The solution is then diluted to reduce H3PO4

acid concentration and U(IV) titrated against standard K^C^Oy

solution using potentiometric and point detection technique.

Coulometric methods I.

Uranium (IV) in 1M H2SO4 was quantitatively reduced to U(IV)

at -0.325 vs SCE at mercury cathode under the requisite

conditions of 100% current efficiency. In order to eliminate

interference from reducible impurities having positive

potentials, a pre reduction step was carried out at +0.085 vs SCE

prior to actual U(VI) reduction. This method was adopted by two

independent analysts.

Coulometric method II.

Controlled potential coulometric determination of U using

platinium working electrode was employed for the determination of

U in the range of 2-6 ing. U was reduced to U(IV) in 8M H2SO4
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by Ti(III). Excess Ti(III) was destroyed by HNO3 followed by

addition of sulphuric acid. U(IV) was subsequently determined by

electrolysis at Platinum working electrode using Fe(III)/ Fe(II)

as intermediates.

Gravimetric method j_

Attempts have also been made to determine uranium in

rubidium uranium sulphate by gravimetry . The samples were

dissolved in HC1 and uranium precipitated as ammonium-di-uranate

(ADU). The precipitate was calcined at 950'C to get U3O8. Part

of the residue remained yellow even after calcination indicating

that there was interference from rubidium. The rubidium-di-

uranate formed did not decompose unlike ADU. This observation

was confirmed by taking synthetic samples of uranium and

rubidium. Rubidium interference was also confirmed by

qualitative analysis of the yellow residue after calcination for

rubidium. Attempts to precipitate quantitatively U(IV) hydroxide

were not successful because of oxidation of U(IV) to U(VT)

leading to precipitation of rubidium-diuranate.

2.1.2.2 Assignment of the value to uranium in Rb2U(804)3

M.B. Yadav and S. Vaidyanathan

For assigning a value to uranium in Rb2U(SO4>3 , the scheme

for allocation of sample aliquots was done in accordance with the

three basic principle of design of experiments, namely

randomisation, replication and local control. A random table has

been used for this purpose. The experiment was performed as per

the scheme and data was analysed using ANOVA technique of

Randomised Block Design (RBD). A two fold RBD was considered for

analysis ot the data. In the first case, methods and

dissolutions were studied for each lot separately. it was
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observed that dissolution effect was insignificant for all the 3

sets implying thereby that the lots were homogeneous. In the

second case, methods and lots were considered. The lot to lot

variation turned out to be insignificant. A single value could

not therefore be assigned to the uranium content in the SRM.

However, method to method variation was found to be significant

thus dividing the whole set of data into three significantly

different groups giving three values to the uranium content in

the SRM. However, if all data were combined together a value of

34.144 ± 0.02 is obtained as against theoretically expected value

of 34.144%. From the statistical view-point, however, pooling

together of significantly different values to get a single

estimate is not advisable. It has been decided to carry out a

fresh experiment taking into account the analyst factor as well

as biases in the methods.
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Table 18: Interecmparison of uraniua determination

in

—

Mean

R.S.D

Mean

R.S.D

Mean

R.S.D

Value

(%)

Value

<%)

Value

Amperometry

34

0

34

0

34

0

. 132

.050

. 115

.020

. 146

. 160

Lot

Lot

Lot

Potentiometry

- i
34.132

0.166

- 2

34.160

0.060

- 3

34.162

0.069

34.

0.

34.

0.

34

0

Coulonetry

175

049

160

094

.174

.038

34.165

0.040

34.195

0.033

34.208

0.108

Values are mean of 9 determinations ( 3 aliqouts from 3

dissolutions )

2.1.2.3 Sulphate content:

A.U. Bhanu , A.N. Dubey, L.R. Sawant, P.K. Kalsi,

S.Vaidyanathan, P.R. Nair, Mary Xavier and S.G.Marathe

The following preliminary investigations were carried out to

standardise a suitable method for the determination of sulphate

content in rubidium uranium sulphate.

Gravimetry:

Sulphate was determined gravimetrically as barium sulphate

after removing uranium. Results of ten samples indicated that

the value of determination of sulphate content was 0.4% more than

the formula weight. Sulphate determined from seven samples of

standard potassium sulphate (K2SO4) also turned out to be 0.4%

higher. The method could therefore not be adopted for precise

and accurate determination required for the present purpose.
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Biamperometry:

Work has also been initiated to develop a titrimetric method

for sulphate determination with a view to adopting it for the

characterisation of Rb2U(SO4>3. The method is based on the

titration of sulphate with lead nitrate in the presence of

Fe(CN>63~ /Fe(CN>6 redox system which acts as an amperometric

indicator. Potassium sulphate was used as a standard and an RSD

of ± 0.4% was obtained for 10-15 mg of sulphate.

In the case of Rb2U(SO4)3, uranium was found to interfere.

This interference could be eliminated by precipitating uranium by

NH4OH and expelling the excess ammonia by heating. The precision

obtained was about i IX at 5 ml

continued to improve the results.

2—
obtained was about i IX at 5 ml (SO4) level. Work is being

2.1.2.4 Rubidium content:

A.U. Bhanu and S. Vaidyanathan

Rubidium was determined as rubidium perchlorate.

Determination of Rb in pure rubidium chloride by this method gave

a precision and accuracy of ± 0.3% (6 determinations).

The samples of RUS were weighed and dissolved in

hydrochloric acid. Sulphate was removed as barium sulphate by

adding calculated amount of barium chloride solution. Uranium

was removed as ammonium diuranate by the addition of ammonia.

The excess ammonia from the filtrate was boiled off. 2 to 3

times the theoretically required amount of perchloric acid was

then added for precipitating rubidium perchlorate and the excess

perchloric acid was then removed by strong heating. Near the end

of the drying process, the perchlorate residue fused and self

ignited inside the beaker possibly due to the presence of traces
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of ammonium perchlorate which is explosive by nature. The method

was therefore discontinued for the application to rubidium

uranium sulphate after several trials as the results were not

reproducible.

2.2 Purification of uranium and plutonium:

A.U. Bhanu, A.N. Dubey, L.R. Sawant, P.K. Kalsi and

S.Vaidyanathan

With a view to obtain uranium of high purity, a systematic

study on the purification of uranium by crystallisation of uranyl

nitrate crystals was done by planning an experiment to study the

extent of purification achieved by crystallisation of uranium

from uranyl nitrate solution. The experiment in brief can be

explained thus.

Two kilograms of uranium oxide (U3O8) from Uranium Metal

Plant was dissolved in 1:1 HNO3 (~ 2.5 litres) and the solution

was filtered. From this stock solution about 840 ml of uranyl

nitrate was taken and the balance stock solution of uranyl

nitrate was concentrated to get pure uranyl nitrate crystals.

Impurities such as Cd, Mo, Cr, B, Ca, Cu and Ni were added at ppm

levels to 840 ml of solution and uranyl nitrate was crystallised

out from this solution also. These two samples of uranyl nitrate

crystals and the samples of the initial stock solution with and

without the impurities were analysed by spark-source mass

spectrometry (SSMS) and atomic absorption spectrometry (AAS) for

their impurity content. The results show that Cr, Ni, Mn, P, Mo,

Pb and Pt were eliminated completely, Ca and Cu upto 98S» amd Al

and W upto 80%. Thus a good, decontamination factor is achieved

by crystallisation.
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Work has also been undertaken to purify about 65 g of

Plutonium available as nitrate solution. The purified plutoniun

was to be used as a starting material for the preparation of

potassium plutonium sulphate, a proposed standard reference

material for plutonium determination. The purification was done

by peroxide precipitation and crystallisation as plutonium

sulphate.

For peroxide precipitation three batches each of 150 ml (~5g

of plutonium) original solution were treated. The solution

contained 5 to 6M HNO3. The acidity was brought down by

evaporation to near dryness and dissolving the residue in 50 ml

of 2M H2SO4. This was necessary as excess of nitrate

concentration rendered incomplete peroxide precipitation. A cold

solution at ~ 10*C of 30% hydrogen peroxide was slowly added to

the plutonium solution which was being magnetically stirred.

This 3-in-l approach of magnetic stirring, slow addition of cool

H2O2 and the H2SO4 medium effected a granular heavy precipitate

of plutonium peroxide with a clear and colourless supernatant

indicating complete precipitation. Precipitate, was washed 5

times with 2% H2O2 by settling the heavy precipitate and removing

the supernatant by suction with polythene weight burette. The

precipitate was then filtered over Whatman filter paper No. 540

and washed with 2% H2O2• Plutonium peroxide prepared was calcined

at 500*C to convert it into plutonium oxide for mass

spectrometric analyses of the impurities.

For sulphate crystallisation, stock nitrate solution was

evaporated to dryness and converted into sulphate by healing it

with sulphuric acid. The residue was dissolved in a minimum

amount of 0.5 M sulphuric acid by heating and then allowed to

crystal 1ise.
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2.3 ANALYTICAL METHODS

2.3.1 ELECTROCHEMICAL METHODS:

2.3.1.1 Sequential determination of thorium and plutoniua

S.P. Hasilkar, Keshav Chander and S.G. Marathe

Studies on the development of sequential method for the

determination of thorium and plutonium were continued. The

method for thorium has been already reported . In short it

involves the complexoraetric titration with EDTA at pH 2-3

employing xylenol orange indicator. Plutonium has to be oxidised

to Pu(VI) with Ago or HCIO4 prior to the determination of

thorium.

For subsequent determination of plutonium (following

thorium) a targe amount of Ago was required in order to destroy

EDTA and then to quantitatively oxidize Pu to Pu(VI). The values

of plutonium were irreproducible and positively biased.

Therefore attempts were made to destroy EDTA by fuming with HCIO4

prior to plutonium determination. In this case also consumption

of AgO was large (though much less as compared to the earlier

case) and plutonium results were erroneous. Presence of

plutonium was suspected to hinder the complete destruction of

EDTA . The reported decomposition products of EDTA (formaldehyde,

glycine etc.) which are known to be strongly reducing in nature

could possibly reduce Pu(VI) formed by HCIO4 oxidation. It has
(2)been reported that the addition of a small amount of nitric

acid and Fe(III) <~ 2 mg) alongwith the HCIO4 - fuming step

catalyses the destruction of decomposition products of EDTA. By

introducing this step after EDTA titration during HCIO4

treatment, EDTA was quantitatively destroyed and the consumption
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of AgO was as normal (20-25 mg) as required in the usual

determination of plutonium (in the absence of EDTA) for the

quantitative oxidation of plutonium to Pu(VI). Pu(VI) was then

reduced to Pu(IV) by known excess of Fe(II) solution and the

excess Fe(II) was titrated with standard I^CrgOy solution using

potentiometric end point technique. The results of sequential

determination of Th and Pu are given in Table 19 . It can be

seen from the table that the precision and accuracies of

plutonium at 1 mg level and Th at 10 mg level are within ± 0.5%.

Table 19: Sequential determination of thorium and plutoniui

in synthetic mixtures

s.
No.

1 .

2.

3.

4.

5.

6.

7,

8.

9.

10.

Thor
Expected

(mg)

9.982

9.226

9.518

9.833

9.538

9.802

10.508

9.851

10.981

9.784

iura
Obtained

(mg)

10

9

9

9

9

9

10

9

11

9.

.019

.257

.529

801

546

783

506

838

000

817

Dev.

+0.37

+0.34

+0.12

-0.33

+0.08

-0.19

-0.02

-0.13 i

+0.17 !

+0.34 !

! Plutonium
' Expected Obtained
! (mg) (mg)

! 1

! 1

1

1

1

1

1

1

1

1.

.099

.019

.044

.041

.061

066

169

090

177

090

1.100

1.020

1.039

1 .040

1 .056

1 .065

1 . 168

1 .085

1 . 179

1 .092

Dev.

+0.

+0.

-0.

-0.

-0.

-0.

-0.

-0.

+0.

+0.

09

10

48

10

47

09

oa
46

17

18
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2.3.1.2 Sequential determination of uranium and iron or

plutonium in single aliquot using platinum working

electrode (Controlled Potential Coulometry)

A.R. Joshi, U.M. Kasar, C.K. Sivararoakrishnan and

S.K.Patil

The redox titrimetric or controlled potential coulometric

methods commonly employed for the determination of uranium and

Plutonium in mixed oxide or carbide fuel samples normally involve

individual determination of uranium and plutonium in separate

aliquots. Determination of uranium and plutonium in single

aliquot, offer advantages such as saving time and labour required

for their determination. Besides, these methods generate less

analytical waste. Moreover, when only U/Pu ratio is required,

the accurate and precise weighing of solid as well as of solution

aliquots and use of standard reagents are not required. In view

of this a method for sequential and individual determination of

uranium and plutonium in a single aliquot was developed.

The method consists of reduction of U and Pu in 8-9M H2SO4

to U<IV) and Pu(III) by Ti(III). The destruction of excess of

Ti(III) and selective oxidation of Pu(III) to Pu(IV) was achieved

by adding a few drops of 7-8M HNO3 followed by the addition of a

few drops of 1.5M NH2SO3H . The solution was then diluted to

2-3M H2SO4 where U(IV) is no more stable and it reacts with

Pu(IV) to yield equivalent amounts of Pu(III) and U(VT). The

Pu(III) thus formed is oxidised at 0.75 V vs SCE and charge

col'ected in this step was used to calculate the amount of

uranium in the aliquot. Subsequently plutonium in the aliquot

was reduced to Pu(III) at 0.25 V vs SCE and determined by

electrolytic oxidation at 0.75 V vs SCE.



55

Pu(IV)/Pu(III) and Fe(III)/Fe(II) couples in 1M H2SO4 behave

very much similar chemically and electrolytically. Hence initial

experiments were carried out using synthetic mixtures of U+Fe.

Results are summarised in Table 20.

The method was subsequently employed for the sequential

determination of uranium and plutonium in synthetic mixtures

containing plutonium varying from 85% to 16% and the results

obtained are summarised in Table 21. It can be seen from the

results that the values for both uranium and plutonium are

reproducible within ± 0.2% and in good agreement with

corresponding values obtained using conventional redox

methods<2>3).

REFERENCES

1. U.M. Kasar et al., Fuel Chemistry Division Annual Rep. 1988.

2. V. Davies and W. Gray, Talanta, U , 1203 (1964).

3. Drummond and Grant, Talanta, 13, 477 (1966).

Table 20j_Sequent ial determination of uranium and iron in

Synthetic Mixtures containing varying Ratios of U/Fe

S. U/Fe Cone, of Uranium (mg/g) Cone, of Iron (mg/g)
no. Wt.ratio This method •Potentiometry This method ^Potentiometry

23.81±0.2% 23.82±0.2% 15.5810.16% 15.61+0.2%

26.64±0.11% 26.67±0.2% 8.36±0.05% 8.3510.2%

37.3510.16% 37.4010.2% 7.24+0.16% 7.2410.2%

63.7910.05% 63.8410.2% 6.4210.24% 6.41+0.2%

(2)• Determined using Davies & Gray method

1.
2 .

3 .

4 .

1
3

5

.5 :

.2 :

.2 :

10 :

1
1

1

1
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Table 21: Sequential determination of uraniua and plutoniua in

synthetic Mixtures containing varying ratios of U/Pu

S. U/Pu
no. Wt.ratio

Cone, of Uranium (mg/g) Cone, of PlutoniumCmg/g)
This method •Potentiometry This method ••Potentiometry

1.
2.

3.

4.

1 :
2 :

1 :

5 :

5
5

1

1

10
11

26

62

.69

.81

.61

.88

+

+

±

±

0.23%
0.15%

0.07%

0. 11%

10.69 ± 0.2%
11.80 ± 0.2%
26.66 ± 0.2%
62.84 ± 0.2%

55.07 ± 0.15%

30.12 ± 0.22%

26.95 ± 0.2%

13.05 ± 0.13%

55.13 ± 0.2%
30.12 ± 0.2%
26.97 ± 0.2%
13.03 ± 0.2%

Determined using Davies & Gray method
(2)

•• Determined using Drummond & Grant method (3)

2.3.1.3 Determination of uranium in synthetic dissolver solution

by Ti(III) reduction

P.R. Nair, Mary Xavier and H.C. Jain

The suitability of the Ti(III) reduction method, reported

in the previous annual report, has been examined for the analysis

of uranium in dissolver solutions. A synthetic dissolver

solution was prepared and analysed for U. The results are given

in Table 22 and are quite satisfactory.

_afe_e

Amount
of U per
a!iquot

6-7 ag

100-140 pg

22: Results of uraniun
dissolver solutions

No. of
deterrai-
nat ion

10

12

Mean
Uranium

Concentrat ion

27.485 mg/g

630 Hg/g

analysis in

R.S.D.

0.09

0.53

synthetic

Expected
Uranium

Concentrat ion

27.482 mg/g

633 ug/g
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2.3.2 RADIOMETRIC METHODS:

2.3.2.1 Studies on alpha liquid scintillation counting of

plutoniua

R.B. Manolkar, Keshav chander and S.G. Marathe

Alpha liquid scintillation counting for the determination of

Plutonium is an easy and convenient technique. High acidity and

large volume of the aqueous sample leads to quenching, thus

giving count rate lower than expected. Studies were therefore

carried out to see whether such problems could be overcome. In

order to get precise data standard solutions ot plutoniun were

measured on the weight basis rather than volume basis. The

effect of different weights of solution and the associated HNO3

molarity, on the count rate was studied to observe the tolerance

limits of these parameters. Lower count-rates were observed when

limits of any one of the parameters were exceeded. The

scintillator solution consisted of TOPO, POPOP, PPO, napthalene

in appropriate proportion dissolved in distilled dioxane.

When acidity and the amount of the aliquot (aqueous) was

marginally higher than the tolerance limits, increased proportion

of TOPO (from 2% to 4%) naphthalene (10% to 15%) helped in

eliminating the quenching effect. However, a substantial fraction

(nearly 100%) of the scintillations got quenched when 500 mg of

an aqueous aliquot of plutonium in 4N HNO3 was added to 5 ml of

the scintillator solution. To counter the quenching effect 4M

H2SO4 was added gradually to the solution (upto 2.5 ml)

containing 500 mg Pu aliquot in 4N HNO3 . Enhancement of the

countrate to 70% of the expected countrate was observed.

Therefore different amounts and different concentrations of H2SO4

were added to see the effect on the quenching. With 0.2N H2SO4
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("2.5 ml), the quenching effect was practically eliminated as can

be seen from Fig.1-

It was observed that dilute HC1 was also satisfactory for

eliminating the quenching effect. It can be seen that for

Plutonium solution present in any HNO3 concentration (upto 7.5 M)

addition of dilute HC1 (~2.5 «1) completely eliminated the

quenching effect.

It was observed that with the addition of HC1 or H2SO4 two

phases aqueous and organic were formed. The entire radioactivity

was associated with organic phase and most of the acidity was

associated with aqueous phase. Thus the removal of acidity from

the organic phase to the aqueous phase appears to be responsible

for the elimination of the quenching effect. The above quenching

effects and parameters for their elimination are shown in

Table 23.

This method of a liquid scintillation counting can be

employed for the determination of plutonium associated with high

acidity and present in very dilute concentrations where large

Aliquot suo IN rcqu«ro»l to tfct ronnonnbly Itttfli oounlrntf*.



I
o

O
u

Original amounts of
Pu-solution aliquot
in 4N

D lQo
* 150
0 250
• "500
A 1000

HNO I

mg
mg
rag
tag
mg

10 1ft 2O

VOLUME ADDED (ml)

1 i Antiquenching effect of the amount of 0#2N
on the alpha liquid scintillation counting.
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Tab1e-23: Deteraination of acidity from organic and aqueous

phase after adding different aaounts of IN H2SO4 (scinti1lator

solution = 5»1, HNO3 cone. = 7.96 M, H2SO4 cone. = 0.94 N).

s.
No.

1 .

2.

3.

4.

5.

6.

HNO3
amt.
(ml)

0.5

0.5

0.5

0.5

0.5

0.5

H2SO4
amt.
(ml)

-

0.2

0.5

1 .0

1 .5

2.5

Vol
org.
ml .

5.5

5.7

6.0

2. 10

1 .8

1 .4

uffle
aq.
ml

-

-

-

4.

5.
6.

40

20

60

Acidi
org.
mmol

3.98

4.16

4.41

0.80

0.62

0.32

ty
aq.
mmol

-

-

-

4. 10

4.77

5.92

Total
obs.

3.98

4.16

4.41

4.89

5.39

6.24

, mmol
expt.

3.98

4.17

4.45

4.92

5.39

6.33

2.4 INSTRUMENTAL METHODS:

2.4.1 THERMAL IONISATION MASS SPECTROMETRY

233
2.4.1.1 Deteraination of U in slag

S.A. Chitamber, A.R. Parab, P.S. Khodade and B.C. Jain

During the process of preparation of uranium metal, in

233
particular U metal, the slag obtained usually consists of

calcium fluoride, calcium iodide unreduced UF4 and components of

the crucible. Complete dissolution of slag is essential for an

233
accurate assay of U content. Dropwise addition of a solution

of saturated boric acid to the hot slurry of slag with

concentrated HNO3 results in a clear solution. Two different lota

of slag were received and clear solution of the samples of slag

were made up on weight basis after its complete dissolution using

the above method. Natural uranium was used as a spike to

233
determine U. The aliquots of the solution of the slag after
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mixing with spike solution were given redox treatment for isotope

exchange and uranium was purified from bulk of other constituents

by anion exchange in chloride medium. The purified uranium

aiiquots after drying were analysed by thermal ionisation mass

spectrometry and concentration calculated from the observed

isotope ratios. The 1

0.55% of the solid slag.

233
isotope ratios. The level of U was found to be 0.35% and

2.4.1.2 Simultaneous mass spectronetric analysis of uranium and

plutonium employing multiple faraday cups collector

system on thermal ionisation mass spectrometer MAT 261

F.S. Khodade, A.R. Parab, S.A. Chitambar and H.C. Jain

The multicollector system recently installed on thermal

ionisation mass spectrometer MAT 261, is having nine faraday cups

to simultaneously record signals from a number of isotopes of U

and Pu. Experiments were planned for testing this facility and a
233 242solution of spent fuel was spiked with U and Pu and

analysed after its redox treatment. The operating parameters for

steady ion beams of combined U and Pu ion currents were

standardised earlier using a single faraday cup system. The

concentrations of U and Pu determined by Isotope Dilution Mass

Spectrometry of two solutions had U/Pu ratio of about 1400. The

result on one sample analysed earlier by single Faraday cup and

the other recently by multiple Faraday cups are given in Table

24. Precision of plutonium determination has increased from ±

0.8% to ± 0.05%. A strict control on both sample loading and

sample filament heating procedures is essential for reproducible

results. This aspect is equally important for external

reproducibiIity of the data.
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Table 24:Sitiu 1 taneous isotope dilution Mass spectrometric

analysis of U and Pu without chemical separation

Type of
sample .co

Dissolver *
solut ion
of spent
fuel

A solution
of uranium
carbide with
Plutonium as
impurity

Type of
1 Iector system

Mult icollector
system

(9 Faraday cups)

+ Single
Faraday
cup system

Concentration in the
given

U mg/g

13.54
± .01
(0.07%)

0.3542
±.0004
(0.11%)

solution
Pu mg/g

8.823
±.004
(0.05%)

0.251
±.002
(0.8%)

U/Pu
ratio

1535

1411

* Simultaneous coliection of ion beams in multicollector
system requires only 3 minutes for each block

+ Single faraday cup analysis involves peak jumping and
peak centering requires 30 minutes for on block.

2.4.1.3 Determination of trace level concentration of uranium in

the solution of pure plutonium

P.S. Khodade, A.R. Parab, S.A. Chitambar and H.C. Jain

In order to check the purity of plutonium after its recovery

by ion exchange procedures from bulk of uranium, three samples of

pure plutonium solution were received. This plutonium was

recovered from the solution of (U,Pu)C waste and uranium impurity

was expected to be of trace level concentration. Isotope
233Dilution Mass Spectrometry technique with U as a spike was

employed to determine concentration in the aliquots of plutonium

containing 3 to 4 mg of Pu. After mixing and redox treatment of
233the samples with known amounts of U spike, a small drop of the

solution containing 10-20 Hg of plutonium was loaded onto the

sample filament. Using multicollector system on MAT 261 thermal

ionisation mass spectrometer, uranium and plutonium ion beams
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were used for calculation of uranium amount present in the

Plutonium. Table 25 gives the results obtained from the

experimental data and also gives ratio of U/Pu present in three

different lots of the pure plutonium solution obtained after

purification by anion exchange procedure.

Table 25:Deteraination of trace level concentration of

uraniua in pure plutonium solution by IDTIMS

Samp'e
Number

2P-A

3P-A

3XE-A

Total
of

4.

4.

0.

amount
Pu mg

247

607

366

Total
of

1

5

0

amount

u ng
. 16

. 10

.35

U/Pu
rat io

0.27 x 10~3

1 .10 x 10~3

0.95 x 10~3

2.4.1.4 Isotopic Analysis of Titaniua

S. Jeyakumar, A.H. Goyal, A.R. Parab, P.S. Khodade,

S.A. Chitambar and H.C. Jain

Investigations on various operating parameters for the mass

spectrometric analysis of titanium were initiated soon after the

experiments of cold fusion showed great interest in titanium.

The multicollector system of MAT 261 mass spectrometer was used

with a variety of sample filament loading procedures. The

feasibility studies were carried out using natural titanium

chloride solution TiCl3 using single rhenium filament and silica

gel and phosphoric acid for sample loading procedures. These

studies did not yield a steady ion beam of Ti . A double rhenium

filament assembly with dilute solution of titanium in chloride

medium for sample loading on the filament and subsequent heating

to dryness before introducing the sample in the ion source were
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found to give a steady ion beam at about 900*C temperature of the

sample filament . Since calcium is present as an impurity in the

filament material and reagents, the isotopic ratios were obtained

relative to Ti to investigate the presence of Ca at Ti . A

small but definite contribution from the filament material was

observed in the initial stage. The difficulty was overcome by

employing preheated filament of rhenium. Results were obtained

without any isobaric interference of Ca+ at Ti+ and are given

in Table 26 for a natural titanium sample. The comparison of

data with literature data shows excellent agreement with the

published values of isotopic composition of titanium. Internal

precision of the isotopic ratios was found to be better than

0.03 percent while external precision was 0.2 to 0.5%.

Table 26: Isotopic composition of natural titanium using

multicoilector system on MAT 261 mass spectrometer

Atom percent
Mass Experimentally Literature data from(l)
No. determined values

46 8.014 ± 0.015 8.0

47 7.333 ± 0.015 7.3

48 73.81 ± 0.07 73.8

49 5.49 + 0.02 5.5

50 5.35 ± 0.02 5.4

1. Handbook of Physics and Chemistry, Vol 70 (1989)
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233
2.4.1.5 Determination of zirconium in U-Zr-Al alloy by

theraal ionisation aass spectroaetry

K. L. Raraakumar, M.K. Saxena, V.A. Raman, V.L. Sant,

V.D. Kavimandan and H.C. Jain

In continuation of earlier studies, further investigations

have been carried out to standardize the isotope dilution thermal

ionisation mass spectrometry (TIMS) for the determination of Zr

in U-Zr-Al samples.

The performance of the MAT-261 thermal ionisation mass

spectrometer with a variable multicollector detection system was

checked by analysing NIST isotopic reference materials and also a

natural zirconium sample.

Zr-9Kat% Zr-91-92%) spike solution has been prepared by

dissolving certified material (ZrC^) in HNO3 - HF mixture. The

spike solution has been calibrated against a standard solution of

Zr obtained by dissolving accurately known amount of Spec pure

ZrC>2 in HNO3 - HF mixture. The alloy samples were dissolved in 6

H HC1 containing a few drops of HF. Known amounts of spike and

sample aliquots were mixed and Zr was separated from the mixture.

It was found that the nascent hydrogen treatment for complete

isotopic exchange between sample and spike was not necessary in

the case of U-Zr-Al alloy samples, which was the case with Pu-

Zr-Al samples.

An anion exchange separation procedure was standardized for

the purification of Zr from U and Al. Sample was loaded in 10 M

HC1. Zr was eluted in 3 M HC1. The eluted Zr fraction was taken

for mass spectrometer anlysis. A high purity rhenium filament

assembly was employed for the mass spectrometric analysis of Zr.
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The samples were loaded in 1 M HC1 and the aton ratio of

Zr/ Zr was monitored. The static nulticollection mode was

employed for simultaneous collection of the ions of the two Zr
91 90isotopes in the faraday cups. Fron Zr/ Zr atom ratios

determined, and the amounts of the spike and sample taken, the

concentration of Zr in the sample aliquot was calculated. This

was converted into % Zr in the sample.

Table 27 gives the concentration of Zr determined in the

sample aliquots. It can be seen that a precision of better than
233

1% is achievable. A few U-Zr-Al samples have also been
analysed for Zr and typical results are given in the Table 28.

Table 27; Concentration of Zr in U-Zr- Al sample aliquots

Sample No Concentration of Zr#

T 80.52 i 0.69 ©

2. 125.52 ± 0.21

3. 195.11 ± 2.56

4. 59.64 ± 0.33

5. 104.46 + 0.6o

6.* 71.56 ± 0.13

7.* 72.48 ± 0.13

# refers to the concentration in the solution taken for mass

spectrometer analysis and not in the alloy

© Standard deviation for triplicate analyses in each case
233

* 6 determined in U - Zr - Al samples from different lots.



67

Table 28: Deteraination of background factor using Zr

free U3O3 pellets

cps at 20

23.49*

9159

9243

22.55*

10396

10405

I22.55 / I23.49B

1. 135

1 . 126

Average : 1.131

2.4.1.6 Coaparison 0/ the peak juaping (PJ) aode of operation

with the static aulticollection (SMC) mode of operation

for boron isotopic ratio deteraination

K. L. Ramakumar, P.S. Khodade, A.R. Parab and H.C. Jain

The performance of SMC mode of operation with respect to PJ

mode of operation has been carried out for boron atom ratio

determination in terms of (i) precision and accuracy (ii) Time of

analysis (iii) extent of isotopic fractionation. Boron has been

determined as UB.2BO2 ion. The peaks at m/e ot 88 and 89

correspond to 10B a n d liB respectively. Five separate loadings

of standard boric acid SRM - 951 (certified iOg/llg atom ratio =

0.2473 ± 0.0002) was carried out for each of the two modes of

operation. All the experimental conditions from sample loading

on the single tantalum assembly, the rate of heating of the

filament in the ion source and upto the collection of the data,

were identical in both the modes of operation. In SMC mode each

analysis consisted of 25 blocks of data collection. Each block

had twelve scans. In PJ mode, only ten blocks ot twelve scans

each were collected for the atom ratios. The results obtained for

the B B atom ratios are:

SMC mode of operation : 0.24780 ± 0.00003

PJ mode of operation : 0.2<*7857 ± 0.00017
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The conclusions drawn are:

(i) Time of analysis : SMC mode is faster that PJ mode of

operation at least by a factor of 8 (3 to 4 minutes/block in SMC

mode as compared to 25 to 35 minutes in PJ mode)

(ii) Precision: The precision obtained in the SMC mode for a

single analysis was 0.003% as compared to 0.03% in PJ mode.

However, the overall precision for a set of five independent

analyses was about 0.009% for SMC mode and about 0.04% in PJ

mode. In both the cases, there was no statistically significant

difference between the average values obtained.

(iii) Accuracy: The accuracy obtained in both the modes of

operation was comparable (about 0.2%) with respect to the

certified value for the boron atom ratios.

(iv) Extent of fractionation: The extent of fractionation was

negligible in the case of SMC mode of operation. The difference

between the minimum and maximum value of B B obtained in a

single analysis consisting of 25 blocks was about 0.003% as

compared to 0.03% obtained for PJ mode for a set of ten blocks.

This directly affected the precision in the measurements.

2.4.2 SPARK SOURCE MASS SPECTROMETRY (SSMS)

2.4.2.1 Effect of the abundance of different. isotopes of the

elevents on the saturation of the SEM output current in

the electrical detection system

K.L. Ramakumar, V.A. Raman, V.L. Sant, V.D. Kavimandan

and H.C. Jain

The electrical detection system in SSMS employs an SEM

detector. The amplification of the input signal to SEM depends

on the voltage applied to SEM. The value of the output current

is directly proportional to the input signal at moderate SEM



69

voltages but at higher SEH voltages (>2.5 kV) this

proportionality is not maintained because of saturation effects.

Hence the SEM is operated within the range of linear response.

However, it was seen that when the input signals from the matrix

or the major element isotopes are being monitored (particularly

in SSMS where the total ion currents produced are in the range of
~9

1 X 10 A or more) , the saturation of SEM output current was

occurring at relatively low SEM voltages (1.5 kV). This could

result in disproportionatc response of SEM with respect to the

different isotope3 of the same element and when the concentration

of the trace constituents is determined with respect to these

isotopes, th* results will be erroreous. This type of

saturation effect had been found to affect the boron values

determined in steel samples. It was found that at SEM voltage

of 1.5 kV, the concentration of boron determined with respect to
5 6Fe (aX = 91.7X) was twice that determined with respect to 5 7Fe

(aX = 2.2X). Consequently the atom ratio of 5 6Fe/ 5 7Fe (41.68)

was determined at different SEM voltages from 0.5 kV to 3.0 kV.

The plot between Fe/ Fe atom ratio vs the SEM voltage was

Ml I ho oxppotevl voluo uplu I . lift KV and bcyuiul lhat the

atom ratio decreased and at 2.5 kV it was only 10.3. Experiments

were therefore conducted at an SEM voltage of 1 kV and the

concentration of boron determined was found to be the same with

respect to both iron isotopes.

This saturation effect at lower SEM voltages appears to be

dependent on the atomic concentration of the element that is, the

SEM voltage at which the saturation effect is seen is not same

for graphite ( 1 2C +/ 1 3C +) as for steel samples ( 5 6Fe +/ 5 7Fe*).

Even though it is desirable to determine the concentration

of the trace constituents with respect to different isotopes of

the reference element to improve the reliability in measurements,

it is always essential to determine the optimum SEM voltage at

which these measurements are possible.
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2.4.2.2 Spark Source Mass Spectrometric Abundances of HOBO- and

Heteronuclear Isotopic Molecular Ions: Dependence on

analyser pressure

B.P. Datta and B.C. Jain

For a few otul t i-isotopic elements it was previously

reported that the experimental yield distribution of different

probable homo- and heteronuclear An ions of given A and n does

not obey the statistical distribution

(I xi) n = 1 (1)

i

where Xj is the fractional isotopic abundance for the i-th

isotope. It has been shown that the variation from the

statistical model (Eq.l) is prominent, particularly for Mo2 ions

and the nature of the observations are as follows: the yields of

heteronuclear Mo2 ions (viz. Mo Mo ) are suppressed with
+ 94 +

respect to the homonuclear Mo2 ions (viz. M02) and the yields
of the homonuclear M02 ions, quite surprisingly, are in good
conformity with the isotopic composition of Mo. In this

(2)connections further investigations have been made

The investigations show that the suppression of the yields

of the heteronuclear An ions with respect to the homonuclear

ions has a direct bearing on the vacuum in the analyser : the

yields of heteronuclear An ion relative to that of the

homonuclear ions decrease as the analyser pressure is increased.

However, the surprising observation is that, in an experimental

environment where the yield distribution of A2 ions does not obey

the statistical model (Eq.l), the abundance distribution of A2B^

ions conform to. the statistical prediction given by Eq.2. The

abundances of compound molecules such as AnBp CQ are

calculated using the following statistical formula.



71

J K L

<Zxi)
n(Zyi)

p(Zzi)
q = (1X1M1) = 1 (2)

i i i

where Xj, y^, Z| are the fractional isotopic abundances of the

i-th isotopes of elements, A,B, and C having a total of J,K and L

nuabers of isotopes, respectively.

The experimental findings are independent of the nature of

the element, A, and have been checked using the matrices for the

following elements Cl, K, Mo, Ag, Sb, Pd and V.

The results prove that the analyser vacuum is one of the

factors, if not the sole reason, which causes deviations in the

yields of Aj£ ions of given A and n from the statistically

expected values. It may be that there is a pressure range which

separates the two sides of observations: conformity between the

experimental yields and the statistical abundances, and the non-

conformity between them. Obviously such a pressure range is

critical to the ion current and hence, would be governed by the

matrix and the experimental conditions. Further investigations

are needed.

The present findings could be interpreted as follows: in

addition to the reactions or processes which could be

contributing to the formation of both the homo- and heteronuclear

An ions and also AnXn ions, the homonuclear An ions are

generated by some other extra process. Experimental observations

relating to the peak shapes indicate that the extra process is

likely to be a collision-induced or charge-transfer reaction

occurring in the analyser.
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2.4.2.3 Calculation of Molecular abundances

B.P. Datta and H.C. Jain

A BASIC software for computing the abundances of different

probable isotopically-labelled molecules of any given

stoichioroetry such as AnBp Cq has been developed. The

implications of this work are as follows. (1) The identification

of species constitutes the very first and the fundamental step

for any kind of mass spectrometric investigation. However, one

cannot identify a molecular mass spectrum without knowing the

abundance pattern of the molecule in question. (2) Knowledge of

the abundance values of a given molecule, AnBp Cq is

necessary to determine its concentration. (3) Molecular

abundances are generally not pre-established and need to be

calculated from the isotopic abundance values of the constituent

elements. However, the calculations of the molecular abundance

involve lengthy steps and may even be difficult to manually

arrive at the abundance pattern of a given molecule having a

slightly complex elemental composition such as L12BO2 ~ whose all

three constituent elements are multi-isotopic.

2.4.3 X-RAY FLUORESCENCE SPECTROMETRIC METHODS

2.4.3.1 X-ray fluorescence spectroaetric analysis of Zr in

U3O3 aatriz

K.L. Chawla , N.D. Dahale and N.C. Jayadevan

Plutonium - zirconium and uranium - zirconium alloys are



73

important metallic nuclear fuels. A rapid X-ray fluorescence

spectrometrie method for the analysis of zirconium in U3O8 matrix

was standardised. Synthetic standards containing 2 to 29%

zirconium oxide in 500 mg l^Og and boric acid < binder ) were

mixed and ground for at least 30 minutes and pressed into 20 mm

diameter pellets. Samples were analysed using Diano X-ray

fluorescence spectrometer with LiF 200 crystal and Cr target

tube. Linear calibration plot passing through the origin between

ZrKa intensity and Zr(>2 percentage was obtained (Fig.2).

Background at ZrKa position was obtained by counting blank

samples containing U3O8 only at two positions using variable

oaciiground method as shown in Table 29. The precision of the

method is about 1% (Table 29). The method standardised requires

counting at two angles for 10 sees each; at (23.49*) for the

background and at 22.55* for ZrKa line . The high mass

absorption coefficient of uranium in the matrix causes

considerable absorption effect on ZrKa intensity. Presence of

500 mg U3O3 in the sample causes about 85% decrease in the ZrKa

intensity. The lower limit of detection was found to be 0.35%

ZrC>2 in U3O8 matrix.

Table 29: Evaluation of precision in the Zr determination by

XRF

ZrO2

wt. X

1.96

5.8

17

29

cps at 20

23.49
B Kg

9478

9588

10584

10759

22.55
ZrKa

12513

16276

27532

39166

Corrected
Bkg

IBkgxl.l3l

10720

10844

11971

12168

IZrKa
after
BKg

Correction

1793

5432

15561

26998

m = I/wt %

915

937

915

931

Average =

0 =

ZrO2

• 925

1.05%
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2.4.3.2 X-ray spectrometric analysis of caesiui and rubidium

K.L. Chawia, N.D. Dahale and S.K. Sali

An X-ray fluorescence method is being standardised for the

analysis of Cs/Cr and Rb/Cr ratio in Cs-Cr-0 and Rb-Cr-O

compounds. Synthetic standards and samples were analysed using

Diano X-ray spectrometer. Calibration plots between concentration

ratios and intensity ratios were obtained. Cs La, Ru Ka and Cr

Ka lines were selected for intensity measurements. LiF 200

crystals and Mo target tube was used. Rb/Cr and Cs/Cr ratios

obtained in the samples agree within 1% of the expected values.

2.4.4 Microdetermination of fluoride in aqueous solution by

spectrophotometry of Arsenazo III coaplex of Zr(IV) back

extracted fro* HTTA complex in benzene

M.A. Mahajan, H.R. Mhatre, R.K. Rastogi, N.K. Chaudhuri

r,ad S.K. Patil

A spectrophotometric method for the determination of trace

amounts of F in aqueous solution was developed. It utilises the
_ 181

principle used earlier for the determination of F with Hf as

tracer . The present method is based on the back extraction of

Zr(IV) from its thenoyltrifluoroacetonate(TTA) complex in benzene

medium by aqueous F followed by the determination of back-

extracted Zr(IV) spectrophotometrically by measuring absorbance

of Zr-Arsenazo III complex at 665 nra. The amount of Zr(IV) back

extracted and hence the absorbance of the solution is

proportional to the concentration of F in the aqueous phase used

for back extraction. A 0.1 M solution of HTTA in benzene was

used for the extraction of Zr(IV) from aqueous 2M nitric acid

medium and a stock solution containing 100-400 ng of Zr(IV) per

ml was prepared which could be used for several experiments over

a period of about a month. 5 ml of this solution was

equilibrated with aqueous solution containing F~. Then 2 ml of

the aqueous solution was used tor colour development. 1 ml of 1M

sulphamic acid, 1 ml of 1M aluminium nitrate and adequate
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concentrated nitric acid (to make the fina solution 6 M) and 1

ml of 0.01 M Arsenazo III were added before making the final

volume to 10 ml. After 20 min, the absorbance was measured at

665 nm against a reagent blank.

An equilibration time of 30 min was required. Variation of

acidity of the aqueous medium showed that nitric acid

concentration of 2M was most suitable. When the F~ concentration
3+was > 3.5 ng/ml, it was necessary to use AI ion to release

Zr(IV) from F~ completely. When aqueous solution with varying

concentration of F were equilibrated with equal volumes of the

organic stock solution of Zr(IV), the absorbance of the resulting

aqueous solutions obtained after colour development as mentioned

earlier showed a linear relation with the concentration of F .

Coefficient of variation (C.V.) in eleven replicate

determinations at a fluoride concentration level of 10ug/ral was

1.5% and at 1. Bug/ml was 2.2% while at 0.12}lg/ml of fluoride

level it was 5.5% in 9 determinations. Sensitivity depended on

the Zr(IV) concentration in the organic phase which should be

high for low concentrations of F~. With about 400ng/ml of Zr(IV)

in the organic phase, the average absorbance of the blank and its

C.V. in 7 measurements were 0.3486 and 0.017 respectively. The

detection limit of F as measured by 3 times the C.V. of the

blank was 0.06ng/ml.

f O *3 A \

Molar absorptivities obtained with other methods ' '
based on the formation of ternary complexes with La(III) and

4
Zr(IV) are of the order of 10 whereas in this work it was of the

order of 10 , when Zr concentration in the organic phase was 400

, thus making the present method most sensitive. A study on

the effect of interfering ions showed that the recovery was

within ±5% when the solution contained 10C fold excess of Cl~ ,
— 2—

NO3 and acetate, 50 fold excess of SO4 and citrate, 5 fold
3 — 9+

excess of PO4 , 100 fold excess of bivalent cations like Pb ,

Ca2+, Mg2+, Cd2+, C0 2 +, and Ni 2 +, 50 fold excess of Bi 3 + and Cr 3 +

and 10 fold excess of Fe +. However Al 3 +, Zr4+, Hf4+, and Th 4 +

interfered seriously and should be separated beforehand. The
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(5)distillate obtained by the pyrohydrolyais of nuclear fuel

samples is free from interfering ions. When some unknown

solutions containing F below lug/ml were determined using this

method the results agreed within ± 5% with those obtained by

F-ISE.
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2.5 Installation of a Moisture analyser

Mary Xavier, K.A. Mathew, S.G. Marathe and H.C. Jain

A commercial moisture analyser has been installed for the

analysis of the moisture in the inactive samples like UC^i l^Og

etc. The performance of the instrument was tested and was found

to be working well. A few samples of UO2 pellets and powders

were analysed for the moisture.
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3 CHEMISTRY OF ACTINIDES

3.1 SOLUTION CHEMISTRY

3.1.1 Solvent extraction studies of U(VI) and Pu(VI) by Di,2-

ethylhexyl phosphoric acid (D2EHPA)

K.V. Chetty, P.M. Mapara, R. Swamp, V.V. Ranakrishna and

S.K. Patil

In continuation with the studies on the extraction behaviour

of hexavalent actinides, the behaviour of U(VI) and Pu(VI), by

mixtures of D2EHPA and tri-n-butyl phosphate (TBP) using n-

dodec?,ne and toluene as diluents was investigated using 0.2M

sulphuric acid as the aqueous medium and the results are reported

here. Attempts were made to corroborate the composition of the

species suggested from the extraction data with absorption

spectra of U(VI) extracted into the reagents used.

2+The extraction of a hexavalent actinide ion (MO2 ) from

aqueous sulphuric acid solutions, into D2EHPA in n-dodecane or

toluene as diluents (where the reagent is known to exist in a

diraeric form which may be represented as H2Y2) was shown to

follow the equilibrium

"ex

M0 2
+ + 2H2Y2 «== = ="* MO2(HY2)2 + 2H+ (1)

with logKex as 3.42 for U(VI) and 2.91 for Pu(VI) where toluene

was used as diluent. With n-dodecane as diluent logKex values

were 4.39 and 3.68 for U(VI) and Pu(VI) respectively. When a

neutral donor(B) such as TOPO or TBP was added to D2EHPA the
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2+synergism observed for M02 ions was explained as due to the

equi1ibr ium,

M02
++ 2H2Y2 + B ;====̂  MO2H2Y4.B + 2H+ (2)
(a) (0) (p) C°) (*)

from eqs. (1) and (2) it follows that

MO2H2Y4 + B ^===2 MO2H2Y4 .B <3)

(d) CO) C°)

and the adduct formation constant (J3) for the equilibrium

represented by eq.(3) is given by,

fl = AD/D A . [B] (4)

where D^ is the distribution ratio with a fixed concentration of

D2EHPA and A D is the increase in the value of the distribution

ratio caused by a certain concentration of B, the neutral donor.

The distribution ratic data and the U values calculated from

them for the formation of the adduct MO2H2Y4.TOPO in n-dodecane

as diluent are given in Table 30. It is seen that the £ values

are decreasing with increasing neutral donor concentration. This

is presumably due to the interaction between the neutral donor

and the acidic extractant.

The distribution ratio data and the adduct formation

constant values obtained for MO2H2Y4.TBP in the diluents n-

dodecane and toluene are given in Table 31. The trend ot

decrease in £> with the use of higher concentration of neutral

donor is similar to that observed with TOPO . As the constants

for the interaction between H2Y2 and TOPO or TBP in the diluents

used are not available, no correction to the concentration of
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H2 Y2 > T0P0 or TBP could be made to calculate the B values.

Instead approximate ]3 values were estimated by extrapolating the

valuaa to zero neutral donor concentration. Such values obtained

are summarised in Table 32. The conclusions that can be drawn

from these data are (i) TBP forms weaker adducts with MO2H2Y4

than TOPO , (ii) adduct formation between a neutral donor and

MO2H2Y4 is weaker in toluene than in n-dodecane and

< i i i )PuC>2H2Y4 forms weaker adduets with neutral donors than does

UO2H2Y4. These observations are similar to those reported

earlier in our laboratory for M(VI)-HTTA-BV f as well as M ( V D -
(3 )HDNNS-B systems, thus showing the similarity in synergic

extraction behaviour of hexavalent actinide ions with different
(4 )acidic and neutral extractant combinations. The suggestion

that stronger metal chelates form weaker adducts with neutral

donors, which was found to be valid with tetravalent actinide

ions is thus found invalidated with hexavalent actinide ions.

It appears that the ternary complex formation tendancy follows

the same order as that of the binary complex formation with

oxygenated cations.

The absorption spectra of U(VI) extracted into D2EHPA in the

absence and the presence of the neutral donor TOPO were recorded

and they were found to be similar to each other. This suggests

that the species extracted in both cases may be isoatructural.

To be isostructura1 with the adduct UO2H2Y4.TOPO, the uranyl

species extracted into D2EHPA might be associated with a

coordinated water molecule, Viz. UO2H2Y4.H2O.
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Table 30: Data on the distribution ratios CD) of U(VI) and

Pu(VI) and the formation constants (U) of the

adducts UO2H2Y4.TOPO in n-dodecane as diluent

Aq. Med. : 0.20M H2S04, [D2EHPA] : 0.010 F

{TQPOJ
M

0

0.0020

0.0040

0.0060

0.0080

0.010

D

Pu(VI)

1 .72

60.2

72.3

63.0

58.8

62.5

U(VI)

0.428

2.88

3.52

3.91

3.76

3.38

Pu(VI)
xlO~4

-

1.70

1 .03

0.594

0.415

0.353

u(vn
xlO~J

-

2.86

1.81

1.36

0.973

0.690
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fable 31: Data of the distribution ratios (D) or U(VI) and

Pu(VI) and the formation constants (6) of the

adducts HO2H2Y4.TBP in n-dodecane and toluene as

diluents. Aq. Med. : 0.20 M H2SO4

[TBPJ
M

0

0.010

0.020

0.040

0.060

0.080

0

0.020

0.040

0.060

0.080

0. 100

D

U(VI)

[D2EHPA] :

1.81

8.41

12.4

16.8

17.4

17.7

[D2EHPA] :

0.711

1 .04

1 .28

1 .57

1 .65

I .75

Pu(VI)

0.010 F

0.442

0.598

0.720

0.828

0.813

0.805

0.020F;

0.294

0.290

0.281

0.272

0.263

0.253

U(VI)

Diluent :

-

348

292

207

143

110

Diluent

-

23. 1

20.0

20. 1

16.5

14.6

B

Pu(VI)

n-dodecane

-

35.3

31 .4

21 .8

14.0

10.3

: To Iuene

-

-

-

-

-

—

Table 32: Estimated adduct formation constants (0) for the

equilibrium, MO2H2 + B ^===£ MO2H2Y4.B

Diluent
Extrapolated log$ values with the neutral donor(B)

[TOPO] TBP

U(VI) Pu(VI) U(VI) Pu(VI)

n-dodecane 4.41

toluene 3.74

3.

2.

60

61
2
1
.61
.41

1.59

No Adduct

formed
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3.1.2 Extraction behaviour of uranium (VI) from different

aqueous media into D2EHPA using n-Decanol as diluent

H.D. Bhanushali, N.N. Mirashi, D.G. Phal, V.V. Ramakrishna

and S.K. Patil

Di,2-ethyl hexy1 phosphoric acid (D2EHPA) is known to exist

in its monomeric form in a polar diluent such as n-decanol

With a view to find out the nature of the U(VI) species

extracted, the extraction was studied by the measurement of the

distribution ratios of U(VI) under different conditions, using

sulphuric, hydrochloric, perchloric and nitric acids as aqueous

media.

Data obtained on the variation of the distribution ratio of

U(VI) as a function of the reagent concentration at a constant

aqueous phase composition of 0.10 M sulphuric acid as well as

that obtained at a fixed reagent concentration but varying

aqueous acid concentration are given in Table 33. It was seen

that the plots of log D- logtHY] and log D- log [H2SO4} gave

slopes of +3 and -2 respectively, suggesting the involvement of

the equi11ibrium,

U0l+ + 3HY(O) ^===^ U02Y2.HY(o) + 2 H + (1)
(a) (a)

where HY refers to a monomeric molecule of D2EHPA.

Similar data obtained by using aqueous perchlorate, nitrate

and chloride media at constant ionic strength but varying [H+J

are given in Tables 34-36. The log D-Log[HYJ plots from these

data, gave slopes of around +2.5, with all the three acids, lower

than that observed with sulphuric acid. Similarly the log D-
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log{H+] plots also gave slopes lower than -2 and grater than

1.5. To verify whether the extracted species is different when

different aqueous acids were used, the absorption spectra of

U(VI) extracted from differnt acids into D2EEHPA in n-decanol

were recorded. They were all found to be identical to one

another. This suggests that the lower slopes observed with

perchloric, nitric and hydrochloric acids may not be due to any

change in the composition of the extracted complex from

UO2Y2.HY, but may be due to changes in the activity coefficients

of D2EHPA due to the extraction of aqueous acids by this reagent.

It is reported that U(VI) extracts from hydrochloric

acid into D2EHPA in n-decanol by the following equilibria,

depending on the reagent concentration used.

Uo|+)+ 2HY(o) ^===^ UO2Y2
 + 2H*a) (2)

|* 4HY(O) ^===^ U02Y2.2HY(o)
 + 2 H * & ) (3)

However, in the present work, slopes lower than +2 or higher

than +3 for the log D - logtHYJ plots could not be observed under

the conditions used. Thus the involvement of these equilibria in

this system appears doubtful.

REFERENCE

1. G.W. Mason, S. Lewcy and D.F. Peppard, J. Inorg. Nucl. chem.

26,2271 (1964).
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Table 3_3:Data on the variation of the distribution ratio (D)

of UCVI)

Aq. med.

IHY] , F

0.020

0.040

0.060

0.080

0.100

- 0.10 M H 2SO 4

D

0.020

0.092

0.275

0.580

1.12

[HYJ

[H2SO4J.M

0.20

0.40

0.60

0.80

1.00

= 0.02F

D

2.09

0.636

0.262

0. 156

0.091

34: Data on the variation of the distribution ratio

(D) of UCVI)

Aq. med.

[HYJ,F

0.020

0.040

0.060

0.080

0. 100

- 0.10 M HC104

D

0.224

1 .08

2.88

5.90

9.73

[HY]=0.025; [NaC104 n

[HTJ,M

0.020

0.040

0.060

0.080

0. 100

• HC104]=0.1M

D

5.50

1.62

0.766

0.436

0.300

Table 35: Data on the variation of the distribution ratio

CD) of UCVI)

Aq. ned. - 0.10 M HNO3 {HY] = 0.025F; [HNO3 + NaN03] = 0.2 M

IHY],F

0.020

0.040

0.060

0.080

0. 100

0.194
0.965
2.12
5.22
8.71

0.040
0.080
0.120
0.160
0.200

0.775

0.260

0. 130

0.080

0.057
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Table 36: Data on the variation of the distribution ratio

<D> of U(VI)

Aq. med. - 0.10 M HC1 [HYJ = 0.025F; [NaCl+HClj = 0.10 H

f HY] , F D [H D

0.020

0.040

0.060

0.080

0.100

0.265

1 .29

3.40

6.41

10.9

0.20

0.40

0.60

0.80

1.00

14.6

4.00

2.53

1.36

1 . 16

3.1.3 Solvent extraction of plutoniua (IV) from hydrochloric

acid media into D2EHPA

D.G. Phal, V.V. Ramakrishna and S.K. Patil

Di,2-ethyl hexyl phosphoric acid (D2EHPA) is known (1) to

exist, in non-polar diluents, predominantly in the dimeric form
{ 2 ~i

which may be abbreviated as H2Y2- Ifc was earlier reported

that Pu(IV) is extracted from sulphuric acid medium as PuY2<HY2>2

and from nitric acid medium as Pu(N03>2(HY2)2• In the present

work the nature of the Pu(IV) species extracted from hydrochloric

acid medium into D2EHPA taken in 3 diluents, viz. n-dodecane,

toluene and chloroform was investigated.

The equilibria that are likely to be involved in the

extraction of Pu(IV) from hydrochloric acid by H2Y2 are,

Pu4+

(a)
3H2Y2

(o)
PuY2(HY2)2 + 4H

(o) (a)
(1)



87

Pu4+ + Cl" + 2.5H2Y2 ?===> PuClY(HY2)2
 + 3 H +

(a) <a) (o) (o) (a)

Pu4+ + 2Cl" + 2H2Y2 «= = = =5r PuCl2(HY2)2 + 2H
+ (3)

(a) (a) <o) (o) (a)

Pu4+ + 3C1~ + H2Y2 ^===> PuCl3(HY2)2 + H
+ <4>

<a) (a) <o) (o) (a)

In fact, the equilibrium represented by eq.(4) was suggested

for this extraction when diethyl benzene was used as the diluent

for H2Y2. The slopes of log D v/s log[H2Y2l plots, obtained at

fixed aqueous hydrochloric acid concentrations, are expected to

vary in the range of +3 to +1 and the slopes of logD -logtH ]

plots obtained at fixed [H2Y2I, are expected to vary in the range

of -4 to -1 if all the suggested species are participating in the

extraction. The results obtained on the variation of the

distribution ratio (D) of Pu(IV) as a function of the

concentration of H2Y2 are given in Table 37. It is seen that the

slopes of the log D -log[H2Y2) plots ranged from 2.8 with n-

dodecane as diluent, 2.7 with toluene as diluent to 2.6 with

chloroform as diluent. These results suggest that at best two

species, viz. PuY2(HY2)2
 a n d PuClY(HY2)2 participate in the

extraction, the proportion of the later species increasing in the

order n-dodecane < toluene < chloroform assuming, of course, that

there is no interaction between H2Y2 and the diluent. However,

when similar data were obtained using a higher concentration of

hydrochloric acid as aqueous medium (Table 38) it was observed

that in all the cases the values of the slopes were close to 2.0

suggesting that the species PuCl2(HY2)2
 is predominantly

extracted.
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The studies on the variation of the distribution ratio(D) of

Pu <IV) were also conducted, at a fixed reagent concentration, as

a function o£ hydrogen ion concentration. The results obtained

at a constant ionic strength and chloride ion concentration of 2M

are given in Table 39. It is seen that the slope values suggest

the involvement of the extraction of PuClY(HY2>2 a n d

None of these data included in Tables 37-39 has indicated the

(3
extraction of PuCl3(HY2> as reported ) in the literature.

REFERENCES:

1. D.F. Peppard, J.R. Ferraro and G.W. Mason, J. Inorg. Nucl.

Chem. 7, 231 (1958)

2. D.G. Phal,S. Kannan and V.V. Ramakrishna, Radiochem. Radiation

Chem. Symp. Bombay, 1988, Papers CT-18 and CT-2O

3. J.J. Fardy and J.M. Chi 1 ton, J. Inorg. Nucl. Chem. 31,

3247 (1969).

Table 37: Variation of the distribution ratio CD) of Pu(IV)

with concentration of D2EHPA; Aq. «ed. = 2.0 H HC1

n-dodecane toluene Chloroform

{H2Y21 ,M

0.0010

0.0020

0.0030

0.0040

0.0050

slope =

D

0. 105

0.689

2. 16

4.86

8.63

2.8

f

0.

0.

0.

0.

0.

H2Y2]

0040

0080

0120

0160

020

s lope

,M

0.

0.

0.

0.

1.

= 2

D

0195

107

291

624

10

.7

[H2Y2],M

0.020

0.040

0.060

0.080

0. 100

slope =

D

0. 121

0.708

2. 19

4.00

7.01

2.6
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Table 38: Variation of the distribution ratio (D) of Pu

with concentration of D2EHPA

A.q. raed.- 7 M HC1 for n-dodecane and chloroform

5 M HC1 for toluene

(IV)

f

0

0

0

0

0

n-dodecane

H2Y2],M

.0010

.0020

.0030

.0040

.0050

slope =

0.

0

0.

0.

1 .

2

D

.0583

.221

.510

.924

32

toluene

[H2Y2),M

0.0040

0.0080

0.0120

0.0160

0.0200

slope =

0.

0.

0.

0.

1 .

= 2

D

0517

200

551

826

27

chloroform

[H2Y2],M

0.020

0.040

0.060

0.080

0. 100

slope =

0.

1 .

3.

6.

10.

2

D

414

67

70

63

9

Table-39 Variation of the distribution ratio (D) of Pu(IV)

with aqueous hydrogen ion concentration

Aq. med. 2.0 M (Na H Cl )

Aqyeous [H2Y2] = 0.005 M
[H ], M in n-dodecane

[H2Y2] = 0.01M
in toluene

[H2Y2] = 0.02M
in chloroform

1
1

1

1

1

2

.0

.2

.4

.6

.8

.0

Slope =

5.
3.

2.

1 .

0.

0.

-3. 1

36

28

02

28

921

713

1 .29

0.797

0.527

0.360

0.259

0. 194

slope = -2.8

0.606

0.377

0.256

0. 180

0. 137

0. 103

slope = -2.7
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3.1.4 Synergic extraction of Pu(IV) froa aqueous hydrochloric acid

•ediua by mixtures of D2EHPA and TOPO

D.G. PhaJ, V.V. Ramakrishna and S.K. Patil

In the extraction of Pu(IV) from aqueous H2SO4 into mixtures

of D2EHPA And TOPO antagonism was observed. J With HNO3 as
(2)aqueous medium, however, synergisoi was exhibited . The Pu(IV)

species extracted into D2EHPA (the dimeric form of which may be
(3 )

represented as H2Y2) were shown to be P11Y2 (HV2>2 ant*

Pu(NO3>2•<HY2>2 when the aqueous media were sulphuric and nitric

acid respectively. The dominance of antagonism which is mainly due

to the interaction between TOPO and D2EHPA was probably due to a

lack of adduct formation between PuY2 (HY2)2 aru* TOPO due to

steric hindrance caused by the 2- ethyl hexyl groups crowding the

Pu(IV) ion. Probably due to reduction of such crowding in

Pu(NO3)2-HY2)2 t n e adduct formation with TOPO could take place

resulting in synergism. If this reasoning is valid, the synergism

should be observed when the aqueous medium is hydrochloric acid

where the species extracted were suggested to be PuClY(HY2)2 an<*

PuCl2(HY2)2.

Synergism was observed in the extraction of Pu(IV) from 2 M

HC1 by the addition of TOPO to D2EHPA taken in any of the diluents,

n-dodecane, toluene or chloroform as seen from the data in Tables

40-48.

The log ( D) - loglTOPO] plots (from the data in Tables 40,43

and 46) and the log( D) - log[H2Y2J plots from the data in Tables

41,44 and 47) gave slope values close to unity and the log ( D)

log[H ] plots (from the data in Tables 42, 45 and 48) gave slopes

of minus unity, thus suggesting that the equilibrium responsible

for synergism, in all the diluents studied is:
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Pu 4 + + 3C1 + H 2Y 2 + TOPO «jr = = =^ PuCl 3(HY 2) .TOPO + H
+ ....(1)

(o) (o) (o)

The average values of log KAg = 4.85, 3.81 and 1.87 were obtained

for the diluents n-dodecane, toluene and chloroform respectively.

Though D2EHPA extracts the species PuClY(HY2)2
 an<*

PuCl2(HY2^2 a n d no*- a n v PuCl3<HY2) the predominance of the

trichloro species in synergism with TOPO may be due to the

structural factors and or due its formation by interaction in the

organic phase between PuCl2(HY2>2 aiM* TOPO.HC1. Absorption

spectral studies are planned to corroborate the same.

Table 4_0: Di str ibut ion ratio data on the extraction of Pu(IV)

Aqueous mediua = 2 M HCI; Diluent = n-dodecane

[H2Y2] = 1 0 X 10~
3 M; DA = 0.113

[TOPOJ

2.0

4.0

6.0

8.0

10.0

MxlO3 D A B

0.638

1 .09

1 .58

2. 30

3.02

<DA + DB>

0. 119

0. 145

0.205

0.345

0.418

0.

0.

1 .

1 .

2.

D

519

945

38

96

60

KABxl0~
4

6.49

5.9i

5.75

6. 13

6.50
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Table 41: Distribution ratio data on the extraction of PuCIV)

Aq. med.= 2 M HC1; Diluent = n-dodecane

CTOPO1 = 1.0 X 10~2 M; D B = 0.305

0.

1 .

1 .

2.

2.

5

0

5

0

5

I.MxlO 3 D A B

2.04

3.03

4.64

6.49

8.31

<DA + DB)

0.319

0.410

0.617

0.994
1.61

D

1.72
2.62

4.02

5.50

6.70

KABx 10"4

8.60

6.55

6.70

6.88

6.70

42; Distribution ratio data on the extraction of Pu(IV)

Aq. »ed. = 2 M (H,Na)Cl; Diluent = n-dodecane

IH2Y2] = 1.0 X 10~
3 K; [TOPOJ = 2.0 X 10~3 M

fH+],M

1 .0

1 .2

1 .4

1 .6

I .8

2.0

DAB

1.97

1.55

1. 15

1 .03

0.833

0.777

*>A

0.572

0.401

0.273

0. 187

0. 126

0. 112

DB

0.0404

0.0372

0.0355

0.0355

0.0362

0.0353

D

1.36

1. 11

0.842

0.808

0.671

0.630

KABxl0"
4

8.50

8.33

7.37

8.08

7.55

7.88
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Table 43: Distribution ratio data on the extraction of Pu(IV)

Aqueous aediua = 2 M HC1; Diluent = toluene

~ 2IH2Y2J = 1.0 X 10 M;

DAB <DA
 + DB>

0.190

D[TOPOJ,MxlO KABxl0"
3

1.0
2.0

3.0

4.0

5.0

0.482

0.827

1 . 18

1 .62

2. 12

0.243

0.412

0.697

1 .08

1 .60

0.239

0.415

0.483

0.540

0.520

5.98

5.19

4.03

3.38

2.60

Table 44: Distribution ratio data on the extraction of Pu(IV)

Aq. aed. = 2 M HC1; Diluent = toluene

[TOPOJ = 2.0 X 10~3 M; = 0.223

[H2Y2],MxlO
2

0.40

0.80

1 .20

1 .60

2.00

0

0

1

1

2

DAB

.336

.600

. 17

.73

.41

<DA + DE>

0.243

0.330

0.514

0.847

1.328

D

0.093

0.270

0.656

0.883

1 .09

_3

2.91

4.22

6.83

6.90

6.81

Table 45: Distribution ratio data on the extraction of Pu(IV)

Aqueous aediuB = 2 M (H,Na)Cl; Diluent = toluene

[H2Y2J = 1.0 X 10~
2 M; [TOPO] = 2.0 X 10~3 M

(H+J,M

1 .0

1 .2

1 .4

1 .6

1 .8

2.0

DAB

2.60

1 .88

1 .51

1 .20

0.997

0.912

(DA + DB)

1.51

1.02

0.749

0.582

0.481

0.416

D

1.09

0.860

0.761

0.618

0.516

0.496

K A Bxl0-
3

6.81

6.45

6.66

6.18

5.81

6.20
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Table 46: Distribution ratio data on the extraction of Pu(IV)

Aq. ned. = 2 M HC1; Diluent = chloroform

[H2Y2J = 2.0 X 10"2 M; D B = 0.0982M;

DB>tTOPO],MxlO' D A B (DA KAB

2.0

4.0

6.0

8.0

10.0

0.260

0.479

0.723

1.04

1 .43

0. 133

0.214

0.380

0.571

0.840

0. 127

0.265

0.343

0.469

0.590

79.4
82.8

71.5

73.3

73.8

Table 47; Distribution ratio data on the extraction of Pu(IV)

Aq. Bed. = 2 M BfCl ; Diluent = chloroform

[TOPOJ = 4.0 X 10~2 M; = 0.0805

tH2Y2].MxlO'

1 .0

2.0

3.0

4.0

5.0

0

0

0

1

1

DAB

.214

.410

.717

.20

.81

(DA + DB)

0.0974

0. 184

0.378

0.710

1 .21

0

0

0

0

0

D

. 117

.226

.339

.490

.600

KAB

73.

70.

70.

76.

75.

1

6

6

6

0

Table 48: Distribution ratio data on the extraction of Pu(IV)

Aqueous medium = 2 M (H,Na)Cl; Diluent = Chloroform

{H2Y21 = 2.0 X 10~
2 M; [TOPOJ = 4.0 X 10~2 M ; D B = 0.0805

flT] ,M

1 .0

1 .2

1 .4

1 .6

1 .8

2.0

DAB

1 .09

0.812

0.672

0.546

0.480

0.433

(DA + DB)

0.687
0.458

0.337

0.261

0.218

0. 184

D

0.403
0.354

0.335

0.285

0.262

0.249

KAB

63.0
66.4

73.3

71 .3

73.7

77 .8
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3.1.5 Synergic extraction of Pu(IV) froa aqueous hydrochloric acid

•ediua by mixtures of D2EHPA and HTTA

D.G. Phal, V.V. Ramakrishna and S.K. Patil

Synergism in the extraction of Pu(IV) by mixtures of D2EHPA

(H2Y2) and HTTA was earlier reported when the aqueous media

employed for extraction were sulphuric or nitric acid . In

the present study, data were obtained using hydrochloric acid as

the aqueous medium.

Synergism in the extraction from sulphuric acid was explained

as due to equilibria,

PuY2(HY2)2 + HTTA ^===^ PuY (TTAX(HY2>2 + 1/2 H2V2 (1)
(o) (o) <o> (o)

PuY2<HY2)2 + 2HTTA *= = = = ̂ PuY (TTA)2((HY2)2
 + H2Y2 (2)

(o) (o) (o) (o)

Synergism in the extraction from nitric acid medium was suggested

to be due to

Pu<NO3}2(HY2)2
 + HTTA ;====^ Pu(NO3)(TTA)(HY2>2 + H

+ + NO3~. . . (3)
(o) (o) (o)

Pu(NO3)2(HY2)2 +2HTTA ^===^ Pu(TTA)2(HY2)2
 + 2H* + 2N03~...(4)

<) (o) <)
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The species of Pu (IV) extracted from 2M HCl into D2EHPA were

suggested to be PuClY(HY2>2 a n d PuCl2(HY2)2 • Thus synergism with

HTTA may involve the extraction of the species PuCl(TTA)(HY2>2 a n d

Pu(TTA)2CHY2>2- The data presented in Tables 49-50 confirm that

two TTA bearing species are involved in the extraction and the

equilibria seem to tend more towards PuCl2(HY2)2 a s the starting

species rather than PuClY(HY2>2- Thus if the equilibria,

ft, .
PuCl2(HY2)2

 + HTTA ^===^ PuCl(TTA)(HY2>2
 + " + Cl ... (5)

(o) (o) (o)

PuCl2(HY2)2
 + 2HTTA ^= = => PuCl(TTA)2(HY2)2

 + 2H+ + 2C1~..(6)
(o) (o) (o)

are responsible for synergism, it follows that

•AD J3t B 2 (HTTA J
/{HTTAJ = — + --5 5- (7)

D* [H ]{Cl"] [H r [ C i r

From the data given in Tables 49-51, the values of J3j and &2

are calculated and given in Table 52. However, if PuClY(HY2)2 i s

the starting species, the synergism could be due to the equilibria,

PuClY2(HY2)2
 + HTTA ^===^ PuCI(TTA)(HY2)2

 + 1/2H2Y2 (8)
(o) (o) (o)

PuClY(HY2)2
 + 2HTTA ^==> Pu(TTA)2(HY2)2

 + 1/2H2Y2+ H* + Cl~ .(9)
(o) (o)

In both cases, the TTA bearing species are the same, though the

equilibria are different. In fact all the four equilibria

represented by eqs. 5,6,8 and 9 may be operating in the present

system.
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Table 49; Data on the variation of the distribution ratio of

Pu(IV) in its extraction by aiztures of H2Y2 and

HTTA in n-dodecane as diluent

Aq. aed. = 2 M HC1 ; [H2Y2] = 1.0 X 10~
3 M

fHTTAJ AD -
MX10* D ( /fHTTAJ )xlO~J

D*

0 0.122

2.0 0.195 2.99

4.0 0.397 5.64

6.0 0.745 8.51

8.0 1.26 11.7

10.0 1.74 13.3
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Table 50: Data on the variation of the distribution

ratio of Pu(IV) in its extraction by

mixtures of H2Y2 an<* HTTA in toluene as diluent

Aq. »ed. = 2 K HC1 ; [H2Y23 = 1.0 X 10~
2 M

[HTTA] AD _q
MX10° D ( /CHTTADxlO

D*

0 0.190 -

2.0 2.46 5.97

4.0 8.69 11.2

6.0 18.9 16.4

8.0 32.7 21.4

10.0 50.4 26.4

Table 51: Data on the variation of the distribution

ratio of Pu(IV) in its extraction by

Mixtures of H2Y2 and HTTA in chloroform as diluent

Aq. «ed. = 2 M HC1 ; IH2Y2) = 2.0 X t0~2 M

[HTTA J
MxlOJ

2

4

6

8

to

0

.0

.0

.0

.0

.0

D

0. 149

1 .09

3.46

7.39

12.6

19.9

(
AD

/IHTTADxlO
D*

-
3. 16

5.56

8. 10

10.4

13.3
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Table ^2:log equilibrium constant data for the

equilibria represented by equations (5) and (6)

Diluent log ftj log #2

n-dodecane 3.30 8.32

toluene 3.56 7.61
chloroform 3.41 7.28

3.1.6 Studies on the extraction of plutoniua by ALIQUAT-336

fro* aqueous carbonate aediwa

Veena Sagar, S.M.Pawar, C.K.Sivaramakrishnan and S.K. Patil

In the Purex process the radiolytic degradation products of
C 1—3")

TBP, viz, DBP and MBP tend to hold back the actinides during

the stripping stage. This necessitates the clean up of TBP by

washing with Na2CC>3 before its recycling . Since sodium salts of

MBP and DBP are soluble in aqueous phase, they are transferred

along with the remaining actinides viz. U(VI) and Pu(IV) into the

carbonate effluent. Plutonium being a long lived alpha emitter,

its removal is essential before the carbonate wash can be

disposed off. With a view to developing methods for the removal

of Pu from aqueous solutions, laboratory studies on the

extraction of plutonium from aqueous carbonate media using liquid

anion exchanger, Aliquat-336 were carried out.

Plutonium was purified by anion exchange from 7.5 M nitric

acid employing DOWEX 1 X 4 column. Aliquat-336 in chloride form

was obtained from General Mil Is, U.S.A. and used as such without

further purification.
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Plutonium was adjusted to Pu(IV) by adding a few drops

H2O2 to Pu solution in 5-6 M HNO3 and heating the solution for a

few minutes to destroy the excess of H2O2 • Pu(IV) was then

extracted from 1 M nitric acid into 0.5 M HTTA in xylene. The

organic phase was scrubbed with 1 M HNO3. Pu(IV) was then back

extracted in 8 M HNO3. A couple of scrubbing with benzene were

given to the solution to remove any dissolved HTTA. This Pu(IV)

stock was used after appropriate dilution for the experiments. A

20% Aliquat-336 solution in xylene was prepared on volume

percent basis. This solution was pre-equi1ibrated several times

with 2 M (NH4>2CO3 solution to convert the chloride form to the

carbonate form . The removal of chloride was ascertained by AgCl

precipitation method.

The variation of distribution ratio for the extraction of

Pu(IV) from 0.25 M Na2CO3 into 20% aliquat-336 was studied as a

function of concentration of Pu in the range of 1.5 to 7 ng/ral

and the results obtained are summarised in Table 53. It is

observed that the distribution ratio is almost the same in t/ie

range of concentration of Pu studied.

The variation of distribution ratios for the extraction of

Pu(IV) from aqueous Na2CC>3 into 20% Al iquat-336 obtained at

varying concentrations of Na2CC>3 from 0.1 to 0.5 M are listed in

Table 54. The data show a gradual decrease in the distribution

ratio from 255 at 0.1 M to 3.7 at 0.5 M Na2CO3.

The variation of distribution ratio for the extraction of

Pu(IV) from 0.25 M Na2CC>3 into 20% Aliquat-336 was studied as a

function of equilibrium pH of the aqueous phase (Table 55). Here

also the distribution ratio falls from 55 at pH 9.76 to 16 at pH

8.96.
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Since the carbonate solution is likely to contain

decomposition products of TBP viz., DBP/MBP along w*th the Pu,

the effect of their presence on the extractabi1ity of Pu(IV) by

Aliquat-336 was also investigated. The distribution ratios were

determined using 0.25 M Na2CC>3 containing DBP concentrations
—2 —5

varying from 10 M to 6 X 10 M. These data summarised in

Table 56 show that the DBP does not affect the extractabi1ity of

Pu(IV) in this concentration range.

Reasonably high distribution ratios of Pu(IV) obtained in

these studies indicate the feasibility of removal of plutonium

from the aqueous carbonate medium. More work is in progress to

ascertain the same.
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Pable -53: Variation of distribution ratio of Pu(IV)

as a function of Pu concentration
2—

Organic phase : 20% Aliquat-336 CO3 in xylene

Aqueous phase : 0.25 M Na2C(>3

D

56

54

55

58

55

(Pu ( I V ) ]
Hg/ml

1

3

4

5

7

. 5

. 0

. 4

. 8

. 1

Table 54: Variation of distribution ratio of Pu(IV) with

concentration

Org. phase : 20X Aliquat-336 CO3 in xylene

[Na2CO3]
M

0

0

0

0,

0 .

0 ,

. 10

. 3 0

. 2 5

. 3 0

. 4 0

, 50

256

132

52

31

10

3.7
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l_e 55: Variation of distribution ratio of PH(I¥> as a

function of equilibrium pH of the aqueous phase
2—

Org. phase : 20X Aliquat-336 CO3 in xylene

Aq. phase : 0.25 M

Equi1ibrium pH D

9.76 55"

9.67 46

9.63 45

9.53 38

9.40 35

9.27 24

9.12 21

9.04 20

8.96 16

Table 56: Effect of DBP on the extraction of Pu(IV)
2—

Organic phase: 20% Aliquat-336 CO3 in xylene

Aq. phase : 0.25 M Na2CC>3 containing varying

concentration of DBP

[DBPJ D
M

9.39 X 10~3 55

5.71 X 10"3 57

1.05 X 10~3 62

5.25 X 10~4 63

2.60 X 10~4 61

1.26 X 10~4 59

6.30 X 10~5 60
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3.1.7 Solvent extraction of U(VI) froa organic solution by

HOPPA

V. Shivrudrappa, P.D. Mithapara and H.C. Jain

Studies were carried out for the extraction of U(VI) from

different acid media by MOPPA. Distribution ratios (D) were

measured as a function of extractant concentration H and nature

of diluents. equilibrium constants (Kex) of U(VI) in different

acidic solutions were calculated. Effect of addition of acidic

extractant (HTTA) or neutral donor (TOPO) on extraction by MOPPA

in toluene was also studied (Tables 57 and 58).

From the above preliminary studies, conditions for
233quantitative extraction and stripping (recovery) of U could

be evolved.

Table 57: Log Kex values in different acids

Organic phase : 0.05 F MOPPA in toluene

and 1 M acid

Acid Kex

HC104 9.67

HNO3 9.52

HC1 9.56

H2SO4 9.44
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Table - 58 Log K£\ values in different diluents

Aqueous phase : 1 M HC1

Organic phase : 0.05 F NOPPA in toluene

diluent K,ex

Toluene 9.56

Chloroform 8.89

Nitrobenzene 5.65

n-decanol 1.26

3.1.8 Extraction of Actinides by diheryl-N, N-diethyl carbamoyl

•ethelene phosphonate (DHDECMP)

A.V. Jadhav, K. Raghuraman, P.S. Nair, K.V. Lohithakshan

and H.C. Jain

The work on the extraction of actinides by carbamoyl

methylene phosphonate was continued. The higher homologue of

DBDECMP, DHDECMP was used. The commercially available DHDECMP

was obtained from Columbia Organic Chemicals U.S.A. The

extraction Am3+ by 30 % DHDECMP from 0.1 to 10 M HNO3 solution

was studied. Very high distribution ratio 341.9 for Am from 0.1

M HNO3 indicated the presence of acidic impurities in the

commercially available DHDECMP. Attempts were made to remove the

acidic imputities from DHDECMP. Equilibration of 30% DHPECMP

with ethylene glycol at room temperature followed by acid wash

did not give the desired purity. The distribution ratio 0.1 for

Am from 0.1 M HNO3 solution was taken as the criteria for the

purity of DHDECMP. Purification of DHDECMP by acid hydrolysis

was attempted. 30% solution of DHDECMP in benzene was

equilibrated with equal volume of 6 M HC1 for four hours at

60*C in a water bath. After equl ibrat ion organic t».nd aqueous
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phases were separated. The organic phase was washed with

distilled water, 1 M NaOH solution and again with distilled

water. The bezene was then removed by evaporation and DHDECMP

was vaccum dried to remove residual water. The IR spectrum of

purified DHDECMP was recorded using PYE UNICA.M, model: PU 9500

series, IR spectrometer and was found to be identical with that

reported by Mclssac et al . The distribution ratio of Am by

30X DHDECMP from 0.IHNO3 was determined. The value obtained for

Kd = 0.08 was taken as the measure of removal of acidic

impurities from DHDECMP.

The purified DHDECMP was used to investigate the nature of

species extracted in the organic phase. The distribution ratio

(D) for Am3+ from 2 M and 4 M HNO3 as a function of DHDECMP

concentration in the organic phase was studied. The log-log plot

of D vs DHDECMP concentration gave straight lines with slope of

2.5 and 2.6 which can be considered as 3. The data suggest the

species extracted in the organic phase to be Am(NO3>2•3DHDECMP.

Further work is planned to study the extration of other actinides

in various oxidation states.

REFERENCE
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3.1.9 Extraction of soae long lived fission products froa nitric

acid solution by Mixture of Di-2ethyl hezyl ortbo

phosphoric acid (HDEHP) and Phosphorous pentoxide (P2O5)

A.V. Jadhav, K. Raghuraraan, P.S. Nair, K.V. Lohithakshan

and H.C. Jain

In continuation of our earlier study on the extraction of
3+ 3 +Am , Cm by a mixture of HDEHP + ?2^5» experiments were

conducted for the extraction of some of the long lived fission

products namely 1 3 4~ 1 3 7Cs, 106Ru, 144Ce, 95Zr and 95Nb. Nitric

acid solution of these fission product were equilbrated with 0.3

M HDEHP +0.1 M P2O5 in glass stoppered tube for 30 min. After

allowing the phases to settle, equal volumes of both the phases

were withdrawn and the gamma spectrum of the fission product was

recorded using 45 cc HP Ge detector in conjunction with 4K

multichannel analyser. The area under the peak for specific

fission products were calculated for the organic and aqueous

phase samples to obtain the distribution ratio CD). Thus it was

possible to determine the distribution ratio of a number of

fission product nuclides simultaneously.

Back extraction studies were carried out by equlibrating

equal volumes of organic phase containing the fission products

with 1 M NaOH for 30 min.

It was observed that the percent extraction of Cs and Ru was

low especially from 3-9HNO3. The extraction of Ce, Zr and Nb was

almost quantitative over the entire acid concentration range.

Back extraction studies shows that more than 97% of Ce, Zr and Nb

are back extracted in a single extraction while only 70% Cs and

Ru are back extracted. The results indicate that HDEHP + P2O5

system though capable of extracting trivalent actinides from a
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range of nitric acid concentrations it would extract a number of

fission product and obtaining decontamination from fission

products may be difficult.

3.1.10 Measurement of stability constants of fluoride complexes

of tretravalent neptuniun using fluoride ion selective

electrode

R.M. Sawant, N.K. Chaudhuri and S.K. Patil

In continuation with the studies on fluoride complex ing of

actinides using fluoride ion selective electrode (F-ISE),

the stability constants of Np(IV) -fluoride complexes were

measured in 1.0 M HC104/NaC104 medium. The difficulties

encountered in the study of actinides in general and tetravalent
(1-4)actinides in particular have been discussed earlier . The

experiraental technique and the evaluation procedure were

standardised to overcome these difficulties and the stability

constant values for Th(IV), IKIV) and Pu(IV) were reported*3'4).

The same principle and procedure were used to measure the

stability constants of Np(IV) - fluoride complexes.

Neptunium was purified following an ion exchange

procedure and converted to perchlorate by fuming with

perchloric acid . Oxidation state was adjusted to tetravalent

state quantitatively using a controlled potential coulometer with

argon as cover gas. Concentration of Np(IV) was determined by

couloroetry. For the determination of stability constants,

solutions were prepared by adding suitable aliquots ot fluoride

solution from a polythene weight burette in the mixture

containing NaClC^, HCIO4 and Np(IV) perchlorate solution in a

plastic beaker with the tip of the combination fluoride electrode

dipped in the continuously stirred solution. Amount of F~ added
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and the corresponding potential of the F-ISE were noted.

Free F and n < the average number of F attached to the

metal ion) were calculated from the experimental data following

the procedure reported earlier . The stability constants were

obtained by nonlinear least square fitting to Bjerrum's equation

(program BETA, developed in this laboratory) and also by program
( g \

MINIQUAD which was adapted for our work. Three sets of

experiments were performed using varying concentration of Np. The

values of average concentration stability constants obtained are

given in Table 59. Log R\ values obtained in 1 M perchloric acid

medium at 25*C reported in literature are also given in the same
(7)

Table. Literature values obtained by ion exchange and solvent( 8 )extraction methods, are 3 to 4 times lower than the values

(error ± 10% ) obtained by F- ISE potentiometry in the present

work.

REFERENCES

1. R.M. Sawant.G.H. Rizvi, N.K. Chaudhuri and S.K. Patil

J.Radioanal. and Nucl.Chem. 91,41 (1985).

2. M.A. Mahajan, R.M. Sawant, N.K. Chaudhuri and S.K. Patil

Radiochem. and Radiationchem. Symp., Tirupati,(1986).

3. R.M. Sawant amd N.K. Cheudhuri

Radiochem. and Radiationchem. Symp., Bombay, 1988.

4. R.M. Sawant and N.K. Chaudhuri

Radiochem. and Radiationchem. Symp., Kalpakkam, 1989.

5. J.A. Wheat, Applied Spectroscopy, 16, 108 (1962)

6. A. Sabatini, A. Vacca and P.'Gans, "Computational methods for

the determination of formation constant", (D. J. Leggett, ed

Plenum press, New York and London, p99(1985).

7. V.N. Krylov and E.V. Komarov, Radiokhimiya, JJL 105 (1969)



no

8. G. Choppin and P.J. Unrein in : Transplutonium elements"'

(V. Muller and R. Linder, Eds) North Holland, Amsterdam,

p97 (1976).

Table 59: Stability constants values of the fluoride

complexes of Np(IV) in Perchloric acid aediua.

Ionic strength = 1M, Teap. = 25 ± l'C

1

8

8

7

7

Og £}

. 19

. 14

.65

.55

log

14.

14.

-

H

55

50

log

20.

19.

-

11

87

log

25.

25.

-

*4

91

98

Reference

This work (BETA)

This work (MINIQUAD)

7

8

3.2 PROCESS CHEMISTRY

3.2.1 Studies for the recovery of plutoniua froa low plutoniua

content nixed oxide fuel scrap

M.M. Charyulu, A.R. Joshi, Veena Sagar, D.R. Ghadse, I.C.

Pius, U.M. Kasar, D.M. Naronha, S.M. Pawar, A.V. Kadam,

C.K. Sivaramakrishnan and S.K. Patil

Mixed oxide (U,Pu) C>2 containing low percentage of plutonium

(=0.5%) is a potential fuel for thermal reactors. Scrap

generated during the fabrication of this type of fuel has to be

processed for recovery and recycling of plutonium. Studies were

carried out to develop suitable methods for the recovery and

purification of plutonium from U-Pu mixtures with such

composition. Anion exchange methods were investigated for this

purpose.
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Two anion exchange resins, one a strong base aacroporous

an ion exchange resin Amberlyst A-26, and the other a weak base

macroporous anion exchange resin Amber lite XE-270 were examined

to determine their plutonium loading capacities and elution

characteristics. A synthetic mixture containing 100g/l of

uranium and 0.5g/l of plutonium in 7 M nitric acid was used as

the feed solution. The oxidation state of plutonium was adjusted

to Pu(IV) with sodium nitrite. Two separate ion exchange columns

with 10.0 ml resin bed volumes were set up and the feed solution

was passed through the columns at the rate of 40 ml per hour (15

minutes residence tine) in one experiment and at 20 ml per hour

(30 minutes residence time) in the second experiment. Leading

effluent samples , taken at the end of each bed volume, were

analysed for plutonium content to determine the extent of

plutonium breakthrough . Loading was continued until the

concentration of Pu in the effluent came to 10% of its

concentration in the feed. Then the columns were washed with 7 M

nitric acid and plutonium was eluted with 0.5 M nitric acid. 10%

plutonium breakthrough capacities observed for the resins

Amberlyst A-26 (MP) and Acnberlite XE-270 <MP) respectively weere

10 g/1 and 12 g/1 for 15 minutes residence time. Increasing the

residence time to 30 minutes improved the corresponding plutonium

breakthrough capacities of these resins to 18 g/1 and 17 g/1

respect ively.

During elution it was observed that 90 % of loaded plutonium

could be eluted in two bed volumes in the case of Amber lite XE-

270 (MP) whereas about 85% of plutonium could be eluted in three

bed volumes in the case of Amberlyst A-26 (MP).

These studies indicated the feasibility of the recovery of

Plutonium from U, Pu mixtures with low plutonium content using

macroporous anion exchnage resins.
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2333.2.2 Recovery and purification of U

A.R. Joshi, M.M. Charyulu, D.R. Ghadse, U.M. Kasar, V.B.

Sagar, S.M. Pawar, D.M. Naronha, C.K. SLivaramakrishnan

and S.K. Patil

233
Several samples of Al- U-Zr and Al-Pu-Zr alloy fuels were

received from Radiometallurgy Division for the determination of

uranium/plutonium content in them. The unused alloy powder

collected together containing about 10 g of uranium -233 and some

Plutonium was

i ts recycling

233Plutonium was processed for recovery and purification of U for

The alloy samples were dissolved in 6 M hydrochloric acid.

The alpha spectrum of the above solution indicated that it

contained appreciable amounts (17% W/W) of plutonium
233necessitating its separation from U. Uranium and plutonium

were initially precipitated using ammonium hydroxide and the

precipitate was dissolved in hydrochloric acid to reduce the

volume. The molarity of the solution was adjusted to 6 M with

respect to hydrochloric acid. The oxidation state of uranium was

adjusted to U(VI) with hydrogen peroxide and plutonium to

Pu(III) with hydroxylamine hydrochloride. In a preliminary

experiment the extractibi1ity of U(VI) from this solution with

liquid anion exchanger Aliquat- 336 was tested. The extracted

organic phase was washed with 6 M hydrochloric acid containing

hydroxylamine hydrochloride to remove the traces of plutonium and

subsequently uranium was stripped using 0.5 M hydrochloric acid.

The stripped solution was analysed by alpha spectrometry and

found to be free from plutonium indicating the feasibility of the

separation of uranium and plutonium by anion exchange method from

hydrochloric acid medium. Following this the entire U

solution was processed through anion exchange purification step.
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A column containing 200 ml bed volume of Dowex-lX4 anion

exchange resin was used. The resin was conditioned by passing

one litre of 6 M HC1. The feed solution was passed at the rate

of 200 ml per hour. After loading the coulumn was washed with

five bed volumes of 6 M HC1 containing 0.1 M hydroxylaraine

hydrochloride to remove the traces of plutonium adsorbed on the

column. Uranium was then eluted with 0.5 M HCl. Almost all the

uranium on the column could be eluted in one bed volume.

Uranium thus purified was precipitated as ammonium

diuranate. The precipitate was filtered using Whatman 541 filter

paper, washed with alcohol and dried in a stream of air suction.

Dry ammonium diuranate was sent for further processing.

3.2.3 Conversion of ion exchange purified plutoniua to

plutonium oxide through oxalate precipitation

A.R. Joshi, D.M. Naronha, S.M. Pawar, D.R. Ghadse,

C.K. Sivaramakrishnan and S.K. Patil

About a kg of plutonium in 70 litres of 4-5 M HC1, generated

during treatment of furnace materials used for FBTR fuel

fabrication, was received from RMD for recovery and purification

of plutonium. This plutonium w?~s precipitated as hydroxide,

dissolved in HNO3 and subsequently purified using anion exchange

technique . The purified plutonium solution, thus obtained,

contained plutonium in the range of 12 g/1 to 25 g/1. Plutonium

was then precipitated as Pu(IV) oxalate and finally converted to

Plutonium oxide. In view of large volume and large amount of

plutonium oxalate precipitation of plutonium and its subsequent

conversion was carried out in six batches. In order to get

additional information on the effect of nitric acid concentration
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on plutonium losses in oxalate supernatant, concentration of

nitric acid during oxalate precipitation was varied and the

results are summarised here.

Nitric acid concentration of the solution was adjusted as

desired and plutonium was converted to Pu(IV) by adding 30% H2O2

(1 ml/g of Pu) heating the solution to 55*C. Plutonium was then

precipitated as oxalate by slow addition of 1 M oxalic acid (8.4

ml/g of Pu) with continuous stirring and maintaining the

temperature at 55-60*C. After completion of precipitation,

oxalic acid was further added till the supernatant becomes 0.1 M

in oxalic acid. The precipitate was digested at 55*C for an hour

and allowed to settle overnight. The precipitate was then

filtered through Whatman 541 filter paper and washed with 2

litres of 2 M HNO3 containing 0.05 M oxalic acid followed by 500

ml of ethyl alcohol. The precipitate was dried for a day by

sucking air through it and finaly converted to oxide by heating

at 450*C for 2 hours in a stream of oxygen.

The data on plutonium oxalate precipitation as a function of

HNO3 concentration are summarised in Table 60. The results

indicate that solubility losses of plutonium in supernatant

increases from 20 mg/1 to 60 mg/1 as the concentration of HNO3

increases from 3.0 to 4.5 M. Though the solubility losses in

precipitation from 3.0 M HNO3 are low, the precipitate is very

fine and is somewhat.difficult to filter.

• Plutonium oxide obtained after calcination of oxalate was

found to meet the specifications and sent to Radiometallurgy

Division for recycling in fuel fabrication.

REFERENCE
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Table 60: Plutoniim oxalate precipitation as function

HNO3 concentration

s.
No.

1.

2.

3.

4.

5.

6.

HNO3 cone.
Before/After
addition of
oxalate

M M

4

4

4

3

3

3

.4 3.3

. 1 3.0

.0 3.0

.6 2.6

.4 2.4

.0' 2.4

Cone.of Pu
in original
solution

21

24

12

22

19

11

.5

. 1

.2

.2

.9

.8

Total
Pu
in sol.

g

161 . 1

178.3

113.7

154.4

132.6

79.2

Losses of Pu
in supernatant
Cone. Total

mg/1 mg

57

47

31

26

21

21 .

.4

.7

.3

.7

.7

,3

574

439

366

256

195

181

Losses of
Pu in 21
washing
solution
mg

56.4

19.6

16.6

18.0

24.6

22.8

Yield
of
PuO2

99.6

39.7

99.6

99.8

99.7

99.7

3.2.4 Study on the separation and purification of uraniua by

crystal 1isation

M.A. Mahajan, R.K. Rastogi, N.K. Chaudhuri,

C.K.Sivaramakrishnan and S.K. Patil

With a view to developing a separation method for bulk

uranium from U and Pu mixtures containing Pu as a minor component

the crystallisation of uranium as UO2(NO3>2•6H2O was explored. In

the preliminary work the decontamination of UXj, the daughter
234product of U ( Th) during crystal!ization was studied. Only

limited work on the various characteristics of crystallisation of

urnayl nitrate hexahydrate (UNH) from HNO3 medium was reported in

the literature^ . Uranyl nitrate solutions of known

concentration taken in centrifuge tubes were cooled down to

around - 25'C in a thermostated cooling bath for a period of 1

hr. The mother liquor was removed using a transfer pipette and

the crystals were washed with nitric acid solution at the same

temperature. The UNH crystals were dissolved in dilute nitric

acid before analysing for uranium and thorium, UXj. Uranium was
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determined by potentiometric method and Th by gamma

counting using Nal(Tl) detector. It was observed that uranium was

decontaminated from "Th appreciably leaving most of the Th-

activity in the mother liquor. This mother liquor could be used

for preparing thorium tracer by subsequent anion exchange

procedure. The yield of UNH crystals was above 80% from aqueous

6 M HNO3 nedium and 42% from 3 M HNO3 medium with respective

decontamination factors for Th(UXj) being 3.8 and 12.1.

On cooling a saturated solution of UNH (50% alcoholic 3M

HNO3) at room temperature down to -21*C the yield of crystals was

56%. Though the yield of UNH crystals increased in presence of

alcohol the decontamination factor for Th(UX^) decreased from

12.1 in aqueous to 6.6 in alcoholic 3 M HNO3 medium.

REFERENCE
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3.2.5 Separation of uranium and iron by anion exchange

Mary Xavier, P.N. Nair, K.A. Mathew, B.N. Patil,

P.D. Mithapara and H.C. Jain

An anion exchange procedure has been worked out successfully

for the separation of uranium and iron. Taking advantage of the

very low anionic complex by Fe(II) in chloride medium, uranium

and iron were reduced by Ti(III) to U(IV) and Fe(II) and loaded

on the anion exchange from 9 M HC1 medium. U(IV) was found to be

quantitatively adsorbed and almost all the iron was found in the
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233effluent and washings. Nearly 13 g of U was purified by this

procedure.

3.3 SOLID STATE CHEMISTRY

3.3.1 Studies in Rb-Sr-U-O and Rb-Ba-U-O systeas

K.D. Singh Mudher, R.R. Khandekar, A.K. Chadha and N.C.

Jayadevan

In ths mixed oxide system of Rb-Ca-U-O, the formation of a

new cubic phase similar to one synthesised in K-U-O system had
(1 2)been established earlier ' . In continuation of this, studies

were extended to Rb-Sr-U-0 and Rb-Ba-U-0 systems.

Various mole ratios of Rb:Sr:U and Rb:Ba:U were obtained by

mixing Rb2CO3 and U3O3 with SrCO3 or Ba(X>3 to give a ratio of

(Rb + Sr)/U and (Rb + Ba)/U equal to 2.0. Mixtures were ground

in a mortar and heated in the temperature range of 750 to 800*C

in air for 10 to 12 hrs and products identified by X-ray

diffraction method, as shown in Table 61. In both the systems, in

additioon to known uranate phases,a new cubic phase was observed

when the Sr or Ba ions were in the range of 0.2 to 1.0 M

proportion. The cell parameters of the cubic phases are compared

in Table 62, with those of Rb2tK>4 and Rbl/03. Since the cell
+ 2 +9parameters of the cubic phase increases from Ca to Ba and the

increase could be correlated with the increase in ionic radii of

the alkaline earth metal ions, it follows that these ions are

incorporated in the structure. X-ray powder data of the new

cubic phase is very similar to that of RblK>3 , indicating that

cubic phase has a structure similar to that of RbU03> a compound

of uranium (V). However, the new phases were found to contain
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only IKVI) as confirmed by the absorption spectra of the

solutions of these compounds in 1 M H2SO4.
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Table 61: Phases formed in Rb-Sr-U-O and Rb-Ba-U-0 systems

Molar Rat
Rb:Sr(Ba>

2.0 :

1.8 :

1 .0 :

0.5 :

0.0 :

0.0

02

1.0

1 .5

2.0

io
:U

: 1

: 1
•

:

•

.

I

I

0

0

1 .0

.0

.0

Phase identified
Rb-Sr-U

Rb2UO4

CP

CP + Mixed phase

SrUO4 + Mixed Phase

SrUO4 +Sr3UOg

Rb-Ba-U

CP +

BaU04 +

BaU04

Rb2UO4

CP

BaU04 +Ba3U0e

Ba3UOe + Rb2U2<

.B«3U06

CP - Cubic Phase

Table 62: Crystal parameters of phases in Rb-U-0 system

Compound Crystal Class Axes (A*)

RbUO3

Rb-Ca-U-O

Rb-Sr-U-O

Rb-Ba-U-0

Rb2UO4

Cubic
Cubic

Cubic

Cubic

Tetragonal

a = 4.33

a = 8.66

a = 8.74

a = 8.31

a = 4.36

c = 13.87



119

3.3.2 Structure of Mg Mg "6°24 ^yP® o f phases

K.D. Singh Mudher and N.C. Jayadevan

The structure of the mixed oxide phases Of the type

M 8
IM 2

I IU 6O 24 where M1 = K or Rb and M 1 1 = Ca2+, Sr 2 + or Ba2+,

formed by the solid state reaction of the respective oxides ,

was solved on the basis of chemical andygeometric considerations.

The intensities of X-ray lines calculated on the basis of the

derived atomic parameters are in excellent agreement with those

observed in X-ray powder patterns. The new phases belong to the

space group Im3m with a limiting composition of Mg Mg UeC-24-

The compounds can be considered to be formed by the replacement

of 1/3 of M1 ions in M2IUO4 with M
1 1 ions. Structurally, it

resembles M UO3 (Fig.3) where 1/4 of the U ions are substituted

by M ions which leads to the doubling of the cell dimentions

MUO3 (Table 62). All the U atoms are present as uranyl ions

with 4 more 0 atoms-in the equatorial plane, perpendicular to

uranyl groups. The alkaline earth ions also have six Oj atoms

around it as a regular octahedron. For KgCa2U6O24 the distances

are U-Oj (x2) = 1.89 A°, U-On (x4) = 2.15 A* and Ca-O

2.40A0.
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3.3.3 Studies on solid state reaction of uraniua oxide with

chroaates of rubidium and caesiua

N.K. Kulkarni, S.K. Sali, S. Sampath and N.C. Jayadevan

Fuel cladding chemical interaction in fast reactor fuels is

postulated to due to the reaction of chromium in stainless steel

with the fission products . Fission products cesium and to a

lesser extent rubidium have been found to be associated with the

corrosion products. In this connection studies on Cs-U-O, Cs-Cr-

0, Cs-U-Cr-O, Rb-U-O, Rb-Cr-0 and Rb-U-Cr-0 systems are relevent.

In Cs-U-0 system a number of uranates have been
(2 3)reported ' . At low oxygen potential CS2U4O12 a n d CS2UO3.56

are significant . The, number of uranates reported in Rb-U-0
(4)system is less as compared to uranates in Cs-U-0 systems

RbUC>3 and Rb2U4 0j2 a r e t n e only stable uranates where uranium

exists in valency lower than 6 . In the Cs-Cr-0 and Rb-Cr-0

systems we have isolated two new phases of composition CaxCr02

and RbxCrO2 ( x = 0.4 - 0.6) by reduction of Rb2CrO4 and
(7)

in Ar-7% H2 at 800*C . In the present investigation, Cs-U-Cr-

0 and Rb-U-Cr-0 systems were studied by solid-solid interactions

of CS2CK>4 and Rb2Ci?04 with UO2+X of different 0/U upto a maximum

temperature of 1200*C.

Cs2CrO4 used was of 99.9X purity. Rb2Cfl?04 was prepared by

evaporation of solutions containing Rb2CO3 and CrO3 in 1:1 ratio.

The purity of the product was checked by XRD data. Oxygen to

metal ratio of the UO2+X was determined by thermogravimetry to be

2.157 ± 0.005. UO2.00 w a s prepared by hydrogen reduction of UO2+X

at 800*C. UO2.33 was prepared by heating UO2.OO i n & i r at 300*C.

Intimate mixtures of uranium oxide (0/M = 2.00,2.157 and 2.33)
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and M2CrO4 (M = Rb, Cs) were prepared in different ratios ranging

from 1:1 to 6:1. The mixtures were either directly heated in

argon to 1200'C or they were first heated in Ar-7% H 2 at 600#C

(leading to partial reduction of chromium (VI)) followed by

heating in Ar upto 1200*C. Simultaneously thermogravimetry and

different thermal analysis were carried out in ULVAC

thermoanalyzer at a heating rate of 10'C/min. The completion of

the reaction was monitored by recording their X-ray powder

diffraction patterns using Cu Ka radiation. The IR absorption

spectra of the products were recorded in IR spectrometer (model

Pu-9500) with the samples dispersed as nujol mulls. UV spectra

of solution of some compounds in dil.H2SC>4 were recorded on a

Beckmann model DU-7 spectrophotometer.

Tables 63a and 63b summarises the various products

identified by XRD on heat treatment of M2CrC>4 + U02+x mixtures

under different conditions. The results in general indicate a

redox reaction (oxidation of uranium (IV) and reduction of

chromium (VI). The final products are uranates and Cr2 O3. It

may be seen that as O/IJ is progressively reduced, lower valent

uranates are getting formed. Thus Rb2CrO4 + 2 UO2 .157 gave on

heating in argon at 1200*C, Rb2U2°7 whereas Rb2CrO4 + 2 UO2 gave

Rb2U2°7 Plus RbUO3- Rb2CrC>4 on heating in Ar/H2 at 600*C, was

found to lose oxygen leading to a composition "Rb2CrO3" which on

heating with UO2.00 gave RbU(>3. Similarly Cs2CrC>4 + 2 UO2.157 on

heating in argon at 1200*C gave CS2U2O7 whereas all other

mixtures with lower 0/M gave CS2U4O12 P1"^ UC^+x- No other Cs

uranate could be identified.

Thermogravimetry (TG) in all cases did not show any

significant weight changes upto 1200*C but DTA showed exothermic

peaks around 750*c Heating at 750'C, 900*C and 1000'C of UO2
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plus FU>2CrO4 mixtures followed by X-ray examination of products

showed that the redox reaction was found to proceed above 750*C.

The phase marked X and Z in Table 63 were new , hitherto

unreported, rubidium uranium oxide phases. Thus mixture of

Rb2Cr(>4 and UO2.157 in 1:4 molar ratio on heating in argon at

1200*C gave a new black product. Since the TG did not show any

weight change, the composition of the product is most likely to

be Rb2U4Oj1. UV absorption spectra of the compound dissolved in

sulphuric acid showed absorption bands corresponding to both

U(IV) and U(VI). In order to ascertain the composition of the

compound formed the mixture of postulated Rb2^4O|| +Cr2<)3 was

taken for TG and DTA air upto 900'C. This showed weight gain in

the temperature region of 500*C and 700*C accompanied by an

exothermic DTA peak. The oxidised product was taken for XRD

analysis and found to be Ftt^lUO^ + 0203. The expected weight

gain for the oxidation

O2 +l/2Cr2O3 > Rb2U40i3 + 1/2 Cr2©3 ..(1)

is 2.3% as compared to 2.IX observed in the present study. The

postulate of Rb2U4On formation can therefore be tentatively

accepted.

AH of the reaction

+ 0 2 > Rb2U40i3 (2)

was determined from DTA peak area measurements using BaCC>3 and K2

CrC>4 as standards and was found to be 279.0 kJ/mole. IR spectra

of the compound showed that whereas Rb2l>4Oi3 absorbs at 880 cm ,

absorbs at 820 cm"1 apart from other peaks between 650-
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-1350 cm

X-ray powder diffraction data of RD2U4O1j could be indexed

on a tetragonal system with lattice parameters a = 9.738 ± 0.002

A* and c = 19.922 ± 0.009 A*. The mixture data is shown in Table

64.

As seen in Table 63, Rb2CrC>4 + 4UO2.00 mixtures on heating

in argon at 1200*C giving new phase "X", apart from Cr2O3 and

excess U02- Rb2CrC>4 + 3U02.00 o n heating at 1200*C gave the new

phase plus small amounts of RDUO3. Rb2Cr(>4 + 3 UO2.157 gave X +

small amounts of Rb2U2O7. The X-ray lines corresponding to the

new phase could be indexed on a cubic system with a - 11.365 ±

0.003 A*. The X-ray data is shown in Table 65. Further work is

in progress to determine the exact composition on this new 'X5

phase.
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63a: Products of heat treatment of

UO2+X mixtures

and

O/M

1

1

1

2

2

2

2

1.5

1 .5
3

Reactants

Rb2CrC>4 + 2 UO2

Rb2Cr04 + 2 UO2

Rb2CrC"4 + 2 UO2

Rb2CrC>4 + 4 UO2

Rb2CrO4 + 4 UO2

Rb2CrO4 + 4 UO2

Rb2CrO4 + 4 UO2

Rb2CrO4 + 3 UO2

Rb2CrC<4 + 3 UO2

Rb2CrO4 + 6 UO2

. 157

.200

. 157

.33

.157

.00

.157

.157

.00

. 157

Rb-U-Cr-0 system

Heat
traeatment

Ar-1200'C

Ar-1200'C '

H2-600'C +

Ar-1200'C

Ar-1200'C

Ar-1200'C

Ar-1200'C

H2-600'C

+

Ar-1200'C

Ar-1200'C

Ar-1200'C

Ar-1200'C

Products
identified by XRD

Rb2U2O7 + Cr2O3

RbUO3 + Rb2U2O7 + Cr2O3

Rb2U2O7 + Cr2O3

Rb 2U 4O 1 2 + Cr2O3

Z* + Cr2O3

X* + UO2 + Cr2O3

RbUO3 + UO2 + Cr2O3

X* + Rb2U2O7 + Cr2O3

X* + Rb2UO3 + Cr2O3

Z* + UO2 + Cr2O3

* X and Z are new phases

Table 63b; Products of heat treatment of Cs2CrC>4 and

UO2+1 mixtures

0/M

1 C

1 C

1 C

2 Ci

2 Ci

2 Ci

Reactants

S2CrC«4 + 2 UO2

S2CrO4 + 2 UO2

sr-CrO^ + 2 UO2

32CrO4 + 4 UO2

S2CrO4 + 4 UO2

92CrO4 + 4 U 0 2

. 157

.200

.157

.33

. 157

.00

Cs-U-Cr-0 system

Heat
traeatment

Ar-1200*C

Ar-1200'C

H2-600'C +

Ar-1200'C

Ar-1200'C

Ar-1200'C

Ar-1200'C

Products
ident ified

Cs2U2O7 +

Cs2U4O12

U0 2 + Cr2

Cs 2U 40 1 2

Cs2U4O12

Cs2U4O12

by XRD

Cr2O3

+ Cr2O3

0 3

+ Cr2O3

+ Cr2O3

+ Cr2O3
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Table $4: X-ray Powder Data on RD2U4O11

hkl dobs dcal I/Io

25

10

20

80

80

100

40

60

10

50

20

40

20

30

60

20

30

15

5

a = 9.738 ± 0.002A*

c = 19.922 ± 0.009A*

003

112

221

006

214

222

311

224

317

209

424

308

407

440

30, 10

516

532

444

611

RboUdOi. -

6.64

5.69

3.390

3.312

3.288

3.252

3.040

2.832

2.090

2.015

1 .992

1 .978

1 .849

1 .722

1 .699

1 .656

1 .648

1 .627

1 .596

Tetragonal

6.64

5.66

3.393

3.321

3.279

3.254

3.044

2.833

2.090

2.015

1.995

1.976

1 .850

1 .722

1 .698

1.656

1 .647

1 .627

1 .596

= 1.54178A'
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Table 65: X-ray Powder Data on

hkl dobs

6.59

3.437

3.282

2.838

2. 190

2.009

1 .917

1 .732

1 .709

1 .641

1 .592

1 .481

1 .421

1 .311

1 .303

1 .270

1. 160

1 .093

1 .596

dcal

6.56

3.427

3.281

2.841

2.187

2.009

1 .921

1 .733

1 .713

1 .640

1.591

1.480

1.421

1.312

1.304

1 .271

1. 160

1.094

1 .596

HI

311

222

400

333,511

440

531

533

622
444

551,711

553,731

800

555

662

840

844

666

611

8

10

100

40

6

60

10

3

60

20

8

8

10

3

20

20

15

15

5

Cubic
a = 11.365 ± 0.003A*

3.3,4 Cs-U-Mo-O and Rb-U-Mo-0 systems

N.L. Mishra, K.L. Chawla and N.C. Jayadevan

Cesium, rubidium and molybdenum are important fission

products. Chemical interaction of these with uranium oxide fuel

can lead to the formation of complex oxides in the Cs-U-Mo-0 and

Rb-U-Mo-0 systems. Six uranyl molybdates have been prepared and

characterised by X-ray and thermal methods. The compounds were



128

prepared by the solid state reactions.

600*C, 20 hrs.

UO2 + M0O3 > UO2M0O4 (1)

air

700'C, 20 hrs.

U02Mo04 + CS2M0O4 >

air

700*C, 20 hrs.

2UO2M0O4 + CS2M0O4 > Cs2(U02)2^Mo04^3 <3^

air

650"C, 20 hrs.

. CS2CO3 + 3UO2 + 4MoO3 > Cs2<U02)3<Mo04>4 . . (4)

air

650*C, 20 hrs.

Rb2CO3 + UO2
 + 2M0O3 > Rb2U02<Mo04>2 ...(5)

air

X-ray diffraction patterns of the reaction product showed the

absence of reactants only after heating for about 20 hours. The

cell parameters of the compounds are given in the Table 66.

Sereshkin et al have also reported the X-ray data for

Cs2(U02)2(MoC>4 ) 3 in which additional weak lines necessitated the

doubling of the c-value. X-ray diffraction pattern obtained by

us do not match with their data. Moreover, repeated preparations

did not give the additional lines required for the doubling of c

value.
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Table 66:Crystal data of Rb and Cs uranyl molybdates

Compound System Cell parameters Z gm/ml

a(A°) b(A°) cCA") (3° Exp. X-ray

ortho

tetra

Cs2(U02)2(Mo04)3 * "

Cs2(U02)3(Mo04)4 mono

Rb2U02(Mo04)2 mono

mono

19

10

10

16

13

15

.13

.17

.14

.79

.08

.94

13.

-

-

12.

13.

9.

62

70

58

95

4.4

6.13

16.2

8.61

10.81

9.09

—

-

-

103.

109.

1.1.

9

1

1

4

2

4

4

8

4

4

5

6

5

5

.89

-

.08

.51

.69

.37

4.91

-

5.10

6.39

5.57

5.59

* ref. 1

REFERENCE
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3.3.5 X-ray, thermal and infra-red studies on lithium and sodium

uranyl oxalate hydrates

N.D Dahale, K.L. Chawla and N.C. Jayadevan

Metal uxanyl oxalates with U0 2 to C2O4 ratio of 1:2 are

known for all alkali metal and ammonium ions. X-ray structural

studies on (NH4)2UO2(C2O4)2
 ( 1 ) and K2UO2(C2O4)23H2O

 ( 2 ) have

been reported. It is shown thnt in these compounds the linear

uranyl ion has 5 oxygen atoms forming a plane perpendicular to

the 0-U-O axis. The ammonium salt has the polymeric anion

[UO2(C2O4)2]n
 n in which all the five oxygen atoms are from

three oxalate groups, none of which are planar. However, in the
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potassium salt the five oxygen atoms are from two planar oxalate

groups and a water molecule, so that monomeric

units are present in the structure. In order to understand the

changes in the structure of the sodium and lithium salts these

compounds were prepared and studied. Saturated solutions of

lithium or sodium oxalate were mixed in equiroolar proportions.

The solutions were heated to boiling and allowed to cool slowly.

The yellow crystals separated were washed with ice cold water and

alcohol and dried in air. Results of the chemical analysis for

uranium, oxalate, carbon and hydrogen and thermal analysis to

determine the number of water molecules confirmed the

compositions as Li2UO2(C2O4>2•5H2O and Na2UO2<C2O4>2•4H2O

Simultaneous TG and DTA were recorded on a Mettler Thermal

Analyser in a flowing stream of dry air or dry argon gas.

TGA and DTA curves obtained in air as well as in flowing

argon atmosphere are shown in Figs. 4 and 5 respectively for

Na2UC>2( 0204)2 • 4H2O. The sodium compound loses all its water

molecules below 150*C in a single step which is accompanied with

endothermic DTA peaks at 100'C in both atmospheres. The

anhydrous dalt is stable upto 300*C. The decomposition from 300

to 450*C takes place in a multistep process. The weight loss is

in agreement with the formation of a mixture of Na2CC>3 and UO2.

Isothermal heating at 350'C in argon gave a product which gave

the X-ray powder pattern of UO2. A third weight loss step occurs

between 650* and 800*C in air and between 750* and 1000'C in the

case of argon which is accompanied by endothermic DTA peaks. The

product obtained at 800'C was identified as a-Na2UC>4 in both

cases. Continued heating upto 1200'C leads to the formation of

Na2U2<>7 in air and a mixture of NaUC>3 and Na2U*2O7 in argon. The

decomposition of the lithium compound shown in Fig. 6 follows the

same scheme with minor differences. The products isolated by
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heating upto 1200*C were L12UO4 in air and a mixture of

and UO2 in inert atmosphere. It therefore follows that the

thermal decomposition can be represented as

100-200*C

v _ <— • _ — ^ «_ .M iv — — — •_»•• *k

<M = Li or K )

35O*C

700*C 400*C v

M2UO4 < U02 + M2CO3 < U0 2 + M2C2O4

The formation of M2UO4 even under low oxygen conditions as
(3)in the case of CS2UO4 is a measure of the stability of this

structure.

The X-ray diffraction patterens recorded on a

diffractometer for Li2UO2(0204)2.5H2O and Na2UO2(0204)2-4H2O

could be indexed on mono cells of dimensions a = 10.13 A, b =

11.95 A, c = 12.78 A and £ = 107.80* and a = 15.18 A, b = 6.70 A,

c = 14.02 A and $ - 93,61* respectively.

The infrared spectra of the two oxalates recorded on a

Perkin Elmer Model 180 spectrophotometer are similar. Both have

absorption bands from the water molecules and the co-ordinated

oxalrte groups. However, it is difficult to arrive at the

structure by interpretting these absorption bands. The infrared

spectrum of K2UO2(C2C>4 >>2 •3H20 has been discussed in terms of a

simple penta co-ordinated arrangement involving two bidentate
(4)

oxalate groups and a water molecule • Although the IR spectra

of the oxalates used in the present study are not significantly
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different from those of the potassium salts, the different

temperatures at which all the water molecules are lost rules out

the possibility of a similar structure.
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4. SOL GEL PROCESS FOR NON-NUCLEAR CERAMICS

With a view to extending the applicability of sol-gel

process for the preparation of gel microspheres to the non-

nuclear ceramic technology, efforts are being made to prepare, a

number of materials finding application in materials science.

Investigation being carried out, are at preliminary stage.

Multiple routes for the preparation of materials under different

experimental conditions are being adopted to arrive at the

optimum parameters.

4.1 HIGH TEMPERATURE SUPERCONDUCTING CERAMICS

R.V. Kamat, K.T. Pillai, T.V. Vittal Rao, V.N. Vaidya

and D.D. Sood

4.1.1 Preparation and characterisation of YBCO ceramics

Various solution-based routes for YBGO preparation are under

investigation. Good quality powder has been obtained in trial

runs (10 g scale) by refluxing the metal nitrates in glycol as

well as glycerol media. Various other additives tried are: Citric

acid, urea, HMTA, glucose, formaldehyde in various amounts. In

all these methods, the slurry was dried at 200cC to gat a powder.

Then it was heated first at 500°C and then at 950°C to get YBCO

powder. This was then pressed into pellets, sintered at 950"2 for

18 hours and then slowly cooled in oxygen. The glycol method

appears to be promising for easy scale-up to produce 200 g of

YBCO per batch using simple equipment.
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A number of compounds needed in this work are being prepared

in-house. CaH2 required for dehydrating "the alcohols, was

successfully prepared on a trial basis (20 g) by passing hydrogen

over the milled calcium granules at 400°C, monitoring the gas

flow rates at the inlet and outlet of the reaction tube. One

kilogram of sodium metal was procured and is being tried to

decrease the oxygen content by melting inside the argon glove-

box.

To prepare barium carbonate sol, 0.1 mole of barium

carbonate was freshly precipitated by adding ammonium carbonate

to barium nitrate solution. After repeated washings, the

precipitate was subjected to peptisation at 90°C with vigorous

stirring for 30 hours in presence of 0.5 g of barium hydroxide.

As no sol was formed, the peptisation was continued by adding

organic polymeric compounds such as gelatin, starch and gum in

separate batches. However, the precipitate could not be peptised

into a gel.

The YBCO powders obtained through different routes are being

characterised by T6,DTA, XRD and surface area analysis. The

pellets obtained by Glycol and Glycerol route showed a low

resistance ( < 10 ohms at RT) by 2-probe. The EPR technique

showed these samples to be superconducting at liquid nitrogen

temperature. These were given to Nuclear Physics Division and the

critical current densities were found to be as large as 300

amps./cm . The XRD pa

phase "123" compound.

2
amps./cm . The XRD patterns indicated these samples to be single

Using the acetates of copper and yttrium as the starting

materials and methoxy ethanol as the reflux medium, a new method

has been planned for YBCO preparation. A glove box facility has
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been set up to carry out all the operations in CO2 free

atmosphere to avoid the formation of carbonates. The washed

yttrium hydroxide precipitate (obtained from yttrium "chloride)

was dried at 110°C and stored. A small amount of this powder was

dissolved in glacial acetic acid and dried to get yttrium acetate

which will be needed for the trial production of YBCO by this new

sol-gel method.

4.1.2 Studies on thallium-based superconductors"•

Tl-Ca-Ba-Cu-0 (2223) system with 3 CuO layers has been

reported to be superconducting with Tc 125 K. Studies on this

system, were continued in collaboration with the Metallurgy

Division. The firing conditions were carefully changed to study

their influence on the final material. The firing temperature

duration and the rate of cooling were seen to be very crucial.

Equilibration of the sample with flowing moist oxygen was tried

for pushing up the Tc to 125 K but the 2223 phase could not be

obtained as the major phase. Partial substitution with some of

the rare-earths (Eu, Gd and Dy) was tried in place of Ca to

examine its effect on the superconducting transition temperatures

(Tc) of the 2223 system. Partial substitution ( 25%) of Tl by Pb

was also examined as Pb is known to stabilize the 2223 phase in

the Bi system. The samples, (Tl.Pb) Ca R Ba Cu 0 were prepared by

the matrix method in which T10 & PbO were added to the pre-

reacted mixture of other component oxides. The compacts were

heat-treated at 890°C and 905*C for short durations in oxygen

atmospheres. The samples were characterised by XRD, dc

resistivity and ac susceptibility measurements. X-ray analysis

showed that the pure compound, TL Ca Ba Cu 0 has 2223 phase as

the major phase and has a Tc of 110 K. Tc was found to reduce

gradually in europium-substituted samples upto x=0.4, i.e. from
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110 K to 90 K and rapidly thereafter. The compound with x=0.8 of

Eu was not superconducting down to 12 K. The sample with x=0.4 of

Gd was superconducting with a Tc of 87 K. However, the compounds

prepared in the above manner with Dy substitution even for small

values of (x=0.4) did not exhibit superconductivity. Samples

treated at 905°C showed higher Tc values than those treated at

890°C. Incorporation of Pb for Tl did not prove to be beneficial

under the heat-treatments employed in these studies.

4.2 Sol-gel process for other ceramics

R.V. Kamat, K.T. Pillai, T.V. Vittal Rao, V.N. Vaidya

and D.D. Sood

4.2.1 PLZT ceramics by oxalate route

Work was continued on the lead-lanthanum zirconate-titanate

(PLZT) ceramics. Starting from the nitrate solutions of Pb, La,

Ti and Zr, another lot (65g.) of PLZT oxalate was precipitated

with better control over the precipitation conditions. After

calcination at 800*0, the oxide weight was 36g. which amount to

almost 100% yield. The surface area of the oxide powder was

higher (4 m2/g-) than that of the previous lot (1.2 m 2/g.).

Efforts are in progress for hot-pressing of this powder at 1100°C

to obtain transparent ceramic. The hot pressing facility at

Chemistry Division w^s inspected and seen to be not suitable for

PLZT firing in oxidising atmosphere. By cold-pressing and

sintering the PLZT oxide at 1100°C, one translucent pellet was

obtained.

Studies were also carried out on the preparation of TiO2

eol. Titanium iso-propoxide was hydrolyzed to obtain hydrGU6

TiC>2 which was then pepti sed by adding a controlled amount of
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nitric acid. The dilute sol (0.05 M) so obtained was cured at

80*C for 100 hours to get a transparent sol which was

concentrated to approximately 0.1 M and supplied to Chemistry

Division for morphological studies by neutron scattering

technique.

4.2.3. Alumina ceramics by sol-gel route

Alumina sol (500 nil, 1.5 M) was prepared by hydrolysing the

Al-isopropoxide made in our laboratory. A good number of alumina

gel discs were made from the sol by chemical gelation in Teflon

moulds of various sizes. These gel discs are being heat treated

using the newly procured Indotherm temperature programmer-

controller. The gel was sef3n to be very delicate and requires

slow heating at a rate not exceeding 0.5°C/min. Difficulties were

faced to maintain such heating rates and trial attempts failed.

To avoid the cracking of the gel, steam-treatment upto 200°C with

slow heating rate has been planned.

4.2.4. Preparation of high quality alumina powder

To make a - alumina with high specific surface area

alumina sol was dried at 90°C and heated to 200°C and ground to
o

get the powder having high surface area (260 m /g). After heating
o

to 11500C, the surface area decreased to 75 m after one hour and
2

to 8m /g after 5 hours. XRD pattern of the powder at different

stages was taken. The final product was seen to be in alpha

alumina. To check the reproducibility, another lot of alumina

powder was prepared by drying 100 ml of alumina gel at 120 °C for

6 hours and sintering at 1100°C for 4.5 to 6.5 hours so as to get
2

the surface area of 10 m /g. To make fresh sol, 200 g of
aluminium iso propoxide was made by refluxing Al turnings with
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isopropanol for 6 hours. Two kg of high purity aluminium metal

was obtained from Atomic Fuel Division for the preparation of

aluminium propoxide needed for making alumina sol. A 500 g lot of

aluminium granules has also been obtained for this job.
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5. STUDIES RELATED TO NUCLEAR MATERIAL ACCOUNTING

5.1 Database management

N. Maiti and P.N. Raju

The ongoing activity of management of the NUMAC database

continued during the year 1989. 771 reports were received in

NUMAC from 12 different facilities of the national fuel cycle

pertaining to nuclear materials Pu, HED, LEU, NU (imported as

well as indigenous), DO and Th.

Information from these reports have been checked for

internal consistency before loading them into the NUMAC database.

Although NUMAC database can respond to any query within minutes

about the nuclear material accounting at any given point of time,

at present only periodical reports such as monthly and quarterly

and annual inventory status reports (ISR) are being generated

regularly. The consolidated status of inventory of nuclear

materials, their locations, form as well as materials in transit,

if any, and the number of accounting reports received are

highlighted in these periodical reports. ISR for the year 1988

was also prepared giving more details about the nuclear

accounting data both in tabular and pictorial/graphical forms.

One of the aims of NUMAC is to implement system of dynamic

accounting by the real-time acquisition of data to the NUMAC

database from the different facilities in DAE. One way of

realising this aim is to link the centralised NUMAC database

through MODEM with the databases of the Facilities. A step

forward was taken in the implementation of this latest technology

by installing a slave computer QUANTUM AT and the

linking software.
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Two software packages "FROMHP" and "TOHP" taking the

instruction codes from the 'link software' have been developed as

utility programs for transfer of files between the PC and the

NUMAC Computer system. By developing these two software

packages, NUMAC is in a position to receive data/information from

DAE Facilities on floppy disks. This information can now be

easily transferred to the NUMAC database directly thereby

reducing chances of errors due to transcription and effecting a

saving in terms of time and effort. Besides the confidentiality

of the data can also be preserved.

Enhancement of the computer system: The PC/AT acquired in NUMAC

as a slave computer has 1 MB main memory, 20 MB hard disk and 5

1/4" floppy drive. The following software packages have been

installed to enhance the capabilities of the NUMAC Computer

system.

5.2 Statistical Studies

Hari Singh, S. Jyothi and M.B. Yadav

5.2.1 Control chart analysis of data on fuel element

characteristics

Control chart analysis of data pertaining to 0.2% yield

strength (YS) and Percent Total Circumferential Elongation (%TCE)

at room temperature for zircaloy tubes for BWR fuel has been

done. Data for about 100 lots were procured from AFD (X-S)

control charts for (YS) and (X-R) control charts for (%TCE)

were prepared. The control limits were estimated using a

computer program CONT developed on HP-1000 computer-system of

NUMAC. The process averages and the process standard deviations

for these characteristics were also estimated. Based on the data
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pertaining to these 100 lots a study of the control charts for

the two characteristics (YS) and (%TCE) was made. The following

conclusions have been arrived at:

(i) The lots are homogeneous.

(ii) The lot-to-lot variation is highly significant.

(iii) A shift on to the higher side in the process average for

these two characteristics have been recorded after the lot serial

number 47. (serial numbers have been given according to order of

production.)

(iv) There is a need to modify the acceptance/rejection

criterion.

5.2.2 Time series studies on uranium production data at DCIL

A time series study of UCIL monthly production data for

uranium (1975-1988) has been made. Different components of the

time series have been estimated. The trend has been estimated by

a second degree polynomial which is the best fit for the data.

Seasonal index numbers have been estimated using "Trend to Moving

Average Ration" method for estimating the seasonal index numbers.

The cyclic component has been estimated by a periodogram

analysis. Data for the irregular component have be<=r> used for

estimating the error in forecasting. Forecasting for the monthly

production of uranium for the years upto 1995 together with the

95% confidence intervals has been made. Necessary soft ware was

developed as a part of the above study.
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5.2.3 Material unaccounted for (MOF) data analysis

A study was undertaken to investigate into the behaviour of

MUF based on data cited in literature and on data on MUF obtained

from two facilities in NFC, Hyderabad, handling low enriched

uranium. The data from NFC are received in NUMAC on a regular

basis as and when a Physical Inventory is taken at the end of a

campaign in the facility. The main finding of this study has been

that a Pearson distribution of type 4 (or PD4 in short) might

possibly be a better descriptor of MUF behaviour in comparison to

a normal distribution on the basis of Chi-squared estimates of

the goodness of fit. As corollai-y to this finding, it was

suggested that the critical values or the confidential limits at

the 95% level for the PD4 fit would be different from the

approximate ± 2a (twice sigma) values that a normal distibution

picture would suggest. In order to substantiate this observation

in a quantitative manner, a study has been initiated to evaluate

the percentile points for a Pearson curve underlying a data set

on MUF for which the Skewness and Kurtosis parameters are given.

Existing statistical tables compiled by Johnson et al, do not

cover the range of values for the skewness and kurtosis

parameters that have been met with in the MUF data study. The

present study thus intends to evaluate the percentile points for

such values of the parameters not covered in the Johnson tables.

The basic feature of this study is to seek a solution of the

basic differential equation underlying the Pearson curves,

namely,

1 df (x - a)

f dx b0 + +h1 + b 2 x
2
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by numerical methods and to determine the percentile points in

standard measure for given values of the skewness and kurtosis

parameters, (̂3̂  and 02 respectively.

The particular instance of a normal distribution for which -l@ = 0

and 0g = 3 has been studied. In this regard a computer programme

called CHECK was developed and debugged successfully. The

calculation was based upon the step-by-step integration of the

system of differential equations Y = dF(x)/dx and

dy -y[ (10p2 - 12(3! - 18) x + -i&1(P1 +3) ]

dx (402 " 30i) + ^0i(02 + 3) x + (202 " 3Pl ~ 6) x
2

using the Runge-Kutta-Simpson method.

The results obtained for the case of the normal distribution

have been in very good agreement with the values of the Johnson

tables. The study is being continued to cover non-normal

distributions of the Pearson family as well.

5.2.4 Computer programmes modified and developed in course of

statistical studies done during the period of this report are

mentioned below:

(i) A programme called CHECK has been developed. The aim of

this program is two-fold. One is to determine the solution of a

first order differential equation dy/dx = f(x,y) in the initial

interval; that is given the starting values x = XQ, y = y$ this

program finds three subsequent values yi.y2 and y$ corresponding

to xo + h, xo +2h and XQ + 3h for any given h by the Runge-Kutta

method. Also determined are the derivatives y^', y2* and y$ at

x$V x0 +2h and XQ + 3h respectively as given by the equation
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y = f(x,y).

Using the Milne's formulas for prediction and correlation, values

for y beyond the initial interval, over subsequent intervals of

length h are found. In the second part of the program. the

standard deviate Xp for 15 values of p have been found. These

points may conveniently be described as the 50% point (median)

and the lower and upper percentile points corresponding to 0.25,

0.5, 1.0, 2.5, 5.0, 10.0 and 25 percentage points respectively.
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6. ANALYTICAL SERVICES

The Fuel Chemistry Division continued to support the

research and development activities of sister divisions of BARC,

other units of DAE as well as institutions and universities by

way of providing analytical services. These services are

indispensable in chemical quality control and at times would

enable to reason the experimented parameters in research

activities. Further, these reflect the confidence with

which the expertise developed over a number of years is being

exploited on routine basis.

6.1 Analytical services in chemical quality control

Analyses of nuclear fuel samples received from

Radiometallurgy Division (numbering 576) were carried out for

various specifications, such as U, Pu, nonmetallics, 0/M ratio

etc. Table 67 gives the break-up of different analyses carried

out on these samples.



Table 67: Distribution of saiples received froi RND and analysed during the year 19B9

saiple
Description

UN

PuN

lU,Pu)N

uo2

UC

"3P8

(UPu)02

PuN + PuQ2

ABU

2 % f t l - a l l o y

SS tube

(U,Pu)C

U

21

1

3

10

2

11

6

-

-

-

-

-

Pu

-

3

3

-

1

11

6

2

-

-

-

-

Q/K

-

-

1

42

t

7

4

-

-

-

-

-

- i

-

-

-

-

-

-

-

37

-

-

XRD

-

-

2

-

-

-

-

2

-

-

-

°2

67

10

-

16

-

1

5

-

-

-

1

N2

66

10

5

15

-

1

5

-

-

2

1

Detenjnation for

C

-

-

5

1

-

-

-

-

-

-

-

C1,F

-

-

6

-

-

-

-

-

-

-

-

iso
topic

-

-

-

1

2

-

-

-

1

-

-

Zr

-

-

-

-

-

-

-

-

3

-

-

H2

-

-

4

-

-

-

-

-

-

-

-

-

-

10

-

-

-

-

-

-

-

-

PH

-

-

-

-

-

-

-

-

-

-

-

conductivity

1

-

-

-

-

-

-

-

-

-

-

-

j

Total

154

24

19

64

37

31

IB

12

2

41

2

2

(contd. next page)
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satple

Description

Al piece?

! Deeineralised

I water

UC2 +PuO2 + C

(liPul2flB

Pu contactnated

itater

(U,Pu)N + U02

+ qreenUD-)

U + Pu + Ni soln.

Brass turnings

<UPu)N + PuO2

Boron ni t r ide

j Total
i

U 1

-

1

5

3

1

1

-

2

-

67

Pu

-

1

5

1

1

-

2

-

39

1
!

-

-

-

-

-

55

233L (

-

-

-

-

-

37

XRD
I
I

I

-

-

-

-

4

~T

42

3

1

2

1

155

Determination for

«2

-

3

-

2

1

117

-

;

-

-

-

1

7

C1,F 1

-

i
j

-

-

-

-

6

ISO

topic

-

-

-

-

-

4

Zr i

-

-

-

-

-

3

i

L
i

-

- ]

-

-

-

-

t,

¥ !

-

i

-

-

-

-

10

H
P

-

34

-

-

-

-

34

conductivity

-

34

-

-

-

-

-

-

-

-

34

1

Mai

42

68

i

2

10 |

6

8

2

1

8

3

576

o
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6.2 Mass Spectrometry

Several samples received from different units of BARC and

analysed by Thermal Ionisation Mass Spectrometry are listed in

Table 68.

Table 68: Samples analysed by Mass Spec'brome'try

s.
No.

1.

2.

3.

4.
5.

6.

7.

No. of samples
and its nature

17 Plutonium samples

10 Uranium samples

5 Uranium samples

330 Uranium samples

Name of
Division

R.M.D.

R.M.D.

F.R.D.

C.T.D.

18 Boron samples Ch.Eng.Div.

4 Boron samples

3 Lithium penta borate

NAPP

Chem.Div

Analysed for

Isotopic composition of Pu

Isotopic composition

Isotopic composition
2 3 5U/ 2 3 8U Isotopic ratio
1 0B/ 1 1B Isotopic ratio

Isotopic composition and

boron content
6Li/7Li atom ratio
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Other Analytical services rendered during the period are given in

Table 69

S.No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

No. of samples
and its nature

Ti -alloy

7 Ni-Cr fluorides

and oxide powder

18 Rare earth salts

6 Y-Ba-Mo samples

25 water samples

9 UO2/U3O8/ADU

11 Rare earth samples

4 Polymer samples

1 Ni-Cr carbonate

Table 69

Name of
Division

Chemical Div.

Metallurgy Div.

R.Ch. D.

R.Ch.D.

RCD

PEP Tarapur

RCD

DD
UED

Analysed for

XRD
XRD

Thermal studies

XRD
Chlorine

O/M,Pu,C,F,Cl

Nitrogen

XRD
Thermal studies

<*>,



153

PUBLICATIONS OF FUEL CHEMISTRY DIVISION - 1989

1. Thermal Properties of Cs2Cr207 (B,1) by high temperature
" calvet calorimetry,
R. Prasad, Renu Agarwal, V.S. Iyer, K.N. Roy, V. Venugopal
and D.D. Sood,
J. Nucl. Mater. 167, 261 (1989)

2. X-ray and thermal studies on uranyl acetates of zincf
magnesium and nickel,
S. Sampath, N.K. Kulkarni and N.C. Jayadevan,
J. Thermal Anal., 35., 1089 (1989).

3. Thermal and X-ray studies on double sulphates of uranium(IV)
with magnesium, nickel, copper and zinc,
K. Krishnan, K.D. Singh Mudher and N.C. Jayadevan
J. Thermal Anal., 35> 1083 (1989).

1 ft 1
4 . Determination of fluoride by radiometric assay of Hf back

extracted from HTTA in benzene,
R.K. Rastogi, M.A. Mahajan, N.K. Chaudhuri and S.K. Patil
J. Radioanal. Nucl. Chem. Articles, 133, 203 (1989).

5. Degradation of mass spectrum due to reflected ions in spark
source mass spectrometry employing an elctrical detection
system,
C.S. Subbanna, K.L. Ramakumar, V.D. Kavimandan, V.A. Raman,
V.L. Sant and H.C. Jain,
Int. J. Mass Spectrom. Ion. Proc., 89, 73 (1989).

6. R.F. Spark Source Mass Spectrometry Studies of Molecular
ions,
B.P. Datta, V.L. Sant, V.A. Raman, C.S. Subbanna and H.C.
Jain,
Int. J. Mass Spectrom Ion. Proc.,9_l, 241 (1989).

7. Yield distribution of Mn ions due to a given multi isotopic
element (M) and given n in the beam produced from an R.P.
Spark ion source,
B.P. Datta and H.C. Jain,
Int. J. Mass Spectrom. Ion Proc., 9_1, 229 (1989).

8. Thermodynamics of vaporisation of caesium molybdate,
R.P. Tangri, V. Venugopal, D.K. Bose, M. Sundaresan,
J. Nucl. Materials, 167 (1989) 127.

9. "Differential Thermal Analysis and Knudsen Effusion Mass
Spectrometry in the Determination of phase Equilibrium
Diagrams in Nickel based super alloys"
S.R. Dharwadkar, K. Hilpert, D. Kobertz, V. Venugopal, H.
Nickel,
Presented at the 6th International Conf. on high temperature
chemistry of Inorganic materials held at National Institute
of Standards and Technology, Gaithersberg, Maryland, USA,
April 3-7, 1989.
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10. Thermodynamic Suties on Rb2U/tO12~
Rb2uA°13 system,

V.S. Iyer, V. Venugopal, D.D. Sood,
Paper presented at Actinides-89 symp. held at Tashkent in
USSR in Sept. 1989.

11. Potentiometric studies on the aqueous fluoride complexes of
actinidcs,

, S.K. Patil, N.K. Chaudhuri and R.M. Sawant,
Presented at Int. Symp. Actinides-89 held at Taskent, USSR
in Sept. 1989.

12. Vapour pressure of Pd(g) measured over Pd(s) by Knudsen
Effusion Mass Spectrometry,
S.G. Kulkarni, C.S. Subbanna, S. Venkiteswaran, V. Venugopal
and D.D. Sood,
Presented at the Int. Symp. on Thermchemistry and Chemical
Processes held at 1GCAR, Kalpakkam in Nov. 1969.

13. Oxygen Potential measurements over
(A=Rb and Cs),
V.S. Iyer, V. Venugopal, N.L. Misra, K.L. Chawla and D.D.
Sood, Ibid.

14. Gibbs Molar Free Energy of formation of Lithium Chromite,
Smruti Das, Ziley Singh, R. Prasad and D.D. Sood, Ibid

15. Recovery, purification and conversion of plutonium from fuel
fabrication scrap using macroporous anion exchange process,
M.M. Charyulu, D.R. Ghadse, A.R. Joshi, A.V. Kadam, U.M.
Kasar, S.M. Patrar, I.C. Pius, M. Ray, V.B. Sagar and C.K.
Sivaramakrishnan, Ibid.

16. The nature of Pu(IV) complex extracted by D2EHPA - A
structure Evaluation,
DAE Symp. On Radiochem. and Radiation Chem., Jan. 69
Kalpakkam

233
17. Studies on the recovery of U from phosphate containing

analytical waste using DBDECMP as extractant,
V.B. Sagar, M.S. Oak, S.M. Pawar and C.K. Sivaramakrishnan,
Ibid (1989).

IB. X-ray studies on Na-Ba-U-0 system,
A.K. Chadha and N.C. Jayadevan, Ibid (1989).

19. Reactions of Sodium and Potassium Carbonates with Urania-
Thoria Solid Solution, Ibid (1989).

20. Solid State Reaction studies of Ammonium Sulphate with
Tetrafluorides of Uranium and Thorium,
K.D. Singh Mudher, R.R. Khandekar, K. Krishnan and N.C.
Jayadevan, Ibid (1989).
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21. Anhydrous Potassium Plutonium Sulphate : A Primary Chemical
Standard for Plutonium, K.D. Singh Mudher, R.R. Khandekar,
K. Krishnan, N.L. Mishra, N.C. Jayadevan and D.D. Sood,
Ibid (1989).

22. Structural Aspects of Solid Compounds of Actinides Elements,
N.C. Jayadevan, Invited Lecture, Ibid (1989).

23. Dissolution of Pu-Al-Zr alloy for the potentiometric
determination of plutonium,
S.P. Hasilkar, R.B. Manolkar, Keshav Chander and S.G.
Marathe, Ibid (1989)

24. Separation of Platinum from plutonium-platinum solution,
Keshav Chander, S.P. Hasilkar and S.G. Marathe. Ibid (1969).

| Q 1

25. Back extraction of Hf from its TTA-complex in benzene as
a sensitive method for the determination of fluoride,
R.K. Rastogi, M.A. Nahajan and N.K. Chaudhuri, Ibid (1989).

26. Determination of Stability Constants of the Fluoride
Complexes of Tetravalent uranium and plutonium using
fluoride ion selective electrode,
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