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1 • FUEL DEVELOPMENT CHEMISTRY

1 . 1 Sol-gel_ Process Development

Sol-gel process is expected to play a major role for the

dust-free production of nuclear fuel on a fully automated

remotely controlled facility. Though the process is more

advantageous for the plutonium-bearing mixed oxide and carbide

fuel, it appears to be attractive even for the PHWR fuel.

Three different techniques of sol—gel process were studied in

Fuel Chemistry Division, but the emphasis was on

Internal Gelation Process'. This is an aqueous process for the

production of nuclear fuel particles in the form of microspheres.

The process has been developed for the production of

UO2, ThO2i (U,Th)02i (U,Pu)C>2 and UC microspheres. The

process details are given in the previous reports. These gel

spheres after heat-treatment are vi'urocompacted in a fuel

pin to get 'sphere-pac' fuel, or alternatively the 'Sol Gel

Microsphere Pelletisation' (S6MP) route can be followed in which

unsintered spheres can be pressed into pellets. During the

past few years the process parameters were optimised for

obtaining good quality sintered spheres of controlled sizes

needed for the sphere-pac fuel. Major achievements during the

current year were: a) optimisation of chemical parameters to

suit the SGMP route and b) successful demonstration of the

scaled up facility to produce 10 kg UO2 per day.

1.1.1 Production of(UCH+C) Gel Spheres for SGMP Studies

R.V.Kamat, S.K.Mukerjee, J.V.Dehadraya, N.Kumar,

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

A programme was undertaken in collaboration with RMD for gel

pelletisation studies on UO2 microspheres. For obtaining good

quality pellets by gel pelletisation, the gel spheres should

be soft enough to be crushed easily during pelletisation



at 20-30 TSI pressure. The porous gel needed for this purpose

can be obtained by adding carbon to the uranyl feed broth and

burning out this carbon at a later stage by subjecting the gel

spheres to a calcination step before pelletisation. In

continuation of the last year's work 30 more batches (62kgs)

of (UO3+C) gel spheres were supplied to RMD for calcination

and pelletisation studies. For the first 15 batches (40kgs), the

broth composition was: U=l.5M, R=l.0 and C=(10,12,15,20 g/l)i

where R represents the mole ratio of (HMTA,Urea)/U. The

other 15 batches (22kgs) were made with the broth

composition: U= I .1, R=1.5 and C=30g/l. The broths having

higher uranium molarity (1.5M; were initially tried (with

varying carbon content) to get higher yield of UO2 spheres per

batch. However the gel produced was harder and gave

pellets having undesirable berry structure. The low uranium

broth (U=l.l, R=1.5, C=30g/l) gave gel spheres which after

calcination were soft enough to be pelletised at 20-30 TSI

pressure without retaining the berry structure. After

sintering for 4 hours at 1600°C, the pellets had a density of

95% T.D. and a uniform grain size of around 15 microns.

1.1.2 Setting up of Gel Sphere Production Faci1ity (10 Kg

UCK/day)

R.V. Kamat, J.V. Dehadraya, N. Kumar, T.V. Vittal Rao,

V.N. Vaidya and D.D. Sood

The old facility (500g/day) was considerably modified and a

new assembly was set up to achieve the trouble-free operation and

scale up without sacrificing the quality of the gel spheres

as well as the yield. The equipment used for the production

ami washing of the gel particles is shown in Fig.l. This

consists of a hot oil tank, gelation column, feed dispersion

system, conveyor belt and the gel sphere washing system. The

entire assembly has been set up inside a walk-in fumehood

(ltn x 2.4m x 2.1m) in the existing laboratory. The scale



up was achieved by developing a multiple nozzle dispersion

system and by a careful increase in the capacities of the

various systems. An entirely new design for the gelation

column was evolved to take care of the higher feed rates

(240 ml/min). The scale up was necessary to demonstrate the

feasibility of its use for the power reactor fuel fabrication

and also to supply the few hundred kilograms of UO2 fuel for the

irradiation testing in a commercial PHWR.

Oil-tank: This is a 50 lit. capacity insulated S.S. tank filled

with 100 CST silicone oil which is kept at 95°C by two calrod

heaters (1.6 kW each), connected in parallel. The oil

temperature is maintained by using a temperature controller

and the oil is continuously pumped at a controlled rate

of around 8 LPM into the gelation column by using centrifugal

type immersion pump and the oil by-pass system. The tank is

also fitted with a level indicator. The heat input of 3 kW is

just sufficient to take care of the radiative losses and fhe

cooling caused by the dispersed uranyl droplets (Nearly 240 ml

of uranyl broth gets heated from -5°C to +95°C every minute).

Gelation Column: This is made of glass and is the most

crucial equipment requiring a very careful design to achieve the

desired oil flow rates without affecting the smooth settling

of the gel spheres in the main column and then ensuring their

quick and complete removal through the side limb on to a

conveyor belt system. The column designed earlier was

suitable only for low feed rates. With the scaling up of

production! more insight was obtained about the column

operation and the design was successively improved with

several alterations. The main column is 115 cm tall and 10 cm

in diameter. The column has a 16 cm dia conical head with a 12mm

ID side tube for the oil overflow. The wide conical head

helps in decreasing the upflow velosity of oil in this top

section, thereby preventing the coalescence as well as the escape



of the feed solution droplets through the overflow tube. The

bottom portion is tapered and is connected to a 2.5 cm ID side

limb (92 cm tall) through a S-35 ball joint as shown in Fig. 1.

The ba1J joint provides flexibility to the side limb and also

provides a channel, free of constriction, to the oil and gel

spheres. A B-29 socket tube just above the tapered section at the

bottom of the column, acts as the oil inlet. This inlet tube is

fitted at an angle to prevent the entry of the gel spheres

during their settling. The hot oil flows through the main limb

and fhe side limb at the rate of 3.1 litres and 5.1 litres

respectively. The column is able to maintain the temperature of

oil at 95 C and has given a good performance at feed dispersion

rate of around 240 ml/min using a multiple nozzle.

Feed Dispersion System : This consists of a 5.5 litre

capacity jacketed S.S. tank fitted with a pressure tube, a

pressure cell and a vent tube controlled by a solenoid. The

uranyl feed broth, maintained in this tank at -5 C, is

pressvirised into a dispersion head attached to an

electromagnetic vibrator whose frequency and magnitude are

controlled by a power oscillator to achieve the controlled

breakup of the liquid jets. The dispersion head is made up of a

threaded tefflon cup fitted with six S.S. capillaries of 1.2 mm

ID. At 0.15 bar pressure each capillary gives a flow rate of

40 ml/min which in turn requires an imposed frequency of

about 70 Hz to get a good breakup of the feed jet. A

stroboscope is used initially to tune the frequency.

Conveyor Belt System : The belt is made of S.S wire mesh (19 cm

wide and 50 cm long strip joined by a hinge) moving over three

S.S rollers whose speed could be varied by a motor

connected to a gear system. The conveyor belt separates the gel

particles from oil and transports them to the wash tank. The belt

speed of 20 cm/min has been found to be suitable. Lower

speeds cause the heaping up of the gel spheres on the belt,



whereas the higher speeds result in excessive carry over of oil

by the gel spheres.

Washing Assembly : The previous wash tank was a cylindrical

vessel of around 30 cm diameter. Design modification was

necessary to avoid the de-shaping of gel spheres due to the

increased bed height (and the consequent pressure on the

bottom layers) as a result of the scale up. The new

assembly consists of a wide (60 cm x 60 cm) S.S. tank with a

slanting bottom fitted with a detachable wire-mesh plug and a

1 inch ball valve. Below this, there is a sphere collector

vessel (10 litre capacity) and a drain tank (30 litre capacity)

connected to a bellow pump for the continuous disposal of

the waste ammonia solution to the sink. Two fifty litre

capacity S.S. tanks were used for the storage cf the wash

liquids (fresh CCl^ and 2 % Ammonia). All these modifications

helped not only to minimise the movement of the gel spheres but

also to avoid the inhalation of the toxic vapours of CCI4 o

ammonia by the operators.

Other Modifications: The silicone oil tank was fitted with a

level indicator and also an oil bypass system to control the oil

flow rate. The oven capacity was doubled by fitting

additional shelves in th? existing oven. The washed gei

spheres were transfered as 2-3 cm thick layer on S.S. trays

(20 cm x 70 cm). Fourteen such trays can be loaded at a time into

oven and maintained at 100°C for 12 to 15 hours to get around

10 kgs of UO3 gel spheres. One 25 litre S.S. tank fitted

with 1 inch ball valve was obtained for the storage and easy

dispensing of the carbon dispersed HMTA-Urea solution. For

the large scale preparation of the Gcid-deficient

uranyl nitrate solution, a new set up was made using a 40 litre

S.S. tank wound with heating tapes and provided with a ball

valve and an electric stirrer.



1.1.3 Process Opt imisat ion for the Larpe Scale Preparat ion qf_

yP.3 G§_L Spheres

R.V. Kamat, J.V. Dehadraya, J.K. Joshi, K.T. Pillai,

N. Kumar, T.V. Vittal Rao, V.R. Ganatra, V.N. Vaidya

and D.D. Sood

Preparation of ADUN Solution : The high molarity (3M) uranyl

nitrate needed for the Internal Gelation Process is obtained by

dissolving UO3 or U3O8 in stoichiometric uranyl nitrate solution

so as to bring down the nitrate/U mole ratio from 2.0 to around

1.5. This is referred to as the acid deficient uranyl nitrate or

ADUN. A set-up was made inside a walk—in fume hood for the

Iftrge scale preparation of ADUN solution (20 litres/batch).

The set-up consisted of a 30 litre capacity S.S. tank fitted

with a ball valve at the bottom. The tank was wound with 4

heating tapes (each 250 watts) to heat the soluion. An

electrical stirrer with a long S.S. rod reaching up to the bottom

of the tank, was provided from the top for stirring the solution

at desired speed. A quarter inch dia. S.S. tube was also

fitted inside the tank for bubbling argon gas through the

solution. For each batch, 20 litres of 2.4 M acidic uranyl

nitrate solution ( obtained from NFC, Hyderabad) was taken in

the tank and heated to maintain the temperature at around 70 C.

Calculated amount of UO3 powder w=».s gradually added with

continuous stirring till the powder dissolved completely.

The heating was continued further for 15-20 hours with argon

gas bubbling to expel 1 the dissolved gases. Removal of dissolved

gases was necessary to avoid the gassing during the gel

preparation. It was observed that addition of urea (50 gens for

20 litres batch) helps in getting rid of NO and NO2 gases.

Using this modification, the argon bubbling time could be reduced

to 10 hours and 14 batches of ADUN were made to get 272 litres

of high molarity solution for the preparation of UO3 gel

spheres.



Carbon Dispersion in Hexamine-urea Solution : This was optimised

with respect to the time of dispersion as well as the speed of

rotation of the ball mill. ( 16 x 4 ) gms of carbon was added

to ( 150 x 4 ) ml of 3M HMTA-Urea solution and ball milled in

tour vessels for one hour at maximum speed to get a slurry

(density«l.1476 g/cc) which remained stable for 24 hours.

Preparation of Uranyl Feed Broth : The segregation of carbon from

the uranyl feed broth, was drastically minimised by modifying

the mixing order. To the cooled uranyl solution, the HMTA-Urea

solution was added first. The carbon dispersed HMTA-Urea solution

was then gradually added with stirring, so as to avoid low pH

medium for carbon. Choking of the dispersion nozzle was

further avoided by incorporating a filtration step for the

feed-broth, prior to the loading into the feed solution tank.

Washing Scheme : With the scale up of operation, batch-

washing was used only for CC1<, wash. In the case of ammonia

washing, continuous washing was used. The UO3 gel spheres

collceted after dispersing 25 litres of feed broth, were washed

first with CCI4 (25 litres x 4 washings) and then with 200

litres of 4% ammonia solution for about 70 minutes so that the

conductivity of the wash liquid falls down from 80 mS to

lses than 2 mS. The inflow and the outflow for the wash tank

were kept equal and the rates were so adjusted as to get a

contact time of 10 minutes for the liquid flowing down through

the bed of UO3 gel spheres. In case of CCI4 wash, the

requirement of fresh CCI4 was drastically reduced by

reusing the four washings stored separately from the

previous batch for the next batch.

The gel sphere production assembly has been designed to have

minimum manual handling. The throughput of 10 kg per day is

presently dictated by the capacity of the oven for drying the

gel particles. The gel production rate is 5.4 kg/hour or 130



kg/day. Although there is scope for further improvement and

automation of the assembly, the present experience amply

demonstrates that the set-up is suitable for commercial

exploitation as an alternative to the powder metallurgy route,

for supplying fuel for the cosnmercial PHWRs or the future

FBRs.

1.1.4 Engineering Scale Production of (UOi+C) Gel Spheres

R.V. Kamat, J.V. Dehadraya, N. Kumar, T.V. Vittal Rao,

V.N. Vaidya and D.D. Sood

With the success of the gel-pelletisation studies, it was

decided to make 230 kg of (UO3+C) gel spheres for evaluation.

For this purpose, the 500g/hr production facility was

considerably modified and scaled up to 5 kg U/hr. Between April

and October, 71 batches of (UO3+C) gel spheres (1.6mm dia) were

made, to get 154 kgs of dried gel. Out of this, 130 kg were

supplied to RMD for calcination and the remaining 24 kg are

kept ready for shipment.

1.1.5 Kinetics of Nitrate Leaching from Up_3 Gel Particles

Prepared by Internal Gelation Process

S.K. Mukerjee, V.N. Vaidya and D.D. Sood

Internal gelation process is one of the sol-gel

processes developed for the preparation of dense fuel

particles. In this process metal nitrate solution is mixed with

hexamethylenetetramine (hexa) and urea in cold (0 C)

conditions and the gelation of the droplets of this solution is

caused by contacting them with hot (90°C) silicone oil.

These particles are first washed with carbon tetrachloride to

remove oil and later with 3 M ammonia solution to leach out the

residual gelation agents and ammonium nitrate. It has been

observed that soluble constituents of the gel particles should
3

be reduced by a factor of 10 to obtain crack free product.



The mass transfer considerations for washing the gel

spheres are very similar to those for stripping of ion exchange

reains. The study of diffusion in porous solids has been

treated by Barrer^ , March and Weaver' ' and Newman' .

Application of diffusion equation (1) for leaching of chemicals

from gel particles is possible as it satisfies the basic

concept that each capillary or channel of solid is a vessel

filled with solute and in contact with solvent at both ends and

as the capillary diameters are small the leaching takes place

entirely by diffusion. The diffusion equation is given by

-D(2m+l)2ir2t

exp (1)

where C is the average solute content of solid at any time, Cj is

the initial solute content of the solid, E is the

fraction of leached solute, D is the diffusion coefficient, t is

the time in seconds and R is the radius of the particles. The

above equation converges very rapidly as t increases above a

certain value and reduces to eq. (2).

C-CE 6 - w2Dt
_ — e x p ( j (2)

CJ-CQ * R

The eq. (2) corresponds to a simple diffusion process

(static (leaching) For a continuous leaching (continuous

diffusion) system eqn (2) cannot be directly used. A continuous

diffusion system however may be compi .ed of insfinite number of

simple diffusion systems. It was observed that, leaching in a

continuous diffusion process, amt. of material extracted at a

particular time fitted in first order equation of the form.



C = CX exp(-kt) (3)

where k is the rate of leaching.

In all experiments UO3 gel particles prepared by

internal gelation process containing 0.352 moles of nitrate

were used. The average size of the gel particles was 2.6 mm

diameter. The gel particles were washed in glass column of 7.5 cm

dia. and 10 cm length. The wash solution, containing 6% ammonia

and a predetermined cone.of nitrate, was pumped in the column

from top and the effluent was collected at the bottom at the

same rate. The effluent collected over a fixed period of time

was analysed for its nitrate content. Representative data of

a washing run is given in Table 1, Batch size was 200 ml and wash

solution flow rate used was 20 ml/min. For determining the

equilibrium constant and diffusion coefficient the gel particles

were submerged in wash solution and the concentration of nitrate

was measured as a function of time. Using equilibrium

concentration of nitrate the equilibrium constant value obtained

was 0.89 (in units of NO3/CC of gel /NO3/CC of wash) was

evaluated.

The diffusion coefficient, D, using eq.(2) was calculated to

be 6.9x10 cm /sec, which is in close agreement with the ORNL

value of 6.6x10 . Rate constants of washing kinetics were

determined from the plot of log (nitrate content of the gel at

time t) against time (eqn 8). The rate constants obtained for

wash solutions having different nitrate concentrations are given

in Table 2. Rate constant KQ is obtained for wash solution

having no nitrate concentration. The plot of K^/KQ against A/A£

indicated that the effect of concentration on rate constant is

very large. The values of K can be fitted by an empirical

relation with A given by:

10



KA = K0(l- A/A£)P (4)

Where Aj: is the equilibrium concentration of nitrate in solution.

For the present system the value of p has been calculated to

be 0.21.

On the basis of present work a model has been

suggested, which makes use of the KQ and eq. (4) to

determine the leaching curves for different wash solution flow

rates. Using this model leach curves have been calculated and

verified by actual experiments. The results with narrow wash

column agree more closely as compared to large diameter

columns. Based on these leaching curves wash flow rate equal

to l/10th of the batch volume per minute was used for the

washing of 2.6mm gel particles. The height of the gel particle

bed was restricted to 10-15 cm,to avoid crushing of the gel

particles under their own weight, Washing was completed in CO

minutes,

References
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Table-2

Washing of gel particles with Va iation of rate constant with

nitrate free ammonia solution runcentration of nitrate in wash

solution

Time Amount of nitrate in Cone.of nitrate Rate constant

gel at time t(m/l) in wash

moles of NO3/lit of gel M

— 1 2
(min) gel at t ime t ( m / l ) in wash s o l n . inin x 10

0

10

20

30

40

50

60

70

0.352
0.228

0. 123

0.066

0.036

0.017

0.010

0.007

0 . 0 3 4 . 5
0 .1 14 .7
0 .2 1 0 . 9

0 . 4 6 .40
0 . 6 3 .50

0 .8 1.11

1.1.6 Surface Area Studies on UO3 Gelled Particles

K.T.Pillai, Y.R Bamankar, V.N.Vaidya and D.D.Sood

A study was undertaken to to observe the surface area

variation of dry UO3 gel particles as function of feed

composition and as a function of drying temperature. Batches of

UO3 gel particles with uranium molarity ranging from 0.7 to 1.5

and HMTA, urea/uranium mole ratio varying between 0.9 to 2.4 were

prepared. The gel particls were washed and dried in the usual way

upto 100°C. further all UO3 gel particles were heated in air upto

250, 400 and 500°C for one hour duration at maximum temperatures.

The surface are of the dried UO3 gel particles was measured by

12



using multipoint BET technique. The preliminary result indicate,

that UO3 gel particie prepared with feed compositions lying in

the 'A' of gelation field diagram^ ' for uranyl solut on, the
2

surface area values are 17-20 m /g for particles dried upto

100 C. These values do not change appreciably for particles

heated upto 500°C, and remain 13-15 m /g at 500°C. The feed

composition lying in the region Cj yield UO3 particles which have

surface area values between 32-35 m /g for particles heated upto

100°C. These gel particles when heated upto !500oC have their
o

surface area values in the region 20-25 m /g. Further work on

these studies is in progress with a view to establish the

variation of surface area values for varying uranium

concentration in the feed solution and having the same region of

gelation behaviour.

Reference

1. V.N. Vaidya et a!, Fuel Chemistry Division Annual Report,

BARC-1436, 1-5, (1985).

1.1.7 Setting up of Facility for Fine Microspheres

S.Suryanarayana, N.Raghu, V.N.Vaidya and D.D.Sood

The technique of making fine microspheres of UO3 of around

100 micron size by the 'Jet Entrainment Technique' has been

described in the previous report. A modified set up was made

inside a 12-module glove-box to make it adaptable for

working in glove-box conditions. Process parameters and

equipment for the preparation of 500 ml batch yielding 107 gm

materiial (85% yield) in the desired size range, were

established.

The assembly consists of vibratory nozzle dispersion

mechanism, oil discharge nozzle, gelation contact funnel,

sphere settler collector, washing vessel and wash liquid

13



collector. The assembly was erected on S.S. angle iron

network. Pumps and valves were installed for easy transfer of

materia1.

Vibratory Nozzle Dispersion : Uniform size droplet generation was

achieved by this assembly. A 0.2 mm dia capillary inserted

in a hollow teflon tube fitted to a swage lok elbow formed the

dispersion nozzle. The vibrator was mounted on a frame work

over which it can slide horizontally to adjust the nozzle

position at the desired point.

Oil Dispersion Nozzle : This consisted of 1/2" tube connected at

one end with 1/4" tube at an angle of 129°. The hot oil pump

output was connected at the 1/2" end. Hot oil issued out of

I/A" end of the the nozzle made a 30° angle with droplets from

the capillary. Oil nozzle was mounted on a framework which

enabled to vary the position of the nozzle both in vertical

and horizontal direction. By this, flexibility for adjustment,

proper contact between hot oil and solution droplets was

achieved. as required for proper entrainment of droplets in the

oil stream. The fine droplets gelled in the hot oil within a

short contact period. The process required careful choice of feed

stream velocity and oil stream velocity to prevent coalescence

as well as disintegration of droplets.

Gelation Funnel : An S.S. funnel of 4" dia. and 4" height with

1/2" dia. pipe outlet was fixed in such a way that it made a

grazing angle of 10° with the hot oil stream entraining the

droplets. At this angle the droplets, just after gelling into

micrsopheres, contact the funnel surface with minimum impact and

hence do not lose their sphericity. Main function of the tunnel

was to guide the gelled spheres entrained in hot oil, into

sphere settler collector unit.



Sphere Settler Collector : During the development-trials for

fine microsphere preparation, direct collection of gelled

spheres and return of hot oil to the bath via a S.S.

wire-mesh filter was tried. In these trials the gelled

product turned out to be soft and leached heavily during

washing. This was due to longer contact of gelled spheres with

hot oil. The oil drainage becomes slow because of the

accumulation of the spheres on the filter, thereby resulting in

long residnce time for gelled spheres in hot oil than

necessary. This problem was overcome by introducing sphere-

settler-collector unit. This is a rectangular vessel (30 cm L x

15 cm B x 15 cm H). It is divided by a wier into 2 compartments.

The first compartment has on one side a slanting plate and a

conical bottom with 1" ball valve for drain. The second

compartment is smaller and has a provision of 1" outlet for the

return of hot oil free of spheres.

Hot oil entraining the gelled spheres guided by the

funnel, was made to enter the first compartment at the

inclined wall-end of the settler unit. The first compartment was

filled with cold oil. Gelled spheres settle down into conical

bottom and clear oil overflows into the second compartment,

from where it returned to the hot oil bath.

Presently the settler unit is designed to handle 500 ml of

feed broth. The temperature of oil is around 50 to 60 C at

the bottom of the unit whereas the same is 80 to 90°C at the top

layer of collector unit. The low temperature of oil in the

sphere collection zone is helpful in preventing breakdown of gel

during the collection time.

Washing Unit : A conical S.S. vessel with S.S. wire-mesh at the

bottom, was used to collect the product. This vessel in turn was

connected with 1" ball valve to a wash collection unit provided

with suction. The gelled product along with the hot oil was
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discharged into filter vessel by opening 1" ball valve.

Suction was applied to wash collection vessel to drain the

oil. Subsequently, washing with CCI4, ammonia and methanol were

carried out by pumping the wash liquids into filter vessel and

draining them into wash collection vessel, by applying suction.

Later the filter vessel was dismantled from wash collection unit,

gelled product was transfered on to a S.S. tray for drying.

Process Parameters : A low molarity uranyl nitrate solution of

0.7 M was used ii* preparing the feed broth to obtain maximum

size reduction possible from droplet to sintered product. An

S.S. capillary of 0.2 mm was found to give a product of 280

micron average size at the dried stage and 110 micron at the

sintered stage. Feed solution flow rate of 15-20 ml/min and

oil flow rate of 1.5 LPM were found to be apt for proper

entrainment of droplets without leading to either coalescence or

disintegration of droplets prior to gelation. Higher solution

feed rates lead to distortion of oil jet and production of

fines. Lower solution feed rates lead to longer residence

time for the product in the oil which is detrimental to good gel

quality. Lower oil flow rates lead to coalescence of droplets.

Higher oil flow rates lead to turbulence and carry over of

gelled product. For washing with ammonia a residence time of 5

minutes with a wash volume of 5 litres of ammonia was found to

be sufficient for 99% removal of nitrate. Wash solution was

monitored for its conductivity to check the completeness of

washing. Low residence time requirement was attributed to very

small diameter of the spheres. A methanol wash of one litre

volume was found to be essential for complete removal of

residual ammonia solution from the bed of spheres, which

prevented caking of material into lumps during drying.

Using the above described process assembly and

parameters, 800 g of sintered UO2 fine microspheres of 110 micron

size were obtained.
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1.1.8 Modification of (U.Pu)Oy Production Facility

S.K.Mukerjee, J.K.Joshi, J.V.Dehadraya, Y.R.Baraankar

V.R.Ganatra, V.N.Vaidya and D.D.Sood

In order to prepare carbon-containing (U,Pu)02 spheres the

previous set up in the glove box, was modified. A 3—piece

gelation column having maximum possible height (88cms) was

fabricated and tested outside by preparing urania-10%ceria

microspheres. The feed dispersion system in the glove-box was

improved by incorporating a vibrator for horizontal mode of

dispersion. One batch of (UO3+C) gel spheres was made inside

the glove—box with higher throughput and improved size

control.

1.1.9 Non-Nuclear Ceramics bjr Sol-Gel Route

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

Realising the vast potential of sol-gel processing for

making exotic materials for specialised applications it was

decided to take up this work. To have an uptodate

knowledge of non-nuclear sol-gel technology, a thorough

survey of literature was carried out. Most of the developments

have taken place after 1980, as revealed by the large number of

papers published during the 8 international symposia/workshops

on gel ceramics.

Preparation of Alumina Sol : Metal alkoxides are excellent

starting materials for making high purity sols or gels in the

form of thin films, coatings, fibres or bulk bodies. It is very

difficult to make a pure alumina sol by the usual route of

precipitation-peptization whereas the same can be easily made by

the hydrolysis of aluminium alkoxide. For initial studies

aluminium iso-propoxide was procured from commercial sources for

sol preparation. One mole of the alkoxide was added to 100 moles
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of hot water (8O0C) with rapid stirring. After half an hour, 0.07

mole of nitric acid was added to the slurry. The heating and

stirring was continued for 6-8 hours to cause peptization.

The clear white sol was then digested at 90°C in a closed bottle

for about 100 hours to get a good transparent sol. This was

concentrated to 1.3 M. Work has been planned to make

alumina gels of desired shape and size from this sol. Commercial

propoxide was found to be of poor quality and hence this

preparation is also planned. '
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1.2 Thermochemistry of Fission Product Systems

1.2.1. Partia 1 and Integra 1 Molar Thermodynamic Properties gf_

NixTef !_•,,} (x = 0.595 to 0.630) Alloys.

R. Prasad, V.S. Iyer, V. Venugopal, V. Sundaresh,

Ziley Singh and D.D. Sood

Tellurium is an aggressive fission product which becomes

activated at different oxygen potentials leading to chemical

reaction with fuel cladding in an operating fuel pin of a fast

reactor. Tellurium combines with SS-316 clad components to form

compounds like Ni3Te2. FeTeg.q and Cr.Tejj and causes tellurium
(1 2)induced liquid-metal embritt1ement of stainless steel .

Ettenberg et al have obtained the partial thermodynamic

quantities of tellurium by vapour pressure measurements of

tellurium using an isopiestic technique in the temperature range

773 to 1223°K. Gronvold et al ( 4 ) have determined the heat

capacity of Ni3Te2 alloy in the temperature range 298 to 900°K.

Kleykamp and Chattopadhyay have recently assessed the

thermodynamic parameters for metal tellurides and suggest more

work on these metal tellurides. The changes in tellurium

potential was evaluated by measuring tellurium pressures using a

Knudsen-effusion mass-loss technique over nickel-rich two phase

alloy (Ni + Nio. 63^e0.37) anc' over two compositions of non-

stoichiometric alloy NixTe^1-xj(x = 0.595 and 0.610). The alloys

Ni0.595Te0.405 a n d Kin.610 Te0.390 w e r e prepared by mixing

required quantities of metals and heating at 1100 K for 200 hrs

in an evacuated silica capsule. The alloy in the biphasic region

was prepared by mixing known excess of nickel metal powder with

one of the above alloys and heating as above.

Vapour pressure were measured by Knudsen-effusion mass loss

method using Sartorius micro-balance (model 4410) capable of

detecting 1 /ug mass change. The Knudsen cell was made of high

density graphite with a knife edge orifice at the centre of the
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lid. An alumina cup was placed inside the cell to contain the

alloy. Before carrying out tellurium pressure measureraents over

the alloy, experiments were carried out over Te(s) in the

temperature range of 614 to 713 K and the tellurium pressure data

agreed very well with the literature data.

From the rate of mass loss at any fixed temperature the

vapour pressures were calculated using the equation,

p = (dm/dt). (l/a).(l/K).(2ir RT/M) 1 / 2 (1)

where dm/dt is the rate of mass loss, a is the area of cross

section of the orifice, T is the experimental temperature, M is

the molar mass and K is the Clausing correction. Since Te2(g) is

reported to be the prominent vapour species in equilibrium with

Te(s and 1) at the temperature of interest, molar mass of

vapour was taken to be 255.2 g mol

Telluriuir. pressure p over Nig.595 Ten. 405 an<* Pi over

Nin.6inTeO.390 were measured in the temperature range 981 to

1150 K. These data are given in Table 3 and can be represented by

the equations:

log 10(p/kPa) ± 0.062 = 8.050 - 11706(K/T) (2)

and

) ± 0.017 = 7.569 - 11944(K/T) (3)
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Table

T/K

981

992

1005

1025

1034

1039

1062

1073

1091

1109

1124

3 - Dependence oh temperature of tel

over

(P2)

p/kPa(l

1.338

2. 290

2.401

3.415

4.438

6.505

10.940

14.388

23.610

33.336

41.847

N i0.595 T e0.r405(
s)»(Pl> o v e r

over (Ni+Nin.630Te0.390)

04) T/K

1036

1049

1066

1078

1089

1101

1113

1125

1137

1150

Pl/kPa(104)

1. 119

1.569

2.342

3. 100

3.921

5.231

6.718

8.734

10.892

17.002

lurium pressures (p)

N i0.610 T e0.

T/K

1071

1084

1095

1106

1117

1134

1150

1158

1168

1188

3gO(s) and

P2/kPa(10
4)

0.8754

1. 175

1.358

1.854

2.239

3.253

6.444

5.390

8.673

9.940

Since tellurium liquid is used as standard state in the

present study, data on Te(1) was required and hence vapour

pressures over Te(1) were measured using a transpiration

technique in the temperature range 753 to 1007 K and can be

represented by:

log10(P A P a ) ± 0.007 = 6.840 - 6010(K/T) (4)

The relative changes in the chemical potential of tellurium

in the alloy were calculated by combining eqs. (2) and (4) and

(3) and (4). The respective equations are:

in Ni 0 , 5 9 5 T e 0 , 405)/(kJ .mol"
1 )+0. 06 = -54 . 53+0 . 0116(T/K) (5)
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A/i(Te in Ni0.610Te0.390)/(kJ.mol-1)+0.18 = -56.81+0.00698(T/K) (6)

Tellurium pressure over bi-phasic alloy (Ni + Nio,63TeO.37'

were obtained in the temperature range 1071 to 1188 K and the

values are included in Table 3. These were least squares analysed

to give;

l°gl0(P2/kPa) ± 0.057 = 7.399 - 12303(K/T) (7)

The standard molar gibbs energy of formation of nickel—rich

alloy Nig.630Te0.370 (s) w a s calcualted by combining eqs. (3) and

(6) for the reactions

Ni0.63Te0.379(s) x==" °-63 Ni(s) + (0.37/2)Te2(g) (8)

and is given by

AfGm(Ni0i63Teo.37)/(kJ.mol~
1)+0.21 = -22.29+0.00198(T/K) (9)

The chemical potential of Ni in alloy Nir^ 595Teo.4O5 (s) was

measured earlier by ernf measurements using a solid-oxide

electrolyte galvanic cell and can be given by

A/u(Ni)/kJ. IOI""1 + 0.80 = 10.613 - 0.01845(T/K) (10)

The standard molar Gibbs free energy of formation of

N*0.595^e0.405 alloy was calculated from the chemical potentials

of Te (eq. 4) and of Ni (eq. 9):

AfGm>(Ni0.595Te0.405)/
kJ-mol~1 ± °'53 = "15.77 - 0.00628 (T/K) (11)

The threshold tellurium potential required to form nickel

rich alloy in the corrosion of ASTM stainless steel-316 clac? tube

of an operating fast reactor fuel pin was evaluated using the

reaction
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0.63 Ni (in SS-316) + 0.37 Te(l) ^=^ Ni0.63
Te0.

The activity of nickel in SS-316 has been estimated as 0.056^ ,

and reference state for tellurium was taken as pure liquid. The

threshold tellurium potentials calculated at 1000, 1100 and 1200K

are —19.65 -15.51 and -11.37 kJ mol respectively.
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1.2.2 Thermodynamic Properties of Cr_i-xX-£ for x. • 0.546

R. Prasad, V.S. Iyer, Ziley Singh, V. Venugopal,

Smruti Mohapatra and D.D. Sood

The phase diagram of (Cr-Te) reported by Kleykamp and

Chattopadhyay indicate that equilibrium phase on the chromium

rich side is C^Te^: this compound above 1120 K converts to Cr(j_

xj Te which has a wide homogeneity range. Information on the

chromium-rich side of (Cr-Te) is of importance. Klepp and
(2 }Ipser1 ' have obtained the change in chemical potential of Te for

C^Te^ in the homogeneity range x-pe = 0.55 to 0.617 and Goncharuk
(3)and Lukasheko have obtained the change in chemical potential

of Cr for xj e = 0.540 to 0.600 only at. a single temperature of

850 K. Gronvold and Westrum' ' and Gronvold^ } have determined

the heat capacity for Xfe = 0.571 in the temperature range 298 to

950 K. In the present work, studies have been carried out to

determine the change in chemical potential of Te in Cri_xTe

(where x = 0.526) by measuring vapour pressure of tellurium using

a Knudsen-effusion mass loss technique. Also the vapour pressures

of tellurium over the chromium rich alloy (Cr-fCrn. 474X00.526)

have been measured to evaluate the molar Gibbs free energies of

formation of the alloy.

The alloy was prepared by mixing weighed quantities of Cr

and Te metal powders and heating the mixture at 1200°K for 200

hrs in an alumina cup, encapsulated in quartz tube, under vacuum.

The composition of the alloy was Crg,474Ten.526 Alloy in the

biphasic region was prepared by mixing a known excess quantity of

Cr powder with the above alloy and homogenised by heating as

above for several days.

The vapour pressure of tellurium over the alloy was measured

by Knudsen-effusion mass loss technique. The Knudsen cell was

made of high density graphite with a knife edged orifice of 5=18
—4

x 10 m dia, at the centre of the lid. Sample was plced in an



alumina cup inside the graphite cell. The tellurium pressures for

Cr0 474Teo 526 calculated from the rate o,f mass loss, as,

discussed in preceding Section, are given in Table 4. The

pressure values in the temperature range 1130 to 1217 K were

Jeast square analysed and are given by:

(p!/kPa)+ 0.018 = 7.631 - 12529 (K/T) (1)

The changes in the chemical potential of Te in the alloy

^r0.474^e0.526 were calculated from pressures (pi) over the alloy

and (pj ) over pure tellurium liquid taken from the previous

section and are given by

m o 1 -1 + 217 = -62412.5 + 7.52 (T/K) (2)

The tellurium pressures (P2) over biphasic alloy (Cr +
Cr0.474^eo.526) have been measured in the temperature range 1055

to 1113K. The data are given in Table 4 and can be represented

by:

= 039955.4 + 6.79(T/K) (3)

Table 4 - Dependence on temperature of tellunium pressures Pi

over (Cr0.474Te0>526fS) and p2 over

(Cr+Crn.474Te0.526»s)

T/K

1130

1147

1165

105

33

51

78

PlAPa

.800

.210

.460

T/K

1181

1199

1217

105p1/kPa

107.

156.

206,

.400

.500

,700

1

1

1

1

T/K

101

112

138

164

105p2/kPa

3.678

4.742

8.377

16.820

T/K

1187

1210

1233

1260

105p2APa

28.720

98.53

79.9

142. f>

25



The threshold tellurium potential required to form the chromium-

rich alloy in the corrosion of SS-316 clad tube in an operating

fast reactor fuel pin was evaluated by the reaction. The activity

of chromium in SS-316 has been estimated* ' as 0.42 at 1000 K.

The threshold tellurium potential calcuated at 1000 K is -56.165

kJ mol"1.
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2. CHEMISTRY OF ACTINIJ3ES

2-* Solvent Extraction

2.1.1. Solvent Extraction _o_t Pu(IV) from Sulphuric Acid and

Nitric Acid Medium fry D2EHPA

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

The solvent extraction studies of tetravalent actinides by

D2EHPA (di-2, ethylhexyl phosphoric acid) are limited. In order

to gain insight on the extraction behaviour of tetravalent

actinides by D2EHPA, studies were carried out with Pu(IV) from

sulphuric and nitric acid media using different diluents. viz.,

toluene, dodecane and chloroform. The synergic, extraction studies

of Pu(IV) from nitric acid medium by D2EHPA in presence of HTTA

(thenoyltrifluoro acetone) or TOPO (tri-n-octylphospine oxide)

were also carried out and the results are reported here.

Extraction Behaviour of Pu(IV) from Sulphuric Acid Medium : Data

obtained on the extraction of Pu(IV) from 1M sulphuric acid as a

function of D2EHPA concentration(0.2-1.OF) are given in Table 5'.

The log-log plot of distribution ratio (D) vs [D2EHPA] gave a

straight line of slope + 3 with toluene as diluent. With dodecane

as diluent the slope was found to decrease with increasing

concentration of D2EHPA while with chloroform the reverse was

observed. This is probably due to the change in aggregation of

D2EHPA at higher concentration. The extraction data using the

three diluents were therefore obtained using lower concentration

range of D2EHPA and these are also shown in Table 5. The log-log

plot of D vs [D2EHPA] then gave straight lines with slope + 3 for

all diluents thereby indicating that three D2EHPA dimers are

involved in the extraction equilibrium.
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Table 5 - Data on the variaton of the distribution ratio (D)

Pu(IV) with D2EHPA concentration
of

[D2EHPAJ,

F

D of Pu(IV) with diluents

Dodecane Toluene Chloroform

Aq.medium - 1.0 M sulphuric acid

0.20

0.40

0.60

0.80

1.00

3.37

14.6

29.4

44.7

58.5

0.0113

0.0784

0.260

0.771

1.43

0.00195

0.00905

0.0479

0.156

0.479

Aq. medium-0.22 M H2SO4

0.020
0.040

0.060

0.080

0.100

0.00653
0.0482

0.149

0.334

0.605

0.00469

0.0405

0.123

0.281

0.543

0.000463

0.00393

0.0132

0.0312

0.0954

The log-log plot of D vs Hydrogen ion concentration, keeping

D2EHPA concentration constant (0.2F) in toluene, was found to be

a straight line of slope -4 suggesting that four hydrogen ions

are liberated in the extraction equilibrium. Thus for the

extraction of Pu(IV) into a solution of D2EHPA we have the

equi1ibrium,
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^===- P"H2Y6 + 4 H* (1)

(0) (0)

Where H2Y2 represents a dimeric molecule of D2EHPA. The Kex

values are calculated using an aqueous sulphate complexing factor

1.4. x 104 for Pu(IV). The values of log Kex = 7.99, 5.18 and

4.29 were obtained for the diluents dodecane, toluene and

chloroform respectively.

The species, PUH 2YG can possibly be represented either as

PuY^2HY or PuY2(HY2)2-
 T h e latter representation appears to be

correct in this extraction due to the fact that two 'V groupings

in the complex are easily replaceable by ions such as

perchlorate, chloride, nitrate and TTA as will be seen from

further data obtained.

Influence of Nitrate Ion on the Extraction of Pu(IV) by D2EHPA

from Sulphuric Acid Medium : Addition of nitrate ion into

sulphuric acid solution of Pu(IV) was found to enhance the

extraction of Pu(IV) into D2EHPA taken in different diluents. The

distribution ratios for Pu(IV) were measured at a fixed

concentration of aqueous sulphuric acid (IN when dodecane and

toluene were used as a diluents and 0.2M with CHCI3) and a fixed

concentration of D2EHPA (0.2F with toluene, 0.04F with dodecane

and 0.06F with CHCI3) and varying concentration of aqueous sodium

nitrate. Some of these data are given in Table 6. It is seen that

the D values increase with increasing nitrate ion concentration

and this suggests that nitrate bearing Pu(IV) species are

extracted. The extraction of Pu(IV) from a sulphuric acid medium

by D2EHPA has been described by the equilibrium,

Kex

Pu A + + 3 H2Y2 v===^ PuY2(HY2)2 + * H
+ (2)

(0) (0)
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That not more than two nitrate ions accompany the Pu(IV) ion

into the organic phase in presence of nitrate, suggest the

Table 6 - Data on the variation of the distribution ratio of

Pu(IV) with nitrate ion concentration

Aqueous medium - 1.0 M sulphuric acid + varying [NO3]

[N03]

M

0

0.002

0.004

0.006

0.008

0.010

D of Pu(

0.04F D2EHPA

in dodecane

0.0497

0.424

0.785

1.14

1 .52

1.90

IV) with

0.2F D2EHPA

in toluene

0.0102

0.0746

0. 132

0.195

0.251

0.321

(D/D°-1)/[NO3] x 10~3

Dodecane Toluene

3.77
3.70

3.66

3.71

3.72

3.16
2.99

3.02

2.95

3.05

involvement of the extraction equilibria such as,

and

Pi

PuY2(HY2)2 +
 N 03 + H+

 ?===^ PuY(NO3)(HY2)2 + HH2Y2 (3)

(0) (0) (0)

82

PuY2(HY2)2 + 2NO5 + 2H
+ ^===^ Pu(N03)2(HY2)2 + H2Y2

(0) (0) (0)

If D° and D are the distribution ratios of Pu(IV) from sulphuric

acid in the absence and the presence of nitrate ion respectively,

it can be shown that
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<D/DP-1) 1 2 5
_ _»_ mi . ̂ . — — (5)

[NO3I H

where p| and p2 are equilibrium constants for the equilibria

described by eqs. (3) and (4) respectively. The (D/D°-l)/[NO3]

values calculated from the data obtained are also included in

Table 6. It is seen that these values are almost constant for

both the diluents studied, in the range of nitrate ion

concentration investigated, suggesting the extration of Pu(lV)

species bearing one nitrate ion, under these conditions. The

values of Pi obtained from these data and those of Kex(I) the

equi"** 1 i brium constant for the extraction equilibrium represented

by

Kex(l)

Pu* + + 2.5 H2Y2 + NO^ ^«===^ PuY (NO3)(HY2)2 + 3H
+ <6

(0) (0)

are given in Table 7, along with those of Kex for the equilibrium

represented by eq. (2). From equations (2), (3) and (6) it is

seen that

ex Pi

31



Table 7 - Equilibrium constant data for the extraction of Pu(IV)

from sulphuric-nitric acid media

Equi1ibrium log K

Dodecane Toluene Chloroform

3H2Y2 ^===^

PuY2(HY2)2 +
 N 03 + H

PuY(NO3)(HY2)2 +

^* +2.5 H2Y2 + NO3

PuY(NO3)(HY2)2+3H
+

V===-

7.99 5.18 4.20

2.72 2.98 2.47

10.71 8.16 6.67

The extraction behaviour of Pu(IV) from nitric acid

acid perchloric acid mixtures into D2EHPA :

and nitric

The distribution ratios oE Pu(IV) were determined as a function

of nitric acid concentration at a fixed concentration of D2EHPA

using dodecane and toluene as diluents. The values in general

were found to decrease with increasing nitric acid concentration.

The shape of the curve obtained is mainly decided by three

factors assuming D2EHPA in non-polar diluents acts predominantly

as an acidic extractant. They are (i) the values of 'D1 decrease

with increasing hydrogen ion concentration; (ii) the values of

'D' decrease with increasing complexing of Pu(IV) by nitrate in

the aqueous medium and (iii) the values of 'D' decrease as nitric

acid extraction into D2EHPA increases. The first two factors

appear to dominate in the region when [HNO3] < 2 M and the last

dominates when [HNO3] > 8 M. The fall in 'D' values was less

steep when [HNO3] ranged from 2 M to 8 M. This could probably be
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due to the operation of an additional extraction mechanism in

this region and more work is required to understand the same.

The 'D' values of Pu(IV) were obtained at a fixed

concentration of D2EHPA and nitric acid (at 1 M and 7 M) as a

function of temperature and they were found to decrease with

increasing temperature.

The 'D' values of Pu(IV) measured as a function of D2EHPA in

toluene at three fixed concentrations of aqueous nitric acid

viz., 1M, 2 M and 7 M are given in Table 8. The log-log plot of D

vs [D2EHPA] gave a straight line of slope +2 suggesting that two

dinners of D2EHPA are involved in the extraction mechanism. The

Hydrogen ion dependency of the 'D' values was studied at constant

nitrate ion concentration (at 2 M). The data are given in Table

9. The data obtained gave a straight line with slope -1.7 for the

log D vs log [H ] plot. Similar data obtained as a function of

nitrate ion concentration keeping [H ] and [D2EHPA] concentration

constant are shown in Table 10. The 'D! values were corrected for

the nitrate ion complexing of Pu(IV) and log D Vs log [NO3] gave

a straight line of slope + 1.6. From all the data it was inferred

that the equation,

Pu4 + 2N0^ + 2H2Y2 ^===^ Pu(NO3)2(HY2)2 + 2H
+ (8)

(0) (0) (0)

represents the extraction equilibrium. Log Kex = 7.60 for the

data obtained from 1M nitric acid and log Kex = 7.79 from 2M

nitric acid were calculated. The earlier work on the extraction

of Pu(IV) from H^SO^ medium by D2EHPA suggested the species

extracted to be PuY2(HY2>2' *f
 tne above suggested Pu(N03>2

(HY2)2 is formed by the replacement of 'Y' groupings, it is

likely that the species PuY(N03) (HY2)2 may be involved in the

extraction at a lower nitrate ion concentration. However at

acidities lower than 1M, Pu(IV) undergoes hydrolysis as well as
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disproporationation. Experiments were therefore carried out with
—3 —2

2M perchloric acid with nitric acid varying between 10 - 10 M.

The log D -log [NO3] plot gave a st. line with slope of unity

suggesting only one nitrate ion participation under these

conditions. However the log D-log [D2EHPA] plot under these

conditions gave a st. line of slope + 2 suggesting thereby that

the extraction equilibrium to be,

Pu4+ + CIO4 + NO3 + 2H2Y2 ^===^ Pu(C10A)(N03)(HY2)2 + 2H
+ (9)

(0) (0)

for which log Kex = 7.37 (/u = 2.0M) was calculated.

Table 8 - Data on variation of distribution ratio (D) of Pu(IV)

with D2EHPA concentration

D2EHPA Distribution ratios (D) from Aqueous Medium

F

0.001

0.002

0.003

0.004

0.005

1 M HNO3

0.64

2.68

5.93

10.90

17.79

2 M HNO3

0.254

1.024

2.093

4.084

6.013

7 M HNO3

0.0688

0.299

0.670

1.311

1.955
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Table 9 - Data on variation of distribution ratio (D) of Pu(IV)

with Hydrogen ion concentration

H * 2, [D2EHPA] = 0.002 P in toluene

M D a v g

1.0 3.73

1.2 2.89

1.4 2.23

1.6 1.82

1.8 1.48

2.0 1.20

Table 10 - Data on variation of distribution ratio (D) of Pu(IV)

with nitrate ion concentration

Aqueous medium = 2.0 M HCIO4, [Organic medium » 0.002

F D2EHPA in toluene]

[NO3]

M

0 .02
0.04

0.06

0.08

0. 10

Davg

0.047

0.123

0.202

0.302

0.399

complexing

factor

F

1.094

1.198

1.314

1.439

1.575

Effective

0.052

0.147
0.265

0.435

0.628
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Synergic extraction of Pu(IV) from nitric acid medium by D2EHPA

in the presence of HTTA or TOPO : The extraction of Pu(IV) from

2.OM nitric acid medium was studied as a function of the

concentration of D2EHPA at constant concentration of HTTA and

vice versa. The data obtained are given in Table 11. Here DA is

the distribution ratio of Pu(IV) with D2EHPA alone. DB is that

with HTTA alone and I>(A+B)» that in the presence of both the

extractants. It follows that

D(A+B) DA + DB ± A D (10)

Where +AD implies synergism and -AD implies antagonism. The data

presented in Table 11 suggest that there is appreciable

synergism.

If the composition of the species extracted from nitric acid by

D2EHPA in the presence of HTTA is due to the following

equi1ibria;

Pi

Pu(NO3)2(KY2)2 + HTTA ^===^ Pu(N03)(TTA)(HY2>2 + H
+ + NO3 (11)

(0) (0) (0)

P2
Pu(W03)2<HY2)2 + 2HTTA ̂ =

(0) (0)
Pu(TTA)2(HY2)2

(0)

2NO3 (12)

P3
Pu(N03)2(HY2)2 + 3HTTA ^===^ Pu(TTA)3(HY2)+2H

+

(0) (0) (0)

it follows that

(13)

(0)

[HTTA]

P2
p3[HTTA]

[H+]2[NOi]2 [H+]2[NO3]2[H2Y2]
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The composition of the species extracted from nitric acid by HTTA

is known to be Pu(TTA)^. If D2EHPA can replace TTA~ group

according to the equilibria,

04
Pu(TTA)^ + H2Y2 T===- Pu(TTA)3(HY2) + HTTA (15)

(0) (0) (0) (0)

05

and Pu(TTA)4 + 2H2Y2 x===- Pu(TTA)2(HY2)2 + 2HTTA (16)

(0) (0) (0) (0)

it can be shown, neglecting the extraction of other species under

these conditions, that

AD/DB p4 P5[H2Y2]
_ , / i "T \

[H2Y2] [HTTA] [HTTA]2

From the data given in Table 11 since both equations (14) and

(17) are found to be valid, the observed synergism is due to the

involvement of the equilibria, shown in eqs. (11), (12) (13),

(15) and (16). The equilibrium constant for all the above
2

equilibria are calculated and found to be Pj = 4.36x10 , 02 a

2.69 x io\ p3 = 5.09 x 10
2, p^ = 4.05 x 103 and p5 = 4.45 x 10

5.

Similar extraction data obtained by using mixtures of D2EHPA

and TOPO are given in Table 12. The observed enhancement in the

extraction of Pu(IV) though small, does indicate synergism.
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Table 11 - Data on the variation of distribution ratio (D) of

Pu(IV) with HTTA or D2KHPA concentration

Aqueous medium = 2.0 M HNO3, diluent-toluene.

[H2Y2] [HTTA]

M

[H2Y2J

D(A+B)

[HTTA]

M

D(A+B)

AD

AD

AD/DA

[HTTA]

5.0

5.0

5.0

5.0

5.0

5.0

0.0

0.01

0.02

0.03

0.04

0.05

0.232(DA)

0.546

0.987

1 .750

2.850

4.34

-

0.001

0.007

0.021

0.052

0.314

0.754

1.51

2.60

4.06

135

163

217

280

350

H2Y2xl0
-5

0

1

2

3

4

5

0.05

0.05

0.05

0.05

0.05

0.05

0.0519(DB)

0.575

1.31

2.250

3. 36

4.56

0.009

0.037

0.083

0. 148

0.232

0.514

1.220

2.120

3.16

4.27

0.99

1.18

1.36

1.52

1.65
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Table 12 - Data on the variation of distribution ratio

Pu(IV) with D2EHPA or TOPO concentration

Aqueous medium = 2.0 M HNO3, diluent toluene.

(D) of

[D2EHPA]

F

0.001

0.001

0.001

0.001

0.001

0.001

[D2EHPA]

F

0

0.001

0.002

0.003

0.004

0.005

[TOPO]

M x 105

0

2 . 0

4 . 0

6 . 0

8 . 0

10.0

[TOPO]

M x 10 5

10.0

10.0

I C O

10. 0

10.0

10.0

0 .

0 .

0 .

0 .

0 .

0 .

0 .

0 .

1 .

3 .

5 .

7 .

D(A+B)

226 (DA)

3 3 5

3 9 6

5 2 0

5 6 4

7 9 2

D(A+B)

393 (DB)

8 3 5

7 2 0

0 2

2 9

9 4

E

0 .

0 .

0 .

0 .

0 .

D

0 .

1 .

2 .

4 .

6 .

(B

0 1 6

0 6 3

1 4 1

2 5 2

3 9 2

'A

2 5 4

0 2 0

0 9 0

0 8 0

0 1 0

AD

0.093

0.107

0. 153

0.086

0. 173

A D

0.188

0.310

0.540

0.820

1.540
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2.1.2 Extraction of. U(VJ_i § M Ey. (VI) from perchloric acid bv_

D2EHPA

K.V. Chetty, P.M. Mapara, Rajendra Swarup,

V.V. Ramakrishna and S.K. Patil

Extraction of Pu(VI) : Studies on the extraction behaviour of

hexavalent actinides by the extractant D2EHPA are mostly limited

to U(VI). To gain more insight into the extraction behaviour of

hexavalent actinides by D2EHPA, some studies on the extraction of

Pu(VI) from aqueous perchloric acid into D2EHPA dissolved in

different diluents were carried out. Extraction studies on Pu(VI)

were also carried out using mixtures of D2EHPA and TOPO to know

whether or not synergism is exhibited.

The distribution ratios (D) of Pu(VI) obtained as a function

of perchloric acid concentration are given in Table 13. The data

show that the D values decrease with increasing perchloric acid

concentration upto 4M and then steeply increase above 6 M

perchloric acid. The D values of Pu (VI) were also obtained as a

function of the concentration of the extractant at a fixed

aqueous perchloric acid concentration, viz, 1M, 2M and 8M with

toluene as the diluent and at 2M HC10/, with dodecane and

chloroform as the diluents. The data are given in Table 14 and

15. In al3 the cases the bilogarithmic plots of the distribution

ratio (D) vs D2EHPA concentration gave straight lines with slopes

of + 2 suggesting that two dimers of the D2EHPA are associated

with the extracted metal species. The variation of D values with

[H ] at constant ionic strength and perchlorate concentration of

1M was also studied and the plot of log D vs log [H ] gave a

straight line with slope of -2. From these data, the extraction

of Pu(VI) by D2EHPA(HY) can be described by the equilibrium,

ex
PuO2

+ + 2H2Y2 v===^ PuO2(HY2)2 + 2H
+ (1)

(0) (0)
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Table 3 3 - The Variation of Distribution Ratio (D) of Pu(VI) with

[HCIO4]

Org pha = 0.10 F D2EHPA, Diluent = Toluene

[HC10/J , M

0.5 8.04

1.0 2.4*7

1.5 1.19

2.0 0.777

2.5 0.567

3.0 0.467

3.5 0.390

4.0 0.355

5.0 0.350

6.0 0.395

7.0 0.809

8.0 3.77

9.0 12.4

10.0 13.6
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Table 14 - The variaton of distribution ratios (D) of Pu(VI) with

[D2EHPA]

Diluent : Toluene

[D2EHPA]

F

D values from aqeuous

1.0 M HCIO^ 2.0 M HCIO4 8.0 M HCIO4

0.020

0.0203

0.040

0.0405

0.0600

0.0608

0.0700

0.0800

0.0810

0.100

0. 1013

0.

0.

0.

1.

2.

0108

-

407

-

887

-

-

53

-

32

-

0.0344

0.127

0.279

0.489

0.745

0.0698

0.613

0.770

0.858

1.19

1.64
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Table 15 - The variation of Distribution ratios (D) of Pu(VI)

with [D2EHPAJ using different diluents

Aq. Ph. = 2 M HCIO4

{D2EHPA],

F

Diluent : Dodecane

0.020 0.0731

0.040 ' 0.272

0.060 0.679

0.080 1.06

0.100 1.49

Diluent : Chloroform

0.080 0.116

0.120 0.266

0.160 0.489

0.200 0.729
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The extraction constants have been calculated and it is observed

that log Kex = 2.98 for toluene at for 1M HCIO4 and log Kex=3.44

(dodecane), 3.09 (toluene)and 2.47 (chloroform) for 2M HCIO4 and

8 M HCIO4 log Kex = 4.67 for toluene as diluent assuming the

extraction equilibrium shown by eq.(l) is valid even when

concentration of HCIO^ acid used is 8M.

The extraction of Pu(VI) by a mixture of D2EHPA and TOPO in

toluene from aqueous 2.0M perchloric acid was studied. The

distribution ratio values obtained by varying [D2EHPA] at fixed

[TOPO] and the D values obtained by varying [TOPO] at fixed

[D2EHPA] are given in Tables 16 and 17. The log-log plots of A D

vs [D2EHPA] and AD vs[TOPO] were linear with slopes of about + 1,

in each case. The extraction, under these conditions, cjuld

probably be described by the equilibrium;

PuO2
 + + CIO4 + H2Y2 + TOPO ;= = = = * PuO2(ClO4)(HY2) .TOPO + H

+ (2)

(0) (0) (0)

The interaction between D2EHPA and TOPO was ignored.

Extraction of U(VI) : In order to compare the solvent extraction

behaviour of Pu(VI) by D2EHPA with U(VI), studies similar to

those carried out with Pu(VI) were also carried out with U(VI).

The data on the variation of distribution ratio of U(VI) for its

extraction from 2M aqueous perchloric acid into D2EHPA dissolved

in the dodecane, toluene or chloroform were obtained. The

distribution ratio data are given in Table 18. The bilogarithmic

plots of [D2EHPA] and D gave straight line, for all the three

diluents, with slope of about +2. It is also observed that- for

all the three diluents the distribution ratio values of U(VI) are

higher than the corresponding values for Pu(VI).

The variation of the distribution ratios of U(VI) with

[CIO4] at constant [D2EHPA] and [H+] was studied. The perchlorate
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concentration was varied by using sodium perchlorate. The data

showed that the distribution ratios increases continuously with

increase of perchlorate concentration. The data are given in

Table 19.

Table 16 - The variation of Distribution ratios (D) of Pu(VI)
with [D2EHPA] in presence of TOPO
Aq. Phase = 2 M HC104
[TOPO]org = 0.005 M
Diluent » Toluene

[D2EHPAJ D A B DA AT)
F

0

0.020

0.040

0.060

0.080

0. 100

0.0123(DB)

0. 156

0.365

0.600

0.860

1.17

—

0.0344

0. 127

0.279

0.489

0.745

—

0.109

0.226

0.309

0.359

0.413
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Table 17 - The variation of Distribution ratios (D)
with fTOPO] in presence of D2EHPA
Aq. Phase = 2 M HCIO4
[D2EHPA] o r g = 0.1013 F
D i l e t Toluene

of Pu(VI)

Diluent g

= Toluene

[TOPO]
M

DAB DB AD

0

0.002

0.004

0.006

0.008

0.010

0 . 7 51(DA)

1.02

1 .29

1.59

1 .87

2. 18

—

0.003

0.012

0.028

-

0.078

—

0.269

0.539

0.811

1.07

1.43

Table 18 - The variation of distribution ratios (D) of U(VI) with
[D2EHPA]
Aq. Phase : 2 M HCIO4

[D2EHPA] D values with diluents
•p , ,

Dodecane Toluene Chloroform

0.020

0.040

0.060

0.080

0. 100

0. 120

0. 160

0.200

1 .73

7. 17

15.0

21.8

25.9

-

-

0.133

0.508

1.19

2.10

3.16

0.480

1.14

2.12

3.18

46



Table 19 - The variaton of distribution ratios (D) of U(VI) with
IC10A]
Org. Phase : 0.1 F D2EHPA/Toluene

[HC1O4]
CM)

1 .0

1.0

1.0

1.0

1.0

1 .0

1.0

1.0

.1.3. Synergic

[NaClO/J
(M)

0.0

1.0

2.0

3.0

4.0

5.0

6.0

6.37

Extraction

Quinoline (Oxine) and

[CIO4]
(M)

1 .0

2.0

3.0

4.0

5.0

6.0

7.0

7.37

of U(VI) by Mixtures

Organophosphates

D

10.6

13.6

17.7

24.2

34.0

50.7

67.5

83.0

of 8-Hydroxy

A.G. Godbole, Rajendra Swarup, S.K. Patil

The present work is in continuation with the work

synergic extraction of U(VI) using 8-hydroxy quinoline

chelating acid and the neutral donors reported earlier

on
as

(1)

the

the

The

neutral donors(S) used were some organophosphates, viz., tri-

butyl ethylphosphate (TBEP) triethylhexylphosphate (TEHP) and

tri-isobutyl phosphate (TIBP).

Tn all the experiments an ionic strength of 0.1 M was kept

using 0.1 M NaCl at pH 4-5 maintained with acetate buffer (0.01 M

HAC + 0.01M NaAc) to minimise the protonation of oxine. The data

on variation of distribution ratio of U(VI) with neutral donor

concentration at a fixed oxine concentration were obtained. The

bilogarithmic plots of log D vs log [S] were linear with a slope
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value of approximately 1.

Uranium (VI) is known to form a self adduct UO2OX2. HOX with

oxine alone. Thus, the equilibria in the presence of a neutral

donor can be written as

Pi
U02 OX2-HOX + S ^===^ UO2OX2.S + HOX (1)

(0) (0) (0) (0)

indicating that the species responsible for synergism is

UO2(OX)2-S (S = neutral donors). From the data Pj values were

calculated from the equation, '

AD[HOX]

Pi = (2)

DA [S]

Where A D = D-DA, D and DA being the distribution ratio of U(VI)

in the presence and the absence of the neutral donor. The values

of p^ are given in the Table 20. The average values of Pj for

TBP, TIBP, TBEP and TEHP are 0.93 0.81, 1.1, and 3.6

respectively.

The Pi Values, thus, are quite close to those obtained for

TBP except in the case of triethylhexylphosphate where it is some

what higher.

Reference

1 A. G. Godbole, R. Swarup, S.K. Patil, J. Radioanal Nucl.

Chem. Lett. 94, 321 (1985)



Tabie 20 - Equilibrium constant Pj for different donors(S)

[SJ TBP* TIBP TBEP TEKP

M

0.01
0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0. iO

0.978

0.891

0.897

0.945

0.920

-

-

-

-

0.780

0.840

0.816

0.805

0.793

0.830

0.970

1. 10

1.13

1.20

2.35

3.43

3.40

4. 10

4.9

Average 0.93 0.81 1.1 3.6

* Ref. 1

2.1.4 Extraction of Plutonium from Phoshate containing Nitric

Acid Using DBDECMP

V.B. Sagar, S.M. Pawar, M.S. Oak, C.K. Sivaramakrishnan

and S.K. Patil

Considerable amounts of plutonium waste containing phosphate

ere generated during the routine analysis of uranium in plutonium

bearing fuel samples by the Davies and Gray method. Conventional

methods of recovering Pu by TBP extraction or anion exchange are

not suitable for this medium. Coprecipatetion with bismuth

phosphate or solvent extraction with TOPCP ' or OPPA^2^ for
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recovery of Pu from such wastes have been reported. During the

last few years the CMP group of compounds (dialkyl, N,N,diethyl

carbamoyl methylene phosphontes) are being explored for their
(3)

suitability as extractants for actinides . Extraction of Pu

from nitric acid containing sulphuric and phosphoric acid

using Dibutyl-N,N diethylcarbamoylmethylenephosphonate (DBDECMP)

in xylene has been investigated, with a view to adopt this for

recovery of Pu from the above mentioned analytical wastes.

Distribution ratios (D) of Pu(IV) between various aqueous

media and 10% DBDECMP were determined by equilibrating 5 ml of

the required aqueous phase containing about 10 microgramme of Pu

and 5 ml of 10% DBDECMP in xylene for 30 minutes.

Extraction from HNO3 medium : 'D' values determined for

extraction of Pu(IV) at varying nitric acid concentration in the

range 0.5M to 4MHN03, listed in Table 21, indicate that the

extraction of Pu(IV) from aqueous nitric acid is almost

quantitative in the entire range studied.

Table 21 - Variation of D of Pu(IV) with [HNO3]

[HNO3],M 0.5 1.0 1.5 2.0 3.0 4.0

D 136 134 140 148 127 126

Extraction from HNO3 + H2SO4 medium: 'D' values obtained for

extraction from aqueous medium containing 1M HNO3, and H2SO4

concentration varying from 0.25 to 1.5 M are listed in Table 22.

Decreasing trend observed is due to stronger complexing of Pu(IV)

with sulphate ions.
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Table 22 - Variation of D with [H2SO4]; [HNO3] = 1-0 M

[H2SO4], M 0.25 0.50 0.75 1.0 1.5

D 85 84 61 51 37

Keeping H2SO4 at 2M, the effect of varying HNO3

concentration on the 'D' values was studied in the range of 1 to

6M HNO3. Data listed in Table 23 indicate an increasing trend

with increase in HNO3 concentration.

Table 23 : Variation of D with [HNO3] ; [H2SO^] = 2.0 II

[HNO-j] , M 1.0 2.0 3.0 4.0 5.0 6.0

D 5.1 11.4 14.1 18.6 18.7 20.4

Extraction from HNO3 + H2SO4 + H3PO4 medium : Distribution ratio

of Pu(IV) were obtained from aqueous medium adjusted to 1M HNO3 +

1M H2SO4 and varying concentrations of H3PO4 and 'C values are

listed in Table 24. Decreasing trend of D is observed with

increasing concentration of H3PO4.

Table 24 - Variation of D with H3PO4 concentration; [H2SO4] = 1.0 M

[H3PO4], M 0.75 1.5 2.25 3.0 4.5

D 3.6 1.3 0.47 0.27 0.06
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'D' values determined for extraction of Pu(IV) from a

mixture of 0.5M H2SO4 + 1M H3PO4 and varying concentrations of

HNO3 are listed in Table 25.

Table 25 - Variation of D with concentration of [HNO3J

[HNO3], M 1.0 2.0 4.0 5.0 6.0 7.0

D 0.8 1.0 1.0 1.0 0.9 0.9

From all the 'D' values studied, it was concluded that while

increase in HNO3 concentration increases the extraction, the

presence of H2SO4 and H3PO4 suppresses the extraction of Pu(IV).

Back extraction of Pu(IV) : Back extraction of Pu(IV) from 10%

DBDECMP in xylene were attempted with 2.5M H2SO4 and 2 M Na2CO3

separately using organic to aqueous volume ratio of 2:1 and with

2 successive contacts, the percentage back extraction were 40 and

90 with sulphuric acid and sodium carbonate respectvely.

Extraction from synthetic mixture : Extraction experiments were

carried out using a synthetic mixture having the composition of

0.5 m H2SO4 + 1M H3PO4 + 5M HNO3 and using 30% DBDECMP in xylene

as the extractant. It was observed that more than 90% of Pu could

be extracted in two contacts, the ratio of aqueous to organic

volume being 3:1.

Recovery of Pu from actual analytical wastes : Experiments were

carried out using the actual analytical wastes. The solution was

adjusted to 0.5M in H2S04, 1M in H3PO4 and 5M in HNO3 and

extractions were carried out with 30% DBDECMP in xylene. With 3

successive contacts and aqueous to organic volume ratio of 2:1
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more than 97% of Pu was extracted into organic phase. The organic

phase was washed with disti1 led water in two steps (aqueous to

organic volume ratio 1:3) to remove the extracted nitric acid to

aid the back extraction of Pu from the organic phase. The loss of

Pu in aqueous wash was less than 2%. Back extraction of Pu was

carried out with 1M (NH^)2 CO3, with the volume ratio of 1:1

More than 95% of the Pu was back extracted with a single contact.

Overall recovery of Pu was about 92%.

References

1. R. Thiagarajan, R. Swarup, S.K. Patil,

Sep. Sci. Techno]. 14, 749 (1979)

2. P.D. Mithapara, V.K. Manchanda, P.R. Natarajan,
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3. W.W. Schulz, J.D. Navratil, Recent Development in Sep. Sci.
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2.2. The Behavji.our o_f Plutonium in Alkal ine Media

A. Kadam, M. Ray, I.C. Pius, M.M. Charyulu,

C.K. Sivaramakrishnan and S.K. Patil

Absorption Spectral Studies : In continuation of the studies on

plutonium (IV) and plutonium (VI) in carbonate/bicarbonate media,

experiments were conducted to explore the feasibility of

determination of plutonium by spectrophotometry. Plutonium (VI)

was prepared by fuming with perchloric acid and was added to the

carbonate media of desired concentration. The absorbance of the

solution at 570 nm was studied in the pH range 9.7 to 11.5. The

absorbance was found to be maximum at pH 10.9. The results showed

that the absorption at 570 nm peak obeyed Beer's law in the

Pu(VI) concentration range of 0.4 g/1 to 2 g/1 and the molar

absorbance value being 50, with an RSD of 1.7%.

Stability of Pu (VI): The stability of Pu(VI) in

carbonate/bicarbonate medium was studied over a period of one

month by potentiometric method. A stock solution of Pu(VI) was

prepared by AgO oxidation method and Pu(VI) was added into 0.25 M

carbonate medium. Aliquots were drawn periodically, acidified and

Pu (VI) content were determined by potentiometric method. Around

5% decrease in the concentration of Pu(VI) was observed in

corbonate medium after a period of one month. The corresponding

figure for biacarbonate medium was 7%.

Ion Exchange Studies : As part of the study on the feasibility of

recovery/removal of plutonium (IV) or plutonium (VI) from

carbonate media using Amberlyst A-26 (MP) anion exchange resin,

Pu(IV) distribution ratios (D) from 0.25 M bicarbonate solutions

were measured at varying concentrations of plutonin.n (1 /ig/ml to

12 Jig/ml ) at constant pH 8.5. Results listed in Table 26

indicate a marginal decrease of distribution ratios from 830 to

575. Distribution ratios of Pu(IV) were determined ac different

pH also (in the range of 8-9) in 0.25M bicarbonate solution where
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Pu(IV) concentration was kept constant. The results are listed in

Table 27. Preliminary studies on distribution ratios of

piutonium(VI) with Amberlyst A-26 (MP) in 0.25 M carbonate

solutions showed that holding agent like KMnC>4 or K2S2O8 is

required for keeping the oxidation state of plutonium stable. In

view of this the distribution ratios of Pu(VI) were measured in

the presence of 20 /ig/ml of K2S2O8. The influences of pH, of

carbonate concentration and of plutonium concentration on

distribution ratio were studied. The influence of pH was studied

from 9.5 to 13.5. It was observed that the D values gradually

increase upto pH 12 and then decrease. At pH 12 a maximum

distribution ratio of 1500 was obtained. As was observed in the

case of Pu(IV) the D values decrease with increase in

concentratioi of carbonate .

Equilibration studies with AI2O3 : In continuation of the

equilibrium studies of Pu(IV) with AI2O3 in alkaline medium

distribution ratios were measured as a function of bicarbonate

and plutonium concentrations. The concentration of bicarbonate at

constant pH, was varied between 0.1 M to 0.5 M. The data obtained

are given in Table 28. The D observed at 0.1 M bicarbonate is

5300 which falls down to 480 at 0.5M bicarbonate. It is also

observed that D values are much higher in bicarbonate media than

in carbonate solutions reported earlier , Similarly

distribution ratios of Pu(IV) were measured as a function of

plutonium concentration. The plutoniuni concentration was varied

from 2 /jg/ml to 17 /.ig/ml in aquous phase. The values are given in

Table 29.
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Table 26 - Variation of distribution ratio D of Pu(IV) with

Concentration of Pu(IV)

Resin = Amberlyst A-26

Aq. Phase = 0.25 M NaHC03

Equilibration time = 30 min.

Pu(IV) pH pH D

tig/ml Before Equilibration After Equilibration

1.4

3.0

5.9

9.1

12.4

8.51

8.52

8.51

8.43

8.50

8.67
8.66

8.70

8.68

8.60

830
780

675

590

575

Table 27 - Variation of distribution ratio D of Pu(IV) with pH

Resin = Amberlyst A-26

Aq. Phase = 0.25 M NaHC03

Equilibration time = 30 min.

Pu(IV) pH pH D

pg/ml Before Equilibration After Equilibration

3.06

3.16

2.81

2.74

8.27

8.52

8.80

9.00

8.60

8.66

8.88

9.08

660

780

885

800
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Table 28 - Variation of distribution ratio (D) of pu(IV) with

bicarbonate concentration

Ion Exchanger = AI2Q3

Equilibration Time = 3 Hrs.

Concentration of

biocarbonate (M)

0.1 5300

0.2 1400

0.3 1150

0.4 800

0.5 480

Table 29 - Variation of distribution ratio D of Pu(IV) with

Pu(IV) concentration

Ion Exchanger = AI2O3

Aq. Phase = 0.25 M NaHC03

Equilibration time = 3 hrs.

Pu(IV; pH pH

jig/ml Before Equilibration After Equilibration

2.4

5.3

10.5

13.1

17.2

8.52

8.51

8.52

8.51

8.50

8.72

8.80

8.80

8.80

8.60

2000

2050

1850

1700

1550

57



In summary both Pu(IV) and Pu(VI) have sufficiently high

distribution ratios obtained from carbonate or bicarbonate media

with anion exchange resin Amberlyst A-26 (MP) or with AI2O3 which

indicate the feasibility of removal of plutonium from such

alkaline media.

Reference

1. Annual Report. 1986, Fuel Chemistry Division BARC, Report

BARC-1447, p.57-62 (1989).
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2 . 3 Fluoride CompJejcatjon o_f Actinides

R.M. Sawant, N.K. Chaudhuri and S.K. Patil

A procedure for the measurement of stability constants of

the fluoride complexes of actinides using fluoride ion selective

electrode was developed earlier and the values for pentavalant
( 1 2 )and hexavalent actinides were reported ' . In continuation the

study of trivalent actinides was undertaken and some results on

Pu(III) fluoride complexes were reported (3,4). Plutonium (III)

was prepared by reduction of Pu in aqueous solution to Pu(III)

chemically using excess of quinhydrone. The work was repeated

with Pu(III) prepared by electrolytic reduction. Almost same

values of stability constants were obtained. The value of K3 was

much higher than K2 and only example of this kind reported in the

literature was in case of Bi(III) fluoride complexes measured by

polarographic method . The stability constants of Bi(III)

fluoride complexes were measured following the present procudure

using ion selective electrode. The values obtained had the same

trend as the reported values though the values of p^ and P3

were much lower in the present work. Similar trend was also

observed in the case of Sm(IlI) fluoride complexes when the same

procedure was followed. Measured stability constants and the

values reported in literature for Bi(III) are presented in Table

30. More work is underway to understand the unusual results

obtained with these trivalent cations.

While extending these studies to tetravalent actinides use

of fairly high acidic medium becomes necessary to suppress

hydrolysis and in some cases viz., Pu(IV) to stabilise the

oxidation state. A preliminary feasibility study was undertaken

on Th(IV) fluoride system. The stability constants were measured

using the same procedure described earlier (2). The results are

presented in Tables 31 and 32. Because of the high stability

constants of tetrapositive ions the amount of F attached to

Th(IV) even at high acidity was negligible and the values of

59



liquid junction potentials evaluated by the calculat i

procedure did not vary significantly when the HF stability

constant value was assumed to be twice that reported for 1 M

NaClO/j medium. Th(IV) fluoride stability constant values were

reasonably constant when the initial acidity was varied over a

range of 0.01 to 0.9 M. This showed that the procedure could be

extended to other tetravalent actinides for which a highly acidic

medium mus.t to be used for the reasons explained earlier.

Table 30 - Stability constants of Bi(III) fluoride complexes in

medium of 1.0 M ionic strength

02 03 Reference

(4.2+0.l)xlO3 (4.6+3.5)xlO6 (4.6+3.8)xlO10 Present work

2.3 x 104 1.6 x 106 3.5xlO10 (5)*

* Converted from *p values reported in reference 5 viz. 26,

2 and 500 respectiely using 889 as the stability constant

value of HF

60



Table 31 - Experimental

(1=1.0 M)

Ef = -236.70

data for Thorium(IV) Fluoride System

Ef(mV)

251.6

242.4

230.9

219. 1

209.6

199.6

190.0

180.5

169. 3

159.7

150.3

136.9

129.6

120.5

110.1

100.5

Mt(mM)

20.436

20.231

19.909

19.510

19.174

18.808

18.475

18.172

17.856

17.615

17.392

17.069

16.880

16.620

16.297

15.972

Ht(mM)

478.164

473.350

465.831

456.497

448.636

440.065

432.265

425.172

417.787

412.152

406.920

499.378

397.940

388.866

381.299

373.713

Ft(mM)

3.145

4.120

5.643

7.534

9. 126

10.862

12.422

13.879

15.375

16.516

17.576

19.103

20.002

21.233

22.766

24.302

Ej(mV)*

-17.2

-17.0

-16.8

-16.6

-16.3

-16.0

-15.8

-15.6

-15.4

-15.2

-15.0

-14.8

-14.6

-14.4

-14. 1

-13.8

Ej(mV)**

-17.2

-17.1

-16.8

-16.6

-16.3

-16.0

-15.8

-15.6

-15.4

-15.2

-15.0

-14.8

-14.6

-14.3

-14.0

-13.7

* and ** calculated using = 889 and = 1889 respectively

Ef is the standard potential of the fluoride electrode

Ef is the measured potential of the fluoride electrode

M{-> H-t and F-f- are the total concentrations of the metal ion,

hydrogen ion and fluoride ion respectively.

61



Table 32 - Stability constants of Th(IV) fluoride complexes

Acidity

0.010 M

0.483 M

0.488 M

0.505 M

0.910 M

1.000 M

1.000 M

References

log Pi

7.63

7.60

7.61

7.63

7.62

7.53

7.46

log B2

13.4

13.3

13.3

13.3

13.3

13.2

-

log p3

16.92

17.55

17.80

17.26

17.02

17.59

-

log p^

23.20

23.28

22.93

23.40

22.93

-

-

Reference

This work

This work

This work

This work

This work

(6)

(7)

1. R.M. Sawant, G.H. Rizvi, N.K. Chaudhuri and S.K. Patil,

J. Radioanal. and Nucl. Chem., 89, 373 (1985)

2. R.M. Sawant, N.K. Chaudhuri, G.H. Rizvi and S.K. Patil,

J. Radioanal, and Nucl. Chem., 91, 41 (1985)

3. M.A. Mahajan, R.M. Sawant, N.K. Chaudhuri and S.K. Patil,

Radiation and Radiochem. Symp. Tirupatij Dec. 1986.

4. Idem, Annual Report 1986

5. A.M. Bond, J. Electroanal. Chern. 23, 269 (1969)

6. P. Klotz, A. Mukherji, S. Feldberg and L. Newman,

Inorg. Chem. 3, 907 (1971)

7. G.R. Choppin and P.J. Unrein in "Trasplutoniuni elements", W.

Muller and R. Lindner (Eds), North Holland, Amsterdam, 1976,

p. 97.
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2.4 X-ray Structural Studies

2.4.1 Crystal Structure of K_4Ce( 804)4.2H2°

N.C. Jayadevan and K.D. Singh Mudher

In continuation of the structural studies on the
(1 2 )tetrasulphates of uranium and plutonium ' , the crystal

structure of the isomorphous cerium compound K4Ce(SO4)4.2H2O was

determined from single crystal x-ray data. 2738 unique

reflections collected on an automatic Nonius CAD4F-11M

diffractometer (Courtesy National Chemical Laboratoryf PUNE) was

used to obtain the structure through the heavy atom method. The

structure refined to an "R-factor" of 0.04 showed it contained

dimeric anions [(804)3 Ce(SO4)2 Ce(SO4)3] and K ions. The

anion has a centre of symmetry and therefore the unit cell

contains only two such dimeric units. Each cerium ion has 3

terminal and 2 bridging" sulphate ions bonded to it through the

oxygen atom as shown in Fig. 2. Thr bridging sulphate ions are

tridentate while the others are bldentate chelating type. There

are thus 9 oxygen atoms arouir* the cerium ion at an average

distance of 2.393 A (2.336 (6) A to 2.448 (6) A). The

coordination polyhedra is neither a tricapped trigonal prism nor

a monocapped square anti-piism. While there is a capped square

plane, the opposite square plane is highly distorted. The

essential bond distances are shown in Table 33. The Ce-0 and S-0
o

distances found have aj- value of + 0.006 A. In the case of

oxygen atoms bonded to cerium, the S-0 distances are around 1.510
o o
A compared to 1.445 A for those not bonded to cerium. The water

molecules are not coodrinated to the cerium ion.
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Pig. 2 The Structure of

[ce(SO4)8]8~ i o n s i n K4Ce(so4)4.



Table 33 - Bond distances in K^ CeCSOfr)^. 2H2O

Around Cerium atom Around Sulphur atoms

Ce 012 2.336 SI Oil 1.460

013 2.346 012 1.519

021 2,442 013 1.513

023 2.448 014 1.437

024 2.336 S2 021 1.501

032 2.417 022 1.449

034 2.397 023 1.490

043 2.409 024 1.488

044 2.375 S3 031 1.445

032 1.514

033 1.445

034 1.504

S4 041 1.434

042 1.432

043 1.507

044 1.513

References

1. E. Staritzky and A.L. Truiit in The Actinide Elements

(Eds. G.T. Seaborg and J.J. Katz) McGraw Hill, New York,

1949 p.724.

2. K.D. Singh Mudher, K. Krishnan, D.M. Chakraburtty and

N.C. Jayadevan, J. Less Common Metals, 143, 173 (1988).
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2.4.2 Sol id Stajte_ Reaction of Fluorides ojf Uranium arid

Thorium with (NH/^SO^.

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

N.C. Jayadevan

In continuation of the work on the solid state reactions

between actinide oxides and (NH/J^SOZJ, UF4 and ThF^ were mixed

with (NH^>2SO^ and heated to different temperatures. The reaction

products were examined by means of X-ray diffraction. The

products formed at 400 u were identified to be anhydrous U(SO/,)2

and Th(SO/j)2- It is likely that ammonium double sulphates of

uranium or thorium are formed at lower temperatures which

decomposes below 400 C to form the anhydrous sulphates. The X—ray

powder patterns were indexed on the basis of hexagonal unit

cells. The cell parameters derived were refined by the method of

least squares using the programme LATPAR to give the following

values.

U(SO^)2 : a = 9.266 (3), b = 9.266 (3), c = 11.443(5) A and

V = 120°

Th(S0/,)2: a = 9.392 (3), b = 9.392 (3), c = 11.572 (5) A and

/ = 120°

The anhydrous sulphates obtained are easily soluble in dilute

acids. This solid state reaction therefore provides an easy route

to convert the insoluble fluorides into soluble sulphates by

reacting with (NH^^SO^ at low temperatures.

Reference

1. LATPAR, a least squares programme written by V.K. Wadhawan,

NPD, BARC

65



2.4.3 Charaterisat ion of a New Mixed Oxide Phajs e_ i_n the

Ekr.yr̂ 3.-0 System

K.D. S-'ngh Mudher, R.R. Khandekar, A.K. Chadha and

N.C. Jayadevan

A new cubic phase in the K-U-0 system was characterised by
2 +us earlier which gets crystallised in the presence of Ca arid

Cd ions . Studies were extended to Rb-U-0 system in the
2 +presence of Ca ions. Physical mixtures of Rb2CO3, UO3 and

calcium oxalate were prepared in different molar proportions. The

quantities of Rb and Ca were varied, but the ratio of (Rb + Ca)

to I) was always maintained at 2.0 so that the replacement of

rubidium ion with calcium could be studied. These mixtures were

heated to 800°C for 10-12 hours in a furnace in a platinum boat.

Various compounds formed in the Rb-Ca-U-0 system were identified

by X-ray diffraction analyses and are given in Table 34. For the

composition Rt>1.80 ^a0.20 UC*4+x' a new mixed oxide single phase

compound Vi-as obtained which could be indexed on a cubic system
o

with cell parameter a = 8.662 A. Indexed X-ray powder data is

shown in Table 35. This cubic phase was also observed in samples

containing higher amounts of Ca ions. Upto Rb/Ca ratio of 1:1(

besides the cubic phase, other calcium uranates like Ca2UC>5 and

0331105 were also identifed. The cubic compound has all the strong

lines of RDUO3, a compound where the U is in +5 state. The

presence of +6 uranium in the cubic compound was established by

dissolving the samples in phosphoric acid and taking visible

spectra which gave peaks charactersitic of U(VI) only.

Reference

1. A Chadha, N.C. Jayadevan and K.D. Singh Mudher

Thermochirn. Acta, 111, 67 (1987).
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Table 34 - Various phases identified in Rb-U-Ca—0 System

Molar Ratio

Rb : Ca : U

Phases

Identified

2

1.8

1.6

1.4

1.0

0.5

0.0

0.0

0.2

0.4

0.6

1.0

1.5

2.0

1

1

1

1

1

1

1

Cubic phase

Cubic phase +

Cubic phase +

Cubic phase +

Ca3U06

Table 35 - X-ray diffraction data _$= 1.54584 A± of_ Rb-Ca-U-0

phase

dobs(A) hkl dcal(A) dobs(A) I/I, hkl

6.125

4.331

3.536

3.062

2.73^

2.402

2.315

2.165

6.134

4.322

3.537

3.064

2.734

2.398

2.318

2.165

10

20

10

100

10

5

8

35

110

200

211

220

310

320

321

400

2.042

1.937

1.768

1.699

1.581

1.531

1.444

1.405

2.041

1.937

1.766

1.690

1.580

1.531

1.445

1.405

5

12

40

5

25

20

8

5

330

420

242

150

215

440

442

532

,411

,431

,600

,611
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2.4.<* Sjtudies on the_ K-Ba-U-0 Sy- ' am ,

A.K. Chadha, K.D. Singh Mudher and N.C. Jayadevan

We have earlier reported the formation of a new cubic phase

in the K-U-0 system by the incorporation of small amounts ( 0.2M)

of Ca ions . It was of interest to find the nature of the

products obtained by substituting calcium with barium ions.

Mixtures of KNO3, UO2 and Ba(NC>3)2 in different molar ratios were

heated at about 900 C and the resultant products examined by

means of their X-ray diffraction pattern. A single cubic phase

with the cell parameter a = 8.723 A was obtained when the initial

composition of the mixture was 1.85 M KNO3, 1 M UO2 and 0.3 M

Ba(NO3>2' The indexed pattern is given in Table 36. The increase
o o 2 +

in the 'a' value from 8.58 A to 8.723 A indicates that the Ba
ions are incorporated in the crystal since the increase can be

2 +correlated with the difference in the ionic radii of Ba and
2+Ca ions.

In order to find the limiting amount of Ba ions that could

be accommodated in the new phase, 1.85 M KNO3 and 1 M UO2 were

heated with varying amounts of Ba(NC>3)2 ranging from 0.4 M to 1.8

M. In these cases, the cubic K-Ba-U-0 phase was formed along with

K 2 U 2 O 7 .

Another single phase in this system was obtained when 0.85 M

XNO3 and 1 M U 0 2 were heated with 0.25 M Ba(N0 3) at 900°C. The

composition of this phase corresponds to K Q . 8 5 Bag 25^^3+x

the X-ray pattern of the product could be indexed on a tetragonal

cell.

Reference

1. A. Chadha, N.C. Jayadevan and K.D. Singh Mudher,

Thermochim. Acta, 111,67 (1987).
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Table 36 - X-ray Powder pattern' of the new cubic phase in the

K-Ba-U-0 System

I/Io

17

33

16

100

8

5

10

45

6

24

3

55

9

5

21

4

10

19

3

4

4

6

Sin2©

observed

0.01571

0.03118

0.04666

0.06269

0.07807

0.09370

0.10951

0.12494

0.14063

0.15646

0.17164

0.18772

0.20362

0.23430

0.25038

0.26565

0.28121

0.29703

0.31229

0.34383

0.35925

0.37523

Sin2©

calculated

0.01562

0.03129

0.04686

0.06248

0.07810

0.09372

0.10934

0.12496

0.14058

0.15620

0.17182

0.18772

0.20306

0.23430

0.24992

0.26554

0.28116

0.29678

0.31240

0.34364

0.35926

0.37523

hkl

110

200

211

220

310

222

321

400

330

420

332

422

510; 431

521

440

530; 433

600

611; 532

620

622

631

444

1.54178 A
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2.4.5 Reactions o_f Rubidium and Caesium Carbonates with

Uranium-Thorium Oxides

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

Several ternary oxides of caesium and uranium are reported

in the literature. The formation of these low density compounds

causes swelling and leads to fuel pin failure in the reactor.

Extensive phase studies and thermodynamic measurements have been

performed on the Cs-U-0 and Rb-U-0 systems. Recent studies have

shown that three caesium uranates, namely, CS2U4O12, CB2UO4 and

56 could exist in equilibrium with liquid caesium and

We have recently prepared M2U4O12 compounds (M = K, Rb and

Tl) corresponding to CS2U4O12 having some of the uranium atoms in

an oxidation s.tate lower than 6̂  . If uranium is present parv ! y

as U(IV), the composition of these compounds can be given as

M2U(IV) U(VI)3O12
 a n d Jt should be possible to prepare M2ThU3O12

replacing all U(IV) with Th(IV). Since both Cs2U4O12 and Rb2U4012

could only be prepared by the reduction of M2U4O13 in an inert

atmosphere, preparation of M2(U,Th)4O^3_x compounds should be

possible in air as Th(IV), unlike U(IV), is stable in air. With a

view to study the formation of such quaternary compounds of Rb-U-

Th-0 and Cs-U-Th-0 systems, reaction mixtures were prepared

containing sintered UO2-TI1O2 solid solutions as microspheres and

anhydrous Rb2CO3 or CS2CO3 to give M/U+Th = 0.5 (M = Rb or Cs).

The samples were ground and heated in a platinum boat inside a

firnace.

X-ray diffraction pattern obtained by heating U02~10% TI1O2

solid solution and Rb2CC>3 at 800°C is shown in Table 37. The

pattern consists of two phases. One phase was identified as a

Rb-U-Th-0 compound isomorphous with Rb2U^0i3 which has hexagonal
o o

symmetry with a = 14.339 A and C = 14.311 A . For comparison X-

ray diffraction pattern of Rb2U40i3 is also included in the

Table. No change in \he cell parameter is observed inspite of the

fact tliat some of the uranium atoms are replaced by thorium. The
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presence of thorium in the lattice was confirmed by heating the

reaction product with 1M HNO3 and the soluble portion examined by

X-ray fluorescence.

Table 37 - X-ray Diffraction Data for the products from the

reaction between Rb2C(>3 and (Un. gThg. 1 )02 and its

comparison with that of Rt>2^4^13 and (UQ . 9*̂ ho . l

Rb

7

4

3

3

3

3

3

2

2

2

1

1

1

1

1

1

1

1

1

1

i2CO3 +

800

d(A)

.22

.45

.56

.441

.341

. 199*

. 101

.766*

.477

.436

.984

.958*

.913

.831

.787

.737

.719

.668*

.586*

.549

4(U,Th)O2
- 900°C

I/lo
30

20

40

50

20

40

100

15

30

10

30

40

20

20

20

20

20

20

05

20

Rb2UV

d(A)

7.14

6.20

4.46

3.58

3.44

3. 35

3.20

3. 10

2.847

2.792

2.647

2.534

2.482

2.443

2.347

2.201

2.021

1.961

1.916

=>13

I/Io
40

20

20

50

50

20

10

100

10

10

10

10

20

10

02

02

02

04

20

3

2

1

1

1

CU.10

d(A)

. 167

.741

.938

.651

.581

% Th)02

I/Io
100

48

49

47

13

(U,Th)02 lines
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Th and Rb were found to be present. The other phase of the

reaction product which is insoluble in dil. nitric acid is found

to be a (U,Th)02 solid solution phase. The percentage of ThC>2 in

the insoluble phase was determined by X-ray diffraction using

Vegard's Law and was found to be higher than the starting oxide.

Similar behaviour is observed on the reactions of CS2CO3 and

(U,Th)(>2 also. The details of the reactions and the nature of the

products formed are shown in Table 38.

1. K.L. Chawla, N.L. Misra and N.C. Jayadevan,

J. Nuclear Mater., 154, 181 (1988).
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Table 38 - Reactions of Rb2CO3 and Cs2CO3 with U02 and (U-Th)O2

at 800"C

Reactants Products identi-

fied from X-ray

patterns

Elements Insoluble

identified portion

in soluble

portion

Rb2CO3+4UO2

2. Rb2CO3+4(10 wt X

TI1O2-UO2) mechanical

mixture

T h 02

3. Rb2C03+(U-10%Th)02 Quaternary

microspheres

Rb.U, Th (U-57%Th)*02
compound of

Rb-U-Th-0 system

pattern similar to

+ (U,Th)O2

Cs2U4O13

5.

4(U-10%Th)O2
microspheres

Quaternary

compound of

Cs-U-Th-0 system,

pattern similar

to CS4U5O17 and

mixture

Cs, U, Th (U-40%Th)*02

* Composition derived on the basis of Vegard's Law
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2.5 THERMAL STUDIES

2.5.1 Te.trakj_s Oxalato Urarmte^ (IV) of. Mixed Metals

A.K. Chadha, K.D. Singh Mudher, K. Krishnan and

N.C. Jayadevan

Thermal decomposition of K2M
IX 11^204)4 . 8H2O (M11 = Ca or

Cd) formed by the partial replacement of potassium by Ca or Cd

lead to the formation of a cubic potassium uranate (VI)

phases . In order to study the effect of trivalent elements,

few lanthanide elements La, Ce, Pr, Nd or Tb were used to

partially replace potassium. The oxalates K Ln 11^204)4.8H2O were

prepared by mixing aqueous solutions of the component oxalates.

The molecular formla of the solid compounds isolated were

established by chemical analyses for K, Ln, U and C. X-ray powder

pattern of the terbium compound has been indexed on an

orthorhomibic cell with a = 9.791, b = 17.464, c = 15.849 A°. The
_3

measured density of 2.38 mg.m is in agreement with 4 formula

units in the unit celJ. The powder pattern of Pr and Nd compounds

were also indexed on similar cells. Thermal decomposition of all

the five compounds have been studied in air, helium and hydrogen

atmospheres. The cubic potassium uranate(VI) alongwith a fluorite

phase (Ln,U)02+x only is formed in the case of La and Nd

compounds, that too when heated in air. In all other cases,

irrespective of the atmosphere the fluorite phase i.e. (Ln,U)C>2 + x

filone was formed. The cell parameters of the fluorite phases

iormed with all the lanthanides under different conditions are

given in Table 39.

Reference

1. A. Chadlia , N.C. Jayadevan and K.D. Singh Mudher,

Thermochim. Acta, 111, 67 (1987).
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Table 39 - Lattice Parameters of (Ln,U)02+x formed by the thermal

decomposition of KLnU(0204)4.8H2O

Starting compound Air
o
A

Atmosphere

Hydrogen
o
A

Helium
o
A

KLa 5.648 5.551 5.51

KCe

KPr

XNd

KTb

5.425

5.504

5.490

5.374

5.

5.

5.

5.

459

475

456

380

5.428

5.466

5.447

5.370

2.5.2. Sodiuin Chromium — Oxygen System

S.K. Sali, S. Sampath and N.C. Jayadevan

Sodium—Chromium—Oxygen system is important from the point of

view of corrosion of stainless steel by oxygen contaminated

sodium in fast reactors. We Tsave earlier carried out thermal

investigation on reactions of sodium carbonate and chromium oxide

and have identified NaCrO2 as the onlj :<ixed oxide obtained under

inert atmospheric conditions and Na2CrO4 as the product in

oxygen
(1)

Barker and Hooper have reported that NaCr02 decomposes

°C to a mixture of N a 0 and C r 0 ^reversibly at 795 C to a mixture of

reaction,

and For the
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1/2 Na2O + 1/2 Cr2O3 > NaCrO2 ^l)

the reported A H value is - 101.4 kJ/molv . Hence the

decomposition of NaCrO2 to a mixture of Na20 and Cr2O3 should

show a significant DTA peak around 795°C . However we could not

observe any significant DTA peak by heating in argon from ambient

up to 1200°C or on cooling from 1200°C. Furt! f ~,

thermogravimetric studies in CO2 atmosphere showed that NaCrC>2

is formed when a 1:1 mixture of Na2CO3 and Cr2O3 was heated at

900°C. Similar studies with NaCrO2 established its stability in

CO2 atmosphere upto 900°C. This ruled out the possibility of the

reaction:

2 NaCrO2 + C02 > Na2CO3 + Cr2O3

in the temperature range studied.

References

1. S.K. Sali, S. Sampath and N.C. Jayadevan

Report BARC - 1447 (1989).

2. M.G. Beker and A.J. Hooper,

J. Chem. Soc. (Dalton) 2487 (1975)

3. P. Gross, G.L. Wilson and W.A. Gutteridge,

J. Chem. Soc. A 1908 (1970)

2.5.3 Chemical Diffusion Coefficient of Oxygen in

Thoria-Urania Mixed Oxides

N.K. Kulkarni, S.K. Sali, S. Sampath, N.C. Jayadevan

Determination of oxygen chemical diffusion coefficients is

useful in understanding oxidation-reduction reactions of oxide

fuels. Oxidation kinetics of uranium-plutonium oxides, and
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V Wt

log (1- c< ) = log

1 (2.405)z 2

- 0.25 2 + Dt
2 22.3 a 4 b

where a = fraction oxdised, W^ = final equilibrium weight,

Wo = initial weight, W-̂  = weight at time t, 2 a = diameter,

2b = thickness and D = Chemical diffusion coefficient. The final

equilibrium weight was determined by heating the samples in CO2

at 1200°C until no further weight gain was observed. The 0/M of

completely oxidised samples in CO2 atmosphere was found to be

2.16 and 2.14 for U0.95 Thg.os °2 a n d u0.85 Tn0.15°2

respect ively.

Fig. 3 gives log (1 - a) Vs t plots for oxidation of
Tn0.05u0.95°2 a n d Fi&- 4 r o r oxidation of Tho.15Uo.95O2. The

plots are linear and from the values of slope of the logrithmic

plots, the chemical diffusion coefficient could be calculated and

the data obtained at different temperatures is given in Table 40.

Since the diffusion coefficient of oxygen is generally much

higher than that of cation in binary or ternary actinide oxides,

it can be concluded that chemical diffusion in (Thi_yUy)2+x f°r

oxidation is mainly due to oxygen ion rather than cation. The

variation of D with temperature represented by Arrhenius equation

is shown in Fig. 5.Table 41 summarises the chemical diffusion

coefficients of oxygen in Th0.05
u0.95°2+x a n d Th0.15u0.85°2+x

measured in this study in comparison with those in

<Th0.8u0.2)°2+x» Th0.6u0.4°2+x' Pu0.2u0.8°2+x a n d U02+x- Jt c a n

be seen from these results that activation energies of chemical

diffusion coefficients for actinide oxides are nearly the same.

We could not, however, observe any systematic trend in the

chemical diffusion coefficients with the variation in thorium

concentration.
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Table 40 - Oxygen Cheaical Diffusion Coefficients in (Thi-yUy)02+x

T/K Slope (x 1CT) 2 -1B log(D/ni S"1)

0.95

0.85

1473

1373

1273

1073

1373

1273

1173

973

2.39

1.36

0.58

0.29

2.1

0.87

0.66

0.15

0.27

0.27

0.27

0.27

0.27

0.27

0.27

0.27

0. 16

0.16

0.17

0.17

0.17

0.21

0.18

0.16

- 10.25

- 10.50

- 10.85

- 11.52

- 10.26

- 10.63

- 10.78

- 11.8

Table 41 - Comparison of Che-aical Diffusion coefficients of oxygen

Oxidft 0/11 £

(kJ.mol"1)

log(D/m2s~1) Temp. Refer-

range ence

Th0.05u0.95°2-fx 2.00- 96.2 (-5.0xl0J/T)-6.8 1073- Present

2.16 1473 work
Th0.15u0.85°2-fx 2.00- 99.6 (-5.2xlO3/T)-6.5 973- Present

2.14 1373 work
,3

Th0.8"0.2°2+x

U0 2 + x

2.00- 93.1 (-4.8xlOVT)-6.2 1282- (7)

2.016 1373

2.00- 66.8 (-3.49xl03/T)-7.83 1282- (7)

2.01 1373

2.01 89.5 (-4.68xl03/T)-5.74 873- (4)

1273
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3. CHEMICAL QUALITY CONTROL OF FUELS

3.1 Dissolution of Nuclear Materials

3.1.1. Dissolution qf_ (U, Pu)O^ Pellets

A.V. Jadhav, K. Raghuraman. K.A. Mathew, P.S. Nair,

H.C. Jain and S.K. Patil

In order to standardise a procedure for the dissolution of

irradiated mixed oxide (UfPu)02 fuel pellets, two un-irradiated

pellets were dissolved in a glove box. Volume of 6.0 M HNO3

required for the complete dissolution of the oxide pellet and to

maintain the final acidity of the dissolved solution around 2.0 M

in HNO3 was calculated according to the following reaction,

U0 2 + 4 HNO3 > UO2(NO3)2 + 2 N02 + 2H2O

The pellets were dissolved quantitatively in 6.0 M HNO3

using a round bottom flask provided with water condenser to

avoid acid loss due to evaporation. After the dissolution the

solution was filtered and the total residue was weighed. The

residue was then dissolved in nitric acid and the plutonium in

the residue was estimated rftdiometrically. It was observed that

the rate of dissolution was very slow at 90°C whereas the

dissolution was complete in almost 4 hours when the temperature

was increased to 98°C. The weight of the residue and the

plutonium content in the residue was almost identical in both

the cases. The details of the dissolution tests are given in the

following table.
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Table 42 - Details of the dissolution tests

Wt. of the Volume

pellet in of

gms. 6.0 M HNO3

Temp. Time taken Wt. of Pu.in

°C for complete residue residue

dissolution in mgs. in mgs.

18.06181 75 ml 90 32 Hours 41.71 0.89

17.54080 75 ml 98 4 Hours 43.26 1.15

3.1.2 Dissolution of. UC in. H2SQ4 - HCIO4 Mixture

H.S. Sharma, N. Gopinath, J.V. Kamath, S.G. Marathe

Although quantitative dissolution of (U,Pu) Mixed carbide

samples by refluxion in a mixture of H2SO4 + HNO3 has been

established earlier, the solution had to be treated further with

perchloric acid for the coulometric determination of uranium. The

treatment was dune in order to destroy organic matter if

generated and remained during the course of dissolution. The

present method was developed for dissolving the carbide samples

directly in cone. H2SO4 and HCIO4 mixture under refluxion.

Samples of sintered uranium carbide microspheres were

dissolved independently in cone. H2SO4 + cone. HNO3 and also in

cone. H2SO4 + cone. HCIO4 mixtures under refluxion. The solutions

dissolved through the former route were treated with perchloric

acid.The uranium content in both the solutions were analysed by

potentiornetry and coulometry. These results are shown in Table
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43. Good agreement between the values of uranium obtained by

potentimetry and coulometry establishes the quantitativeness of

dissolution of UC by HCIO4 + H2SO4 refluxion.

Table 43 — Uranium determined (X) in uranium carbide dissolved in

different acid mixtures

Sample

code

Potentiometry

HNO3-H2SO4 H2SO4-HCIO4

CB-4 94.54+0.09(2) 94.45+002(4)

CB-6 94.51+0.05(2) 94.22+0.10(4)

CB-9 93.94+0.02(2) 94.13+0.11(2)

Coulometry

H2SO4 - HCIO4

94.58+0.05(4)

94.43+0.01(4)

94.15+0.04(4)

Number in parenthesis refers to no. of determinations.

3.1.3 Dissolution of nitrides

D.R. Ghadse, U.M. Kasar, A.R. Joshi,

C.K. Sivaramkrishnan and S.K. Patil

Uranium and plutonium nitrides are the potential advanced

fuels for fast reactors. Determination of U and Pu for quality

control of the nuclear fuels require quantitative dissolution of

the fuel samples. Investigations wero therefore initiated to

devise methods and optimise the parameters for fast and

quantitative dissolution of nitride samples.
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Uranium nitride was chosen for preliminery experiments.

About 1 g of Uranium nitride in pellet form was kept in 25 ml of

various mineral acids for dissolution. The solution was heated

under infra red lamp whenever required. It was observed that

uranium nitride dissolves instantaneouly in cone. HNO3. In cone.

HCIO4 or H3PO4 quantitiative dissolution took about one hour with

heating under I.R lamp. In cone. HC1, the dissolution is

incomplete even after nine hrs of heating under I.R. lamp.

Uranium nitride does not react with Cone. H2SO4, Conc.J^SO/^ + HF

and water even after boiling. DH.H2SO4 + HF and 3M HNO3 dissolve

uranium nitride in 4-6 hrs with heating.

The general observation on dissolving uranium nitride are

summarised in Table 44. Four samples of (U,Pu) nitride were

dissolved successfully, by refluxing with H2SO4 : Dil HNO3

mixture for an hour and analysed separately for U and Pu content.
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Table 44 - Observations on dissolution of uranium nitride

Acids Conditions Remarks

Cone. HNO3 Room temperature

Cone. HCIO4 Heating under IR lamp

Cone. H3PO4 Heating under IR lamp

Cone. H2SO4

Cone. HC1

Boi1 ing

Heating under IR lamp

Water Boiling

H2SO4 + 0.02 M Boiling

HF

DH.H2SO4+ Heating under IR lamp
0.02 M HF
3 M HNO3 Heating under IR lamp

Dissolver instantaneously

Dissolves quantitatively

in an hour

Dissolves quantitatively

in an hour

No reaction

Dissolution incomplete

even after nine hrs

No reaction

No reaction

Dissolves quantitatively

in 4-6 hrs

Dissolves quantitatively

in 4-6 hrs.

3. 1.4 Dissollution of uranium Nitride for Nitrogen

Determination

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

and S.K. Patil

The determination of nitrogen by the commonly used

KJeldahl's method requires the conversion of the nitride nitrogen

to ammonium compound before its separation by distillation.

However, dissolution of higher nitrides of uranium in an acid
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medium is difficult unless an oxidising agent is used. But this

could also lead to loss of nitrogen. Several methods of

dissolution were tried. Small amounts of hydrogen peroxide or

dichromate enhanced the dissolution rate but led to considerable

loss of nitrogen. The method developed by Lathouse et al was

inconvenient as it involved the use of large quantities of H2S1F5

which resulted in the formation of large quantities of silicic

acid and subsequent choking of the condenser. When HC1 was used

in the dis-solution mixture utmost care had to be taken to prevent

small quantities of HC1 vapor being carried to the distillate,

during the addition of NaOH, which would lead to low result. The
(2)method followed by Milner et al using a combination of

sulphuric acid and copper selenate was found to be suitable as

recovery of nitrogen obtained was satisfactory. However it has to

be ascertained by analysing more samples.

About 100 mg of the sample is dissolved in a suitable acid

mixture and nitrogen is separated as ammonia after addition of

concentrated sodium hydroxide and Kjeldahl distillation. The

distillate is collected in 4% boric acid solution containing a

mixed indicator (4ml of 0.1% Bromocresol Green and 2 ml of 1%

Methyl Red per 500 ml of boric acid solution) and subsequently

titrated with standard HC1 (0.01 M) solution. Results were

compared with the nitrogen content reported by inert gas fusion

method. Table 45 shows the composition of some dissolution

mixtures tried and the corresponding recovery. However, when the

mixture containing selenate was tried on some mononitrides, low

results were obtained suggesting that some nitrogen was being

lost by oxidation. These mononitrides appeared to be more

susceptile to oxidation and hence alternative method is being

developed for their analysis.
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3.1.5 Dissolution gf_ UO2 + CeO2 + C in H2SO4 + HCIO4 Mixture

by. Refluxion for Determination of Uranium by Coulometry

J.V. Kamat, N. Gopinath, H.S. Sharma, S.G. Marathe

and H.C. Jain

Based on our experience in the UC dissolution in H2SO4 +

HCIO4 acid mixture^ synthetic mixture samples of the type UO2 +

CeO'j +C containing 12%C and varying amounts of CeC>2 (5% to 20%)

were dissolved by refluxion in cone. H2SO4 + HCIO4 (5 ml each)

acid mixture. The uranium contents were determined by coulometry.

The results have shown the quantitativeness of dissolution.

Reference

1. Annual Progress Report of Fuel Chemistry Division for 1986
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Table 45 - Analysis of nitrogen in uranium nitride samples using

different mixtures for dissolution

Sample Composition of the Sample Time of % N Results

No. dissolution mixture Wt(mg) Cissln. from inert

(hrs) gas fusion

1

2

3

4

5

6

7

8

9

HCl(l:l) - 25

H2SiF6 - 2ml

Na2Se04 - 200

Mixture in SI.

200 mg Na2SeO4

Mixture in SI.

2 ml H2O2

Mixture in SI.

100 mg CuO

Cone. HC1 - 10

H2SiF6 - 2 ml

Na2Se04 - 200

Cone. H2SO4 -

Water - 3 ml

Na2Se04 - 200

Same as SI.No.

Same as SI. No

100 mg K2Cr2O7

Same as SI.No.

50 mg K2CT2O7

ml

mg

No. 1 +

No. 1 +

No.l +

ml

mg

3.5 ml

mg

6

. 6 +

6 +

123.89

50.84

41.06

44.21

63.59

56.89

42.27

55.85

49.65

7

7

7

24

8

1

1

1

1

3.23

7.04

5.2

7.91

8.63

8.69

8.63

3.80

3.71

3.25

3.52

7.45

8.74

7.34

7.91

8.54

9.72

8.54

9.72

8.54

9.72

8.54

9.72

8.54

9.72

8.54

9.72
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3.2 Electrochemical Techniques

3.2.1 Coulometry

3.2.1.1 Plutonium Determination

N.B. Khedekar, H.S. Sharma, S.G. Marathe and H.C. Jain

Controlled potential coulometric method based on successive

addition technique was employed for plutonium determination at

microgram level. This technique is faster compared to

conventional technique and the amount of waste generated per

analysis is considrably reduced. Standard solutions of having

different levels of plutonium were prepared by appropriate

dilutions of pure plutonium solutions as well as from mixed

carbide fuel sample solutions. Plutonium concentrations in these

stock solutions were determined by AgO oxidation method. The

different levels of plutonium selected were 1) 500-600 pig ii)

250-300 fig and iii) 50-60 ng. The results of coulometric and

potentiometric analysis are presented in Table 46. It was

observed that coulometric results agreed well (+0.4%) with those

of potentiometry at 500 - 600 /jg level and 250-300 jig levels.

However, the variation of +1.5% was observed at 50-60 ug level.

A few values were also compared with mass spectrometric analysis.

Agreement between +0.3% to +0.5% was obtained between coulometric

and mass spectrometric values at 50-60 fig level. Such a good

accuracy at this level could be due to highly constant blank

value. Data under S.No.I refers to pure plutonium solutions and

those under II and III refer to mixed carbide sample solutions.

In Table 47 the advantages and disadvantages of coulometric

method at milligram and microgram levels are presented.

89



Table 46 - Determination of plutoniun at microgram level

SI.

No.

I-A
-B
-C

-D

II
III

I

11

III

I

II
III

Coulometry

500-600 \ia level

mg/g

1.265+0.001 (4)

1.266+0.002 (4)

1.266+0.002 (4)

1.265+0.002 (4)

0.978+0.001 (5)

1.046+0.001 (5)

250-300 fig level

506.72+1.23 (5)

976.62+3.31 (5)

1047.04+1.09 (5)

50-60 tig level

70.66+0.84 (5)

125.95+0.99 (5)

116.38+1.06 (4)

Potentiometry

mg/g

1.270+0.001

0.979+0.01

1.046+0.001

507.85+0.15 (2)

979.10+1.12 (2)

1045.71+1.06 (2)

70.90+0.01«

126.84+0.10

IJ7.48+0.10

Variation

0.35

0.10

0.10

0.22

0.24

0.19

1.14

0.38

0.95

* Mass Spectrometry Value
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Table 47 - Coulometric determination of plutonium at milligram

and microgram levels. Reliability of results and

association of plutonium in analysis waste

Parameter Concentration level

Determination 2-3 500-600 250-300 50-60

level

Accuracy and 0.2% 0.4% 0.5% < 1.5%

Precision

Plutonium in 550 125 70 30

waste (mg/liter)

to be recovered

3.2.1.2. " J U in ^JJU - Al Alloy

N. Gopinath, J.V. Kamat, H.S. Sharma and S.G. Marathe

To standardise the procedure for the analysis of uranium in
2 " '\U " -Al-Zr alloy by controlloed potential c o u l o m e t r y , six samples

were dissolved by heating in 1:1 HC1. The sample aliquots were

analysed by potentiometry as well as coulometry. But before the

analysis, the aliquots were heated near to dryness to remove

chloride and dissolved in 1M H2SO4. The results were compared.

Though the precision of analysis in both the methods was better

than 0.2% r.s.d, it was observed that the coulometric values were

having 0.5% positive bias. Further work is in progress.
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3.2.1.3 Successive Addition Method for Uranium Determination

N. Gopinath, H.S. Sharma, J.V. Kamat and S.G. liarathe

In order to save time of analysis as well as to restrict the

volume of waste generated, attempts were made to standardise the

method of successive addition similar to one reported for

plutonium. The electrolyte concentration varied from 0.5M to 3M

H2SO4. Though the precision obtained in the electrolyte

concentrations in 0.5M, 1M, 2M and 3M was better than 0.2% r.s.d,

the analysis time is reduced at higher electrolyte concentration.

Further work in progress.

3.2.1.4. Sequential Determination of Uranium and Plutonium

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

S.K. Patil

Accurate and precise determinations of U and Pu for quality

control of nuclear fuels is a necessary requirement. Sequential

determination of U & Pu in the same aliquot saves time, labour

and chemicals. Controlled potential coulometric methods are known

to be accurate and precise, morever it requires relatively less

handling of radioactive materials. It was therefore, decided to

standardise a method for sequential determination of U and Pu

using controlled potential coulometry.

The method reported by J.B. Fardon et al., makes use of

gold working electrode. In this work platinum was used as the

working electrode. The method consists of reduction of U and Pu

in the aliquot to U(IV) and Pu(III) by Ti(III) in an acid mixture

(1M HNO3, 0.5M H2SO4, 0.25M NH2HSO3). Excess of Ti(III) was

destroyed by HNO3 present in the mixture. The aliquot is then

diluted to 0.25M H2SO4. U(IV) and Pu(III) are oxidised to U(VI)

and Pu(IV) at controlled potential of 0.9 V vs SCE. The charge

accumalated in this step corresponds to total of U and Pu in the

aliquot. This is followed by determination of Pu by reduction of
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Pu(IV) to Pu(III) at 0.2 V vs SCE. Uranium is obtained by the

di fference.

Preliminary experiments were carried out using iron as a

stand-in for plutonium. Thirty aliquots of synthetic mixture of U

and Fe containing U:Fe wt. ratio of 2:1 were analysed by this

method. Precision obtained was + 0.2% for aliquots containg U and

Fe in the range of of 2—6 mg each. A few aliquots of U and Pu

synthetic mixture containing 2-6 mg each of U and Pu were also

analysed by tr"s method. Precesion and agreement of plutonium

results with potentiometric values were + 0.3% but uranium

results though precise (+ 0.25%) were lower by 0.5 to 1% as

compared to potentiometric values.

Reference

1. J.B. Fardon and I.R. McGowan, Talanta 19, 1321 (1972)

3.2.2. Potentiometric Determination of Uranium in U-Pd Alloy

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

H.C. Jain

The presence of palladium is reported to affect the
( 2)determination of uranium by the modi fed Davies-Gray method .

(3)Bodnar et al have reported that palladium present up to 10%

can be separated by copper column prior to the determination of

uranium. Since necessity was felt to determine uranium ir nearly

1:1 U-Pd alloy sample the existing procedure was modi fed to get

rid of palladium before the determination of uranium. The

presence of >3% palladium was experimentally observed to affect

the determination of uranium as instability in potential was

observed during the course of titration making the end point

detection very difficult. The instability of potential could be

due to the partial oxidation of palladium metal to Pd(II) by
( 3)during the titration as reported by Bodnar et al .
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The developed procedure involved the precipitation of

palladium as Pd-metal and separation of it from the solution

containing uranium. This was achieved by reduction of Pd(II) by

Fe(II) in 10M H3PO4 medium. The precipitated metal was removed

by centrifugetion and washed with 10M H3PO4 in order to recover

all uranium occluded on the precipitate. The quantitativeness of

precipitation of palladium metal was checked by drying and

weighing. Uranium in the supernatant containing washings was

determined in the usual way by potentiometric method. The results

of these studies are presented in Table 48. It can be seen that

with the modified procedure, palladium present upto even 70% in

U-Pd solution gives values of uranium within +0.5%.

References

1. J.M. Scarborough and L.Z. Bodnar, NBL-267 (1973)

2. A.R. Eberle, M.W. Lerner, C.G. Goldbeck and C.J. Rodden,

NBL-252 (1970)

3. L.Z. Bodnar, J.M. Scarborough and M.W. Lerner,

NBL-267 (1973).



Table 48 - Determination of uranium in uranium-palladium

solutions after the separation of palladium

Pd

Pd+U

(%)

9

9

9

29

33

32

50

50

50

71

70

70

Uranium

taken

(mg)

4.130

4.285

3.963

4.233

4.426

5.097

2. 186

3.209

1.851

2.400

2.536

2.005

Uranium

obtained

(nig)

4. 140

4.275

3.957

4. 236

4.430

5.090

2.196

3.211

1.857

2.392

2.534

2.012

Deviation

(%)

+0.25

-0.23

-0.15

+0.07

+0.09

-0. 14

+0.46

+0.06

+0.32

-0.33

-0.08

+ 0.35

3.2.3 Amperometry

3.2.3.1 Determination of Uranium and Plutonium by Sequential

Amperometric Titration

Mary Xavier, P.R. Nair, S.G. Marathe and H.C. Jain

Analysis of FBTR fuel samples : The standardisation of a

method for the sequential determination of uranium and plutonium

in U-Pu synthetic solutions was reported in the previous annual

report. The applicability of the method for (U-Pu)C>2 samples

dissolved in HNO3-HF mixture was also established. However, when
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the analyses of a few (U,Pu)C samples, directly dissolved in

HNO3-H2SO4 mixture, were carried out, the results were not very

satisfactory. This was due to the presence of > 3 mM amounts of

H2SO4 in the aliquot. Therefore an attempt was made to dissolve

the samples involving the amount of H2SO4 such that the final

cone, of H2SO4 remains below the tolerance limit of the method (3

mM) . Solutions of (U,Pu)C dissolved using minimum amount were

analysed by the method and the results were compared with the

potentrometric values. The agreement was within +0.3% in all the

cases. Some of the results are shown in Table 49. The method has

thus been found to be applicable for the analysis of U and Pu in

PBTR fuel samples.

Table 49 - Sequential analysis of U and Pu in (U,Pu)C and
comparison of the results with potentiometry
U + Pu = 7-10 mg/sample

Sample Concentration (mg/g)
U-. . ,

Sequential method Potentiometry

U Pu U Pu

5.082

4.851

5.175

4.328

4.933

5.700

5.787

5.500

8.060

7.186

96

1

2

3

•'t

5

6

7

8

9

10

2.246

2.054

2.226

1 .620

2. 106

2.440

2.451

2.327

3.495

3. 122

5.097

4.860

5.177

4.345

4.972

5.730

5.801

5.507

8.090

7.210

2.246

2.078

2. 212

1.625

2. 105

2.444

2.463

2.333

3.506

3.137



Effects of impurities : The effects of iron, oxaiic acid,

fluoride and mellitic acid on the method were studied. Even 10 pg

amounts of iron and oxalic acid were found to interfere. Fluoride

upto 200 //g and mellitic acid upto 400 fig did not have any

effect on the determination.

3.2.3.2. Determination of Uranium in U-Al Alloys

P.R. Nair, K.V. Lohithakshan, Mary Xavier,

S.G. Marathe and H.C. Jain

A quick and very convenint method for the determination of

uranium in li-Al alloys containing iron as impurity has been

developed. The alloy is dissolved in HC1. To the aliquot of

solution 2 ml of (1 M HN0 3 + 1 M H2SO4) mixture is added. The

method involves the reduction 01 uranium by Ti(III) and titration

of l'(IV) with K_. r2^7. Fe(II) in the sample solution is

selectively destroyed by NaNC>2 after increasing the cone. of

H2SO4 to 6-7 M. The excess of NaNC)2 is then destroyed by

sulphamic acid. The contents are diluted to bring the H2SO4 cone,

to 2-3 M and Fe(111) is added to carry out indirect titration of

U(IV) with standard I^C^Oy to a biampermetric end point. The

method gives a precision and accuracy of better than 0.2% for 1.5

to 5 mg amounts of uranium.

The method has several advantages as compared to the

nifditied Davies and Gray method. The method can tolerate large

amounts of chloride and hence solutions of U-Al alloys in HC1 can

be directly analysed without eliminating chloride. Phosphoric

acid is not required to be used and hence for recovery of fissle
2 33

materials like U will be easy. The time taken for an analysis

is less than 10 minutes and thus there is a saving in time.

The accuracy of the method for alloy samples has been

checked by comparing the results with the routine method. The
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agreement between the two methods was found to be very good as

seen in the Table 50. The method has been adopted for the
233analysis of U -Al alloy samples and a large number of samples

have been analysed.

Table 50 - Comparison of uranium values in U-Al alloy by the

Ti(III) reduction method with Davies and Gray method

SI .

No.

Concentration of uranium (mg/g) % Difference

Present Method Davies & Gray Method

1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

4.946

2.905

5.887

3.589

4.883

3.920

5.610

2.014

4.939

2.900

5.884

3.578

4.877

3.928

5.609

2.012

+0.14

+0.17

+0.05

+0.31

+0.12

-0.20

+0.02

+0. 10

If feet of iron and role of NaNC>2 : In the original procedure

N< MO2 was added to oxidise Fe(II) if present. Further studies on

the effect of iron have showr +hat NaNC>2 is not necessary to

destroy the Fe(II) and that it gets destroyed along with the

Ti(III) by the nitrous acid present in the reduction medium or

by that produced by the reaction with Ti(III) and HNO3. Larger

amounts of iron could be tolerated when NaNC>2 was not used. Iron

upto rv 4 mg was found to be tolerated in the present procedure.

It was also observed that the excess nitrous acid should be

destroyed in less than 30 seconds after the destruction of the
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Fe(II). Low results were obtained if there was a time delay. This

bias is dependent on the time and the amount of iron.

Determination of uranium at higher levels : Using the

modified method uranium at higher levels were analysed. The

precision obtained for 15 mg, 60 mg and 100 mg amounts were

0.05%, 0.04% and 0.02% respectively.
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3. 3 Thermal iPJlissiion Masj. Spectrometry

3.3.1 Determination of Isotopic Composition of Nanogram
233Amounts of Uranium using U a_s_ a_ Spike

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

233The method involves use of enriched U as a spike whose

isotopic data and concentration have been previously determined

by ID-TIMS. A dilute solution of spike, having concentration of

about 1 microgram per gram was used in the present work. In
233practice about 10-20 ng of U is mixed with the unknown sample.

After redox treatment with cone. nitric acid, sample is

evaporated to dryness. If the sample is free from bulk of

impurities, it is taken up in 1M HNO3, and loaded on the sample

filament for mass spectrometric analysis. If a voluminous residue,

is observed, chemical purification of uranium, prior to its

analysis is essentially carried out by employing anion exchange

procedures in chloride medium. A drop of the spiked sample

containing 10-20 ng of uranium was analysed using thermal

ionisation mass spectrometer for determination of isotope ratios,

235/233 and 238/233. From the observed ratios, Robs
 a n d

Q y o

^ n e contribution of atom ratios of the spike is

subtracted to obtain true isotope ratio of the sample, as given

by the following equations:

5/3 5/3 5/3 .
~ nobs Ksp *L >

5/3
Kcorr ~ nobs

8/3 8/3 8/3Kcorr ~ Kobs Ksp

"corr - vKcorr //l«corr ...

where 5/3, 8/3, Rsp, RODS>
 Rcorr a r e isotope ratios 235/233,

238/233 for spike, mixture and corrected ratios. All the observed

ratios were corrected for the system calibration factors prior to

subtraction. Equation (3) gives 235/238 ratio in the sample.
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Similar equations can be written for 234/238 and 236/238 atom

ratios in the sample.

The peak centering of ion beams of mass nos. 233 and 238

having signal greater than 15 mV during acquisition of data from
235 +each scan, eliminated errors due to fast decay of U ion

signal. The increased amount of uranium on the sample filament

from the spiked sample in comparison to unspiked resulted in

achieving proper focussing as well as a steady ion beam of U

ions. The observed and corrected ratios of 235/238 for nine

different samples containing 20-50 ng of uranium in the sample

vial, are given in Table 51. Samples 1 and 2 were isotopic

reference materials SRM U010 and U930 (NIST.USA). Results of

these are found to be in good agreement with the certified values

by NIST as 0.01014 and 17.35 for 2 3 5U/ 2 3 8U isotope ratio in the

respective standards. Depending upon the amount of uranium in the

unknown sample, the observed and corrected ratios of 235/238

differ significantly, as can be seen from the data of samples 3—

9, given in Table 5J. Sample nos. 3,7,8 and 9 were analysed after

chemical purification of uranium for the reasons discussed

earlier. The precision in experimentally determined isotope

ratios was found to be 0.5 percent.

Reference

1. A.I. Almaula, S.A. Chitambar, V. Mallapurker, C.K. Mathews,

A.G.C. Nair, M.V. Ramaniah, A. Ramaswami, Satya Prakash and

R.J. Singh : Paper presented at Indo-German Seminar, Julich,

FRG, June 28 - July 2, 1976.
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Table 51 - Experimental data and results for

ratio in different samples

235U/238U isotope

R5/3Kobs
R8/3Kobs

R5/8
"obs R

5/3
corr

8/3
lcorr

R5/8
"corr

0.048671

1 .04 180

0.00909

0.005499

0.006675

0.006950

0.001799

0.00093

0.0012 3

4.79507

0.06030

1 . 1919

0.73812

0.89812

0.93555

0.2 3109

0.11110

0.07370

0.01015

17.28

0.00783

0.00745

0.00743

0.00743

0.00778

0.00836

0.01670

0.048538

1.04167

0.008957

0.005367

0.006542

0.006817

0.001666

0.000797

0.001097

4.7946

0.059833

1.1914

0.73765

0.89765

0.93508

0.23062

0.1 1063

0.07323

0.01012

17.41

0.00752

0.00727

0.00729

0.00729

0.00722

0.00720

0.01498

The values of

respect ively.

and were 0.000133 and 0.000466

3.3.2 Determination of 2 35,..238.. T , T. ,.U/ U Isotope Ratio at Nanogram

LeveI of Uranium Employing Mixed Spike.

S.K. Aggarwal, R.K. Duggal, P.M. Shah and H.C. Jain

rat i o (at

levels of

method
235

T T c o *i Q

for the determination of the U/ U isotope

abundance close to natural uranium) at nanogram

uranium using a commercially available thermal
ionisation mass spectrometer with secondary electron multiplier

(SEN) detector has been investigated. The method involves the use
933 235 9Ti

of a spike of U + U with about 4 atom % J U which is
added to unknown sample solution.
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The addition of a mixed spike to the sample offers a number
235 +of advantages: i)it increases the ion current due to U by a

factor of 5 or 6 depending upon the amount of sample and spike

used, thereby allowing the peak centering prior to integration,

ii) it is also possible to determine the concentration of uranium

or total amount of uranium in the sample from the same mass
233spectrometric analysis, iii) the presence of U in the spiked

mixture provides a sufficient and definite signal for sample

magazine and ion beam focusing which is particularly important in

cases where the sample contains only 10-100 nanograms of uranium.
235 233The methodology would require the determination of U/ U and

238U/233U isotope ratios with high precision. If Rm (5/3) and

Rm(8/3) denote ''"u/ U and -SJO
U/^

JO
U a t o m ratios respectively,

determined experimentally and S, Sp and m denote the sample,

spike and spiked mixture, then

Rm(5/3) - Rsp(5/3)

Rs(5/8) = •

Rm(8/3) - Rsp(8/3)

233The equation is derived by considering that U is not present
o o c 2 3 8

in the unknown sample in which the U/ U isotope ratio is to

be determined. With the objective of evaluating precision and

accuracy in the present methodology, studies were performed using
235 238SRM-U-010 isotopic reference material with a U/ U isotope

ratio of 0.01014 + (0.1%) as the sample. Further the sample and

spike were mixed in different proportions to evaluate the

applicability of the method over a wide range of sample to spike

amounts.

Measured isotope ratios were corrected for the mass

discrimination in the instrument by applying the K-factor

(defined as the ratio of the certified isotope ratio and the

measured isotope ratio) which was determined by using SRM-500

uranium isotopic reference material using the SEM and the Faraday
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cup as detectors independently. The K-factors were found to^ be

0.33% and 0.09 % per mass unit for SEM and Faraday cup,

respectively. The 2 3 5u/ 2 3 3u and 2 3 8u/ 2 3 3u isotope ratios were

determined mass spectrometrically using the double filament

assembly in all the analyses. The various parameters such as

sample acidity, sample loading procedure, heating temperatures of

the filaments and the time of data acquisition were kept fixed,

as far as possible, for all the analyses.

The results obtained for the determination of the 2 3 5
U /

2 3 8
U

isotope ratio in the SRM-U-010 isotopic reference material using

the mixed sp' ;e for two different proportions of sample and spike

are given in Tables 52 and 53. Table 54 gives the results for a

natural uranium sample. As is seen, in all the cases, the

precision and accuracy of the measurements is better than 1%.

However it is preferable to perform the optimum spiking (ie

sample to spike ratio within a factor of 2), with the objective

of achieving significant change in the isotope ratio to be

measured in the spiked mixture. Further, as an externally

determined K-factor is to be applied, various conditions of mass

spectrometric analyses should be controlled and reproduced as

far as possible to reduce variable systematic errors due to mass

dependent isotope fractionation in the ion source. The

concentration of uranium in the sample can be calculated
>y o Q o o Q

simultaneously from the data obtained on the U/ U and/or
fjo e r\ Q *2

" U/ U isotope ratios in spiked mixture. The methodology can
234be extended for improving the accuracy of U determination

using commercial mass spectrometer.
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Table 52 - 235U/238U isotope ratio determination in SRM-U-010

isotopic reference material using mixed spike

(amount of uranium in the sample = amount of uranium in

the spike)

2 35 2 3 fl
Sample Approx. U/ U Isotope ratio Corrected

Code U amount

(ng) Observed Corrected Certified

S Sp for K-factor

U-ll 200 200 0.010270 (0.10%) a(2) b 0.010167 1.0027

U-12 200 200 0.010427 (0.24%) (3) 0.010323 1.0180

U-13 200 200 0.010362 (0.48%) (1) 0.010258 1.0116

U-14 200 200 0.010223 (0.12%) (5) 0.010121 0.9981

U-22 200 200 0.010323 (0.53%) (3) 0.010220 1.0079

U-23 200 200 0.010226 (0.38%) (4) 0.010124 0.9984

U-24 200 200 0.010222 (0.30%) (3) 0.010120 0.9980

U-15 100 100 0.010234 (0.51%) (4) 0.010132 0.9992

U-16 100 100 0.010162 (0.35%) (4) 0.010060 0.9921

U-17 50 50 0.010404 (0.33%) (3) 0.010300 1.0158

U-18 50 50 0.010324 (0.72%) (2) 0.010221 1.0080

Mean precision = 0.37%

Corrected isotope ratio

Mean of = 1.0045 + 0.005H C

Certified isotope ratio

a Specifies external standard deviation calculated using the

values obtained in different runs of one filament loading,

b Denotes the total number of runs.

n

c Gives 95% C.L. (i.e. ts/-fn) where s2 = S (XJ-X)2/(n-l)

i = l

with n = 11 and t = 2.23 for 10 degrees of freedom.
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Table 53 - 235U/238U isotope ratio determination in SRM-U-010

isotopic reference material using mixed spike

(amount of uranium in the spike = half the amount of

uranium in the sample)

Sample Approx. U/ U Isotope ratio Corrected

Code u amount

(ng) Observed Corrected Certified

S Sp for K-factor

U-25 200 100 0.010261 (0.31%)a(5)b 0.010158 1.0018

U-26 200 100 0.010192 (0.20%) (3) 0.010090 0.9951

U-27 200 100 0.010245 (0.12%) (1) 0.010142 1.0002

U-28 200 100 0.01022' (0.11%) (3) 0.010122 0.9982

Mean precision = 0.18%

Corrected isotope ratio

Mean of = 0.9988 + 0.0038°

Certified isotope ratio

a Specifies external standard deviation calculated using the

values obtained in different runs of one filament loading,

b Denotes the total number of runs.

n

c Gives 95% C.L. (i.e. ts/-fn) where s2 = S (xi~x)2/(n-l)

i = l

with n = 4 and t = 3.18 for 3 degrees of freedom.
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Table 54 - 235U/238U isotope ratio determination in natural

uranium sample using mixed spike

(amount of uranium in mixed spike = double the amount

of uranium in the sample)

Sample 235U^238U I s o t o p e r ati o Observed

Code

Observed natural

U-l 0.007328 (0.54%)a (5)b 1.0049

U-2 0.007404 (0.49%) (3) 1.0154

U-4 0.007338 (0.80%) (3) 1.0063

U-7 0.007292 (0.08%) (5)

Mean precision = 0.61%

Observed isotope ratio

Natural value (U-7)

Mean of = 1.0089 + 0.0116°

a Specifies external standard deviation calculated using the

values obtained in different runs of one filament loading,

b Denotes the total number of runs.

n

c Gives 95% C.L. (i.e. ts/-fn) where s2 = S (xj-x)2/(n-l)

i = l

with n = 3 and t = 4.30 for 2 degrees of freedom.

d Natural value is the value of sample No. U-7 determined by

the usual procedure without adding any spike.

107



3.3.3 Fission Yields in the Thermal Neutron Fission of 233U,
2 3 5 ^ 2 3 9 ^

S.A. Chitambar, H.C. Jain and M.V. Ramaniah

From the exhaustive literature available on the compilation

of fission yield data in a number of fissioning systems under

different neutron spectrum irradiation and measurement

conditions, it was seen that (i) meagre data on the fission yield
241values in Pu(ntn>f) were available with no experimental values

for a number of mass chains and (ii) the fission yield values In
239 241

the light mass peak of PuCn^h.f) a n d Pu(nth>f) f o r mass

numbers 97 to 100 as well as in the symmetric region of

U(nth»f) a n d Pu(nth<f) f o r mass numbers 112 to 125 are

important to resolve some of the discrepancies and get more

information on the fine structure. Investigations have therefore

been carried out on these four fissioning systems and fission

yields were determined for 40 mass numbers in the thermal neutronfission of " J U , °V, Pu and Pu under identical conditions

of neutron irradiation and measurements using the mass

spectrometric, the gamma spectrometric and the radiochemical

met]
241,

233 235 239methods. The irradiations of the targets of U, U, Pu and

"Pu were carried out under identical conditions with a view to

having (a) simultaneous irradiation of the targets in the same

irradiation position so that the neutron flux, its spectrum and

the time of irradiation would remain the same, (b) irradiation of

these nuclides in microgram amounts to eliminate self-shielding

effects, (c) the purity of the target materials and the chemical

processing which contributed negligible blank and (d) identical

procedures for determination of isotope ratios and fission

product activity from gamma spectrum or beta counting. Targets

were prepared from purified solutions of enriched isotopes of

" J U , U, Pu and Pu. The fissile isotope abundances were

determined by TIMS. For the mass spectrometric method, the

solution of the target nuclide was evaporated in a quartz ampoule

which was then sealed. For the gamma spectrometric method,
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electrodeposited targets were used. Catcher foil technique was

employed to collect the fission products. For radiochemical

method, the purified target solution was evaporated on a super

pure aluminium foil whilch was folded and wrapped in another

super pure aluminium foil. All the targets were suitably marked

for easy identification.

A set of four targets were sealed in an aluminium can and

irradiated in the natural uranium heavy water moderated CIRUS

reactor at a neutron flux of about 10 n/cm /sec and the cadmium

cut-off ratio for cobalt was about 200. The targets for the mass

spectrometric method were irradiated for periods of 15, 30 and 90

days. Those for the gamma spectrometric and the radiochemical

methods were irradiated for a period of 10 to 24 hours. Mass

spectrometric measurements were carried out after irradiation and

cooling for a period of 2 months to 1 year. Preferential

evaporation and ionisation technique was used for the sequential

determination of the isotope ratios of Rb, Cs, Ba, Sr, Ce, Eu, Nd

and Zr from the same filament loading of the sample aliquot. For

Mo and Ru, the isotope ratios were determined after purification

from Zr as well as from bulk of other fission products. IDMS was

also carried out for fission products Sr, Ba, Ce, Nd and Eu in
241

Pu target. In one of the irradiations, the mass spectrometric

analysis was carried out without separation of the target element

and the results were in good agreement with those obtained after

separation of the target nuclide.

For the gamma spectrometric measurements, after irradiation

and proper cooling of the targets from each set of the targets,

the catcher foils were mounted and counted in a fixed geometry on

a Ge(Li) detector coupled to a multichannel analyser.

Radiochemical separation and measurement of the fission products
89,91- 977T. 99.. Ill, 112, 113 115p. 121,123,125,. 127_.Sr, Zr, no, Ag, Cd, Sn, Sb

140and Ba was carried out using standard radiochemical

procedures. The radioactivity of the separated fission products
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was followed in an end-window methane gas—flow beta proportional

counter under the identical conditions taking into account self-

absorption corrections for the four fissioning systems. Further

details of the experiments and calculation of the fiasion product

yield has been given in references (1) and (2).

A comparison of the y i e M v.-? ; • -:-.-s from the present work with
(3)

those given in the evaluatior. ;•, Rider , is shown in Fig. 6. As

can be seen, most of the yieid v ..I-JS are in good agreement

corresponding to a ratio = 1 . OOv. •!••, (K . Large differences are

seen in the symmetric region (mass raixo*e ill to 127) particularly
933 241 231

in the cases of U and Pu. In the case of U, the yield
113 123values for Ag and Sn have been determined for the first

time. These yields, along with those for 1 U A g , 112Ag, 115Cd,

Sn and Sn determined in the present work have led to sharp

dips at the mass numbers 112 and 123 in the symmetric region of

the mass yield curve resulting in the appearance of a symmetric

peak as shown in Fig.7. Though the available literature is

divergent and inconclusive on the subject of appearance of third

peak, the theoretical calculations by Newson and also the

experimental evidence, from our laboratory, confirmed the

appearance of a third peak in the symmetric region of the mass

distribution curves of 229Th(A;i, 2 3 2
T h(

5) a n d 232^6) f i s s i o n i n g

systems. With (Es-Ea) values (barrier heights for the symmetric
233and the asymmetric fission modes) close to that of U (nth«r)

lend support to the experimental data which led to the appearance
233of a third peak in U fission as shown in Fig.7.

241 97 98

In the case of Pu, fission yields for Mo, Mo and

Mo have been determined for the first time using the mass

spectrometric method. Further, the yields of 8 nuclides Ag,
112. 113. H 5 P . 121_ 123Q 125a , 127OK ,.,, .Ag, Ag, Cd, Sn, Sn, Sn and Sb are different(3)by 20-60% from the values given in the evaluation . Mass

distribution curve in this mass region is shown in Fig. 8. These

data lead to a peak to valley ratio of 600 compared to a value of

U 0
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230 arrived at from the values reported in the evaluation. This

peak to valley ratio of 600 is close to a value of 620 observed
235in the case of U(nth»f)- This similarity is in agreement with

expectations based on (Es-Ea) values which are nearly the same in
2\the two fissioning systems. Further for Pu(n-tn,f) and also for

239

Pu(n^-n,f) some of the yield values in the light mass peak are

higher compared to the values in the evaluation. These values

lead to fine structures and as a result the weight of the light

mass peak matches with that of the heavy mass peak of mass

distribution curve.
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3.3.4 Isotope Fractionation Factors in Analysis of Uranium

and Plutonium

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

In TIMS, the observed isotopic ratio is fractionated, since

it changes during the analysis and is not the same as the actual

isotope ratio of the sample on the filament. A number of

parameters responsible for different values of K-factor are

discussed in detail by P. DeBievre^ . The isotope fractionation
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factor responsible for discrimination in the ion source is

dependent on a number of operating procedures as well as on the

mass difference of isotopes being investigated. In the present

work, investigations have been carried out to determine the

magnitude of isotope fractionation factor as a function of mass

by employing a double spike in Isotope Dilution Mass Spectrometry

(IDMS).

240 242A solution of a double spike ( Pu + Pu) was prepared by
240 3'42mixing solutions of enriched isotopes of Pu and ' Pu. The

240 242resulting solution was having Pu/ Pu atom ratio close to
239unity with Pu as a minor isotope. Similarly a double spike

(233U + 2 3 5U) was prepared in which 2 3 3U/ 2 3 5U atom ratio was
o *a o

close to unity with U as a minor isotope. Calibration of these

two double spikes was carried out against solutions of chemical

assay standards and using IDMS technique. All the operating

procedures were kept identical for isotope ratio measurements of

uranium and plutonium. The concentration of plutonium in the
240 239spike was calculated separately by using measured Pu/ Pu and

*H*Pu/"*Pu atoms ratios. In case of uranium, ZJJU/"" U and
235 2 38

U/ U atom ratios were used to calculate uranium

concentration. Following equations were used to determine total

Plutonium concentration in the solution of a double spike.

»Sa »i

.*!. .i/«...!
—•»Sp •

•Sp »i

1 "RSa (A"-At'!lt')!

3p - *i (APo)Sp

I • "sa (Av.At.lt.);

!p " »i (AF2)sp

Sp (AF9)Sa

(Av.At.lt .)S f

ip <*F9>Sa

(Av.At.lt .)g a

(1)

(2)

where C, W, Sa, m, Sp and Av. At. Wt. represent concentration,

aliquot weight,standard, mixture, spike and average atomic weight
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respectively. RO/9, R2/9 and AFg, AFQ. AF2 represent atom ratios

of 240/239, 242/239 and atom fractions of 239, 240 and 242

respect i vely.

In the case of uranium, similar equations are used for the

calculation of concentration by IDMS. A simple division of

eqn.(2) by eqn.(l) gives the ratio of concentration R,

0/9 0/9

•p _„

2/9 0/9 R0/9
lm "m ~ nSa

The difference in the concentration of plutonium (or

uranium) thus determined by two different spikes is

representative of isotope fractionalion factor obtained for the

mass spectrometric analysis of plutonium or uranium. With the

simple asumption that lighter isotope evaporates more than

heavier isotope, the difference in the concentration can be

expressed as a linear function of mass difference. Hence

CTrue =C o b s (1 + A MF) (4)

where F is the isotope fractionation factor due to mass

difference A M in amu of the isotopes being measured. Cfrue and

^obs represent true and observed concentrations, respectively.

Thus,

cTrue = Cob's C1 + F) > where A M =1 for 2^°Pu/239Pu (5)
0/Q 242 239

and C T r u e = Cots <* +
 3F> ' where AM = 3 for Pu/ Pu (6)

The sign of ^ M will be -ve if ratio is lighter to heavier

isotope as is the case with 2 3 3U/ 2 3 8U and 2 3 5U/ 2 3 8U atom ratios

used for determination of concentration of uranium. F is

calculated using R value determined experimentally by equation

(3) and eliminating C-prue from eqs.(5) and (6).
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All the isotope ratios determined experimentally, were used

for calculating concentrations of uranium and plutonium, without

applying any calibration factor (K-factor). Tables 55 and 56 give

the data on concentrations of uranium and plutonium as well as R

values respectively. As can be seen from eq. (3), R is free from

any systematic error in determination of isotope ratios. The net

magnitude of isotope fractionation factor is calculated as (1 +

F) per amu, this turns out to be 1.00021 and 1.00095 for uranium

and plutonium respectively. This trend of higher value of F for

plutonium is in confirmity with our K—factor data of 1.0018

per amu for plutonium in comparison to 1.00067 per amu for

uranium isotopes. Present work thus gives an absolute magnitude

of isotope fractionation factor during the period of 90 minutes

of mass spectrometric analysis of uranium and plutonium with a

sample size of one microgram of U or Pu on the filament. In order
(3)to overcome the errors in the measured isotope ratios, Callis

suggested a method of internal normalisation technique by

employing a double spike ( U + U) for high precision

(<0.01%) uranium isotope ratio measurement. The improvements in

high sensitivity mass spectrometry of uranium and plutonium

requires increased control on isotope fractionation while the use

of double spike for internal normalisation may provide utmost

precision and accuracy. However, present work gives the net

isotope fractionation factor in the overall system calibration

factors for isotopic analysis of uranium and plutonium by TIMS.
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Table 55 - IDHS data on concentration of uranium double spike

Sr. Concentration of U(/ig/g)(a) Ratio of concentration
NO* ~~ ~ ——.——-*——— - —.——__

A (Method -I) B (Method -II) R = A/B

1. 25.322 (+ 0.05%)b 25.318 (+ 0.06%)b 1.00016

2. 25.329 (+ 0.05%) 25.315 ( + 0.05%) 1.00055

3. 25.336 (+ 0.07%) 25.328 (+ 0.06%) 1.00031

4. 25.354 (+ 0.06%) 25.332 (+ 0.05%) 1.00087

5. 25.333 (+ 0.08%) 25.328 (+ 0.07%) 1.00020

Mean 25.335 + 0.012 25.324 + 0.007 1.00043 + 0.00029

Std. Error 0.021% 0.013% 0.013%

(a) Method-1 involves 2 3 3u/ 2 3 8u ratio and Method-II involves
2 3 5U/ 2 3 8U ratio.

(b) Relative standard deviation on mean value of three blocks,

each block consisting of 12 scans
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Table 56 - IDMS data on concentration of plutonium double spike

Sr. Concentration of P

No.

A (Method -I) B (Method -II)

Ratio of concentration

R = A/B

1. 7.918 (+ 0.02%)

2. 7.918 )+ 0.04%)

3. 7.929 ( + 0.06%)

4. 7.920 (+ 0.06%)

5. 7.921 (+ 0.02%)

7.901 ( + 0.07%)

7.911 (+ 0.07%)

7.907 (+ 0.10%)

7.908 (+ 0.09%)

7.903 (+ 0.01%)

0.99785

0.99912

0.99708

0.99848

0.99785

Mean 7.921 + 0.004 7.906 + 0.004 0.99810 + 0.00077

Std. Error 0.023% 0.023% 0.034%

240 2^9
(a) Method I involves Pu/ Pu ratio and Method II

IWi 9.TQ
involves ***V\xtJVPu ratio.

(b) Relative standard deviation on mean value of three blocks,

each block consisting of 12 scans.

3. 3.5 A CojmE§jra.tjLv_e Study of 239Pu, Pu id — - U Spikes for

Determining Plutonium Concentration

S.K. Aggarwal, R.K. Duggal, P.M. Shah and H.C. Jain

A comparative evaluation of precision and accuracy on the

results obtained for the determination of plutonium concentration

using Pu spike in ID-TIMS,
9 TQ

Pu spike in IDAS and U as a

nonisotopic diluent in N-IDAS has been carried out. The plutonium
242concentration was also determined using Pu spike with the
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objective of evaluating the accuracy obtained by using the new

spikes.

110 9̂ fi 233
Isotopic composition data of the z Pu, "°Pu and U

spikes were obtained by thermal ionisation mass spectrometry and
239 238 233alpha spectrometry. Pu, Pu and U spikes were calibrated

by ID-TIMS, IDAS and N-IDAS respectively using a working chemical

assay standard of plutonium.

Different plutonium samples in the 1,000 to 10,000 MWD/TU

burn-up range containing uranium and fission products were taken

for determining the plutonium concentration.

Replicate aliquots from these solutions were spiked

separately with 242Pu, *J'Pu, *JUPu and *JJU. All the spiked

samples were subjected to homogenisation with cone. HNO3 and

redox treatment with H2O2• The spiked samples in the case of ID-
241TIMS and IDAS were purified from Am and fission products using

0.1 M TTA in benzene. Mass spectrometric analyses of the various

samples were performed by using fully automated MAT-261 thermal

ionisation mass spectrometer using a single Faraday cup. Alpha

spectra from the sources prepared by direct evaporation method of

Pu-TTA phase for IDAS and by using TEG as a spreading agent for

N-IDAS on the electropolished stainless steel disks were recorded
2

using a 450 mm silicon surface barrier detector mounted in a

vacuum chamber and coupled to a 4 K analyser. The different alpha
238 239 240

spectra were evaluated for Pu/( Pu+ Pu) or
233 239 240

U/( Pu+ Pu) alpha activity ratios by employing a method

based on the geometric progression decret.se of the counts in the

far tail of the spectrum so as to account for tail contribution.

Detailed procedures are given elsewhere.

Table 57 presents the data on the isotopic composition of

pu, Pu, Pu and U spikes used. Table 58 highlights the

results obtained on the determination of plutonium concentration
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in various samples using different spikes. It is seen that

precision is in the order Pu = Pu > Pu > U and there

is no significant difference in terms of accuracy. The counting

statistics in the case of IDAS and N-IDAS and the homogeneity of

the source w.r.t. uranium and plutonium in N—IDAS are the factors

limiting the precision obtainable in IDAS and N-IDAS, Hence

depending upon the precision and accuracy requirements and the

facilities available, any of the three developed spikes can be

used in the isotope dilution technique for determining plutonium

concentration.

Table 57 - Isotopic composition data of various spikes used

(atomX)

Plutonium Spike Uranium Spike

Nuclide 242 239 238 Nuclide 233

238

239

240

241

242

Pu

Pu

Pu

Pu

Pu

0.0226
1.5186

2.9347

1.5402

93.9838

0.252
77.0460

18.7870

2.8145

1.0999

93.6667
6.056

0.265

0.0118

0.0016

233U

238

0.000156

99.7030

0.2370

0.01336

0.0466
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Table 58 - Plutonitm concentration (in fig/g)

ptutoniua saaples by different spikes

in different

SI.

No.

1.

2.

3.

4.

5.

Mean

119

119

54

68

65

ID-TIMS

242

.58(0.13%)

.50(0.22%)

.77(0.08%)

.02(0.07%)

.42(0.10%)

0.12%

Precision

118

119

54

62

65

ID-TINS

239

.95(0.08%)

.25(0.22%)

.58(0.03%)

.79(0.01%)

.48(0.10%)

0.09%

118

118

54

62

65

IDAS

238

.95(0.12%)

.49(0.40%)

.62(0.14%)

.94(0.28%)

.56(0.16%)

0.22%

118

119

54

62

64

N-IDAS

233

.76(0.51%)

.42(1.10%)

.58(0.52%)

.50(0.81%)

.69(0.33%)

0.65%

ID-TIMS(239)

Mean » 0.9973 + 0.0026 (95% C.L.)*

ID-TIMS(242)

IDAS(238)

Mean « 0.9969 + 0.0045 (95% C.L.)*

ID-TIMS(242)

N-IDMS(233)

Mean * 0.9939 + 0.0046 (95% C.L.)*

ID-TIMS(242)

• Calculated as ts/-fn
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3.3.6 Determination of Isotopic Composition of Boron in

K.L. Ramakumar, P.S. Khodade, A.R. Parab, S.A. Chitambar

and H.C. Jain

For measurement of boron isotopic ratios by TIMS, the ion

usually monitored is Na2BC>2 from a charged material of sodium

tetraborate. The general scheme employed to obtain sodium

tetraborate is to dissolve samples either by sodium carbonate

fusion or acid flux, separate the boron as boric acid by

distilling as methyl borate or by cation exchange removal of

metal impurities and finally adjusting the boron to sodium atom

ratio to around 1. All these schemes are time consuming

especially the dissolution of B4C and involve many reagents and

operations that are potential sources of boron contamination.

Recently from our laboratory a method has been reported' ' for

the determination of isotopic composition of boron in boric acid

by converting boron to cesium tetraborate and monitoring CS2BO2

ion. This method was shown to be superior to the Na2BO2 ion

monitoring method in terms of flexibility in keeping the Cs/B

atom ratio, negligible isotopic fractionation and simple loading

conditions. It was thought worthwhile to try fusing B^C directly

on the tantalum filament with CS2CO3 for carrying out the

isotopic analysis of boron.

Pinch of B/jC sample (about 10 to 20 mg) was wetted with

CS2CO3 solution and a slurry was made. A drop of this slurry

(1 to 2"X) was carefully transferred oh to the centre of the

tantalum filament and was evaporated to dryness and the filament

assembly introduced into the ion source of the instrument. Atom

ratios of 308/309 corresponding to B/ B were monitored.

Faraday cup collector was employed as detector. For comparison,

the isotopic ratios were also determined following the

conventional fusion techniques with NajCC^ as well as with

CS2CO3. Even- direct fusing of B4C on tantalum filament with

was- tried. The results are given in Table 59. Even though
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the atom ratios obtained by all the fusion techniques agree very

well and the precision achieved is good, the advantage of direct

fusing of B^C with CS2CO3 is that it is simple, easy and fast.

Conventional fusion techniques take about 4 to 6 hrs to get the

B4C sample ready for the mass spectrometric analysis. Direct

fusing with Na2CO3, though faster, suffers from the disadvantage

of maintaining the Na/B atom ratio equal to one.

Table 59 - Isotopic Composition of B in B4C

Type of loading 10B/11B atom ratio

Fusion with

Fusion with CS2CO3

Direct loading with

Direct loading with CS2CO3

0.2501 + 0.0004

0.2499 + 0.0002

0.2501 + 0.0003

0.2500 + 0.0002

Reference

1. K.L. Ramakumar, A.R. Parab, P.S. Khodade, A.I. Almaula, S.A.

Chitambar and H.C. Jain, J. Radioanal. Nucl. Chem., Letters,

94, 53 (1985).
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3.4 Spjark Source Mass Spectrometry

3.4.1 Comparison o£ Relative Sensitivity Factors in Pure I^OB

and U3O8-C Matrices

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

and H.C. Jain

Materials like U3O8 are mixed with conducting powders such

as graphite to make them amenable for SSMS analysis. With a view

to looking into the possibility of analysing U3O8 directly (in

which case the necessity of accounting for the blank contribution

from pure graphite can be eliminated), the electrodes of pure

^3°8 were made and the cold resistance measured was found to be

about 2 MQ_, These could be sparked comfortably in the ion

source of the instrument.

The relative sensitivity factors (RSFs) for a number of

trace constitutents were determined in trace constituent

standards of U3O8, with and without mixing with graphite. Even

though the electrode could be prepared without any difficulty

when graphite was mixed, in the case of pure U3O8, it was found

that the cylindrical electrodes were getting cleaved vertically

along the axis. This was later overcome by modifying the shapes

of the holes in the zig used for electrode preparation. RSF

values determined in U3O3-C and also in pure U3O8 standards are

given in Table 60. It is seen from the table that except for B,

Cd and to some extent Cr and Fe, the RSFs for all the other

elen.ents in both the matrices are in reasonable agreement (mean

ratio of RSF for all elements except for B and Cd is 1.23 +

0.58). With a view to checking the reliability of the RSFs

determined in pure I^OQ, an in house trace constituent standard

of l^Og, ILCE B-2 was analysed sparking the material with and

without mixing with graphite. The concentration of the trace

constituents determined is given in Table 61. The closeness of

the values even in the case of B and Cd, despite the large RSF,
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indicated the reliability of the measurements.

Table 60 - Relative Sensitivity factors in U3O8-C and 11303

Elements

Boron

Chromium

Manganese

Iron

Cobalt

Nickel

Cadmium

Samarium

Europium

Gadolinium

Dysprosium

U308-C(A)

0.53+0.13

1.46+0.16

1.6+0.17

1.3+0.11

1.4+0.16

1.2+0.11

2.46+0.36

1.90+0.26

1.93+0.28

1.42+0.03

1.64+0.07

RSF in

U3O8(B)

16.43+3.22

3.29+0.54

1.35+0.27

2.81+0.30

1.31+0.20

1.86+0.15

9.85+1.52

1.58+0.30

1.48+0.35

1.46+0.29

1.20+0.16

Mean B/A

B/A

31.0*

2.25

0.84

2.16

0.94

1.55

4.00*

0.83

0.77

1.04

0.73

1.23+0.58

Not considered in calculating mean B/A.
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Table 61 - Determination of trace constituents in U3O3 saaple

In house standard ILCE B-2

Element Obtained using Obtained using

RSF in U3O8-C RSF in U 30 8

Boron 0.14 0.11

Chromium 19.16 16.5

Manganese 23.8 19.9

Iron 18.5 17.4

Cobalt 23.1 19.4

Nickel 18.8 15.8

Cadmium 0.23 0.22

Samarium 0.11 0.16

Europium 0.12 0.14
Gadolinium 0.14 0.16

Dysprosium 0.11 0.15

3.4.2 PJLL.fy.sed Peaks in Spark Source Mas_s_ Spectrometry

K.L. Ram&kumar, C.S. Subbanna, V.D. Kavimandan,

V.A. Raman, V.L. Sant and H.C. Jain

Over a period of continuous operation of the spark source

mass spectrometer, the mass spectrum obtained employing

electrical detection system in peak scanning mode showed very

broad peaks at and near boron mass region. Initially theywere too

small to influence the results, but in course of timt the effect

of peak broadening and noise in the mas. spectrum reflected on

the results very badly. Subsequently photoplate detection system

was employed to check whether this broader peak could be resolved

because of higher resolution possible. The mass spectrum obtained
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was very sharp and did not show any broad peak at mass 11. In

order to check the behaviour of matrices other than graphite,

U3O8-C and pure silver samples were analysed and the mass

spectrum recorded using the ED system. In the case of pure

silver, there was no broad peak at mass no. 11, but a very broad

diffused peak was observed near the mass region 99-100. In the

case of U3O8-C sample, broad, diffused peaks were observed at 11,

108-110, and 214-218 mass regions. In both the cases, photoplate

did not record any broad diffused peaks. Only in ED system the

additional peaks were obtained near the regions of intense peaks.

From these observations it was concluded that the diffused peaks

might possibly be resulting because of the reflection of the ions

from the abundant peak to these mass regions. In order to verify

this, the following calculation has been carried out.

Let rj and T2 be the radii described by the ions of mass

numbers 11 and 12 in peak scanning mode when mass number is

getting -ecorded and detected. Then from the mass spectrometric

equation it follows M ( 1 1 B ) / M ( 1 2 C ) = rf/r2,. Further, if the 1 2 C +

ion is getting reflected and the reflected ions are being

registered and detected along with the mass number 11, then for

another intense peak Mj, the equality M * 1 1 B ) / M ( 1 2 C ) « Mx/Mi has

to be satisried. Therefore,

MX • [M( 1 1B)/M( 1 2C)]* V\j !

The diffused peak due to mass Ag + ion according to the

above equation should appear at around 100. The diffused peak due
2 3 8 +

to mass U ion should appear near the mass region 214-218.

That was indeed the case. That no such diffused peaks are

observed in the photoplate is clear from the fact that at the

magnetic field setting of about 13500 G all the masses are

recorded on the pho.opiate without getting obstructed or

reflected by ths walls of analyser. Hence no reflection occurs

and the mass spectrum is clean.
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Careful examination of the magnetic analyser of the

instrument revealed that ths reflection of the ions could

possibly be occurring at the end of the analyser, most probably

the roller cylinder provided for the smooth movement of the

photoplate cassette functioning as the reflector. A small

stainless steel strip (5 cm x 0.35 Cm) was introduced in the pole

gap towards the high mass side to prevent the reflected ions from

getting detected. The length of the strip has been fixed so as

not to cause any obstruction of the ion beam when the photoplate

detection system is employed. Introduction of the SS strip

eliminated the broadening of the peak at mass number 11 and also

appearance of broad peaks at other mass regions (99-100 in case

of silver and 214-218 in the case of 1/303). Further experiments

are in progress to carry out the analysis with U3O8 samples.

3.4.3 Spark Source Mass Spectrometry for the Characterisation

of Plutonium bearing Fuel Materials

K.L. Ramakumar, B.P. Datta, V.D. Kavimandan,

V.A. Raman, V.L. Sant and H.C. Jain

For the determination of critical trace constituents in

Plutonium bearing fuels by SSMS, an alpha tight glove box has

been fitted on the instrument. In view of the unique nature of

the requirement and the non-availability of commercial systems,

the glove box has been designed and fabricated indigenously. As

only the ion source comes in direct contact with the samples, the

glove box has been designed in such a way as to cover the entire

ion source flange, keeping in mind at the same time the easy

operation and accesssibi1ity of the ion source parts. Preliminary

experiments were carried out with uranium oxide samples so as to

adapt the glove box for routine operation.

For the analysis of plutonium bearing fuel materials, a

(U,Pu)02 sample with 10% Pu(>2 containing known amounts of the
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trace constituents was taken. High purity graphite was used as

the conducting powder to prepare the electrodes. Photoplate

detection system employing ILFORD-Q2 photopletes was used for

determining the trace constituents. Table 62 gives the

concentration of the trace constituents determined in the

(U,Pu)02 sample containing known amounts of the elements. Both

the matrix elements, uranium and plutonium, were taken as

reference. For purposes of comparison, the added amounts of the

trace constituents are also given in the same table. It should be

mentioned that the RSF values for the trace constituents employed

in the present investigations were determined using NBL-U3O9

trace constituent standards. The same RSF values have been

employed in (U,Pu)C>2 samples. It is seen from the table that the

agreement between the added concentration and the one

experimentally obtained is good leading to the.observation that

within the precision achievable, the RSF values for the trace

constituents determined with respect to uranium could be used

with plutonium as reference in (U,Pu)02 samples.

A number of (U,Pu)C samples with 70% PuC were analysed for

different trace constituents. As the RSFs were determined in the

oxide matrix, the carbide samples were converted to oxide and

then mixed with graphite before proceeding with the SSMS

analysis. Table 63 gives the concentration of the trace

constituents determined in two such oxide converted carbide

samples.
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Table 62 - Results of the analysis of (U,Pu)C>2a containing Known

impurities (concentration in ppmr of nixed oxide)

Element Added Concentration determined

Concentration ———.—

Int. Std. U(bJ Int. Std. Pu(c>

B
Cd

Cr

Mn
Fe

Co

Ni

5

5

100

50

250

50

25

A. 70+0.71
6.20+1.17

119+10

65+15

270+30

41+6

39+5

4.53+0.93

6.03+0.72

124+11

73+14

290+30

55+18

43+2

Q
Sample obtained from Spectrscopy Section, Radiochemistry

Division. Receipt is gratefully acknowledged

The RSF were determined employing NBL-U3O8 trace

constituent standards
The RSFs used were those determined with respect to uranium
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Table 63 - Concentration of Trace constituents in Oxide converted

(U,Pu)C samples (ppmv of nixed oxide)

Element Sample 1 Sample 2

B 0.4+0.1 1.3+0.3

Cd <0.1 * <0.1

Cr 2+1 2.0+0.6

Mn 0.1+0.05 0.1+0.05

Fe 7+2 9+3

Co 0.4+0.1 0.4+0.1

Ni 3+1 16+5
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3.5 Alpha Spectrowetry

3.5.1 Experimental Evaluation of the Characteristic Features of

Passivated X°_n Implanted and Surface Barrier Detectors

£or Alpha Spectroroetry o_f_ Plutonium

S.K. Aggarwal, R.K. Duggal, P.M. Shah, R. Rao and

H.C. Jain

Recently, the passivated ion implanted detectors (IPE) which

have become commercially available are claimed to be offering

high resolution (10-12 keV at 5.50 MeV). Some work has also been

reported on the use of IPE detectors for the determination of

* Pu/*HUPu atom ratio as well as the high sensitivity

determination of a minor low energy alpha-peak in the presence of

a major high energy alpha peak. However, no detailed studies have

been reported in terms of experimentally obtainable resolution

and tail parameters using the commonly used method of

elsctrodeposition for source preparation. This is particularly

important when dealing with alpha-emitters of close lying
239 240 238 241

energies e.g. Pu, Pu and Pu, Am where the main alpha-

energy groups are separated by 10-13 keV only. A comparative

study of various parameters viz. FWHM, peak to valley ratio, tail

parameter and % tail contribution per unit alpha-activity ratio

using a silicon surface barrier detector and the recently

introduced IPE detector of nearly the same area has therefore

been carried out.

239 240 238Solutions of enriched isotopes of Pu, Pu, Pu and
241

Am (referred to as S-l to S-4) were used for source

preparation of single (pure) nuclides. Another set of three

different purified plutonium solution samples (named as DS-1 to

DS-3) covering a burn-up range of 1000-7000 MWD/TeU was used with

the objective of recording alpha spectra from plutonium solutions
240 239containing different Pu/ Pu atom ratios. A set of four239sources (designated as M-l to M-4) containing mixutres of Pu +
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240Pu and 238Pu+241Am was also used for the experiments. The data
240 239 241 2TR

on the * uPu/ Pu and ^ 1Am/"!JOPu alpha activity ratios in the

various samples are given in Table 64. The sources were prepared

by electrodeposition in aqueous HNO3 medium (pH 2-3) using

platinum planchet (thickness 0.15 mm and diameter 2.5 cm) as the

cathode, a platinum stirrer as the anode at a voltage of 8-10
2

volts and a current density of about 100 mA/cm . The amount of
alpha activity on each of the sources was about 10 dpm. This

level of alpha activity was considered ideal from the point of

view of optimising the source thickness as well as the time for

recording the alpha spectrum.

Table 64 - Data on the ^ u P u / " % and / H iAm/" Pu Alpha Activity

Ratios in Different Samples

Sample No. Source Alpha activity ratio

24OPu/239Pu 241Am/238Pu

1 DS-1 0.2

2 DS-2 0.7

3 DS-3 1.1

4 M-l 0.7 0.8

5 M-2 1.3 0.8

6 M-3 1.4 0.4

7 M-4 1.4 0.8

Alpha spectra from various sources were recorded using a 100
2 2

mm silicon surface barrier detector and 80 mm passivated ion

implanted detector coupled to a 4 K multi-channel analyser. The

source and the detector were placed in a vacuum chamber and a
_2

pressure of < 10 torr was achieved by using a rotary pump.
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Output signal was further fed to a linear amplifier (CANBERRA

2011). Each of the sources was counted for about 1 hour. The

counting time was restricted with a view to eliminate any peak

broadening due to shift in the amplifier gain.

iifl 11Q 240
The alpha spectra were evaluated for Pu/( Pu+ Pu)

alpha activity ratio in sources DS-1 to DS-3 and for
21R 24 1 9TQ OUC\

('*JOPu+'*H1Anj)/(4^Pu + ̂ uPu) alpha activity ratio in sources M-l

to M-4 using the geometric progression (G.P.) method. The % tail

contribution per unit alpha activity ratio was calculated by

comparing the alpha activity ratio determined by the G.P. method

and that obtained by taking only the peak areas . In the case of

pure sources S-l to S-4, the % tail contribution was calculated

from the counts in the region B and counts in the peak region A.

The alpha spectra recorded with the two detectors using the

same alpha sources were also compared w.r.t. peak to valley ratio

and the quality of tail parameters which were taken as "Q(X)

parameters". The peak to valley ratios (Pft/V and PL/V) were

calculated oy taking the ratio of the counts in the peak channel

for the low (PL) and high energy (PH) subgroups in each of the

two energy regions (5.17 and 5.50 MeV) and the minimum counts (V)

obtained in the channel between the two energy subgroups (e.g.

5.12 and 5.17 MeV for 2 4 OPu/ 2 3 9Pu). The Q(X) parameter was

calculatd by taking the ratio of the counts in the tail of the

spoctrum (by taking average of counts in the 5 channels at an

energy X keV below the main peak) and the counts in the peak

channel.

The FWHM at different energies was also determined from

different spectra. Table 65 presents the mean values obtained on

tail contribution in different sources using the S3 and IPE

detectors.
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Table 65 - A comparison of the tail contributions obtained with

surface barrier and passivaed ion iaplanted detectors

using electro-deposited sources on platinua discs

Detector (CA-17-100-100) Detector (IPF-30-250-13)

100* 200* 300* 100* 200" 300*

Mean 0.156 0.276 0.384 0.096 0.164 0.220

+0.040 +0.070 +0.094 +0.031 +0.061 +0.092

• Energy region in keV taken for obtaining the total number

of counts in the four regions in the G.P. method.

It is seen that the % tail contribution per unit alpha

activity ratio obtained with the IPE detector is lower by a

factor of about 2 compared to the SB detector of nearly the same

diameter. Hence by using an IPE detector, the uncertainty in the

determination of alpha activity ratio due to correction for tail

contribution in the alpha spectrum evaluation will be less owing

to the smaller tail contribution when compared to the SB

detector, particularly when the peaks of different alpha emitting

actinide isotopes are close. Further for the same source, tail

contribution can be reduced by choosing a suitable detector (e.g.

IPE) for routine alpha spectrometry work.

Table 66 gives a summary of the results obtained for peak to

valley (P/V) ratios for high and low energy subgroups in the 5.17
239 240

MeV and 5.50 MeV energy regions correspondings to Pu + Pu
238 241and FU + Am peaks, respectively. It is seen that within the

limits of counting statistics, there is no significant difference

between the results obtained by either of the two detectors.
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Table 66 - Peak to valley ratios obtained with surface barrier

and passivated ion implanted detector using

electrodeposited sources on platinum discs

Samp]

1

2

3

4

5

6

7

8

9

10

11

e Source

S-K239)

S-2(240)

S-3(238)

S-4(241)

DS-1

DS-2

DS-3

M-l

M-2

M-3

M-4

5.17

pH/v

27.47

26.55

-

-

6.06

5.70

6.11

6.13

5.97

6.61

5.98

SB

MeV

PL/V

4.33

9.05

-

-

1.30

1.50

1.99

1.47

2.03

2.33

2.08

detector

5.50

PH/V

-

17.08

14.20

9.24

18.03

22.34

7.22

7.43

10.03

6.76

MeV

PL/V

-

6.75

2.50

4.07

6.93

8.05

2.76

2.83

3.87

2.61

IPE detector

5.17

PH/V

26.99

23.00

-'

-

5.94

5.12

5.51

6.13

6.12

6.22

5.20

MeV

•W

4.35

8.41

' -

- •

1.27

1.39

1.77

1.47

2.06

2.18

1.B1

5.50

PH/V

-

14.54

10.08

7.19

16.16

18.49

7.18

7.31

10.09

6.11

MeV

PL/V

-
5.80
1.91

3.35

5.76

7.18

2.64

2.76

4.00

2.41

Table 67 gives a comparison of the Q(X) parameters for the

IPE and SB detectors. In the case of sources M-l to M-4, these

values were calculated by correcting for the contribution of

high energy peak due to " Pu + "tH1Am (5.50 MeV) at the low

energy regions used. This was done by dividing the counts in the

low energy region in proportion to the areas of the two peaks.

From the results it^seen that the Q values obtained with the IPE

detector are superior to the corresponding values achieved with
—4 —4

SB detector. Mean Q(650) values of about 10 and 2.10 are
obtained with IPE and SB detectors, respectively. Thus it is
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possible to measure weak alpha emitters of low energy with

intensity of 10 % using IPE detector and electrodeposited

sources.

Table 67 - Tail parameters obtained with surface barrier and

passivated ion implanted detectors using electro-

deposited sources on platinun discs

Sample Source

No.

1

2

3

4

5

6

7

8

9

10

11

S-l(239)

S-2(240)

S-3(238)

S-4(241)

OS-1

DS-2

DS-3

M-l

M-2

M-3

M-4

Q(300)

SB

detector

2.

2.

3.

2,

9.

6.

7.

6.

7.

8.

9.

3xlO~*

4xlO~*

7xlO~*

3xlO~*

0xl0~*

9xlO~*

4xlO~*

8x10"*

8xlO~*

8xlO~*

5xl0~*

IPE

detecotr

4

1.8x10"*

1.0xl0~*

2.2xl0~*

3.0xl0~*

7.3x10"*

4.0x10"*

5.4xlO~*

4.9x10^"*

4.7xlO~4

6.9xlO"4

5.8x10"*

Q(650)

SB

detector

1.1x10"*

2.0x10"*

2.0x10"*

1.5x10"*

3.0x10"*

2.0x10"*

2.6x10"*

4.9x10"*

3.0x10"*

4.5xlO~*

2.1x10"*

•

IPE

detector

0.6xl0~*

0.6x10"*

0.5x10"*

0.8x10"*

1.8x10"*

0.7x10"*

0.9x10"*

1.9x10"*

1.2x10"*

2.5x10"*

1.0x10"*

*Q(X) parameter gives the tailing at a channel X keV below the

main peak energy

However, it was found that the FWHM values obtained with

either of the two detectors using the electrodeposited sources

prepared in the present work are nearly the same.
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In conclusion, it can be stated that the IPE detector gives

less tailing effects in comparison to the SB detector. This

quality of IPE detector will widen the scope of alpha

spectrometry for the accurate determination of alpha particle

emission probabilities as well as for measuring minor alpha

emitters of low energy in the presence of major alpha emitters of

high energy. However, there is no significant difference between

the FWHM and P/V ratio values determined using the two detectors.

Further, it is observed that the peak to valley ratio can be used
940 9TQ, 941 9TR

to obtain an idea of /HUPu/^JVPu and *H1km/''-iOP\i alpha activity

ratios in the sample.

3.5.2 Invest igat ions for the Determination of PIutonium

Concentration Employing Non-Isotopic Piluent in Alpha

Spectrometry (NIDAS)

S.K. Aggarwal, R.K. Duggal, Radhika Rao,

P.A. Ramasubramanian and H.C. Jain

It was considered interesting to explore the possibility of

using Non-Isotopic Diluent in Alpha spectrometry (NIDAS) for

determining the plutonium concentration as it holds the potential

of simultaneously providing data on other alpha emitting nuclides
041 24 2 24 4
( Am, Cm, Cm) from the same alpha source. Further, in

cases, where isotopic diluents are not easily available, one has
243to resort to the use of non-isotopic diluent e.g. Am is

commonly used as a chemical yield determinator for curium in the

environmental studies. Moreover, when using non-isotopic diluent
238 239 240for determining plutonium concentration, Pu/( Pu+ Pu)

alpha activity ratio can be obtained simultaneously; this alpha

activity ratio being useful to have an idea about the burn-up of

the fuel as well as to identify the source of plutonium

contatninatioji in the environment. One of the important pre-

requisites to the determination of plutonium concentration using

non-isotopic diluent in alpha spectrometry is the precise and

accurate determination of alpha activity ratios from a source
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containing two different alpha emitting elements.

233NIDAS using I) as a non-isotopic diluent for determining

the plutonium concentration is based on the precise and accurate
OQQ otiCi m

measurement of C"*Pu+ZHUPu)/''JJU alpha activity ratios by alpha

spectrometry. A known aliquot (WSp) of the calibrated solution of

the non isotopic diluent is add?d to an aliquot (Ws) of the

sample solution. After homogenisation and ensuring
239 240 233

depolymerisation of plutonium, the ( Pu + P u ) / U alpha

activity ratio is measured in the mixture. Knowing the isotopic

composition of plutonium, its concentration in the sample can be

calculated.

If R M denotes the (
2 3 9Pu+ 2*°Pu)/ 2 3 3U alpha activity ratio

measured in the mixture, C's the concentrations, W's the aliquot

weights, (At.Wt.) the average atomic weight, (A.F.) the atomic

fraction and 7^'s the decay constants, it can be shown that the

plutonium concentration in the sample is given by the equation

I,, (W.It.), (V.F.233)Sp.A233
+(A.F.23«)sp.^

C, • Csp. — RN . -

lg (lt.tt.),p (4.F.HI), .7*239 •(A.P.2*O)S . ̂ 2*0

where s, sp and M stand for the sample, non isotopic diluent

(spike) and spiked mixture respectively.

Evaluation of Precision and Accuracy :

233
Solutions of enriched isotopes of U(> 99.9 atom %) and

239

Pu (about 95 atom %) were prepared in preweighed volumetric

flasks. The alpha counting rate of each of these nuclides was

determined by alpha proportional counting as well as by liquid

scintillation counting using dioxane based scintillator. Alpha

spectra of each of these nuclides were taken to ascertain the

contribution of other minor isotopes. Three synthetic mixtures
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w*re prepared by mixing weighed aliquots of 233U and 239Pu

solutions. The alpha activity ratios of high energy peak to low
2 39 240 233energy peak i.e. ( " Pu + Pu)/ U in these mixtures were kept

in the range of 0.5 to 2. This range of alpha activity ratios was
233

considered to be optimum in the spiked samples using U as a

non-isotopic diluent while determining plutoniutn concentration as

it minimizes the random errors due to counting statistics. The
233addition of larger amounts of I) will increase the source

233
thickness. On the other hand, the use of smaller amounts of U

239 240 233
will increase the uncertainty in the ( Pu + Pu)/ U alpha

233
activity ratio due to large tail contribution at U peak from
the energy degradation of the high energy peak due to
,239n 240n .( Pu+ Pu).

The synthetic mixtures were treated with cone. HNO3 (2-3

times) under an infra-red lamp with the objective of

homogenisation and depolymerisation of plutonium polymer, if any,

in the solution. Sources from the various mixtures were prepared

by using electropolished stainless steel planchets (thickness 0.5

mm and diameter 2.5 cm) and employing direct evaporation method

using TEG as a spreading agent. Three sources were prepared from

each of the mixtures. The sources were ignited to red hot in a

flame. Alpha spectra from these sources were recorded by using a
2

50 mm silicon surface barrier detector during the initial stages
2

of the work and later on, by using a 300 mm detector mounted in
_2

a vacuum chamber (pressure < 10 Torr) and coupled to a A KO^Q 240 233
multichannel analyser. The ( ° Pu + z Pu)/"°U alpha activity

ratios were calculated by using a method based on the geometric

progression (G.P.) decrease of the counts in the far tail of the

a I pha spectrum.

The results obtained on the determination of
2 39 240 233( Pu+ Pu)/ U alpha activity ratios from single counting of

the replicate sources and the replicate counting of th: same

source prepared from different synthetic mixtures are given in
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the Tables 68 and 69 respectively. The tables also include the

expected values for the alpha activity ratios in the synthetic

mixtures. These were calculated by considering the aliquot

weights taken for mixing, alpha counting rate of each of the

nuclides and the presence of other minor alpha emitting nuclides.

Each of the expected values has an uncertainty of about 0.2X (1).

It can be seen from the results in Tables 68 and 69 that the

precision and accuracy achieved by using the large area detector
2

(i.e. 300 mm ) are better compared to those achieved by using
2

small area detector (i.e. 50 mm ). In view of the poor precision

and accuracy observed with the small area detectorr the source

homogeneity with respect to the two elements emitting alpha

particles was checked. "Phis was done by first covering the source

with another stainless steel planchet having a hole of 5 mm

diameter in the centre and thus recording the alpha spectrum ot

activity in the central portion of the source. Afterwards, the

central portion of the source was marked with a teflon piece of

10 mm diameter and alpha spectra were reocrded from the activity

in the outer region ofthe source. Significant differences
239 240 233amounting to 20% were observed in the ( Pu+ Pu)/ U alpha

activity ratios calculated from the alpha spectra recorded in the

two cases. However, the mean of the two values was close to the

expected value. This led us to believe t;hat there is non-uniform

distribution of the two elements in the source which could have

resulted from the preferential dissolution of one of the elements

during the source preparation step, since the radioactive

solution on the planchet was evaporated to dryness prior to

addition of dil. HNO3 and TEG.
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Table 68 - (239Pu+240Pu)/233U alpha activity ratios from single

counting of replicate sources from different synthetic

mixtures using detectors of different areas

SI. Synthetic Expected

No. mixture

a Activity ratio observed

2 2
50 mm detector 300 mm detector

1.

2.

3.

SM-93-1

SM-93-2

SM-93-3

0.4785

0.8712

1.4444

Mean precision

Mean Accuracy

0.

0.

1 .

4809(1.05%)a

(+0.50%)b

8540(1.06%)

(-1.97%)

4344(2.08%)

(-0.69%)

1.39%

1.05%

0.

0.

1.

4818(0.43%)

(+0.69%)

8694(0.33%)

(-0.21%)

4560(0.85%)

(+0.80%)

0.53%

0.57%

a Relative standard deviation from data on three independent

sources

b Specifies % deviation of the mean value w.r.t. the expected

\\i
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Table 69 - (239Pu+240Pu)/233U alpha activity ratios from

repiicate counting of the same sources from different

synthetic mixtures using detectors of different areas

SI. Synthetic Expected cc-activity ratio observed

No. mixture value
2 2

50 mm detector 300 mm detector

1. SM-93-1 0.4785 0.4795(0.50%)a 0.4840(0.24%)a

(+0.20%)b (+1.10%)b

2. SM-93-3 1.4444 1.3912(0.30%) 1.4210(0.13%)

(-3.70%) (-1.62%)

Mean precision 0.40% 0. 19%

Mean Accuracy 1. 95% 1.36%

n Relative standard deviation

b Specifies % deviation of the mean value w.r.t. the expected

value

To circumvent the problem of preferential dissolution on the

planchet, the source preparation method was modified. The

modified method consisted of reducing the acidity of the solution

in the glass vial to less than 1 M instead of doing the same on

the planchet. This was achieved by homogenisation of the solution

in the vial by treating thrice with cone. HNO3, evaporating the

solution to about 100 and adding about 2 ml of 1:100 HNO3. The

solution on the planchet was mixed.with TEG using a micro

capillary and was then evaporated to dryness under infra-red

lamp.
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Determination of plutonium concentration : The isotopic
233composition of 'U used as a non-isotopic diluent was determined

232
mass spectrometrically and the data are given in Table 57. U

233 233

in U was determined by alpha spectrometry. U non-isotopic

diluent was pre-calibrated by isotope dilution thermal ionisation

mass spectrometry using a chemical assay reference material of

uranium and determining U/ U isotope ratios. Pu spike in

IDAS used for determining plutonium concentration for the purpose

of comparing the results on unknown samples was calibrated by

IDAS using two Independent working chemical assay standards of
233plutonium. The calibration vetlue of U solution as determined

by mass spectrometry was also checked by NIDAS using the two
238

independent working assay standards used in the case of Pu

with the objective of identifying any gross systematic error in

the "U calibration value due to the use of a different standard

required in mass spectrometry.

Seven different pure plutonium samples, from low burn-up

fuel, were taken for determining the plutonium concentration.
Replicate aliquots were taken from each of the samples and were

233mixed with U non-isotopic diluent to achieve

(239Pu+240Pu)/233U alpha activity ratios close to unity.

Replicate aliquots were also taken and spiked separately with
^ Q Q

Pu for IDAS. Three different dissolver solutions of irradiated

fuel with U/Pu ratio ranging from 100 to 1000 were taken for

determining the plutonium concentration by NIDAS. Plutonium

con :entration values by ID-TIMS were available from the earlier

work.

The results obtained for the determination of plutonium

concentration by NIDAS in different pure plutonium samples and

using 450 mm silicon surface barrier detector are given in

Table 70. The concentration data are calculated using the
239 240 233( Pu+ Pu)/ U alpha activity ratio determined from single

counting of duplicate sources. The table also includes the
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concentration values obtained by IDAS using 238Pu spike, for the

purpose of comparison. It is seen that a mean precision value of

about 0.7% is achieved by NIDAS. Further, the factor NIDAS

(233)/IDAS(238) is 0.9979 + 0.0057 (95% confidence limit), which

shows that there is no bias within the limits of uncertainty

achievable

diluent.

233by the NIDAS method using U as a non isotopic

Table 70 - Results of plutonium concentration determination in

pure plutonium samples using 233U

Sample

Code

Pu-1

Pu-2

Pu-3

Pu-4

Pu-5

Pu-6

Pu-7

Plutonium concentration

233U(I)

118.760(0.51%)a 1

119.420(1.10%) 1

54.582(0.52%)

62.502(0.81%)

64.692(0.33%)

15.992(0.87%)

10.346(0.77%)

Mean 0.70%

(/ug/g) using

238PU(II)

18.951(0.12%)a

18.491(0.40%)

54.618(0.14%)

62.942(0.28%)

65.558(0.16%)

16.032(0.12%)

10.321(0.40%)

0.23%

I/II

0.9984

1.0078

0.9993

0.9930

0.9868

0.9975

1.0024

0.9979

(0.60%)b

Denotes relative standard deviation calculated from values

obtained from three independently spiked aliquots

Represents 95% C.L. using t value of 2.45 for 6 degrees of

freedom.
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The results obtained for the plutonium concentration by

NIDAS in different dissolver solutions of irradiated fuel are

given in the Table 71. The table also includes the plutonium
242concentration values obtained by ID-TIMS using Pu spike, for

the purpose of comparison. It is seen that a mean precision value

of about 0.4% is achievable by NIDAS. Further, the factor NIDAS

(233)/IDMS(242) is 0.9982+0.0094 (95% confidence limit) which

shows that the method is free from any bias.

Table 71 - Results of plutonium concentration in dissolver solution

of irradiated fuel

Code Pu Cone, (/ug/g) using
JtT ,

NO. ' " " ~

^ J JU ( I ) ^Pu(I I ) I / I I

DS-1 7 . 8 5 2 ( 0 . 2 6 % ) * 7 . 8 9 7 ( 0 . 2 1 % ) * 0 . 9 9 4 3

DS-2 13.157(0.63%) 13.114(0.22%) 1.0033

DS-3 22.594(0.32%) 22.663(0.15%) 0.9969

Mean 0.40% 0.19% 0.9982

(0.90%)**

* Denotes relative standard deviation calculated from values

obtained from four different aliquots

** Represents 95% C.L. using t value of 4.303 for 2 degrees of

freedom.
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3.5.3. Reverse Isotope Pilution Alpha Spectrometry using 239Pu

for Determining Plutonium Concentration in High

Fuel Samples without Purification from
241

Am and a BuIk of Other Impurities

S.K. Aggarwal, G. Chourasiya, R.K. Duggal, R. Rao,

P.A. Ramasubramanian and H.C. Jain

Recently, it was shown that plutonium concentration in low
238

burn-up fuels can be determined by IDAS using Pu spike without
241resorting to any purification from Am and a bulk of other

impurities. In continuation of this work, it was considered
239

interesting to explore the possibility of using Pu spike in R-
24 1

IDAS without :. sorting to any purification from Am (with an
*y *\ ft

alpha energy close to that of Pu) and a bulk of other
impurities.

Determination of the plutonium concentration by R-IDAS is
238 239 240

based on the accurate determination of Pu/( Pu + Pu)

alpha activity ratio by alpha spectrometry. A known aliquot W s p

239
of the precalibrated spike solution ( Pu) is added to an

aliquot W s of the sample solution. After ensuring chemical

exchange between the different plutonium isotopes in the sample

and spike the 2 3 8Pu/( 2 3 9Pu+ 2*°Pu) alpha activity ratio is

determined in the purified spiked mixture. Knowing this alpha

activity ratio in the unspiked sample and the spike as well as

the isotopic composition of plutonium in the sample and spike, it

can be shown that the concentration of plutonium in the sample is

calculated using the equation

C i.K R -R (At.Nt.) (A.P.239)

I, 1,-R, lAl.lt.U (A.F.239)S

where R's denote the ^<:>oPu/('!-5VPu+^HUPu) alpha activity ratios,

the subscripts s, sp and m stand for the unspiked sample, the
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spike and the spiked mixture, respectively, C's denote the

concentrations of plutonium, AF stands for the atomic fraction,

<At.wt.> is the average atomic weight of plutonium and ^'s are

the decay constants of the different isotopes.

It can be shown that the value of (RSD~
Rm)/(Rm~Rs) *s

equivalent to (Rsp-Rm)/(Rm-Rs> where the superscript * indicates

the activities in the unpurified aliquots. This in turn is equal

to

(A239+A240)s/(
A239+A240)sp

239The Pu spike solution used was a working chemical assay

standard of plutonium which was precalibrated by IDMS as well as

by electrochemical methods. Different simulated plutonium
230

samples were prepared by adding varying amounts of Pu and
n A 1 Q Q D

Am to a plutonium solution. The amounts of Pu added were

such as to obtain °Pu/(z Pu+ Pu) alpha activity ratios

greater than 0.5 (i.e., those which may be encountered in high
241burn-up samples). The amounts of Am added were such as to have241plutonium samples containing 20-80% of Am alpha activity

w.r.t. plutonium alpha activity. Different plutonium samples were

subjected to homogenization with concentrated HNO3 and treated

with H2O2 in 3M HNO3. Replicate aliquots were withdrawn from each
239of these solutions and known amounts of Pu spike solution were

9TR 941 239 24fl

added so as to obtain ( Pu+z Am)/(ZJ Pu+ Pu) alpha activity

ratio less than 0.5 in the spiked mixtures. The spiked mixtures

were subjected to depolymerization with concentrated HNO3 and

finally H2O2 in 3M HNO3 was added. The solution in the vial was

subsequently evaporated to near dryness (about 100 pi) and

finally diluted with 1 ml of about 0.1M HNO3, so as to obtain an

overall acidity of 0.5 to 1M in the solution. A thin layer of

cellulose nitrate in acetone was applied to the boundaries of the

electropolished stainless steel disks to define the area of

activity on the source. About 10 pil of the solution containing
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about 105 dpm was then transferred onto the disk. To the

pJutonium solution on the disk, 2 drops of TEG were added without

drying the solution on the disk and the mixing was done by using

a micro-capillary. The solution on the disk was evaporated to

dryness using an infra-red lamp and the dried sources were

ignited to red hot using a flame. To the remaining solution in

the vials containing spiked and unspiked samples, a solution of

0.1M TTA in benzene was added for the separation and purification

of plutonium. The sources were prepared by evaporating excess of

benzene in the vial and subsequently transferring a drop of TTA-

metal chelate onto the disk.

Alpha spectra from the sources were recorded by using a 300
2

mm silicon surface barrier detector mounted in a vacuum chamber

and coupled to a 4 K analyzer. The sources were counted for a

sufficiently long time to have reasonably good counting

statistics. The (238Pu+241Am)/(239Pu+2A0Pu) or

Pu+ Pu) alpha activity ratios were calculated by

using the geometric progression (G.P.) method.

The results obtained for the determination of plutonium

concentration using (* " P u + ^ A m ) / (*JVPu+*HUPu) alpha activity

ratios determined from the unpurified aliquots are compared with
238 239 240

those obtained by using Pu/( Pu-f Pu) alpha activity ratios

from the purified aliquots. The mean relative precision obtained

by R-IDAS (unpurified) is nearly the same as achieved by R-

IDAS(purified). Further a value of 0.9999+0.0043(95%C.L.) for the

factor R-IDAS((unpurified)/R-IDAS (purified) was obtained which

shows that the method has no bias. Hence, the present R-IDAS
241method without purification fqfom Am can be used for

determining plutonium concentration in high burn-up fuel samples.

The present method thus eliminates the need of purification of
241plutonium samples from Am while determining plutonium

concentration by R-IDAS.
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3.5.4 Half-life of 241Pu i_ Past and Present

S.K. Aggarwal and H.C. Jain

241Half life of Pu is of great importance in nuclear

technology. In view of large variation in the values (13-15 y)

reported till 1974 in literature, efforts have been made in

different laboratories to determine this half-life with high

precision and accuracy. In our laboratory, it has been determined

by different methods which may be classfied in two categories,

viz. (1) parent decay method, and (2) daughter growth method. In
241 239the parent decay method, change in isotope ratios Pu/ Pu,

241 240 941 242

* xPu/ZHUPu and ZH1Pu/jiHj!Pu was studied periodically by a thermal

ionization mass spectrometer. Single as well as double ratio

method was used to calculate the half-life. In the daughter

growth method, the half-life was obtained in four independent
239 242ways. These were (1) alpha spectrometry taking Pu and Pu

separately as reference isotopes and studying periodically the

increase in alpha activity ratio, (2) alpha proportional counting

for observing periodically the change in total alpha activity,
243

(3) isotope dilution alpha spectrometry using Am as a spike,
243

(4) isotope dilution mass spectrometry using Am as a spike. In

all these methods, synthetic mixtures were prepared for achieving

high precision and accuracy in different measurements.

The half-life values obtained in this laboratory by

different methods are given in Table 72. The uncertainty quoted

on the values is a combination of one standard deviation on the

average value and the error evaluated from estimates on various

error components. The Table also includes information on the

ingrowth/decay period as well as the total number of measurements

performed in each method.

Data required and measurements carried out in different

methods are summarised in Table 73. It is seen that the parent

decay method using mass spectrometry requires a minimum number of
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measurements and does not depend upon the half life of any other

nuclides. As the change in isotope ratios is only about 1% after

a period of 3 months, the method demands precise and accurate

measurements of isotope ratios over a long period of time. The

different approaches followed in the present work in the daughter

grwoth method involved the half-life of 241Am (432.6 yr used in

the present work) for calculating the half-life of 241Pu.

Table 72 - Half-life of 241Pu determined by different methods in

this laboratory

No. Year Method Decay or No. of Half-life

ingrowth measure- yr

period,d ments

1. 1980 Ingrowth of 241,Am by alpha
039

spectrometry taking Pu
240and Pu as reference

457

2. 1981

isotopes

Ingrowth of Am by alpha 574
242spectrometry taking

as a reference isotope

Pu

by mass spectrometry

(a) Single ratio

(b) Double ratio

1871

80

65

Mean of different values from all the methods

14.42+0.09

14.37+0.09

3.

i, .

5.

6.

1981

1981

1982

1985

Ingrowth of

proportional

Ingrowth

Ingrowth

of

of

Change in is

Am

count
241Am
241 .Am

otooe

by alpha

ing

by

by

IDAS

IDMS

ratios

704

304

1003

20

7

4

14.

14.

14.

50+0.

52+0.

32+0.

08

08

11

6
6

=

14
14

14

.43+0.

.38+0.

.42+0.

08
02

07
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Table 73 - Data required and measurements carried out in
241

different methods of Pu half-life determination

No. Data and measurements Parent decay Daughter growth

method method

MS AS APC IDAS IDMS

1. Isoopic composition of
241enriched Pu/synthetic

mixture

2. Concentration of plutonium

by IDMS
241

3. Concentration of Am

by IDMS

4. Alpha activity ratios by

alpha spectrometry

5. Efficiency of gas flow

alpha proportional counter

6. Half life of ZH1Am

7. Half-life of 239Pu, 240Pu

or 2*2Pu

Here MS, AS, APC, IDAS and IDMS denote mass spectrometry,

alpha spectrometry, alpha proportional counting, isotope dilution

alpha spectrometry and isotope dilution mass spectroroetry,

respectively.

* Denotes data/measurements required.
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The half-life values of 241Pu reported by different

laboratories during the period 1950-1974 are shown in Fig. 9- It

also includes the values reported by other laboratories and those

obtained by our laboratory after 1978. Mean of the eight values

obtained for the half-life of Pu in our laboratory is

14.42+0.07 yr and it supports the eight values reported by other

laboratories, the mean of which is 14.40+0.12 yr. Also it is seen

that the values obtained by the parent decay method are in good

agreement with those of the daughter growth method. These data do

not lend support to the existence of any isomeric state of Pu,

which was postulated at one time due to the fact that the half-

life values obtained up to 1974 by the parent decay method (about

15 yr) seemed to be appreciably higher than those determined by

the daughter growth method (about 14 y).

241
The half life values of Pu recommended at different times

are presented in Fig. 10. It is seen that a value of 14.7+0.4 yr

was recommended in 1979 by an Advisory Group on Transactiniura

Isotope Decay Data in IAEA. This value was changed to 14.4+0.2 yr
24 ]

in 1983. The Pu half-life recommended based on the present

work as well as considering the values reported by other

laboratories after 1975 is 14.4+0.1 yr and is included in Fig.

10. The figure also shows the values recommended in two

compilations in 1974 and 1979.

The results reported after 1975 by different laboratories

are in the range of 14.3-14.6 yr. Further, there is reasonably

good agreement between the values determined by the parent decay

method and by the daughter growth method. Thus the large

difference of about 7% in the values reported upto 1974 by these

two methods has been resolved by the measurements reported in the

recent years. The use of a plutonium sample having different

isotope ratios close to unity (as in the present work) and the

recent availability of multi-collector system should enable the

measurement of isotope ratios with the highest precision, thereby
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leading to higher accuracy in the half-life of 241Pu.

3.5.5 Alpha Spectrometry for the Determination of.

Ratio in Uranium Samples

S.K. Aggarwal, P.M. Shah, R.K. Duggal and H.C. Jain

234 23BA pre-requisite to the determination of U/ U ratio by

alpha spectrometry is the preparation of good quality sources

containing about one milligram of uranium due to the low abudnace

(<0.01%) of * U es well as the long haif-life of Z J OU (4.5 x
q

10 yr). Studies were therefore conducted for the preparation of

electrodeposited sources containing about one milligram of

uranium. The method finally adopted consisted of using 0.2 M

ammonium oxalate solution at a pH of 8-9 adjusted by adding

dilute ammonia solution. The electropolished stainless steel

planchet acted as the cathode whereas a platinum stirrer at a

distance of 2 cm was used as the anode. The electrodeposition was

carried out at. a voltage of 25 V for a period of about 15

minutes. It was noted that the perspex chimney and the stainless

steel cell became quite hot due to heating of the solution in the

cell during the electrodeposition process. Before stopping the

electrodeposition, a few drops of methanol were added to the

solution in the cell. The electrodeposited source was washed with

water and acetone and dried under an infra-red lamp. The source

was ignited to red hot in a flame. The alpha activity on the

source was in the range of 500-2000 dpm depending on the atom* of
OTA

U in the sample.

Alpha spectra from the sources were recorded by using a 450
2

mm silicon surface barrier detector mounted in a vacuum chamber

and coupled to a 4 K analyser. The large area detector was used

with a view to achieving high counting efficiency. The spectra
A,

were recorded for a sufficient time so as to accumulate about 10
counts under the smaller peak. Evaluation of alpha spectra for

234 238the determination of U/ U alpha activity ratio was performed
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by using a method based on the geometric progression decrease of

the counts in the far tail of the alpha spectrum.

Table 74 presents the results obtained for the determination

of 23^u/238U ratio by alpha spectrometry on different uranium
o a A

samples with varying content of U. For comparison, the values

calculated from the mass spectrometric data'on their isotopic

ratio are a'so included in the table. It can be seen that there

is reasonably good agreement in the values obtained by the two

methods. It may be mentioned that mass spectrometric values were

obtained using a single faraday cup detector and integration for
o o g,

U mass was performed without peak centering (i.e. using ISO

option availale in the soft ware of MAT-261 thermal ionisation

mass spectrometer), due to the low signal strength (voltage < 15

mV) of U and therefore the mass spectrometric data may have

some uncertainty. In the alpha spectrometric results* the quality

of the alpha source and the counting statistics are the two

parametrs governing the precision and accuracy of the data

obtained. Further, investigations are planned using isotopic

reference materials and mass spectrometer with multi cup detector

system.

3.5.6 Electrodeposition of Mil 1igram Amounts of Uranium on

Electropolished Stainless Steel Disks

S.K. Aggarwal, P.M. Shah, R.K. Duggal and H.C. Jain

The present work was undertaken with the objective of

preparing electrodeposited sources of milligram amounts of

uranium on electropolished stainless steel disks with a view to

employing alpha spectrometric method for the determination of
234 238

U/ U ratio and uranium concentration by isotope dilution
alpha spectrometry. As the half-lives of the two main uranium

235 238 Q O
isotopes U and U are vey long (7.1x10 yr and 4.5x10 yrs

234respectively) and the third isotope viz. U, though has a
relatively short half-life (2.4 x 10 yr), has a very low
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Table 74 - Comparison of alpha spectrometric and mass

spectrometric data on U/ U alpha activity ratios

in different samples

234 238Sample code U/ U alpha activity ratio

Alpha spectrometry Mass spectrometry

SPR-4 1.038 (1.4%)* 1.227 (4.5%)*

SPR-5 1.739 (4.1%) 1.638 (6.5%)

SPR-2 2.563 (1.6%) 2.348 (11%)

SPR-1 2.561 (0.9%) 2.857 (1%)

SPR-6 3.761 (1.2%) 3^986 (2%)

SPR-3 4.996 (1.4%) 5.533 (1.4%)

* The values in parentheses specify relative standard

deviation on data obtained from 2 or 3 independent sources

in Alpha spectrometry and in a run consisting of 10-12 scans

in mass spectrometry.

NoteiThe mass spectrometric values are calculated using the

experimentally obtained atom ratios and the half-lives of
234,. , 238..U and U.

abundance (0.005 atom % in natural uranium), it becomes mandatory

to prepare sources containing milligram amounts of uranium so as

to optimise the time of spectra recording and achieve good

counting statistics.

Electropolished stainless steel disks were used ?s the

cathode and a platinum stirrjr with loops at the bottom acted «&

the anode for all the studies performed. A perspex chimney <f j.. 5

cm diameter was used to confine the area of deposition anc a
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solution of 0.2 M ammonium oxalate was used as the medium of

deposition. For finding out accurately the yield of

electrodeposition, a synthetic mixture of uranium was prepared by
233mixing natural uranium solution with traces of U solution. The

concentration of natural uranium in the synthetic mixture was
233about 20 mg/g and of U was about 2 M8/8- This was done so that

about 50 mg of the synthetic mixture solution (taken on weight

basis having pre-determined alpha counts per gram of the

solution) would contain about 1 mg of uranium and at the same

time, the activity in the solution would be sufficient so as to

accurately determine the yield of 'electrodeposition. The

synthetic mixture was treated repetitively with cone. HNO3 for

homogenisation and was finally taken up in 0.1 M HNO3. The pH of

the solution in the cell, after the mixing of uranium solution

and the ammonium oxalate solution, was adjusted to 8-9 by adding

a few drops of 5% NH3 solution. The platinum stirrer was rotated

during electrodeposition and prior to stopping the deposition, a

few drops of methanol solution were added to the solution in the

cell. The various parameters studied are discussed below.

Fig. 11 shows the variation in the electrodeposition yield

as a function of the voltage using 4 ml of 0.2 M ammonium oxalate

solution, time of electrodeposition as 15 minutes and a distance

of 2 cm between the cathode and the anode. It is seen that yield

of deposition increases with increase in the voltage, with nearly

100% yield at a voltage of 25 volts. During these studies, it was

observed that current initially increases quite fast, reaches a

maximum and then starts decreasing slowly. It was also noted that

at the voltage values of 22 and 25 V where the yields observed

are 65% and 100% respectively, the perspex chimney and the

stainless steel cell were quite hot due to the, higher current

density compared to that at 15 or 20 V.

Fig. 12 presents the effect of time on the electrodeposition

yield at a voltage of 20 V, using 4 ml of ammonium oxalate
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solution and keeping a distance of 2 cm jtween the cathode and

the anode. The % yield increases with the increase in the time of

deposition approaching nearly 100% after 30 minutes.

Fig. 13 highlights the variation of electrodeposition yield

as a function of the distance between the cathode and the anode,

using 4 ml of ammonium oxalate solution, voltage of 20 V and

maintaining the time of deposition as 15 minutes. It is evident

that with the decrease in the distance between the two

electrodes, there is an increase in the yield of deposition due

to increase in the current density.

Fig. 14 depicts the variation of the yield as the volume of

0.2 N ammonium oxalate solution taken in the electrodeposition

cell was varied, keeping time as 15 minutes, voltage of 20 V and

distance of 2 cm between the cathode and the anode. It is clearly

seen thai an increase in the volume of the solution decreases the

yield of deposition due to decrease in the current density.

The conditions selected based on the above studies for

preparing quantitative sources containing milligram amounts of

uranium were : electrodeposition voltage 25 V, time of deposition

15 minutes, volume of 0.2 M ammonium oxalate solution in the cell

4 ml and a distance of 2 cm between the cathode and the anode.

3.5.7 Determination of Half-life of. ̂ ^^Pu Relative to Half-

of

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

Half-life of * Pu has been determined by an independent
233method involving U as a reference nuclide and employing alpha

233spectrometry. The selection of U as reference nuclide was

based on the fact that its half life has been known accurately.

Simple relative activity method was used to calculate the half-

life of * uPu relative to half-life of
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240 233Isotope composition and concentration of Pu and U were

determined using TIMS technique. Five synthetic mixtures were
2A.Q 233

prepared by mixing weighed aliquots of Pu and U such that

alpha activity ratio AC* uPu)/A( JJU) was close to unity. Alpha

sources were prepared on electropolished SS planchettes by direct

evaporation of a drop of a solution of mixture, by using acetone

as a spreading agent. Alpha , activity ratio(R)

A( Pu)/A( U+ U) was determined by using a 100 mm1* silicon

surface barrier detector coupled to a 4 K analyser. Geometric

progression decrease of counts in the far tail of a spectra was

adapted to accurately evaluate the a-activity ratio R. Half-life
240

of Pu was calculated using the equation,

T1/2(
2/f°Pu) = K .[W(24OPu)/W(233U)]/R

where R = A( Pu)/A( JU+ U) a-activity ratio and

C240Pu x Av.At.Wt. 2 3 3U x A.F. of 2*°Pu x 0.693

K =

C233Pu x Av.At.Wt.240Pu x (A.F.233U. > 2 3 3U + A.F. 2 3 4U

The terms C, W, Av.At.Wt., A.F. and ^ represent concentration,

weight of aliquot, average atomic weight, atom fraction and decay

constant with suffix of respective isotope used in the

experiment. Table 75 gives the experimental data and results.
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Table 75 - Experimental Data of Synthetic Mixtures used to

Calculate Half-life of 240Pu

Synthetic

Mixture

No.

1

2

3

4

5

W 2

0.

0.

0.

0.

0.

Aliquot

23755

24135

26225

27085

27320

weight

W 2 3 3U (gms)

0.25865

0.29925

0.24855

0.25580

0.24630

Alpha

activity

ratio R

0.9632+0.0010

0.8463+0.0013

1.1043+0.0018

1.1118+0.0018

1.1634+0.0018

Mean

Std. Dev.

Std. Error

Half-life

of 240Pu

yrs

6557

6553

6570

6549

6556

6557

+8(0.12%)

+4(0.06%)
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3. 6 Analytical Services

Many samples received from various Divisions of BARC and

other units of DAE were analysed for the required constituents

and a summary of the analyses carried out during the year 1987 is

presented in Tablej76-79.

Table 76 - Assay of Fuel Materials for their 0/M ratio, Total gas

and Helium Purity

Sample Number of samples analysed for

0/M

89

1

2

1

1

11

3

Total gas

1

-

-

15

-

He purity

-

-

-

—

-

U02

uc

(U.Pu)C

(U,Pu)O2

ThO2+UO2+Nb2O5

FBTR Fuel pins

Total 112 16
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Table 77 - Assay of Non-metallic Constituents in Fuel Materials

Sample Number of samples analysed for

Cl.F H20 C N 0 2

U02 5

PuO2

UC 1

UN

(U,Pu)2C3 -

(U,Pu)C 14

(U,Pu)N -

Fe pieces

Fe-Cr pieces -

Fe-Ni pieces -

Ni pieces -

S.S. pieces

Cr pieces -

Steel Flakes -

Total 20 6 34 101 46

1

2

-

13

-

2

3

3

2

2

3

—

2
39

-

20

15

6

3

3

2

6

3

2

8

7

4

27

-

-

-

-

-

-

-

—
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Table 78 - Assay of Major Metallic Constituents in Fuel Materials

Sample Number of samples analysed for

uo2

PuC>2

UO2+C

UO2+PUO2+C

UO2+PUO2

(U,Pu)O2+PuO2+C

Pu, U in HC1

ThC>2 f PUO2

ThO2, U02

(U,P'j)C

(U,Pu)O2

(U,Pu)N

Pu in water

U

6

-

1

-

-

-

7

-

6

-

-

-

—

Pu

2

-

-

-

-

14

3

-

-

-

-

2

U, Pu

-

-

7

4

1

-

-

-

29

12

4

—

Th

-

-

-
-

-

-

3

6

-

-

-

—

Total 20 21 57

233P.S. In addition, 96 samples of Al- U-Zr alloy samples were
033

analysed for their U content.
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Table 79 - Mass Spectrometric Assay of Fuel Materials

SI.

No.

1

2

3

5

6

7

8

9

10

11

12

Nature of sample

Uranium

Dissolver solution

Plutonium

Moderetor water

Uranium (AOU samples)

Plutonium

Plutonium

Plutonium

Uranium

Uranium

Uranium

Uranium

Number

338

14

7

15

18

3

1

1

1

1

5

Divn/

Orgn.

ChED

FRD

FRD

RAPS

FRD

FCD

RMD

RChD

RChD

NPD

UMP

BARC

Analysed for

2 3 5U/ 2 3 8U atom ratio

Pu concentration

I.C. of Pu
10B/11B and total

Boron

I.C. of U

Pu concentration for

intercomparison

I.C. of Pu

I.C. of Pu

I.C. of U

I.C. of U

I.C. of U

U concentration
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3•"' Miscel laneous

3.7.1 The Recovery of Plutonium from Solutions Containing

Thorium and EDTA

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

H.C. Jain

As reported earlier ' the studies on the recovery of

plutonium in presence of EDTA were continued. Non-occurrence of

precipitation of plutonium hydroxide in presence of EDTA made it

necessary to look for the separation of plutonium from EDTA using
b£aX

anion exchanger. It was observed,Pu(IV) has a. high distribution

coefficient in DOWEX 1x4 resin at 7.5 M HNO3 and it was observed

that more than 95% plutonium can be held up on the column.

However considering the acidity of the analysis waste generated

after the determination of thorium in thorium plutonium solution,

it was thought worthwhile to carry out the separation at acidity

as low 00 possible without loosing plutonium. The studies carried

out at 3M,4M and 5M HNO3 medium showed that AM HNO3 was optimum

concentration for the separation process. The results are shown

in Table 80. It was observed that EDTA in 4M HNO3 comes down with

the effluent and does not get adsorbed on the coulmn and also

when passed in the presence of thorium and plutonium. The

radiometric analysis showed the presence of < 2% plutonium in the

effluent. The effluent showed the absence of thorium indicating

that all of it was held up on the column a'cng with plutonium.

Plutonium was then preferentially separated from the column by

reducing it to Pu(III) followed by elution of thorium.

Reference

1. Annual Report for 1986, Fuel Chemistry Division, BARC
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Table 80 - Studies on the recovery of plutoniua froa Th-EDTA

•edium using DOWEX 1X4 anion exchange resin

SI. Experiment

No.

Effluent

analysis

Eluant

analysis

Remarks

1. EDTA

in 4 M HNO3

quantitative No EDTA EDTA does not get

recovery of adsorbed

EDTA

2. Pu(IV)

in 4 M HNO3

< 2% > 98% Plutonium quanti-

tatively adsorbed

3. Thorium

in h M HNO3

< 2% > 98% Thorium quanti-

tatively adsorbed

<•. Pu(IV) + EDTA Pu < 2%

EDTA (quanti-

tative)

Pu > 98% EDTA does not

affect the Pu

No EDTA adsorption

5. Pu(IV) + Th Pu < 2%

Th < 2%

Pu > 98% Pu & Th quanti-

Th > 98% tatively held

6. Pu(IV) + Th

+ EDTA

Pu < 2%

EDTA (quanti-

tative)

Pu > 98%

No EDTA EDTA is seperated

out from Pu & Th



3.7.2. Tire Extraction o£ Pu(IV) in Phosphoric Acid Medium

us_ing MQPPA

P.D. Mithapara, V. Shivarudrappa, S.G. Marathe and

H.C. Jain

Earlier studies on the extraction of Pu(IV) from different

acid media indicated the possibility of using MOPPA for the

recovery of plutonium from phosphoric acid waste solution. A

synthetic solution consisting of 0.5M HNO3, 0.7M H2SO4 and 2.5M

H3PO4 containing varying amounts of Pu( 15-200 ̂ aig/ml) was used for

the extraction of Pu as a function of MOPPA cone. It was found

that irrespective of Pu cone, 90% Pu couid be extracted using

0.05F MOPPA in xylene in one cycle, which could be increased to

95% in two cycles. Use of higher MOPPA cone, resulted in phase

seperation problem. Therefore, further studies were caried out

using 0.05F MOPPA.

Effect of uranium on the extraction of Pu was studied by

varying Pu:U ratios as 1:5, 1:10 and 1:20. It was saen that 85%

Pu was extracted in all the cases and the extraction was affected

only when the ratio was 1:25 or more.

Back extraction Studies : Various reagents studied for the back

extraction of Pu from loaded MOPPA like BM HNO3, 0.5M HNO3 + 0.1M

NH2OH.HCI and 0,5M Na2CO3 gave poor back extraction. A solution

of 0.12M oxalic acid + 0.1M ammonium oxalate, 1M TBP or 1 M

n-octanol to the organic phase and then contacting with 2M H2SO4

gave quantitative stripping of Pu,In the case of oxalic acid-

oxalate mixture, turbidity was observed in the aqueous phase. 1M

TBP followed by 2M H2SO4 was found to be suitable for subsequent

stripping of Pu. It was reported that TBP in the organic phase

was acting as antagonist, thereby aiding stripping. Finally, Pu

was extracted from actual phosporic acid waste generated during

uranium determination in (U,Pu)C and (U,Pu)02 fuel samples. About

150 mg Pu was recovered from 500 ml of solution. Only about 8%
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of U was found in the final stripped solution. The results of

these studies are shown in Table 81.

Table 81 - Resuls of Extraction and Recovery of Pu(IV)

simulated and actual phosphoric acid solutions

from

SI.

No.

1.

2.

3.

4.

5.

6.

7.

8.

Pu Cone.

(Mg/ml)

26.8

25.8

25.6

25.8

15.0

286.0(5 ml)

286.0(50 nl)

286.0(100 ml)

Pu to U

Ratio

1.0

1.0

1.0

1.0

2.5

2.5

2.5

5

10

20

25
|

1

1

Extraction.

%

85.9

66.3

86.6

83.6

72.3

94.5

92.7

94.6

Recovery from

the extract

> 99

> 99

> 99

> 99

> 99

> 99

> 99

> 99

Note : SI.No. 1 to 4 corresponds to simulated solutions

SI. No. 5 is from mixed (U,Pu)02 containing 4% Pu(>2

SI. No. 6 to 8 are from mixed (U,Pu)C containing 66.5% Pu.

References

1. P.D. Mithapara, V. Shivarudrappa, S.G. Marathe and

H.C. Jain, BARC-1380, 1987.

2. V. Shivarudrappa, P.D. mithapara, S.G. Marathe and H.C. Jain

CT-07, Proceedings of Radiochemistry and Radiation Chemistry

Symposium, DARC, Bombay, Feb. 1988
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3.7.3. Determination of Sodium in Cryolite

B.N. Patil, V. Shivarudrappa, S.G. Marathe, H.C. .• un

In continuation with the work on the development of

analytical methods for the determination of constituents of

cryolite, a gravimetric method based on' the precipitation of

sodium as sodium-zinc-urany1 acetate has been standardised. The

conditions for quantitative precipitation of sodium and the

effect of aluminium and fluordie on the repoveries of sodium were
24studied using Na tracer employing std. NaCl solution. It was

found that both aluminium and fluoride did not interfere and more

than 98% recovery of sodium in the precipitate was obtained as
24seen from the negligible activity of Na left in the supernatant

solution. The results were compared by weight of the precipitate

formed.

Two commerial cryolite samples were analysed for their

sodium content after fuming with cone. HNO3 containing few drops

of H2SO4 and dissolution in Q.D. water. Mean values of 32.6 and

34.8% of sodium were obtained with a precision of 1%. The results

are shown in Table 82. From the results of our earlier studies on

the determination Al and F~ in cryolite coupled with the

determination of Na in the present studies the two samples

accounted for 99.0% and 97.6% purity respectively. The results

are shown in Table 83.

RL. f erences

1. Kohlthoff I.M., Elving P.J.

Treatise on Analytical Chemistry, Int.Sc. 1966, (New York)

2. B.N. Patil, V.Shivarudrappa, S.G. Marathe and H.C. Jain

AO-19, Vllth Conf. of Indian Council of Chemists, Gwalior

Dec. 1987.

3. B.N. Patil, V. Shivarudrappa, S.G. Marathe, and H.C. Jain

RT-24, Radiochemistry and Radiation Chemistry Symposium,

BARC, Bombay. Feb. 1988.
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Table 82 - Results of Sodium Determination in Cryolite Sample

(Expected Sodium content in cryolite : 32.85%)

Sample Cryolite

taken

(g)

0.19834*
"?

0.20356*

0.20168

0.05352

0.20284

II 0.19921*

0.04869

0.04961

0.05131

Sodium

obtained

(mg)

65.5

64.7

66.3

65.6

66.0

17.0

69.4

69.6

69.3

16.8

17.3

18.1

Sodium

%

33.0

32.6

32.6

32.5

32.7

32.2

34.2

34.9

34.8

34.5

34.9

35.3

Mean

%

32.6

+ 0.3

34.8

+ 0.3

24• Recoveries >98% confirmed from Na activity measurement

Table 83 - Composition of Cryolite Samples as Analysed

Al Na (Ca+Mg) Total

Sample I

Sample II

12.9 53.0 32.6 0.5

12.1 50.7 34.8 0.04

99.0

97.6
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3.7.4 Determination of Thorium in Presence of Plutonium

S.P. HasilKar, Keshav Chander, N. Gopinath,

S.G. Marathe and H.C. Jain

The determination of thorium in ThO2-UO2 or ThO2-PuC>2

becomes important in the characterization of fuel material.

Complexometric method for the determination of thorium is well

known and can be successfully appplied in the presence of

uranium. The problems arise when plutonium is present in the

solution. The complexometric method was therefore suitably

modified, to make possible the determination of thorium in

presence of plutonium.

The known method involves the titration of thorium by

standard EDTA solution. The titration is carried out at pH 2-3

using xylenol orange as indicator, the end point being the colour

change from pink-violet to lemon yellow. Solution of thorium,

prepared by dissolving thorium nitrate was standarsied by this

method. The solutions of thorium and EDTA were measured on weight

basis. The addition of dilute EDTA solution near the end point

coupled with the measurement of solutions on weight basis reduced

the determination error considerably. This standardised solution

of thorium was used for further experiments.

Solution of plutonium was standardised by AgO-oxidation

m thodv '. Th-Pu solutions of varying composition were prepared

by using the respective standardised solutions of thorium and

plutonium. Preliminary experiments indicated that plutonium

interfered seriously in the complexometric determination of

thorium. Rather the end point detection became impossible. By

using Pu(IV) and Pu(VI) independently it was observed that the

former interfered while the latter did not. Since Pu(VI) did not

interfere, HCIO4 was added to the aliquots of Th-Pu solution

which were subsequently evaporated to dryness. This helped in

169



adjusting the valency of plutonium to Pu(VI) as well as getting

pH of solution to 2-3 just by addition of 0.005M HNO3 (r»20 ml).

Thorium could be determined by complexometric titration without

any interference from plutonium when the latter was not more than

10%. The results of these studies are shown in Table 84. It was

also established that the oxidation of plutonium could be

alternatively carried out by AgO (instead of HCIO4) without

affecting the results of thorium.

fhO2-PuC>2 samples from Radiometal lurgy Division having

plutonium concentration between 2-10% were analysed for thorium

by the method developed. In order to establish the reliability of

the values 1 thorium was first separated from Th-Pu solution using

anion exchange resin in 10M HC1. Plutonium was separated as

Pu(IV) while thorium followed the effluent. A known fraction of

the effluent was evaporated and thorium was determined.

Comparative results are shown in Table 85. The values of thorium

determined directly by oxidising plutonium and after separation

of plutonium agreed well within 0.3%.

References

1. A.I. Vogel, Text book of Quantitative Inorg. Anal., the ELBs

3rd ed., 1961 P-442

2. J.L. Drummond and R.A. Grant, Talanta 13, 477 (1966)
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Table 84 - Direct determination of thorium in Th-Pu solution

SI.

No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Plutonium

in Th-Pu

Solution,

1.8

1.9

4.3

4.6

4.8

5.0

8.7

8.8

9.6

9.7

9.8

8.4

8.6

9.1

9.3

9.8

15.2

15.4

Thorium

taken,

mg

5.342

5.335

5.549

5. 116

4.843

4.800

10.716

5.103

9.439

4.591

8.834

5.457

5.315

4.984

4.866

4.623

5.435

6.056

Thorium

obtained

mg

5.336

5.328

5.556

5.101

4.849

4.815

10.736

5.095

9.462

4.580

8.865

5.462

5.307

4.982

4.877

4.622

5.484

6.113

Deviation,

%

-0.12

-0. 13

+0.13

-0.31

+0. 12

+0.30

+0.19

-0.15

+0.24

-0.24

+0.35

+0.09

-0. 15

-0.04

+0.23

-0.02

+0.89

+0.93

SI. No. 1-11 and 17-18, Thorium values obtained by using HCIO4 to

convert Pu to Pu(VI). SI.No. 12-16 Thorium values obtained by

using AgO to convert Pu to Pu(VI)
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Table 85 — Comparison of thorium concentration after separation

and without separation of plutonium in TI1O2-PUO2 samples

Sample

No.

Th %,

After Pu

separation

Th %,

without Pu

separation

Deviation 1

X

1

2

3

4

82.11+0.11

81.63+0.20

81.83+0.18

79.98+0.00

82.08+0.34

81.88+0.40

81.76+0.26

80.07+0.25

0.04

0.24

0.09

0.11

3.7.5 Radiochemical Method for the Analysis of Fluoride at

Trace Level

R.K. Rastogi, M.A. Mahajan, N.K. Chaudhuri and

S.K. Patil

The specification limit for fluoride impurities in nuclear

fuels is as low as 10 ppm. This demands sensitive and reliable

method for the determination of fluoride for chemical quality

control of nuclear fuels. Generally fluorine is separated from

the sample by pyrohydrolysis and then the distillate containing

liberated fluoride is analysed for F~ using F~ ion selective

electrode . With a view to develop an alternative method, at

least of a comparable sensitivity, a preliminary study was

undertaken to develop a rediochemica1 method based on the back

extraction due to fluoride, of a radioactive tetravalent ion

present initiallty in organic phase.

234 234
Initially Th was used as the tracer. Th activity was

separated form natural uranium by anion exchange procedure in
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chloride medium and was extracted into TTA solution in benzene. A

part of the activity was found to be back extracted by shaking

with an aqueous solutioon containing F at trace level. The

activity back extracted was found to be proportional to the
181

fluoride concentration in the low ppm range. Hf (t^ =

42.4d) activity was used in subsequent work as desired quantities

of this activity could be obtained by neutron irradiation of Hf.

Back extraction of Hf from its TTA-complex in the benzene of

was studied at varying concentration of, aqueous fluoride and
1R1

acidity. A stock solution of Hf was prepared by extracting in
0.1M TTA in benzene medium. 5 ml of this solution was contacted

with 5 ml of aqueous phase containing varying concentration of F

at constant acidity. 2 ml of the aqueous phase was then counted

in a well-type Na I(T1) V^scintillaticn counter. An aqueous

solution at the same acidity but containing no fluorde ion served

for blank correction. A straight line relation as shown in Fig.15

was obtained in the range of 0-3000 ppb of F~ in aqueous medium

of acidity around 2M HCIO4. The activity in the blank increased

with the acidity of the medium and a considerably high blank was

obtained with 3.5 M perchloric acid though linearity was

maintained after the blank correction.

Reference

1. M.A. Mahajan, M.V.R. Prasad, R.M. Sawant, R.K. Rastogi, N.K.

Chaudhuri and G.H. Rizvi, BARC/I-920.
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t*. STUDIES RELATED TO NUCLEAR MATERIAL ACCOUNTING

4.1 Computer-based NUMAC data-base

N. Maiti, P.N. Raju, S. Vaidyanathan and R,H. Iyer

NUMAC has a HP-1000 model A 600+ computer system with

peripherals i) alpha numeric and graphic CRT display terminal,

ii) 16.5 MB Winchester disc drive with intergrated cartridge

tape(150 ft) back-up, iii) printer iv) two-pen plotter and the

software packages i) MACRO/1000 ii) BASIC iii)FORTRAN-77, iv)

Device independent GRAPHICS v) IMAGE-1000 DBMS package. This

system has been augemnted during this year by adding two PYCOM

terminals and a 65 MB Winchester disc drive with intergrated

cartridge tape (600 ft.) back-up.

A computer-based data storage and retrieval system for

nuclear materials accounting data from the fuel cycle Facilities

in the DAE has been developed by using the computer system and

IMAGE-1000, a general purpose database management system (DBMS)

software package with interactive query commands and report

generation facilities. The database management system provides

security at the file and data item level by assignment of a

security code and privacy level. The security features have been

incorporated in the design of the NUMAC database scheme which

ensures protection against unauthorised access not only to the

• iatabase but also to the data item. Several application and

report generation programs have been developed in support of the

database and for processing information on the status of flows

and inventories of nuclear materials. By giving simple English

Jike query/search commands the required information can be

retrieved by the authorised users in any user-oriented report

format. Application programs using Graphics 1000-11 software

package have also been developed to provide graphic outputs

pertaining to the data. All the application programs including

graphics are made on line with the NUMAC database.
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With the help of the database, NUMAC is in a position to

give promptly the clear overall pictures of the inventory status

of nuclear materials, its form, location, distribution and

movements in all the Facilities at any given point of time.

During 1987, 639 accounting reports were received from 11

Facilities. These were checked for internal consistency and

loaded in the database, On the last day of each month an

inventory statues report was prepared showing the number of

accounting reports recieved, consolidated status of inventory of

nuclear materials, their location and form as well as nuclear

materials in transit, if any.

Considerable efforts were made during the period to

improve/augment the database and a number of additional query

programs, application programs and graphic programs were added to

the software library. Some important programs which were develped

during this year are listed below:

A. Query and Report generation programs.

i) To verify the inventory status of nuclear materials for a

specific period, usually, quarterly, with the figures quoted by

IAEA.

ii) To generate a table showing the loss of nuclar materials at

a given Facility for any specific period.

iii) To indicate the status of Transfer/shipemnt of nuclear

materials from various Facilities.
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B. Application Programs

A number of application programs for generating IAEA-

prescribed data input/data reporting formats were added to the

software library. These programs are kept on—line with the

database. Another linking program also' was developed through

which the data retrieved from the database through query commands

are transfered to input/reporting formats at appropriate

positions.

The proposed new format of reporting forms as prescribed by

IAEA are kept on-line with the NUMAC database so that the

facility data can be transferred within few seconds into the IAEA

prescribed format, by giving only a few key workds viz. Facility

name, material identification and reporting date for forwarding

to IAEA.

Following the guidelines set up by IAEA at the "Eleventh

Seminar on Safeguards Accounting DATA", 17-21 November 1986 in

Vienna and based on the discussions in the meetings among the

representatives of IAEA, DAE Facilities and NUMAC, a feasibility

study was carried out on "computerised processing and evaluation

of safeguards data and effective linking between SSAC and IAEA"

This study lead to the suggestion that IBM compatible PC/XT/AT

could be connected with our existing HP-1000 computer system so

that the required data in the prescribed format for IAEA computer

system would be tranferred from NUMAC database through diskette.

A similar feasibility study has also been carried out for

linking the DAE Facilities with NUMAC. It has been felt that in

place of reporting forms the diskette could be used for data

transferring from the DAE facilities to NUMAC database.
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4.2 Control Chart Analysis

M.B. Yadav, Hari Singh and R.H. Iyer

Control chart analysis of the data pertaining to 0.2% yield

strength (YS) and percent total circumferential elongation (%TCE)

for zircaloy tubes used as cladding material for PHWR fuels was

done. These data were obtained from AFD for about 100 lots. A

computer program was developed to find control limits and to plot

control charts for the data on a given quality characteristic

using the graphics of HP-1000 computer system. Some conclusions

were drawn and recommendations were made.

Conclusions

A. Yield Strength

i) About 36% of the lots averages fall above upper control

limit of the control chart and about 14% of the lots averages

fall below lower control limit, ii) Lot to lot varation is highly

significant. It seems the whole set of lots have come from two

groups (populations), one group having mean m = 70.15 Ksi and

standard deviation - 3.07 Ksi and the other group having mean

fi2=62.30 Ksi and standard deviation©- = 3.07 Ksi.

B. Percent Total Circumferential Elongation

i) About 22% of the lots averages are falling below the lower

control limit of the control chart.

ii) process mean has shifted to lower side.

C. Overall conclusion: If we take both the characteristics into

account about 30% lots should have been rejected though they have

been accepted. This is because of the difference in the rejection

criterion suggested by the present study and those applied in
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actual practice. [In actual practice the sample standard

deviation of these characteristics were used, the sample size

being 7. It is suggested that instead of using sample standard

deviation one should use process standard deviation which is

estimated from a large number of lots (100) and that can be taken

as a measure of standard process variation. If standard process

variation is used, the same number of lots will be rejected by

the existing criterion also].

Recommendations

i) If a lot average falls below the lower control limit, the

lot must be 100% scrutinised and bad tubes of the lot must

be replaced by good ones. The standard deviation of lot must

be within the control limits of S-Chart.

ii) If the averages for more than 10% of the lots fall below

lower control limit, a proper investigation must be made for

the reason and it should be corrected.

iii) Though the lots with average above upper control limit will

not impose any drawback as long as the required ductility of

the tube is met yet may have their effects on cost aspects.

They must be brought within control unless it is

unavoidable.

iv) A study must be made to detect the factors which cause

highly significant variation amongst the lots. These factors

must be removed to get the lots that meet the specifications

so that the number of defective lots can be reduced.

v) Within tube variation (Homogenity of the tube^ must be

studied.
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4.3 Analytical Methods

4.3.1 Some interesting observations made on the coulogram of

Pu(III)/Pu(IV) couple iji IN HCIO4 medium

R.C. Sharma, L.R. Sawant, P.K. Kalsi, S. Vaidyanathan

and R.H. Iyer

The iterative computational coulometric method developed

earlier for the determination of iron [Fe(III)/Fe(II)] when

extended to the determination of plutonium [Pu(IV)/Pu(III)] gave

2 to 3% low results. To sort out this problem several coulograms

of Pu samples, both during oxidation and reduction steps were

plotted. In the potential region of 0.5V to 0.65V a slight

deviation in the coulogram from theoretical ones was observed.

The deviation varied from sample to sample. To confirm this

deviation coulograms of pure Pu solution obtained from

Radiochemistry Division were plotted. This also showed the same

deviation. Some of the published Pu coulograms also showed

similar deviation from theoretical ones confirming our

observation. The exact reason for this deviation is not known. It

is possible that this may be linked with some complex formation.

4.3.2 An Improved metod for the rapid determination of

uranium by CPC using Ungane' S equation

R.C. Sharma, L.R. Sawant, P.K. Kalsi, S. Vaidyanathan

and R.H. Iyer

A method is developed for the rapid determination of uranium

by CPC which is applicable to all reversible or irreversible
—ktcouples provided they obey the Lingane's equation 1-j. = Ige • In

this method 99% of the electrolysis which takes place in a short

time is carried out by the conventional method and the remaining

1% which takes comparatively a longer time is calculated. It is a

faster technique, than the conventional method. The time of

electrolysis is reduced by 30% Moreover, the calculations are
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very simple and easy. Background is less compared to the

conventional method. In some cases, the electrolysis current is

indistingushable from the residual current. In such cases, it is

difficult to decide in conventioanl coulometry at what point the

electrolysis should be stopped. However, in this new technique,

this does not pose and problem, since the electrolysis is not

carried out t". 11 the end, but stopped when the current has

reached 1.5% of the initial current. Total coulombs due to

uranium in the sample are calculated by the equation Q = 2Q2 — Qi

where Qi is coulombs at current I, Q2 is coulombs at current

1/2, Q is total calculated coulombs. This method gives an

accuracy and precision of 0.18%

4.3.3 Alpha particles and fission fragment track registration

characteristics of CR-39 detector in solution medium

A.U. Bhanu, P.C. Kalsi, A.K. Pandey and R.H. Iyer

This work was continued from the previous year. The track

profiles and numbers vary widely with the use of different media

for particle track registration and revelation procedures. For

example gradual etching of CR-39 detector exposed to Cf-252 has

previously lead us to a method of determination of its 4f

branching ratio. In the present studies the CR-39 detector was

exposed to uranium alphas and fission fragment particles in

soultion medium. Standard solution of uranyl nitrate in nitric

cid, hydrochloric acid and sulphuric acid each of normalities

0.5,1.0,2.0,3.0,4.0 and 5.0 N were prepared. Small pieces of CR-

39 along with cellulose nitrate and lexan were used. For fission

fragment track registration the soultion were irradiated in

polypropylene tubes to the thermal neutron flux at APSARA

reactor. The detectors were etched in sodium hydroxide solution

in a thermostatic bath with magnetic stirring. The tracks were

counted in optical microscope and the track densities for each

exposure were obtained. For determination of track etch and bulk
2etch rates a few pieces of CR-39 of larger area ( 6-8 cm ) were
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used. Following were the conclusions of the above study.

i) Use of nitric acid medium for particle track registration on

CR—39 reduced the track density in comparison with the

hydrochloric and sulphuric acid media. Increase in the

nitric acid concentration reduced the track density and

increased the bulk etch rate

ii) The scope for reactor irradiations with CR-39 detector was

found to be limited as it produced large neutron background.

iii) Different batches of CR-39 had different track registration

effi ci encies.

4.3.4 Determination of boron impurity at ppm level in pure Mg

meta 1 and MgF-y s lag samples

A.U. Bhanu and R.H. Iyer

The samples of magnesium metal granules and MgF2 slag were

supplied by uranium metal plant for the analysis of boron

impurity by SSNTD method. Boron acts as a nuclear poison in

reactor fuels even if present in ppm level. Natural boron

contains upto 20% B-10 isotope which undergoes (n,a) reaction.

B (nrct) Li. The alpha particles and Li particles registered

tracks on cellulose nitrate track detector. Standard boron

solution was made from boric acid. Samples were dissolved in

nitric acid (in case of MgF2 slag, the slag did not dissolve

completely) and were exposed to thermal neutron flux in the

APSARA reactor for a period of 24 to 48 hours. The detectors were

then etched and tracks were counted.Four samples of Mg metal and

five samples of MgF2 slag were analysed. In the case of Mg metal

samples the boron content is obtained by direct comparison of the

sample and standard. In case of MgF2 slag it contained 1-4%

uranium which also gave tracks. The contribution of uranium alpha

tracks and fission tracks were, therefore, determined separately
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and subtracted from the total tracks. The boron

content in metal samples and MgF2 samples were 4 to 6 ppm and

less than 1 ppm respectively.

4.3.5 Effects o£ ultrasound on Particle Track Etching

A.K. Pandey, P.C. Kalsi, A.U. Bhanu and R.H. Iyer

Some preliminary experiments were carried out to study the

possible effects of ultrasonic energy in etching of particle

tracks in plastic track detectors. Two ultrasound sources (i)

laboratory ultrasonic cleaner and ii) a sonic horn generator were

used. The effects of ultrasound were compared with that of the

effects of chemical etching. Ultrasound produced homogeneous

etching, less surface damage, better clarity and increases both

track and bulk etch rates. The length of the track was greater

and shape more conical as compared with chemical etching.

4.3.6 Instrumentat ion

S.V. Kumar and D.B. Paranjape

A low energy gamma spectrometer has been procured for high

resoultion gamma ray measurements (in the energy range 3 to 300

keV) in order to augment the existing counting facilities and to

extend the range of measurement capabilities/R&D work. The gamma

detector system consists of

i) a 2cc high purity germanium detector with a resolution of

240 eV at 5.9 keV and 540 eV at 122 KeV and a very thin

beryllium window,

ii) electronics consisting of a low noise charge sensitive

preamplifier and a high voltage filter,

iii) a cryostat and
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iv) a 30 litre liquid nitrogen dewar. The complete system is

assembled using the detector streamline (consists of a HPGe

detector, a preamplifier and a voltage filter), a main

amplifier, a detector bias supply, a multichannel pulse-

height analyser and a printer. The performance of the system

(especially the detector) has been studied and the

resolution of the detector is observed to be within the

limits as specified in the test report.

The development work to make an interface between the

multichannel analyzer (400 channel MCA) and the RS-232 printer is

underway. This has become essential since the existing electric

typewrier coupled to the MCA is not functioning and also most of

its components are obsolete. The MCA provides the data in BCD

serial format for each digit to the output device. To make the

interface, the data from the MCA in BCD format should be

accesssed and converted into ASCII code and the output data

should be compatible to the RS-232 format. The work has been

divided into three stage:

i) to generate a program through which each line of

interrogation accessed sequentially for both the channel

address and the data,

ii) to provide timing circuitry for other circuits, and

iii) to accept each digit in BCD format at the input and to

output all the necessary pulses compatible to the RS-232

port. A baud rate of 300 baud per second is assigned.

The logic program for the stage i,) has been developed and

implemented practically using flip-flops and counter ICs.The

circuit was functioning as expected. The logic programs for the

other stages are in progress.
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A controlled potential coulometer has been fabricated. It

has a potentiaostat and analog current integrator with an inbuilt

facility for internal calibration. In this instrument it is

possible to set the potentials for both the oxidation and

reduction steps at the begining itself before carrying out the

electrolysis. It is being checked under experimental conditions.

4.4 Miscellaneous

4.4.1 NUMAC Personnel Database (NPDB)

S.Jyothi and Hari Singh

Work regarding the setting up a NUMAC Personnel Database has

been initiated. The necessary information on bio—data and career

details were collected and the schema for creating the database

was prepared.

4.4.2 Literature survey

S. Jyothi and Hari Singh

A Writeup "HEs and HERs in NUMAC data" which is of general

interest to persons working in the field of nuclear materials

accounting has been prepared. This is a summary of the frequency

and type of human errors (HE) in transcription of data with

suggestion and means of reducing the human error rate (HER) or

human error probability.

18-



t. A study of chemical parameters of the internal gelation

based sol-gel processes for uranium dioxide,

V'.N. Vaidya, S.K. Mukerjee, J.K. Joshi , R.V. Kamat and D.D.

Sood, J. Nucl. Materials, 148, 324 (1987).

2. Standard molar Gibbs free energy of formation of NaCrO2 by

e.m.f. measurements,

Z. Singh, R. Prasad and D.D. Sood, J. Chem. Thermodynamics,

19, 19 (1987).

3. Therrnodynami c study of Ni3Te2 alloy by e.m.f. measurements,

U. Prrtsad, V.S. Iyer, V. Venugopal, Z. Singh and D.D. Sood

Ibid, 19, fr\:\ ( 1 9 R 7 ) .

4. Thermodynarnic properties of NixTe (i_x) (
s » x=0 . 595 to 0.630)

a 1 loys,

R. Prasad, V.S. Iyer, V. Venugopal, V. Sundaresh* Z. Singh

and D.D. Sood,

Ibid, 19, 891 (1987).

5. Solid state e.m.f. and calorimetric measurements on Cs2Cr2O-7

V. Venugopal, V.S. Iyer, Renu Agarwal, K.N. Roy, R. Prasad

and D. D. Sood,

Ibid, 19, 1047 (1987).

6. Standard molar Gibbs free energy of formation and

calorimetric studies on Cs2Cr2O7,

V. Venugopal, V.S. Iyer, Renu Agarwal, K.N. Roy, R.Prasad

and D.D. Sood, Ibid, 19, 1105 (1987).

7. Phase diagram studies on Al-Ni system,

K. Hilpert, D. Kobertz, V. Venugopal, M. Nil lex( H. Gerods,

F.J. Bremer and H. Nickel, Z. Naturforschung, 42a, 1327

(1987) .

185



ft. .Applications of electrochemical techniques in nuclear fuel

eye 1 i> ,

Keshav Ohander, S.G. Marathe and H.C. Jain, Transactions of

the Society for Advancement of Electrochemical Science and

Technology (SAEST), 22, 185 (1987).

9. Carbon cluster formation in RF-spark s >urce,

K.I.. Ramaku'.,ar, V.A. Raman, V. 1.. Sant , V.D. Kavimandan and

H.C. lain, 1 r. t . J. M*K = Spculrom. Ion. Proc. , 75, 171 (1987)

10. Investigations for the determination of plutonium

concentration employing non isotopic diluent. in alpha

sped ronietry (NIDAS),

S.K. Aggarwal, R.K. Duggal, R. Rao, P.A. Ramasubramanian and

H.C. Jain, Radiochim. Acta, 41, 23 (1987).

233 235
11. Fission yields in the thermal neutron fission of U, U,

2 TO 24 1
*' Pu and ^l?\i,
S.A. Chitambar, H.C. Jain and M.V. Ramaniah, Ibid, 42, 169
(1987) .

12. Half-lije of 2 4 1Pu : Past and Present,

S.K. Aggarwal and H.C. Jain, J. Radioanal. Nucl. Chem.,

Articles, 109, 183 (1987).

239
13. Reverse isotope dilution alpha spectrometry using Pu

spike for determining plutonium concentration in high burn-
241

up fuel samples without purification from Am and a bulk

of other impurities,

S.K. Aggarwal, G. Chourasia, R.K. Duggal, R. Rao, P.A.

Ramasubramanian and H.C. Jain, Ibid, 119, 1 (1987).

14. \'-ray and thermal studies on uranyl acetates of Zinc,

Magnesium and Nickel,

S. Sampath, N.K. Kulkarni and N.C. Jayadevan, Thermal

Analysis Symp. IIT, Delhi (Dec. 1987).

186



15. Alpha particle and fission fragment track registration

characteristics of CR-39 detector in solution medium,

A.U. Bhanu, P.C. Kalsi, A.K. Pandey and R.H. Iyer,

5th National Seminar on SSNTD, Calcutta (Mar 1087).

16. Possible effects of high intensity ultrasound in chemical

etching of particle tracks in polymers - some observations,

A.K. Pandey, P.C. Kalsi, A.U. Bhanu and R.H. Iyer, Ibid.

17. Nciuo-ociy1 phenyl phosphoric acid (MOPPA) as an extractant

fur plutonium,

P.D. Mithapara, V. Shivarudrappa, S.G. Marathe and

H.C, Jain, BARC-1380 (1987).

18. High temperature calvet calorimeter,

Rbiiu Ageirwal, K.N. Roy, V.Venugopal, R. Prasad and D.D. Sood

BAUC/I-817 (1987).

' f
19. A. titrimetric method for the determination of aluminium in

U-Al alloy,

K. Jayanthi, K.V. Lohitakshan, Mary Xavier, S.G. Marathe

and H.C. Jain, BARC/I-916 (1987).

*

20. Determination of chlorine and fluorine trace impurities in

carbide nuclear fuels,

M.A. Mahajan, M.V.R. Prasad, R.M. Sawant, R.K. Rastogi,

N.K. Chaudhuri and G.H. Rizvi, BARC/I-920 (1987).

21. Control chart analysis of data regarding 0.2% yield strength

and total circumferential elongation at room temperature for

zircaloy tubes for PHWR fuels,

M.B^Yadav, Hari Singh, R.H. Iyer, S.V. Raghavan and

P.G. Kulkarni, NUMAC/23 (1987).

187



Published by : M. R. Balakrishnan Head, Library & Information Services Division
Bhabha Atomic Research Centre Bombay 400 085


