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RADIOCHBHSTKY DIVISIOT

AH1TOAL PBDCBESS HEPCRT K>R 1978

edi ted by

M.S. Subreaanian and Satya Prekaeh

I H T K O D U C T I O N

1. This annual progress report of the Itadioch-jnistry Division for

1978 £m~.ur. The tenth in the series and in this report the H 4 D work ie

described under the headings lieactor Chemistry, Heavy Element Chemistry*

Process chemistry, Aadioanalyticol Chemistry &•• Services, Nuclear Chemistry

and Instrumentation. ^

2. i s part of work on tbe preparation of fuelmaterials by aol-gel

process, iricrospherec of uranium oxide and uranium-thorium oxides were

prepared in order to standardise methods for obtaining: crackfree products

of uniform shape, size and high density*

3• Basic research activities of the Division centred around studies

on tho chemistry of actinides and fission products. The vaporisation

thermedynamics o2 compounds of Th and U were dettnined by tranapixation

and boilir^ temperature techniques. Dranlwi(lll) sulphates and douDle

sulphates v.ere prepared and characterised by X-ray, thermal and infra-red

analysis. Unusual complexes of Hb(o) and Kh(ll) were stabilised in aanwniun

caloride single cryot'ils for the first tine and wex-e studied by CTR to

understatd the nature of metal-ligand bonding*

4« 'I'ne extraction of trival*nt aotinidea and lanthanides by long chain

amines from crloride solutions was studied. The extraction of actinidea

by lor., c!;..in amines frorr. carboxylate media indicutnd that uraniun(Vl)

could be separated from all metal ions except % and 2r. A solvent

extraction method for the separation of uranium and plutoniun froa waste*

cor.t'.i ninf inoaphoric acid was developed. The extraction of actinides by

di-rt-octyl-sulphoxide w.:s investigated.



-11-

5. The mechanism of radiation chemical behaviour of U(VI) in hydrochloric

and sulphuric acid mecia uas established. Flash photolysis of aqueous

potassium persulphate solution was c rriei out in order to study the

spectral an! kinetic behaviour of SO* radical.
4

6. The uork on process chemistry of neptunium uas continued and stuiieB

mere carried out on the use of primary ani secondary amines for the

purification and concentration of neptunium. The extraction behaviour

of rare earths by TSP uas investigateJ. The work on in-line inatruMn-

tation ja» continued ani the gamma abaorptionwter and colorimeter ware

tastuJ for their reliability for in-line operation at ths Fual Raproc ••sing

division.

7. Studies were carried out on radiochemical?maa8 apectrometric and

other analytical methods. A gamma spectrometric method was developed

for the determination of isotopic compoaition of plutoniun using low

enargy gamma rays of plutonium isotopes. A single stage anion exchange

methol for separation ani purification of neodymium from fission products

u.as iauelopsi for burn-up Measurements. A method uas stanJarJizei for

the determination of isotopic abundances of uranium at nanogram l^val

by thermal ioniaation mass spectrometry. An electrophoretic «»thol

for deposition of actiniias uith high superficial lensity was developed

in connection oiith tha requirement of fiaaile targets to be used for

relative DOUBT mapping during start up experiments of FBTrt* A method

was Developed for extractive photometric determination Pu(IV) «nd

) present in mixtures.

8. Several aspacts of nuclear fission such as charge distribution, mass

distribution and fragment angular momentum in low energy fission of actinias
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uiere stuJieJ. The studies highlight the role of shells and pairing effect

on thasa distr ibut ions. Work was started on the development or fast matho Is

of transportation of recoil products anJ raiiochemictfl seperations with art

aim to stuJy the decay achsmes of raHonucllJea relat ively far remove'! from

712 242
the l ine of s t a b i l i t y . Half - l ivos of U and Pu were determined by

combining alphaapactrrmetrlc and mass 9pectrometric techniques.

9* In a Jit ion to the basic t n l enpllei uin k Inscribe) above, instruments

needed for carrying out the R J I programming of this division usra lavslopeJ.

A spark counting unit for counting fission tracks in thin plsstic films

was developed. An autoranging alpha level monitor to be used with

fractionating column was developed. Fabrication and calibration of •

remote pipetter for use in hot ce l ls was completed. A versati le thermo-

luminescence (TL) unit for glovebox operation was designed and fabricated.

10. The J iv ia ion continued to provide mass spactrometrio analyses to

other divisions in BAFC and units of )AE, Several sources of aetinids

isotopes mere supplied to other Oivisions in BARC, other units of 3AE

and universit ies in the country. Training in nuclear and rsJiochemistry

uaa provided to university students ani teachers.
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SECTION 1 ( RKACl'OR CHEMISTRY

1.1 Preparation of Fuel Materials by Sol-Gel Process

V.N. Vaidya, H.V. Kamat, J.K. Joshi, T.S. Iyer,
N.L. Srinivasan, K.T. F i l i a l aai D.D. Sood

Work on the preparation of fuel materials in the form of • i o r o -

spheres by vet ohetnical route was continued by invest igat ing the pre-

paration of UOg and UOg-ThOg miorospheres, having a s i z e of 500-700

micrometers, using the hydrolysis process . During the year under

report about 300 experiments have been oondueted and in each experlnent

50-70 g of uranium or uranium-thorium was used* The process parameters

are being optimized, and reproducible9batchea having upto 99$ y i e l d

of craok-free TO miorosphereB have been made.

In the hydrolysis process preoooled (0°) so lut ion of aranyJL

nitrate I s mixed with hexamethylenetetramine (bexa) and urea,and

dispersed i n the fozm of droplets in hot (9°-95*C) ge le t ion medium

like paraffin oi l or silicone o i l . The droplets solidify into gelled
microspheres in a few seconds and the meshed gel structure of hydrated
uranium oxide entraps the left out reactants, products, and water.
These microspheres are degreased with a suitable solvent like CC1. or
C Cl , washed free of extra organic matter and salts , dried, o&loined
in air to U0_, reduced with H. to TO. and sintored in argon and hydrogen
atmosphere upto 1200'C to obtain high density ( >9G$ T.D.) UOg mioro-
spheres. The main features for the process development were design
of proper geletion oolumns, Improvement of solution feeding syatea,
development of washing and heating schemes, and the choice of proper
feed composition. It was observed that the feed composition,
particularly the metal ion content of the solution, has a significant
effect on the overall prooess.

1.1-1 Uranium oxide Microspheres

The work on the thermal oonveotion loop was discontinued
slnne the UO2 miorosphereB obtained by using this eyetea did not hav»
good shape (they were oblate), and gave a vezy poor percentage yield
of crack-free sintered product.
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To inpxore the ehape r>£ the mioroepheiea a70o> tall gieaa
oolinm, externally heated by a niobrome tape heater* waa filled with
allioone o i l (rlaooaity 100 oefifciatoke at 25'C) and uaed for gelation
of droplata. Thia o i l haa a Tlaooalty of 35'otek at 100'C, aa
otwpama to 10 otak for paraffin and the higher risooaity helped
in xeduolt* the height of the gelation ooltun aa well aa in iaprovlnf
1iw apherioity of the product* Slaaltaneonaly an aatoaatio feed
•yvtea WM wde for the laprovemant of the else distribution of 4h«
proluot. Iha aystea vilto the general gelation equipment la ahown
in

mo*

FEED SOLUTION

HEATED SILICONE
OIL COLUMN

F I G . - I .

General Gelation Equipment
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The system consists of a doable walled stateless steel tank, for
containing the feed solution. The oold jacketted outlet of the tank
is attached at the other end with oapillary dispersers. A constant
over pressure of gas in the tank produces droplets at the needle ends.
The size of droplet depends on the overpressure of gas and the site
of the capillary.

Fifty three experiments were carried oat to prepare
microspheres using this column. During these experiments the concen-
tration of uranium was varied between 1.0 and 1.25 M* and ths mole
ratio /Tnexa, urea)/U>u7 was varied between 1.6 and 2.0. The gelled
product was degreased by 4-6 washings with CC1., followed by air
drying to remove CC1.. The gel particles were then washed with hot

4
(9O-95*C) water and 12.5$ NH.CH solution. The washed miexospheres
were dried upto 100*C in 2 hours and then heated in air upto 500*C in
4 hours. The resultant product was U0,_ gel microspheres. Oat of
53 experiments only 28 batches gave 99$ orack-free U° material.
The feed composition for these good batches was /"u_7 » 1*25 H and
R - 1.8. The batches containing /"uJ7 • 1.1 M and R - 1.6 gave washed
spheres which were too soft and formed clumps. The produot from
eight representative batches was sintered but only one of these gave
95$ crack-free UÔ  miexospheres whereas the rest of the batohes failed
badly and gave only 5 to 4Q̂  craok-fxee material. At this stage it waa
felt that a higher gelation time ()>25 a) may be necessary to obtain
good quality ephexes with silicon* o i l . For this'purpose the length
of the gelation column was increased from 70 oa to 165 cm to obtain
gelation time of»v 50 seconds. With this column uranium concentration
of 1.0 to 1.25 M and R - 1.4 was used in the feed solution. Higher
values of R were not considered necessary with the longer gelation.
The gelled microspheres were washed with 2»ff> 1H.0H for 4 to 5 hours
time. Different heating schemes were adopted* i l l the batches
containing 1.25 M U in feed gave cracked produot after sintering.
The batches oontainin^u/- 1.0 M were too soft after washing and
gave large clumps after washing and drying were completed.
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With those results i t was felt necessary to go back to the use
of paraffin oi l as gelation medium (250 cm tall column). During these
experiments uranium concentration was varied from 0.75 M to 1*25 M and
the ratio R from 1.4 to 2.0. As the uranium concentration was decreased
the value of H was increased. For /~U_7 - !*25 M» R w a 8 ^P* •* l»4t
for /"u_7 - 1.1 M, E waa 1.4 and 1.5 and fox £vj - 1.0 it, B was 1.5
and 1.6. Gelled spheres from these batobes were washed in a glass
column for 4 to 6 hours with 2.5$ tH OB. The washed produot was heated
in air upto 500*C for 3° rain followed by normal reduction sintering
route. In many experiments (fifteen) whsrt uranium in feed solution
was 1.1 M and R - 1.5, more than 95$ of U0. mloxosphexea war* oraok-fre*.
Batches starting with /~0_7 * O.75 M »nd B > 2.0 gave soft gelled spheres
difficult to handle but the final U0_ product was lOOjC oraok-free.
All batches (six) containing /~U_7 - 1.0 M and R - 1.6 gave ^ 98$
crack-free UOg microapheres and the gelled spheres in these experiments
did not pose any difficulty in handling. These experiments gave a clus
that lower uranium concentration with high amount of urea and hexa ratio
is more suitable for making UO miorospheres. These results wer*
encouraging and i t was decided to use the same procedure with 100 otsk
oilicone o i l . The column was made 4 cm in diameter and $0 om tal l and
a multiple mztlo (3 to 4 capillaries) system was used for feeding
the solution. Wide oolumn waa aimed at preventing intercollisica
of spheres as well aa improved thermal capacity for larga feed rates.
Using this column, fifty batches of HO. microspheres were prepared.
The feed composition used was £vj - 1.1 H and R • 1.5 to 1.7.
Three hours oolumn wash with 2 . # ifi.OH solution waa used, followed by
drying at 100*C for 2 hours and calcination to 500*C in 20-2$ minutes.
The normal reduction, sintering rout* gava pwoduot with inconsistent
results. About ten batches gav* 99?£ craok-fr** product whereas
tha majority of batohaa failed. Rjrther experiments war* being
oarrled out with fvj - 1.0 M and R - 1.6 - 1.7 In the feed solution.
The results of sintered produot wax* enoouraflng aa all batches

y 959» crack-free UO. microspheres.
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Theae results indicate that a lower uraniun nolarity of feed
composition, and higher ratio of urea and! haxa, followed by fast
oaloi nation step gives a good product. Further work for establishing
these points is in progress*

1.1.2 UranJuy-Thorium Oxide Microspheree

Thirty batches of UO -ThO miorospheres containing 5—15?6
of Th were prepared using 250 cm tall glass oolumn having paraffin
oi l and also using 70 on tai l column having 100 otsk silicons o i l .
All batches had used feed solution with metal content of 1*1 M
and R - 1.5 - 1.7. The batches were washed using two routes i . e .
hot water and 12*5% IH40H solution or 2.5^ NH.OH solution*
The product was heated upto 500*C at the rate of 300*C per hour and
i t was followed by rtduotion sintering. All batches gave better than
95# crack-free UO -ThOg nioroBpheres with 95 to 97# theoretical
density.

Beferenoe
1. Badioohemlstry DiTiaion Annual Progress Report for 1977.

BAHC - 1005 (1979)
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SECTION 2 » HEAVY ElfiHEVT CHEMISTHT

2*1 Kon-aqueona Chemistry

2*1*1 Vaporization Thermodynamics of Uraniua Tetraflnorido

Bajendra Prasad, E. Nagarajan. X. Shupathy* Zilay Singh,
V. Verugopal and D.D. Sood

A number of investigators hare carried out vapour pressure
measurement* on so l id UF, but there i s ' a lack of agreement among the
••ported data. There i s only one set of data available for liquid
QfjiwrSft order to resolve the discrepancies two Independent techniques,
namely the boi l ing temperature and the transpiration hare b»#n used
far vapour pressure measurement In the present study.

The vapour preasurea determined by the boi l ing temperature
aad the transpiration methods for sol id OT. oan be represented by
•fjnatlons ( l ) and (2) and those for liquid Wf. by equations (3) and
(4) respectively.

/»tm) - (H>.15±p.25)-(l6l2Ot?M) (K/*) ( l )
(1246 to 1305 I)

Iog10(p/atm) - (9.79i O.i9Ml5714±239) (*A) (2)
(1169 to 1307 K)

Iog10(p/atm) - (6.82t O.25)-(H773±544) U/P) (3)
(1312 to 1424 K)

log (p/atm) - (7.23±p.3 ) - (l2339±413) UA) (4)
1 0 (1318 to 1427 **)

These two sets of data agree with eaoh other within 7*> throughoui
the temperature range of investigation and henoe were eomblned to give
aquations (5} and (6) for solid and liquid OF. respectively*

loglo(p/ttm) - (10.03+0.14)- (15»4±716) jfrA) (5)

log (p/atm) . (6.99dtP»24 ) - ( l»Ui333)

The present data for solid UF. agree exoellently with those
«f Byon ana Twiohell'1' and for liquid OT- agree with thoee reported

(si _
|e- Langer and Blankeonipx?/. The melting temperature of VP.
•alculated froa equation (5) ant (€) i s 1309 I , which i s in ezoellent
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agreement with the directly measured value of (130+2) K . The values

of AR' (rap, 298 15 K) aid 4S*(vap, 298.15 K) oaloulated by the seooid

law aethod axe 77.8 Koal mol"1 and 52.0 oal K^BO!"1 respectively.

Refer* tcea
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6. Barton, C.J. Shell , H.J., ORHL Unpubliehed data quoted In Heferenoe (5)
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2.1.2 Vaporisation Thermodynamics of Thorium Bromide

Ziley Singh, Rajendra Prasad, 7. Vetugopal, K.H. Roy
and B.C. Sood

Tapour pressure of ThBr. has been reported only by Fisoher e« al* .
In the present work the vaporisation behaviour of ThBr- has been studied
to establish the data on this •rate? using two Independent techniques
naaely transpiration anil boiling temperature.

The prooedurs for carrying out transpiration studies has already
(2)been reported earlier . ThBr. used in the present work was prepared

by reaction of Br. on ThH, at 500*K followed by VSOUUB distillation,
z 4

The flow rate plateau obtained for ThBr- vapour was in the range of
-5 -5 3 - 1 *

2 x 10 to 8 x 10 a min . The vapour pressure data for the solid
anl the liquid are represented by equations ( l ) and (2) respectively.

\0g (p/atm) - (IO.54+O.I1) -(11319+96) 00?) U)
(822 to 953 K)

log (p/at«) - (6.84±0.16) - (7?O9±16O) (K/T) (2)
(971 to 1068 K)

The apparatus and method used for the boiling temperature teobnique
have been described previously . The vapour pressure data for solid
and liquid ThBr. obtained by this teobnique oan be represented by equations
(3) and (4) respeotively.

log (p/atsi) - (10.65*0.13) - (114H±H9) 0 0 0 (3)
(842 to 971 K)

log (p/at«) - (6.94+0.12) - (7813+161) (K/I) (4)
(971 to 1089 l0

The vapour pressure data obtained by the two teohnlques agree
within 2 per oent throughout the temperature range of Measurements
and he nee the two sets of data were combined to give equations (5) *nd
(6) which represent the vaporisation thermodynssios of ThBr.(s) and
and ThBr.(l) respeotively.

log (p/atm) . (10.50±0.08) - (11357±69> (*/*) (5)
log (p/atm) . (6.91+0.10) - ( 7779+110) (F/P) (6)
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These equations were used to obtain malting temperature, ooxnal
boiling temperature, enthalpy of fuaion and AH* (vap. 298*1$ K)
and the values are 970 K, 1127 K, 15.0 Kcal.-aol"1 aid 55.7 Ko«l«._« to xn
mol" respectively*

For ThBr*(s) the present data are much lower than those of
Fischer et al , bat for ThBr.(l) the two seta of data are in goo*
agreement. Sinoe two independent techniques hare been used during
the present inreatigation aid the results from both art in excellent
agreement with eaoh other, the present work can be considered as
the best available data.

Heferemea
1. Fisoher, W.t Oewehrt R., Wingohtn, H*t 2* Anorg. All. Cbea.

242 of 161 (1939)

2. Ziley Singh, Hajendra Praaad, V. Venugopal and D.D. Sood,

J. Chen. Therm. 10, 129 (1978).
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2.1.3 Transpiration ana Boiling Temperature Studies
on Hie Vaporisation Behaviour of Antimony

Hajendra Prasad, V. Vetugopal, Ziley Singh and D.D. Sood

Vapour pressure of antimony has been ••aaured by a number of

workers, fcut there is discrepancy anong these rallies particularly

regarding the partial pressures of various species in the rapour

phase^ . In the absence of any oonslstent set of data, Hultgren

et al* 'hare estimated the vapour phase oenpoaition indireotly from

oth*r thernodynamio Information. The vapour phase below 600 t

oonalsts almost entirely or Sb. moleoulee with Sb2 and Sb spsbles

appearing at higher temperatures. The vapour phase oonoentration

of antlaony monomer is lass than 0.5 per oent below 1300 K.

ID the present study the partial pressures of Sb (Pg#) and 8k.

speflies (P,*) hare been determined in the temperature rataa of

IO72 to 1265 K using an analytloal aethod developed earlier^ .

The method uses the data on sassee of antimony transported In experi-

ments with antimony and an alloy of antlmon/ under identioal oondltiona.

Transpiration studies on pure antimony, (0.40 9u+O.6O3b) and

(0.50 In+0.50Sb) alloys have been oarried out for this purpose

to obtain values of P* ard P! from both alloy systems.
2 4

The total vapour pressure of antimony was also measured directly

by boiling temperature method. Further, the transpiration and boiling

temperature data on pure antimony were oombined to calculate partial

pressures of Sb. and Sb. species.
z 4 .

For pure antimony the mass (m*) of antimony transported

per cur of the oarrier gas at 101.52$ kP* pressure at 273*15 *

oan be expressed by equation ( l )

loe1Q(m'/mg) - (7.33*0.07)-(6O59±9O) ( K A ) ( l )

(1076 to 1265 )

The mass of antlaony (m) transported during studies on the liquid

(0.40 Cu-tO.60 Sb) alloy can be expressed by equation (2).

leglo(m/ag) - (6.13±p.O8)-(5625±89)
(1072 to 1204
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Activity of Sb in the alloy was taken from Hultgren et a l ' 5 ' and
can be expressed by equation (3)

log10 aSb - - 0.349 + 152.5 (K T) (3)
The mass of antimony (m) tranaported during studies on the liquid
(0.50 In + O.5O Sb) alloy and activity of antimony in this a l lcy^'
can be expressed by equations (4) and (5).

logr10(m/mg) - (6.33+0.20) - (6781i233) (K/T) (4)
(1125 to 1256 K)

l o e 10 aSb " " °'363 " 7 5 * ° 2 ( K / T ) <5>
These data wex-e used for obtaining the values for p* fron

(Cu+Sb) alloy as well as (in+Sb) alloy which could be represented
by equations (6) arri (7) respectively.

loglo(p|/kPa) - 4.73 - 6708 (K/T) (6)

lop10(p'/kPa) - *.2O - 7274 (K/T) (7)
Similarly, the values of p* obtained from (Cu+Sb) and (In+Sb)
system can be represented by equations (s) and (9) respectively.

log10(p£/kPa) - 4.91 - 5992 (K/T) (8)
log10(pykPa) = 4.64 - 5910 (K/T) (9)

The total pressure p obtained by combining diraer and tetramer
partial pressures from (Cu+Sb) alloy and (In+Sb) alloy can be given
by equations (10) ani ( l l ) respectively.

log10(p/kPa) - 5.09 - 6115 (K/T) (10)
log (pAPa) - 5.13 - 6179 (K/T) ( l l )

10
The total pressure was also directly measured by boiling

temperature method and the data can be represented by equation (12)
log^p/fcPa) - (5.IO+O.O7) - (6149+84) (K/T) (12)

(1151 to 1263 K)
The values of p* and p° were also obtained by combining the boiling
temperature data on total pressure with transpiration data given
by equation ( l ) to obtain the average molar mass of the vapour and
the mole fraction of diner- These data can be represented by
the following equations t

log10(p'/kPa) - 6.37 - 8.796 (K/T) ( U )
lo<T10(p*/fcPa) - 4.51 - 5510 (K/T) (14)
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The partial pressure of Sb (g) obtained from (Cu+Sb) and (in+Sb)
alloys agree within 6 percent throughout the temperature range. Values
of p° obtained by using the boiling temperature data agree with those
from transpiration data within 18 per cent at 1200 K and within 2 per
oent at 1300 K but at lower temperatures the agreement is poor. This
is because at low total pressures a small error in the total pressure
measurement results in a large error in the values of p*. Hence,
the boiling temperature method i s suitable only when the total pressure
is large. In the case of Sb.(g) the partial pressures from the two
alloy systems agree well within one per cent and within 10 per cent
with the boiling temperature data. The data from the present Investi-
gation, however, do not agree with the values estimated by Hultgren
et al .

Total pressure p obtainc-d from (Cu+Sb) and (In+Sb) systems
agree with the boiling temperature data within 3 per cent throughout
the temperature range. The total pressure data also agree excellently
with the values in the literature.

The standard enthalpy of vaporisation ^H° (vap, 298.15 K)
for dimer and tetramer species were calculated, by carrying out
a third law analysis of the partial pressure data with the help
of free energy functions of Sb(l), Sb,(g), Sb.(g) tabulated by
Hultpxen et a l ^ ' , and the values are 237-5 and 204.0 k J mol
respectively.

The partial pressure of antimony nonomer (p!) has been evaluated
using free energy functions of Sb(g) an) Sb_(g) and the values of
partial pressure art dissociation energy of Sbg(g). The free energy
functions and the standard enthalpy of vaporisation of monomer were
taken from Hultgren et a l ^ . The values of p' and AE* (vap, 298.15 K)
for dimer were taken from the present study. The values of pj thus
calculated are represented by equation *

log (p%?a) - 7.56 ^ 12674 (KA) (15)
Some typical values of p* at 1100, 1200 and 1300 K are 1.1 x 10"4

1.00 x 10~p and 6.51 x 10 kPa. These data agree excellently with
the data of Hultgren et al .
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2.2 Structural Chemistry

2.2*1 X-ray Structural Stud lea. .̂  , .. . .. .

D.V. Srinivasan, A. Chadha, K.D. Singh Mudher, S.SaBpath.
K.L. Chawla, N.C. Jayaderan and D.H. Chakraburtty

2.2.1.1 Structure'of K6(U02)2(C20j_.l0H20

The crystal structure of K$(TO2VC2O4^5 1<H ° e l u o l d ** a d

; by ua'V' on •onolinio crystals with cell distensions a » 12.11V,
b . 9.99A*, C59.34 A*, o( - 92*6*, & - 101.2* art r - 127.4*

(2)
hare baan ooaparad with the structure determined by Lagxos atd Jeannin
on oryataU with cell dimensions a . 1O.1O3A*, b - 10.944A*, C.10.02U**

d ^ 121.4*» /9 - 104.7* and y - 63.8*. The ooordimtlon of 0 fttoaa
around the uranium atom* the nature of the different oxalata groups
•ndvtha^pxygan polyhedra around each K+ ion are not aignifloantly aiffexant
in two atruoturea.
2.2.1.2 Preparation and characterization of lirantua ( t i l )

sulphate and double aulphatea " . .
In continuation of our studies in uraniaa (III) ooaplaxaa,

araniuB ( i l l ) aulphata, U£(SO ) . BHgO, and i ts double salts (1B.)2

\* 8H20 and C a ^ .

wax* prepared by the electrolytic rsduotlon reported by Barnarl a* al
and characterised by x-ray thermal and IB •ethods, as detailed atxuotozal
data on uranium ( i l l ) compounds are not yet available.

The compounds were precipitated froBS^ueoua solution of
uraniuB (III) obtained by the eleotrolytio reduction of loa oold
uranyl aulphate solution under intrt ataosphexa. Tha dark ollva gt—n
conpounds ware stored over P.O. in argon filled daaloator*

The x-ray powder pattern of U2(S0.)_.6%0 indaxad en

an orthorhoMbio oell of diaensiorw a - 9.93 **» 0 • 9*57*** and
e - 17*40 A* i s given in Table 1. Tha pyuoaetrlo density of 3.41
showed 4 Bolaoulea to be present In a unit oel l . The ooapound tboc
appears to be Isostxnotuxal with Ca^SO.LeH^4^.

The x-ray patterns of the doable sulphates are ooaplex
oould not be indexed. Therefore only six of the strongast Unea
are listed in Table 2.



TABIE .

I/Io

92

13

13
8

63

13

17

13

50

21

39
34
42

100

26

26

a
17

20

16.36

17.76
18.50
19.20
20.42
24.18

25*74
27.26
27.70

28.7*
30.26

31.14
33.22

33.62
40.62

40.94
41.62
41.90

d ob.

5.416

4.989
4.754
4.621

4.349
3.681

3 .461

3.271
3.220
3.102

2*944

2.872
2.697

2.666

2.221

2.204
2.16?
2.156

X-ray

5.4O2

4.965
4.785
4.614
4.350
3-678

3.691
3.446

3*272
3-219
3.106
2.962

2.867
2.7OO.

2.691

2.673
2.187

2.221
2.204

2.175
2.156

powder

takl

112

200

020

021

OO4

114

023

220

204

024

115

223

132

224

133
116

226

332

420

008

24O

404

data of D.

I/Io

17

29
8

21

29

13

13
26

13
8

34
8

8

4 .
8

13

4

(so4)3 .

20

42.54
43-20

43.74
45.62

45.90
47.02

47.90
49.66

50.74
53.30

54.54
55.54

56.34
57.06
58.50
59.86

60.54

HH2O ( > .

*ob.

2.125
2.094

2.0695
1.9885

1.977
1.933
1.899
1.836

1.799
1.719
1.683

1.654

1.633
I.6I4
1.5777

1.545
1.529

1.5418 A«)

d o *

2.126?

2.097
2.074
1.992
1.980

1.933
1.898

1.837
1.8006

1.725
1.686

1.655

1.654
1.636

1.615

1.577

1.547

1.531

h k l

316

136

118

208

028

511

512

152

336
154

227
600

155
408

516

156

604

248

1

vn
1



TABLE - 2

X-ray powder data of MgSÔ . U^SO^.n^O ( A - ' 1.5418 A«)

(six strongest lines)

Urn Hb+

1*8

J / lo

85

100

70

70

70

95

dobsd

6.417

3-497

3.179

2.987

2.724

2.143

X * HE

n-a

100

45

73

26

27

38

dobsd

6.417

4.760

3.220

2.986

2.380

2.149

**>

95

70

95

100

75

70

H - CB+

dobsd

6.467

4.185 '

2.985 1

2.377

2.157

2.145



TABLE -

Thermal Behaviour of Ur»niu* ( i n ) Complexes

Compound Atmosphere

Air

Product

2.

Hydrogen

Air

Air

Argon

Alx

Argon

35O*C

800*C

800«C

65O'C
900«C

200"C

800«C

incomplete

200«C

800*C

600»C

1000'C

1000*C

800*C

uo2(s©4)

Vs

TO2

deaompositioo upto 900*C

2 4 2 4 3
TO. (ineoBplete for nation)

CBJS O7(inoomplete formation

Cs204°12+ °°2
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The thermal decomposition of the compounds in * ir , argon
and hydrogen was studied on a Mettler Thermoaualyser. The result*
are colleoted in Table 3 giving the final decomposition products
and the intermediate stable phases isolated, i f any, along with the
temperatures.

The formation of U0_ by thermal decomposition of O(l l l )
compounds in hydrogen indicates the possibility that water molecules
coordinated to the uranium atom Is responsible for the oxidation
of uranium ( H i ) . The IR spectra of U(l l l ) compounds indloate
co-ordination of water molecules.

2.2.1.5 CB-U-PU-0 system - Phase Studies

Reduction of Ca
2
V2°7 w l t h hyd r 0® e n i n t h e Ta-ne* of 60O-70O*C

for about 70 hours gave a new phase along with DO . The x-ray pattern
of the new phase could be indexed on an orthorbombio oell with
a - 4.12 A#, b - 6.38 A» and o « 5.83 A*. Since the reduction of other

alkali metal diuranates M
2

U2°7 w i t h hJrdro68n *•* ^nomn t 0 S ly« MWtt",
the new phase i s most probably CstTCL. Experiments to confirm the compo-
si t ion are in progress.

Reaction of Cs-CO, with a mixture of U0 and 3Qfi PtiO or
with i t s HO. solid solution gave a mixture of FuO. anl oaesiua uranatea.
Cs2(UtPu)0_ i s the only phase containing plutonlum.

References
1. Annual Report (1977), Radiocheaistry Division, BARC
2. P.J. Legros and Y.Jeannin, Aota, Cryst. 2J.2, 2497 (1976)

3 . Boxnard et a l . JCS(Dalton), 1964, (1972)
4. O.Pennetier and A. Dereigre, Bull. Soo. Chem. franoe 1 , 102 (1965)
3. S.Kemmlsr - Sack and \1. Rudorff, 7, Anorg. Allg. Che*.,

354t 255 (1967)
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2.2.2 Electron Paramagnetic feeonanoe of Rh* and Rh* in,«+
Single Cryatal
M»D. Sastry, K. Savltri and BJJ. Joshi

The electron paramagnetic resonance (EPR) study of
irradiated aamoniua chloride single crystals doped with diasagnetio
Rh has indicated the presents* of two paramagnetio centres identifies
aa Rh* (4d ) an) Rh having low apln configuration in ooapressed
octahedral coordination. Figure 2 «howa the apeotrun obtained
in ganaia-lrradiated Rht NH.C1 at ZOOM temperature and at liquid
nitrogen terperature. Lines Marked Centre I ( are due to Rh and
those marked centre-II are due to Rh*. The BPR epeotrua of Rh*
faM been found to be highly teaperature dependent, the intensity
increasing with deoreasinf teaperature, and was obeerrable only
eelow 173*K . The unpaired electron is In 'purs1 |3 **-t2) orbital
and a small teaperature dependent orthorhoablo distortion m§gn%»
the probable ooupling ot |3 *2-r2^> state with Qj-type of noxaal
aode of vibration, furthermore, the hyperfine etxuoture of neutral

VPH'""6 DPPH

CENTRE n

•
CENTRE t

FIG.-2.

XPK SpMtniM of Gamaja Irradiated Bh!
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rbodlun atom in solid atate has been observed at room temperature

and the g.values suggest the predominant Jx -y y character

of the unpaired eleotron. Pt, temperatures lower than 120K super-

hyperfine struoture due to ligand Cl ions has been observed and
2+

i t eluoidates the nature of metal-ligand bonding for Rh complex.

2«3 thermal Studies

Pk Anandakumaran, R.K. Swamy, Kita Hadap, R.R. Khandekar,
wic# Jayadevan and D.M. Chakraburtty

2.3.1 Oxidation of jOfr ruO -̂DOg Sintered Pellets

To dertermin» the compositions of the orthorhombio and

oubio phases formed in the oxidation of PuO -U0 solid solution*

the following experlme iite were done on sintered 3QJ* PuOg-OOg pe l l e t s .

A typioal set oonsisted of :

( i ) equilibration of the pel let to form M°2.o0O

( i i ) oxidation in a slow stream of air upto 46O*C

to obtain the maximum O/H of 2.385*

( i i i ) extraction of the oxidised product with 13 ml

portions of O.35N HNO,, to remove the H*0_ formed*

( I T ) Beduotion of the dried residue to *°2 .000 followed

by oxidation in a ir upto 46O'C to obtain the maximum

0/H of 2.270, and

( T ) dissolution of the prodnot In HMO.+HJ" mixture.

All the MJOJphase formed at 46O'C oould be extraoted with

about 100 ml. of O.35M HNO, leaving the oubio phase unaffected.

The results are shown in Table 4 as the average of 4 experiments eaoh.

la a typical s e t , 8.210 mg Pu and 154.34 mg n were extraoted from

1.27205 g of MO. IDrt while 1.06435 g of the residue had 320.86 mg Paid, you

and 606.08 mg V.

The a ir oxidation of 30j< PuO^UOg solid solution thus

results in two phases, an orthoxhbmblo (UQ QC^Q 05^°8-« P0**6 a n*

a cubio (n o . 6 5 t» o . 3 5 )O 2 < 2 7 pl iM. .

2*3*2 Klnetios of Oxidation of PrflUM

The kinetios of Oxidation of Uranium Monocarbide warn followed

gravlDetrioally using tbe Mettler Theimoanalyser to study tbe meobanlae)

of oxidation.



- 21 -

Table - 4

No.

1.

2.

3.

Chemical Analysis

Sample Description

Original pellet dissolution
HMO,. HF

O.35 N H.NOj extract of aanple

Residue from No.2 disaolved
in HWL- HP

Reaulte

0/fc befor*^
dissolution

2.000

2.385

2.2Y0

fti + U

0.299*

0.052°

O.3*6b

Precision for the estimations (l<T )

a t 0.005

b » Pu-0.2& U-0.2#

o t Pu-0.8#» U-O.5J6

Uranium monocarbide sanples obtained from AiQ, BAHC
were powdered in argon atmosphere and heated in flowing dry air
at the rate of ]0°C/mirute. The thermoeram showed that weight gain
started from lBu'C onwards with a point of inflection at 41O#C.
The kinetic parameters for the oxidation reaction from 180«C to
41OSC were calculated by the difference-differential method using
Freeman and Carrol equation. Th« percentage weight gain with respect
to the initial sample weight and o( , the fractional conversion
with respect to the total weight gain are given in Table 5»
A straight lint plot of log gffi( ) against tenperatur* w*a obtained
in Figure 3 If fW ) - U-<X)n »«h <*•! indicating that the rats
of oxidation is controlled by the random nucleation of the pxoduots

of oxidation^1 .
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- 23 -

TABU -

No. Temp.'C Fractional Conrereion

0

1

2

3

4

5

6

7

8

9

10

11

12

The Freeman-Carroll plot in Figure UJ" showed the oxidation reaction
to follow first order kinetics with an activation entrgy of 21.68 koal/

mole*
The total weight gain of 3.50* upto 41°*° attribute* to

a phase WÔ  where x - 0.45.

KEEBHSWCES . .

1. Sestak. Theraal Analyeie "M. Wilderj*n» g, 24 (1971)

180

200

220

240

260

280

300

320

340

360

380

400

410

0.0000

0.0167

0.0250

0.0333

0.0583

O.O917

0.1583

O.25OO

O.4I67

O.5667

0.7667

0.9333

1.0000
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2.4 Solvent Extraction and Ion-exchaiyaa Studiea

2.4*1 Solvent Extraction of Actinidea and Plaaion Products
by Lon/r Chain Sulphoxidaa

S.t.. haU J.P. Shukla and U.S. Subrananian

In continuation of our investigation on extraction by long

chain sulphoxMwa, the solvent extraction of actirddes and some

fiaeion proJucts by di-i>>octyJ aulphoxide h«a been investigated.

haB been syr.thesised by a two

atop procPBB. The oxido product was recrystalliaed from petroleum

ether (60-00,;) to t*iv>> v/H1te crystals (155 g) o.p« 75*C, C . ?0.1ji,

H - 12.3,.'f 3 - U.e/J retiitired for (CgH^^SO, C - 7O.44|4, H . l?.4?J,

ii a 11.7/" •

The extraction behaviour of j>lutonium(iv)f uraniua(Vl) and

£ior.,c fisaion producta I1l:e 9 5 £ T > 103,106^ 144Ce 152^54^ and 90^

from nitric acid media by MSC in Solvesso-100 has been investigated

c.v,;r 4 v>id>* rar^t- of oouditioris. Whereas the actinidea are extracted

eaaentially completely, the fiasion producta ahow neplifible extraction.

The abtiorrtion spectra of nulphoxide extracta containing either RJ

or 1>0 indicate the 3;x>ciee extracted to be diaolvatea. DOSO extracta

actinides better \hc.r. Jl-huxylsulphoxide {iM'jQ) under a l l conditions

aril in also more soluble in uiomatic diluents than the la t ter .

This la in keeping with i t s higher basic i ty . -

2.4«2 oynerpistic Solyont Extraction Studiea

S.K.futil , V.7.Baaakri8hna, A.Hamanujan», B.Haraprakaa*
and I..M. Gudi

The aynergiatio extraction of fr>(lV) by mixtures of HOTA

(tlt«>tioyltri-fluor0ac-3tone) and TBP (tri-n-butylphoBphate) In benzene

txoji fei-chloric acid raedium showed the formation of the adduot PU(1TA).

Vhe adduot fonaation was :.lso atudied by epectrophotoaetry. Values

of the equiiibrium conatar.ts obtained are given in Table *.

*Vuti\ Se^rccesBine Division, BiiHC



Table - 6

Sunnary of equilibrium constants for the adducta
of U(IV), Hp(TV) and Pu(iv) /3-diketonates with
some neutral donors

adduct Neutral
ligana(s) Diluent log AB logK AB

U(TTA) .S
4

iNp(TTA) ,S

P U ( T T A ) .S

TOPO

fiBPO

TPPO

IBBP

TBP

TIOTP

lilBK

TOPO

TBF

TBP

benzene

-

II

n

Chlorofonn

Cyclohexane

Denzene

5.42

5.42

n

M

If

M

II

-

6.29

7.34

6.23

6.13

4.72

4.04

3.04

3..Z7

-O.1O

3.98

4.23

1.70

11.65

11.55

IO.14

9»46

S.46

6,69

5.32

-

IO.52

9.04

Vhe extraction of i:p(iv), by mixtures of HTTiUittl TBP in

cyclohexane from perchloric t»cid medium, waa investigated and

the complex ?<IJ(TTA).. TOP was found responsible for the observed

synergiap. The xeay*}cti"e equilibrium constants obtained are also

included in Table 6.

Formation of a"-.:ucts between U(TTA) and several neutral

donors (a) v/as inveati£ate<2 by spectrophotometry. Typical spectra

or U(TTA) and U(CTA) . 3, present in different oompositiona are

riven in Pip. 5» The composition of the adducts waa derived from

the p]otB of abBorbanoe vs . /~S_7 / /~^(!V)_y, a typical plot being

shown in Figr. 6. Values of the equilibrium constants obtained are

sunmarised in Table 6.
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I t WHS e s l - i i b l i H l u ' d t h a t p - ' i i T p i f l m i n 1«t. r f iv;Or»nt n . i l niilo.-

1e a coran°quonce of thq increase in coordination tiumlvr from " to ?

1n ttioir ridduotn with iwitrn] donorn. It win PIHO shown that » •

s o l u b i l i t y of water in orranic aolventfi i s not a major factor, i f

nt all, contriliuting to the. destruction of syryrgiom.

The adduct foj^nation bptw<?en '10 (TTA) and t.li" mutr'i

TOFO arx) DBBI' was Investigated by gpentropliotrmiftry. Tin- chinf^n

in the abnorrtion apectruro of U0 (TTA) duo to ndditton of T0I0 are

shown in Fig«7» 1*he iu-enenc<? of inobf'Rtlo pointB suggest the rr»a«noe

of only two absorbing npociea. The ohanjvn 1n absorb'tno«j at different

wavolengths for differnnl; /"TOI'O_7 / /"»( ' T )_7 i-*<-los Is phown in

F i g . 8 . A c lear br^ak at /~TOK>_7 « Z""(vl)_7 - 1 nhowa that the adduct

formed has f'la componitlon W02(ri'A) TOIO. SJnilwrly with DPBP,

IIO2(TTA)2DBT!F was found to be formod.

1 ? 3 4 5 6
[TPPO]/[U|IV)]

FIG. - 6.
A p lot of Ahsorljanoe VS /"TPPO f / /~U(lV) 7
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- 31 -

2.4 •? Extraction of Actinides by Lon -̂Chsir. Ami nee
S.K. Patil, Veena Bhandiwad and Sajendra Swarup

2..H-I-1* Separation Studies from Carboxrlate Media

An exploratory work wao carried out to develop a method for
the separation of U(Vl) from aqueous rcalonate medium by extraction
from amines. The distribution coefficient data for the extraction
cf different metal io>a by 20^ TIOA in xylene from an aqueous mixture
of 1M malonic acid +0.25;. nitric acid were obtained and are summarised
in Table 7. The data suggest that U(Vl) oan be separated satisfactorily
fror. all the metal ions tried except Ag and Zr.

Distribution Coefficient of ff(Vl) and sons metal ions
by 20/«i i'lOA in xylene from malonic and nitrio aoids
mixture.

aq. phase - 11' malonic acid + O.25M nitric
acid

Metal ions
tracer

Zr

Co

Co

Zn

Ku

Tb 7.5 x 10"5

Kd

17

5.5

0.35

1.25 x

1.5 x

5.5 x

1.4 x

10-2

10-5

10-4

10-4
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%A-2>'1?' Bff^ct of tenperfiture on the extraction of Np(lV) from
?La Solveaso-IOQ from nitric acid

The effect of temperature on the extraction of Kp(lV) fron

aqueous nitric acid by TLA was studied. Distribution coefficient

data obtained at different temperatures are summarised in Table 8. •

It i s seen fro-n the data that the Kfl values of Mp(iv) decrease with

increasing temperature. The equilibrium concentration of nitric

acid in the TLA phase as a function of temperature regained almost

constant. The enthalpy values calculated from the plots of log K̂  v«

l/T are includod in the Table 8 which show that the4H values inoreaae

with increasing concentration of amine.

Distribution Coefficient of Kp(iv) between nitric acid
and TLA-Solvesso-lOO as a function of temperature

H1& TLA Distribution Coefficient (K.)
3 . «

(M)

2

4.

1

5

10

1

5

10

0.56

8.2

32.5

O.46

9.23

56.2

0.22

5.44

2O.9'

0.28

6.6

25.8

0.14

3.6

14*2

0.184

4.25

16.32

O.O94

2.2

10.4

0.12

2.81

11.12

0.061

1.47

7.37

0.082

1.94

7.76

8.60

8.42

7.12

8.51

8.O3

7.63

2.4»4 Extraction of Trlvalent ActitflrtM and Lanthanldep
by lotig Chain Amines from Concentrated Chloride Solutions
P«K. fchopkar and Jagdieh N. Mathur

The pfteoont work deala with the extraction of Am(lll) and
Eu(lTl) - which represent the trivalent actinides and lanthanideo
respectively - by primary, secondary, tertinary and quaternary amines
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in xylene nediura from concentrated lithium chloride solutions of low
acidities. Absorption spectra of Am(lll) extracted by tertiary and :

quaternary amines from concentrated lithium chloride have been studied
in order to elucidate the nature of the Am(lll) species extracted
by these extractunts.

ri'he primary and the secondary amines used were Primene-JUT
and Ainberlite-lAl respectively. These as well as the tertiary and
quaternary swims ?ICA, TnOA, Alumine-336, TLA, Aliquat-336 and
ThpACl were used as received from commercial sources. All the amines
except the quaternary ones were converted into their hydxoohlorides
by equilibrating their xylene solutions with 1 H HC1, The amine
solutions were then preequllibratcd with cone. LiCl (pHs2.0)<
The tracers Am and ' * **Eu were radiochemioally pure. Solvent
extraction experiments were carried out using 0.2, 0.15 and 0.10 K
solutions of the amines in xylene, the equilibration time being 15
minutes* Itadioassay of the tracers was done using a Nal(Tl) well-
type scintillation counter. Absorption spectra were recorded using
Cary-14 absorption spectrophotoneter. Oscillator strengths were calcu-
lated usint; the method of CarnUl et a l ^ .

Extraction data for Ac(lll) and Su(lZl) using the tertiary and
quaternary amines and the separation faotors obtained are presented in
Table 9. Though negligible (kj < 10"3)• extraction of both ia(XIl) and
Ku(lll) was observed with primary and secondary amines, the tertiary
unfl quaternary amines showed appreciable extraction of both An(lll)
and Eu(lIT) under these conditions, the trivalent aotinides always
showing a higher extraction.

Ux«xnetlon of trivalent aotlntda and lanthanide ohloro oonplexes
by tertiary and quuterrjirj anlnes can bt represented by reactions ( i )
and (2).

/.IC1 + Y (iLtfii Cl) * HC1, Y . B Y I L » (1)
5 5 morf. 3+mT ^ org

where m and n are the degrees of polymerization of the tertiary aid the

quaternary ami ma respectively. As seen from liable 9 the separation
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factors obtained when tertiary aaines a w used *» extraotants are as

a class far higher than those obtained using the quaternary anlnea

though differences do exist in the separation factors obtained using

various amines of the same class.

gable - 9

Extraction of -« (III) and Eu ( i l l )
by tertiary und quaternary wins*

Anine

Tetraheptyl
ammonium
Chloride

Aliquot
chloride

Al«gine-336

Tri-iso-octyl
Auine

Tri-n-octyl
Ami no

Trilauryi Amine

Cone.

•

0.10
0.15
0.20

0.10
0.15
0.20

0.10
0.15
0.20

0.10
0.15
0.20

0.10
0.15
0.20

0.1*0
0.15
0.20

Distribution

Bu(lll)

27.88
45*54
55.95

1.98
2.70
3.34

0.008
0.015
0.032

0.013
0.034
0.053

0.008
0.026
0.052

0.006
0.015
0.020

Coefficient K

Aa(lll)

68.70
111.90
150.70

8.97
12.53
16.34

0.289
0.670
1.480

0.850
2.147
3.303

0.496
1.460
2.891

0.329
O.764
1.183

U B * n

2.5
2.6
2.7

4.5
4.7
4.9

37.2
43.8
46.0

65.9
65.3
62.4

59.7
55.3
55.8

54.0
57.4
58.3

In a comprehensive study of the nature of the anionio ohloro

complexes of U(IV), U(Vl) and other metal ions Hjran has deoonstrated^

the role of hydrogen bonding in stabi l isat ion of the hexachloxo-and
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the tetrachloro complexes when either the tertiary amines or anion-
exohange resins in conjuction with hydronium ions were used. It Is
quite conceivable that in the case of trivalent actinlde an) lanthanirie
chloro complexes also, hydrogen bonding may play anf important part*
Obviously such a bonding could come into pl&y Qtily when tertiary amines
(with the IUNH+ cation) are used as extracta/nts. In a study of thio-
cyanate complexes of Am(lll) extracted ijno the organic phase, Khopkar
and Mathur have shown that the extent of covalency in the Am(lll)-
thiooyanate bonds increases as the number of thiocyanate liganda
attached to Atn(lll) inoreasee, as a result of increased ligand field
of thiocyanate ions. It looks quite likely therefore that with the
stabilization of higher chloro complexes through hydrogen bonding with
the cation of the tertiary amines the covalenoy in the Am(lll)-chloride
bonds and hence the stability of these complexes is enhanced with respect
to that for Eu(lll)-chloro complexes. It is well known that covalent
bondB in the latter case are ruled out due to the '4f' electrons being
well shielded as compared to '5f' electrons which extend appreciably
in space »

Absorption spectra of Am(lll) extracted by two representative
amines, the tertiary amine TIOA.HC1 and the quaternary amine ThpACl are
presented in Fig.0-. Details of the absorption spectral parameters of
Atn(lll) extracted by several amines are given in Table 10.

In order to examine this problem further, absorption spectra
of the chloro complexes of Air(lTl) extracted by the two classes of
amines were investigated in the region of the 5°3 nm band which is
ascribed to the first excited level 7F —» 5L, by Carnall and Fields*"
and is known to be strongly affected by the ligands . It is seen from
Fig«(9) and TaDle (10) that Am(lll) specie3 extracted by the tertiary
amines should be distinctly different from that extracted by the quarter-
nary amines. Whereas thoaiueous phase absorption band for Atn(lll)
occurs around 503 nm, that for Am(lll) extracted by the tertiary antine
is shifted bathochromicaily to about 510 tm and a considerable splitting
is also observed. Comparatively, the shift obtained when quaternary anines
are used' as extractants for Am(lll) is smaller. Moreover, there is a



- 37 -

Table.- 10

Absorption Spectra of Am(IIT) extr^^ted by lohj
chain atnine

Atsine '

ammonium chloride
0.2M

Aliquat chlorir].-;
0.7M

Aliqnat chloride
0.1M

Alamine-336
2Ofo

Tri-iac-ootyl
ami tie
20$

Tri-iso-ooty1

amii»

Ethyl alcohol
7 M - HCl
(AmCl|-)

LiCl-KCl eutectic

503.4
509.3
515.5 *
522.0

504.0
509.6

504.0
509.6

509.6
512.7
521.2
523.0

509.6
512.7
521.2

509.6
512.7
521.2
523.0

510
514
523

506

Anax

261.5
38.2

95.7
47.6

146.O
44.O

38.0

III
7.6

32.0

I:)
36.0

6.0

38
(a)
7

160

Uean

'•

4.

4.

• 1 2 .

63-

63.

S.F.

..

7

7

3

2

2

Oscillator
Strength

155.4 x

85.9 x

121.0 x

30.9 x

26.0 x

28.9 x

10-6

10-6

10-6

10-6

10-6

10-6

x - 4,5

(s) represents shoulder otdy
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harkod low^rinp of aboorption in the case of Ais(lll) extracted by

tertiary amin<?o which is strongly reflected in the oscillator strength
( 7 i

values riven in the last column of Table (10). Barbanel and Marcus
( 8)and Bomsiv have shown from a study of Am(lll) spectra in ethanollc

I1C1 solutions that at 7 U HC1 ("limit spectra") the species of Am(lll)
is AmCli". The high (Oh) symmetry of the octahedral configuration make*
the f-f transition spectacularly less allowed resulting in the overall
lowering of absorption. Similarly Am(lll) in CsCl-HaCl eutectio is also
shown to be presont ae the species jhnCl>"". The closeness of the "\

o tnoX

aid £ valuea for Am(lll) extraoted by the tertiary amines indicates
in agreenent with flurcus"' that the species extraoted is AjnClv". The
absorption spectra of Atr(lll) extraoted by quaternary amines from 11C1
in the present work 1 ti however markedly different but similar to those
observed by BarbaneP'' for Am(lll) in the LiCl-KCl euteotio wherein the
presence of a four- or five- coordinated species of Am(lll) namely

(n= 1,?) was indicated. Existence of a lower chloro complexir
of Am(lll) in the orranic phaae when quaternary amines are used as
extractants can thus account for a lower decree of covalency in th«
Am(lll) -chloride bonds which leads to a lower stability of the ohloro
complex, giving rine to lower separation factors.

1. 7/i1. Car nail , P.R. Fields and B.G. ffyhourne, J. Chem. Phys.

4£, 3797 (1965).

2. J.L. Byan, Inert*. Cher.. J,, 211 (1964).

3. P.K. Khopkar arri J .J . . Hathur, J. Tnorp. Kiel. Chem. 41, 391 (1979)»

4. R«M. Diamond, K. Street and G.T. Se&borg, J. Am. Chem* S o c ,

1461 (1954).

5. W,T. Carnall and P.R. Fields, J. Chem. Phys. 40, 3428 (19&4)«

6. M. Shiloh, 'i. Civon and Y. Marcus, J. Inorg. Nucl. Chem., 21f

1807 (1969).

7 . Yu.A. Earbane), J. Inorf> ffcicl. Chem p. 79. (Snpplemppt 1_976)»

8 , T. Marcus an! M. Boi»«, Israel J* Ch««*» fi» 901 (1970)

9 . Y. Marou* , «•?<>** 1 ^ 1 « « t 35
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2«4»5 Recovery of Uranium and Plutonium from an Aqueous Solution
Contain In/; Phosphoric, Nitric and Sulphuric acids by Solvent
Extraction

S.K. Patil, R. Thlaparajan and Kajendra Swarup

The most frequently used volumetric method* for the determination
of uranium in nuclear fuel sample results in aqueous wastes containing
phoBphoric, sulphuric and nitric acids and appreciable quantities of uranlua
and plutonium. the present work was undertaken to develop a solvent extraction
nethod for the separation of uranium and plutonium from such wastes.

Attempts to remove phosphoric acid selectively by multiple extraction*
with Imberlite LA-2 leaving U and Pu in the aqueous phase did not succeed,
in alternate approach of extracting U and Pu directly from an aqueous phase
containing phosphoric, sulphuric and nitric acids was pursued.

Preliminary experiments carried out with a number of extractants indi-
cated that U(VI) and Pu(lV) could be quantitatively extracted by tri-n-octyl
phosphine oxide (TCP8) in xylene. The distribution coefficient(K-) data for
U(VI) and Pu(IV) were obtained using 0.5K TOPO in xylene and various aqueous
media (Table 11). The results showed that the extraction ot U(VI) and Pu(IV)
increased by addition of nitric acid or nitrate ions as reported In lltera-
turev ' . This suggested that the species of U(VI) or Pu(lV) extracted from
an aqueous phase containing TOO,, TpSO. and * PO were, predominantly the
neutral nitrate complexes of U(Vl) or Pu(TV) Bolvated by TOPO. This was
confirmed by absorption spectral studies in the case of Pu(lV).

It was found that U(VI) could be quantitatively stripped fro« TOPO
solutions with 0.5M ammonium carbonate. Back-extraction of Pu from TOPO
solutions containing a few /Ug/vl of Pu was studied using a number of
stripping agents. The data show (Table 12) that Pu could only be stripped
quantitatively with a Mixture of HF and nitric acid. The presence of
reducing agents favours the stripping. However, when experimenta were
carried out with micro-concentration of Pu(mg/«l), it was found that Pu
was quantitatively back-extracted with ammonium carbonate solution. This
\iehaviour was contrary to that observed earlier using lower concentration
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Tabla - 11

•sfcraetion of ff(VI) and Pu(lV) by 0.5** TOFO
in

Aqueous phase Distribution Coefficient (»)
U(VI) Pte(rr)

1MHND

1M HgSO,

I M H ^

1M H 2 3O 4

1M H 2 3O 4

1MH2SO +

1MH2SO4 +

im.so. +
2 4

iMi8ao4 +

+ 1MH5FO4

+ 1M H.PO.
j 4

1MHjPO4 •

1M H_PO4 -

1M H.PO +

I N H 5PO 4 +

1M H.PO. +
j 4

+ 1MHWO,

¥ 2MTOTCL

3
O.?M NO~

1 .OM MO~

2.0M NO"

199

9.8

0.083

1.6

56

49

34.4

67.0

63

&

1493

6.3

0.25

1.7

371

0 + 1M H,PO + 4.0M M0~ 59

NO, ion concentra t ion obtained UBing NaNCL.
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of Pu aid was attributedto the change of oxidation state of Pu(lV)

which resulted more rapidly at a higher concentration of Pu* This

was confirmed by the absorption spectra of stripped Pu which showed

a characteristic peak of Pu(lll) at 600 ran.

The separation of U and Pu from the aqueous mixture by extract-

ing into 0.5M TOPO followed by stripping with 0«5M ammonium carbonate

TABLE - 12

Rack-Extraction c t Plutonium from TOPO solution

Stripping Agents Percentage of Pu stripped

0.5M (NH4)2CO3 12

1M oxalic acid 35

0.2M HP 5

1MHF + 1J?I1NO3 82

1MHF + lffflNOg • 0.05r-f ferrous 89

sulphamate + 0.05M NH20U HCL

2MHF + 1MHN0- + 0.05M ferroua-sulphaaate

+ 0.05M NHo0H HCL 97

was s u c c e s s f u l l y t r i e d with 100 mg of U and 10 rag of Pu* Uranium

and plutonium from the back-extracted s o l u t i o n could be f u r t h e r puri-

f i e d by usual methods such as THP e x t r a c t i o n s or anion-exchange

after adjusting the acidity of the aqueous phase with nitr ic acid

and oxidation stute of Pu to Pu(TV).

References

1. W. Davies and tf. Gray, Talanta, 1A, 1203 (1964).

2. J. White and V. Boss, NAS-NS-3102 p . 44. (1061).
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3.4.6 Complex Formation of Np(V)

S.K. Pat11 and N.M. Gudl*

In continuation of our studies on the conplex formation of

actinide ions with Uganda in aqueous solutions by solTent extraction,

studies wore Initiated on determination of stability constants at

high ionic strength media. Very Halted data on actinide complexes

in such media have been reported. The complexing of Np(V) with

various inorganic ligands, at an ionic strength of 8.5, was' studied

by solvent extraction method using sodium salt of dlnonylnaphthalen*

sulphonic acid (NaDNNS) as the extract ant. The result* are S U M a -

rized in Table 13.

TABLE - 13

Summary of the stability constants for Np(V) Complexes

u = 8,5 pH - 5 Temp * 25*G

Ligand 4 , ,

Cl 3.0

NOg 0.26 0.43

SO" T.3

NO" 2.2 11.7

SON" 8.2 11.7 53.5

* Fuel Reprocessing Division, B.A.It.C.
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2.4 .7 Allon-Each ange Studies of Neptunium in Mixed Solvent Media

S.K. Pat 11, If. Kusumkunari and Hajendra Swarup.

The work on the adsorption behaviour of neptunium on anion-

exDhan^e r e s i n In mixed-solvent media was continued. The increase

in the d i s t r i b u t i o n c o e f f i c i e n t (a) of Np(lV) on anion-exchauge

res in Dowex 1x4 (50-100 mesh) in the presence of raethanol or acetone

in 1M n i t r i c acid indicated that the addition ot methanol or acetone

probably favours the formation of Np(BO.)""species. To substant ia te

t h i s , adsorption spectra of Np(lV) In 1M HN03 arid 1M HN03-90# metha-

nol were recorded which showed a d i s t i n c t absorption peak, around
2—877 nm, a c h a r a c t e r i s t i c ot Np(N0o),, s p e c i e s , thus, supporting the

inference . Based on the batch data of Np(lV) i t was considered of

in teres t t o develop a method of separation of Np from other metal

Ions . The d i s t r ibut ion c o e f f i c i e n t data obtained for Pu( lTI) , U(VI),

Zr, Eu and Hu from 1M HN03-50^ methanol revealed that a res on ably

good separation of Np from these meta] ions could be achieved.

Column experiments were carried out with a synthet ic mixture

of Np(lV) and P u ( l l l ) from 1M HN0o-50*b raethanol which gave 50$

recovery of Np with a D.F. of 10,000 from Pu. Subsequently, the

experiments with a mixture of Np(lV), Pu( lIT) , U(VI) and Zr were

carried out in a s imi lar manner. Neptunium recovery was measured by
239 (>37

Oi -counting of Np and by estimating '" Np spectrophotometrical ly

as Arsenazo-III complex af ter masking Zr(.TV), i f any, with phosphorio

acid. Results summarized in 'fable 14, show that tliotiph the recovery

of neptunium was r e l a t i v e l y low ( ' ' v 5 0 ^ ) , the separation °f Np from

other metal ions W.JS quite s a t i s f n c t o r y .
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Summary

TABLE 14

of the result* of the ooluan experiments

Peed: 2 3 TNp - 20 ug

In 10 al
ferrou*

No*of Runs

1

2
3

4
5
6

Pu - 200 us

tJ - 10 «g

Zr - 500 ug

of 1M HVOjj - 500 aethanol containing 0.05M

•ulphaaate and NHo0H.HCL.

40

42

41

40

48

37

. Speotrophotoaetry

42

45
41.3

38.5

50

41.3
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2.5 Radiation Chemistry

2 .5 .1 Hadiolytic O.cidation Mechanism of U(XV) to U(VI) in H SO.

and HCl Media

P.K. Bhattacharyya and H.D. Sainl

Considering the importance of U(IV) as a reductant for the
separation of uranium arid pliitoniuu in the PIPtKX PUouiiSS, a s y s t e -
matic inves t igat ion on the radiat ion chemical behaviour of U(ZV)
has been undertaken'*'**' under various condi t ions . The re su l t s
otatwined are useful In proposing the •eohanis* for the oxidation
without considering the e a r l i e r assumption involving cbain reaction**.
This report descr ibes the work carried out on t h i s topio during
the period under report .

(A) In HoS04 medium i t Is observed that values of G/~U(VI)_7botti
in presence «uid absence of air are dependant on the concentration
of tl(VI). x'he l imi t ing G/"u(VI)_7 values are shown in Table 15.

TABLE 15

tr/~U(Vl)_7 values under d i f ferent conditions

Medium /"U(VI)_7, uM ^ " U ( V I ) J ' a i r G/"U(VI)_7

7.8 0.7

8.5 1.2
8.3 1.6
9.0

9.2 2

5.1 0.76
6.5 1.0
7.2
7.7 i.15
7.8

1.3

0.4M H2SO4

0.3M HCl

1
5

10

50

1

2

3

4 . 4

8 . 5

10
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G/"u(VI) ZI~ h a» a limiting value of ~ 9.2 in 0.4MH-S0.
which can be explained by the following reaction

M,0

11 4 U

HO, 4

OH 4

2UOJ

VO* 4

»2o.,

•V*
V4* 4

• 4H*

OTI 4

4 U4+

4 11,0

11,0

H*

4 II ,0

H,0H,
H02

2 *
UO* 4

VO* 4

H V J 0 o , H,,

2H* 4 OH

3U*

-, V1* 4 2H,(

4 l io0

OH 4 3H*

( 1 )

(3 )

( 3 )

(4)

> (5 )

( 6 )

(7)

From reactions ( l ) - (7)^4^ one can evaluate

7.S which i s indeed the cute at low concentration of U(IV). On
the other hand, to explain the liMitlng G /~u(v*)_7, i r 9*2 at the
higher concentration of U(IV) ( "-' 50 mH) we consider that soae
aerial oxidation by the following reaction (8) i s responsible.

In cteaerated H9S0. media fi/"u(VI)_2eaertlted
 v a l u o s

on the basis of reactions (4) to (7) alone with the folliwng re-
action (0) .

\i 4 OH * .H.,0 (9)

Vims, at hi^h concentration of U(IV), reaction (4) predoalnantly

explains the G/"ir(vi)X\.v *Ml f;^"u^VI^-Jeaerated a r a atSui.tioantly
leas than those in HiSO<t aediu (fable 15). This reduction of G/0(VI)_7
values are explained as due to the following reactions.

II* 4 Cl" 4 oil

Cl 4 Cl

Cl" 4 U4* 4 2M,,0

cij • oi;

Cl., 4 H

Cl 4

WOj 4

2C1"

H*4

1I2O»

aci%4H*

• c i 2

2C1~

(10)

(11)
(12)

(13)

(14)
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Along with reactions (3) and (5) they explain the experimentally

obtained &/~u(Vl)Jair °* 4»2 *« 7»8.
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2.5.2 Flash Photolysis of Aqueous Potasaium Persulphate Solution

P.K. Bhattaoharyya and R.D. Seini

Flash photolysis of aqueous persulphate solution has been reported

to give S0~ radical Ion which is a very powerful oxidizing agent* .

Thus it was thought that in the flash photolysis of aqueous persulphate

solution containing Pu(VI), a reaction between Pu(VI) and SOT radical

should produce Pu(VII). However, before Introducing Pu(Vl) In the

persulphate system i t was necessary to investigate the speotral and

kinetic behaviour of SOT radical at different pH and in highly alkaline

conditions wherein Pu(VIl) has been reported to be fairly stable1 ' .

Flash photolysis of aqueous persulphate was carried out under

various conditions in doaerated solutions. It was observed that

although the absorption maximum of SO" radical ion always occurred

at 455 nrn, i t s kinetics of decay changed from second order at lower pH

to first order at high pH and under strongly alkaline conditions. The

results are summarised in the Table 16.

The change in the order of kinetics can be explained by the

following reaction

SO" • H20 -> H+ • S0^~ + OH (1)

Thus, at low pJI due to an abundance ot H* ion backward react 1 " pre-

dominates over the forward reaction thereby producing enough SOT

radical ions which predominantly comfittic to regenerate SO Dy •

second order mechanism,

i .e . SO" + S04 ^ S
2 V " <2>

At high pi I am! under strongly alkaline conditions, on the other h.ajod,

r,he hydrolysis of S0~, a pseudo first order process as indicated by

the forward reaction of (l) is t,he main doc ay process of SOT radical

ion which loads to the observed first order kinetics.

In the absence of a reactive solute, OH radicals would generally

combine to produce II2O-. Therefore, one oC the end results of reaction

(1) woule be the production of H+ ion which should decrease the pH of



SI.No.

1 .

2 .

3 .

4 .

5.

6.

T.

8 .

Rate Constants for the Decay

System

BnSO ŝ aturated
with purified N_

-do-

saturated with
purified » 2

K2S2O8(i2.6 nM) + NaOH
saturated with N2

K9S9Oa (10 aM) + NaOH
•a « O

saturated with N2

K2S2°8 ^ i 0 "M^ + N a 0 H

saturated with N2

X2S2°8 (5 0 •") • N a C 1

(1M) + KOH ( /vo.lM)
saturated with 1^

KgSgOg (50 mM) • NaOH +
saturated with Na

Init ial
pH

3.05

4.62

6.57

10.3

12.4

lMNaQH

12.3

NaCl(lM) iMNaOH

of SO at various

After flash -
photolysis

PH

2.94

3.74

3.74

3 . 5

12.4

-

ia.3

—

PH

455

455

455

455

455

455

455

455

Rate

OtwaAlv J"J

5.84xiObM"1

4.7xlO8M"1S

1.38X10V1

5.4xlO2S"1

8.15x10 S

4.7xlO2S"1

constant k

-

S"1(2nd order)

S~ (2nd order)

- 1 (2nd order)

(1st order)

(1st order)

(1st order)

(1st order)
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the solution. The observed deorease in pH after flash photolysis,

as oan be seen from Table 16 supports reaction (l) (pH deorease

ion measured after /vlO-12 flashes).

References

1. E. Hayon et al. J. Phy. Chen. 71, 1472 (1967)

ibid 71, 2511 (1967)

ibid 71,, 3802 (1967)

2. v.i, Spltsyn et al. J. Inorg. Nuol. Ch»a, 31., 2733 (1969). «



2.6.3 LET and Cation Effects on the Radiolytlo Formation of
Nitrite in Solid Nitrates

P.K. Bhattacharyya and R.D. Saini

After establishing the mechanism for the formation of HNO9

by gamma radiolysis of aqueous nitric acid solution* , studies
were initiated to investl/rate the effects of ( i ) the transition
from solution to solid phase ( i i ) DM.1 aud of ( i l l ) the nature of
the cation on the formation of nitrite in the radiolysis of nitrates,
Solids like KNO, and U0_(N0,,),..6II,>0 crystals were irradiated in
Co-CO gamma chamber and in the thermal column of Apsw reactor
followed by the determination of the radiolytically produced nitr i te .
The results of some preliminary experiments are shown in Table 17
below :

17

SI.
Mo.

i .

2 .

3 .

4 .

Radiolytic Yields of N i t r i t e

Material
Irradiated

KNOg orys ta i s

UO2(NO3)2.6H3O

crystals

-do-

-do-

Type of
Radiation

6 0 C o -
6 0 C o -

Reactor Radiation
in thermal column

Reactor Radiation
in thermal column
shielded by Cd fo i l

R(NO")
ions/100 eV

0.98 + 0.12

0.02

2.69<8>

0.57<*>

Nuaber of
experiments

5

a

v
1

(a) Excluding <T(N02
>) =• 0.02 due to gama-radiation.

It oan be seen from these preliminary results that both LEV and the
nature of oat ion have a marked influence on the radiolytic yield
of n i t r i t e . The increase in 0(N0~) with increasing LET may be due
to the spin reactions of radicals l ike N03 and the formation of Og
•olecuie with greater ease following reaction (1) due to radiation.
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+ e~) N 03 t-1)'cage

+ 0 (2)

0 + 0 > 0 2 (3)

The formation of 02 moleculo inhibits the reoombinatlon of V&Z and
0 to regenerate N03"f thus resulting in a higher yield of NOg . On
the other hand, decrease in a(NOJj) with the change of oatlon from K*
to U O * may be due tothe redox reactions of the latter with radio-
lytically produced NO". However, further experiments are necessary
to understand in detail the mechanism of the radiolytlo formation
of NOg in such solids.

Referencest

1* P.K. Bhattaoharyya and R.D. Saini , Int . J . Radiat. Phy. Chem.
5, 91-99 (1973).
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3.1 Preparation of Plutonium -

C.K. Sivaramakrishnan, A.V. Jadhav, K. Itaghuraman, K.A. Mathewe
and P.S. Hair.

2T7 tar*A?lp

Flve one gin samples of l Np as NpO, were^in aluminium fo i l s and

sealed in CIRt/S cans. Details of irradiation and handling of the

samples described in the annual report 1977^'. All the five targets

along with their aluminium foi l wrappers were dissolved in 7M UNO,.
3

After ensuring complete dissolution mi aliquot of the solution wastaken to as«ay total "o"Pu present. This assay showed the total ooPu

In the solution to be 175 mgs. Oxidation state of plutonium and

neptunium were adjusted to 4 by addition of excess of ferrous sulfa-

mate and heating the solution for one hour at 55°C. Pu(lV) and Np(lV)

were then co-absorbed on 40m v 20Gra 1>owex-l (50-100 mesh) an ion

exchange column. The column was thoroiiKhly washed to remove the bulk

of the f ission products. Plutonium und neptunium were then coeluted

with 0.35 M HNOg. This step provided eaourji decontamination from

fission products to permit transfer for subsequent purification in

a glove box of ** Pu from neptunium.

Reference

1. Radiocheaistry Division Annual Progress Rep-<rt for 1977
BAUC-i005(l979) \>.

3.2 Process Chemistry of Neptunium,

S.V. Kumar*, M.N. Nadkarnl*. P.K.S. Kartha', N.M. Gudi* and S.K.Patil

In continuation of our studies onthe process chemistry of neptu-

nium, work Was initiated to explore the use of primax-y or secondary

amines for the purification and concentration of neptunium. The batch

data for the extraction of Np(lV), Np(Vl), Pu(l l l ) , Pu(lV) were obtained

using 20# Primene JMT and 20J» .%nberlito LA-1 dissolved in solvesso-100

at varying concentration of nitric acid. i'heae are summarised in

Table 18. The data show that extrfiction of both Np(lV) and Pu(lV) Is

* Fuel Reprocessing Division.



TABLE 18

Distribution Coefficient Data of NP(IV) . NO(VI). Pu( l l l ) . PU(III ) and
P(VI) from nitric acid medium using Primary and Secondary amines as the extractors

20£ Primen* JMT in Solvesso-100

M Np(lV) Np(Vl) Pu(lV)

20*5 Anberlite LA-i in
Solvesso.iOO

Np(lV) Np(Vl) Pu(lV) Pu(lll) D(VI)

0 .

1 .

1 .

2 .

2 .

3 .

4

5

6

7

8

5

0

5

0

5

0

—

0.0001

-

0.002

-

0.009

0.034

0.11

0.31

0.73

1.38

8xlO

cxio" 3

0.07

0.03

0.131

0.009

0.13

0.96

2 . 6

0.055

0.33

1.16

1.86

2.59

3.47

4.57

5.4

5.7

0 . 1

1 .4 11.2

16

14

9xlO

0.26 2.5 7x10^ 0.07

15X10"4

0.63 5.4 14xlO~4 0.14

12X10"4

15x10"*

0.32 '

0.52

0.53
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more with LA-1 than that obtained under similar conditions with

Primene JMT. The extraction of Pu(lll) into LA-i i s much less than

that of Np(lV) under the same conditions and this suggests that

good separation of Np(lV) from Pu(lll) could be obtained by LA-i

extraction. The separation of Np(lV) from U(Vl) however may not

be very good.

3.3 Some Studies on the Extraction of Rare Earths by TBP

S.M. Jogdeo? Madan Pal*, S.K. Pati l , S.P. Gandhe and

R. Thiagarajan

The extraction behaviour of rare earths under the condition!
ralevent to uranium refining by TBP was investigated. The d i s t r i -
bution coefficient data for the extraction of Gd were obtained at

varying concentrations of nitric acid and TUP. Typical data,

summarized in Table 19; show that when the uranium loading of TBP

is /N ÎOO g / l , fid is practically inextraotable Into TBP* Counter

TABLE 19

Variation of Distribution Coefficient (Kd) of Gd with Uraniua

Loading Init ial aqueous acidity=3M

Initial E q # v concentration.mg/ml

^
ng/ml

3.51

17.54

70.15

105.22

140.29

210.24

280.58

350.73

* Uranium Metal Plant .

-
2.99

15.56

55.66

74.81

93.36

113.71

126.88

134.06

-
0.50

2.34

12.27

24.54

40.1

82.59

140.04

196.3

0.07
0.07

0.08

0.01

0.003

0.0007

-

-
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ourrent extraction experiments were oarried cut to study the

extraction of Tb under conditions used in uraniumr©fining process.

The results of a typical experiment are summarized in Table 20*

fAHLE 20

Counter Current Extraction Behaviour of fb

Peed: /"*U_7 = 200 g / l ; £*HN03_7=> 3M; Csx>Ja 1 » 7 x 1

Flow rates (ml/min) : Peed = 2.75; or g a 5.6;

ilesidence time/stage = 1 rain.

Extractant: 33$ TUP in SST

160
Time Tb activity in outgoing streams D loading
Hrs.

Tb activity In outgoing streams D loadJ
c;«n/ral x iO~3 g/ l

Aqueous Organic

15.40

16.40

17.40

18.40

19.40

188

. 188

187

178

186

0.22 110

0.26 108

0.31 107

0.72 98

0.40 107

Avg. 186 0.38 106

D.P. = 230

Prom the Tb activity following uranium in the organic stream, it was

concluded that excellent decontamination of U fron Tb was achieved (OP

230) where uranium loading of the organic phapa w; s r* 105 g/l.

Experiments were carried out to study the kinetics of forward

and reverse extraction of Tb by TBP using AKUFVE set up. The data

revealed that with Tb activity present, initially either in the

aqueous or the organic phase, the equilibrium is reached In a few

seconds.
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3.4 In-line Analysis of Fuel IteproueBsing Streams

V.K. Hao, S.G. Mar at he, V.K. Bhargava and R.II. Iyer.

Moat of the effort was put In 'in-line' testing and the relia-

b i l i ty in perfonnimce and stability of gamma absorptiometer and

colorimeter at Fuel Reprocessing Division*. About 150 samples vnre

analysed by using gamma absorptioiaeter and results were compared

with laboratory analyses. These results were obtained by correcting

for the zero s;,ift arc not In accordance with any continuous 'in-line*

monitoring instruments tiie unit was found to have a definite zero

drift during a prolonged period, efforts were made to eliminate the

drift by improving the electronics associated with the gamma absor-

ptiomefcer. After making necessary requirements the unit seems to

work satisfactorily.

In the case of colorimeter, problems were encountered due to

vibrations, turbidity and flow rate. Some changes like providing

padding for lamp house and photo ce l l compartment are contemplated

to eliminate the drift due to vibrations.

* In collaboration with Shri S.V. Kumar.
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SECTION 4: RADIO-ANALYTICAL CHEMISTRY -AND SERVICES

4.1 Determination of Iaotonio Composition of Plutonium using Gamma

Ray Speotrometry

S.B. Manohar, S.K. Agarwal, S.M. Deshmukh, .P.P. Burte, A.R.Parab,

H,C. Jain, Satya Prakash and M.V. Ramaniah.

The gamma spectrometrio method for the determination of lsotoplo

composition of pliitonium offers some distinct advantages. This

method is non-destructive, comparatively fast with possible adapta-

bility to a wide variety of configurations as well as can be used for

unambigeous identification of plutonium lots. However, the Method

depends on calibration based on the more accurate mass spectrometrio

nethod*

In the present work, an attempt has been made to develop the

method covering relatively a wide range of burn up (Table 21) then

TABLE 21

The range of i so top ic composition used for
cal ibrat ion purpose •

Isotope of plutoniusi Range in Atom %

2 3 8Pu O.Oi to 0.80
2 3 9Pu 95 to 63
24OPu 5 to 26
2 4 1Pu 0-3 to 7 .5

* This range covers the isotopio composition of plntonium
obtained from reprocessing of LX!U fuel with burn* up In the
range of 2000 to 20,000 Mlfl)/T.

h l ther - to reported in ear l i e r i n v e s t i g a t i o n s . The plutonium required
for t h i s purpose was obtained by Ion exchange puri f icat ion of small
samples of irradiated fuel pins of different burn up cut at various
posi t ions along the length of the fuel pin to provide a range of
burn up. F i f teen such samples were prepared and purified free of
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°41produces and " 4ia and assayed pauwu spectrowetrically
and mass speetrometrically. Working curves of atom present ifs
gaimaa ray accivity ratio for different isotopes of ]>lutonium have
bouu kirns constructed usinsr gaunna rays in 40 to 15U KeV energy zone.
In uiie present determinations samples of 200 to 500/UK of pluto-
nium were cuu...ed which cives a^our eies ip»r diTierent isotopes in
che r.<nr;e of 1 to 5̂ i. However, a shorter cai.tting duration and
bet cer accuracies (^vifi) can be achieved i f larger staple s izes
(to-5J mg of plutonium) are counted. A typicul set ol results
are iriven in tuble 22.

fABLE 22

Sranple No.

Isotope

0 - 12

0 - 1 4

0

0

J3B

.0773

.«S9

1130

84.43

70.46

I'he isotopic coiapositlon of the Pu saapls
(•Buna Spectrometry Muss S pec t rone try

JU) :iil J3b 239 240 J41

9.415 1.454 .08^25 8H.22 9.1957 1.465

21.64 6.7>1 .B55 68.06 21.500 6.866

A i'«w experinents have been couduutud to establish the intrinsic
uaturt.- of the weohnique .u»d i t in found that the change in counting

<> O vJ
f'eoaetry «lo not affect the results of Pu, Pu and Pu. Further
work is in progress to check In detail the effects ot geometry on
accuracy with higher anounts of plutoniuw.

jteferonces;

1. Gunuink, .£., ond Morrow, XI. VCUL - 51087 (1971) .

J. OibliS, A. DPSPU - 74-11-20 (1074)

3 . Unazawa, u . , Suzulei , 't'. and T Ohilceua, S . ,
J. Nucl. Set . Tech. 13,, 327 (1976).
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4.3 . Precision and Accuracy in the Determination of " Pu/
(230Pu » ~>40Pu) Alpha .tetivity llatio by Alpha Spectronetry

S.K. Aggarwal, S.A. Chitanbar, Y.D. Kavimandan, A.I.Almoula,
P.M. Shah, V.L. Sant, A.a. Parab, H.C. Jain and M.V.lluuaniah

•100

Vith a view to ut i l i s ing Pa as a spike and usin*c the principle
of isotope dilution for determining the concentration of plutoniun
in irradiated fuel dissolver solutions, i t was considered essential
to evaluate the precision and accuracy in the determination of " Pu/
( Pu • "" Pit) alpha activity ratio by alpha speotrometry. Further
the objective was to evolve a simple evaluation procedure for O M -
putiii'. the alpha activity ratios which oould be routinely used without
roswtifi!; to coaplloated computer programmes, fhe alpha activity
ratios oonsldered wore in the rango of 0.01 to 10 so that isotope
dilution alpha spectronetry (IDAS) could be enployed for the precise
aid accurate determination of plutonium in various disuolver solu-
tions from fuel having different burn-up values.

For this purpose, different synthetic mixtures with alpha act i -
v i ty ratios ranging from U.Ol to 10 were prepared UBing enriched
isotpes of °"pu and "'''Pu. The solutions of '"'"Pu and Pu were
purified from " An using ion e {change procedure. The rudioohemicul
pnrity of the purified solutions was checked by alpha spectronetry

238 '39and gHuma speotromctry. The master solutions of Pu and ~ Pu were
assayed by liquid scintillation counting for the determination of
alpha disintegration rate, thirteen synthetic mixtures with Pu/

O'l l l ' 'Alt

(" ' Pu + * i»u) alpha activity ratios ranging from O.oi to lo were
prepared tiy Mixing the pre-onleulated and accurutely weighed a l i -
(|uots from che roaster solutions. The alpha activity ratios of
chese mixtures were calculated by using the alpha disintegration
rato of the master solutions aud the aliquot weights.

For alpha speotrpmetry, electropolished stainless steel planehets
wsre used as che backing material and the sources were prepared by
L'lectrodeposition in the aqueous nitrio sold medium. Three electro-
deposited souroes wore prepared from each of the synthetic mixtures.
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2
The alpha speotra from the sources were recorded by using a SO mm
sil ioon surfaoe barrier detector mounted la a vaouun ohamber aad
coupled to a 4k analyser (TN-170O). The system has a resolution
of 20 KeV (FWHM) at 5.50 MeV. The alpha spectrum from each of the
electroriepoStited sources was recorded thrice. The sources were
counted for a time long enough t« accumulate more than 10 counts
In each of the two peaks.

The alpha activity ratios froa the alpha spectra were computed
by three different methods. In the f irs t aethad, the alpha activity
ratio was computed by taking the prs-selected channel regions (equal
number of channels) for 33yPu and (339Pu • i4OVu) peak* and no
correction wus applied for tiie contribution «f high energy peak to
the low energy peak. In the second method, the correction due to
energy degradation was applied based on the oantrlbtitioa la
( Pu + " Pu) peak region as observed froa the pare Pu ssaro*.
If Ro i s the observed alpha activity ratio obt<*jMa' by f irst mettled
and It Is the activity ratio In the correspoailag regloas froa tha
alpha spectrum of pure Pu sources then corrected alpha ratie

In the third method, the alpha activity ratio was ooaputed by
making different assumptions about the nature of energy degradation
namely geometric progression (G.P.) decrease and linear decrease' ' .
The results obtained by using these different evaluation methods
are given in Table 33.

From the results given in Table 23, i t i s obvious that the
f irst method should not be used for evaluating the alpha speotrua
as i t does not take into acoount the energy degradation correction.
The seoond aethod which involves the correction due to energy

238
degradation based on the alpha speotra froa pure Pu may be eaployed
ao long as the activity ratio i s low. Further, the correction factor
should be established for the alpha speotroaetrio set up being used
and the pre-determined ohannel regions used for taking peak areas*
The third group of methods based on decrease ID G.P*and linear
deorease lead to an aoouraoy of 0*5% or better in the range of alpha-
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a c t i v i t y ra t io from O.Oi to 10. A graphical representation of
the precis ion and accuracy achievable in alpha speotroaetry i»
given in Figure (10 ) . I t i s proposed to exploit alpha spectro-
metry for the concentration measurement of plutonlum in the
irradiated fuel d i s so lver solut ion by employing Pu a« a «plk«

I ABLE 23

Comparison of d i f ferent evaluation nethods used
for the computation of 2 3 8 P u / ( 2 3 9 p u + 24Opu) alpha
a c t i v i t y rat io from the alpha spectrum froa
electrodeposlted source

SI .
No.

Synthetic
mixture

code No.

True value
of 238pj./

ic ' t ivi ty4^ i o

Value

I
Method

ooMputed fron t h j alpha
spectrum

II
Method I I I

G.P.

Method

| Linear

1 .

2 .

3 .

4 .

5 .

6 .

7 .

a.
o.

VK

1.1 .

i u .

SM-89-24
SM-8f>-25
SM-89-26

SM-89-13
SM-8U-14

SM-89-15
SM-89-16
srr-Ko-i7
SM-H9-1R

sii-;w-io
JiM-K •.)--,*!

0 .

0 .

0 .

0 .

0 .

0 .

0 .

1 .

*-" •

3 ,

1 .

6 .

• . » . '

023584
04632
10121
27322
54874
74333

•)307
•i:i<>5

0 3 O.ri

5'!fi9

O0'.'7

•\'X"M)

«U63

0.023540
0.04623

0.10122
0.27372
0.55092

0.73742

0.9082
i.22(>l

2.0107
2.4870
3.8034

e.ousm
S.9«.»76

0

0

0

0

0

0

0

1

2

2

4

6

9

.023544

.04624

.10130

.27433

.55340

.74187

.9149

.2384

.0441

.5383

.0207

.4182

.7077

0.023532
0.04621
0.10128
0.27430
0.55330
0.74151
0.9196
1.2382
2.0422
2.5300
4.0027

6.3573
9.5697

0.023531
0.04621
0.10128
0.27430
0.55328
0.74148
0.9192
1.2380
2.0414
2.5293
4.0001
6.3515
9.5552

ami nsiti ' Mi-; ,'.rino ii->ji' of i so tope d i l u t i o n . Work In th i s connection
h«.s alrc.-iiiy been i n i t i a t e d ;tml the r e s u l t s .ire qui te enoouraging.

1 . Shun.ii Umemoto, Jtadiochimic.i Aota, 8, 107 (1967).
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4.4 Feasibility of Isotopic Abundance Measurement ol Uranium

at Nanogram Level usins thermal Ionization Mass Speotrometry

V.D. Kuviiandan, S.S. Desal», S.A. Chitainhar, S.N. Acharya,

S.it. Desai, ,T,P. Mittal** and H.C. Jain

A number of samples ( rvio np; of urauiura) collected on the

surface of a target aro expocted to be ceuerated for isotopic abun-

dance measure ient from laser experiments. Thus i t w;is considered

essential to find a suitable target material free from uranium and

easy to process chemically for recovering uranium from bulk of

target material without picking ur> of any uranium at any step*

A number of experiments were conducted to find out the uranium

blank from superpiire target materials like aluminium, tantalum and

si lver f o i l s . The uranium content w.s determined by isotope dilu-

tion mass spectrometry using 10 ng of enriched "' U as spike. The

neutron activation analysis of the aluminium foil Confirmed that

the uranium in the blank is c min" from the target material rather

than as pick up in chemical processing. Two different lots of

super pure aluminium foi l and tantalum foil were trfcd but the ura-

nium content was found to be 100-200 ppb while s i lver foi l was found

to be much superior and the blank was only 5 ;>pb.

Finally si lver foi l has been found to be suitable as i t contain*

much less amount of uranium, only part of the foil need be dissolved

for stripping collected ur.mium cinu the cliei.ijcal separation of

uranium from bulk of silver is simple nii quick. Vho necessary

experience has bnen gained in working with about 10 ng levol of

uranium on about 20 samples without picking up any uranium by

observing the necessary precautions like d i s t i l l ed reagents, and

leached &laas wares and cleanliness of the working place.

* Analytical Chemistry Division, BA11C.

• * Chemistry Division, BAHC.
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'*• ** Maintaining Hiph Abundance Seiiaitivity Improvement, and

Monitoring of Vacuum of Analyser "nd Collector Uegions

of the C'H-5 Mass Spectrometer

C.S. Suhi)anna*, P.S. Srinivasan and U.C. Jain

It order to maintain high abundance sensitivity, i t was

considered osHentia] to improve the vacuum at the analyser and

collector region of the CH-5 mass spectrometer. A Vac-Ion pump

along with i t s fittings which could be directly connected to th«

instrument was cost fur nors Mi"ti Ks.5O,OOO/- when obtained froa

Mie supplier or Mif M»"s Rt><>ctr<u»nt.nr while the cost of • V«o-Ion

pump was only 'ts. tO.OdO/_ . Thus It W.«H decided to buy a Vao-Ion

jiutnp and make tlm necessary flanges and f i t t ings at the divisional

workshop.

Two flanges wore designed,fabricated and Argon arc welded

to the two ports of Philips Oronville Ultra-Hij'h-Vacuun valve.

This was leak (.esfced us In*; a heliua leak detector. Leak t ight-

ness was found to be better than to" std uc/sec. Design of

connecting flanges was such that one side could be connected

to the mating flange on tlie collector side of the mass spectro-

meter and the other side to the mating flange on Vac-Ion-Pump.

Suitable fixtures were used tn mount the Vac-Ion-Pump on the

mass spectrometer rack. Electronic control units of the puiip

wero suitably accommodated in the Electronics-conaole-rack of

the mass spectrometer.

After installation of the Vac-Ion-Pump, pressure in the

analyser region of the nans spectrometer during routine analysis

is now less than 10~ torr and abundance sensitivity greater than

10*" is observed as a routine feature compared to frequent

fluctuations before Vao-Ion-Pump was Mounted.

* Staff of NUMM.
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4.6 Development Of a Method for the preparation of High
Superficial Density F i s s i l e Sources

V.S. Mallapurkar, !t.J. Singh, A.V.H. Keddy, C.il. Venkatasubruuaul,
S.S. U.tttan, uid ;>.»tyn Pru

Sources of 100-200 /u«r/cm2 superficial density of actinide
isotopes can be prepared by electrodeposltlon from non-aqueous media
l ike alcohols and of soaewhat lover amounts from aqueous media*
Higher depositions result in the formation of deposits with very
poor adherence. Attempts have been made to achieve the higher depo-
sit ion* using electrophoretic Methods of deposition on si lver
hackings and f inally covering the deposits with s i lver i t se l f for
safe handling before ami after irradiation.

The method, in brief, consits of taking the oxide of the
material deposited (HO,, in the present work) and grinding the oxide
to fine grains by means of a pestle and aorter. A suitable amount
of ground oxide i s taken in about 100 ml of isopropyl alcohol and
put in an ultrasonic generator tor about 15-20 minutes. This results
in She suspension of finer grains in the alcohol, t'he material i s
le f t for a few hours undisturbed and the suspension thus obtained
was used for electroplioretic deposition. About 10 ml of the
suspended oxide in taken in the deposition c e l l , i'he s i lver plan-
eette forms the cathode and a platinum wire acts as anode. A depo-
s i t ion voltage of about 1000 volts i s applied for the electropho-
retic migration, i'he suspended grains of oxide Migrate to deposit ou
s i lver cathode. In about two hours almost quantitative deposits
have been obtained. Deposits with a maximum surface density of
20 mg/cm have been made.

fhese targets are covered by si lver from the top by vaouum
evaporation of s i lver . In another method target i s oovered by
another si lver fo i l joining the two fo i l s by s i lver ally bruslng f o i l s .

Further .cork to study, in greater detai l , the particle slxe
suspension, the deposition rates, best ohoice of suspension media
etc . i s in progress. Targets thus prepared are also going to be
subjected for irradiation.
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4.7 Posentiometric Estimation of Neptunium

S.K. 1'atil and A.O. Godbole

The work on the development of potentiometrie methods for the

determination of neptunium by redox nitrations was continued. It

i s known that in dilute perchloric acid media Fe(ll) reduces Np(VT)

to Np(V) quantitatively ;«d Np(V) thus formed is not reduced signi-

ficantly to N|>¥'v) iiy Fe( l l ) . Experiments carried out at varying

concentrations of perchloric acid showed that in 0.3M. MCIÔ  medium,

reduction of Np(V) to Np(lV) by Pe(Il) is negligible. A poteutio-

metric method wai developed baaod on th»e data, i'iie Method oonsists

of oxidation ofNptyto Np(V) by addition of excess ferrous perchlorute

in 0.3M perchloric acid Medium and subsequently titrating the excess

Pu(lX) po t ou tiowc trie ally with Ce(IV). t'he precision of the Method

wiii) better than + 1% for aliquots containing 3-8 BK of neptuuiua, •

fhe results obtained by this mothod were in good agreeuent (within

+• liii) with the values obtained by coulometry and po tent ioae try * .

4.8 l.*eter«iiiiition of Boron in Boron Carbide

V.K. Manchancia and M.S. Sub raw an i an

Boron carbide i s an important nuclear material as i t used in

nuclear realtors for control rods and as a shielding Material. Th«

Main impurities in boron carbide are unreacted carbon or boric aoid,

which affect the physical, chemical and neutron absorption proper-

ties of the Material. Thus i t is of Interest to develop analytical

procedures for thn pruolae determination of various constituents in

carbide.

In this context, a volumetric method for the estimation of boron

iu boron carbide has been perfected, x'hc method involves fusing the

NHMple wich fission »i\tnre .ind titration of boric ac Id in the

prevenue of hydrochlorie uoid using p-nitrophouol (pKj- * 7.1) and

phsnolphlhaloiu a» indicators, ilenoated analysis of a sample of

boron carbide by this procedure gave a standard deviation of + i.2ti

H).

1. A.O. Oodbole and S.K. Patil Talanta (in press).



- 6 9 -

T.4BLE 24

s.

1

2

3

i

5

6

7

8

9

10

11,

12,

4 . 9

.Analysis of a iioron Carbide

No. Weight of the
aample(mg)

. 24.075

:.'i.49O

20.680

26.130

10.725

:.'2.527

11.305

17.146

19.930

22.560

13.525
16.037

Average ',!> Boron a 75,

Standard Devi at 1 on (V) a 0.

H.8.V, a ± 1,

• Sample

?S ot

7 4 .

7 5 .

7 5 .
7 5 .

7 3 .

7 5 .

7 7 .

7 5 .

75.
7 5 .

7 6 .

75.

.67

,9

.SO*

>

Dor on

95

,76

84

97

94

81

72

13

27
70

14

84

lixtritctive-nhutouieCric Determination of Neptunium (IV) and

Plutonium (IV) wheii present together

J.P. Shukla and M.S. Subramanian

Following the development of an extractive-photometric method
for fcho decermination of tr;tce <»ountu of noiituniuu and plutoaiua
fron their mixtures Is described. Neptunium i s selectively
extracted from about 1M IINÔ  with VTA in xyleae retaining Pu in
the non-9xtrac*ai;te trivalent state in the aqueous phase with
ferrous sulphamate. The neptunium thus extracted ia deter*ined
at 535 nu after developing the colour with xylenol orange.



Np

0

1

2

2

i'aken
4+

.85 +

.37 +

.06 •

.41 +

-Analysis of Np

1

1

2

3

/ug

Pu4 +

. 0 0

. 6 0

. 6 0

. 0 1

- 7 0 -

TAMJ3 25

and Pu from

Pound*

Np4* •

0.87 +

1.42 +

2.03 +

2.36 +

their

•

1

1

2

3

. 0 2

. 6 3

. 5 5

. 0 7

mixtures

2

2

1

2

Error

. 3 5

. 1 6

. 4 6

. 0 7

•

2

1

1

1

Pu

. 0 0

. 8 1

. 9 2

. y y

* Avuru-e of 3 lie terminations of che

Plutonium in the aqueous phase is subsequently oxidised with NaN0_

to the tecravalent state aud extracted with tTA and estimated at

540 mi) after development of colour with .\yle ;ol orimge. Their «olar
4

absorptivii-ies arc iu the 5 x 1>J mutie. Heir's law has been found
to be valid upto :.4 pjwi N)> and 3.5 ppm PII . Jhe colour of the

soliuion hts been found to be statfe for at least 43 hours. The Method

tolerates largo excesses of several coramou contaninants encountered

duri.i/r spent fuel reprocessing. Cerium (IV) and phosphoric «cid,

however interfere, with the final estimation, fable 25 summarises,

the results of analyses of representative samples of neptunium and

Plutonium when present together.

4.10 MasH-Snectroiaetrio Services

S.A. Chibumbar, V.D. Kaviraandan, S.K. Agguntal, It. Bagyalakshmi,

K.L. Llauakumar, C.S. Subbnnna*, A.I. Alaoula, P.M. Si.ah,

r.A. Uuuasubraaanlaa, S.N. Ajharya, P.S. Kbodade, V.A. Raman,

V.L. Sant, A.H. Farab, H.C. Jain and O.K. Mathews.

The nass speotrometry section continued to provide mass spectro-

metric analytical services to various divisions of this establishment

and BAU. During the year under report, more than 1200 mass spectro-

oetric determinations were carried out* This includes about 400

samples of various elements received from different division! of BAUC

* Staff of NUMAC
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and other units of D.M2 and the remaining were generated from the

II & D activit ies of this Division.

In continuation of the Audit analysis of uranium and plutoniua

at PLiiFUii, Tarapur, mass apeotrouotric determinations were carried

out on 12 input batches of irradiated fuel dissolver solution.

37 finished product uranium samples w ro analysed for plutoniua

prosent at ppra level by isotope dilution mass sp«ctrometry(lDMS).

Uadiowetric assay of plutoniuM was also curried out on more than

30 uuaplos from the tank containing radioactive waste for disposal.

4.11 Supply of Special Itadioactive Sources

Kui.i. V. Mallapurkar, R.J. Singh, dud Jatyn Pr.ili.xsfi

Fifty two eleetrodeposi ted sources of a number of actlnide

Isotopes iron ' ~'i'h co "°'"Ut were supplied to different users in

JiAiC, oJwr unios of DAB and othemniversities in the country.

These sources were prepared meeting requirements of shape, size and

level of activity callured to users need.

4.12 Preparation of 't>i<;iation Sources

O.K. Sivar makrishnan, A.V. Jadhav, K. tagtiuruian, K.A. Mathews

and P.S. Nair.

One 15 mci atid 10 uig " An radiation source for use as excitation

source for X-ray fluorescence analysis, was; fabricated and supplied

to «he user division of this research centre.
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5.1 Fission Studies

5.1.1 Charge Distribution in Low .̂ ger^y Piasion

lavestiRations on che influence of fragment shells and excitation
energy on width oi' the charge distribution in low energy fisbion was
undertaken for ~45Cm(uth,f) md " Np(n,f). A brief description of the
work carried out i s given below.

5.1.1.1 Determination of Fractional Cumulative Yields of Ba and Zr
•>45

in the Vherra.il Wentron Induced Fiss ion of " Cm

T. Datta, S.P. Dan«;e, S.JI. Manohar, A.G.C. Hair, Satya Frakaah
and N.V. iJ

Ulectroiieposited targets of "'oCin (^^3 /ugia) covered with 1 wil
thick alumiiiiuk! catcher fo i l s v?ere irradiated in the reactor /\PSAitA at
neutron flu.'tA^io u n/cvT/aeo und ClitUS at neutron flux *v/10 n/c«"/see.
The irrniiation time was varied from 90 minutes to 6 hours.

After appropriate cooling the aluminium catcher fo i l s were Mounted
in a standard geometry and counted on a 60 cc Oe(Li) detestor coupled
to a 4096 ctiannel analyser, /he resolution of the defector was 1.5 KeV
at 1:12 KeV and 3.0 KeV fit 1332 KeV. Direct ga ,,ia counting of 487 KeV
and loyti KeV gawna peaks of 140Lu and 765 KeV gamma peak of f̂clfc wer*

carried out for suitable period.

L'h<* isoharic chains studied are

103 m 64.0 d 35.15 d Stable

64 s 12. d 40.2 h Stable

Since the precursors of 95ilr and 140Da are short lived coapared
to the tiiMu of irra«liaiion and interval between the end of irradiation
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and start of counting, the mass ohaius 95 and 140 were assumed to
consist of 95Zr - 05gNb and *40Be - l i O l ,a respectively. Thus
following the growth and decay of the daughter products *Nb and
140La, the fractional cumulative yields of 9SZr and 140Ba vert
obtained using the equations

ivhore K i s a constant inclusive of rate of f i s s ion , detector efficiency
etc .

Ag is observed area of the photopeak of interest, t Is the
irradiation tine, T is interval between end of Irradiation and start
of counting tine, t* is the live tine, t" is clock tine.

^t & r\ are dooayconstants of parent and daughter respectively.
N1* is the number of atoms of parent formed at the end of Irradiation.
N2* la the number of atoms of daughter formed Independently at the
end of Irradiation.

From the least square fitted plot of Y vs X the slope and
intercept were obtained wherefrom

PCY
Nl° * N2* slope <• intercept

Results

The PCY values are given In Table 26. The value for i*°Ba
shows a broader width parameter for the assumed gaussIan oharge
distribution compared to usually observed width value of 0.56 • 0.006.
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TAI5LS 26

Fissioning nucleus Fission product FCY value

95Zr 0.957+0.001

140_ 0.969 + 0.006

135
5.1.1.2 Determination of Fractional Cumulative Yields of I and

1 4 aDa in Heactor Neutron Induced Fission of 2 3 7Wp

S.D. Manohar, P.P. Burte, S.M. Deshmukh, Satya Prakash and

M.V. U.Jiianiah.

237
Charge distribution studlesin the fission of Np have

been initiated since there is no data on charge distribution for

an odd fissioning nucleus, so as to understand the odd-even effect

in terms of Z of the fissioning nucleus. The work on two mass chains

have been started with reactor neutron.induced fission.

The isobarie chain of nan a number 135 studied is

135fe
18 s 6.59 h """ 9-59 "0

While the isobaric chain of mass number 140 is given In i . i . i .
i'lie experimental procedure used and o'l'ia ions are similar to that
described in sec. 1.1.1. In order to aahieve the highest, flux cf
higher energy the irradiations were carried out in Apsara reactor
and the target was wrapped with Cd foil (1 mra). The value of 0.945 +
0«0i was obtained for I and a tentative value of Ba has been
obtained. Further work is in progress on Ba and other mass ohalns.

5.1.2 Determination of the Average Aigular Momentum of Fission

Fragments lu Low Energy Fission

The studies on independent formation of fission fragments with
large angular mn-^nta from ooipound nucleous of low initial angular
momenta;i is a i ield of great interest. The angular aomentuM dis tr i -
bution of primary fission fragments has been of great importauoe
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because i t provides the information about the properties of the
fiasiiini g nucleus between saddle and the state shortly after
scission configuration. The large angular mouenta of fission
fragments have boen interpreted in terms of the excitation of
the rotational leve ls of the deformed fragments which interact
In the strong coulomb f ie ld for non-linear scission configuration.

The work on the radiochemioal determination of the indepen-
dent yield ratio (m/g) at different f ission products bus been
undertaken with the aim to find out the average angular momentum
of f iss ion fragments and their correlation to Z and A of the
fissioning system, thoir excitation and kinetio energy and frag-
ment deform at ions.

The angular momentum of the f iss ion fragments can be e s t i -
nated from the measurements on number of prompt gaiama rays together
with i t s anisotropy or from the intensit ies of gamma transition
in the rotational levels of even products as well as from the
measurement of ^dependent yield ratios of f i ss ion product isomers
of known spins, radiochemioally.

5.1.2.1 Determination of the Average Angular Momentum of Fission
Product 13:JI in 3 3 3 U("th, f ) .

T. Datta, S.P. Daige, A.O.C. Nair, Satya Prakash and
M.V. Ramanlah

The average angular momentum of fragments corresponding
to f iss ion produot isomers 1 3 2 m i and S I has been determined
radioohemically and subsequently a calculation of fragment angular
momenta as a function of various even-even mass sp l i t s hus been
carried out in order to soe the correlation between fragment
angular momentum 'ttd deformation.

Electrode posited target ( /v>600 /ugm) of U was Irradiated
for 15 minutes in APSAHA reactor in f lux~10 n/cm / s e c Fission
products were oolleetod In aluminium oatcfter f o i l s and aftqr
irradiation, iodine was seperafced radlooheaioally using appropriate
dissolution and purification procedures. The ample was oounted
for the 772 KeV gamma peak of I on a 60 oo.Ge(Ll) deteotor
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connected to a 4096 channel analyser in five time and for suitable

duration over 6 to 7 hours. The peak area of the 772 KeV peak of

abundance 76.2;J from i32H flnd 13.2$ from 1 3 2 m i was related to the

independent yields Y1 for 132rai and Y1 for 1 3 2 g i using the relation
m . g

Y = R. Y* X + It Y* (i)
m g

where Y is peak area corrected for contribution fran I and

decay during the irradiation and oooling time.

X is a function involving branching ratio (0.86) in decay of
132mI to 1 3 2 S I f irradiation time and oooling time. 11 Is a constant

inclusive of rate of f ission, net detector efficiency and chemical

yield.

From least square plot of Y vs X, the ratio YJJ/(Y* + Y*) wag

obtained.

Calculation;

Estimation of Averol -Angular Momentum From Independent Yield

Ra-tio -

The in i t ia l fragment angular momentum distribution was

assumed as

P(J) <X(2J + 1) exp /~-j(J+l)/B2_7where P(J) is the proba-

b i l i ty of spin J and B is width of the distribution or It.M.S. angular

momentum. The init ia l distribution was corrected for spin change

during neutron emission and subsequent dipole gamma emission in

cascade so as to obtain the final probability ratio of spin states

8" (for 132rai) and 4* ^ f o r 1 3 2 « i ) . These calculations were done

using Vandenbosch-IIuizenga formalism. The parameter B was varied

t i l l the experimental independent yield ratio was reproduced. Thus

the H.M.S. angular momentum (B) for frfigments corresponding to

product 132 was obtained.

The Independent yield ratio YV(Y*+Y*) was obtained as

0.245 + 0.030 leading to angular momentum value B = (J )* = (5.3+0.3) Jv
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5.1.2.2 Calculation of .Angular Momenta of Fission Fragments for

Various Even-lSvon Mass Splits in 233U(»th,f) to Study

the Effect of Fragment Deformation

T. Datta, S.F. Dange, Satya Frak.ish and M.V. H.unaniah

I'lie existing model of Ramutisen et al was modified to take

into account of fragment deformation (both quadrupole and octupole).

The deformation coefficients (j(o and 0(.} were calculated from mini-

mization of potential energy (Deformation energy) for each fragment*

Assuming zero point bending mode oscillation only which leads to

fragment angular momenta, the bending modo wave function (zero point)

was obtained for fragments interacting in strong coulomb f ie ld.

This bending mode Wave function was expanded into spherical harmonics

to obtain components of various aigul.tr momentum. 1'hfi obtained

distribution

a(j) Of <;>ir + 1) V2 exp /"-(.J + ifi'j

such that,

where zero point angular amplitude is given by

V 2 » */ (K./i)*
K is the fragi.ent interaction force constant denend.ng on fragnent

deformation, charge and centre to centre distance. is the bending

mode inortial parameter. The e.cperimental kinetic energy distribu-

tion data in " U(n.. ,f) and gamua energy for transition between
+ +

the a —»• 0 levels in even-even fragiient have been used in calcu-

lating K ft p for each for each fragnent in eacb sp l i t .

The calculated angular momenta for fr.giients as a function

of their mass show a saw-tooth hehuviour analogous to neutron

evaporation curve emphasizing the effect of deformation on bending

node angle (V) and consequently on angular raoi'ientum of the fragment.
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5.1.3 Ma9N Distribution Studies

5.1.3,1 MaHR Distribution Studies by Mass Spectrometry

8.A. Chitambar, S.N. Aoharya, H.C, Jain and C.K. Mathews

(l 2)In continuation of the work reported earlier* ' ' for the
determination of fission yields of stable and long lived f ission

233 235 230

products in the thermal neutron f ission of U, 0, Pu and
Pu, fission yields of 24 mass numbers from each of the fissioning

system have been finalised and compared against the latest compila-
tion by Rider and Mo ok (N13DO-12151-28, 1978). All the values are
In agreement within 3# exoept Mo, Mo and Ru in the case
of " pu where the difference i s between 5-17$. Some of the
fission yield values In the present work are determined for the
f irs t time while only estimates are available in the compilation.
Further work i t In progress to oonplete the R U I yield ourve.

8.1.3.9 .Absolute yi«id» of Shorfc-lived Fist ion Produott in the
Thermal Neutron f iss ion of a j n j and a3gPu

A. Ramaswamy, V. Natarujan, II. Sappathkumar and II.H. Iyer

Fission product nuclear data such as yie lds , hal f - l ives ,
decay schemes, branching ratios e t c . , are required for the calou-
1 at ion of burn-up, f ist ion products inventories, shielding require-*
ments e t c . , particularly the short-lived f iss ion products ata very

uoh required for decay heat calculations*

We have determined the absolute yields ot short-lived f iss ion
products with half- l ives as low as eight minutes, Including some

235isotopes of krypton in the thermal neutron induced fission of U
239and Pu using track etch-cum-gamma ray spectrometrio technique.

The total number of fission was obtained by track etch technique
with an accuracy of 2-3'/*. The number of fission product atoms was •
obtained by direot g<amma ray spectrometry using a 60co Oe(Li)
coupled to a 4096 channel analyser* A dilute solution of the target
material was taken in a sealed polypropylene tube containing a thin
mica strip and irradiated along with a tube containing a more conoen-
trated solution of the target material in the pneuraatio oarrier
f a c i l i t y of CIHUS reactor for about half a minute.
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-After irradiation, the polypropylene tube containing the

conoentrntetl target solution was direotly mounted on a perspex

plate and the gamma counting was done on a precalibrated 60cc

fle(Li) dotoctor coupled to a 4096 channel analyser. Tho gamma

rays spectra wore recorded, on cassette magnetic tapes and were

analysed for different gamma peaks after the end of the entire

counting. The analyser system has the faoility of automatic

peak locution and peak area calculation. Prom the peak area,

the disintegration rate of the fission products were obtained

by correcting for the f^muiia abundance and the detector efficiency.

The other tube containing mica detector was cut open and

the detector was etched in iO'/o HF for 30 minutes at room tempe-

rature. The fission traok developed were counted under an

optical mioroscope. The total number of fissions wore obtained

from the track density. The details of calculation are given

elsewhere' ' .

The fission yield values determined are shown in Table (27).
(2 a)The values from recent compilationsv • ' are also Included for

ft ft P i 5 3 Q

comparison. The yield value obtained for ooKr for U and " Pu

is lowor than the literature values. Since the target was not

opened atall after irradiation before the completion of entire gamma

counting, the possibility of the escape of rare gases is ruled out.

The other possibility is the error in the gamma abundance values

used. Wo have used n̂mrna abundance values from the most reoont
(4)

compilationv '. Aaohg.the different existing compilations, there
are slight discrepancies in the reported gamma abundanoe values

for short-lived fission products and hence accurate determination

of the same is needed.

Except for the fission products 88Kr and 1 3 5I where such dis-

orepancies exist in the ganma abundance values from different compi-

lations, the absolute yields for all others fission products

reported are reliable* Tho maximum overall error is within +5-6$.
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TABLE 27

Absolute yields of short-l ived f i ss ion p
from thormal neutron f i s s i on of a35U and

ucts
Pu.

SI.
No.

1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9 .

1 0 .

1 1 .

1 2 .

1 .

2 .

3 .

4 .

5 .

6 .

7 .

8 .

9 .

1 0 .

Nuclide

8 5 r a Kr
07Kr
88Kr
8 9Rb
9 2Sr
9 3Sr
104:fc

1 3 4Te
135j
1 3 3Cs
1 4 2 ba

B5mKr

88KJ
89IU>

9 2 S r
9 3 S r

i ' « T t a

1 3 4 T e

135-

14aLa

4

76

2 .

15

2

7

IS

53

42

6

32

83

4.

2

15

2,

7,

18,

4 ,

4 2 ,

0 .

9 2 .

T l

. 5h

.3m

8 h
.4m

.71h

.3m

.Om

.Om

.Om
, 7 h

.3m

.Om

.5h

. 8 h

.4m
,71h
,3m

,0m

,4h

.Om

,7h

On

Present <
mlnatlon

1.26
2.48
2.86
4.44
6.49
6.37
1.64
7.26

6.80
6.86

6.55

5.22

0.57
0.90

1.46
2.87
3.53
5.69
5.43

4.73
7.66
4.36

+ 0
+ 0

t °
+ 0

i °
t °
t °
t °
,+ 0

i 0<

± Oi

± °'

t 0<

± °-
+ 0.
+ 0.
+ 0.
+ 0.
+ u .

± °«
i 1%*
+ 0.

cleter-

. 0 1

.12
. 1 6

. 2 0

. 0 9

. 0 4

. 2 J

.24

. 2 4

,36

. 2 4

,69

,01

10

,07

lit

20

17
27

16

46

14

Meek and
ItiderU)

1.30
2.53
3.55
4.88*
5.95
6.27*
1.82*
7.61

6.76
6.30

6.72

5.88

0.55
1.33

1.70*
2.99*
3.73*
5.95*
5.42

4.24*
6.32
4.99

Crouch ' '

1.32
2.52
3.55
. ; . - • ;

5.95
-
-

7.60

6.69
6.54

6.86

5.69

0.56
1.10

-

-

-

5.48

-

5.77
5.00

* Calculated yield's.

Many of the yields reported horo are determined for the f i r s t t ine
experimentally. The values fdven in l i terature are from model e s t i -
mates of the fractional chain yield <>s a function of the charge
of nuolide in the chain.
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5 .1 .3 .3 . Yields of Short.Lived FinsIon Products la the Reactor
23BNeutron Induced Flaalon of U.

V.K. 'lao, S.G. Maruthe, V.K. Bhargava and R.H. Iyer.

A program of work on the measurement of the yields of soae
short lived f iss ion products In the reactor neutron induced f i ss ion

238of U has been init iate; » It Is proposed to measure the yields
of the products with half l ives (t^) less than 30 minutes. The
method used for these measurements involves a fast preliminary
radloohemical separation of f i ss ion products of elements of identical
chemioal behaviour ( i . e . Sr & Ba for e.tample) followed by the track-
etoh-oum-gamma speotrometric technique developed earlier* ' for the
determination of f i ss ion y ie lds . In a few irradiations involving
Cd-wrapped depleted uranium targets in the pneumatio f a c i l i t y at
UI11US reaotor, the yields of 141Da (tf*13.3 min), i 4 2 Ba (10.7 min),
nn

3r (7.45 min) e t c . have been obtained*

References
1. S.G. Marathe, V.K. Rao, V.K. Bhargava, S.M. Sahakundu and

R.H. Iyer, J. Inorg. Nucl. Chen. 40, 1981 (1978).

S.1.3.4 Studies on Highly Aiymmetrio IHnary Fission

V.K. Rao, V.K. Bhargava, S.G. Marathe, B.K. Srivastava and
R.H. Iyer

The work on the Fission Yield determination of some highly
asyinraatrio binary products in the reaotor neutron induoed f i ss ion at

V has been completed and reported elsewhere^ ' . One of th»
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Important observations made in these investigations is the
appearance of a new shoulder in the highly asymmetrio mass
rogion. This has boon ascribed to the possible influence of
the 38-proton shell.

The HI; SUKUU* hive how been extended to the thermal neutron
''30induced fisoion of "* Pu due to the following considerations:

(1) Pronounced Bhell effects leading the occurrence of shoulders
am expected «t low excitation energies (2) because of higher HUBS

number as compared to J U, the mass distribution is expected to
l>e broader mid the yields in the far asymmetric mass region are
tjxpeoted to be highor making the measurements comparatively easier
(3) higher fibsion cross seotion for Pn than U and the absenoe
of 239N|> an an activation impurity (in the case of t538U), making the
separation of heavier ruro uarths easier.

Prior to irradiation of Pu targets (which are in the fora of
sintered oxide), 5 mg amount was taken i ts dissolution in Conc.HNOg
containing a few drops of HF was investigated. The tine for quan-
titative dissolution was -J- hr.

One sample containing 5mgs of PuO., sealed in quartz tubes

irradiated for 12 hrs in A-i position ofi.APS-UA reactor. The
target was dissolved and processed for • Lu, llo and Er in
prcstmce of these added carriers using ion exchange separation
techniques. The data is being processed at the time of this report.

Ono of the problems encountered while dissolving the Irradiated
t«rg«t KMS tbo quantitative dissolution of the target after breaking
the quart a ampule containing the irradiated Pu-oxide. Alternative
mMMods for euttin« the anpule and dissolution of the target are
beinp; planned.

Vrr/in»i3inents for ir.r.idiatins 3 more targets have been made.

I",.Co coneea

i . t .n . Iyer, V.K, JShar^ava, V.K. Hao, S.R. Mar at he and S.M. Sahakundu,

l.'V^A-SU-aii/P 16 (1979).

:', V.K. Moo, V.K. Bhar^ava, S.G. Marathe, S.M. Sahakundu and R.H. Iyer
l'liys. ilov 0 19, pp 137!)-79 (l'.>79).
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5,:J Studioo on Hecay

A work proirranirac has been started on the study of decay
schemes of short-lived r.idion .elidus prepared after faat irra-
diation and r.adiociiemical purifications. In this direction,
the efforts are f irst concentrated on acquiring the experience
on decay schemes of those radionuclides which can he prepare.,
relatively easi ly and next, extend these studies to radionuclides
prepared hy fast irradiation, transport and rudiocheraical purifi-
cations. Presently the daughter products of U have been chosen
for the investigations us they offer some scope of investigation.
A considerable amount of experience also i s required and will be
obtained in these investigations on the associated electronics.
A briof description of the work done in these directions are
given below* Work at present i s in progress ou che decay scheaos
of -'*Pr.

5.2.1 Development of a Hadiochemical Method for Separation and
Purification of a j i P r

A.V.H. Heddy, U.li. Venkatusubrumaiii, S..S. ituctan, Shesha Sayi,
V. Mnllajiurkur, ft.J. bingh, Satya Prakash and M.V. llaaaniah
"'33
" U n-hich hud been prepared a few years earlier was obtained

from fuel teprocessuig Division of BAilu. This was used for tbey
prupuration of " Th w<\ i t s daughter products. The decay series

'•33of w U is alutwn below.

''*9 233
':'h unit other daughters were separated from V using ion exchange

resins Dowex 1 x 8 (aoo-400 «esh size) Cl~ fon.i. U233and daughters
were loaded onto the colur.in in 7M HCi when uranium was held back.
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of uranium was clone using 0.1M UC1. The purif icat ion cycle
wua repeated twice on fresli columns to completely remove "" U.
Separation of • " -l«« and other daughters from " "Th was also effected
by ion exchange using Dowex 2 x 8 , lo>>-2OO mesh, N0~ form. Th
dud daughters wore loaded-onto the column in 7M HNÔ  when " Th was
held back in the column and a l l daughters came down and c o l l e c t e d .
lilution of i'h w-iS done usiiifr 0.1M KNO .̂ This purif icat ion cycle was
also repeated twice .

A seri.es of experiments were conducted to optimise the method
•J-M

of separation and ;>urification of ' Fr as the existing procedure
did not give reproducible results and high yields - tue yield varying
between 3O';« <md tiO'l of the reported value. The present procedure

''•'5consists of extraction of " Ac with an equimoler mixture of TOPO •
T-M in benzene at pTI 2.5. The extraction time i s about 3 Minutes*
"*** Fr i s quantitatively ni?la;«l l»u.:k in about a minute using pH
7.0 water.

5.2.1! Lteoay Scheme studies on

S.S. Uattan, A.V.U. iteddy, C.U. Venkatajubramani, Satya Prakash

and M.V. Uamaniah

S.cperimcnts are iu progress for the redeteruinatlon of the half
l i fe of " ' Fr. The sample i s counted on a 00 cc Ge(Li) detector
coupled to a 4K aialyser by following the 210 KeV peak of " Fr in
the MCS mode* Oauaa ray 8]>ectra of ' Fr have been taken to identify
tite gitama lines of "" Fr by decay jnd growth* As the experiments
involves high counting r.ites, a correction of pile up at the amplifier
stage Is necessary for correct half - l i fe estimation. Evaluation of
pile-up correction is -lso under progress*

5C2.3 Calibration of Oe(Li) and i',c D<»tectors

S.T<* Manohar, S.S. Uattan, S.P. Dange, f. Datta, A.V.R. Keddy,
C.U. Vonkatasubriuriatii, A.G.C. Nair, S.M. Ueshmukh, P.P. Durte,
V. Mullapurkar, Satya Prakash and M.V. Itananiah

A calibration of the efficiency of German!ma detectors as a
function of the energy ol" the incident gaiama ray la essential for the
estimation of radlonuclidos. Sarlicr such a calibration had been
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accomplished for a H oc detector (coupled to a 400 channel analyser).
:tec«ntly, the Division has acquired a 60 cc Ge(Li) diode, a 2 cc
intrinsic germanium diode and a 4K tracer Northern TN-1700 analyser
system. Hence, these dioiies had to be calibrated.

For the purpose of calibration using standard radio isotopes
such as 1 3 4Cs, l 3 7Cs, 15atfut

 1 J 5Sb, 103Itu, and 106Bu were procured
from Laboratories dc Metrologie iUa Hayonnenients Unisants, Franc*.
Some ol" these standard radioactivities were recalibrated using tne
4 coincidence counting system of this laboratory tut a check,
i'he agreement with the quoted value was within one percent. Samples
were prepare*) and co.nted as the conventional 5 ml liquid solution
in standard vials as woll as point sources and efficiency as a
function of gamma ray energy has boon obtained covering a range of
energy from 120 to 17oO KeV. The efficiency curve constructed
from above multi-isotope standards has an overall accuracy of
about i-3f,'t>. efforts arc underway to f i t th) efficiency curve to
a mathematical function as a function of gamma ray energy and
evaluation of constants*

5.2.4 Half-Lite of 242Pti

S»K. Affgarwal, S.N. .iciiurya, A.3. Parab and 11.C. Jain

The half - l i fe of Pu w<i« determined by relative activity method
iu two independent sets of experiments. The objective was to resolve
the discrepancy between tho two sees of values available in literature

' 4 ^ •'SQ fl«lri

for the half- l i fe of Pu measured with reference to Pu wd Pu
242

half-l ives and also to obtain t:.e hal f - l i fe of Pu with a hlfh
precision ami accuracy.

Synthetic mixtures were prepared using enriched isotopes of
" Pu, " Pu and Fit. A new double dilution technique was deve-
loped for Maintaining the atom ratios and tho alptla activity ratios
olose to unity so that those could be measured with high precision
and accuracy* The alpha activity ratios in these mixtures were deter-
mines by alpha spectroiaetry on elentrodeposited s urces using s i l icon
surface barrier detector while the atom ratios were obtained by mass
spectroaetry. A hal f - l i fe value of (3.742 + 0.024) x 10 yr i s
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obtained us in.-? the half-life of Pu as JillO yr. The value

obtained using the half-life of J38Pti as 87.74 yr is (3.766 +

0.035)x 10 yr. The averse of these two independent seta of

experiments leads to a half-life value of "' "Vu us (3.754 + 0.025)x

10 yr. Tue uncertainty given ou the values is a combination of

one standard deviation on the average value aid tlie error evaluated

from estimates on various error components. The discrepancy

existing in the earlier published values for the half-l ife of "" 'Pu

determined relative to the half-lives of " Pu find " Pu is resolved.

The details of the work are under publication in Physical Review(C).

5.2.5 Half-Life of 233U

S.K. Aggarwal, S.H. fi-mohar, S.N. -teharya, Satya Prakash and

H.C. Jain

I'lit; half- l i fe of " "U was determined by two independent methods:

specific activity Method and a relative activity method involving

the half-life of U. In the specific activity method, the alpha

disintegration rate of " U was determined by liquid scintillation

counting as well as by alpha proportional coundng and number of
'l'X'>

atoms of " "V was determined by isotope dilution mass spectrometry.

fhe radiocheiaical purity of w "U was confirmed by alpha spectrowetry-

A half-life value of (OD.iO * 0.40) yr was obtained. In the relative

activity method, synthetic mixtures were prepared using isotopes of

" "U and ~ U. The double dilution technique was employed for main-

taining the atom ratio3 ami the alpha activity ratios close to unity

so that these could be measured with high precision and accuracy.

The -Ijdia activity ratios in these Mixtures were determined by alpha

spectnvietry on eleetrodaposited sources using silicon surface

harrier detector i4iile the atom i-utios were obtained by «ass spectro-

uotry. A half-life value of (68.ol + 0,36) yr was obtained using

the half-l ife of 233U as 1.592 x 10° yr. The average of thse two

independent detorminatioua leads to a value of (68.00 + 0.39) yr for

the half- l i ie of ** U. The uncortninty given on the values is a

combination of tho one standard deviation on the average value and
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the error evaluated from estimates on various error components.
The values published earlier are significantly higher as compared
to the half-l ife value obtained in this work. The details of the
work are under publication in Physical Review (0).

5.3 Studies on Solid State Track Detectors

5.3.1 Preparation of Nuclepore Filters

R. Sflmpathkumar and R*H. Iyer

The preparation of Nuclepore Filters was continued with some
modifications. The old U fission fragment source was replaced

252
by an 1 n.gm. Cf source. Slnoe th is did not Involve time
cons timing thermal neutron irradiations, the method was simple
and direct* the amount of Of source being small, several hours
of irradiation was required to produoe a s ingle f i l t er* The
f i l t e r s produced in th is way had the same characterist ics as those
produced by thermal neutron Irradiation. F i l t e r s produced by
using U source were tested for their f i l t e r i n g properties at
Radiation Medicine Centre by f i l t e r i n g diluted human blood through
a 4.5M f i l t e r s , It' wan demonstrated that WBCa and RBCs were
e f f ec t ive ly f i l t ered leaving the colour l e s s plasma as the f i l t r a t e .

25̂ *A 20n.gm '"Cf source would be adequate to prepare one f i l t e r
per 5 nin. Since Cf source was not readily available, irradia-
t ion with rt-particles was t r i ed . Normally alpha part ic les are not
registered eas i l y in polycarbonates since their energy loss rate
in polycarbonates i s s i a l l compared to f i s s ion fragments* But i t
was found that, by adjusting the distance between the souroe and

23T 24 i
the detector, alpha particles from Np and Am were used in

the irradiations. Optimum conditions to produce a filter with 10

pore density and 0 to 4.2^ pore size were obtained* But the pore

size did not increase from 4.2/*even after prolonged etching.

Therefore the possibility of enlarging the pore sice by using

electric sparks was tried* This method worked but uniform pore size
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could not be obtained, pore gizes ranged iron 6 to 12A and the

pores were not as circular as obtained by Irradiation with fission
252

fri)(nnonts. It seems, therefore, that Cf source is indlspensible»

Reference

1. Uadiochemistry Annual Report for 1978j BARC 974 (1978) pp 6-7.

5.3.2 Thormal Treatment of Cellulose Nitrate (Daicel) Plagtlcs

and Their Effect on Alpha Track Revelation Characteristics.

11. Sampat Kumar and II.H. Iyer

There are different method! to sensitize Daicel, Lexan etc. to

reveal full track length of charged particle tracks registered in

these materials. Some of the methods are U.V. exposures. V-ray

treatment, heat treatment etc. It has been shown* ' . That a preli-

minary heating of Daieel for 4 hours at 100-120*C.strongly reduces

bulk etching rate increasing the ratio V_/V_ and therefore favourable

for track discrimination.

Heat treatment of Daicel foi ls .were systematically investigated

and it turned out that, by heating the foil at 60*C for 7 hours,

reduces the bulk etch rate V_, strongly without affooting the track

etch rate, V_. V™ measurements wore carried out by means of a con-

tinuous etching prooess In which tue etohant continuously flows in

a transparent cel ls by neans of a peristaltic pump* Details of

the procedure has been desoribed elsewhere' *.

The track revelation characteristics in any dielectric material

for a given etchant depends Upon VQ and VT* The ratio Vg/V̂ , describe*

the shape and size of the track. Lesser this ratio, greater is the

track length and for ratio equal to one, no track is revealed beoause

the traok region is etched as fast as the bulk of the material. By

heat treatment VQ i s reduce* am* hence there is an lnorease In the

track length*

By measuring the track lengths, in the heated plastic and the

unheated one it- was shown that shallow pits have reduoed by nearly

40$ in the heated plastic than that of the unheated one* The enlon-

gated tracks have Increased nearly 8 times in the heated plastic
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there by increasing the contrast between a track and a non track

especially so, for over etched shallow pits. This process has

resulted in producing a better detector and also ease in scanning.

The results arodepicted In Table 28 where i t can be seen, that

there i s no significant chance in VT for the two types of Daicel.

But VQ on the otherhand, changes by a factor 1.61 More for the

unheated Daioel. Since Va and V™, are known, the etohing efficiency

can be calculated from = 1~v0 - i _ sin B .
VT

TABLE 38
V- and V,_ measurement data of Daicel.
Etching temperature 32.5°C • O.l'C.
NaOH concentration 2.5N. Exposure Rn alphas.

Heated 9.3 x 10~3 0.11 92.5

Unheated 16.8 x 10~3 0.12 86.0

References

1. M. Nioolae, Proceedings of 8th International Conference on Nuclear

Photography and Solid State Track Detectors, Buoharest p.178(1972).

2. R. Saapat Kumar and R.H. Iyer, Badietion Effeots Vol.40, Nos.1-2

00 57 to 65.

5.3.3 Alpha Track Registration frop. Aotinidea in Solution Medlusi

B.K. Srlvastava, N.K. Chaidhurl, V. Una, G.R. Mahajan and

H.H. Iyer.

In continuation with the studies on alpha traok registration fro*,
solution medium^ ' , effeots of Tarious factors on the traok regis-
tration and revelation characteristics were investigated* Th» siea-
sured Kwet values of the (a) fission fragments*2', (b) alpha and
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7Li ions from iOn (n,4lle) 7Li reaction*3* and (o) alpha particles

from activities have been examined in the light of the range and

energy of the charged particle in the medium. Feasibility of u t i l i -

sing the technique for the estimation of uranium or plutonium by

track registration from solution medium was demonstarated.

Effect of nitric acid concentration of solution- lor short

exposure times of the order of a few hours, the values of the wet

factor decreased with Increase in the time of exposure in solution

containing high concentration of TINO... The effect seeiiis to attain

saturation after about 7 hrs of exposure in 3N HNO., solution. The

increase in the bulk rate of detectors exposed in similar conditions

also followed a similar trend, '/hen tracks wore registered from

solution of different nitric acid concentration, solution of diffe-

rent nitric acid concentration, solution below O-6N seemed to have

no effect on the detector Material.

Range-energy correlation with the K . values

Prom a simple consideration of tlie geometry ot the registra-

tion of tracks, the average effeotive range (Ref*) from which a

charged particle can produce etchable tracks (^t-Jf) can be shown to

be related to the K, . factor by the relation.
<j

K
Wet " * "eff <*>

For fission and nuclear reactions like D (n, He) Li, where

two heavy charged particles are generated, the above equation takes
(2)the form of equation .

K » { i ! W
 : (2)

wet eff

The measured K . values and the calculated RA#* values for

average fission fragment and alpha particles from different souroes



are given in Table 2'J, The re lat ive variation of the s i n s i t i -

v i t i e s i s reflected in the variation of the values of K . for

different detectors. The value of ItaY.{^/18^*m) as obtained

from the measured K . values by f i s s i o n track registrat ion are

closo to but l e s s than the average ranges of the most probable

l ight and heavy fragments (~20/<tm) in water). This small t

difference may he duo to the non etchable portion of the particle

run/re in the detector registration threshold of the detector

and the s l ight ly higher density of the aqueous n i t r i c aoid medium.

The average value of ranges of Tie and. Li (f^om reaction of

thermal neutrons on B ) i n w a t e r a r G fibout T . B / I q > f o r m 1 1 5 #

The lower values of H \, obtained with Dalcel and UA 80-15 indioate

lower s e n s i t i v i t i e s of these two detectors .

In case of actinido alphas the values of Re*f obtained from

equation 1 using measured K . are muoh l e s s than the range in
we t in 4 T

the medium. For charged particles from fiasion or B(n, He) Li
reaction where the etchable damage s tar t s right from the surface
of the detector, the range in the solution medium and the track
regis trat ion geometry are of primary importance, in case of
aotinide alphas, however, track revelat ion eff ic iency acquires
more Importance. The etchable regions of the dan age t r a i l s l i e
at different depths in the detector material depending on the
energy, Within some specif ied etching t ine the etchant can reveal
only a fraction of the latent tracks (depending on che bulk etch
rate) and th i s fraction i s lesser the higher i s the energy of the
alpha par t i c l e s . The plateau region in the track density vs time
of etching plot i s reached when the revelation of new tracks and
removal of old tracks due to bulk removal are oounter balanced.
This i s , thus, an upper energy threshold of the alpha part ic les
above which the etchable damage density i s embedded at the depth
where the etchant does not reach during the optimum time of etching.
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The existence of an 'energy window1 bounded by a lower and a higher
energy thresholds, therefore plays an important role In the alpha
track registration from the actlnldes in the solution medium.

Measured
TABLE 29

values and average ranges in water

Track Producing Average range
particles In water In

10 cm

Detector Measured Calculated«av
(under opti- l n
mum etching
condition)in
10-* on

Fission Frag5
ments from"3bu
fission

20 Lexan
Melinex-0

S.I
8.9

16.2
17.8

4He and 7L1
from
10B(n,oc ) 7

reaction

7 . 5 LH-115

CA 80-15
Dalcel

3.45

2.25
2.20

6.9

4.5
4.4

He from
Uranium

30.6 LTl-115
CA 80-15
Daicel

4*15
5.10
3.40

16.60
20.40
13.80

*He from
Plutonium
(~5.i6MeV)

35.0
LR-115
CA 80-15
Daioel

5.16
5.71
2.65

20 .
2 2 ,
10 .

64
84
60

*He from
Anericium
(~5.48MeV) 38.6 LB-115

CA 80-15
Daioel

4.48
3.09

14.36
17.92
12.33

The track density obtained by alpha traok registration fro*
solution medium showed the expected linear relation with the oon-
oentration of enriched uranium and plutonium In the solution.
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5.3.4 ^l'iotroohoinlc tl iJtohinp; of Nucloar Tracks

r,.l. M'»»ta,i ari, N.K. Ciauilhuri and H.H. Iyer

When the number of tracks per unit area is very low one has
to scan a larre area of counting reasonable number of tracks*
4 lur/re suale nraplification of the tracks would enable one to
count under low mar;uific<ttlon (or even with unaided eye) aod reduoe
the time and labour In scanning. This can be achieved by the che-
mical etching of the nucloar tracks under the influence of an
electric field^ ' " ' . Generally a function generator is used to
produce different wave forms, high frequency and high voltage.
This requires a high investment in electronic accessories. Hence,
an effort was undertaken to simplify the procedure using Main*
frequency (50H? ) and a slaple high voltage unit. A speoially
designed toflon cell was fabricated in the divisional workihop.
This was placed in a jaoketted gla^s vessel connected to a circu-
lating water buth having thermostatio arrangement. Two stainless
steel electrodes were provided-one to be dipped Inside the teflon
cell and another to be dipped in the solution contained In the
glass vessel.

The track detector separates the solution in the cell fro*
the solution in the glass vessel and the leak prodfness i s ensnre#
by a proper fitting of the screw head using silieone rubber gaskets.
Encouraging results had been obtained for fission tracks In poly-
carbonate f i las . In the neantiae a paper utilising the save type
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of set with 50 Hz main supply has been published in literature1

However, the eleotrodiemical etching of alpha tracks from actinides

using 50 Tlz mains supply has not been reported so far and work in

this line is in progress, A function generator has been procured

for generating different functions and high frequency. Necessary

arrangenent for stepping up the voltage is being made by the elec-

tronic cell of the division before taking up a systematic study

of this technique using different deteotors*
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5.3.5 Development of Simple ffljeperiwenta for the Denonstenfclon
of Had fo act iv i ty Voinn Solid State Jraok Deteotors

V. Uma, N.K. Chaudhuri and tt.H. Iyer

Variation of Energy and Range of Alpha Particles from different
nuolides -

235Planchetted sources of different nuclldes l ike U (enriched
uranium), Pu, An etc. (which emit alpha particles spontaneously)
are separately exposed to alpha sensitive cellulose Nitrate (CN)
detector strips (commercially available as Daleel, CA 80-15, Ltt-115
etc.) kept on the demountable slanting plate (l~) a s shown in the
Fig . ( i i ) . Tracks would be recorded upto different distances on the
detector from the base depending on the energy and hence the range
of the alpha particles in air. After exposing for a suitable time
(which may be of the order of a few minutes depending on the activity
of the planchetted source) the detectors are etched in 2.5 N NaOH
solution at 60°C for about 40 minutes, washed in water and then Mounted
on microscope glass slides. The diatanoe (0 o n *"• deteotor np to
which the tracks are recorded in the deteotor is meusured by viewing
through a microscope having a mechanical stage with a vernier soale.
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A olosed circuit TV ooupled to a microscope or a projection mioro-

scope with a ground glass screen may be more useful for olass room

demonstration. The effective range (Heff) of the alpha particles

in air is .riven by R .. 3 d s in 0 where 0 is the angle of inclina-

tion of the detector. Values of B .. thus obtained compares well

with range values Riven in literature. A minimum energy (threshold

energy) is required to produce an etchable damage trail in the

detector and hence Site values obtained by the above procedure Is

expected to be slightly less than the true range of the alpha

particles in air. Nevertheless, these values are good estimates

of the true ranges. This simple experiment rafty be helpful to the

teacher not only for demonstrating the exlstnnoe of alpha activity

but also to explain the basic principles for the detection end

counting of ionising charged particles. The whole experiment oen be

conduoted within two hours* The frame shown In Figill)can be easily

fabricated from plates of metal, plastic, wood or even oard board*

The angle 0 is obtained by measuring the sides of the right angled

triangle.
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6.1 A Spark Countlug Unit

S. Konaraj, M.it. Ponkshe and J.K. Samuel

A unit to facilitate counting »t fission tracks on thin plastic

films has been designed. High voltage is applied across the fil«i

starting froDi a low value and then slowly raised. Breakdown of the

voltage occurs through the tracks resulting in electrical pulses

which are then counted. The unit contains preamplifier, amplifier,

discrininaior, pulse shaper, sealer and a variable high voltage supply.

Ita block diagram is /riven in Pig.(12). The preamplifier has a high

Impedance F-'T input and an emitter follower output. This Is succeeded

by an anplifiQf with n sain of 20, a millivolt discrlnlnator and

a shapcr circuit. '2U>. !<iwl«lown (spark) pulses, applied to che pre-

anplifier input are counted by a four digit sealer with LKD display

which follows the shaper circuit. The high voltage supply is zener

stabilised init ial ly and tneu shunt regulated to provide a voltage

waich i s continusously variable from 90 V to 1000 V with a 10-turn

helipot on tiie front panel.

FIG.-12.

A Block Diagram of Spark Counting Unit
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6t2 Ai Autorang;inff Alp I'a Level .Monitor

S, V.jnkifce»war.m, M.S. Satsanrri and J.K. Samuel

An &- level monitor has been designed and fabricated for use

with tractinni.iti colmans. The unit monitors ^-activity for four

seconds, holds the accumulate., counts for the next one second, then

resets Itself and starts again. Its digital display has ranges from

0 to 9.9 .-. 10 counts in autorangi:g mode and coa&isti of five seven

segment LKD dibits, the f irst three showing three most significant

digits with a decimal point after the first digit the fourth denoting

the letter «2 permanently and the fifth displaying the value of expo-

nent which can vary from 2 to 5. The circuiting is si>'.> that when the

count exceeds the range, it autouaticully switches over to the next

higher ran/»e. The block diagram of the system is shown in Fig.13.
'i

The <l edict or probe of the system incorporates a 50 mm' silicon

surface harrier detector and a preamplifier inside a cylindrical

'! -ii»d is connected to i.he main unit with a single eo-adal cable.

I'roia tlie prone is amplified aid fed to countinr decades through

a cottj).iriitor, shaper and various controlling gates. Timing signal is

. enerateU for repetitive count (4 Sec.) - hold (1 Sec.) sequence. Gates

select the number of decades in different riingos, chaiire the display

of exponent utuX provide reset and start pulses* An audible alarm which

sounds us soon as the counts overflow the Iro/est range, ia bpeciully

Incorporated so t .at the expo ritnen tor is alerted to the level of

'iciivity in thu £ ruction vhich hus at th fit time exoeeded the background

level.
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6.3 Fabrication and Calibration of a Uemote Pinetfcer

O.K. Sivarumnkrishnan, A.V. Jadhav, K. Uaghuraiiian, K.A. Mathews

and P.S. Nair

A 7150 Ail. capacity remote pipetter for use in hot cel ls was

fabricated indigenously in our division. This consists of a teflon

syringe with a S.S. Piston. The piston is driven by a stepper motor.

The motor is coupler! through a helipot for controlling the displace-

ment. Tie remote pipetter was calibrated with uranium solution with

predetermine/1 density. Number of 50, 100, :?50, 500, 750 Ail. volumes

were delivered and the exact volume of the solution delivered was

calculated by weighing the solution in a Mettler balance. The accuracy

for 100-750 /HI deliveries was "better than 0.5$.

6.4 Indigenous Fabrication of Master Slave ^fanip^lators

O.K. Sivaramakrlshnan, A.V. Jadhav

One member of the group participated in testing of master slave

manipulators fabricated indigenously by M/s. Visual Education Aids,

Coimbatore and M/s. Jayshree Industries, Secunderabad. Several modi-

fications wore suggested and incorporated to inprove the performance

of these master Blave manipulators.

6.5 Use of Wava 3/12 Computer Coupled To TN-1700 Multichannel .Analyser

S.3. Rattan, A.V.H. Iteddy, C.R. Ven'catasubramani, T. Datta,

A.G.C. Nair, P.P. nurte, S.P. Dange, S.B. Manohar and Satya Prakash.

The TN-1700 multichannel analyser is based on NOVA 3/12 mini

computer which can be used independent of the analyser. The language

used i s a modified version of BASIC, incorporating number of features

which allow interaction v*ith the analyser. All types of arithmetic

operations and mathematical functions commonly used are available.

The interaction of the programmer with the analyser in through

the teletype. The programs after debugging can be stored on magnetic

cassettes or paper-tapes for further use.
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The following programmes have been developed and run suocess«

fully on this computer.

1. Determination of half-life ot a given radionuclide from the

given decay date with tine correction using the method of

least snuare f itt ing.

2, To oonvirt the date of the counting carried out in LIST mode Into

mode.

3. To process the spectra of the counting carried out in LUT mode

with the help of two parameter routes for fission X-rays end

fission fratTMents which are in coincidence* In this program

any number of spectra stored in the Magnetic cassette can be

analysed in one run.

4. To liml the (ft) mean and standard deviation for a given set of

values (b) least square fitting of given date to the equations.

i) Y s nx + c

Y = ax'! + b x +c

5. Solution of quadratic and trancedental equations.

6. Solution of determinants and various Matrix operations.

7. Plotting of given data in linear or serailoog scale on Teletype.

8. Plotting and displaying the data on oscilloscope.

9. Mapping of the following mathematical functions : - circle,

parabola, hyperbola and el l ipse.

6.6 A Versatile Therpsiumlneacence Unit for Radioactive Samples
A.G.I. Dalvi, h.D. S as try and B.D. Joshi

Thermally stimulated luminescence normally referred to as ther-

noluminescence (TL) is known to contribute significantly to the under-

standing of lumlnesoent processes in solids. To study the radioeetive

reoonblnatlon and self activation processes in inorganic materials

with radioactive elements as activators, a versatile thermolumine-

soence (TL) unit, adapted for glovebox operation, has been designed
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and fabricated. The unit has provision to record the TL output
in two temperature ranges 100-320°C and 300-T5o»K. The unit
incorporates an electronic temperature programmer which can
control the rise in temperature of a kanthal strip at constant
heating in the ranges mentioned above* The salient features
of the instrument include five lineai heating rates v i z . , 0 . 1 ,
0.25, 0 .5 , 1.0 and 2.5*K sec . and f a c i l i t y to maintain the
temperature of the samp a for a lonr. time within + 1*C at any
dnsired value in the two ranges, to enable isothori'.'il deoay
studies . Furthermore, the- unit has the advantu.",< <>f attaining
the lower temperatures (IO'J-320'K rijnge), without the cryogenic
liquid (l iquid No) or cooled gas direct ly coming into contact with
the sample thereby avoiding radioactive contamination of the eva-
porating l iquid . Figures 14 and 15 show the block diagraa and a
photograph of the TL unit -respectively. Glow cjrvos for the
standard phosphors v i z . CaF,,, i'LD-lOO and Uy: CaSO., obtained
in both temperature ranges are found to be in good agreement with
those reported in the l i t erature .

FIG-15.
A Photograph of Therntoluminescence Unit
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