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INTEODUCTION

1. is anmal progress report of the iadioch:mistry Division for
1978 forn the tenth in the series and in this raport the R & D work is
daseritad under the headings leactor Chet:;:latry, Heuvy Element Chemistry,
Frocess Lhemistry, Radioanalytical Chemistry & Services, Nuclear Chemistry

and Instrumentution. ~

.
~

2. 48 purt of work on the preparation of i\ulﬁteriah by sol-gel
Procuss, fnicrospheree of urunium oxide and uranium-thorium oxides were
prupared in order to standardise methods for obtainin: crackfree products

of uniferm shape, size and high demsity.

3 Bzsic research activities of the Division centred around studies
on the cheriatry of actinides amd fission products. The vaporisation
themedyramics ol compounis of Th and U were detemmined by tramspiration
and Yoilirg temperature techriques. Uramdum(III) suiphates and double
sulppaies vere prepared and characterised by X-ray, thermal amd infra~red
amlysis. Urusual complexes of Rh(0) and Rh(II) were stubiliged in ammonium
cnloride single crystsls for the first time and were studied by EFR to
urderstand the nature of metal-ligand bonding.

4o Yhe extraction of trivalent actinides and lanthanides by long chain
amines from crloride solutions was studied. The extraction of actinides
by lon, chiin amires from curboxylate media fmdicated that uranium(VI)
¢o.ld be sepuruted from all metal ioma except Ag and Zr. A solvent
extraction method for the separation of uranium and plutonium from wastes
cortuininge pnosphoric acid was daveloped. The oxtracticn of actinides by

di-r~octyl-sulphoxide w.s investigated.
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S. The mechanism of raiiation chemical behaviour of U(VI) in hyirochloric
and sulphuric 3cid mecia was establishad. Flash photolysis of agueous
potagsium parsulphate solution wae c-rriel gut in order to study the

spectral ani kinatic bshaviour of SO; radical,

6. The work on process chemistry of nsptunium was continued anl stulies
ware carriad out on the use of primary ani saconiary amines for the
purification and concentration of neptunium. The extraction bahavigur

af rare asrths by TBP was jinvestigated, The work on in-line instrumen-
tation was continued ani the gamms absorptiometer and colorimeter were
toste) for their reliability for in-line opsrstion at this Fuel Reproc-ssing

Jdivision.

7¢ Studies were carrid out on radiochemical,n'aa spectrometric snd
other anslytical methols. A gamma spectrometric method was developed
for the Jetermination of isotopic composition of plutanium uaing low
enargy gamma rsys of plutanium isotopes. A single stage anion exchange
methol for sepsration an! purification of neodymium from fission éroducta
was davelopzd for burn-up neasursments. A mathoi was stanilardized for
the determination of isotopic abumdances of uranium at nanogram lavel
by thermal ionisation mass spectrametry. An electrophoretic m-~thol

for ‘eposition of sctiniies uith hiyh superficlal Aanity was developed
iﬁ conre ction with th» requirement of fissile tarsgets to be used for
relative power mapping during atart up experimants of FBTA. A method
was developei For e#ttactiue photometric determination Pu(IV) and

Np{IV) presant in mixtures.

B. Several aspacts of nuclear fission such 8s cherge distribution, mass

distribution and fragment angulér momentum in low energy fission of actiniies
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wore studied. The stulies highlight the role of shells and pairing effnct

on these Jistributions. uork was started on the development of fast mathoise

of trensportation of recoil products anl ra!iochemical seperatioms with an

aim to stuly the Jdaecay schemes of rajionucliles relstively fer removed from
232 242

the line of stability., Half-lives of U and Pu were determined by

combining alphaspactrometric and mass spectrometric technigues.

9. In a dition to the basic ani anplied wn-k Yescribel above, instruments
neaied For carrying out the R & ) programm:s of the Nivision ware leveloped.
A spark counting unit For counting Fission tracks in thin plestic films

was developed. An autoranging slphs lesvel monitor to be used with
fractionating column was developed, Fabrication smrd cslibration of @
remote pipstter for use in hot cells wes completed. A versatile thermo-

luminescence (TL) unit for glovebox operation wes dasigned and fsbriceted.

10, The Jivision continued to provide mess spactrometric analyses to
other Divisions in BARC end units of JAE, Several sources of sctinide
isotopes were supplied to other Divisions in BARC, other units of JAE
and universities in the country. Training in nuclear snd rsjiochemistry

was provided to university stuientg anl teachers.



SECTION 1%
1.1

1.1.1
1.1.2

SBCTION 3:
2.4
2.1.1

3.1.2
3.1,3
3.2

2.3.1

2.2.1.1
3,3,1.2

2.2,1.3
2.2.3

2.3
a2,3.1

2.3.2

2.4

CONTENTS

INTRODUCTION
REACTOR CHEMISTRY

Preparation of fuel Materisl by
Sol~-Gel Process

Uranium Oxide Miorospheres

Urmnium - Thorium Oxide Miorospheres

HEAVY ELEMENT CHEMISTRY
Non-aqueous Chemistry

Vaporisation Thermodynamice of Uramium
Tetrafluoride

Vaporization Thermodynsmios of Thoriua
Bromide

Tranipiratiou and Boiling Temperature
Studies en the Vaporization Behaviour
of Jntimony

Ssruotural Chemistry

X-ray Structural Studies

Structure of "e(”"a)a' (0204)3.101130

Preparation md charsocterization of

Uranium(III) Sulphate and Dounble
Sulphates

Cas~U-Pu-0 Sysitem ~ Phase Studies

Electron Paramagnetic Resonance of Rh®
and Rh3* in NH,C1 single orystal

Thermal Studies

Oxidation of 30% Pu0,~U0, sintered
Pellets :

Kinetics of Oxidation of Uramium
Monocarbides

Solvent lxtraﬁtion and Ion-exchamge
Studies

P~

10

i4
14
14
14

18
19

20
20



2.4.1

264,23

2.403

2444341

304.3.2

2:4.4

2.,4.5

244,86
2.4.7

2.3
2.5.1

2.5.2

2.5.3

SECTION 3:

3.1

3.2
3.3

-y

Solvent Extraction of Actinidea amd
Fission Products by Long chain
Sulphoxides

Synergetic Solvent Extraction Studies

Extraction of Actinides by Long Chain
Anines

Separation Studies from Carboxylate
Media

Effect of Temperature on the

PAGE

31

32

Extraction of Np(IV) from TLA Solvesso-

100 from Nitric Acid

Extraction of Trivalent Actinides and
Lanthanides by Long Chain Amines from
concentrated Chloride Solutions
Recovery of Uranium and Plutonium
from an Aqeous Solution Containing
Phosphoric, Nitric and Sulphurie
Acids by Solvent Extraction

Complex Formation of Np(V)

Anion - Exchange Studies of Neptunium
in Mixed Solvent Media

Radiation Caemistry

Radiolytic Oxidation Mechansm of
U(Iv) to U(VI) in H S0, and HC1 Media

Flash Photolysis of Aqeous Potassium
Persulphate Solution

LET and Cation Effects on the Radio-
lytic Format ion of Nitrite in Solid
Nitrates

PROCESS CHEMISTRY

Preparation of Plutonium -~ 238
Process Chemistry of Neptunium

Some Studies on the Extraction of
Rare-Earths by TBP

332

39

423
43

48
45

48

51

53

53
55



Vi~

3.4 In-line Analysis of Fuel Reproces- 57
sing Streams

SECTION 4: RADIOANALYTICAL CHEMISTRY AND 1)
SERVICES

4,1 Determination of Isotopie 58
Composi tion of Plutionium using
Ganma Ray Spectrometry

4,2 Anion Exchange Separation and 60
Purification of Fission Product
Neodymium :

4,3 Precision md Accuracy the el
Determination of Esepu(g%w“om)
Alpha Activity Ratio by Alpha

Spectrometry

4.4 Feasibility of Isotopic Abundamce 1.3
Measurement of Uranium at Nanogram
Level Using Thermal Ionization Mass
Spectrometry

4.8 Maintaining High Abhundance Sensiti- 68
vity Improvement and Monitoring of
Analyser and Collector Regiomns of
the Ch-5 Mass Spectrometer

4.8 Development of Method for the Pre- 67
paration of High Superficial Density
Fissile Targets

4.7 Potentiometric Estimation of 1]
Neptunium

4.8 Determination of Boron in Boron 68
Carbide

4.9 Extractive Photonmetric Determination 69

of Neptunium (IV) and Plutonium(IV)
when Present Together

4.10 Mass-Spectrometrio Services 70
4,11 Supply of Special Radioactive Sources 71
4,12 Preparation of Radiation Sources T



SECTION 51
5.1
5.1,.1

Bol.1.1

5.1.1.2

5.1.2

5.,1,2.,1

Be1.2,2

o

$.1,3
o1.3.1

5.1.3.2

6.1.3.3

5.1.3.4

5,2

~vii-

NUCLEAR CHEMISTRY
Fissjion Studies

Charge Distribution in Low Energy
Fission

Determination of Fraogignul
Cumulative ylelds of Ba and
957y in the Thermal Neutron
Induced Fiesion of 245Cw

Determination of Fractional Cumu-
lative Yielda of 1351 ana 140Ba in

. Reactor Neutron Induced Fission of

3Typ

Determination of the Average Angular
Momentum of Fission fragments in
Low Energy Fission

Determination of the Average Angular
Momentum of Fission Product 1321 im

233y (ntn, )

Caloulation of Angular Momentum of
Fisaion Fragments tos garious Even-
Even Mass Splits in (nth, 1)
to Study the Effect of Frag-ent
Deformation

Mass Distribution Studies

Mass Distribution Studies by Hasl
Spectrometry

Abhsolute Yields of Short l1ived
Figssion Products in the Thermal
Neutron Fission of 23%y and 239py

Yields of Short 1lived Fission

Products in the Reaotor Neutron
Induced Fission of 238

Studies on Highly Asymmetrio Binary
Fission

Studies on Decay Schemea

PAGE

72
73
73

73

14

74

1

78
8

18

81

el



- 5.2.1
5.2.2
5.2.3

5.2.4
5.3.5
5.3

5.3.1
5.3.2

5.3.3
5.3.4

5,3.5

SECTION 6:
8,1
6,2
6.3

6.4
6.5

6.6

7

-viii.

PAGE
Development of a Radio Chemical 83
Method for Segaratlon and Puri-
fication of 221pp
Decay Scheme Studies of 221p, 84
Calibration of Ge(LV) and Ge 8¢
Detectors
Half-1ife of 232p, 88
Halt-1ife of 232y 86
Studies on Solid State Track 87
Detectors
Preparation of Nuclepore Fitters 87
Thermal Treatment of Cellulose 88
Nitrate (Duicel) Plastics mand their
Effect on Alpha Track Revelation
Characteristics
Alpha Track Registration from 89

Aotinides in Solution Medium

Electirochemical Etchiug of Nuolear 93
Track

Davelopment of Simple Experiments for 94
the Demonstration of Radioactivity
using Solid State Track Detectors

INSTRUMENT ATION

A Spark Counting Unit 97
An Autoranging Alpka Level Montitor o8
Fabrication and Calibration of a 100
Remote Pipetter '
Indigeneous Fabrication of Master 100
Slave Manjpulators

Use of Nova 3/12 Computer Coupled 100

to TN-1700 Multichannel Analyser

A Versatile Thermoluminescence unit 101
for Radioactive Samples

LIST OF PUBLICATIONS



SECTION 1 s REACYOR CHEMISTRY

1.1 Preparation of Fuel Materisls by Sol~Gel Process

V.N. Vaidya, R.V. Kamat, J.K. Joshi, V.5, Iyer,
N.L. Srinivasan, K.T. Pillei and D.D. Sood

Work on the preparation of fuel materials in the form of wmioro~
spheres by wet ohemical route was contimied by investigating the pre-
peration of UO2 and U02-‘rh02 mioroaphereahhaving a size of 500-TCO
micrometers, using the hydrolysis process ‘. During the year under
report ebout 300 experiments have been conducted and in each experiment
50-70 g of uranium or uranium-thorium was used. The process parameters
are being optimized, and reproducible,batches having upto 99% yield
of crack-free 002 miorospheres have been made.

In the hydrolysis procesa precooled (0") solution of uranyl
nitrate s mixed with hexamethylenetetramine (bexa) and ureaj,and
dispersed in the form of droplets in hot (90-95°C) geletion modium
like paraffin oil or silicone oil. The droplets solidify into gelled
microspheres in a few seconds and the meshed gel structure of hydrated
uraniom oxide entraps the left out reactants, products, and water.
These microspheres are degreased with a suitable solvent like (!(.!14 or
c2c1 4’ washed free of extra orgamic matter and salts, dried, oalocined
in air to UOB' reduced with H2 to 002 and sintored in argon end hydrogen
atmosphere upto 1200°C to obtain high demsity ( > 98% T.D.) U0, mioro-
spheres. The mein features for the process development were design
of proper geletion columns, :I.mproioment of solution feeding system,
development of washing and heating schemes, and the oholce of proper
feed oomposition. It was observed that the feod compositicn,
particularly the metal ion comtent of the solution, has & signifioant

effeoct on the overall process.

1.1.1 Uranium oxide Microspheres

The work on the thermal convection loop was disoont:lmod
since the U0y miorospheres obteined by using this systea did wot have
good shape (they were oblate), and gave a vexy poor percentage yield
of crack-free sintered product.
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To improve the shape of the microspheres a 70 cm tall gless
oolumn, extermally heated by a nichiome tape heater, was £illed with
silicons oil (viscosity 100 ceftistoke at 25°C) and used for gelation
of droplets. This 0il hes a viscosity of 35 otk et 100°C, as
oompared to 10 otsk for paraffin and the higher visoosity helped
in veduciyg the height of the gelation column as well as in improving
the sphericity of the product. BSimultanecusly an sutomatic food
system was mde for the improvement of the size distribution of the
produos. The system with the genersl gelation equipment is shown
in Pg.l.

FEED SOLUTION

.0 T R

B a1y e MuD

NE Y LHRUT

S

HEATED $ILICONE [
OIL COLUMN

Fi1G.- ).

General Gelation Equi pment
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The system comsists of & double walled stainless steel tank, for
containing the feed scolution. ‘The oold Jacketted outlet of the tank
19 attached at the other end with capillary dispersers. A constant
over pressure of gas in the tank produces droplets at the needle enis.
The size of droplet depends on the overpressure of gas and the sige
of the capillary.

Fifty three experiments were cerried out to prepare U03-x
miorospheres using this column. During these experiments the concen-
tration of uranium was varied between 1.0 and 1.25 M, and the mole
ratio /{hexa, urea)/Usi/ was varied between 1.6 and 2.0. The gelled
product was degreased by 4-6 washings with CCl 4 followed by air
drying to remove CCl 4 The gel particles were then washed with hot
(90-95°C) water amd 12,5 1 0H solution. The washed microspheres
were dried upto 100°C in 2 hours amd then heated in air upto 500°C in
4 hours. The resultant product was UO}_x el microspheres. Out of
53 experiments only 28 batches gave 99% orack-free U0, material.
The feed composition for these good batches was [ UJ = 1,25 M and
R e 1.8. The batches containing /U_/ « 1.1 M and R = 1.6 gave washed
spheres which were too soft amd fommed clumps. The product from
eight representative batches was sintered but only one of these gave
9% crack-free U0, microspheres whereas the rest of the batohes failed
badly and gave only 5 to 40% craock-free material. At this stage it was
felt that & higher gelation time ()25 s) may be necessary to obtain
good quality spheres withsilicone oil. Forihis purpose the length
of the gelation ocolumn was increased from 70 cm to 165 cm to obtain
gelation time of~, 50 seconds. With this coluwn uranium concentration
of 1.0 to 1.25 ¥ and R = 1.4 was used in the feed solution. Righer
values of R were mot considered necessary with the longer gelation.
The gelled microspheres were washed with 2.% | 4'0{{ for 4 to 5 hours
time. Different heating schemes were adopted. 4ll the batches
containing 1.25 ¥ U in feed gave cracked product after sintering.

The batches oonta.:l.ning[l_l]- 1.0 M were too soft after washing aml
gave large clumps after washing amd drying were completed.
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With these results it was felt necessary to go back to the uee
of paraffin oil as gelation medium (250 cm tall column). During these
experime nts uraninm 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 R was increased. Forxr [UJ = 1.25 M, R was kept at 1.4,
for [U_J « 1.1 M, Rwas 1.4 anl 1.5 and for / U_/ = 1.0 &, B was 1.5
and 1.6. Gelled apheres from these batches were washed in a glass
colunn for 4 to 6 hours with 2.5% M 4OH. The washed product was heated
in air upto 500°C for 30 min followed by normal reduction sintering
youte. In many experiments (fifteen) where uranium in feed solution
was 1.1 M and R = 1.5, more than 95% of U0, microspheres were orack-free.
Batches starting with /U_/ e 0.75 ¥ and R = 2.0 gave soft gelled spheres
diffioult to handle but the final UO, product was 100% crack-free.

411 butches (six) contairing /U7 = 1.0 M and R = 1.6 gave > 98%
crack~f{ree 002 microspheres and the gelled spheres in thess experiments
did mt pose any difficulty in handling. These experiments gave a clue
that lower uramdum concentretion with high smount of urea and hexe ratio
is more suitable for making U02 niocrospheres. These results were
encouraging and it was decided to use the same prooedure with 100 ctsk
silicone oil. The column wes made 4 or in diemeter and 90 ox tall amd
o multiple mzzle (3 to 4 capillaries) system was used for feeding

the aolutidn. Wide column wam aimed at preventing intercollisicn

of spheres as well as improved thermal capacity for large feed rates.
Using this column, fifty batches of Uo}-x microspheres were prepared.
The feed composition used was [UJ v« l.lKand R = 1.5 to 1.7,

Three hours column wash with 2.5% M O solution waa used, followed by
drying at 100°C for 2 hours and oslcipation to 500°C in 20-25 mimtes.
The rormal reduction, sintering route gave pwoduct with inconsistent
results. About ten batches gave 95 orack-free product whereas

tho majority of batohgs fajled, Further experimerts were being
carried out with [UJ = 10K and R 1.6 = 1.7 in the feed solution.
The results of sintered product were encouraging as all batches

gave > 95% crack~free U()2 microspheres.
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These results indicate that & lower uranium molarity of feed
oomposition, and higher ratio of ures and hoxa, followed by Tfast
ocaloination step gives a good product. Further work for estadlishing

these points is in progress.
1.1.2 Uramup~Thorium Oxide l[:lm:og e

Thirty batches of UO,~ThO, microspheres comtaining 5-15%
of Th were prepared using 250 cm tall glass column having paraffin
oil an? aleo using 70 om tall column having 100 ctsk silicoms oil,
All batohes hed used feed sclution with metal content of 1.1 M
ard R = 1.5 - 1.7. The batches wers washed using two rontes i.e.
hot water and 12.5% M{,0F solution or 2.9 Mi,0H solution,
The product was heatod upto 500°C at the rate of 300°C per hour and
1t was followed by reduction sintering. All batches gave better than
95% crack-free U0,-Th0, microspheres with 95 to 97% theoretical

dehaiiv.

Refereme
1. Radioohemistry Divigion Anmal Progress Repcrt for 1977,
BARC ~ 1005 (1979)
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- BECTION 2 « HEAVY ELEMENT CHEMISTRY

2.1 Non- ous Chemist

2.1.1 V_.Lu.@_.__..to tion Thermodynamics of Uranium Tetrafluorjide

Bujondn Prasad, K. Negarajan, M. Bhupathy, Ziley Singh,
VY. Vemgopal d.nl D.D, Sood

* A number of 1woat1¢storo(1'4) have carried out vapour pressure
messurenents on solid ur4 but there is's lnck(o agreement smong the
wported deta. There is only one set of dsts">  availeble for liquid
%m-:sn order to0 resolve the disorepancies two independent technigues,
amely the boiling temperature amd the transpiration hawe bDegn uged
for yapou:.;'prumo measurement in the present study.

The vapour pressures determimed by the boiling temperature
as? the transpiration methods for solid UF, oan be represented by
sgations (1) and (2) and those for 1iquid UF, by equatioms (3) ant
(4) respectively.

. 10g)5(p/ata) = (10.1540.25)-(161204318) (X/7) (1)
(1246 to 1305 K)

1osio(p/htn) = (9.79% 0.19)-(157142239) (X/r) (2)
(1269 to 1307 K)

1ogyo(p/atm) = (6.82¢ 0.25)-(117734344) (X/2)  (3)
‘ (1312 to 1424 K)

log (p/at-) - (7.2330.3 )~ (123391413) (/1) ~ (4)

(1318 to 1427 K)

Thene two sets of data agree with each other within 7% throughout
$he temperature range of investigation and hemce were ocomdined $o give
squations (5) and (6) for solid and 1iquid UF, respectively.

log,,(p/ctm) = (10.0320.14)- (159942716) (x/2)  (5)
log (p/atm) = (6.9940.24 )- (12043338) (K/1) (6)

The pressnt data for solid l!!'4 agres uoolhiﬂy with those
of Ryon and Moholl(l) anl for liquid UF, agres with those reported
W Langer and pumhnip(f‘ + The meléing tempersture of UF,
esloulated from equstions (5) amt (6) is 1309 K, shioch is in exoellent
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agreement with the directly measured value of (130+2) K(6) « The values
of AH® (vap, 298 15 K) amd 4 S*(vap, 298.15 K) calculated by the second

law method are 77.8 Koal mo],-l and 52,0 cal £ lno1”

1.

2.

3.
4.
5,

1 respectively.

e ID &

Ryon, A.D., Twichell, L.P., US report TL-7703 (1947)

Popoy, M.M., Kostylov, F.A., Zubm. N.V., Russ. J. Inorg. Chem.

4, 710, (1959) ‘

Akishin, P.A., Khodeev, Yu. Sr. Russ. J. Phys. Ch -. 5, 574 (1961)
Chudinov, F.G., Chuprov, D.Ys, Rues. J. Phys. Chem. 44, 1106 (1970)
langer, S., Blankenship, F.F., J. Inorg. Mucl. Chem. 14, 26 (1960)
Barton, C.J. Sheil, R.J., ORFL Unpublished data quoted in Referemce (5)
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2.1.2 Vaporisation Thermodynsmics of Thorium Bromide

Z2iley Singh, Rajendra Prasad, V. Vemgopal, K.N. Roy

am D.D. Sood

Vapour“preasura of ThBr4 has been reported only by Fischer e’ 0.1(1) . |
In the present work the vaporimation behaviour of ThBr4 has been studied
to establish the data on this syster using two independent techniques
nemely transpiration anil boiling temperature.

The procedure for carrying out trampiration studies has already
been reported earlier 2 . ThBr4' used in the present work was prepared

by reaotion of B:.-2 on ThH 4 at 500°K followed by vacuum distillation.

The flow rate plateau obn:lmd for ﬂl!r4 vapour was in the range of

2x 10-5 to 8 x 10° X 1:3 win . The vapour pressure data for the solid

and the 1iquid are represented by equations (1) anl (2) mespeotively.

10: (p/atn) = (10.5410.11) -(11319496) (K/1) (1)
(822 to 953 k)
log (p/atm) = (6.8410.16) - (77092160) (K/T) (2)

(971 to 1068 K)

The apparatus and method used for the boiling temperature teohnmique
have been described previously 3 » The vapour pressure data for solid
and liquid !'hnz-4 obtained by this technique oan be represented by sguatioms
(3) and (4) respectively.
log (p/ata) = (10.6540.13) - (11422#129) (x/T) (3)
(842 to 971 K)
log (p/atm) = (6.9440.12) - (76132161) (x/1)  (4)
(971 to 1089 K)

The vapour pressure data obtained by the two teohniques sgres
within 2 per cent throughout the tempersture range of measurements
and heme the two sets of data were oombined to give equations (5) and
(6) which represemt the vaporisation thermodynssiocs of !'hnr4(-) and
and ‘.l'hBr4(1) respectively.

log (p/atm) = (10.5040.08) - (11357169)  (X/?) (5)

log (p/atm) = (6.9110.10) - ( 7779£210)  (K/2) (6)
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These equations were used to obtain melting tempersture, normal
boiling temperature, enthalpy of fusion and AH® (vep. 298.15 K)
and the values are 970 K, 1127 K, 15.0 xcuth-ol'l and 55.7 Koal,,
mo1™} respectively.

For 'I'hBr4(l) the present data are much lower than those of
Fischer et al, but for 'I'hBr4(1) the two sets of data are in good
agreement. Sinoe two independemnt techniques have been used during
the present imvestigation aml the results from both are in excellent
agreement with each other, the present work cen be comsidered as
the best ayailable data.

Referemes
1. PFischer, W., Gewehr, R., Wingchen, H., Z. Anorg. All. Chem.

242 of 161 (1939)
2. Ziley Singh, Bajendra Prasad, V. Vemigopal and D.D. Sood,
Js Chem. Therm. 10, 129 (1978).
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2.1.3 Transpiration and Boiling Temperature Studies
on_the Vaporisation Behavioup of Antimony

Rajemira Prasad, V. Vemgopal, Ziley Singh and D.D. Sood

Vapour pressure of amtimony has been measured by l mmber of
workers, but there is discrepancy among these values pmiwilrly
regarding the partial pressures of various speciss in the vapour
phuc(l . In the absence of any oonsistent set of data, Hultgren
ot tl(l’havo estimated the vapour phasze oonpoait:lon iniirectly from
other thernodymmio informsation. The vapour phase below 600 K
oonsists almost entirely or 8b4 moleovlies with Sb, anl Sb spedies
appearing at higher temperatures. The vapour phase oconcentration
of antimony momomer is lees than 0.5 per oent below 1300 K,

In the present study the partisl pressures 6f Sb (P *) am 8,

species (P *) have been determined in the t-pontun rang ot

1072 to 1265 K using an analytical method developed url:lor

The method uses the data onh masees of antimony transported in cp:i-
ments with antimony and &n alloy of antimony under identioal conditioms.
Transpiration studies on pure antimony, (0.40 Cu+0.605b) amd

(0.50 Int0.505b) alloys have been carried out for this purpose

to obtain values of P5 am Pz from both slloy systems,

The total vapour pressure of antimony was also measured direotly.
by boiling temperature method. Further, the trenspiration aml boiling
‘temperaturo data on pure artimony wers combiped to calculate partial

Pressures of Bb and Sb4 specles.

For pure amtimory the mass (m°®) of antimony tnmportcd
per do’ of the oarrier gas st 101,325 kPa pressure at 273.15 K
can be expressed by equation (1)
loslo(m'/ne) = (7.3340.07)-(6059480)  (K/T) . (1)
(1076 to 1265 ) '
The mass of antimony (m) trarsported during studies on the liquid
(0.40 Cu+0.60 Sb) alloy can be expressed by equation (2).
logyo(w/mg) = (6. 1310.08)-(5625189)  (X/r) (2)
(1072 to 1204 K)
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Aotivity of Sb in the alloy was taken from Hultgren et 31(3) and
can be expresaed by egquation (3)

logyy &g = ~ 0.349 + 152.5 (K T) (3)
The mess of antimony (m) transported during studies on the 1liguid
(0.50 In + 0.50 8b) alloy aml activity of antimonmy in this a11oy(5)
can be expressed by equations (4) and (5).

logo(m/ng) = (6.33+0.20) - (67814233) (k/T) (4)
(1125 to 1256 X)
log), a, = ~ 0.383 - 73.02 (x/7) (5)

These deta were used for obtaining the values for pa fron
(Cu+Sb) alloy as well as (In+Sb) alloy which could be represented
by equations (6) am (7) respectively.

log)o(py/kPa) = 4.73 = 6708 (K/T) (¢)

log)o(p5/kPa) = 5,20 ~ 7274 (K/T) (1
Similarly, the values of p* obtained from (Cu+Sb) and (ImSb)
system can be represented by equations (8) and (9) regpectively.

logyo(py/icPa) = 4.91 - 5992 (K/T) (8)

log)o(p)/kFa) = 4.84 - 5910 (K/T) (9)

The total pressure p obtained by combining dimer and tetramer
partial pressurea from (Cu+Sb) alloy and (In+Sb) alloy oan be given
by equations (10) amd (11) respectively.
log, (v/kPa) = 5.09 - 6115 (K/T) (10)
loglo(p/kPa) = 5.13 - 6179 (K/T) (11)

The total pressure was also directly measured by boiling
temperature method and the data can be represented by equation (12)
log,{p/iPa) = (5.10:0.07) - (6149484) (K/T) (12)
(1151 to 1263 X)
The vg.lues of ps and p; were also obtained by cm‘:bining the boiling
temperature data on fotal pressure with transpiration data given
by equation (1) to obtain the average molar mass of the vapour ard
the mole fraction of dimer. These data can be represented by
the following equations ¢ )
log,(p5/1Pa) = 6.37 - 8.796 (K/1) (13)
logyo(p;/kPe) = 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 voiling temperature data agree with those
from transpiration data within 18 per cent at 1200 K and within 2 per
cent 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 pé. Hence,
the boiling temperature method is suitable only when the total pressure
is large. In the case of Sb4(g) the partial pressares 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 llultgren
et al.

Total pressure p obtained from (Cu+Sb) am (IntSb) systems
agree with the boiling temperature data within 3 per cent throughout
the temperature range. The total preesure data also agree excellently
with the values in the literature.

The stamlard enthalpy of vaporisation AH® (vap, 298.15 K)
for dimer amd 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(1), Sb (g), Sb (g) tabulated by
Hulteren et al( , and the values are 257 5 and 204.0 k J mol™
respectively.

The partial pressure of antimony monomer (pi) has beén evaluated
using free energy functions of Sb(g) am sz(g) and the values of
partial pressure am dissociation energy of sz(g). The free energy
functions and the standard enthalpy of vaporisation of monomer were
teken from Hultgren et al'l’. The values of p and AH® (vap, 298.15 K)
for dimer woere taken from the present study. The vaiues of pi thus
calculated are represerded by equation 3

log (p°/kPa) = 7.56 ~ 12674 (K/T) (15)

Some typical values of pl at 1100, 1200 and 1300 K are 1.1 x 10° 4
1.00 x 10~ X anmd 6,51 x 10 -3 kPa. These data ugree excellently with

the data of Hultgren et al.
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I» epmlaoeion, the values of p; and pz obteired fyem the twe
slley systens boay sxsellent agreement vith oach other. The total
Fregmuze dats ealenlsted from these two alloy systems agrve exesllemtly
with the totdt Pressure data by boilirg espersture method.

The present data can thevefore be takenm to apnnq ﬂu vmuol

Sshaviour of antimowy.

‘eferemces

1. Hultgren, R., Dewsi, P.D., Nawkine, D.7., Olsisgr) N; Kelley, K.K.,
Wagnsn, D.D. Selected Values of the Thepwodymmioc Propert.ee
of the Elesents, Amerioan Society for Metsls, ()973). '

2. Presad, R., Yemgopal, V., Sood, D.D., J. Chens, Thepmedymanie
9, 595. (1977) ‘

3, Hultgren R., Desai, P.D., Hawkire, D.P., Oletssy, N., Kelley, K.K,
Selected Values of the Therwodyramic Preperties of bimaey allsye,
Amerioan Soviety for Netals, (1973).
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2.2 Stmoturel Chemistry
2.2.1  X-ray Stmuoturel Studies. ., - . - . .

D.v. Srinivasan, A, Chadha, X.D. Sindi Hudhor, 8. Sﬂp‘ﬂl.
KoL, Chawla, N.C. Jayadeva.n_and Dong cmmbuﬂt’

2.2.1.1  Structure of x6(u02)2(0204)5.10320"

The orystal stiucture of xs(uo ) (c ) 1064 O eluoidctod

, by‘u-’(z’}) on monolinic crystals with cell d:lnension- arz)2.114°,
b = 9.98A%, C39.34 A°, o = 92.6°, (3 = 101. 2 am Y - 127.4° (2)
have bsen compared with the structure determinéd by Legros aml Jeannin
on crygtels with cell dinensions a = 10,1034°, b = 10.9444%, €.10,021a%,

o & 121.4%, f = 104.7° and ¥ = 63.8°. The coordimtion of O atomd
a.;'ouud the ur;ulum a,tom. the mature of the different oxalate groups
pnl,, t,ho pxygen polyhedre. around each l( 1on an ot -1gnlﬁunt17 aifferert

1n two -tmoturee.
2.2.1.2 Prepa.ution and oharaoter:lzation of Yre plum (11x)

sulphate and _double sulphates

In contimation of our etudies in uranium (III) ocmplexes,
uranioe (III) aulpha.ta, 09_(50 ) 8,0, anl its double salts (lﬂ4)2

Uz(so_,',)'s-anzo Hb, so . T,(s0, ) + BH,0 and Cs,80,.0,(%, ), .118,0
were prepared by the electrolytic reduction reported by Bermard ot al ()) :
and characterised by x-ray thermal and IR methods, as detailed struotardl
date on urenium (III) compounds are not yet availablae.

The compounds were precipitated from aueous solution of
urenium (IIT) obtained by the electrolytic reduction of ioe 00ld
urenyl sulphate solution under inert atmosphere. The dark olive green

oompounds were storsd over 1’205 in argon filled desicator.

The x-ray powder pattern of -uz(so4)3.euzo indexed on
an orthorhowbio cell of dimensiors & = 9.93 4°, b = 9.57°4° and
6 = 17.40 A® is given in Table 1. The pyuometric demsity of 3.41 g/ml
showed 4 molecules to be present in a unit ocell. The oompound thas
appears to be isostmotural with On,(S0, )46H,0 4,

Tho X-T8y pattei.-nn of the double sulphates ave oomplex
oould not be indexed. Therefore ouly six of the strongest 1imee
are listed in Table 2.



X-ray powder dats of U,(50,);.m8,0 ( A = 1.5418 Af)

TABLE -

IfTo 20 e a9 hkl I/Ic 20 e LI hkl
92 16.36 5.416 5.402 112 17 42.54 2.12% 2.1267 316
13 17.76  4.989 4.965 200 2  43.20 2,094 2.097 136
13 18.50 4.754 4.785 020 8 43.T4 2.0695 2.074 18
8 19.20 4.621 4.614 O21 21 45.62  1.9885 1.992 208
63 20.42 4349 435 004 29 . 45.90 1977 1.980 028
13 24.18 3.681 3.678 114 13 47.02  1.933 1.933 511
3.691 023 13 47.90  1.899 1.898 512
17  25.74 3.461 3.446 220 2€  49.66  1.836 1.837 152
1B 21.26  3.271 3.212 204 13 50.74  1.799 1.8006 336
50 27.70 3.220 3.219 - 024 8 .30  1.J19 1.725 154
21 28.78  3.102 3,106 115 34  S4.54 1.683 1.686. 227
39 30.26 2944 2.962 223 8 55.54 1.65¢4 1.655 600
34 31.14  2.872 2.867 132 1.654 155
42 33.22 2.697 2,700° 224 8 56.34 1.633 1.636 408
2.691 133 4. 57.06 1.614 1.615 516
100  33.62  2.666 2.673 116 8 58.50 1.5TT7 1.577 156
26 40.62 2.221 2,187 226 13 59.86 1.545 1.547 604
2,221 332 4 60,54 1.59 1.531 248
26 40.94 2.204 2.204 420
A 41.62 2169 - 2,115 008
17 41.90 = 2.156 2.156 240
404

2.156

-gL-



TABIE - 2

(six strzongest lines)

<

X-ray powder data of ,S0,. uz(so4)3.nazo ( A= 1.5418 Af)

+

'l NaCo

™8 nell
I/ Io dobad Y Io %bsd Y Ie dobsd
85 6.417 100 6.417 95 6.467
100 3.497 45 4.760 70 4.185
T0 3.179 Y] 3.220 95 2.985
70 2.987 26 2.986 100 2.377
T0 2.724 27 2.380 15 2.157
95 2.143 38 2.149 T0 2.145

-9 -



TABLE - 3

Thermal Behaviony of TUraninm (ITI) Complexes

@ e M W M M e em EmEm G W o W W W G G W S R oEe W W W W W ™ W W W W

Compound Atmosphere Tempereture Product
1. U,(38,),.80,0 Ar ~ 350°C u, (o), (58,);
650°C uoz(se‘)
800°C U508
Hydrogen 800°C U02
2. (m‘l)zsa4.02(3o4)3.exzo Air 650:6 0,56,
900°C “3°e
H, 200°C (m4)2.so4. 02(884)3
800°C w,
3, lbzs%.vz(so‘),ax.:‘_o Adr incomplete decomposition upto 900°C
Argon 950°C Bb,U.0,
Hydrogen 200°C 1ia>?!(so4).uz(s.o4)3
800°C o, (incomplete for mation)
4. 0s6, .uz(so‘)s.mzq Aix 600°C °'z("°2)2(3°4)5
1000°¢ 0020207(1noo-p10te formation
Argon dwgea 900°C Ca,0,0,,+ W0,
1000°C o,
Hydrogen aoo4c U0

s 2
= .

-L‘-



- 18~

The therwal decomposition of the compounds in air, argon
anm hydrogen was studied on & Mettler Thermocamlyser. The results
are collected in Table 3 giving the fiml decomposition products
and the intermediate stable phases isolated, if any, along with the
temperatures.

The formation of U0, by therwal dscomposition of v(111)
compounds in hydrogen indicates the possivility that water molecules
coordinated to the uranium atom is responsible for the oxidation
of uranium (III). The IR spectras of U(IIT) oompounds indicate
co~ordination of water molecules.

242413 Cs~U-Pu~0 gpystem - Phase Studies
Reduction of 632U207 with hydrogen in the rangs of 600-700°C

for about 70 hours gave a new phase along with 002. The x~ray pattern -
of the new vhase could be indexed on an orthorbombic oell with

8w 4.12 A% b = 6,58 A® and ¢ = 5.83 A®. Since the reduction of other
alkali metal djuranates M_U0. with hydrogen is known to give llll035 .

2277

the new phase is most probably CaUOB. Experiments to confimm the oompo-

sition are in progress.

Reaction of Cs,C0, with & mixture of U0, and 30% Pu0, or
with its O, sol1d solution gave a mixture of Puozlsni osssium uramates.
Guz(U,PQ)O., is the only phase containing plutonium.

Refersnces
1. Anmal Report (1977), Radiochenmistry Division, BARC

2. P.J. Legros and Y.Jeannin, Acts, Cryst. B32, 2497 (1976)

3, Bornaxd et al. JCS(Daltonm), 1964, (1972) _

4. G.Pennetier and A. Dereigre, Bull. Soc. Chem. Framoe ], 102 (1965)
S S.Kemmler ~ Sack and W. Rudorff, 7, Anorg. Allg. Chem.,

354, 255 (1967)
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2.2.2 - Elsctron Paramagnetic Resomance of Rh® and Rh®* sp m,c)
Single Crystal

Pihgle Lrysial
M.D. Sastry, K. Savitri and B.D. Joshi

The electron paramagnetic resomance (EPR) study of gamms~
irradiated smmonium chloride aingle orystale doped with dispagnetic
Rh3+ has indicated the presence of two parsmagnetio centres identified
as Rh* (44°) am Rh2* having low spin configuration in oompressed
octehedrsl coordimtion. Figure 2 shows the speotzum obtained
in game~irradiated Rhi NH401 at room temperature and at liquid
nitrogen texperature. Lines mazked Cemtre I, are dus to ha’ and
those marked centre-II are dus to Rh®. The EFR spectrum of Rh*
has been found to be highly tewmperature dependent, the intensity
imreasing with decreasing tempersturs, and was observable only
below 173°K'. The unpaired electron is in 'purs’ |5 ’2_ 2} orbital
and & small temperature dependent orthorhombic distortion suggests
the probable couplirg of |3 s>-x°> state with Q-type of woimal
mode of vibration: Furthermore, the hyperfims structure of meutrel

HDPPH * 33116

V+ 9292 GH2

—
336

4
CENTRE TT .

4
CENTRE I f CENTRE X

. CENTRE I
FIG.-2..

EPR Spectrum of Gamma Irradiated Rh: NB401
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rhodium atom in solid state hes been observed at room temperature
amd the g.values suggest the predomimut ’xz-y2> character

“of the unpeired electron. & temperatures lower than 120K super-
“hyperfine structure due to ligand C1~ ions has been observed and
it eluoidates the mature of metal-ligand bonding for ha"' complex.

2.3 !nema.l Studies

IcAmndakumaran, R.K. Swamy, Rita Hadap, R.R. Kbl.ndehr.
N Juyadevan and D.M. Chakraburtty

2.3.1 Oxidation of 30% Pu02-002 Sintered FPellets

To dertermine the compositions of the orthorhombio and
oubic phases formed in the oxidation of Pu02-002 solid solution, -
the following experimeits were done on sintered 30 Pt102-002 pellets.
A typiocal set consisted of :
(1) equilibration of the pellet to form L
(11) oxidation in a slow stream of air upto 460°C
to obtain the maximum OM of 2.385,

(1i1) extraction of the oxidised product with 15 ml
portioms of 0.35N Hll)} to remove the .508 formed,

(iv) Beduction of the dried residue to M0, oo followed
by oxidation in air upto 460°C to obtain the maximum
OM of 2.270, and

(v) aissolution of the product in BNO, +iF mixture.

All the Iaoapha.se formed at 460°C ocould be extraoted with
about 100 ml. of 0.35N mao, leaving the oubic phase unaffected.
The resultis are shown in Table 4 as the average of 4 expsriments each.
In a typical set, 5.210 mg Pu and 154.34 mg U were extracted from
1.27205 g of l*lo2 380 while 1.06435 g of the residue had 320.86 mg Pu
anl 606.08 mg U.

The air oxidation of 30% Pu0,~U0, solid wolution thus
results in two phases, an orthorhémbioc ( Y.95 Pug, 05) phase and
a oubio (U . 65P"0 35) 2. 27Phase

2.3.2 Kinet ida U M

'I'he kinetios of Oxidation of Ursrmum llomcurb:ldo was followed
gravimetrically using the Mettler Thexmoamalyser to study the mechanism
of oxidation.



Table ~ 4

Chemical Analysis Raaultg.

No.  Semple Description oM begore’®) Pu
dissolution Pu+ U

1. Origiml pellet dissolution 2.000 0,299"

HNO, -~ HF
3
2. 0.35 N HN0y extract of sample 2.365 0.052°
3. Residue from No.2 dissolved 2.2(0 0.346°
in uuoB- HF '

Precision for the estimations (10" )
a s 0,005
b s Pu-0.2%; U-0,26
o t Pu~0,8%; U-0.5%

Uranian monocurbide samples obtained from 4FD, BARC
werc powdered in argon atmosphere and heated in flowing dry air
at the rate of 10°C/mimte. The themmogram showed that weight gain
started from 16.°C onwards with a point of inflection at 410°C.
The kimetic parameters for the oxidation reaction from 180*C to
* 410°C were calculated by the difference-differential method using
Freeman and Carrcl equation. The percentage weight gain with respect
to the initial sample weight and of , the fractiomal comversion
with respect to the total weight gain ave given in Table 5.
& straight 1ine plot of log g(0X ) sgeinst temperature was obtained
in Figure 3 4f f{o{ ) « (1~&)" with m1 indicating that the rete
of oxidation is controlled by the random mcleation of the products

ef oxidation(l). '
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T -5

Temp.®C  Fraotional Comversion ()

Yo,
0 180 0.0000
1 200 . e.067
2 220 0.0250
3 240 0.0333
4 260 0.0583
5 2680 ©0.0917
6 300 o.1535
7 320 0.2500
8 340 0.4167
9 360 0.5667
10 380 0.7667
1 400 0.9333
12 410 1.0000

The Freeman~Carroll plot in Figure (4) showed the oxidation resction
to follow first order kinetios with an activation eoergy of 21.68 koal/

mole.
“The total weight gain of 3 5% upto 410°C atsributed %o

& phase Ucol - where x = 0.45.

EEFEEE | g
" 1. Sestek. Thermal Analysis "Ed. Wilderman, 2, 24 (1971)

‘
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2.4 Solvent Extraction and Jon-exchange Studies

2441 Solvent Extructior of Actinides and Fission Froducte
by _long Chain Sulphoxidaes

Sedie 1’&1, JePe Shukla Bm ¥.3. Subramanian

In contimution of our imvestigution om extraction by long
chain sulrhoxidug, the solvent extruction of actinides and some
fiscion products by di~reovctyl sulphoxide has been investiguted.

Li~-neuctylsul;hoxide (DOSO) has been synthesised by a two
atep process. The oxide pruduct was recrystaullised from petroleum
ether (60-80,2) to give white orystuls (155 g) m.ps 75°C, C « 70.1%,

H o= 12,3 S w 11.8% required for (ca'd.17 )zso, C = 70.44%, H = 12.4%,
5w 11750,

The extraction behaviour of plutonium{IV), ureniua(Vi) and

gore fisaion products lile 952!' 103’106&1, 14408’ ]52'154&1 amd 9051'

from nitric acid media by I{SC in Solvesso-100 has been imvestiguted
over a wide range of couditions. Whereas the actinides ure extracted
esgentially completely, the fiasion producta show negligible extraction.
The ubsorrtion spectra of sulphoxide extracts containing either Pu4+

or liO;’ indicate the snecice extracted to be dimolvates. DOSO extracts
sotinides better than si-huxylsulphoxide (IMSO) under ull conditions

avd is also more soluble -ir aromatic diluents than the latter.

This 18 in keeping with its higher basicity. -

2¢4.2 synergistig Solvert Extraction Studies

S.K.Patil, V.7 Ramakrishne, A.Remamjan®, 3.Haraprekaat*

and li.M. Gadi

The aynergistic extraction of Fu(IV) by mixtures of HTTA
{theaoyltri-fluoreacatone) am TBP (tri-n-butylphosphute) in bengens
ifram ferchloric acid medium showed the formation of the adduot h:('rm) Ni g
"he adduct fomution was slso studied by spectrophotometry. Valuss
of the equiiibrium conatunts obtaimed are given in Table <,

*fuel Relrccessing Division, BakC
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Table - 6

Summary of equilibrium constuntas for the adducts
of U(IV), 3p(TV) and Pu(IV) f-diketonates with
some neutral donors

Neutral

4dduct 1igand(s) Diluent log l(‘.t log iB 198 KAB
U(TTA)4 .S TOPO Senzene 5.42 6.23 11.65
EBPO " 5.42 6.13 11.55
TPPO " LI 4.72 10.14
‘EBBP " " 4.04 9.46
TBP " " 3.04 8.46
TIOTP » " 2,27 €.69
HIER - " " ~0,10 5.32
T0PO Chlorofom - 3.98 -
¥p(TT4) 4 .S TBP Cyclohexane 6.29 4.2% 10,52

Pu(TTa) .S TBP Penzene 7.34 1.70 9.04

"The extraction of Np(IV), by mixtures of HTTaard TBP in
cyclohexane from perchloric acid medfum, was investigated and
the comylex Np(TTa) 4 TEF was found responsible for the observed
synergisn. The respective equilibrium constants odbiained are also

inciuded in Table 6.

Formution of a’duets between U(TTA) 4 and several neutral
donors (S) was investisated by spectrophotometry. Typical apectra
of U(TTA)4 and U(‘L‘P.&)4. 3, present in different compositions are
¢iven in Fig. 5. The composition of the adducts was derived from -
the plots of absorbance vs. [8_7 / [U(IV)J, a typical plot being
shown in Fig. 6. Values of the equilibrium constants obtuined are

surmarised in 'fable €.
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It wag established that seoaergism in tatrovalent a tinldes
ie 8 conaequence of the incrense in coordimtion mwher from O to 9
in their ndduota with nentrel donora. It was pluo shown that t e
solnbility of water in organic solvents is not a major factor, if

at 411, contributing to the destruction of syrrgiom.

The adduct foimation between UO?(‘T'TA)? and the mutral donors
TOFO and DBBF was imvestigated by spectrophotemetry. The changrs
in the abrnorption spectrum of UO?(’I"I‘A)2 due to sddition of TOY0 are
shown in Fig.T. The presence of imobertio points suggent the preaence
of only two absorvning npecies. The changes 4n abgorbance at different
wsvelengths for differant [’I‘OI’OJ / [II(VI)J ratios is ghown in
Fig.8. A clear break at / 10P0_J s+ /(V1)_7 = 1 shows that the adduct
formed has tha composition 1102('}""A)2’l‘01 0. Similnrly with DRBP,
U0, (TT4),DERF was found to be formed.
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24403 Extruction of sctinides by long-Chein Amines
S.X. Patil, Veena Bhaniiwad and Rajendra Swarup

2.43.1. Separaticn Studies from Carboxylate Media

an exploratory work was carried out to develop a method for
the separation of U(VI) from aqueous malonate mediuu by extraction
from amines. The distribution coefficient data for the extraction
of different metal ions by 205> £I0A in xyleme from an agueous mixture
of 1! walonic acid +0.25° ritric acid were obtained and are summarised
in Table 7. The data su;gzest that U(VI) oen be separated satisfuotorily
fror. all the metal ions iried except Ag and 2r.

Table 7
Distribution Coofficient of U(VI) ard some metal ions
by 204 'IOA in xylene from malonic amd nitric acide

mixture.
iaqe phase - 1 malonic acid + 0.25M nitric
acid

Metal dons L%

tracer
] 17
Ay 345
Zr 0.35
Cs 1.25 x 1072
Co 1.5 x 107
Zn 5.5 x 10°4
Eu 1.4 x 1074

™ 7.5 x 1070
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F-4

2.4.3.2. Eff:ct of termperature on the extraction of Np(IV) from
___"La Solvesso-100 from nitric acid

The effect of temperature on the extraction of Iip(IV) from
aqueous nitric aeid by TLA was studied. Distribution coefficient
datu obtained et different temperatures are summarised in Table 8. '
It is seen from the data that the K, values of Hp(IV) decrease with
increasing temperature. The equilibrium concentration of nitrie
acid in the TL4 phase a9 & function of temperature remained almost
constant. The enthalpy values calculated from the plote of log l(d vs
1/T are includod in the Table 8 which show that the 4H values inorease

with inoreasing concentration of amine.

Table 8

Distribution Coefficient of Np(IV) between nitric acid
and TLA-Solvesso~100 as a function of temperature

HiO TLa Distribution Coefficient (K d)

M VOl.}'S Y 'Y ® [ - AH
(, ) zo.c 3070 4o.c 50°C  60°C o= foote
2 1 0.36 0.22 0.14 0,094 0.061 8.60

5 8.2 5.44 3.6 2.2 1.47 8.42
10 32,5 20,9  14.2  10.4 7.37 7.12
4. 1 0.46 0.28 0.184 0.12 0,082 8.51
5 9,23 6.6 4.25  2.81 1.94 8.03
10 36.2 25.8 16.32  11.12  7.76 7.63

2.4 Extraction of Trivalent Aotinides wrd lanthanides
by long Chain Amines frop Concentrated Chloride Solutions

Pu.Ke Rnopkar and Jagdish N. Mathur

The prasent wozk deals with the extreotion of Am(III) amd
Eu(III) - which represent the trivalent actinides amd lanthanides
respectively - by primary, secondary, tertimary and quaternmary amines
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in xylene redium from comenti-ated lithiﬁm chloride solutions of low
scidities. Absorption spectrs of Am(III) extracted by tertiary and

' quatez:rxary anines from concentratad 1ithium chloride have been studied
in oxder to elucidate the nature of the Am(III) species extracted

by these extractants.

'he primary and the secondary amines used were Frimene-Ji?
amd duberlite-Ial respectively. These as well as the tertiary and
cuaternary amines TIC4, TrCA, Alamine-336, TLA, Aliquat-336 and
ThpaCl were used a9 received from oommercial asources. 411 the amines
except the quaternary onea were couverted into their hydroohlorides
by' equilibruting their xylene solutions with 1 R HC1, The amine
solutions were then preequilibrated with come. L4iC1 (pH=2.0).

The tracers -2 lam and 172*194Ey were radiochemically purs. Solvent
extruction experi ents vere carried out using 0.2, 0.15 and 0,10 M
solutions of the amires in xylene, the equilibration time being 15
mimtes. kadicasssy of the tracers was done using a NaI(T1) well-

type scintillation counter. Absorption spectru were recorded using
Cary~14 absorption spectrophotometer. Oscillator strengths were calcu-
lated using the method of Carmall et w1ll),

Extraotion date for Arv(IYI) amd Bu(III) using the tertiary amd
guaternary amines and the separation feotors obtained are prosented in
Table 9. Though ne,ligible (kd 4 107> ) extraotion of bvoth Am(III) and
Bu(II1) was observed with primary and secondary amines, the tertiery
und quaternary arines showed appreciadble extraotion of both Am{III)
and Eu(IIT) under these conditiors, the trivalent actinides always
showing a higher extraction. A

kxsruotion of trivalent actinide and lanthanide ohloxe complexes
by tertiary ard quaterrary amines can be represented by reactions (1)
and (2). :

i1y + Y (R} 1 m)m ‘;_._., uc13+ﬂ.nm3morg cosee (1)
}.':e + B(R Mi) m————— Mﬂ gﬂlon N esce e (2)
15 aq 4 norg ’3+nz 4 org

‘where m and n are the degrees of polyrerization of the tertiary and the
quaternary aminrs respectively. As seen from Table 9 the separation
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factors obtained when tertiary amines are used us extractanis are as
a class far hi:her than those obtained using the quaternary amines
though diffarerces do exist in the separation factors obtained using

various amines of the same class.
Table ~ 9

ixtraction of am (1II) amd Bu (III)
by tertiary umd quaternary amines

Conc. Dismtribution Coefficient Kd gd i‘..P.

andre YOTTER w0m
Tetruheptyl 0.10 27.68 68.70 2.5
ammoniam 0-15 45'-54 111 190 2-6
Chloride 0.20 5595 150.70 2.7
Aliquot 0.10 1.98 8.97 4.5
chloride 0.15 2.70 12453 4.7
. 0.20 3,34 16.34 4.9
Alanine-336 ' 0.10 0,008 0.289 37.2
0.15 0,015 0.670 43.8
0,20 0.032 1.480 46.0
Pri-igow0ctyd 0.10 04013 0.850 63.9
0.20 0.053 5.303 62.4
Trienoctyl 0.10 0.008 0.496 59.7
0.20 04052 2.891 55.8
Trilauryl avdoe 0.10 0.006 0.329 54,0
3.15 0.013 0.764 574

«20 0.020 1.183 58.3

In 2 corprehensive study of the mature of the anionic chloro
complexes of U(IV), U(VI) and other metal ions Ryan has dommtrated(z)
the role of hydrogen bonding in atabilization of the hexachloyo-and
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the tetrachloro oomplexe.;l when either the tertiary amines or anion-
exchange resins in conjuction with hydronium ions were used. It is
quite conceivable that in the case of trivalent actir}_idé am lanthanide
chloro complexes also, hydrosen bording way play }n/ important part.
Obviously such u bonding conld come into play qniy when tertiary amines
(with the R,NH cation) are used as extract ts. In a study of thio-
cyanate complexes of Am{III} extracted ipmfo the organic phase, Khopkar
amd Mathur(j) have shown that the exteht of covalency in the Am{III)-
thiocyanate bonds increases as the mumber of thiocyamte ligands
attached to Am(III) inoreases, as a result of increased liganmd field
of thiocya.m.te’iona. It looks quite likely therefore that with the
stabilization of higher chloro complexes through hydrogen bonding with
the cation of the tertiary smines the covalenoy in the Am{III)-chloride
bonde and hence the stability of these complexes is enhanced with respect
to that for Eu(III)-chloro complexes. It ig well known that covalent
bonds in the latter case are ruled out due to the '4f' electrons being

well Eh'iﬁlc)led as gompared to 'Sf' electrons which extend appreciably
4 ' ’

in space

Abgorption spectra of An(IIT) extracted by two representative
amines, the tertiary amine TIOA.HC1 and the quaternary amine ThpiACl are
presented in Fig.9. Details of the absorption spectral para.meteré of
An(III) extracted by several amines are given in Table 10,

In order to oxamine this problem further, sbsorption spectra
of the chloro complexes of Am(I.T.I) extracted by the two classes of
amines were investigated in the region of the 503 mnm band which is
ascribed to the first exoited level 7Fo-> 51:6 by Caznall and Fields(5
and is known to be strongly affected by the ligands « It is seen from
Fig.(9) and Table (10) that 4m(III) species extracted by the tertiary
amines should be distinctly different from that extracted by the quarter-
nai-y amines. Whereas the ameous phase absorption bard for Am( II11)
occurs around 503 nm, that for Am(IIT) extracted by the tertiary amine
is shifted bathochromicaily to about 510 mm and & considerable splitting
is also observed. Comparatively, the shift obtained when quaternary amines
are used' a8 extractants for Am(III) is smaller. Moreover, there is a
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Table - 10

Abaarpticn Spectra of Am(IIT) extrrnted by long
chain amine

Vean 5.F. Osoillator
Arine )me.x( o) )‘max K GA"'/ Kdﬁl Strength
Retraheptyl 503.4 261.3 -
ammonium chloride  509.3 38.2 2.6 . 155.4 x 10
a.oM 515.5 * -
52200 -
Aliquat chlorids  504.0 95.74 -6
CoM . 509.6 47.8 4.7 85.9 x 10
Aliguat chloride  504.0 146.,0 -6
0.1M 509.6 44 .0 4.7 121,0 x 10
B1amine-336 509.6 ' 0.0 .
20% 512.7 s » -
/ 521.2 EB) 12.3 50.? x 10
523.0 7.6
Tri~-iso-cotyl 509.6 32.0 ¢
amine 512.7 9 -
2@4 521.2 §B; 63-2 26.0 X 10
Prieigo-ooty? 509.6 36.0 ;
amine 512.7 ;] -
523.0 6.0
* Ethyl alcohol 51C 38 :
7 M - HC1 514 (s) - -
(AmCIZ') : 593
LiC1-KC1 eutectic 506 160 - | -
(AmCls-x ) ‘ '
x .
X = 4.5

(s) represents shoulder only
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marked lowering cf zhoorption in the case of An{III) extracted by
tertiary amines which is strongly ieflect'ed in the osaillator strength
values piven in the last column of Teble (40). Barbenel T and Marous
and 'Eomse(a have shown from & study of Am(III) spectra in ethamlic

HC1 solutions that at 7 1 HC1 ("1imit spectra"”) the species of Am(III)
is AC12". The high (Oh) symmetry of the octshedral configuration makes
" the f«f transition spectacularly less allowed resulting in the overall
lowering of absorption. Similarly |Am( II1) in CsCl‘-HaCI eutectic im also
phown to be present as the mpecies AmCI%-- The oloseness of the “inu
aml 'me values for Am( I11I) extracted by the tertiary amines indicates
in agreenent with !’f}urcua(9 that the species extraoted is AmCIZ". The
absorption spectrs of An(I1II) extraoted by quaternmary amines from LiC1
in the present work 4s however markedly different but similar to those
observed by narbanel(7) for Am(III) 4n the LiC1-KC1 eutectio wherein the
fresence of a four- or five- coordinated species of Am(IIi) mmely -
aC1Z7 (n=1,2) ves indicated. Ixistence of & lower thloro complex
of Am(IIT) in tho orranic phase when quaternary amimnes are used as
extractants can thus account for a lower degsree of covalency iﬁ the
An(III) -chloride bonds which leads to & lower stability of the chloro

complex, giving rise to lower separation factors.
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2.4.5 Recovery of Uranium and Plutonjum from an Aqueous Solut ion
Conteining Phosphoric, Nitric snd Sulphuric acide by Solvent
Extraction

S.K. Patil, R. Thiagarejan and Rajendra Swarup

The most frequently used volumetric method(” for the determination
of uranium in nﬁclear fuel sample results in aqueous wastes containing
phoBphoric, sulphuric and nitric acids and apprecjable quantities of uranium
and plutonium. The present work was undertaken to develop a solvent extraction
wethod for the separetion of uranium and plutonjum from such wastes.

Attempts to remove phosphoric acid selectively by mltiple extractions
with Amberlite LA-2 leaving U and Pu in the aquecus phuse did not succeed.
An 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(IV) could be guantitatively extracted by ¢ri-n-octyl
phoephine oxide (TCP®) in xylene. The distribution coernciont(x‘) data for
U(VI) and Pu(IV) were obtained using 0.5 TOPO in xylene and various aqueous
media (Table 11). The results showed that the extraction of U(VI) and Fu(1V)
increased by addition of nitric acid or nitrate fons as reported in litera-
tuze(z). This suggested that the species of U(VI) or Pu(IV) extracted from
an aqueous phase containing H’N05, sto 4 angd 1!5P04 were, predominantly the‘
neutral nitrate complexes of U(VI) or Pu(IV) solvated by TCGPO. This was

confirmed by absorption spectral studies in the case of Pu(1IV).

It was found that U(VI) could be quantitatively stripped from TOPO
solutions with O.°M ammonium carbomate. Back-extraction of Pu from TOPO
solutions containing a few /ug/nl of Pu was studied using a number of
stripping agents. The data show (T&ble 12) that Pu could only be stripped
quantitatively with a mixture of HF and nitric acid. The presence of
reducing agents favours the stiripping. However, when experiwents were
carried out with mecro-concentration of Pu(mg/ml), it was found that Pu
was quantitatively back-ext:éacted with amonjum carbonate solution. This
vehaviour was contra:r_.j to that observed earlier using lower concentration
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ble - 11

Bxtraction of U(VI) and Pu(IV) by b.sx TOPO

in xylene
Aqueous phase Distribution Coefficient sn)
u(vI) Pa(IV)
1M HNO, 199 1493
1M H,30, 9.8 6.3
1M H,PO, 0.083 0.25
M Hy80, + 1MH,FO, 1.6 1.7
1M Hy80, + 1M HyPO, + 1MHNO, 56 3N
1111112504 + 1M 1*1‘,'11'04 + 2MHNO} 49 - )
1M!2504 + 1M H3P04 + 4EHNO, 3444 -
14H,50, + 1M H;P0, + 0,5 NO; 67.0 -
THH,50, + 1 H;PO, + 1.0M m; 63 -
194,30, + 14 H,P0, + 2,0M N0; (] -
1“12504 + 1M H.5P04 + 4,0M N03 59 -

NO. ion concentration obtained using NaNO:,‘.

N
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of Pu /md was attributedto the change of oxidation state of Pu(IV)
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(III) at 600 nm,

The separation of U and Pu from the aqueous mitture by extract-
ing into 0.5M TOPO followed hy stripping with 0.5M ammonium carbonate

TABLE - 12
Back-Extraction ¢! Plutonium from TOPO solution

Stripping Azents Peraentage of Pu stripped
0.5M (1~m4)2co3 12
1M oxalic acid 35
0.2M HF 5
iIMHF + 11111N03 82
1MAF + 1ME!N")3 + 0.05M ferrous 89

sulphamate + 0.05M NH,0l{ HCL
2MHF + 1MHN()3 + 0.05M ferrous-sulphamate
+ 0.05M NH,0H HCL o7

was successfully tried with 100 mg of U and 10 mg of Pu, Uranium

and plutonium from the back-extracted solution could be further puri-
fied by usual methods such as [BP extractions or anion-exchange

after adjusting the acidity of the aqueous phase with nitric acid

and oxidation state of Pu to Pu(IV).

References

1. W. Davies and ¥, Gray, Talanta, 11, 1203 (1964).

2. J. White and W. Ross, NAS-NS-3102 p. 42. (1961).



-42 -
2.4.6 Complex Formation of Np(V)
S.K. Patil and N.M. Gudi*

In continuation of our studies on the complex formation of
actinide ions with ligands in anueous solutions by solvent extraction,
studies were initiated on determination of stability constants at
high jonic strength media., Very limited data on actinide complexes
in such media have been reported. The complexing of Np(V) with
various inorganic ligands, at an 1ionic sirength of 8.5, was studied
by solvent extiraction method using sodium salt of dinonylnaphthalene
sulphonic acid (NeDNNS) as the extractant. The results are susma -

rized in Table 13,

TABLE - 13
_ Summary of the stability consiants for Np(V) Complexes

/u = B,5 pH = 5 Temp = 25°
Ligand 1 2 3
ci” 3.0 - -
Nog 0.26 0.43 -
S0, 7.3 - -
NO_, 2.2 1.7 -

SCN™ 8.2 11.7 53.5

*  Fuel Reprocessing Division, B.A.R1.C,
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2.4.7 Anion-Exchenge Studies of Neptunium in Mixed Solvent Media

S.K. Patil, M. Kusumkumari and Rajendra Swarup.

The work on the adsorption behaviour of neptunium on anion-
exochange resin in wmi<ed-solvent media was continued. The increase
in the distribution coefficient (a) of Np(IV) on anion-exchange
resin Dowex 1x4 (50-100 mesh) in the presence of methanol or acetone
in iM nitric acid indiciated that the addition of methanol or acetone
prohably favours the formation of Np(B03)§_species. To substantiate
this, adsorption speectra of Np(IV) in 1M INO, md 1M HN03-90% metha-
nol were recorded vhich showed a distinct ahsorption peak, around
877 nm, a characteristic of Np(NOa)z' eprcies, thns, supporting the
inference. DBased on the batch data of Np(IV) it was considered of
interest to develop a method of ameparation of Np from other wmetal
ions, The distribution coefficient dats obtuined for Pu(IIT), U(VI),
Zr, Eu and Ru from iM HN03-50% methano)l revealed that a resonably
good separation of Np from these metal ions could he achieved.

Column experiments were carried out with a synthetie mixture
of Np(IV) and Pu(III) from 1M HNOa-SO% methanol which gave 50%
recovery of Np with a D.F. of 10,000 from Pu, Subsequently, the
experiments with a mixture of Np(IV), Pu(TTII), U(VI) and Zr were
carried out in a similar manner. Neptunium recovery was measured by
ol —counting of 239Np and by estimating 237Np spectrophotometrically
a8 Arsenazo-III complex after masking Zr(IV), if aay, with phosphorioc
acid. Results summarized in Talble 14, show that though the recovery
of neptuniuvm was relatively low ( ~v 50%), the separation of Np from

other metai ions was quite satisfactory.



- 44 -

TABLE 14

Summary of the resulta of the column experiuenfs

237

Feed Np - 20 ug
- 200 ug

v - 10 mg

2r - 800 ug

in 10 ml of 1M nuqé - 50% methanol containing 0.05M
terrous sulphamate and NH,, OH. HOL .

No.of Runs :le; f:g:::ﬁg"::’!ﬂd Speotrophotometry
1 40 42
2 42 45
3 41 ’ 41,3
4 . 40 38,8
5 48 50
6 37 ‘ 41.3

- A S w wame G W W E w AR R T en WMEr P TR e T M WS IS ey W e S W < e oan
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2.5 fudiation Cheuwistry
2.5.1 Radiolytic Oxidation Mechanism of U(IV) to U(VI) in H,S0,

and HC1 Media
P.K. Bhattacharyva and R,D. Saini

Considering the importance of U(IV) as a reductant for the
separation of uranium aud plutonium in the FPIMLEX PRULESS, a syate-
matic iuvescigﬁtion on the radiation chemicul behaviour of U(IV)
has been undortuken(l'z) under various oconditions. ‘fhe results
obtained are useful in proposing the mechanism for the oxidation
without considering the earlier assumption involving chbuin reuctio ‘.
This report describes the work carried out on this topic during
the period undcr report. :

(4) 1In 1,50, medium 1t 1is observed that values of 6/7u(vI)_7both
in presence and ahsence of air are dependant on the ooncentration

of U(VI). he liwiting G/ U(VI)_7 values . are showh.in lable 1S5,

PABLE 15
6/7U(vI) 7 values under different conditinns

Medium /7u(vi) 7, uM 6/Tu(VI) 7. SLUGVD) T

0.4M H,S0, 1 7.8 0.7
8.5 1.2
10 8.8 1.6

25 9,0 -

50 9.2 2
0. 9N HC1 ‘ 1 5.1 0.76
6.5 1.0

3 7.2 -
4.4 1.7 1.15

8.5 7.8 -

10 - 1.3
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the 6/7u(VI)_ 7,  has a limiting value of ~ 9.2 in 0.4MH,50,
which can be expleained hy the following reaction mechiunise, :

H,0 > H,0H,1,0,, I, (1)
) 24 *

Ho, + . 1,0 ———> 10, + 2H" + 0H (3)

of + U** 4 10 ———— U0} + (4)

2005 + 4t —_— 03" . vt . 2n,0 (5)

vo} + ot + K —_— U05* + 1,0 (6)

"20_' * U“ + N0 ——— uo; + o1 + au* (1)

From reactions (1) - (7)(4) one can evaluate n['U(VI)dzir

7.8 which 18 indeed the case al low concentration of U(IV). On
the other hand, to explain the liwiting G/7U(VI)_], =~ 9.2 at the
hWigher concentration of U(IV) ( ~ 50 mM) we consider that some
aerial oxtidution by the follouwing reaction (8) is responsible.

2+
U;+o + o —_— U0,

In deaerated 4,50, media G[U(VI)-Zeaerur.ed values ars explained
on the bhasis of reactions (4) to (7) along with the folliwng re-
action (9),

+ Ho, (8)

H + od — 0 . (9)

Jhus, ot high concentration of U(IV), rcaction (4) predominantly

explains the 6/7u(vI)_Z, wa 6/ u(vr)_d“‘r steq 8re siguificantly
1ess than those in 1,50, medis (rable 15). This reduction of G/B(VI) 7

values are explained as due to the following reactions,

e C1” o« on - Cl + l,0= (10)
Cl + C1” > Cl, (11)
ci; + U4 + 2,0 > 0} + 2617ean*  (12)
€13 + C1; » 2C1° + Cl, (13)

Cl, + H - H' + 2017 (14)



-,

Along with reactions (3) end (5) they explain the experimentally
obtained G/ u(vI)_7, of 4.2 to 7.8.

Referonces
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2.5.2 [Flash Photolysis of Aqueous Potassium Persulphate Solution

P.K. Bhattacharyya and R.D. Seini

Flash photolysis of aqueous persulphate solution has been regorted
to give 30; radical ion which is a very powe;ful oxidizing agent 1 .
Thus it was thought that in the flash photolysis of aqueous persulphate
solution containing Pu(VI), a reuaction bctween Pu(VI) and so: radical
should produce Pu(VII). However, before introducing Pu{VI) in the
persulphate system it was necessary to investigate the spectral amd
kinetic behaviour of SOZ radical at different pHl and in highly alkaline
conditions wherein Pu{VII) has been reported to be fairly stable .

Flash photolysis of aqueous persulphate was carried out under
various conditions in decaerated solutions, It was observed that
although the absorption maximum of SOZ radical ion always occurred
at 455 nm, its kinetics of decay chanpged from second order at lower pH
to first order at high pH and under strongly alkaline conditions. The

results are summarised in the Tahle 16.

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

- + 2w
SO4 + H20 — H + SO4 + 0o (1)

Thus, at low pll due to an abundance of H* ion bhackwurd reaction pre-
dominates over the forward reuction thereby producing enough 80;
radical 1ons which predominantly combine to regenerate 5208 = by &

second ordcer mechonism,

— L
i.e. SO, +80, —= 5,0, (2)

At high p!l and uwpder stfongly alkaline conditions, on the other hand,
vhe hydrolysis nf SOI, a pseudo first order process as indicsted by
the forward reaction of (1) is the main decay process of SOZ radical
ion which leads to the observed first order kineties,

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

combine to produce H202. Therefore, one o{ the end results of reaction

(1) woule he the production of H 1on which should decrease the pH of



1Mé 18

Rate Conatants for the Decay of so;' at various pH

S1.No. System Initial After flash  Pmax Rate constant k
pH photolysis .
pH

1. K,5,05(10 mM)+

328049 aturated 3.058 2.94 455 -
" with purified N2

2. ~do- 4.62 3.74 455 5.02x10°% s~ (2na order)

3. K,S,0,(10 mM) 6.57 3.74 455 5.84x10°% 15"?(2na order)
saturated with .
purified Nl :

4. K,S,0,(12.6 wM) + NaoH 10.3 3.5 455 4.7x10%1s™! (2nd order)
saturated with Nz ?

5. K,S,05 (10 wM) + NaoH 12.4 12.4 © 455 1.38x10°5™ (18t order) 3

: saturated with N, :

6. . K;8,05 (10 mM) + NaoH | tMNaOH - ' 485 5.4x10°s"1  (1st order)
saturated with N, .

7. X,8,0; (50 mM) + Nal 12,3 12.3 455 8,15x10°5-1  (1st order)
(1M) + KoH ( ~0.1M)
ssturated wvith Ny

= 2.1
8. K;8,0, (50 mM) + NaOH + NaGl(1M) 1MNaOH - 485 4.7x10°S™" - (1st order)

saturated with Na
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the solution. The observed decrease in pH after flash photolysis,
as can be seen from Table 16 supports reaction (1) (pA decrease

ion measured after A/10-12 flashes).
References
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2.,6.3 LET and Cation Rffects on the Radiolytic Formation of
Nitrite in Solid Nitrates

P.X.. Bhattacharyya and R.D. Saini

After establishing the mechanism for the formation of HNO,

by gamnma radiolysis of aqueous nitric acid sciation , studies

were initiated to investirate the effects of (i) the transition

from solution to solid phase (ii) L¥E! and of (111) the nature of

the cation on the formation of nitrite in the radiolysis of nitrates.
Solids 1ike XNO, and U02(N03)2.6Hzo crystals vere irradiated in
Co-~-60 ganma chamber and in the thermal column of Apsar- reactor
followed by the determination of the radiolytically produced nitrite.
The results of some preliminary experiments are shown in Table 17

below @
} TABLE 17
Radiolytic Yields of Nitrite
S1. Material Type of G(NO,) Number of
No. Irradiated Radiation ions/180 ev  experiments
60
1. KNO, crystals Co - 0.98 + 0.12 S
60
2. Uoz(Noa)z.enzo Co = 0.02 3
crystals
3. ~do~ Reactor Rtadiation 2 69(6) 1
in thermal column ¢
4, ~do~ Reactor Radiation 0.51(1!) 1

in thermal colusm
shielded by Cd foil

(a) Exoluding G(No;) = 0,02 due to gamma-radiation.

It can be seen from these preliminary results that both LET and the
nature 0f oation have a marked influence on the radiolytic yield

of nitrite. The increase in G(NO,) with inoreasing LET may be dus
-to the spin reactions of radicals like NO; and the formation of t'!2
molecuie with greater ease following reaction (1) due to radiation,
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- - No, (1)
(N03 —_—_—— N03 + & )cage 3
NO; ——, NO; + 0 (2)
0s0 ——> o, (3)

The formation of 02 moleculc inhibits the recombination of no and
0 to regenerate N03 » thus resulting ir 8 higher yield of NO2 . On
the other hand, deorease in G(No ) with the change of ocation from K
to Uoz"' mnay bhe due tothe redox reaot:lonl of the latter with radio-~-
lytically'produee«l NO'Z'. However, further experiments are necessary
to understand in detail the wmechanism of the radiolytic formation
of NOE in such solids,

Referegges H

1. P.K, Bhattacharyya and R.D. Saini, Int. J. Radiat. Phy. Chenm.,
5, 91-99 (1973),
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3.1 Preparation of Plutonium - 238

C.K. Sivaramakrishnan, A.V. Jadhav, K. Raghurawan, K.A. Mathews

and P.S. Nair.

: 237 L corabped
Five one gm samples of Np as Npo2 were in aluminium foils and
sealed in CIRUS cans. Details of irradiation and handling of the

samples described in the annual report 1977(1). All the five targets

along with their aluminium foil wrappers were dissolved in T™ HNOa.
After ensuring complete dissolution an aliquot of the solution was
taken to mssay total 238Pu present. This assay showed the total 238Pu
in the solution to be 175 mgs.
neptunium were adjusted to 4 by addition of excess of ferrous sulfa-
mate and heating the solution for one hour at 55°C. Pu(IV) and Np(1V)
were then co-absorhed on 4Cm « 20Cm Dowex-1 (50-100 mesh) anion

The column was thorourhly washed to remove the bulk

Oxidation state of plutonium and

exchange column.

of the fission vroductis.
with 0.35 M HNOg. This step provided enoush decontumination from

Plutonium snd neptunium were then coeluted

fission products to permit transfer for subsequent purificaetion in

2
a glove box of “38Pu from neptunium.

Reference

1. RNadiochemistry Division Annual Progress Rep rt for 1977
"BAC-1005(1979) 2.

3.2 Process Chemistry of Neptunium.

5.V. Kumar*, M.N, Nadkarni*, P.K.S. Kartha, N,M. Gudi* and S.K,Patil

In continuation of our studies onthe process chemistry of neptu-

niuﬁ, work was initiated to explore the use of primary or secondary

amines for the purification and concentration of neptunium. The batch

data for the extraction of Np(IV), Np(VI), Pu(III), Pu(IV) were obtained

using 20% Primene JMT and 20% Anmberlite I A-1 dissolved in solvesso-100

at varving concentration of nitric acid. hese are summarised in

Table i8. The data show that extraction of both Np(IV) and Pu(IV) 1s

* Fuel Reproce:ssing Divislon.



TABLE 18

Distribution Coefficient Data of Np(IV Nn{VI Pu(IIT Pu IiI and
U‘VI[ from nitric acid medium using Primary and Secondcry amines as the extractaaua

20% Primens JMT in Solvesso-100 209 Amberlite LA-1 in
/‘m:o -7 Solvesso0.100

M Np(1V) Np(VI) Pu(IV) Np(IV) Np(VI) Pu(IV) Pu(IXI) U(VI)
0.5 - - - 0.055 0.1 - oxto™t -
1.0 " 0.0008 sx10~4 - 0.33 0.26 2,5 1x10~%  o0.07
1.5 - - - - - - 15x10~* -
2.0 0.002 ext0™3 - 0,009 1.16 0.63 5.4 4 14x10~%  0.14
2.5 - - - - - - 12x10~% -
3.9 0.009 - - 1.86 - - 15x10™4 -
4 0,034 0.07 0.13 2.59 1.4 11.2 - 0.32
5 0.11 - - . 3.47 - - - -
6 0.31 0.03 0.96 4.57 - 16 - 0.52
7 0.73 - - 5.4 - - - -
8

1.38 0.131 2.6 5.7 ' - 14 - 0.53

- PG ~
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more with LA-i than that obtained under similar conditions with
Primene JMT, The extraction of Pu(IXI) into LA-1 is much less than
that of Np(IV) under the same conditions and this suggests that
good separation of Np(IV) from Pu(IIX) could be obtained by LA-1
extraction. The se;aration of Np(IV) from U(VI) 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. Patil, S.P. Gandhe and
R. Thiagarajan

The extraction behaviour of rare earths under the conditions
relevent to uranium refining by TBP was investigated. The distri-
bution coefficient data for the extraction of Gd were obtained at

varying concentrations of nitric acid and BP. Typical data,
summarized in Table 19; show that when the uranium load ing of TBP
18 ~100 g/1, Gd is practically inextractable into TBP. Counter

TABLE 19
Variation of Distrihution Coefficient (Kd) of Gd with Uranium
Loading Initial aqueous acidity=3M

;2;t;:: Eq. U Concentration.ng/ml e (6d)
-mg7m1 ore Ay
- - - 0.07
3.51 2,09 0.50 0.07
17.54 15.66 2,34 0.08
70.15 55.66 1&.27 0.01
105,22 74.81 24,54 0.003
140,29 93.36 40,1 0.0007
210,24 113.71 82.59 -
280,58 126.88 140,04 -
350,73 134,06 196.3 -

* Uranium Metal Plant.
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current extraction experiments were carried cat to study the
extraction of Th under conditions used in uranium r efining prooess.
Ti:e results of a typlcal experiment are summarized in Table 20,

TABLE 20
Counter Current Extraction Behaviour of Tb
Feed: /7U_7 = 200 g/1; /"ENO, 7= 3M; /7tb_J= 1.7 x 10° ope/ml;
Flow rates {ml/min) : Feed = 2.75; or g = 5.6;
Residence time/stage = 1 min,

Extractant: 33% TP in SST

Time 16°Tb activity in outgoin§ stre ams U loading
Hrs. cpm/ml x 10~ /1
Aqueous Organic

15.40 188 0.22 110
16.40 . 188 0.26 108
17.40 187 . 0.31 107
18.40 178 0.73 98
19.40 186 0.40 107
Avg, 186 0.38 108

D.F. = 230

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

concluded that excellent decontamination of U from Tb was achieved (DPF

230) where uranium loading of the organic phasa wis ~ 1056 g/1.

Experiments were carried ocut to study the kinetics of forward
and reverse extraction of Tb by TBP using AKUFVE set up. The data
revealed that with Thb activity present, initially either in the
aqueous or the organioc phase, the equilibrium is reached in a few
seconds.

b
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3.4 In-line Analysis of Fuel leprocessing Streaus

V.X. Rao, 8.G. Marathe, V.K. Bhargave and R.l, Iyer.

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

bility in performince and stability of gomma absorptiometer and

colorimater at Fuel Reprocessing Division*, About 150 samples w:re

analysed by nsing g:mma ahsorptiometer and results were compared
These results were obtained by correcting

with laboratoery analyses,
*in-line'

for the zero s}iift arce not in accordance with any continuous
nonitoring instruments tihe unit wus found to have a definite zero

drift during a prolonged period, efforts were made to eliminate the
drift by improving the elecironics associated with the gamma absor-

ptiometer. After making necessary requirements the unit seems to

work satisfactorily.

In the case ot colorimeter, prohblems wecre encountered cue to

vibrations, turbidity and flow rate. Some changes like providing

padding for lamp house and plhoto cell compartment are contemplaied

to eliminate the drift due to vibrationse.

* In collaboration with Shri S.V. Kumar.
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SECTION 4: RADIOANALYTICAL CHEMISTRY AND SERVICES

4.1 Determination of Ysotopic Composition of Plutonium using Ganma
Ray Specirometry

S.B. Manohar, S.K. Mar"al' S8.M. Deshm"kh, PP, Burte, A.n.l’al‘ab.
H.C, Jain, Satya Prakash and M.V. Rananiah,

The gamma spectrometric method for the determination of isotopic
composition of plutonium 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 identific:tion of plutonium lots. However, the method
depends on calibration based on the more accurate mass spectrometric

method,

‘In the present work, an attempt has been made to develop the
method covering relatively a wide range of burn up (Isble 21) thamn
PARLE 21

The range of isotopic composition used for
calibration purpose *

Isotope of plutonium Range in Atom %
238y, 0.01 to 0.80
239y, 95 to 63
240p, 5 to 26
241p, ' 0.3 to 7.5

* This range covers the isotpic composition of plutonium
obtained from reprocessing of LWR fuel withburn upin the
range of 2000 to 20,000 MWD/T.

hither-to reported in earlier investigutions, The plutonium requir ed
for this phrpose was obtained by ion exchange purification of small
samples of irradiated fuel pins of different burn up cut at various
positions along the leugth of the fuel pin to provide a range of

burn up. Fifteen such samples were prepared and purified free of



figsiou products uand 241$u and asgaved gaumwa spectrometrically
and wass spectrometricully. Working curves of atom present ws
gAawaa rav activity rutio for different isotopes of plutonium have
been Lhus coustructed using gamna ravs in 40 to 150 KeV energy zone.
In clie present determinations samples of 200 to 590/Yg of pluto-
nium were cou.. .ed which pgives accur.cies for difterent isotopes in
the ranre of 1 to 5%. llowever, a shorter cou.ting duration and
het cer accurucies (~s1%) can be achioved 1if larger sample sizes
{t0=50 mg of plutonium) are counted. A typicul set ol results
are riven in tuable 22,

PARLE 22

he 1sotopic couposition of the Pu sample

sSsmple No., | Gauma Spectrometry Mass Spectroumetry
Isotope 338 139 240 241 23Y 239 240 241
G- 12 U.,0773 84,43 9,415 1.454 08125 85,22 99,1957 1,465
i - 14 0.859 70,146 21,64 6,747 .E58 68.36 21,500 6,966

A few experinents hiave been conducted to establish the intrinsic
nature of the ¢echnique wd it is found that the chunge in counting

reometry do not affect che resulcs of 2351’:1, 2391’«: and 2401‘&:. Further

work is in proeress vo check in detail the effects of geometry on
accuracy with hixher ancunvs of plutonium,

References:

1. Gumnink, &., ond Morrow, R. UCRL - 51087 (1971).
2, Gibus, A. DPSPU - 74-11-20 (1074)

3. Ywmazawa, U,, Suzulei, ¥. and T Chilcaua, S.,
J. Nuecl, Sel. Tech., 13, 327 (1976).
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. , : , 338
4.3. Precision and Accuracy in the Determinacion of )3/

— -
L“‘“Pu + Mol’u) Alpha Actjvity Ratio by Alpha Spectrometry

S.K. Agzarwal, S.A, Chitambar, Y.D. Kavimandan, A,I1.Almoula,
.M. Shah, V.L. Sant, AR. Parab, 91.C. Jain and M,V.Rwaniah

With a view to utilising 238Pu as a spike‘and using the principle
of isotope dilution for determining the concentration of plutonium
in irradiaced fuel dissolver solutions, it was considered essential
to evaluate the precision and accuracy in the determination of 238Pu/
(239Pu + 24°Pn) alpha activity ratio by alpha spectrometry. Further
the ohjective was to evolve a simple evaluation procedure for ocom-
putin. the alpha activicy ratios which could be routinely used without
roesorting to complicated computer programmes, ‘fhe alpha activity
rutios considered were in the range of (0,01 to 10 so that isotope
dilution uslpha spectrometry (INAS) could be employed for che precise
aad accurate determination of plutonium in various dissolver solu-

tions from fuel huaving different burn-up values,

For chis purpose, different synthetic mixtures with alpha acti-
vity ratios ranging from uv,0i to 10 were prepared using euriched

isotpes of 238Pu and 239Pu. The solutions of 235Pu and 239Pn were

puritied fron 241Am using ion e xxhange procedure. rhe rudiochemicul
purity of the purified solutions was checked by alpha specirometry
and gauma spectrometry. The master solutions of 238Pu and 339Pu were
assaved by liquid scintillatior counting for the determination of
alpha disintegration rate, ‘Thirteen synthetic mixtures with 33'5!'11/
(23”Pu + 34"Pu) alpha Activity ratins ranging from 0.u1 te 10 were
preparaed vy wixing the pre-calculated and accurutely weighed ali-
quots from the master svliutious, The alpha activity ratios of
these mixtures were calculated by using the slpha disintegration

ratc of the master sol.tions a.d the aliquoi weights.

For alpha specirometry, electropolished stainless steel planchets
wire used as cthe backing material and the sources were prepared by
clectrodeposition in the aqueous nitric acid medium. Three electro-
deposited sources wure prepared from each of the synthetic mixtures.,
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The alpha spectra from the sources were recorded by nsing a 50 mm
slliocon surface bharrier detector mounted in a vaocuum chamber amd
coupled to a 4k analyser (TN-1700). The system has & resolution
of 20 XeV (FWHM) at 5.50 MeV. The alpha spectrua from each of the
electrodeposited sources was recorded thrice. The sources were
oounted for a4 time long enough te accumulaie more than 105 counts
.1n each of the two peaks.

The alpha activity ratios from the slphd spectra were computed
by three different methods, In the first methed, the alpha activity
ratio was computed by taking the pre-selected channel regions (equal
number of channels) for ?8py and (339 “‘OPN) peake and no
gorrection wus applied for tie contribution ef high energy peak to
the low energy peak. In the seocond methed, the cerrection due to
energy degradation was applied based on the ceantribution in
(239P ?40Pu) peak region as observed from the pure 238, seurce.
It R, is the pbserved alpha activity ratio obta’med by first methed
and & is the activity ratio im the corresponding regions from the
alpha spectrum of pure 238Pu sources then ocorrected ulpha ratie

R = nO

(1]
1 - “o/“p

In the third method, the alpha activity ratio was computed by
making different assumptions about the nature of energy degradatioa
naﬁely geometric progression (G.P.) decrease and linear decrea.o(i).
The results obiained by using these different evaluation mothods

are given in Tahle 28.

From the results given in Teble 23, it is obvious that the
first method should not be used for evuluating the alpha spectrum
ap it doss not take into account the energy degradation correction.
The seoond method which involves the correotion due to energy
degradation based on the alpha spectra from pure 2387u may be employed
20 long as the activity ratio is low. PFurther, the correction factor
should be established for the alpha spectrometric set up being used
and the pre-determined ohannel regions used for taking peak areas,
The third group of methods hased on decrease in G.P,and linear
deorease lead to an accuracy of 0.8% or better in the range of alpha.
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activity ratio from 0.01 to 10. A graphical representation of
the precision and accuracy achisvable in alpha spectrometry is
given in Figurc (10), It is prcposed to exploit alpha spectro-
netry for the concentration messuremwent of plutonium in the

irradiated fuel dissolver solution by employing 238Pu as a spike

LABLE 23

Comparison of different gvaluation methods used
for the computation of 238py/(239py , 240py) aypna
activity ratio from the alpha spectrum from
electrodeposited source

S1. | Synthetic | True value Value computed from ths alpha
No. mixture | of 238 / spectrum
code No. (239 1 11
°°“1V1tv ra%l° Method Methoa | TI1 Method
G.P, Linear
1. SM-89-24 0.023584 0.023540 0.023544 0,0233%32 0.033531
2, Sh=-89-25 0.04632 0.04823 0.04624 0,04621 0.04621
3. SM-89-26 0.10121 0.10122 0,10130 0,10128 0,101238
4. SM-59-13 27322 0.27372 0,27433 0.27430 0.27430
3. SM-89-14 0.54874 U.55092 0,55340 0.53330 0.55328
6. SM-89-15 0.74533 0.73742 0.74187 0.74151 0.74148
7. S5M-B9-16 0.9297 0.9082 00,9149 V.9196 0.9192
8. SH-RrO..17 « 2305 1,2261 1.2384 1.2382 1.2380
o, SM-59-18 2.0395 2,007 2.0441 2.,0422 3.0414
17, HH-39-19 2.05169 2.4870 2,5383 2.5300 2.5393
11. BH=S D=3 1.0007 3.8934 4,0207 4.0027 4.0001
12, ST} R4 B 6,130 6.0000  6,4182 6.3573 6.3518
1. BM= 0o DLA063 8.09976 9,7077 9.5697 9,5552

and

has

nRinc

. teferennes

1.

the nrineiple of isotope dilution.
already bheen initiaced :nd the resulls are mite encouraging.

Shunji Uwemofo, Radiochimic. Acta, 8, 107 (1967).

Work in this connection
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4.4 Feusibility of Isotopic Abundance Measurement of Uranium
at Nanogram Leve) using thermal Jonization Mass Spectrometry

V.D. Kaviiandan, S.S. Desal®*, S.A. Chitambar, S.N. Acharya,

5.it, Desai, J.,P. Mittal** and H.C. Jain

A number of semples ( ~10 nr of uranium) collected on the

surface of a target are expocted to he reunerated for isotopic abun-

dance measurerient from laser experiments. Thus it was considerza

essential to find a suitable target material free from uranium and
easy to process chemically for reccovering uranium from bulk of
target material without pickineg up of any nranium at any step.
A number of experiments were conducted to find out the uranium
blank from superpire target materials like aluminium, tantalum and

silver foils. The ursnium content w.8 determined by isotope dilu-
235 .
U as spike. The

tion mass spectrometry using 10 ng of enriched
neutron activation analysis of the aluminium foil €onfirmed that

the uranium in the blank is ¢ mine from the target materal rather

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

super pure aluminium foil and tantalum foil were trid but the ura-
nium content was found to he 100-200 ppb while silver foil wias found

to be much superior and the Llank was only 5 pph.

Finally silver foil has been found to be suiltable as it contains
much less amount of uranium, only part of the foil need be dissolved
for stripping collected urimium ana the chemical separation of
uranium from bulk of silver is simple :md quick. ‘he neccssary
experience has bren gained in working with ahout
ucanium on ahout 20 samples without picking up any uranium by
observing the nacessarv precautions llke distilled reagents, and

leached glass wares and cleanliness of the working place.

10 ng level of

* Analytical Chemistry Division, BAIC.
*%  Chemistry Division, BARC.
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4.5 Maintaining High Abundance Sensitivity Improvement and
Monitortng of Vacuum of Analyser ind Collector llegions

of the CH-5 Moss Speetromeber

C.5. Subhanna*, P.S. Srinivasan and 4.C. Jain

It order to malntain high shundunce sensitivity, 1t was
considered cssentinl to iwmprove the vocuum at the analyser and
collector rerlon of the CH-6 mass spectrometer. A Vac-Ion pump
along with ite fittiugs which could e directly connected to the
insgtrunont was nasbing mor=e thim na.so,uno/- when obtained froa
the supplier of Lhe Mnas suectrometer while the cost of a Veo-Ion
pump was only "s$.10,0007~, Thus it was decided to bhuy a Vac-Ion
punp and make the necessary flimges and fittings at the divisional

workshop.

I'wo flanges were designed,fabricated and Argon arc welded
to the two ports of Fhilipe Grianville Ultra-!'lirh-Vacuum valve,
This wias leak tested wding a helium leak detector. Leuak tight-
ness was found to he better ﬂnmnin'lo std cc/sec. Design of
conhecting flenges was such that one side could be connected
to the mating flange on the collector side of the mass spectro-
meter and the other side to the mating flange on Vac-Ion-Pump,
Suitable fixtures wore used to mount the Vac-Ion-Pump on the
mass spectrometer rack, FElectronic control units of the pump
were sultably accommodnted in the Electronics-console-rack of

the mass speciromecter.

After installation ot the Vac-Jon-Pump, pressure in the
analyserregion of the mass spectrometer during routine analysis
is now less than 10'7torr and abundance sensitivity greater tham
10'5 is observed as a routine feature compared to frequent
fluctuations before Vao-Ion-Punp was mounted,

*  Staff of NUMAC.
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4.6 DeveldgmentOf::Hechod tfor the preparation or ligh
Superfici«l Density Fissile Sources

V.S. Mullapurkar, R.J. Singh, A.V.R, Peddy, C.R, Venkatasuhramani,
S.S. Rattan, ‘md sabtya Prakash

Sources of 100-200 _/ug/cm2 superficial density of actinide
isotopes can be prepared by electrodeposition from non-aqueous media
like alcohols and of somewhat lower amounts from aqueous media,
Higher depogitions result in the formation of deposits with very
poor adherelice, Attempts have been made to achieve the higher depo~
aitions using electrophoretic methods ot deposition on silver
backings and finally covering the deposits with silver itself for
safte handling hefore and after irradiation.

‘"he wethod, in brief, consits of taking the oxide of the
material deposited (qu in the present work) and grinding the oxide
to fine grains hy mean; of a pestle and morter, A sulceble amount
of ground oxide is tuaken in about 100 m] of isopropyl aleohol and
put in an uwltrasonic generacor for about 16-20 minutes. This results
in She suspension of finer gruins in the alcohol. (he wmaterial is
left for a few hours undisturbed and the suspension thus obtained
was used for electrophoretic deposition. About 1V ml of the
sugpendud oxide is taken in the deposition cell. ‘he silver plan-
‘cette forms the cathode and a platinum wire acts as anode, A depo-
G§ition voltage of about 1000 volts is applied for the eleciropho-
retie migrition. i'he suspended gruins of oxide mizracve to deposit ou
silver cathode, In ahout two hours almost quantitative deposits
have beeu obtained, Deposits with a maximum surface density of
20 mg/cn” have been wmade,

‘’hese targets are covered by silver from the top hy vacuum
evayoration of silver, In another method target 1s covered by
mother silver foil joining the two foils by silver aldy dbrusing foils.

Furtiier vork to study, in greater detail, the particle sisze
suspension, the deposition rates, hesat choice of suspension media
etc. 1s in propress., Targets thus prepared are also going to be

subjeeted‘for irradiation.
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4.7 Posentiomesric Ustimation of Nepntunium

S.K. ratil and A.G. Godbole

‘Phe work on the develupuent of potentiometric methods for the

. determination of neptunium by redox zitrations was continued. It

is known that in dilute perchloric acid wedia Fe{II) reduces Np(VI)
to Np{V) quuntitacively ind Np{(V) thus formed is not reduced signi-
ficantly to Npi4y) by Fe(If). kxperiments carriecd out at v.rying
concentrations of perchloric acid showed that in 0.3”.1(010J med Lun,
reduction of Np(V) to Np(IV) by fe(II) is negligible, A potentio-
matric wethod was daveloned based on thme datu. he method consists
of oxidation ofNpM to Np(V) by addition of excess ferrous perchlorute
in 0,.3M perechloric acid medinm and subsequentlytitruting the excess
Fe{I1) potentiowetricully with Ce(IV). <he precision of the method
wus hetter than + 1% for aliquois containing 3-8 mg of neptunium,
Phe results obtained by this method were in good agreewent (within

+ 1) with the values obtained by coulometry and potentiometry 1 .

4.8 etermination of Boron in Boromn Carbide

Y.k, Manchemua and M.$. Suhransnian

Roron earhide is an iwportant nuclear material as it used in
uuclear reaciors for control rods and us a shielding material. The
-hin iupurities in boron carbide are unreacted carbon or boric aoid,
which affvet the physical, chewmicul and neutron absorption proper-
ties ol Lhe maieriul, Thus it is of interest to develop analytical
procedures for the precise determination of various constituents in

buren carhide,

In this coutext, a volumetric methou for the estimation of boron
in horon carbide hus been periected. rhe wethod involves fusing the
nample wich fiseion mixture .md titratien of horic acid in the
presence of hwvidrochlorice acid using p=nitropheuncl (PKIR = T.1) amd
phendlphlhalein use indicators. Rencuted unalyasis of a saaple of
boron garhide by this procedure guve a standard deviation of + 1.2

(ravle 24),

%

1. A, fodbole and S.K. Patil 'falanta (In press).
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2ABLE 24 ,
Analysls of a ijoron Curbide Saample

5.No. Weight of the 3 of D
sanple(ng) o O oron
1, 24,075 74.98
2. 21,490 75.76
de . 40,680 75.84
1e 26.430 . 75.97
R 20,725 73.94
6. 23,827 75.81
7. 11.395 T7.72
8. 17.146 75.13
g, 19,930 15.27
10, 22,560 78.70
i1, 13.526 76.14
12. 16.037 75.84
Average ¢ Doron 2 75.67
Standard Deviation(o) a 0.9
ll.S-Dc = t 1.20%

4.9 gxtructive-phutouwetrie Determination of Neptunium (IV} and
Plutonivm !IV} whel_present together

J.P, Shukla and M.3. Subramaniam

Following the development of an extractive-photometric methed
for the decerminution of triwe amounts of nejtuniuu and plutounium
frow their mixtures is described. Neptunium is selectively
extracied from sbout 1M 1IN0, with TTA in xylene retaining Pu in

the non-extrac.aile trivalent state in the aquecus phase with

ferrous sulphamate. The neptunium thus extracted is determined

at 533 nu atter developing the colour with xXylenol orunge,
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TARLE 25

Analysis _of Np end Pu from their mixtures

raken, /ne Found* P A Error,%
Nt s et Np¥ 4+ pa*t Np Pu
0,85 + 1.00 0.87 + 1,02 2,35 2,00
1.37 + 1,606 1.42 + 1,63 2.16 1.81
2.06 + 2,60 . 2,03 + 2,55 1.46 1.92
2.41 + 3,01 2.,36 + 3.07 2.07 1.9v

* Averuzeof 3determinations of che sample

Plutoniwm in the aqueous phase is subsequently oxidised with NaNo,

to the tecravalent scate and extracted with Tr'A and estimated at

540 um after develovment of colour with xyle:ol orunge. Their molar
ahgsorptivi.ies are ia the 5 x 104 riuge. Bewr's law has been found

to be valid upto .4 ppm Np and 3.5 ppm Pa.  Jhe colour of the
sclucion s been found to he staklke for at least 48 hours. The method
tolerates large excesses of several common contaminants encountered
duriug spent fuel reprocessing. Cerium {Iv) and phosphoric uacid,
however interfere, with the final estimation. +Table 25 summarises,
the resulis of unalyses of rvepresentative samples of neptuhium and

plutenium when present together,

4.10 Mass-Spectrometric Services

S.A. Chivambar, V.D. Xavimandan, S.K. garwal, R. Bagyal akshmi,
K.L. tamakunar, C.S. Subbanna*, A.I.  Almoula, P.M. Si.ah, '
I'.A. Rimasubramanian, S.N. Acharva, P.S5. Keodade, V.A. Raman,
V.L. Sant, AR, Farab, H.C. Jain and C.K. Mathews.

The mass spectrometry section continued to provide mass spectro-
metric analytical services to various divisious of this estaulishment
apd DAY, During the year under report, more than 1200 mass spectro-
metric deierminations were carried out. Thias includes about 400
semmples of various elements received frowm diffsrent divisions of BARC

# Staff of NUMAC
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and other units of DAL and the remaining were zenerated from the

R & D activities of this Division.

In continustion vl the Audit analysis of uranium and plutonium
at PliFRiE, Tarapur, mass speotrowetric determinations were carried
out on 12 inpnt hatches of irradiated fuel dissolver solution.

37 tinished product urunium sampleg w.re anualysed for plutonium
present at ppm level by isotope dilution mass spectrometry(IDMS).
ladionetric assay of plutoaium was also curried out on more than
80 smplaes from the tank containing radjoactive waste for disposal,

1.11 Supply of Special Rudioactive Sources

Kuiz. V. Mallapurkar, R.J. Singh, qand 3atvi Prakash

Fifty two electrodeposiied sources of a nuiber of actinide
isotopes rrom !32&‘& to 35301’ were supplied to dirfferent users in
1A, o.her unics of DAY and othernniversities in the country.
Fhese sources were prepared meeting requirements of shape, size &nd

level of‘ activity tailored to users need,

4,12 Prepar.tion of Muciaction Sources

" CJ¥, Sivar makrishnan, AV, Jadhav, K. taghuraaian, K.A, Mathews

ang P.S. Nair.
Ong 18 mei and 10 ug ‘Him rudiation source for use 48 cxcitation
source for Xeray fluorescence analysis, was: fabricated and supplied

to .he user division of this research centre,



SeCrTON 52 WUCLiS AR CHEMIS'RY

%1}
.
[

Fission Studies

5.1.1 Charge Distribuiion in Low lnerasv Fission

Investigations on the influence of frugnent shells uand excitation

energy on width of the chuwrpe d1sbr1bubion in low enerry fission was
undertuihen for ‘4°bm("th f) und ? Np(n,f). A brief deacription of the

work carried out is pgiven bhelow,

5.1,1.1 Determinacion of Fructional Cumulative Yields of 140y, and 95§£
48
in _the Therm.l Neutron Induced Fisgion of '4193

T, Datta, 8.P. Dange, $.l. Manohar, A.G.C. Nair, Satya Prakash
and M.V, Raganiah,

slectrodeposited targeoths of 3450m (~3 /ugm) covered with 1 mnil
thick alwminiuan catcher foils vere irradiated in the redctor APSALA at
nceutron flumavlo n/cm /sec and CIRUS at neutron tlu\'auio n/cnzfsec.
rhe irrudiation time was varied from 90 minuces to 6 hours,

Arcer appropriate cooling the aluminium catcher foils were mounted
in a stundard geomesry and counied on a 60 ce Ge(Li) deteztor coupled
to a 409€ channel walyser, Jhe resolution of the detvector was 1.5 KeV
at 1:2 KeV and 3.9 KeY at 1332 KeV. Dircet ga sa counting of 487 KeV
and 1596 KeV gauma peaks of 140Lu aud 765 KeV gamuma peak of gsng were

carried oui for suitablc period.

The isoharic chains studied sare

( A & -

95y > 95, > 95y /‘-'i 95,
103 m 64.0 d 35.15 d Stable
140, /32 140, /!;’ 10, . - 140,
64 8 12, d 40,2 h Stahle

Since che precursors of gsﬁr and 140]!& are short lived compared

to the time of irradiacion «nd interval between the end of irradiation
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and start of counting, the mass chaius 95 and 140 were assumed to
oconsist of 952r - gsng and 14°Ba - 140La respegtively., A Thus

following the growth and decay of the deughter products °°5Nh and
l‘obﬂo the fraotional oumul ative yjelds of 95Zr and 1‘088 vere
obtained using the equations
. [ ]
Y = KN X+KN, (1)
where .A }ET
' A.t? 2 e
(2) 'l:'

_Y ) ftw " (12 (1'9- }‘zc'))l "('TT:%V)
X =/t - {1 (——9(“’ ) [ N7 @

za-,\

where K is & constant inclusive of rate of fission, detector efficiency

ete .

A, is observed area of the photopesk of interest, t is the
irradiation time, T 18 interval between end of irradiation and start
of oounting time, t' is the live time, t* is clock time.

‘)1 & )\ are decayconstants of purent and daughter resps.tively.
N,® is the number of atoms of parent formed ait the end of irradfation.
N2° is 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

N,*® 3lope
FCY = =
Ni. + Nz' slope + intercept
Results
The value for ‘4033

The FCY values are given in fable 26,
shows a broader width parmmeter for the aasumed gaussvian charge
distribution compared tc usually observed width value of 0,56 + 0.008.
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LTARLE 26
Fissioning nucleus Fission product FCY value
a450m +n 95Zr 0.957 + 0,001
140Ba 0.969 + 0,006
5.1.1,3 Determination of Fractional Cumilative Yields of 13%1 ema

119, in Neactor Neutron Induced Fissiou of 237N2

S.B. Manchar, r.P, Burte, S.M. Deshmukh, Satya Prakash and

M.V, Riuraniah.

237

Charge distribution studiesin the fission of Np have

been initiated since there is no data on charge distribuvtion for

an odd fissioning nucleus, 80 as to understand the odd-even effect

in terms of Z of the fissioning nucleus. The work on two mass chains
have heen started with reactor neutron.induced fission.

The isobaric chain of mass number 135 studied is

135, A 135 A 1B
Te > I £ Xe
18 8 6.59 h 9.59 4

While the isobaric chain of mass number 140 is given in 1.i.1,

The experimental procedure used and eyna.ions are similar to that
described in sec. 1.1.1, 1In order to abhieve the highesi iiux <2 .
higher energy the irrodiations werc carried out in Apsara reactor -

and the target was wrapped with Cd foil (1 mm). The value of 0,945 *

. ar

0.01 was obtained for 1J0I and a tentative value of 1403& has been
140

obtained, Further work is in progress on Ba and other mass chains.

5.1.2 Determination of the Average Angular Momentum of Fission
Fragments iu Low Bnergy Fission ‘

‘The studies on independsnt formation of fission fraguents with
large angulaf mnauonta from coapound nucleous of low initial angular
momentw: is a field of great interest. The angul ar momentum distri-
bution of primary fission frammuents has bheen of great importaunce
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beoause 1t provides the information ahout the properiies of the
fissiini g nucleus hetween saddle and the state shortly after
8cission configuration. The large angular moiienta of fission
fragments have been interproted in terms of the excitation of

the rotational levels of the deformed fragments which interact

in the strong coulomb field for non-linear scission configuration.

The work on the radiochemical determination of the indepen-
dent yield ratio (m/g) at different fission products hus been
undertaken with the aim te find out the average angular momen tum
of fission fragments and thelr corrolation to Z and A of the
fissioning sysiem, thoir excitation and kinetic energy and frag-

ment deformutions,

The angular momentum of the fission fragments can be esti-
mated fron the weasurements on number of prompt gamma rays together
with its anisotropy or from the intensities of gamma transition
in the rotational levelis of even products as well as from the
me asurement of iiependent yield ratios of fission product isomers
of known spins, radiochemically.

5.1,2.1 Determination of the Average Angular Momentum of Fissjion
product 371 1n *33y(in,1).

T. batta, S.P. Dmge, A.G.C, Nair, Satya Prakash and
M.V. Ramaniah

"he average angular momentum of fragmente eorresjponding

to fission product isomers 132"’1 and 132g1 has been determined

radiochemically aud subsequently a caloulation of fragment angular
momenta as a function of various even-even mass splits hus bheen
carried out in order to sere the correlation hetween fragment

angular momentum ‘nd deformaiion,

9
Electrodeposited target ( ~600 /ugm) ot 233y yas irradiated

for 15 minutes in APSARA reactor in tlux~10'2 n/cmz/seo. Fission
products were collected in aluminium catcher foils and after
irradiation, iodine was seperated radioohemioally using appropriate
diseolution and purifioation proceduies, The sumple was counted

for the 772 KeV gauma peak of 1'321 on & 60 co.Ge(Li) detector
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connected to a 4096 channel apalyser in five %ime and for suitiable
duration over 6 to 7 hours. The peak area of the 772 KeV peak of
abundance 76.2% from 132g1 and 13.2% from 132m1 was related to the
independent vields Y; for 132m1 and Y; for 132gI using the relation

'

Y=R.Yn1‘X+RY1 (1)

g
where Y is peak area corrected for ocontribution fram 132”1 and

decay during the irradiation and cooling time.

1325I

X 18 a function involving hranching ratio (0.86) in decay of
132'"1 to 13251, irrediation time and cooling time. 1 is a constant
inclusive of rate of fission, net detector efficiency and chemical
yield,

From least mquare plot of Y vs X, the ratio Y:/(Y; + Y;) was
obtained.

Calculation:

Lstimation of Aver%t Anpular Momentum From Independent Yield
Ratio ~

The initial fragment angular momentum distribution was
assumed as

P(J) OK(20 + 1) exp Z'-J(J+1)/B2_7where P(J) is the proba-

bility of epin J and B is width of the distribution or R.M.S. angular
momentum. ‘The ini.ial distribution was corrected for spin change
during neuiron emission and subsequent dipole gamma emission in

cascade so as to obtain the final probability ratio of spin states
8~ (tor 132m7y ana 4* (tor 132g7), ‘These calculations were done

using Vandenbosch-iluizenga formalism. The paraneter B was varied
till the experimental independent yield ratio was reproduced. Thus
the 1.MS., angular womentun (B) tor frarments corresponding to

product 132 was obtained.

The independent yleld ratio Y;/(Y;+Y}) was ohtained as
0.245 + 0.030 leading to angular momentum value B = (Jz) = (5.3:0.3)1;
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Cilculation of Mnpul ar Momenti of Fission Fragments for
233y(nen,£) to Study

511
.
-
[ &
.
[ %]

Various Even-Pven Mass Spliis in
the LEffect of Fragment Deformation

T. Datta, S,.P. Dange, Satya Prakash and M.V. Namani ah

The existing model of Ramussen et al was modifjied to tuke
into account of fraguent deformation (both quadrupole and octupole).
The detormation coefficients "(2 ad 0(3 were cAalcul ated from mini-
mizuation of potential energy (Deformation energy) Cfor each fragment,
Assuming zero point bending mode oscilliution only which leads to
frogment ongular momenta, (he ben&ing mode wave function (zero poins)
wag ohbained for frugments interacting in strong coulomb field.
This hendingz mode wave function was expanded into spherical harmonics
to obtain components of various anpular momentum. The obtained

distribution
a(d) > (27 + 1DY2 exp /-1 « DT

such that,

_ vT
Jav T X2

where zero point angular amplitude is given hy

-

Y?' = t/ (l\./! )JL
K is the fragi.ent interaction force constint denend:ng on frament
deformation, charge and centre to centre distance. is thc bending
mode incrtial paraneter. ‘e esperimental kinetiec energy distribu-

2
tion data in “33U(nth,r) and gamsa energy for transition between
the 27— 0% levels in even-even fraguent have been used in calcu-

lating K & ﬂ for each for each fragment in each split.

The calculated angul ar momenta for fr:.gients as a function
of their mass show a saw-tooth hehoviour analogous to neutron
evaporation curve emphasizing the effect of deformation on bending
node angle (7 ) and consequently on angular momentum of the fragment.
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5.1.3 Mass Distribution Studies

5.1.3.1 Mass Distribution Studies by Muss Spectrometry

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

In continuation of the work reported earner(i’z) for the
determination of fission yiclds of stable and long lived fission
products in the thermal neutron fission of 233U, zasu, 239Pu and
2411'u, 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 Mecek (NNDH-12154-38E, 1978). All the values are
in agreement within 3% except 97“0. 1(.mMo ana 1%py in the case
of 24=1l’u where the difference is between 5-17%. Some of the
fission yield volues in the prement work are determined for the
first time while only estimates are available in the compilation.

Further work is in progress to complete the mass yield ourve,

5.1.3.3

A. Ramaswamy, V. Natarujan, N. Sampathkumar and R.1, Iyer

Fission product nuclear data such as yields, half-lives,
decay schemes, branching ratios etc., are required for the calcu-
lation of burn-up, fiseion products inventories, shielding require-
ments eto,, particularly the short-lived fission products ars very
uch required for decay heat calculationsa,

We have determined the absolute yields of short-lived fission
products with half-lives as low as eight minntes, including some
isotopes of krypton in the thermal neutron induced fission of 2350
and 239Pu using track etch-~cum-gamna ray spectrometric techuique.
‘The total number of fission wus obtained by traock etch technique
with an accuracy of 2-3'. The number of fission product atoms was
obtained by direct gamma ray spectrometry using a 60co Ge(L1)
coupled to a 4096 chamnel analyser., A dilute solution of the target
material was taken in a sealed polypropylene tube containing athim:
mica sirip and irradiated along with a tube containing a more concen-
trated solution of the target material in the pneumatio ocarrier
facility of CIRUS reactor for about half a minute,
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After irradiation, the polypropylene tube containing the
concentrated target solution was directly mounted on 8 perspex
plate and the gamma counting was done on a precalibrated 60cc
G6e(Li) detector coupled to a 4096 channel analyser, The gamma
rave spectra were recorded on cassette magnetic tapes and were
analysed for different pamma peaks after the end of the entire
counting. The enalyser system has the facility of automatic
peak locution and peak area caleulation. From the peak area,
the disiniesration rate of the fission products were obtained
by correcting for the gav'wa abundance and the detector efficiency.

The other tube containing mica detector was cut open and
the deteotor'waa etched in 40% HF for 30 minutes at room tempe-
rature., The fission traok developed were counted under an
optical microscope., The total number of fissions wore obtained
from the track density. The details of oalculation are given

elsewhera(i).

The fission yiéld values determined are shown in Table (27).
2,3) are also included for

235U and 239Pu

The values from recent compilations
comparison. The yield value obtained for 88Kr for
is lower than the literature values, Since the target was not
opened atall after irradiation hefore the completion of entire gamma
counting, the possibility of the escape of rare gases 1s ruled out.
The other possibility is the error in the gumma abundance values
used. We have used gamma asbundance values from the wost recent
compilaxion(4). Anohg. the :different: existing compilsations, there
are slight discrep:ncies in the fepnrted gonma ahundance values

for short-lived fission products md hence accuraie determination

of the same is needed.

Except for the fission products eaxr and 1351 where such dis-
crepancies exist in the gamma sbundunce values from different compi-
lations, the absolute yields for all others fission products
reported are reliabie. The maximum overall error is within 15-6".
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TABLE 27
Ahsolute ylelds of short-lived fission pgggucts
from thormal neutron fission of 235§ ama Pu.
: 2
gi' Nuclide T3 Present deter- Meek ( crouch (2)
’ mination ider

238, 1. 85m. . 4.5n  1.26 & 0.01 1.30 1.32
3. 87, 76.3m 2.48 + 0,12 2.53 2,52
3. 88,  2.8h 2,86+ 0.16 3.55 3.55
4. 89,  15.4m  4.44 4+ 0.20 4.88% FP
5. 925 2.7dh  6.49 + 0.09 5.96 5.95

6. 93y 7.3m  6.37 + 0,04 8.27% -

T 104,  18.0m 1,64 + 0.2 1.82% -
8. 134,  53.0m 7.26 % 0.24 7.61 7.60
9 13pe  43,0m  6.80 x 0.24 6.76 6.69
10. 135, 6.7h  6.86 # 0.36 6.30 6.5¢
1. 1383  32.3m  6.55 + 0.24 6.72 6.86
12, 1202 p2.0m 5.22 + 0.09 5.88 5.69

39 -

Pu 1. 85m..  4.5h  0.57 4 0.01 0.55 0.56
2. 88,  2.8n 0.90 + 0.10 1.33 1.10

3¢ 8% 15.4m  1.46 + 0.07 1.70% -

4. 92 2.71h 2,87 % 0.1v 2,909% -

5. 935,  7.3m  3.53 & 0,20 3.73% -

6. 104, 18.0m  5.69 + 0.17 5.95% -
To 05, d.4h 5.42 + 0.27 5.42 5.48

8. 1¥Mpe 42.0m  4.73 + 0.16 4.24% -
9. 185,  6.Th  7.66 & ".46 6.32 5.77
10, 142, 92.0m  4.36 & 0.14 T 4.99 5.00

* Calculateq yie]&s.
Many of the yields reported here are determined for the first time
experimentally. The valucs piven in literature are from mode)]l esti-
mates of the fractional chain yield <+ a funetion of the churge
of nuclide in the chdiin,
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. 5.1.3.3, Yields of Short Lived Fission Products in the Reactor
Neutron Induced Fission of 255y,

Y.K. tao, 8.6, Maruthe, V.K, Bhargava and R.H. Iyer.

A progrom of work on the measurenent of the yields of soame
short lived fission products in the reactor neutron induced fission
ot 38y nas neen initiate: + It 1s proposed to ueasure the yields
of the products with half lives (t%) less than 30 minutes, The
method nsed for these measurements involves a fast preliminary
radjochemical separation of fission products cf elements of identical
chemical behaviour (1.e. Sr & Ba for e.cample) followed by the track-
etch-cum-ganma spectrometric technique developed eérlier(l) for the
dptérmination'nr fiesion ylelds. 1In a few irradiations involving
Cd-wrapped depleted uranium targets in the pneumatic facility at
CINUS reactor, the vields of '*lpa (t1=18.3 min), %2Ba (10.7 win),
83gy (7.45 min) ete. have been obtained.
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65¢1.3.4 Studies on Highly Asymmetric Binary Fission
V.K. Reo, V.K. Bhargava, S,G6. Marathe, B,K. Srivastava and
R.Hs Xyer
.The work on the Fission Yield determination of some highly

asynmetric binary products in the reactor neutron induced fission of
238U has been comploted and reported elsewhere(i’a). One of tha



tmportant observations made in these investipuations is the
appearance of a new shoulder in the highly asymmetric mass
rogion. This has heen ascribed to the possible influenoce of

the 28-proton shell.

These studice hive now been extended to the thermal neutron
induced fission of 230Pu due to the following oconsiderations:
(1) Pronounced shell effec¢ts leading the occurrence of shoulders
are oxpected at low excitation enerpzies (2) because of higher mass
number as comparced to )JsU, the mass distribution is expected to
he brouder snd the yields in the far asymmetric wass region are
expected to be hipghex making the measurements comparatively oasier

(3) higher fiﬂéipn cross gection for 239Pu than 2:MU and the absenoce
238

o
of *®9;, an an sotivation impurity (in the cuse of U), making the

soparation of hcavier rure earths easier.

Prior to irradiation of Pu targets (which are in the form of
sintered oxide}, 5 mg anount was taken its dissolution in Lono.HNO
cuntaining a few drops of HF wus investiguted., The time for quan~
iltative dissolution was % hr, '

One sample contalning Gmegs of l’no22 sealed in quartz tubecs
wag irradiated for 12 hea in A-1 position of APSAUA reaoctor. The
tarret was dissolved and processed for 179Lu, 16716 ana 172gr tn
pi‘esuuce of these added carriers using ion exchange separation
techniques, The data i3 being processed at the time of this report.

Onc of the problems encountered while dissclving the irradiated
target was the quantitative dissolution of the target after breaking
the quartz wnpnle containing the irradiated Pu-oxide, Alternative
methods For cutfing the ampule and dissolution of the target are

heing planned,
\rrincements for irradiating 3 more turgets have been wude,

I} ‘.’.L“.‘.‘Q!l.c‘ es

1.1, Iyer, V.K, Bhargava, V.K. Rtao, S.G. Murathe and S.M. Sahakundu,
IATA-S11-241/F 16 (1979).

! V.K. Nao, V.K. Bharrava, S,G. Marathe, S.M. Sahakundu and R,H, Iyer

thys, Rev € 19, pp 1379-79 (1979).
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Dels Studicg on Decav Schouis

A work progranume has heen started on the study of decay
schemes ot short-lived radion.clides prepared after fast irra-
diation and radiochemical purifications, In this direction,
the efforts are first eonéentrated on acquiring the experience
on deciy schemss of those radiuvnuelides which cuan Le prepare.
relatively casily aud next, extend these studies to radionuclides
prepuared hy fTast irradiation, trausport énd ruadiochemical purifi-
cations, Prese,tly the daughter products of 33311 have haen chosen
for the investiwvations as thev offer scome scope of investigution.
A consideranle amouunt of experience also 1s required and will be
obhtained in these investigutions on the associated electronics.
A briof deseription of the work done iu these directions are
given below, ‘Work at present is in progress on the decay schemos

of “""pr .

5.2.1 Dlevelopucnt of a iladiochemical Methnd for Separution aand
421 '
Fr

Purification of

AJV.R. Reddy, C.It, Venkatasubrumani, S.35. itactan, Shesha Sayi,
V. Mallapurkur, It.J. Singh, Satya Prakash and M.V. Rlamaniah

2331! which hud been prepared a few years eurlicr was obtained

frow Fuel leéprocessing Division of BAIC. This was used for the
‘ propuration of ‘!39’1‘!1 and its duughter products, ‘fhe decay series

of 233[! is shown below.
w3y X, 2297, L 216p,
. b‘
2250, %, M, & ., NTp

21y % zs'sr,_.,;—f‘—-—-v 20911

ool
213, —2— 2°%p

-her ” .
""‘g'z‘h and other danghters were separated from 2"3!' usiang jion exchange
resins Dowvex 1 x 8 (200~400 wesh size) C1~ fori. U-3and daughters

were louded onto the columun in 7™M MCi when uranium was held baok,
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Llution of uranium was done using ©.1M 1€Cl. ‘The purific:\tion cycle
waa repeated twice on fresh coluins to completely remove "3U.

D
Separation of: 5-{-: ad other daughters from ~~ Th wus also effected

by ton exchinge using Dowex 2 x 3, 1U00=200 mesh, Nog form, zagTh
29

ahd daurhters w.re loadeq -onto the column in ™ HI-.IU3 when z“g'l‘h was

held back in the column and all daughters came down and collected,

#lution of h w:s done ‘using 0.1M HNO‘.‘. This purification cycle was

also repeated twice,

A series of experiments were conducth to optimise the method
of separaiion and surification of ¥ 1Fr as the existing procedure
did anot gi\ie reproducible results and high vields - tiae yield varying
hetween 3uY% :nd 500 of the reported value, The present procedure
conuists of e:traciion of ‘“5:&: with an equimoler mixture of ‘fOPO +
*'y in henzene at p'l1 2.5. The extraction time is about 3 wminutes,

*3 )

“*Fr is quantitatively nilked h:k in about a minute using pH

7.0 water,

' ' a2
Be2.2 lecay Schenme studies on I'r

§.5. Rtattan, A.V.1. teddy, C.il. Venkatauhramani, Satya Prakash
ad M.V, Ramaniah

'v‘.q)enmonts are in vprocrass foi the redetearmination of the half
life of = Mg Fr. 'The smmple is counted on a 60 cc Ge(Li) detector
coupled to a 4K analyser. by followine the 218 KeV peak of "‘“l-‘r in
the MCS mode, ﬂa.ula rﬂy spectra of 2p, have been tuken to identify
tiie g:anma lines of < F‘r by decay ind growth, 4s the experiments
involves high counting riates, a correction of pile up a8t the amplifier
staze 18 neeesauary for correct half-1ife estimation. U&valuation of

pille-up cecorrection is .:1so under progress.

§.2.,3 Calfbhruation of Ce(Li) and tie Detectors
S.1s, Manohar, S.S. tattan, S.P, Dange, [. Datta, A.V.R. Reddy,
C.H. - Vonkatasubrawani, A.G,C. Nair, S.M. Deshmukh, P.P. Burte,
V. Mallapurkar, Satya Prakash and M.V. Razaniah

A culibratjion of the efficliency of Geruwaniun detectors as a
function of the energy of the incident gamna ray is essential for the
estimation of radionuciides, Zarlicer such a calibration had been
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accomplished for a 3 c¢c deteetor (coupled L0 a 400 channel analyser).
lecently, the Division hus acquired a 60 cc Ge(Li) diode, a 2 ceo
intrinsic gerunanium diode and a 4K tracer Northernu TN-1700 analyser
gystem, lMencc, these diodes had to be calibrated.

FPor the purpose of calibration using standard radio isotopes
such as 13405, 13705, 152Eu, 1158b, 1osnu, and 106}111 were procured
from Labvoratories de Metrologie des ilayonneiients Unisants, Frauce.
Some uf these standard radioactivities were recalibrated using tane
4 coincidence counting system of this lahoratory as a check.
1e agree.ent with the quoted vilue was within one percent, Samples
were prepared  aid co.nted as the conventional 5§ ml 1liquid solution
in standard vials as woll as point sources and efficiency as a
function of gzamma ray energy has boeen obtained covering 8 range of
energy trom 120 to 1790 KeV, The elficiency curve constructed
from above nulti-isotope standards has an overull accuraey of
about 2-3%, Lfforts are undervay to fit th efficiency curve to
a mathematical function as a funciion of gamma rav energy and
evaluation of constants,

242

5.2.4 Jalf-Lite of M

s.l(. .&‘!’_garwal, S.N. -‘h:lurya, A.R. Pal‘ab and H.C. Jain

fhe halt-1ife of “42py wus determined by relative activity method
in two ind:peadent sets of experiments. The objective waus to resolve
the discrepancy hetween the two sets of values avajlable in literature
for the half-life of 342Pu messured with reference to 239Pu wnd a36Pu
half-lives and also to obtein t.e half-life of *%py with a high

precision und acourucy.,.

Synthetic wixtures were prepared using enriched isotopes of
238Pu, 239Pu and 342Pu. A new double dilution technigue was deve~
loped for uaintaining the atom ratios and the alpua activity ratios
close to unity so that these ¢nuld he measured with high precision
and accuracy, Thealpha activity ratios in these mixtures were detef-
mine:t by alpha spectrometry on eiectrodeposited s:-urces using siliocon
surface barrier detector while the atom ratios were obtained by mass

spectrometry. A half-life value of (3.742 # 0.024) x 10° yr is
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2
obtained usinz the half-life of “39Pu as 24110 yr. The value

obtained using the half-life of “SCPn as 87.74 yr is (3.766 +
0.025)x 105 yr. The 'averug,e of these two independent sets of
experiments lecads to a half-life value of 2oy us (3.754 & 0,025)x
105 yr. Tue uncértalnty given on the values is a combinsation of

one svandard devi ation on the average value «d the error evaluated
from estimates on vurious error components. The discrepancy
existing in the earlier puhlished values for the half-life of 24521,“
determined relative to the half-lives of ~o°Pu md “S°pu is resolved.
The details of the work are under publication in Phvsical Review(C).

232
5.,2.5 Yalf-Life of U

$.K. Aggarwal, S.HB. Manohar, 5.N. Acharya, Satys Prakash and
1!.0- Jain

‘he half-1life of 332U was detumine.d by tﬁo independent methods:
speciftic accivity method amd a relative sctivity method involving
the half-life of “{31,. In the specific activity method, the alpha
disintegrution rate of "32U was determined by linuid scintillation
counting as well as by alpha proportibnal councing and number of
atoms of 332“ wus determined by isotope dilution mass spectrometry.
PThe ruwiiochemical purity of 3320 was confirmed by alpha spectrometry.
A half-1ife value of {G9.10 + 0.40) yr was ohtained. In the relative
activity nmethod, svnthetie wmixtures were prepared using isotopes of
U an The double dilntion technique was employed for main-
taining the atom ratios and tire alphu activity rativs close to unity
so thut these could be measured with high precision apd accuracy,

The <lpha activity ratjos in these milxcures were decermined by alpha
spectrametry on electrodziposited sources using silicon surface
harrier detector while the atom rutios were obtained by mass sneetré-
uetry. A half-life value of (68.n1 + 0, 33) yr was obtuined using
the half=1ife of "3311 as 1,592 x 10° yr. The averauge of thse two
indenendeat determinations leads to a value aof (68.90 + 0.39) yr tor
the half-lice of “9°;. The uncertainty given on the values is a
comhination of the one standarddeviavion on the averuge value and

nl)u

gy
q - "’u
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the error evaluated from estimates on various error gomponents.
The values published earlier are significantly higher us o mpared
to the half-life value obtained in thié work. The details of the
work are under publication in Physical Review (C).

5.3 Studies on Solid Stdte Track Detectors

5.3.1 Preparation of Nuclepore Filters

. Sampathkumar and R.H. Iyer

The preparation of Nuclepore Filters was continued with some
modifications., The old 2350 fission fragment source was replaced
by an 1 n.gn. 25201 source, Since this did not involve time
oonsuaming therhal neutron irradiations, the method was simple
and direct. The amount of 25201 source being small, several hours
uflifrndiation was required to produce a single filter. The
filters produced in this way had the same characteristios as thase
produced by thermal neutron irrhdiation. Filters produced by
using 235U source were tested for their filtering properties at
Radiation Medicine Centre by filtering diluted human blood through
a 4.5M filters. It was demonstrated that WBCs and RBCs were
effectively filtered leaving the colour less plasma as the filtrate.

A 20n.gn 2520f source would he adequ:te to prepare one filter
per 5 min. Since 25201 source was not readily available, irradia-
tion with ¢ -particles was tried. Normally alpha particles are not
registered easily in holycarhonates since their energy loss rate
in polycarbonates is suiall compared to fission fragments, But it
was found that, by adjusting the distance between the mource and
the detector, alpha particles from 237Np ana 241y vere used in
the irradiations, Optimum conditions to produce a tilter with 105
pore density and 0 to 4.2A 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 size by using
electric sparks was tried, This method worked but uniform pore size
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could not be ohtained, pore sizes ranged from 6 to 1%# and the
pores were not as circular as obtained by irradiation with fission
Eciymentss  IL seems, therefore, that 2520f source is indispensible,
lelerence

1, Radiochemistry Annual Report for 1976; BARC 974 (1978) pp 6-7.

5.3.2 Thermal ‘'reatment of Cellulose Ngtrite ‘Daicel[ Plastice

and _fheir Lffect on Alpha Track Revelation Characteristics

R. Sampat Kumar and R.H, Iyer

There are differsnt methods to sensitize Daicel, Lexen etc, to
reveal full track length of charged particle tracks rogistered in
these materisls. Some of the methods are U.V, exposures, Y-ray
treatment, heot treatment ete., It has been shown « That a preli-
minary heating of Daicel 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 foils 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 affecting the track
etch rate, V’l" »V,l. measurements wera carried out by means of a con-
tinuous etching process in which tiue etchant continuously flows in
a transparent cells by means of a peristaltic pump. Details of
the procedure has been desoribed slsewhere

The track revelation characteristics in any dielectric material
. for a given etchant depends upon Vbiaud V,. The ratio Vb/V* describes
the shape ana size of the track. Leaser this ratio, greater is the
track length and for ratio equal to one, no track is revealed because
. the track region is etched as fast as the bulk of the material. By
heat treatment A\ in reduced aad hence there 15 an 1ncreaae in the
track length. .

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

unheated one it was shown that shallow pits have reduced by neariy
' 40% in the heated plastic than that of the unheated one. The enlon-

gated tracks have increadad nearly 8 times in the heated plastic
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there by inereasing the contrast between a track and a non track
especially mo, for over etched ihallow pits. This process has
resulted in producing a better detector and alse ease in scanning.
The results arcddploted in Table 28 where it can he seen, that

there 18 no significant change in VT for the

two types of Daicel.

But VG on the otherhund, changes by a factor 1.81 more for the

unheated Daicel.

Since V,, and V, are known, the etohing efficiency

can he caleulated from 1"10_ =1~ 8in B _.
v ¢

T
TABLE 28
VG and V,P measurenent data of Daicel.
Etching teqpernture 32.5°C ¢+ 0.1°C,
NaOH concentration 2.5N. Exposure 2221111 alphas,
a3
SMple VG V,r s T —v-;— (“)
M/min Mmin
Heated 9.3 x 10~3 0.11 93,5
Usheated 16.8 x 10™2  o¢.12 86,0
Referenoes
i. M. Nicolae, Proceedings of 8th Inte_arnational Conferen¢e on Nuclear
Photography and Solid State Track Detectors, Bucharest p.178(1972).
2., R. Sempat Kumar and R.H. Iyer, Radiation Effects Vol.40, Nos.1-2

09 57 to 85,

5.3.3 Alpha Track Registration from Actinidees in Solutjon Medium

B.X. Srivastava, N.K. Chadhuri, V. Una, G.R. Mahajan and

R.H. Iyer. ,
In continuation with the studies on alpha track regiotratioq Irom

solution -ediun(i), effects of various faotérs_ on the traok regis-

tration and revelation characteristics were investigated, The mea-
sured K .. values of the {a) tission trag-entl(a), (b) alpha and



741 tons from 10 (n,4ne) 14 reuction(a) and (¢) alpha part¢icles

from sctinides have beeon examined in the light of the range and
enerpy of the charged particle in the medium, Feasibility of utili-
ging the fechnique for the estimation of uranium or plutonium by

trock repisiration from soiution mediuwm was demonstarated.

Effect of nitric acid ccncentration of solution- For short
exposure times of the order of a few hours, the values of the Kwet.
factor decreased with increase 1n'tho tiwe of exposure in solution
containing high concentration of HNO,, . The cffect seeus to attain
saturation after ahout 7 hrs of exposure in 3N HNO3 solution, The
inerense in the bulk rate of detectors e:xposed 16 similar conditions
also followed a similar trend. '‘then triacks were resistered from
solution of different nitric acid concentration, solution of diffe-
rent nitrie oacid concentration, solution below 0-GN seemed to have
no effect on the deoiector méterial.

Range~-eneregy aorrelation with the X . values

From a4 simple cousideratiou of tie geometry of the registra-
tion of tracks, the aﬁerage effective range (neff) from which a
chayrged particle can produce etchahle trachks (Rszf) can he shown to

be related to the X . factor by the relation.

Koot = 2 J (1)

For fission and nuclear reactions 1like 1°p (n, 4He) 7L1, where
two heavy charged particles are generated, the above equation t akes

the form of equation(z);'

av
....... ———— (2
Kwet 2 % Reff ' ( )

'Phe measured K, Yalues and tho calculated R,,, values for

average fission fragient aud alpha particles from different sources



are given in Table 29, The relative variation of the sinsiti-
vities i3 reflected in the variation of the values of Kwet for
di ffercnt detectors, The value of n:;f(nvis/hm) as obtained

frow the measured KWGt values hy fission track registration are
close to but less than the averago ranges of the most probable
light and ﬁeavy fragments (~20/em) in water). This small!
difference may he due to the non etchable portion of the particle
runpge in the detector registrution threshold of the detector

and the slightly higher density of the aqueous nitric acid medium.

The averapge value of ranges of 4He and. 14 (t:om reaction of
' ' 10
thermal neutrons off “'g) 4n water are about 7.5Am for LR 115,

The lower values of n ff obtained with Daicel and CA 80-15 indicute

lovwer sensitivities of these two detectiors.

In case of actinide alphas the values of Rore obtained from

. equastion 1 using mcasnred KWet are much less than :ge range in

the medium, Foxr charped particles from fissinn or B(n, He)
reaction where the etchabhle damiage starts tight from the surface
of the detector, the range in the solution medium ana the track
registration geometry are of primary 1iportnnce. In case of
actinide alphas, however, track revelation efficiency acquires
more importance, The etchable regions of the damage trails 11ie
at different depths in the dete¢tor material depending on the
en2rgy. Within some specified etching tirme the etchant can reveal
only a fraction of the latent tracks (dependiug vn the bulk etch
rate) and this fraction is lesser the higher is the energy of the
alpha particles., The plateau region in the track density vs time
of ctching plot is reached when the revelation of new tracks and
removal of old tracks due to bulk removal are counter balanced.
This is, thua, an upper energy threshold of the alpha particles
above which the etchable damage density is embedded at the depth
where the etchant does not reach during the optimum time of etohing.



-92

The existance of an 'energy window' hounded by a lower and a higher
energy thresholds, thxefore plays an important role in the alpha '
track registration from the actinides in the solution medium.

TABLE 29
Measured lgmt' values md average ranges in water
Track Producing Average rame Detector Measured calculated
perticles in zater in Kyet Y@lues R
107 7e (under opti- 1nr{0"4 om
mum etching
oondition)in
10-4 o
Fission Fr '
ments frmﬂgs 20 Lexan : 8.1 16.3
‘e and TLi 7.5 LR-115 3.45 8.9
:;rom i
Or(n, o ) "Ly CA 80-15 2.25 4.5
reaction Daicel 2,20 4.4
‘e from 30.6 LR-115 4.15 . 16.60
Uranium CA 80-15 5.10 20.40
{(~ 4.75MeV) Daicel 3.40 13.80
411e from LR-115 5.16 20.64
Plutoniun , 35,0 CA 80-15 5.71 22,84
( ~5.16MeV) Daicel 2.85 10.680
4He from
AMmericium
(~5.48MeV) 38.6 Li-115 8,49 14.36
: CA 80-15 4.48 17,92
Dajcel 3,09 12,38

: The track density pbtained by alpha track registration from
solution medium showel the expected linear relation with the con-

centration of enriehed ur&ninl ad plutonium in the solution.



-~93 -

leferences

1. .:l, Mahajan, V, Uma, B.K. Srivastava, N,K. Chandhuri and
2.4, Iyer. Annual Heport, 1977, Radiockemistry Division p.95.

2 1.1, Iver, t. Sumpathkumar and N.K. Chaudhuri, Nucl. Instr.
and Meth, 115 (1.74) 23,

3. N.K. Chandhuri, G.}. Mchajan and R.J1, Iyer, Nucl. Instr. and

IPeth, 157 (19706} 545.

5.3.4 Slactrochenical dtching of Nucloar Tracks

6.1, Mismwajan, N.K. Chaudhuri and .H. Iyer

When the number of tracks per unit area is very low one has
to scan a larre arca of counting reasonahle nunber of tracks.
A lurse scale maplification of the tracks would enable one to
count under low maguifiction (or even with unaided eye) and reduce
the time and labour in scanning. This can he achieved by the che-
mical etching of the nuclear tracks under the influence of an
electric fie_ld(l'z), Gencrally é tfunction generator is used to
produce different wave forms, high frequency and high voltage,
This requires a high investment in electronic accessories. Hence,
an effort wags undertaken to simpiify the procedure using maine
frequency (5017 ) and a simple high voltage unit. A specially
designed toflon cell was fabricated in the divisional workshop.
This was placed in a jJaoketted glass vessel connected to a circu-
lating water bath having tharmostatic arrangement. Two stainless
steel electrodes were provided-one to be dipped inside the teflon
cell amd another to be dipped in the solution contained “in the

glass vessel.

The track detector separates the .solution in the cell from
the solution in the glass vessel md the leak proofness is ensured
by a proper fitting of the screw head using silicone rubher gaskets.

Encouraging results had been obtained for fission tracks im poly-<
carbonate films, In the meantime a paper utilising the somo type
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of set with 50 Hz main supply has been published in literature(s).
However, the eleotrochemical etching of alpha tracks from actinides
using 50 Jiz mains supply has not been r eportéd so far and work in
A function generator has been procured

this line is in progress,
Necessary

foxr renerating different functions and high frequency.
arrangeiient for stepping up the voltage is being made by the elec-
tronic cell of the division before taking up 2 systematioc study

of this teohnique using differeut detectors,

References
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5.3.5 Developiient of S 9 i3 ant ) O

£ nagtiv ] 8 ate |
V. Uma, N,K. Chaudhuri and R.H, Iyer

Variation of Energy and Range of Alpha Particles from difterent

nuclides -

Planchetted sources of different nuclides like 235U (enriched

uranium), 239Pu, 241 4y ete. (which emit alpha particles spontanecusly)

are separately exposed to alpha sensitive cellulose Nitrate (CN)
detector strips (commercially available as Daicel, CA B0-15, LR-115
etc,) kent on the demountable slanting plate (13) as shown in the
Fig.(11). Tracks would be recorded upto different distances -on the

detector from the hase depending on the energy and aence the range

of the alpha particles in air. After exposing for a suitable time

(viiich may he of the order of a few minutes depending on the activity
of the planchetted source) the detectors are etched in 2,5 N NanH
solution at 60°C for ashout 40 minutes, washed in water and then mounted
an microscope glass slides. The distance @ on the detector up to
which the tracks are recorded in the detector is meusured by viewing
through a microscope havihg a mechmical stage with a vernier escale.



CN DETECTOR STRIP FIXED
ON THE INNER FACE OF THE
DEMOUNTABLE PLATE

$

SN

DEMOUNTABLE
PLATE —\
SCALE FIXED ON THE OUTER

\ FACE OF THE DEMOUNTABLE
PLATE

-
-
-
-

G

— vt e m e e m—— —

/r“

GROOVE ON THE
BASE

PLANCHETTE
HOLDING THE
o SOURCE

FiG. - 1Il.

fxperimental Set-up For Ronme Measurement in Afr



- 08 =

A olossd circuit TV coupled to a microscope or a projection mioro-
scope with a ground glass screen may be more useful for class room
demonstration. The effective range (Rg,.) of the alpha particles
in air is given by R, = d sin@ where @ is the mngle of inclina-
tion of the detector. Values of R thus obtained compures well

eff . .
with range values given in literature. A minimum energy (threshold

energy) is required to produce an etchable damage trail in the
detector ad hence the values obtained by the above procedure is
expected to be s8lightly less than the true range of the alpha
particles in alr, Nevertheless, these values are good estimates

of the true ranges, This simple experiment may be helpfal to the
teachier not only for demonstroting the existance of alpha activity
but also to explain the hasiec principles for the detection and
counting of ionising charged particles. The whole experiment oan be
conducted within two hours, The frame shown im FigJfil)jcen be easily
fahricated from plates of metal, plastic, wood or even card board,
The angle € is obtained by measuring the sides of the right angled

triangle.
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SECPION-6: INSTRUMENT ATION

6.1 A Spari Counting Unit

S. Kamaraj, M,il. Ponkshe and J.K. Sauuel

Aunit to facilitate cbunting »T fission tracks on thin plastic
films has been designed. High voltage is applied across the filx
starting from a ldw value and then slowly raised, Breakdewn of the
voltage occurs through the traucks resulting in electrical pulses
which are then counted. The unit contains premmplifier, amplifier,
diseriminuator, pulse shaper, scaler and a variable high voltage sunplv.
Its block disgram is ziven in Fig.(12). The preamplifler has a high
impedance FOT input and an emitt.r follower output, This is succeeded
by an amplifier with a zain of 20, a milliwolt discriminator and
a shaper civeait, Th. hreakdown (spark) pulses, applied to the pre~
anplifier input are cownted by a four digit sculer with LD displey
whicit follows Lhe shaper circuit. The high voltage supply is zener
stabilized initially and taen shunt regulated to provide # voltiage
waich is continusously variable fram 90 V to 1000 V with a 10~-turn

helivnt on the tront panel.

1 v
i
PRE-ANP : puLSE ’
AND ISCRININATOR Lo ALER
" ampupier | > snasem | 5
_—  Fum { 4 J
.......... /7
P 'y
COUNTER
ASSEMBLY POWER

FlG.- 12

A Block Diagram of Spark Counting Unit
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6.2 M Autoranginsg Alpha Level Monitor

$. Venkiceswaran, M.S. Satsanci and J.K. Sasuel

M o~ level wmonitor has been designed and fabricated for use
with fractioniay co]umns.' "he unit monitors HK-activity for four
seconys, holds the accumulate.. counts for the next one second, then
resets itself and svarts again, Its digital display has ranges from
U to 9,9 .« 105 counts in autorangi:.g mode and consisty of five seven
segment LMD digits, the first three showing three most significant
digits with 2 decimal point after the first digit the fourth denoting
the letter & permanently uad the fifth displaying the value of expo-
nent which cuan vary from 2 to 5. 'The cirouiting is sp-.. thdt when the

count 2xceeds the rimge, it aitomatically switches over to the next

higher ranre, The hlock diagram of the system is shown in Pig.13.

9
The detector prohe of the system incorporates a 50 mm” silicon

surtace harrier detector and a preasplifier inside a cylindrical

housing and 1s connected to i1he main unit with & single co-aiial cuble,

3ignul I'rom the prohe is amplitied a:d fed to countins decades through

i compigutor, shaper and various controlling gates, Timi..g signal is
cenerated for repetitive count (4 Sec.) - hold (1 Sec.) sequence, Gates

select the number of decadeg in different ranges, chanre the display
of exponeat and provide reset and start pulses. An audible alaru which
sounis ug soun a8 the counts overilow the lowest runge, is specially
incorporaied so L.at che experimentor is alerted to the level of

activity in tho lcruction which has at that time exoeeded the background

level.



DETECTOR
ASSEMBLY

POWER

4

SUPPLIES

AMPLIFIER &
DISCRIMINATOR

]

TIMING
SIGNALS

+ } "

AUTORANGING

-
CIRCUITRY

11

AUDIBLE

L

¢

DECADE
SCALERS

LED DISPLAY

T EEAEE

FI1G.-13.

ALARM

VISIBLE

A 4

ALARM

A Block Diagram of an Mutoranging Alpha-Level Momitor



- 100 -

6.3 Fabrication and Calibration of a lemaote Pinetter

C.K. Sivarumakrishnan, A.V. Jadhav, K. Raghuraman, K.A. Mathews

and P.S. Nair

A 750 /ul. capacity remote pipetter for use in hot cells was
fabricuted indigenously in our division. This consigts of a teflon
syringe with a $.S. Piston. The piston is driven by a stepper motor.
The motor is coupled through a helipot for controlling the displace-
ment., Tue remote pipetter wus calibraced with urmium solution with
predetermined density., Number of 50, 100, 350, 500, 750’/u1. volumes
were delivered and the exact voluie of the solution delivered was
caleul ated by weirhing the solution in a Mettler balance. The accuracy
for 100-750 M1 deliveries was better then 0.5'%. '

6.4 Indigenous Fabrication of Magter S1ave Manipul ators

C.K, Sivaramakrishnan, A.V. Jadhav

One member of the group participated in testing of master slave
manipulators fabricated indiszenously by M/s. Visual Education Aids,
Coimbatore and M/s. Jayshree Industdes, Secunderabad, Several modi-
fications were susgested and incorporated to improve the performance

of these master slave manipulators,
6.5 Use of Nova 3/12 Computer Coupled To TN-1700 Multichannel Analyser

5.8, Rattan, A,V.R. Reddy, C.R. Vén'catasubramani, T. Datta,
A.G.C. Neir, P,P, Burte, 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 ¢f the analyser. The lmguage
used 1s a modified version of BASIC, incorporating number of features
which allow interaction with the analyser, All types of arithmetic
opervtions and mathcmatical 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 programees have been developed and run success-

fully on this computer.

i. Dotermination of half-life of a given radionuclide from the
given decay date with time correction using the method of
least gnuare fitting.

2 Ta convert the date of'the counting carried out in LIST mode into
F1A mode,

3. To prooess the snectra of the counting carried out in LIST mode
with the help of two parameter routes for fission X-raya end

‘fissinn'rramaents which are in coincildence, 1In this program
anv number of spectra stored in the nagnetic cassette can be

analysed in one run.
4, To tind the (&) mean and standard deviation for a given set of
values (b) least square fitting of given date to the equations.
i) Y=mx + ¢
)
ii)}) Y = ax” + b x +c
5. Solution of guadratic and trancedental equations.
6, Solution of determinants and various Matrix operutions.
7. Plotting of given data in linecar or semiloog scale on Teletype.
8. Plotting and displaying the data on oscilloscope.

9. Mapping of the following mathematical functions :- circle,
parabola, hyperbola and ellipse.

6.6 A Versatile Thermsiuminescence Unit for Radioactive Samples
A.G.I. Dalvi, M4.D. Sastry and B.D. Joshi

Thermally stimulated lumfnescence normally referred to as ther-
moluminescence (TL) 1is known to oontribute significantly to the under-
standing of luminescent processes in solids. To study the radioactive
recombination and self activation processes in inorganic materials
with radiocactive elements és activators, a versatile thermolumine-
scence (TL) unit, adapted for glovehox operation, has been designed
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The unit has provision to rec~rd the TL output

and fabricated.
The unit

in two temperature ranges 100-320°C and 300-75u2K.
incorporates an electronic temperature programmer which can
control the rise in tewncrature of a kanthal strip at constant

heating in the ranges mesationed above. The salient features

of the instrument inciude five lineax heatins rates viz., 0.1,
0.25, 0.5, 1.0 and 2.5°K sec. and fucility to malntain the
temperature of the samp.2 for a lons time within + 1°C-at any

desired value in the two ranszes, to enable isotheriinl decay
studles. PFurthermore, the unit has the advanta. »f attaining
cryogenic

the lower ternperatures (109-320°K runge), without the
1iquid (1iquid N,) or cooled gas directly coming into

the sample therehy avoiding roadioactive contamination
Figurca 14 and 15 show the block diagram and a

Glow carves for the

contact with
of the eva-

porating 1liquid.

photograph of the TL unit--respectively.

stendard phosphors viz, CaF,, TLD-100 and Dy: CaSO4, obtained

in both tempcrature ranges are found to be in good agreement with

those reported in the literature,

catlied, -15
A Photograph of Thermoluminescence Unit
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