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,0 SECTION 21 RADIO ANALYTICAL CHEMISTRY AND SERVICES

2.1 Chemloal analysis of platonlum

2.1.1 Analysis of plutonium In PuC^

0\M. N alr. Kum. O.N* Chindailtori Eeshav Ghandext J.K . Joshl» A.G. GodLolOt 
G.O. Ja in  and M.Y. Ramaniah

In continuation of the auditing  of PuOg lo ts  ftorn.Hre Fuel Reprooessli^
Division (FRD) samples of plutonium vere analysed fo r  th e lx  Pu content ty

( 1 2 )po ten tloae trlo  t i t r a t i o n ' * . A secondary standard maintained a t  FRD eas analysed
dlor^ with eadi se t of Pu sanq)les In order to  keep a dieck on the acc\iraoy of the 
analysis re su lts  obtained. This secondaiy standard was In tu rn  checked against the 
NB3 Pu metal standard fo r  the Pu conten t. Ihe potentlom otric analysis re su lts  wexe 
In agreement with the correspondlt^ coulometrlc values a t  FRD w ithin + 0.59^*

D issolution of sin tered  Pu02

The work on d isso lu tion  and analysis o f s in te red  PuOg samples from Radlo-
m etallurgy Section fo r  the purpose of auditing of th is  m ateria l was continued. The
d isso lu tio n  of the sin te red  oxide with conc. HNO^-UFHonlxtmre. was modified by addlt^
a drop of conc. HF d ire c tly  to  the oxide powder before adding the acid m ixture. I t
was foimd th a t 500 mg of the oxide could be dissolved In 5 h ou rs. The compoaitlon of
the acid mixture was maintained a t  0.1M HF In conc. HNO .̂ Thus, each sin te red  oxide
sample was analysed both by HNO.-HF d isso lu tion ,and  by HpSO.-(KH.)pSO. refluxlon 

(2 5 4 ) t  4 4 4
methods' !I5ie re su lts  from both the methods fo r  the same sample agreed within
+ 0.5^» Some ty p ic a l re su lts  are given In  Table 10. Though the H2S0^-(MH)2S0^
d isso lu tio n  technique was fa s te r  I t  has the disadvantage of Introducing sulphate Ions
In  the so lu tion  ih lch may be troublesome during the recovery and p u rif ic a tio n  of Pu
from analysis wastes. However, I t  was e s ta b l l^ e d  th a t by corresponding Increase of
the  quantity of the reagents requ ired , 5 E of s in te red  PuOg could be b ro \i^ t  Into
so lu tion  by re flu x li^  I t  with 9M H2S0^-(KH^)2S0^ mlxtulre fo r  8 ho u rs . Thus the refluxlon
method has the a b i l i ty  to  bring the d if f ic u lt ly  soluble sin te red  PUO2 into so lu tion
o<miiparatlve3y short time without having to  re so r t to  d ra s tic  steps o f heatliv; the

(5)m ateria l with acid mixtures under high pressure In  an a^tcclave''^  .
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TABtB 10

Comparison of analysis uresults on s in te red  PUO2 samples 
ly  HNOj-HP and HgSO^-(10^ )280^ d isso lu tion  meUiods

Sample
Ro.

Analysis re su lts  by 
HNO^.aF d isso lu tion

Analysis re su lts  ty  
H2SO^-(1H^)2SÔ  d isso lu tion

Wt. of PUO2 
taken (mg)

(Ji) Ptt Wt. of PUO2 
taken (mg)

(5̂ ) hx

1 279«23 87.05 236.77 87*26
2 271.00 87.19 189.40 87.43
3 149-92 87.71 209.58 87.50
4 224.41 87.43 195.40 87.88
5 247.54 88.02 140.24 87.61
6 140.52 87.46 127.02 87-72
7 300.00 87.69 I69.04 87.55
6 201.90 87.64 195.20 87.14
9 343.22 87.51 165*82 87.17

10 280.24 87.88 203.94 87.57
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2.1.2 Estimation of plutonitm in  UOg-PuOg mixture* Fu-Al a llo y  and Pu*<Sa a llo y  

ter potentionetrio  t i t r a t io n

G.H. Hair* Kum. C.R* Chindazkar* Es^^ar Qiander* J.K . Joflhi* A.G. Godbole*
G.C. Ja in  a n d  M.t . Ramadiidii

Plutonium content o f various m aterials lik e  TJOg-PaOg mixture* Pu*Al a lloy
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and Pu-Oa alloy  from  liadlomeialluzgy Section eas detexmlned ty  potenticnnstrlo
t i t r a t io n  nethod* UO -̂PuO  ̂ eas dissolved ty  heating in  oono* HNO .̂ Ihe h i ^
concentration of hxanioa i^iMent in  idle soluticm  eas fonnd to  have no e ffeo t
on the analysis of plutoniim  ty  potentioaBetrio t i t r a t i o n  as eas estab lished  

( 1 2 ^e a r l i e r '  * '»  Several samples of mixture containing in  ihe range
of 2»49̂  eere analysed tgr th is  method* Some re su lts  axe given in  Table 11.

TABia 11
Analysis re su lts  on mixed oxide saoples

Sample
Humber

Wt* of ihe 
sample
dissolved (g) .

1:-.''"' ................... .. .... ■'
IN content 
from analysis 
(mg)

PuCu
( '  ,)^ 

tJOg 4- PUO2

1 3.4427 78.73 2*59
2 3.4685 79.72 2*61
3 3*6262 83.11 2.59
4 3*1200 108*74 5*95
5 3*2012 111*62 3.95
6 3*0465 105.65 3.93
7 3*7015 149.85 4*59
8 3.2506 127.48 4.47
9 3.7170 147.08 4.49

10 3.1140 125.32 4*56

Pu-Al a lloy  eas dissolved in  in  presesioe of 0*(^M HgCNO ;̂^* Presence of aluminium 
ion or merourio ion earn fotuad not to  in to rfe re  in  Ihe subeequent potentiom etrio 
estim ation of Pu in  the s o lu tio n ^ ?  S ew ra l sanples of Fu-Al a llo y  oontainix^
14-16^ of Pu eere analysed in  ih is  eay* Results are  given in  Table 12.

Ptt-Ga iillnys eere dissolved in  dKHCl giving a blue so lu tion  ty p ica l of 
P a (n i)*  For potin tiom etrio  estimaticm of Pu ihe chloride ions eere removed by 
repeated fuming e iih  ^^0 ^ *  ■ Bearly 2 ^  Of gallium  present in  Ihe alley* eas found not 
to  in te rfe re  in  ihe Pu estim ation . Some ty p ica l xresults are  given in  Table 13*
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TABUB 12

F o tan tlo n e trlc  analy sis  re s u l ts  on Pu-Al a llo y  sai&plss

Sanple
A nbes

V t. of! tiie 
sample 
dissolved 

(ng)

Pu oontent

(n«)

Percentage 
of plutonium 
in  the a llo y

1 425.39 70.77 16.64
2 i n  *22 54.29 16.59
5 571.73 85.26 14.82

4 328.99 95.88 14.53
5 326.04 95.45 14.62
i 471.69 73.47 15.58
7 . 547.01 85.33 15.60

TABI£ 13

P o ten tione trio  analysis r e fu l ts  on Pu>Ga a ll< ^  sanples

Saqpla
VmhKC

Wt. o f 12ie
sample
dissolved

(s)

Pa oontent 
o f Ihe 
a llo y  

(g)

Pu oontent (9()

1 1.2777 1.2311 96.35
2 1.3577 1.2991 95.69
3 0.0292 0.7980 ?6.24
4 1.0209 0.9836 96.35

^toferenosa
1 . OJi.» Mair, M.P. S in ^ , Kbshav Chander, J .K . Joeh i, A.G. Godbole, P J f .  Shbh
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^2. C.L. Baot 6.M. Nair« N.P. S i i ^ ,  M.T. Bananish and N*. S rln ivasan , Z. anal.

o h ea .. 25A. 126 (1971).
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2 .1 .3 Aocairaoy o f the potentlom etrlc  method o f estim ation  of platonlum 

S.M* B air and Keshav Chander

The accuracy o f the po tentiom etrio  t i t r a t i o n  method fo r  plutonium
estim ation  was checked hy using  standard  so lu tio n s  prepared from anhydrous
PuCsO^)^ made in  th is  laboratory^^ * I t  was found th a t  the accura<qr o f  t l»
r e s u l t  was w ith in  the lim its  o f the lurecision which w e i s  in  the range of ±  0 .2 ^ .
In  order to  confirm th is  r e s u l t  the method was checked against BBS plutonium
asstal primary standard recen tly  p ro cu ^ d  hy FRD. Nearly O.5 g of the sample
o f exactly  known weight (No. 949C) in  argon atmosphere supplied  Iqr the National
Bureau o f Standards* U.S.A. was ca re fu lly  dissolTed in  a 'c a lih ra te d *  weighed
3 0  ml s ta n ia rd  f la s k  in  6M HCl a t  room tem perature. The so lu tio n  was made.up
w ith 6M 321 and a liq u o ts  o f th is  so lu tio n  were used fo r the s tan d a rd isa tio n  of

/  \  /  \

coulom etric method of estim ation  o f Pu a t  FRD and the potentiom etrio  and 
mass spectrom etric  methods a t  ROD.

The chloride  ions in  the so lu tio n  were removed hy fuming with 
before the estim ation  of Pu. 50O /1I  250/u l a liq u o ts  were separa te ly
fUmed w ith conc. ^ ^ 0 ^  three o r fou r times to  ensure complete removal o f the 
ch loride ions and then d ilu ted  w ith 1M ^SO ^. Ten analyses w ith 250 ja l 

a liq u o ts  and s ix  analyses w ith 5OOyul a liquo ts were c&rried out and the re s u lts  
are given in  Table I 4 . The re s u l ts  confirm the e a r l ie r  observation th a t there 
i s  no b ias in  th is  method and th a t  the  mean values obtained agree w ith the 
expected value w ith in  the p rec is io n  lim its  (+ 0,2?6).
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4* O.L. Rao* G.M. Nair* N.P. Singh* M.Y. Ramaniah and N. Srinivasan* Z. Anal. 

Cham.. 254. 126 (1971).
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TABLE U

Fotenilom etrlo analysis re s u lts  on BBS plutonium m etal e tan ia rd  (N0 .949C)
1?ei{^t o f ihe metal supplied ty  BBS ■ 566.16 mg
Volume of ihe' so lu tio n  made up •  49.9415 ml
Medium -  6M HOI
Atomio weight of plutonium -  239.06

^  Plutonium analysis re s u lts  
wlih 250 jul a liq u o ts  (mg/ml)

Hutonium analy sis  r e s u l ts  
wiih 500 yul a liq u o ts  (qg /n l)

1 11.538 11.547
2 11.529 11.556
3 11.525 11.558
4 11.555 I I . 5I 8
5 11.299 11.358
6 11.529 11.527
7 11.558 *
8 11.572 -
9 11.565 -
10 11.559 -

Mean 11.541 + 0.0216 11.534 + 0.010
Bid JTeviation + 0 . 1905̂ + 0.0895^
Deviation from 
sxpeoted value

+ 0.059?5 -  0 .022?t

T o ta l Pu from 
analy sis 566.584 mg 566.055 mg

J 2 ,2

2 .2.1

Ifass Spectrometry

E . 0 . Jaiuy S.A. Ghitambar, V. B. Kavimandan. 6 . Beriasmmyt p,M. £hah» 
P.A. fiamasubramanian, O.K. Mathevs and If.V. Ramaniah

O allb ra tion  of ihe instrument

Isotopio standards o f taanlum(SRM U«013f U*O30t 17-030* 0-100* U-200* 
^n-300) and plutonium (SRM 948) obtained from the B ational Bureau of Standards were 
analysed in  t r ip l io a te  to  find  out th e  o v e ra ll mass d isorim ination  fa c to r  (m .d .f.)


