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SECTION 23 RADIO ANALYTICAL CHEMISTRY AND SERVICES

L2 241 Chemical analysis of plutonium

2.1.1 Analysis of plutonium in Pu02

GiM. Nair, Kum. C.N. Chindarkar, Keshav Chander, J.K. Joshi, A.G. Godbole,
 6.C. Jain and M.V, Ramanish |

In continuation of the auditing of Pu0, lots from. the Fuel Reprocessing
Division (FRD) samples of plutonium were amlysed for their Pu content by
potentiometric tlitration“’z). A secondary standard maintained at FRD was analysed
dlorg with each set of Pu samples in order to keep a check on the accuracy of the
analysis results obtained. This secondary standard was in turn checked against the
NBS Pu metal standard for the Pu oontent. The potentioinetric analysis results were

in agreement with the corresponding coulomeiric values at FRD within + 0.5%.

Dissolution of sintered PuOg -

The work on dissolution and amalysis of sintered PuO2 samples from Radio-
metallurgy Section for the purpose of auditing of this material was continued. The
dissolution of the sintered oxide with conc. HN03-HF-mixtm, was modified by adding
a drop of cono. HF directly to the oxide powder before adding the acid mixture. It
was found that 500 mg of the oxide could be dissolved in 5 hours. The composition of
the acid mixture was maintained at 0.1M HF in conc . HNOB. Thus, each sintered oxide
sample was analysed both by HNOB-HF dissolution and by 32804-4(1\1!{ 4 )2304 refluxion
met;hodB'(Z’3 v 4). The results from both the methods for the same sample agreed within
3 0.3%. BSome typical results are given in Table 10. Though the H,S0,-(MI),SO0,
dissolution technique was faster it has the disadvantage of introducing sulphate ions
in the solution vhich may be troublesome during the recovery and purification of Pu
from analysis wastes. However, it was established that by corresponding increase of
the quantity of the reagents required, 5 g of sintered Pu02 could be brought into
solution by refluxing it with 9M H,S0 -(m 4)250 mixtuke for 8 hours. Thus the refluxion
method has the ability to bring the dj,fﬁculth, soluble gintered 1=‘u.02 into solution i
comparatively short time without having to resort to drastic steps of heating the ‘
material with acid mixtures under high pressure in an a\itoclav_e(S).
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TABLE 10

Comparison of analysis results on sintered P002 samples
by HNO,-HF and uaso4-(m4)2so dissolution methods

3
Analysis results by . Analysis results by
HNO_-HF dissolution nzso (N 4)2304 dissolution
Sample 3
¥o. W
taken (mg) _ taken (mg)
1 279.23 87.05  236.71 87.26
2 271.00 87.19 189.40 © 8743
3 149.92 . 87.M 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 e
7 300.00 87.69 169.04 87.55
8 201.90 87.64 195.20 87.14
9 343.22 | 87.54 16%.82 87.17
10 280.24 87.88 203.94 87.57
Roferenoel :

1. G.M. Nair et al., Badiochemistr,y Divn. Anmual Progress Report for 1910. unc/x-us,
p. 156 (1971).

2. Radiochemistry Divn. Anmual Progress Report for 1911 BARC-628, p. 158 (1972)

3. H.L. Scherff, Euratom, Karlsyvhe, Private Communication (1972).

4. LM, Angeletti and W.J. Bartscher, Amal. Chim. Acta, £0, 238 (1972)

5. D. Crossly amd G.W.C. Milner, AERE-R 6217 (1969).

2.1.2 Estimation of -plut_oniim_ in IIO“.!--PuO2 mixture, Pu-Al alioy and Pu-Ga alloy

Yy potentiomeiric titration

G.M, Nair, Kum. C.N, Chindaxkar, Keshav Chander, J.K. Joshi, A.G. Godbole,
G.C. Jain apd M.V, Ramatish

Plutonium content of various materials like 1102—l>u.02 nixture, Pu-ll alloy
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and Pu-Ga alloy from Radiometallurgy Section was determined by the potentiometrio
titration method. UO,-Pu0, was dissolved by hesting in como. HNO;. The high
concentration of uranium present in the solution was found to have no effect

on the amalysis of plutonium by potentiometrioc titration as was established
earlier“’ 2). Beveral samples of UOz.éPnOe mixture containing Pu02 in the range

of 2=4% were analysed by this method. Some results are given in Table 11.

| . TABIE 1 |
Analysis results on uoz-puoz- mixed oxide samples

Sampre  Wbo Of the 'Pu content o © MO,
. Fumter sample " from enalysis - ( - _ )%
dissolved (8) (ws) : U0,  + Puo,
1 3.44217 T 1873 | 2.59
2 3.4685 L T19.72 2.61
3 3.6262 - 83.41 | 2.59
4 3.1200 108.74 3.95
5 3.,2012 11162 3.95
6 340465 105.63 3.93
7 37015 149.85 | 4.59
8 3.2306 127.48 4.47
9 3.7170 ~ 147.08 : ; 4.49
10 3.1140 B 1.25_ 32 4.56
Pu-Al alloy was dheolﬁd in BﬂO; .‘ln presence of 0,02M Hg(N Presence of aluminium

ion or merouric ion was found not to interfere in the anbsequent potentiometrio
estimation of Pu in tha nolutim('” . Bevo:al samples of Pu-Al alloy containing
14-16% of Pu were amly”d in ﬁus Y. msulta are given in Table 12,

Pu-Ga p,llay- wore diuolwd in 6!! HC1 giving a blue solution typical of
Pu(I11), For poténtimtric estimation of Pu the chlor:lde ions were removed by

repeated fuming with uzso . Nearly 2% of gallium present in the alloy was found not

to interfere in ﬂxe Pu estimation. Some typical results are given in Table 13,



TABLE 12
Potentiometric analysis results on Pu-Al alloy samples

Wt. of the
Rmber . Suwle Pu content of plutontun
: 880 .

(ne) n the axieT.
1 425.39 0. . 16.64
2 327.22 © 54,29 16.59
L X 571.73 ‘ 85.26 14 .82
4 328.99 . 95.88 | 14.53
5 326.04 95 .45 o 14 .62
6 . 47169 AT 1558
1 . osT01 . 8533 C T 1540

TABIE 13

Potentiometric amalysis regults on Pu-Ga alloy samples

Wt. of the Pu content

Sample sample . of the Pu content (f)
Buamber dissolved g alioy '
(s) ' - (g)
1 12117 1.2311 9.35
3 0.8292 0.7980 . 96 .24
4 1.0209 . 0.9836 ; 9 .35
' erences

1. GuJM. Mair, N.P. Singh, Keshav Chander, J.K. Joshi, A.G. Godbole, P.M. Sash
- and M.V. Ramaniah, BARC-560 (1971). -
‘2. C.L. Rao, G.M. Nair, N.P, Singh, M.V. Ramanish aha"n.‘. Srinivasan, Z. amal.
~ chem., 254, 126 (1971). ,
3. W.W. Schuls, BNWL-204 Part 1 (1966)
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243 Aocuracy of the potentiometric method of estimation of plutonium

¢.M. Nair and Keshav Chander

The accuracy of thé potentiometric titration method for plutonium
estimation was checked by using standard solutions prepared from a.nhydrotis
Pu(80,), made in this Laboratory('* 2). It was found that the sccuracy of the
result was within the limits of the precision which was in the range of + 0.2%.
In order to confirm this result the method was checked against NBS plutonium
metal primary standard recently procured by FRD. Nearly 0.5 g of the sample
¢f exsctly known weight (No. 949C) in argon atmosphere supplied by the National 7
Bayeen of Standards, U.S.A. was carefully dissolved in a'calibrated, weighed
50 ml stendard flask in 6M HC1 at room temperature. The solution was made.up
with 6M HC1 and aliquots of this solution were used for the standardia'ation of
coulometric xnethod(B) of estimatioﬁ of Pu at FRD and the potentiometric(4) and
mass spectrometric methods at RCD.

The chloride ions in the solution were removed by fuming with 52504

- before the estimation of Pu. 500,ml and 250 /u14aliquota were separately

fumed with conc. 32504 three or four times to ensure complete removal of the
chloride ions and then diluted with 1M 32304. Ten analyses with 250 nl
aliquots and six analyses with 500 Ml eliquots were cArried out and the results
are given in Table 14. The results confirm the earlier observation that there
is ne bias in this method and that the mean values obtained agree with the
expected value within the precision limits (+ 0.2%).

References

1. M.V. Ramanish, G.M. Najr, N.P. Singh, K.C. Sharma amd J.K. Joshi,
Proceedings of the DAE Chemistry Symposium, Madrss, 1970, Vol.IIl, page 269.

2. G.M. Nair, N.P. Singh, Keshav Chander, J.K. Joshi, A4.G. Godbole, P.M.Sheh
and M.V. Ramanish - BARC-560 (1971).

3. Estimation of plutonium by chemical analysis, BARC-464 (1970).

4. C.L. Rao, G.M. Nair, N.P. Singh, M.V. Remaniah and N. Srinivasan, Z. Anal.

Cham., 254, 126 (1971). ‘
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TABLE 14

Potentiometrio analysis resulis on NES plutonium metal standard (No +949C)
Weight of the metal supplied by NBS = 566.16 mg

Volume of the solution made up = 49.9413 ml

Medium = 6M HC1

Atomic weight of plutonium = 239,08
Yo Plutonium amlysis results Plutonium analysis results
0t with 250 /u aliquote (mg/ml) with 500 xl aliquots (mg/m1) .
1 11.338 | 11.347
2 11.329 . 11.336
3 11,325 - 11,338
4 11.355 : 11.318
2 11.299 11.338
6 “11.329 11.327
T 11.338 .
8 11.372 : -
Mean 11341 + 0.0216 11,334 4 0,010
Btd.Deviation + 0,906 + 0.089%
Deviation from + 0.039% - 0.022%
expected value
Total Pu from | : |
analysis 566,384 mg ) : 566 .035 mg

.:""\"\
/;D‘-&
V22 Maes Spectrometry v
H. C. Jain, S.A. Chitambar, V. D. Kavimandan, G. Periaswamy, PpP,M. Shah,
P.A. Ramasubramanian, C.K. Mathews and M.V. Ramaniah

2.2.1 Calibration of the instrument

Isotopic standards of uranium(SRKM U-015, U-030, U-050, U-100, U-200,
u-5oo) and plutonium (SRM 948) obtained from the Fational Puresu of Standards were
 analysed in triplicate to find out the overall mass disorimination factor (m.d.f.)



