UNCIA SSIFIED ATOMIC ENERGY OF CANADA LIMITED
Chalk River Project

43

of

PHOSPHOTUNGSTATE PRECIPITATION METHOD OF ANALYSIS

OF RADIOACTIVE CESIUM IN SOLUTIONS OF LONG LIVED

FISSION PRODUCT ACTIVITIES

PDB-128

by
E. Mizzan

This document is

PUBLICLY RELEASABLE

Authonzmg Official

z Date: _ HLLZL"’

Chalk River, Ontario
July 16, 1954




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.



DISCLAIMER

Portions of this document may be illegible in
electronic image products. Images are produced
from the best available original document.






&

UNCLASSIFIED PDB-128
ABSTRACT

A very rapid and simple procedure is presented for the
determination of cesium activity in an aqueous solution of the
long lived fission product activities. The procedure consists
of the precipitation of Cs‘as-the phésphotungstéteffiom a 5N HNO3
solution by the addition of phosphotungstic acid. The precipitate
is washed twice with 5N HNO,, dried and counted. Since the Cs
recovery is complete, no radiochemical yield determination is
necessary. Self-absorption énd self-écattering effects in
countirig are made t6 cancel éééh other by choosing the right
amount of €s carrier, Good deqontamiﬁihioﬁ from the other long
lived fission product activities and high radiochemical purity
aré obtained. The method giveé a maximum deviation from the |

avérage result of less than 4%.
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INTRODUCTION

The present laboratory}pfocedure for the determination
of radioactive cesium (1) ‘consists of fuming the sample plus
20 mg. of inactive cesium carrier with perchloric acid, followed
by precipitation of the cesium perchlorate.in absolute alcohol.
Any contaminating activities, such as Zr and Nb, are removed by
dissolving the precipitate in water and carﬁYing out an Fe(OH)3
scavenging. The supernatant solution is then evaporated to
dryness‘and heated strongly to completely decompose the ammonium
ion introduced in the Fe(OH)S-scavenging step. The Cs is finally
reprecipitated as the perchlorate, filtered, dried, wéighed and
counted.

As this procedure is tiﬁe consuming and somewhat hazardous,
attempts have been made to develop a shorter method of analysis

which eliminated the use of perchloric acid.

EXPERIMENTAL

i) Reagents

Carrier Solution - Cs carrier - 10 mg. Cs/ml. made up
by dissolving 12.7 g.
CsCl in 1 liter H20

Ru carrier - 10 mg. Ru/ml. made up by
. dissolving 20.5 g. RuCl3
in 1 liter H,0

Zr carrier - 10 mg. Zr/ml. made up
by dissoelving 29.4 g.
Zr0(NO,), 2H,0 in 1
. liter ﬁN%B
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EXPERIMENTAL {Conttd)

i) Reagents (Cont'd)

5N HNO3 solution
0.05M phosphotungstate acid solution - made up
by dissolving 66.2 g. phosphotungstate acid
anhydride P,05,24W05.25H,0 in 400 ml. Hy0

ii) Procedure | ,

l. The sample aliquot is pipetted into a 12 ml. centrifuge
tube containing 6 drops (300 \) Cs carrier, 1 drop Ru
carrier, énd 0.5 ml. Zr carrier solutions.

2. The solution is diluted to 8 - 10 ml. with 5N HNOj and
1 ml, of O0.05M phosphotungstate acid is added with
stirring to precipitate the cesium phosphotﬁngstate.
(Note 1),

3., The mixture is allowed to stand 5 - 10 min., centrifuged,
and the supernatant solution is poured off completely.

L. The precipitate is washed thoroughly with 8 - 10 ml.
5Nf§N03, centrifuged, and the supernatant solution is
discarded.,

5. Step L is repeated.

6. The washed precipitate is slurried with 3 - 4 drops

H,O and transferred completely by means of a spitzer

2

onto'an_aiuminum disc, The centrifuge tube and spitzer
are then rinsed with small portions of water and the
rinsings placed on the disc.

7. The precipitate is dried under an infra-red lamp.
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8. The dried precipitate is heated further on a Ful-
Control heater for about 30 seconds (Note 2)0
9. The precipitate is then counted in a G.M. end window

counter., (Note 3).

NOTES:

1. Before removing the stirring rod from the centrifuge
tube it is always washed free of any precipitate by a
fine stream of water,

2. The precipitate is heated at full heat until an orange-
yellow colorétion'appearso This usually takes about
30 seconds,

3. No radiochemical yield, self-absorption and self-
scattering corrections are required. The Cs recovery
is complete and the amount of inactive Cs carrier is
so chosen that the self-scattering and self-absorption

effects cancel each other,

iii) Césiﬁm~Phothtung§tate‘P;éciﬁitationvStudies

Radioactive Csi37 (10° épmo)-énd‘5 mg. of inactive
Qs carrier (0.5 ml. Cs carrier solution)uwefe precipitated
és the phosphotungstate from 6 ml, Qf HNCB solutiéns‘ofFVarYing
conéehtfation bv the addition of 2 ml. 0005M>phosphotungstic
acid solution. The €s activity counts found in the supernatant
are shown below,

Normality of HNO, 1 2 L 6

% Cs in- supernatant 0,02 0,01 N.D. N.D.

The preéipitates were washed fwice with 10 mls portions

of SN HNO3 solution. No measurable amounts of Cs activity were
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detected in these wash solutions.,
This indicates that the cesium phosphotungstate
precipitation from 4 - 6N HNO3 solution is quantitative and that

no appreciable amount of Cs is lost in two 5N HN03 washes,

iv) Tests'oh Cs Product_Solution

Aliquoﬁs from a Cs product solution were carried through
the Cs determination procedure using varying amounts of Cs carrier,
but no Ru and Zr carriers., At first 6N HQl was used as the
precipitating medium and wash solution with the final precipitate
dried on a watch glass. This was thenreplaced by 5N HN03 to permit
evaporatidh of the precipitate on an aluminium disc. In the latter
determinations, Ru and Zr carriers were used as hold back carriers,

‘Thé true Cs activity count for the Cs product solution was
obtained by merely pipetting a 50 A aliquot of the solution onto an
élumihipmﬂdiSC and allowing it to dry uﬁder an infra-red lamp. The
disc'wés ﬁhéﬁjcounted on the top shelf of a G.M. end window counter.

Table I shows the activity counts obtained from the
phosphc§Uhg3ﬁéte précipitates after drying under the infra-red
lamp;’ahdiéi§o’aftef further heating oa;ﬁhe*Fulaeontrol,“;The
total CsvééﬁiVity count, the amount of Cs cérrier, the écid medium
andhihe Eﬁiﬁback carriers empioygd are listed i@ the tabieo |

" Table II shows the results obtained from the Cs product

soluticn$gﬁblgying tbé~present laboratory procedure. The final
cesium perph}oratefpréc;pipqté;@as weighed,.aﬁd#the aétivity
counts corrected for radiochemical yield, self-absorption and

gself-scattering.
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Table I

Analysis of Cesium Product Solution by the

Phosphotungstate Prqcedure

Sample jTotal Cs Holdback [Acid Count after - Count after
Count carrier|carrier |used drying under heating on
(cpm/ml) lsoln. [soln. Infra-red Ful-Control

used  |used lamp (cpm/ml) | heater (cpm/ml)

1 1.10x10° | 500A | none 6N HC1 [1.18 x 107 -

2 " ” " 1 1.19 x 105 -

3 " n 1" 1 1.18 x 102 -

L 1 " n " 1.22 x 107 -

5 1.22x10° | 500~ | none 5N HNO5[1.18 x 103 -

6 " " n " 1.15 x 10° -

7 1.22x105 | 500A | none n 1,18 x 10° -

8 " " " n 1.19 x 105 -

9 " 1ml. | " 9.55 x 10% -
10 mo " " 1.12 x 107 -

11 1.19x10° | " " 1.23 x 107 1.25 x 102
12 " 200N\ | n " 1.20 x 102 1.26 x 10°
13 " " "o n 1.21 x 107 1.25 x 102
11, " " " " 1.18 x 10 1.22 x 10
15 l°l9X105 100 A | none 5N HNO,|1.27 x 102 1.28 x 102
16 T " no " 1.27 x 10 1.32 x 102
17 n " " " 1.28 x 102 1.31 x 102
18 " "o " | " 1.27 x 10 1.27 x 10
19 1.16x10° |300A | 500A 2z | 1.13 x 10° 1.14 x 10°
: . |1 drop Ru '

20 n T " 1.15 x 107 1.17 x 105
21 " " L " 1,13 x 102 1.16 x 105
22 " " on " 1.17 x 10° 1.16 x 102
23 " " " " - 1.20 x 107
21, " " " " - 1.16 x 107
25 " u n " - 1.17 x 205
26 n " " 1 - 1.15 x 105
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Table II

Analysis of Cesium Product Solution by Lab. Procedure

§émple Total Count Activity Count (Corrected for
(cpm/em. }- yield, self-scattering and self-
absorption) (cmp/ml.

1 1.16 x 107 1.22 x 105
2 1.20
! 1.24
5 1.20

Analysis of the Cs product sqlution by the phosphotungstate
precipitation method using varying amounts of Cs carrier solution
(Table I) gave results which decreased with increasing amounts of
Cs carrier, due to the increase in self-absorption within the
precipitate. Heating the precipitate on the Ful-Coﬁtrol reduced
the éelf absorption giving higher results. The most satisfactory
resluts:were obtained in_the;Cs carrier region of 0.3 ml, - 0.5 ml.,
whe{e the self-absorption. and self-scattering effects are balancing
eacg other, -

| The résults obtained by the laboratory method (Table II)
were consistehﬁ, but slightiy higher than the total Cs activity
count. This @ay be due to an error in the standardization of
the Cs cérfie;'ééluﬁiéhlfor the radiochemical yield determination,
or variations in the self-scattering and self-absorption within
the precipitate. |

v)  Decontamination Tests

Tests were completed to study the decontamination obtained

from the other long-lived fission product activities by the cesium
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phosphopungState precipitatioh° Inactive cesium phosphotungstate
was precipitated in the presence of each of these activities. The
amount carried by the precipitate, expressed as a percentage of the
initial activity, is shown in Table III. Also listed is the amount
of C8 carrier and holdback carriers used, All precipitates except
two were washed twice with SN'HNOB, dried and counted in the usual
manner. The latter part of the table contains the decontamination
obtained by the regular phosphotungstate procedure described in this
report,

The cesium phosphotungstate precipitation gave very good
decontamination from Ce and Sr-Y activities; better than 99.9%
decontamination was obtained. The Zr-Nb and Ru decontamination was
only fair (98-99%), but improved considerably with the use of
holdback carriers and smaller affounts of Cs carrier. The use of
0.5-1 ml. Zr carrier and 0.2 ml. 55 carrier lowered the Zr-Nb
contamination from 1-2% to about 0.1%. The Ru contamination of the
phosphotungstate also dropped to close to 0,1% when 0.2 ml. of Cs
qarrier and 1 drop of Ru carrier was employed. Two HNOB washes
ﬁere found necessary to keep the Ru contamination down.

The éluminium absorption curves (Figure 1) obtained by the
phosphotungstate precipitation of Cs in the presence of the other
long-lived fission product activities (Curves "C" and "D" are
identical to the curve obtained from a Cs product (Curve P).

vi) Comparison of the Phosphotungstate Procedure with the Present

Laboratory Method

Four laboratory samples of mixed fission product activities

were analyzed by the phosphotungstate precipitation. procedure and
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Decontamination Tests on Phosphotungstate Precipitation

of Cesium

Activity ([ Initial Amount of ‘Holdback Activity Count Percent
in Activity Cs carrier | Carrier on of
Sample Count used (ml.) | Used Phosphotungstate |Initialf
{epm/ml.) Ppto (cpm/ml ) Count
sr-Y  |4.7 x 102 | . 0.5 - 40 0.01
Ce 9.8 x 10k 0.5 - 30 0.03
Ru 1.4 x 107 0.5 - 850 0.6
0.5 - 1.5 x 10 1.1
00-5 i 690 2 005 -
0.5 2 drops Ru 6.5 x 105 0.5
0.5 1 drop Ru L.5 x 102 0.3
0.2 2 drops Ru 4,0 x lO2 0.3
5 0.2 1 drop Ru 2.1 x lO2 0,15
Zr-Nb 3.2 x 10 0.5 - 5.6 x 103 1.8
0.5 = 3.8 x 10 1.2
0.5 1 ml, 2r 3.8 x 103 0.12
005 1 ml, Nb 509 X 102 Oo19
0,2 1l ml, 2r 3.2 x 105 0.10
0.2 1ml, Nb 3.2 x 10 0.10
(b) Decontamlnatlon Tests on Phosphotungstate Precipitation

Method for the Determlnatlon of Ce51um Activity

Activity |Initial. Activity Count Percent of| Remarks
in Activity on initial ’
Sample Count Phosphotungstate count
(cpm/ml. ) Ppto (cpm/ml ) ’

se-Y  |4.7 x 102 70 0.01

Ce 9.8 x 105 60 3 0.06

Ru 1.4 x 107 1.1 x 10 O 78 One HNO3 wash

. 2.0 x 10% 0.14 . | Two HNO3 washes
Zr-No 3.2 x 10° 3.8 x 107 0.12 One HNO3 wash

L.5 x 10 0.14 Two HNO3 washes
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Comparisdn of'Radiochemical Cesium Analysis of Mixed Fission

Labgratory Procedures

Product Solutibn’by‘the Pthﬁbotungstate.and the Present

Samples Approximate Actifﬁty‘COntochtal Dilution
ﬁnalyzed ~Sr-Y ¢€Ce ‘Cs, Ru Zr-Nb | Count used
A 15| 60 |10 110 | 3-5 | 2.2 x 10? 5 x 102
B 50 | Ni1{30 |20 | 3-5 |2.9 x 10£|2 x 107
C 30 | Nil|60 |10 | 3-5 | 6.7 x 10z| 50
D Nil| 20 |10 |10 | "60 |3.9 x 10°| 102
ample| Cé Activity Coﬁnt_' Deviation s Activity Deviation from
by Phosphotungstate |[from averagg Count by Lab. |average result
Procedure (cpm/ml.) |result (%) Procedure (%)
4 (cpm/ml.)
A 2,19 x 103 L0414 3,20 x 107 0.9
2,14 x 107 -2.8 2,28 +2,5
2’023 X 187 +lol+ 2009 ~=’509
2.25 x 10! +2.3 2,32 _ +h.5
Avg.2.20 x 107 Avge.22 x 107
B 8.56 x 102 <0.9 8.70 x 102 +0.8
- 8,86 x 102 +2,5 8.32 x 10 ~3.6
3072 xf{85 +1.2 8.88 x 10 +2.9
o X ""201
Avgogo%h X IO? 8.63 x'IO5
c .04 x 103 +2.0 4.03 x 107 -2.2
4.0l x 10 +1.3 4.0k x 102 -1.9
3og§,xvigg +o;§ L.28 x 10° +3.8
2.0 - X '230 ’
Avg°§;@533135 Avgl.12 x 10
D Lo46 x 107 ~0,2 L.65 x 107 ¥4l
L.LO x 10 -1.5 L.38 x 103 -2,1
l{roéh X 10 +3¢;7 l}ol{r2 X 105 “102‘
L.40 x 107 -1.5 Lo52 x 107 +1.2
440 x 10
Avg. L.L7 X 107 Avg.L.L7 X 100
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by the present laboratory procedure for the determination of
radioactive cesium, The samples analyzed and their approximate
fission product activity content are listed at the top of Table IV,
The table also includes the results obtained by each method and
the deviations from the average result for each sample.

The Cs results obtained from the mixed fission product
solutions by the phosphotungstate procedure compared favourably
with those obtained by the laboratory procedure. The largé difference
in the average results for sample "C" is due to the unusually high
value of 4.28 x 102 in'one of the laboratory results and the unusually
low phosphotungstate method is as good as that of the laboratory
method, giving a mazimum deviation from the average result of less
than * 4%.

vii)} Radiochemical Purity Test

The radiochemical purity of the cesium phosphotungstate
precipitate was checked by drawing up aluminium absorption curves
for the beta radiations from the precipitates obtained from samples
"C" and "D" in Table IV. These curves appear in Figure 1. An
absorption curve of a éesium phosphotungstape.precipitate from a
Cs -product solution isialso included for Qomparisonp,

|
DISCUSSION AND CONCLUSIONS .

The phosphotungstate precipitation method described in this
report is satisfactorylfor_the determination of radioactive Cs in

an aqueous solution oflthe long-lived fission product activities,
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Srgo, Y9O, Celhh, 05137, Ru106, ngs, and;Nb95. The results
obtained by the procedure were .consistent (maximum deviation of less
than ¥4%) and comparable with those obtained by the present laboratory
method .

Decontamination from the other long-lived fission product .
activities is satisfaqtory° Less than Ool% of the initial Ce and
‘Sr-Y activity was- carrier by the phosphotungstaie precipitate. The.
use 6f holdback carriers for Ru and Zr-Nb activities reduced their
carry through to below 0.2%.

The phosphoﬁungstate procedure is'muCh.shorter and less
hazardous than the préSent laboratory procedure, The Cs recovery is
quantitative, requiring no radiochemical yieldvdetérminationo The
amount of Cs carrier has been so chosen fhat the sélf-absorption and
self-scattering effects in ﬁhe final precipitate cancel each other,
eliminating self_absorptianand self-scattering corrections. The
‘method aléd'élimihates the use of perchloric acid which is a
dangerous and exp1051ve reagento .

The radlochemlcal*p;rltv of ‘the phosphotungstate precipitate

is hlgh based on alumlnlum absorptlon curveso"
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