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ABSTRACT

This report discusses the study of the process 
variables in the Anion Exchange Process Pilot Plant 
for the separation of plutonium from irradiated uranium. 
Variables associated with the feed, wash and elution 
cycles were studied with the aim of improving the quality 
of the final plutonium product, reduce cycling time and 
reagent requirements and also to obtain data for prediction 
of resin column behaviour under various feed conditions.
A cation resin column and a silica gel column were in
stalled in the system and these were studied for plutonium 
recovery and product quality0 The product obtained from 
the plant was acceptable in all the impurities except the 
associated gamma activity which was too high for easy 
product handling.
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1. INTRODUCTION

The anion exchange process pilot plant was built to test 
the anion exchange process on a larger than laboratory scale,
to test new equipment and also to provide a facility for 
small scale plutonium production in place of the ,ftrigly- 
batch TBP19 process (1}„ This report is on the operation 
of the pilot plant and gives the”results of the study of 
the process variables* Separate reports are being issued 
on the equipment performance and cost estimates*

The start-up of the pilot plant was described by 
Morrison and Aikin (2) and the laboratory development 
work is given in a series of reports (3 to 13)® A 
review of the process has been given by Aikin (14)*.

2° PROCESS DESCRIPTION

A process flowsheet of the anion exchange plutonium 
purification plant is given in Figure X,> Irradiated 
uranium rods containing 54» 5 Kgms, of uranium each 
were dissolved in nitric acid to a final acidity of 
5M and the resulting 200 liters of solution were 
transferred to a mixing tank. A 40 liter low acid 
wash followed the tfrod solution" to wash the transfer 
line and the resulting 240 liters of solution were 
conditioned to nitric acid and 200 mg U/ral of 
solution* This conditioned feed solution was then fil
tered, weighed and fed to an 8 inch primary resin column 
which contained 29 liters of 3% cross-link Dowex-1  
resin. The feeding was usually on two resin co3.umns 
in series with the 2nd column of one feed cycle be
coming the first column of the next feed cycle„ By 
following this sequence of column feeding, the resin 
in the first column of each cycle could be brought to 
near saturation with respect to plutonium® The volume, 
flow rates and the time required for each operation 
in this process is given in Table 10 Some of the 
operations have been changed from the original by 
following recommendations made by Morrison and Aikin 
(2 ) „

The loaded primary resin columns were washed with 
15 wcolumn voltiraes,fi of 81\f nitric acid to remove most 
of the uranium and fission products retained in the 
columns* This wash was followed by a spacer wash 
of one column volume of IN nitric acid through the

t
A column volume is defined as equal to the bulk 
volume of resin in a resin column.



F IGURE  I



TABLE I 

Original Process Flow Rates

Operation
Vol

Liters
Flowrate

mls/cm2min
Time
Hr

Feed application (2 irradiated U rods) 500 0.75 34,5

High acid wash 3 N HNO^ 450 3,0 7,5

Low acid spacer IN HNO^ 35 0.7 5 2*5

Elution 0.5 M  NH3OHNO3 90 0,375 12,5

Low acid spacer IN HNO^ 30 0.375 4.2

Primary evaporator 120 l6o0

Feed to secondary anion column 15 0.75 4,2

Wash - secondary anion column $N HNO^ SO 3,0 5 c 5

Low acid spacer - secondary anion column IN HNO^ g 0»75 2a 2

Elution of secondary column 0.5M NH^OHNO-^ 20 0,375 10 ,1

Low acid spacer - secondary column IN HN0o & 0.75 2a2

Evaporation 23 10.0

NH^NO^ destruction 2.5 3*0

Final evaporator 2 e5 12.0

Final product handling o® 25 4*0

TOTAL PROCESS TIME 135,4
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first column of the two column series to prevent the 
reaction of the strong acid solution with the hydro» 
xylamine nitrate solution that was used for elution,,
The decomposition products of the hydroxylamine nitrate 
being mostly gaseous, would form gas bubbles in the • 
resin bed which might interfere with the elution of 
the resin column0 To remove any gas bubbles that might 
form, the columns were degassed at frequent intervals 
during the operation by applying vacuum,, The plutonium 
was eluted with 3 column volumes of 0<>5M  hydroxylamine 
nitrates fed to tlie first column of the 2 column series 
at Oo375 mls/fom^) (minK The resulting plutonium product 
still contained appreciable amounts of uranium and 
fission products so further purification was necessary,,

The secondary purification system was similar 
to the primary system except a 4 inch diameter column 
containing 8 liters of cross-link Dowex-1 was used* 
Before the plutonium was fed to the secondary system, 
it had to be oxidized from the trivalent state, in 

. which it was eluted, to the tetravelent state* This 
was accomplished by feeding t)he plutonium-hydroxylamine 
solution into boiling nitric a c i d o  The concentrate 
from the evaporator was processed through the secondary 
system in a manner similar to that of the primary system® 
The eluate from the secondary cycle was concentrated to 
250 mis and removed as final product0

3. EXPERIMENTAL PROGRAM AND RESULTS

Each section of the process was studied by varying 
the operating conditions in order to obtain optimum pro
cessing. In all, a total of 75 irradiated uranium rods 
were processed during this experimental program„ It was 
not possible to study all the combinations of the valuables 
but instead certain isolated conditions were tried in 
order to give as complete a coverage as possible« The 
results for each part of the process are outlined in the 
following sections0

3 o1 Feed Cycle

The variables in the feed cycle are, plutonium 
concentration, acid concentration, uranium concentration 
and feed flow rate0 Effects of acid concentration had 
been studied by Durham and Mills (11) and their results had 
shown that 7 o5 to $N nitric acid would be the optimum 
concentration so this was used throughout all the runs 
without further investigation0 Changes in uranium con-



centration were not studied as it was considered desirable 
to keep the uranium at as high a concentration as possible 
to keep the volumes as low as possible,, The uranium con
centration was held at 200 mg/ml.

The predication of resin capacity for plutonium 
under various feed conditions could not be determined from 
plant data obtained0 More data would be required to arrive 
at an empirical relationship for the resin column or a 
relationship could be set up with existing data if fun
damental constants for the plutonium-nitric acid system 
could be obtainedo

The effects of plutonium concentration and feed 
flowra^e are given in sections to follow,,

3ol«l Effect of Plutonium Concentration

A. number of runs were made keeping the uranium, 
nitric acid and feed flow rates constant but varying the 
plutonium concentration,, This was done by using rods of 
varying irradiation. Where normally solution from 2 rods 
was fed to 2 columns in series, in these runs, solution 
from 3 rods was fed to 3 columns in series in order that 
the first column would be more nearly saturated in respect 
to plutonium. The results are plotted in Figure 2 and 
show that the operating capacity of the resin varies 
directly as the concentration of plutonium in the feed 
solution.

3.1.2 Effect of Feed Flow Rates

To determine the effect of feed flow rate on the 
primary resin column plutonium capacity, flow rates were 
increased from 0.75 mis/(cm )(min)s to 1 „5 mis/(cm^)(min).
In these tests, solution from 2 irradiated rods was fed 
to 2 resin columns in series. No attempt was made to 
saturate the resine The total amount of plutonium from 
one concentration to the next was not kept constant but 
the volume of feed solution was kept constant. The 
results of these tests are shown in Figure 3® The effect 
of feed flow rate in the range investigated did not have 
much effect on the resin capacity.

3 o2 Washing of the Primary Columns

The primary resin columns were washed with $M nitric 
acid to remove the uranium and fission products. To improve 
the efficiency of the wash, variables such as flow rate, 
acidity and wash recycle were studied by sampling the wash 
effluent at intervals throughout the wash cycle.
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FIG. 2

EFFECT OF PLUTONIUM CONCENTRATION ON THE

RESIN CAPACITY AT SATURATION

R E S I N :  2 0  - 5 0  M E S H  DOWEX - I 8 %  CROSS  -  L INK
AC ID  : 8 N H N 0 g
URANIUM : 200  mg /ml.

FEEDRATE : I I m l / ( cm^)(min).

Pu CONCENTRATION IN THE FEED SOLUTION  mg P u / L
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FIG 3

EFFECT Of FEED  FLOW RATE ON A RESIN 

COLUMN OPERATING CAPACITY

R E S IN  : DO W EX  -  I 8 %  C R O S S ” L IN K  20 - 5 0  MESH  

RES IN  COLUMN H E IG H T  : 3 6  I N C H E S

Pu CONCENTRATION IN FEED SOLUTION mg/L .
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It was found that most of the fission products 
and uranium were removed in the first 6 or 7 column
volumes of wash as shown by the data in Figures 4 and [>„
The uranium and fission products did not show a similar 
wash curve* This may be due to the number of elements 
comprising the fission products some of which are more 
readily removed than others,, The fission products raost 
difficult to remove by .washing from the resin were M)95 
and as determined by analysis of the eluate pluton
ium stream (2)„

The plutonium loss in the primary wash cycle was 
higher than the expected maximum of 0a5%o The wash 
curve for plutonium as shown in Figure 5 indicates that 
a species of plutonium found in small amounts in the feed 
may be slowly removed by washingo

3 a 2„1 Effect of Acid Concentration on the Wash Efficiency

The operating specification of the Anion Exchange 
Pilot Plant for the washing of the resin column was with 
$N nitric acid0 On the first few runs it was found that 
the product purity did not meet that which was anticipated 
(2) „ To determine the effect of higher acid concentration 
on the uranium and fission product decontamination runs 
were made using 500 liters of ION nitric acid and compared 
with similar runs using 500 liters of $N nitric acid0 Acids 
of less than $N concentration were not tried because from 
Durham and Mills® work (12), it was expected that lower 
acid concentrations would increase the plutonium losses 
from the resin#

The results of the ION nitric acid wash showed that 
there was some improvement in the rate of removal of uranium, 
as shown in Figure 4 and Table IXa Figure 5 shows that there 
is little improvement in the rate of removal of the fission 
products by using ION nitric acid„ A further indication of 
this result is shown by the effect of $N and ION nitric 
acid on the fission product removal from the plutonium as 
given in Table II„ improvements shown did not warrant 
going to higher acid concentration and $N nitric acid was 
used throughout the remaining operation,,

3•2„2 Effect of Varying .the Wash Flow Rate

The operating specification for the wash flow rate 
was 3 mis/(cm2 ) (min)0 Experimental flow rates of 1«5 mis/ 
(cm2)(min) and 4 ,7 mis/(cm2)(min) (the maximum capacity of 
the pumps) were investigated on the primary columns0 The 
wash flow rate on the secondary column was kept at 3 mis/
(cm2 )(min) in all cases. As shown in Figure 6 increasing 
the wash flow rate decreased the wash efficiency of the 
uranium more than that of the fission product in the primary
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FIG. 4 

REMOVAL OF URANIUM IN THE PR IM ARY  

COLUMN WASH

W ASH  R A T E :  3m ls  / ( cm2 )( min)

I C O LUM N  V O L  « 30 L I T E R S

O  8 N HNOg

O 10 N HNOs

l i t e r s  o f  w a s h



TABLE II

Fission Product and Uranium Decontamination of Plutonium

Pu on Primary Column Pu on 1—SenonidairsL Column Overall
Run
No.

first Column
sms

D.F.
Beta

D.F.
U

second Column 
fims |

D.F.
Beta

D.F
U

D.F.
Beta

D.]
u
p. Remarks

10 51.2 2.31 X 103 3.2 x 103 63.0 30.3 4.12 X 102 3.64 X 104 1.29 X 106 Fresh 10M HNOo

11 49.0 5.4 £ LO2 1.3 x 103 47.6 52.9 36 5.47 X 104 4.5 t 104 Using 10M recyc-le

12 53.5 3.27 X 103 94.5 79.0 2.53 X IQ5 Fresh 10M HNO3

13 76.25 3.9 x LO3 2.75 x 103 Using 10M recycle

19 33.5 1.92 X 103 7.7 x 102 34.1 10.0 4.65 X 102 1.92 X 104 3.6 X 10 5 8M HN03 recycle

26 65.6 1.4 x LO3 3.2 x 102 44.6 30.0 7.9 X 103 4.2 X 10^ 6.5 X 105 Using 3M recycle

2? 65.5 3.63 X 103 2.76 x 102 32.4 1.9 3.16 X 103 6.9 X 104 1.8 X 106 Using 8M recycle

2$ 50.2 1.73 X 103 5.5 x 102 52.0 60.0 7.3 X 103 1.0 X 105 3.9 X 105 Using 3M recycle

35 52.4 2.65 X 103 7.9 x 102 55.4 21.0 4.7 X 102 5.55 X 104 3.5 X 105 Fresh 8M HN03

36 31.2 2.32 X 103 7.3 x 102 90.5 11.2 3.47 X 102 3.17 X 104 9.9 X 104 Using 8M recycle

37 63.5 2.42 X 103 3 .0 x 102 1̂15.9 10.0 4.8 X 102 2.4 X 104 7.0 X 104 Using 3M recycle

33 34.2 2.14 X 103 5.2 x 102 31.4 5.33 3.9 X 102 1.5 X 10^ 7.6 X 10^ Using 8M recycle

48 93.85 2.2 X 103 1.0 x 103 34.9 3.32 2.2 X 102 8.4 X 103 2.25 X 105 Fresh 8M HMO3

49 124.3 3.3 X 103 9.5 x 102 112 2.83 1.12 X 10 2 1 .1 X 104 1.05 X 105 Fresh 3M HHOj

51 150.0 1.76 X 103 4.76 x 102 149.3 7.5 1.54 X 102 1.3 X 104 7.36 X 104 Fresh 3M HNOj
HNO,

3
52 53.2 1.15 X 103 5.35 x 102 57.2 1.26- 

x 10^
4.16 X 102 1.45 X 105 . 2.22 X 10 5 Fresh 8M

x
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FIG. 5

REMOVAL OF FISSION PRODUCT AND PLUTONIUM 

IN THE PRIMARY COLUMN WASH

WASH RATE 3 mis / ( cm^( min)

I COLUMN VOL. = 3 0  L IT E R S

A  ION HNOg
O 8 N H N 0 3

A  8 N H N 0 3

100 200 300 4 0 0

L IT ER S  OF WASH
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FIG. €

C R C E  - 743

EFFECT OF WASH FLOW RATE ON THE DECONTAMINATION 

OF URANIUM AND FISSION PRODUCT FROM

PLUTONIUM

WASH FLOW RATE ml8/(cm2)(min)
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system® Consideration of the second cycle showed that 
with poor decontamination in the primary cycle, there was 
a correspondingly better decontamination in the secondary
cycle thus resulting in the same overall effect* Little 
was gained by decreasing the wash flow rate on the primary 
column*

3»2e 3 Recyling Wash Acid

For economic consideration of reagent requirement , 
waste handling and disposal, the possibility of using some 
recycle acid was considered,, Wash curves, Figures 4 and 5 
show that most of the impurities are removed in the first 
one-half of the wash0 The latter one-half of the wash 
thus could be recycled as the first part of the next 
operation* Recycle acid was used only in the primary 
column, fresh acid was used in all the secondary column 
operation. Table II shows the effect of fresh and re- ■ 
cycle acid in the primary cycle and the resulting effect 
in the secondary cycle. The overall decontamination of 
plutonium from uranium and fission products was changed 
little by using recycle acid in the primary cycle*

3 *3 Elution

Elution of the plutonium from the resin requires 
costly reagent. It is also the "bottleneck" of the 
anion exchange process because of the time required for 
this operation. In order to reduce the reagent require
ment and cycle time, investigations on the reduction of 
elutrient volume, reagent concentration and the effect 
of elutrient flow rate were made,,

3•3 e1 Elutrient Volume

To reduce the amount of hydroxylamine nitrate 
reagent required, and the elution cycle time, the 
minimum elutrient volume was determined,. The primary 
column was first eluted with 2 column volumes of 0*5M 
hydroxylamine nitrate and the total plutonium eluted 
determined. The same column was then re-eluted with 1 
column volume of 0 85M hydroxylamine nitrate and the 
total plutonium in this solution determined® It was 
found that 99% of the plutonium was eluted by the 2 
column volumes of elutrient« The typical results of 
these tests are shown in Table IIIe

In later runs the eluate was sampled at inter
vals to follow the change in concentrations,, These results
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are shown in Figure 7 and show that about 60% of the total 
plutonium on the resin column was eluted by one column 
volume of elutrient&„ This is in agreement with the figures 
given by Korchinski in his laboratory studies(°)e

TABLE III

Effect of Elutrient Volume, Concentration 
and Flow Rate on Elution Efficiency

NH3OHNO3 Solution

S3 
£3
 

O 
p 

0 
£3
i

Volume 
Colo Vol.,

Cone 0 
Molarity

Total
Moles

10 11 3 n Oo 55 49o 5
IS 2 Oo 25 15,0
35 2 Oo 20 12.0
36 2 0ol5 9,0
37 2 0 ,1 60 0
43 2 0,15 9»Q
44 2 0.15 9o0

Elutrient Pu %?u
Flow Rate
mls/1cm^jlmin}

Eluted Eluted
Moles

..0o375 ” 0o2l6
0„375 0 ol$5 99o
Oo375 Oo 223 99
0,375 0.34 99 o5
0„375 O 02$6 99«5
0o 56 0 o18d 99 0 5
0o70 0o 24 99

3 o3 0 2 Elutrient Concentration

During the elution cycle, the plutonium is reduced from 
the tetravalent to the trivalent state0 Using hydroxylamine 
nitrate, theoretically one mole of this reducing agent is 
required to reduce one mole of plutoniume The reaction being

2 NH^OH* — * N2 + 2H2P + +2e'

2 Pu+4 + 2e — > 2 Pu+3

Since criticality consideration allows only 150 gms0 of 
plutonium on a resin column, the total theoretical hydroxylamine 
nitrate requirement was O 063 moles0 Using 2 column volumes 
of elutrient in the primary cycle, the minimum hydroxylamine 
nitrate concentration required would be 0 o01M„ Table IV 
shows that a concentration greater than the theoretical 
amount is required to maintain a slight excess in the eluate„ 
This was due to the destruction of hydroxylamine nitrate 
by the presence of reducible impurities, nitric acid and 
to the effect of radiation»
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TABLE IV 

Hydroxylamine Nitrate 

Balance Across Primary Column

To determine the optimum concentration of hydro
xyl amine nitrate required, elutions were carried out using 
progressively decreasing concentrations of the reagent 
(Table III)* The reagent concentrations were not taken 
below 0.1M because the acid concentration of the resultant 
solution would decrease to a value where a colloidal 
plutonium might form, which would be very difficult to 
process* It was found that> although 0.1M hydroxylamine 
nitrate would elute the plutonium from the resin it would 
not hold the plutonium in the trivalent state and the 
plutonium oxidized to the brown tetravalent form* Since 
the cation column was designed for trivalent plutonium, 
as given in section 3.4o.$,» for which it has a higher- 
capacity, it was preferable to process this valence state. 
By increasing the hydroxylamine nitrate concentration to 
0 o15M it was found that trivalent plutonium could be 
retained,,

3.3.3 Effect of Elutrient Flow Rate

To determine the effect of elutrient flow rate on 
the elution of the plutonium from the primary resin column 
flow rates were increased from 0 o375 mls/(cm^)(min) to
0.70 mis/(cm )(min), as shown in Table II1„ It was found 
that even at the higher flow rate, 99% or more of the 
plutonium was eluted with 2 column volumes of elutrient,,
An elution curve is given in Figure 7„

3 o3 o4 Effect of Elution on Uranium

After the wash cycle some uranium still remained
in the resin eolumn. This residual uranium was mostly 
eluted during the elution of the resin column with hydro
xylamine nitrate. As shown in Figure 7 the hydroxylamine 
nitrate had no effect on the rate of elution of uranium.

Moles of Moles of Moles NHo0H moles
NHoOH

m
NHoOH
out

Pu Unaccountable

10 o 2 3 .9 0 o 129 6.1?
9,6 2 O 82 0e36 6 0 42
9«6 2 *  $8 O 0OI4 6.71
9o0 h-o98 0.475 5.55
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The rate of uranium elution did not show an increase 
in going from IN nitric acid spacer wash to hydroxylamine 
nitrate elutrient. Nitric acid concentration appears to be 
the factor in the removal of uranium*

3 e3 o5 Effect of Elution on Fission Products

The elution with hydroxylamine nitrate resulted in 
an increased removal of the fission products8 The fission 
product elution peak was shifted slightly to the right of 
the plutonium elution peak9 as shown in Figure 7, indicating 
that the anion complexes of these shapes are more stable 
than that of plutonium, The shape of the fission product 
elution curve indicates that there is an appreciable beta 
and gamma activity retention in the resin0 This was also 
shown when a radiation survey, made on a primary resin column 
after 15 cycles of operation? gave a reading of over lOOOR/hr«

3*4*1 Evaporation Method

The original method of oxidizing the plutonium solution 
between cycles in the Anion Exchange Process Pilot Plant was to 
boil it in $N nitric acide The operation of the evaporator 
resulted in corrosion products entering the solution and catal
yzing the oxidation of some of the plutonium to the hexavalent 
state (16)o The hexavalent form of the plutonium was not 
absorbed strongly by the anion resin so losses resulted,

3 *4•2 Cation Exchange Method

To avoid this evaporation step a cation exchange resin 
(Dowex 50) column was installed„ The hydroxylamine solution 
of plutonium from the elution of the primary anion column was 
fed downflow through a cation column* The cation column 
was then washed with 5 column volumes of 0„5N nitric acid 
and the resulting effluent was fed to an evaporator for 
hydroxylamine destruction and solution concentration. In 
this way, the corrosion products were prevented from enter
ing the plutonium stream and no hexavalent plutonium was 
formed. The plutonium was eluted from the cation column 
with 30 liters of $N nitric acid at 0„75 mis/(cm )(min) and 
this solution was fed directly to the secondary anion columne 
The plutonium was oxidized to the tetravalent state at this 
strong acid concentration., To' assure the complete removal 
of the plutonium from the secondary anion column, the $N 
nitric acid wash was fed through the cation column to the 
anion column,
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3.4®3 Design of the Cation Resin Column

The size of the resin bed was calculated from the equation 
given in CEI-55 (15) which relates the equilibrium saturation 
capacity of the resin with the plutonium and acid concentration 
of the feed solution. A plot of this relationship is shown in
Figure

The feed solution was assumed to have the following 
compositions

Volume per batch 120 liters

This feed would give a saturation capacity of about 107 gms of 
plutonium per liter of wet resin, (see Appendix for calculation)* 
A 1,5 liter cation resin column was installed and from the 
results obtained on this column it was found that the resin 
capacity to 1% total plutonium loss was 54 gms per liter of 
wet resin with the above feed.

The limitation on the design capacity of the cation 
resin column was that, it would not hold more than 150 gms 
of plutonium at 1% breakthrough as the tanks following this 
column were not of neversafen dimension and criticality control 
was by batch control. Under these conditions a column 
containing 2 ,8 liters of resin was required.

3 o4 e4 Cation Column

The results of the cation column operation are shown 
in Table V. The total plutonium loss through the cation 
column was less than 0„1% in most runs. Run No. 52 showed 
a high loss of 1 .5% with 5$o2 gras of plutonium on the column.
The only explanation is that part of this high loss was 
from run No. 51 which had 150 gms of plutonium on the column 
and a loss of only 0. 15%. This same table shows that the 
loss of plutonium in the secondary anion column was 1 to 2% 
while using the evaporator and only about 0.5% to 1% after 
the installation of the cation column. Plutonium balance 
across the secondary system showed that essentially all the 
plutonium was eluted from the cation column. Analysis 
showe'd that only 25% of the total beta activity in the cation 
column feed solution was removed by the cation column feed 
and wash effluents.

HNOo
n h 2o h
Pu
U

1000 mgm/l 
1.5 gm/l

0.75 N 
0.25 N
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FIG 8

THEORETICAL CALCULATION O f  PLUTONIUM 

CAPACITY IN DOWEX -  50 RESIN

AS  CALCULATED FROM A FO RM U LA  IN C E I . 5 5

P A R A M E T E R  : E Q U IL IB R IU M  Pu CONCENTRAT ION  

IN A Q U E O U S  SOLUT ION  mgs/L.

H N 0 3 N O R M A L I T Y
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TABLE V

Plutonium Losses in the Secondary System

Run
Nq0

Total Pu 
gms

Feed Pu 
Cone 

mg/ml

Feed Acid 
N 0

Cat, Col a
Pu Loss 

gms

Cat, Cola 
Pu Loss

%

Sec, Anion 
Col, Pu 

Loss
a/o

Inter stage Oxid ation with Evaporator

6 54»S 0,414 1 .1
7 67 , 6 0<>4$9 3.5

10 52„2 0,376 1,5
11 49 o 3 0,344 1 ,2 I
16 76.7 0,430 4.9
17 13*95 0,131 o 7 *** © (

Inter stage Oxid ation with Cation Col,

47 30,9 0„35 0,79 0,013 0 a04 0,94
43 36,0 0,94 0,74 0,015 0,02 0,37
49 113.3 1,24 0 ,70 0,03 0,07 0,31
50 91 o 6 1,02 0,74 0,034 0,04 0,67 !
51 150, 1,705 0,54 0 9 223 0,15 0,90
52 53,2 0,625 0,54 0,302 1,5 1 i

3 o5 Silica Gel Column

In spite of the 2 cycle operation, the resulting product 
plutonium was found to be difficult to handle because of the 
gamma activity associated with it, The product plutonium 
leaving the plant was irradiating 1„5 to 3R/hr gamma on 
contact with the final product container. Analysis of the 
fission product and measurements of the gamma decay showed 
that Zr-95 and Nb=95 were the main sources of this radiation„

Through work carried out by groups here and elsewhere 
(1? ) s'it was found that silica gel was effective in reducing 
the gamma activity of the plutonium product so a silica gel 
column was installed0‘ This column contained $ liter? of 
20 - 50 mesh silica gel, It was installed in the plutonium 
stream after the second anion resin column9

The operating of the silica gel column in series with 
the secondary anion resin column, without an intermediate 
holding tank, made it necessary to increase the final spacer 
wash through the anion resin column to 20 liters®
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3 ® 5«1 Effect of the Silica Gel Column

The product plutonium after the installation of the 
silica gel column gave about a factor of 10 decrease in the 
gamma radiation, as shown in Table VI« The data given in 
Table ¥11 show that the silica gel column has decreased the 
principal gamma emitting fission products, Zr and Nb, bv a 
factor of about 10 <, This still did not reduce the gamma 
radiation enough for the plutonium to be handled without 
shielding»

The installation of the silica gel column decreased 
the purity of the product plutonium by increasing the 
silica gel content from 0o06% to 0ok% by weight of plutonium 
as shown in Table VIII„ A larger amount of silica dissolved 
in the plutonium solution but most of this was precipitated 
in the evaporator as a white coating which would have led 
eventually to the fouling of the evaporator* As shown in 
Table VIII at the initial start-up of the silica gel column, 
the silica content was 1.3$ by weight of the plutonium. This 
was probably due to colloidal silica being washed out in the 
effluento

Plutonium balance across the secondary system has shown 
that there is little permanent plutonium retention in the 
silica gelo All the plutonium in the secondary system could 
be accounted for by washing the silica gel column with 2 
column volumes of IN nitric acid.

TABLE VI

Effect of the Silica Gel Column on the Radiation

From the Final Product

Before Installation of Silica After Installation of Silica
Gel Column Gel Column

Run Product Pu Radiation ft Run Product Pu Radiation ft
No* gmso mr/hr0 No0 gms. mr/hr

40 55.3 1000 47 30.6 300
41 25*9 1500 4$ 5$06 100

42 0 9 1500 109.3 200
46 66„7 2200 50

51
94 0 2 
7 6 04

275
90

W  Reading taken in contactwitE”Final Product container



TABL5VII

EFFECT OF THE SILICA GEL COLUMN ON THE FISSION PRODUCT REMOVAL IN THE SECONDARY SYSTEM

Before Installation of the Silica Gel Column

Run 1 Beta Zr and Nb Ru Ce Sr Y
No. cpm/mg Pu D.F. bom/me: Pu D.F. c p m / W  Pu D.F. cpm/mg; Pu D.F. D.F. cpm/iag i'u ---

7

11

12

Afte

2.0 x 105 

2.2 x 105 

6.6 x 1C4

r Installat

4.4 x  10 

6.7 x 10 

7.9 x 10

■ion of th 5 Silica Ge 1 Column

7.8 x 104 

1.3 x 105 

4 . S x  105

1.1 x 10

5.3 x 10 

2.6

1.1 x 105 

6.7 x 105 

L.6 5 x  105

-1.6 x  10 

3.8 x 10 

6.6

2.8 x 104 

1.2 x 102 

3.5 x 105

2.2 x 10^

1.2 x 102 

7-5

3.3 x 103 

2.9 x 104

2
5.9 x  10 

I'.7 x 10

1.6 x 103 1.8 x  103

.
Run
kn,

Beta Garama Zr Nb 8u Ce Cs Sr Y
cpmymg Pu| D.F. c pm/rag Pu D.F. cpm/rag Pu D.F. cpm/mg Pu D.P. cpm/rag Pu cnm/me Pu D.F. cpm/me Pu D.F. cpm/mg Pu D.F, cpm/mg: Pu D.F.

47

43

49

5.6 x 10v | 7.2 x 10

9.5 x 105 3.8

5.6 x 105 2.8

2.5 x 104

7.5 x 104 

3.1 x 104

2.7 x 102

2.6 x 10

3.6 x 10

4 -2 x 103 

1.9 x 103 

2.4 x 102

1.5 x 10

4.5 x  10

4.1 x 103 

2.5 x 103

1.1 x 103

1.3 x 103 

5.0 x IQ2

5.4 x 102

1.0 x 104

7.0 x 103

6.S x  10 

3.0 x 10

7.0 x 104 

2.34 x  104

2.5 x 10

1.6 x 10

1-4 x  103 

3.5 x 102

2.2 x 103

1.3 x 10*

9.4 x 10 

5.9 x 10

1.5 x 105 

3.0 x 103

1.0 

2.9 x 10

1

4.3 x 104

1.4 x 103

2.0 

2.7 x 102

Note: Counts given are on the final product

U
N
C
L
A
S
S
I
F
I
E
D
 

- 
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- 
C
R
C
E
-
7
4
3
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4. FINAL PRODUCT

The purity of the final product from the anion 
exchange process met the requirements except in the 
associated gamma activity. Although the silica gel 
column reduced it, the gamma activity associated with 
the final product was still too high to allow handling 
of the product without shielding (Table V I K  The 
iron was less than 0 by weight of the plutonium 
and the uranium less than 1% by weight of plutonium 
in the final product, (Tables VIII and IX K  In 
Table IX runs Id and 46 were clean-up runs where 
all the columns were eluted and concentrated to one 
product thus resulting in high impurity concentration.
In runs 40 to 44? two columns were eluted and concentrated 
to one prpduct thus again resulting in high impurity 
contento Tables VIII and IX show- that the impurities 
are within the specifications given by Hart (13)®

5, PLUTONIUM BALANCE

The overall plutonium balance as well as a 
summary of the plutonium balance across each system is 
given in Table? X. The high plutonium loss in the 
secondary system and the partial recovery of this in 
the final evaporator system was due to improper in
stallation of weight scales at the end of the secondary 
system,,

The overall recovery of plutonium was 96<>3foB 
Part of this high loss of plutonium was due to inves
tigation of single column feeding and other experimental 
runs where slightly higher plutonium loss to the waste 
steam was allowed„ The overall plutonium accountability 
across the system was 99o5%a On individual runs the 
plutonium accountability was t 5 to = ’fhis was
primarily due to changes in the amount of plutonium 
left as hold-up in the tanks from one run to the next®

60 RADIATION DAMAGE OF RESIN

It is known that all ion exchange resins are 
subject to radiation damage resulting in capacity 
decrease,, The capacity loss would determine the 
replacement frequency of the resin column which is 
one of the major economic factors to consider in 
the purification of plutonium by ion exchange„
Higgins (20) studied the radiation damage of Dowex-1 
resin by irradiating it with Co=60 and found that about 
40Jo of its capacity is lost per watt-hour absorbed per 
gram of dry resin„



TABLE VIII

Final Product Plutonium Impurity Content in % Wt. Pu

U
N
C
L
A
S
S
I
F
I
E
D
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Product
No.

A.1 B Ba Be Cst Cr j c» Fe K Mg Na Ni Pb Si Sr Ti u Zn Zr

307 <0.06l<0.06 <0.02 <•0.02 0.16 <0.06 <0.06 0 .4 CO.6 <0.02 0.04 <0.13 <0.06 <0.06 <0.02 <0.02 <0.6 <0,13 <0*02

342 < 0.061<0„06 <0.02 <0.02 0.06 <0.06 <0.06 0.08 <•0.6 <0.02 0.4 <0.06 <0.06 <0.06 <0.02 <0.02 1 <0.13 <0.02

343 < 0.06j< 0.06 <0.02 <0.02 0.18 <0.06 <0.06 0.1 <0.6 <0.02 0.12 <0.06 J<0.06 <0.06 <0.02 <0.02 3 <0.13 <0.02

347 <0.06 <0.06 <0.02 <0.02 <0.02 <0.06 <0.06 0.36 <0.6 <0.02 0.2 <0.06 0.08 <0.06 <0.02 <0.02 4 '0 .1 3 <0.02

toC°\ < 0 .06j<0 .061<0.02 <0.02 <0.02 <0.06 <0.06 0.1 <0.6 <0.02 0.06 <0.06 <0.06 <0.06 <0.02 <0.02 2 <0.13 <0.02

» i iea Gel Column.

352 0,06 <.0.02 0.02 <0.06 <0.06 1.0 <0.02 0.2 <0.06 <0.06 1.3 0.25 1 <0.13

353 0.06 <0.02 <0.02 <0.06 < 0.06 0.1 <0.02 0.2 <0.06 0.16 0 .4 <0.6 <0.13

354 0.06 <0.02 <0.02 <0.02 <0.06 <0.02 0.06 <0.02 OoX <0.06 0.1 <.0.02

355 0.06 '0 .02 <0.02 <0.02 <0.06 <0.02 0.08 <0.02 0. 1 <0.06 0.4 <0.02

3 56 0.06 <0.02 <0.02 <0.02 <0.06 o.a .0 8 <0.02 0.06 <0.06 0.4 <0.02

357 0.06 <0.06

■

<0.02 <0.02 <0.06 <0.02 .08 <0.02 <0.06 0.4 <0.02

S
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TABLE II

Uranium, Iron and Non-Volatile Solids in the Final Product

Run
No.

Total Pu 
&ms.

Total Fe
gms.

Total U
gms 0

Fe % 
Pu

u *
Pu

NVS-PuOo^
'Pu

13 34.7 0.360 2*09 1.04 6o02 7 .3

19 69® 4 0 e130 0o 26 0.19 0,33 12.3

20 79®4 0.123 0.135 0,16 0.23 3 .9

21 73,6 0.036 0.73 0.11 0.99 11 a

22 74.0 0.074 0a 29 o a 0.39 5a

23 63.5 0.074 0.194 o a i 0.30 3.5

24 30 <,9 0.121 0.137 0.15 0.23 3 .9

40 55. $ 0.135 1.73 0.24 3 .2 5*5

41 25.9 0.>129 1 cry 
® f 0.51 6.25 12.3

42 22el 0.163 0.74 13.4

43 42,9 0.134 1 .5 3 0,31 3.63 6*6

56.1 0.09 0,325 0.16 1,47 5*5

45 50.1 0.135 0.35 0.27 0.7 5.3

46 66,7 0.710 1.3 2 1..06 1*97 10.3

47 30.6 0.137 0.292 0.45 0®96 1.14

49 109® 3 0.263 0.36 0.254 0.79 0.66
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Primary System

From dissolver

Recycle from Sec
ondary System

Secondary System

Final Evap®

Balance

Unaccountability 
% Accountable

Overall Recovery

TABLE I

Overall Plutonium Balance 

Balance from run 1$ through run 52

IN; OUT:

23 40 ,,44 eras Feed and Wash 54*02 grns,
Effl,

111*62 gins,, Eluate 2390,06 gms,

2452s06 gins„ 2444,03 gms *

Unaccoun
table 7 *9$ gmse

2452.06 gms.

2390,06 gms „ Feed and 21o09 gms0
Wash Effl.

To final Evap 2221„7 gmse

Recyle to
Primary 111.62 gms .

To Chenio Dept „

2390«06 gms® 2367. S i  gms0

Unaccoun
table 22.25 gms»

2390,06 gms,

2221»7 gms„ Final;, Prod * 2240941 gms,,

Condensate 0,21 gms„

22.21 „7 gms„ Final Prod, 2240062 gms*
:,;rl$o92 PIS. i
2240062 gms.

H o 3 1  gms,
99 o 5%

2240, 4 1 + 13.4  x 100 = 96,3%
234*44



TABLE XI 

Recommended Process Flow Rates

Operation

Feed application 2 irradiated U rods

High acid wash low rate

High acid wash high rate

Low acid spacer

Elution 0.15 M  NH3OHNO3

Low acid spacer

Application to cation column

Wash - cation column

Elution of cation column to secondary anion column 

Wash of secondary anion column 

Low acid spacer to effluent tank

Low acid spacer to eluate tank

Elution of secondary anion column

Low acid space of secondary anion column

Evaporation of Pu solution

NH^NO^ destruction

Final Evaporation

Final .product handling

TOTAL PROCESS TIME

Yoi Flowrate Time 
Liters mis/cm /min Hr

500 1,5

20 1,5 0.7

450 4.0 6.0

35 0.75 2.5

60 0.70 4.2

30 0,75 3.1

90 10 .0 1.5

10 10.0 ..2

35 0.75 9.4

150 4 .0 7.4

3 0.75 2.2

5 0,75 1 .1

20 0*75 5«6

20 0.75 5.6

45 14.0

2.5 S„<

2,5 12.0

0*25 - 4*0

37.5

UNCLASSIFIED 
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In the Anion Exchange Pilot Plant studies were 
made to determine the effect of radiation damage to the 
resin but due to the short length of time it has been 
operating the resin had received only about 0*2 watt 
hour per gram of dry resin„ Results obtained seemed to 
agree with Higgins results but more work will be required 
on this .

7. RECOMMENDATIONS

A study of the process variables in the Anion 
Exchange Pilot Plant has shown that total process time 
and reagent requirement could be decreased without 
affecting the product0 It also presented problems that 
should be studied for further process improvement„

A reduction in operating time by 1/3 can be 
made by increasing flow rates and decreasing reagent 
volume requirements„ Reduction in reagent requirement 
is possible by recycling the latter one-half of the 
primary high acid wash. Hydroxylamine nitrate require
ment can be reduced by decreasing the elutrient concen
tration,, These recommended changes are tabulated in 
Table XI.

Some problems that should be investigated ares

1. Determine the cause of high plutonium loss in the 
primary cycle. Hexavalent plutonium in the dissolver 
solution may be the cause.

2. Determine the possibility of using another cation 
column instead of the final evaporator»

3. Make further studies of the effect of radiation on 
resin life.

4® Ways and means of improving the separation from 
fission products should be examined further in 
order to obtain an acceptable final product*
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A P P E N D I X  

Calculation for Cation Resin Column

In CEI-55 Durham and Aikin give an equation

for the absorption of plutonium by a cation resin*

The equation given is :

K -u = XPuR ^  " XPu8 ^  CS
v (1 v ]3 ri 2
PuS U  PuR'

where Kpu3+ 3 equilibrium constant for Pu^+

Xpug = equivalent fraction of Pu in solution

XpUR = equivalent fraction of Pu in the resin

Cg = total concentration of cation in solution 
in equivalent per liter

Op = exchange capacity of the resin in milli- 
equivalents per gram dry resin*

Assume feed solution to be;

vol = 120 liters

HNO3 = Oo75 N

NH20H » 1000 mgm/l*

U - 1.5 g/1

Givens

Kpu3+ - 9

C^ = 5o 5 meg/gm dry resin for Dowex 50 

of’wet'resin * °’425 Sms of dry resin (19)



UNCLASSIFIED - 31 - CRCE-743

Solutions

Cs = 0„0125 + O 0QI26 + Oo75 - 0o7S

X p u S  » 0^0122, = 0 o 0 l 6
o (

T h e m

XpuR (1 - O o O l 6 ) 3  ( O 07 & ) 2
9 . . _

0.016 (1 - X p ^ l ^ o S ^

lL
(0 „0 1 6 )  ( 5 o 5 ) ?: x  9

0.1325

XpuR = 0,575

5C5 x 239 pm Pu. /
Oo 575 x ~ 252 gm Pu/gm

resin

B 0 9252 x 0.425 S E _ £ i i _  - 0 e107 _ __________
ml resin mis ox resin

= 107 gms Pu/Xiter of resin

Saturation capacity of the resin with the  assumed feed

solutions is 107 gm Pu/liter of resin


