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DP-741, PURIFICATION OF NEPTUNIUM RECOVERED
FROM PUREX WASTE
by G. A. Burney and C. A. Prohaska

The attached report describesg the laboratory demonstf%tién of the
process that is presently operated in Building 221-F to purify
neptunium recovered from the high activity waste concentrate of
the Purex process. This ion exchange process 1s operated in the
frame deslgnated as Frame IIF.

OQur primary concern during the development of the process was to
achleve adequate separatlon from fission products and to demonstrate
a satlsfactory operation of the catlon exchange cycle for the

removal of thorium. As a result, the emphasis in the studiles
described 1n this report was on the behavior of figsion products in
tests with actual plant solutions and on the performance of the
cation exchange cycle. After the successful laboratory demonstration
of the process, it was expected -that no unusual problems would be
encountered in the plant process.

-

Contrary to expectatlons, serious difficultlies developed in the

early stages of operation in the Plant. The difficultles were
completely unexpecfed because they were assoclated with the elution

of neptunium from the anion resin. It appeared that neptunium was
retained on the resin under conditions that should have given complete
elutlion. Because this incomplete elution could not he duplicated in
the laboratory with actual plant solutlons, it was not possible to
identify the cause of the apparent incomplete elution. Following
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careful evaluation of operations in the Plant and some changes 1in
procedures, successful performance of the entlre process was

‘achlieved. The cause of the .original difficulty was not established.

Excellent separation from fission products has been achleved, and
the neptunium product has been well within the specifications for
gamma actlvity. The thorium content .of the product has been well
below the specified limit. The recovery of neptunium has been
gomewhat erratic, but in general has been above 95%. Any unusually

.high losses are recycled for recovery.

CHLe

C. H. Ice, Research Manager
Separations Chemistry Division
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ABSTRACT

o .
An lon exchange process was demonstrated to be
satisfactory for the purificatior &f Np2%7
recovered from Purex process wastes at Savannah
River Plant. Two cycles of anion exchange and
one cycle of cation exchange .gave the required
separation from the major impurities - plutonium,
thorlum, and the filssion products.
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PURIFICATION OF NEPTUNIUM RECOVERED FROM PUREX WASTE

INTRODUCTION

Np®® 1g produced as a byproduct when natural uranium is irradiated

wlth neutrons to produce Pu®3®. The neptunium 1s present at levels of

2 to 4 ppm 1n the irradiated uranium after normal reactor exposure.

In the Purex golvent extraction process for the recovéery and purification
of uranlum and plutonium, the neptunium 1s diverted primarily to the

high activity adqueous waste stream from the flrst solvent extraction
contactor. The recovery of neptunium froem the concentrated waste, by

a alngle cyecle of anlon exchange on an agltated bed of resgin, 1is
deseribed in another report ok

The product from the recovery step 1s a dilute solutlon of neptunium in
nitric acid, free of gross amounts of flssion products. A process was
required to purlify the neptunium further and to recover it in high
yield. The major contaminants anticlpated were PuZ3%, Th232, Th23¢,
7r®%, Nb®%, Rul®®, and Ru*®®. It was necessary that the process be
operable in remote lon exchange equlpment of the type that has been
previcusly desgeribed.

Sufficient data were already avallable on the anion exchange behavior

of 1’1&313‘51.11’1.’Lum(‘7’’“’5’é to indicate that the reguired separation from
plutonium and fission products could be obtalned in two repetitive anlon
exchange cycles in which the anlonlc nitrate complex of Np(IV) was
absorbed. In addlition, informatlon was avallable to 1ndicate that the
required separation from thorium could be obtalned by catlon exchange
absorption of Th(IV) in the presence of the weakly absorbed NpOjs .

This report describes the laboratery tests of a proposed purlflcation
process conslisting of two fixed-bed anion exchange cycles followed by
one fixed-bed cation cycle. Particular attention was glven to evaluating
the purity and the yileld of neptunium attalnable in this process.

-

SUMMARY

A process was demonstrated for the purification of neptunlum recovered
from the high activity waste concentrate of the Purex process at the
Savannah River Plant. The major lmpurities to be removed In the process
were PuZ2®9, Th2%2 qn23*  pul08  pul®®  7n®5  ang Nb®°. Plutonium

and the fission products were separated from the neptunium by two cycles
of anlion exchange from a concentrated nitrate zclution, and thorium was
geparated by a single cycle of cation exchange frcm a dilute nitrate
solution.

In both anicn exchange cycles, Np{IV), Pu{IV), and Th(IV) were absorbed
on the regin as the anionic nitrate complexes. The flsgsion products
were washed from the resin with 8M HNOs - 0.005M KF, and plutonium was
removed by washing with 6M HNOsz - 0.05M NpHy - 0.05M Fe{NH250sz)z.
Finally, neptunium and thorium were eluted from the regin with dilute
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nitric acld. In the cation exchange c¢ycle neptunium was oxidized to
weakly absorbable NpOZ. The NpO; that was absorbed along with the
thorium was washed from the resin with 1M HNOa. Thorium was eluted
from the resin with sodlum bisulfate when the column was loaded to the
point of breakthrough.

After the three cycles of ion exchange, neptunium was geparated from
plutonium by a factor »200, from thorium by a factotr >170, and from
figslon products by a factor >1.5%x10°,. fThe over-all recovery of
neptunium was greater than 96%. ‘

DISCUSSION

The concentrated high activity waste from the Purex process contains

10 to 20 mg/1 of Np2®", 1 to 20 mg/l each of Pu®®® and Th2®%2, and 100
to 1000 ¥ curies/l1 of flssion product activity. Actual plant waste was
processed in the laboratory te recover neptunlum by & single cycle of
anion exchange on an agitated bed of resin''’. The neptunium solution
from this operation was then used in the demonsf{ration of the purifica-
tion process. A typlcal composition of the solution produced from the
single cycle of anlon exchange 1s shown in Table I.

TABLE T

Composition of Feed to Purificatlon Process

Constltuent Concentration
Nitric acid 2.2M
Neptunium 0.1-0.2 g/1
Plutonium 0.1-0.2 g/1
Thorium <0.05 g/1
Flgsion products 1-10 v curies/1

The specifications for the Np®¥ product from the purification process
were: :
Flssion product activity <3x107% euries/g Np
Plutonium <1l wt %
Thorium <1 wt %

From these sgpeclfications and the composition of the feed solution 1t
was estimated that separation from pluftonlum by a factor of 100, from
therium by a factor of 50, and from flsslon products by a factor cf
~1.5x10% would be reguired in the three lon exchange c¢ycles cof the
purificatlion process. A further goal of the process was that neptunium
should be recovered in ylelds greater than 95%.




Ll

-

UNGLASSIF!F~

Prior work!?s%:5:738) has shown that Np(IV), Pu(Iv), and Th(IV) form
anionlc nitrate complexes that are strongly abgorbed by anlon resins
from solutlons 6 to 10M in total nitrate. Under these conditlons the
fission products are absorbed to only a very slight extent, and resilduzl
amounts may be washed from the resin with 8M HNOa. Plutonium may be
separated from neptunium and thorium by washing the resin with 6M HNOs
contalning ferrocus gulfamate and hydrazine‘b). Neptunium and thorium
are eluted readily from the anlon resin with dilute nitric =zecid.

A catlon exchange cycle was designed to separate neptunium from thorium.
In thils cycle neptunlum 1s present as the NpOz ion and is absorbed much
less strongly than Th(IV). Because the conditlons for thls separation
were not well defined, the various steps in the cycle were investigated
tc establlsh sultable conditlons for tha process.

EXPERIMENTAL

The initial studles of the process were made with solutions containing
only neptunium, plutonium, and thorium, to establish the condiftlons
required for adequate recovery of neptunium and for adequate separation
from plutenium and theorium. A solution prepared from actual plant
waste was used in the final demonstration of the process. The ion
exchange columns used in the demonstration were 13 inches high and

0.62 cm® in cross-sectional area. This height was epproximately the
same a8 that of the plant columns, and the area was about 1/1250

of the plant columns., "Dowex" 1-X3% and 1-X4, 40-60 mesh anlon resins
and "Dowex" S50W-XB catlon resin were used in the tests. The resins
were washed with nitric acid to convert the anlon resin to the nitrate
form and the cation resin toc the hydrogen form. This wash also removed
iren from the catlion resin.

Ferrcus sulfamate was prepared by dissolving iron powder in a slight
excess of sulfamic acid. The stock solutlon of hydrazine was elther

a 3M aqueous solutlon of. hydrazine nitrate from the Falrmount Chemilcal
Co., Inc. or "Hyzeen", a 30% aqueous solution of hydrazine from the
Betz Laboratories, Inc.

DESCRIPTION OF ANION EXCHANGE CYCLES

The crude neptunium recovered from the concentrated waste of the Purex
process wag processed through three cycles of fixed-bed lon exchange

for purification (Flgure 1). Two c¢ycles of anlon exchange were requlred
for removal of plutonium and flssion products. These cycles differed
only 1n the order of the wash steps. The feed was adjusted to 8M HNOa
and ferrous sulfamate was added; Np(IV) and Pu(III) were produced almost
instantaneously. The solution was then heated to 55°C for 30 minutes

to oxidize the excess Fe(II) to Fe{III) and the Pu(IIL) tec Pu{IV). The
anionic nitrate complexes of Np{(IV), Pu(IV), and Th(IV) formed in
solution were abgorbed on the anlon resin, and the resin was washed with
10 to 20 bed volumes of 8M HNCs - 0.005M KF to remove the fission
products. Plutonium was washed from the resin wilth 15 bed volumes of

6M HNOs - 0.05M NpHy ~ 0.05M Fe(NH2SOs)»; this wash removed 85 to 100%

(Rin AcRiEIER
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Heat Crude Product
9 From Primary Recovery 13M HNO,
M Fe[NH,505), 2M Fe(NH,50,),
13M HNO, J {Double Batch) ——HeT
b A
Adjusted Feed Adjusted Feed
8 M HNO, 8M HNO,
0.05M Fe{NH50;), 0.05M Fe(NH,50,),
(Heat Killed) {Heat Killed)
0,05 g Np/l 0.49 g Np/1
0.95 g Pu/l 15 BY 20 BY 0.08 g PuA
0.02 9 ThA &M HNO,- 0.05M NH, 8M HNO 0.12 g ThA
Fissn; Produ;;st 0.05M FG(NH2503)2 0.005M I?F Fission Products
BY 16 BY 158Y
8M HNO 4 BY 4BY .
0.005M |2F 0.35M HNUZ 0. 35M HNO ‘ 64 HNO, - 0.05M NoH,
Stepl ¥ 0 iy £ 3 Ty 2 0.05M FelNH,S0,),
First Cycle- Anion Exchange Second Cycle- Anion Exchunge
25 liters 25 liters
“Dowex" 1-X3, "Dowex’" 1.X3,
40- 60 mesh 40- 60 mesh
__ Waoste o E—|
Pu Recovery.
Waste Pu Recovery
Fe{lll) l

Adjusted Feed
1to 2M HNO,
0.01M Fe{l1)-0.05M NaNO,
1.7 g Np/l

BY = Bed Volumes

0.01 g Pu/l
0.36 g Th/
‘ Fission Products
8BY 1M NaHSO, “38Y yBY 1M HNO,
(not mode ofter each feed) ‘ I(uher each feed)
) |

Cation Exchange
2 liters
"“Dowex”" 50W- X8,
20- 50 mesh

Th

Purified Np
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of the plutonium. In the second anlon exchange cycle the loaded resin
was washed first to remove plutonium and then to remove figsilon products.
The wash gteps were reversed even though the removal of flsslon products
was somewhat less effective with this sequence, because the presence

of hydrazine in fthe neptunium product sclution from this cycle would
interfere with the adjJustment of the valence of neptunium In the
following cation exchange cycle.

The process was designed so that plutonium that was separated from
neptunium in the anion exchange cycles could be returned to the sgecond
cycle of the Purex process.

PERFORMANCE OF ANION EXCHANGE CYCLES

Laboratory tests with "Dowex" 1-X4, L40-60 mesh resin demonstrated the
necegslty for two cycles of anion exchange on fixed beds of resin.
T™wo cycles were necessary to attaln adequate separation of plutonium
when the Np/Pu ratic was legs than 3 or 4 & ; They were also required
to ensure adequate removal of fisslon products. When "Dowex" 1-X3,
40-60 mesh regin was used, only one cycle was required to separate
plutonium even wlth Np/Pu ratios as low as 0.2; however, two cycles
were requlred to remove flsslon products.

The results given 1n Table IT are typical of those obtained with feed
gclutlions prepared from actual plant waste. These results show that
both the recovery and purification of neptunlium were quite adequate 1n
the two anion exchange cyclesg.

TABLE TI

Performance of Anlen Exchange Cycles

Qver-all factor for separation from Th: ~2
Over-all factor Tor separation from Pu: >100
Factors for separation Trom flsslon products
Pirst eyele: 500
Jecond cyele: >100
Over-all: >5x10%
Over-all recovery of Np: »>98%

Effluent Composition,

Volume, Flow, Compogition % of Total Amcunt
hed nl HNCa, Fe(NH280a)z, XF, NzHer Np, Pu, Th, Fed to lst Cycle
Cycle Step volumes mini§Cmf! M M M M Efl g{l g1 Np Pu Th
1st Cycle of Anion Exchange
Feed absorption 80 5 8 0.05 - - 0.05 0.05 0.02 0.5 0.01 5
Fiaslon product wash 20 5 8 - 0,005 - - - - 0.2 0.01 30
plutonlum wash 15 Fl 6.0 0.05 - 0.05 - - - 0.05 >B85 5
Elution i 0.5 0.35 - - - - - - >33 <15 <60
2nd Cycle of Anlon Exchange(a)
Feed absorption ' 18 3 8 0.05 - - 0.49 ©0.08 0.12  <0.1 0.01 1
Flutonium wagh 15 2 £.0 0.05 - 0.05 - - - <0.1 <15 7
Decontaminetion wash 20 5 ) 0.005 - - - - <04 <1 ~5
Elutlon 4 0.5 0.35 - - - - - - >98 <1 ~50

{z) The products from two first eyele runs were comblned for processing through the second gycle.
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THORIUM SEPARATION BY CATION EXCHANGE CYCLE -

The separation of thorium and neptunium and further purlfication of
neptunium from flsslon products was accomplished in the cation exchange
ecycle with "Dowex" 50W-X8 resin. Neptunium in the 1 to 2M HNOg solution
from the second anion exchange eycle was oxldlzed to Np(V). The Np02
lon was absorbed only weakly by the catlon resin, while the Th(IV) was
strongly absorbed. Fe(III} was added to the feed to ilncrease the rate
of oxldation and to complete conversion of Np(IV) to Np(V) when the
solution was heated to T70°C. The effect of Fe(III) on the oxidation of
Np(IV) is shown by the data in Table III.

TABLE TII

Oxidatlon of Np(IV) to Np{V)

Temp, Time, Np{Iv)
Composition of Selution o hr Oxldized, %
2M HNOs - 1 g Np/l 2% 24 <5(a)
oM HNO= - 1 g Np/l1 70 0.5 10-5043)
OM HNOs - 0.05M NaMNO, - 1 g Np/1 273 0.5 «sla)
2M HNOs - 0.05M NaNOg - 1 g Np/l 70 0.5 «<z5la)
1M HNOs - 0.01M Pe(III) - 1 g Np/1 23 5 >98
1M ENQs - Q.01M Fe{IIZI) - 1 g Np/1 70 <0.5 588
2M HNOs - 0.01M Fe(III) - 1 g Np/1 23 24 70-80
&M HNOs - 0.01M Fe(III} - 1 g Np/1 70 <0.5 >»98

(a) Observed oxidation possibly due to traces of Fe(III) or
other catlonie impurities,

Although sodium nitrite did not appreciably affect the rate of oxlidation
of Np(IV) to Np{(V), 1t was added to the feed after cooling to stabilize
Np(V) in the presence of the resin. In the absence of nitrite, approxi-
matel¥ ?% of the Np(V) was reduced to Np(IV) and was retained on the
resin'®’ with the thorium. The addition of nitrite to the feed
decreased the amount retalnhed on the resin to 1 to 2%.

"Dowex" B5OW-X8, 20-50 mesh resin was used to obtalin the desired
hydraulic characteristlcs. The use of 20-50 mesh resin limited the
flow during the absorption step to % ml/(min)(cm®) and the number of
batches processed to 4 or 5 before the breakthrough of thorlum occurred
and elution was reguired (Figure 2). The volume of solution that could
be processed before the breakthrough occurred decreased as the concen-
trations of thorium and nitric acid increased (Figures 3 and 4). The
absorption flow was increased to 5 ml/(min){em®) and the number of
batches to 10 by using 50-100 mesh regin; however, hydraulic properties
of the gmaller resgln particles were less favorable. The varilation in
particle size of resin did not alter the effectiveness of the separation
of thorium from neptunium.
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FIG.2 EFFECT OF FLOW ON ABSORPTION OF THORIUM BY CATION RESIN
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0.4 Lo — — 3 mAmin}{em?) ! A 4

Feed @ 2M HNOg-0.56 g Th /

O 2ZMHNO5- 1.07 g Th/l ’
& 2MHNO,-2.29 g ThA /
' /
C/C 0.3 Fd
{ )
/
l /
0.2 - 7
s
/7
Fd
0.1 7 z
P .
- /
— —_—
0 — - STITY
0 12 24 k1 48 60

Bad Volumes of Effluent

FI1G.3 EFFECT OF THORIUM CONCENTRATION ON ABSORPTION OF THORIUM BY CATION RESIN
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F1G.4 EFFECT OF ACID CONCENTRATION ON ABSORPTION OF THORIUM BY CATION RESIN

At the completion of the sbsorption step approximately 25% of the Np(V)
was uniformly distributed over the resin, and the remalnder was in the
effluent (Filgure 5). Tmmediately after passage of the feed, the resin
was washed wlth 4 to 5 bed volumes of 0.5 to 1M HNOs to elute the
neptunium because when Np(V)} remained in contact with the resin it was
reduced to Np(IV}. Following this wash, only 1 to 2% of the neptunium
remained on the resin. If the resgin was not washed immediately but was
allowed to stand for T2 hours, 25 to 50% of the neptunium on the resin
was reduced to Np(IV) and was not removed by the wash with 1M HNOs.

Resin  “Dowex’ JOW-X8, 20- 50 mesh
/ ' Feod 1.5M HNO,- 1 g Np/b-B.01H Fa{lll

0.05M NeND,
Wash TM HNO;

Flow {feed and wosh} 2 mi/(min){xm3

’ |

11

Accumulative % Np on Resin Bed

ETj- 128

0 12 4

b |

Al i b+ J]— Wash
8

Bed Yolumes

FIG.5 SEPARATION OF THORIUM AND NEPTUNIUM BY CATION EXCHANGE
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The satisfactory performance of ’che catlon exchange cycle 1s demonstrated
by the typical results given in Table IV. In addition to the satisfactory
separation from thorium and the adequate recovery of neptunium, an
appreciable separation from Zr®® .Nb®° was achieved.

TABLE IV

Performance of Catlon Exchange Cycle

Factor for separstion from fisaion products: 3 to 10

Efflueant Compesltion,

Volume, Flow, Composition % of amount
bed ml HNOg, Fe(III), NaNDz, HNp, Pu, Th, NaKSO, Fed to Cycle
Cycle Step volumes ({min}{om=) M M M g/l g/t g/l M Np Pu Th
Feed abscrption 4.5 2 1-2 Q.01 Q.05 1.7 0.01 0.36 - T 10-75 <0.5
Neptunlum wash 4-5 2 0.5-1 - - - - - - 23-25 <1 <0.5
Thorium elution|?) 8 0.5 - - - - - - 1 1-2 25.50 >99

a) As required

Thorium was eluted satilsfactorlily from "Dowex" 50W-X8 resin with

1M NaHSO4. About 60% more elutriant was required with 20-50 mesh resin
than with 50-100 mesh (Flgure 6). Elutlon with 4.5M HNOs was much less
effective (Figure 7). Increasing the concentratlion of nitric acid to
6M or the temperature of elution to 55°C did not improve the efficlency.
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Resin =——— “Dowex’* 50%-X8, 30-100 mesh
1 — = — “Dowax" SON-XE, 20-50 mesh
5 Resin Bed 13 inches x 0,62 cm?
. Elutriont 1M NaHS0,
i Totel Th  ~90¢ mg
iy T ture  23°C e
£ Fiow 0.5 mlAmin}cmd)
= Elution with 4 Bod Volumes —— 98%
= r— ‘ ——— B5%
: —
16 ' |
§ b ]
8 | L
! -h
t I
8 + t
\ [
| |
| L ———1
| L S
L] ATI-124
0 1 2 4 5 [ 7
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Bad Volumes of Eluate

FIG. 6 ELUTION OF Th{lV) FROM CATION RESIN WITH SODIUM BISULFATE
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° Resin ~—— "'Dowex"" 50W-X8, 50- 100 mesh

. ——— "Dowex" 30W-X8, 2 - 50 mesh
Resin Bed 13 inches x 0.62 em?
. Elunint  4.5M HNO,
3 Totot Th ~850 mg
Temperature  23°C
Flow: 9,5 mlAminf{em3
Elution with 7 Bed Yolumes B4%
C “'} —— = 61%
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FiG.7 ELUTION OF Th(lV) FROM CATION RESIN WITH NITRIC ACID

OVER=-ALL PERFORMANCE OF PROCESS

The recovery of neptunlum and the separations achileved over the three
cycles of ion exchange were as follows:

Recovery of neptunium: >06%

Factor for separation from thorium: >170

Factor for separation from plutonium: >200

Factor for separation from fisslon products: >1.5%x10°

84,
G. A. Burney

y, -

C. A. Prohaska
Separatlions Chemlistry Dlvision
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