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NEPTUNIUM RECOVERY AND PURIFICATION AT HANFORD 

By 

R. E, Isaacson and B. F, Judson 

General Electric Company 
Hanford Atomic Products Operation 
Chemical Processing Department 

ABSTRACT 

Neptunium i s rout inely recovered from i r radia ted fuel elements a t Hanford's 

two main separations p l a n t s . I n i t i a l development t e s t s were s ta r ted in the Purex 

p lant in 1958^ then in the Redox plant in 1959, and recently culminated in the 

i n s t a l l a t i o n of new production systems in both plants for improved recover ies . 

Both recovery flowsheets employ solvent extract ion techniques based on the 

r e l a t i v e e x t r a c t a b i l i t y of neptunium-VI. The neptunitim i s co-extracted with 

uranium and plutonium in the p l a n t s ' f i r s t extract ion cycles and then par t i t ioned 

and decontajDinated in sepai^te neptunium cyc les . Excellent decontamination from 

f i s s ion products i s achieved without in ter fer ing with mainline uranium and 

plutonium production. Recovered neptunium i s purif ied by anion exchange and 

shipped of f s i t e for subsequent i r r ad ia t ion t o plutonium-238. Overall separation 

fac tors of uranium and f i s s ion products from neptunium are greater than 10"î  and 

lO-l-̂  respec t ive ly . 
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NEPTUNIUM RECOVERY AND PURIFICATION AT HANFORD 

INTRODUCTION 

New process systems have recently been ins ta l led in Hanford's Purex and Redox 

p lan ts t o permit continuous production-scale recovery of neptunium-237. Neptunium 

i s formed in Hanford's nuclear reactors as a by-product of plutonium-239 production 

and i s recovered and purif ied in the chemical processing p lants for subsequent 

conversion t o plutonium-238. 

The production reactor and chemical processing complex a t Hanford i s operated 

by the General E lec t r ic Company under prime contract to the U. S. Atomic Energy 

Conjmission. The Purex and Redox p lan ts employ solvent extract ion systems t o 

separate and decontaminate plutonium from i r radia ted uranium for subsequent use 

in weapons components. The i r rad ia ted uranium i s recovered and decontaminated 

from f i s s ion products for reuse in the U^35 fuel and weapons systems. Recently 

the Purex plant has a l so been employed for recovery of useful f i ss ion products, 

including strontium-90, cesium-137, cerium-l44, prcanethium-rare ear ths and 

technetium-99• 

Recovery of the t ransuranic neptunium-237 was s tar ted a t Purex in I958 and 

a t Redox in 1959 using main-line process equipment with special campaign opera-

t ions for decontamination of accumulated material (Ref. 1, 2, 3 ) . The use of 

the main plant system permitted rapid response to the AEC's ear ly program needs 

for plutonium-238 in space power u n i t s . Increasingly higher demands for neptunium 

prompted a follow-up program t o permit e f f i c ien t and economical recovery on a 

continuing b a s i s . 

The following paper describes the new process systems recently ins ta l led a t 

Hanford and summarizes program a c t i v i t i e s and process performance r e su l t s to d a t e . 

FORMATION OF NEPTUNIUM 

Neptunium-237 i s a long-lived transuranic isotope formed by two react ions 

in the neutron i r r ad ia t ion of natural and s l igh t ly enriched uranium as shown in 

Table I . 
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TABLE I 

NEPTUNIUM FORMATION 

U235 _ i n , . ^ i ^ L ^ 3 6 (n, / } ^ u 2 3 7 ^ N p 2 3 7 

6,75 d 

U238 (n ,2nl^ug37 ^ ^ Np^ST 

6.75 cl 

Most of the neptunium is formed by reaction of u238 with fast neutrons. Smaller 

amounts are formed by slow neutron capture in u23o since appreciable amount of 

U^^o gj^ generated in the system by neutron capture in u235. The bulk of the 

u236 formed in the irradiation of natural uranium is lost to the reactor cycle 

when uranium is processed through the gaseous diffusion plants for isotopic 

enrichment, Hanford is participating in an AEC program to increase neptunium 

production by recycling the slightly enriched uranium stream from the reactors 

without processing in the cascades. Most of the U236 formed in the slightly 

enriched uranium is thus available for neutron capture in the reactors and 

increased overall yield of neptuniium-237. In either case, the concentration 

of neptunium in uranium is very small so that recovery of gram quantities in 

the huge separations plants is a difficult and challenging assigranent. 

NEPTUNIUM RECOVERY AT PUREX 

The process scheme used for the recovery of neptunium in Hanford"s Purex 

plant is shown in Figure 1. After dissolution in nitric acid, the neptunium 

is extracted Into the 30 per cent TBP-kerosene solvent along with uranium and 

plutonium in the HA Column and is scrubbed for fission product removal in the 

HS Column. The plutonium is partitioned into an aqueous phase in the IBX Column 

and the neptunium and uranium co-stripped in the IC Column. Tlie IC product is 

concentrated and uranium is re-extracted in the 2D Column. The neptunium, 

however, is forced into the 2D raffinate stream which is concentrated for 

backcycle to the HA Column. Approximately one-third of the backcycle stream 
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is continuously processed through the new 3A Column where the neptunium is ex-

tracted into the organic phase. The neptunium is stripped in the 3B Column and 

returned to the 3A Column. Neptunium is thus accumulated in the 3A and 3B systems 

and is periodically decontaminated and i^moved to the new batch ion exchange unit 

for final purification and loadout, 

'The purpose of the 3A and 3B Columns in the plant is to permit continuous 

recovery of the neptunium and decontamination for purification without shutting 

down plutonium production operations. Without the new columns, neptunium can be 

accumulated in the uranium extraction and waste backcycle systems but can be 

decontaminated for removal only by special campaign processing through the 

plutonium decontamination system. This requires shutdown of essentially all 

normal process activities. In addition, accamulating the neptunium inventory 

within the main process system involves constant exposure to process xipsets and 

losses of the inventory to waste streams requiring eacpensive and time consuming 

rework. The new solvent extraction batteiy thus permits improved plant operating 

efficiency. 

The recovery flowsheets are based on control shifting of the neptunium 

between its three valence states and the relative extractability of each into 

the plant solvent. The process was developed in laboratory minimixer studies 

at Hanford using some of the valence control techniques discovered at Savannah 

River Laboratory (Ref. ^n 4) • As shown in Figure 2, neptunium-liI is more 

extractable in 30 per cent TSB than neptunluB^Zr at low acidities while at high 

acidities, both are comparable. Neptunium-Y on the other hand is virtually 

inextractable o The valence state of neptunium is controlled by the use of MO2 

for catalytic oxidation to neptunium-¥I and by the use of ferrous sulfamate for 

reduction to neptunium-r/. Thus the neptttniion is extracted as neptunium-¥I in 

the HA Column by oxidation with 0.005 M MO2 in the solvent. It is reduced to 

neptunium-I? in the EBX Column and maintained as neptunium^BT in the 2D and 
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3A Columns by ferrous sulfamate. The neptuniuro-IY i s kept in the organic piaase 

in the IBX Column by v i r tue of the low aqueous to organic flow r a t i o but i s 

par t i t ioned into the aqueous phase in the 2B Column by the high satarat ion of 

uranium in the solvent . 

Flowsheet compositions for the 3A'=3B systems are shown in Figure 3 for the 

accumulation phase of operat ion. Process specif icat ions for the two coliumns 

and unique features of the equipment design are described in a separate paper 

(Ref. 5)» During the accumulation phase, the pa r t i t i on demands on the system 

are three=-f old = separation of plutonium and f i ss ion products from the nept -*ntum 

in the 3A Column and separation of uranium from the neptunium in the 3? Column. 

The 3A Column feed i s maintained a t a high n i t r i c acid concentration to assure 

good extract ion of neptunium-riTo The scrub solution i s a high acid.'-ferrous 

sulfamate^hydrazine solution t o reduce plutonium to the inextrectable pliitanium-M:! 

for discharge t o the raff i n a t e . Feed flow i s adjusted so tha t the uravAm 

concentration in the solvent phase i s £o.2 M t o prevent high neptyDium losses 

t o the r a f f i n a t e . The 3B Column back-extractant flow i s maintained ot cne-tnird 

the solvent flow t o s t r i p out the neptunium into the aqueous phase while at the 

same time iretaining uranium in the solvent for backcycle to the .CE\ v_ oluffin fee a. 

stream in the main p l a n t . The 3A Column raff inate i s returned to the Backcycle 

Concentrator feed stream in the main process where the hydrazine i s destroyed 

by n i t r i t e r eac t ion . 

After a specified amount of neptunium i s accumulated in the systenj^ the 

decontamination phase of operation i s s ta r ted as shown in ?lgure "̂ o The 

backcycle stream i s a l l processed in tne HA Coltimn and a synthetic feed 

solution i s prepared for the 3A Column containing ^.5 M n i t r i c ac id , 'he 3A 

Column scrub i s reduced in acid and s a l t content and the solvent flew decreased 

t o Improve f i s s ion product decontamination. The nepisuni'om i s then reilaxed 

through the system u n t i l the separation from platonium^ uranium and f i ss ion 
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products i s suff ic ient for the ion exchange pur i f ica t ion step a t which point the 

product flow i s diverted t o the ion exchange feed concentrator. 

Performance of the system has been excellent witn stable operation in the 

3A and 3E Columns a t volume ve loc i t i e s matchiiig Semiworks Operation as shown in 

Table I I (Ref. 6., 7 } . Instantaneous neptanijm losses to the 3A and 3B rs f f ina te 

streams have been l e s s than 0.5 per cent a t flowsteex con&itior-s, D'eeontamlnation 

fac tors across the system ar'e sommarized in lable I I I for the extract ion, 

accumulation and decontamina^tion phases of the o r e i ^ l l operation, Ihe s h i f t s in 

instantaneous DJ for Zr-Wo-'S'y and Ru-Rh-I03''106 between the accumulation and 

decontamination phases re f l ec t the changes in feed and seznb ac i a i ty and the 

solvent f lows, Pert'ormance of a t yp ica l l ecc tamina t ion r^n i s shown in „"-ig"ure 5 

as a p lo t of r e l a t i ve 3B Joiomn product activit .y levels v s . 3A "Column feed through-

Integrat ion of the nejtjnium recm^ery system into the main-line process has 

been smooth. The main effects were changes i c the eomposixion of the concentrated 

backcycle stream, addit ion of a i t r i t e t o t i e backcycle .oncentrator feec ani 

backcycle of the 3B Column i^ff inate t o the IBX O-oljmn feed stream, a l l of which 

were accomplished with no adverse e f fec ts on process eff ic iency, "versl l rec0%ery 

capab i l i t i e s for the plant are greater than 60 per cent with carryover tc the 

2EU uranium product stream less than 10 per cent and losses to the 'hA loLjarm 

raff inate stream less than 10 per cent.. Overall s tparat lon of the uranl an ard. 

f i s s ion prodticts from nept,..nium^ based on JA "'olwan feed concent ra t lonsj, I s 

>106 W for uranium^ ^10^ for Ri-Rh-103~106, and-:^lo9 D^ for Zr-m-S'^. 

mFTMBM REGn7ERl AI REIi' X 

The process schemes used for recovery of neptuni"jm in Hanford's Redox plant 

are shown in Figuares 6 and 7» In the f i r s t scheme, nept'^nium i s extracted aod 

accumulated in the or ig ina l equipment system and per iodical ly decontaroindted 

for removal by special campaign processing through the plutonium deeontamlndtion 
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system. The second scheme i s based on routine decontamination of neptunium through 

use of plutonium solvent extract ion columns made available by the ins t a l l a t ion of 

a continuously operated prototype anion exchange contactor for plutonium decon^ 

tamination. In both cases , the neptunium i s extracted into the hexone solvent 

along with uranium and plutonium in the pjrecycle column system and i s forced 

into the aqueous raf f inate stream separate from uranium and plutonium in the 

p a r t i t i o n column system. The neptunium i s accumulated by recycling between the 

two systems and i s per iod ica l ly removed t o a plutonium column system for 

decontamination. 

The recoveiy flowsheets are based on aqueous-phase acid control and the 

r e l a t ive e x t r a c t a b i l i t y of neptunium-¥I from acid AM solutions as ccaupared to 

acid "deficient ANN solut ions as shown in Figure 8 , The Redox process was 

converted from an acid-def ic ient f^ed system t o an acid feed system to permit 

neptunium recovery (Ref. 3)0 Ruthenium decontamination i s b e t t e r , however, with 

an acid def ic ient system so tha t the p a r t i t i o n and remaining cycles remain acid 

de f i c i en t . Thus, the neptunium, which i s oxidized to neptunium-YI in the feed 

with dichromate, i s extracted in the f i r s t cycle and i s not extracted in the 

p a r t i t i o n cyc le , 

In Figure 6, the neptunium from the lA Par t i t ion Column i s returned t o the 

HA Extraction Column where i t i s subject t o po ten t ia l losses t o waste as i t i s 

re^extracted for accumulation. Therefore, in Figure 7;. the neptunium i s returned 

t o the IS Column for accumulation and the raff inate i s backcycled to the HA Column.? 

thereby minimizing po ten t i a l l o s s . 

After a specified amount of neptunium i s accumulated in the IS-HC Column 

system, the inventory i s aremoved by a special water s t r i p through the IS Column 

scrub section and i s t ransferred t o the 3A and 3B Columns previously used for 

plutonixmi decontamination. The neptunium i s par t i t ioned from residual uranium 

and plutonium by contact in the 3A Column from an acid deficient feed thereby 

extract ing the uranium and plutonium and segregating the neptunium in the 
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r a f f i n a t e . The neptunium i s then extracted from an acid dichromate feed in the 

3A Column, stripped in the 3B Column and ozonated batchwise for f i na l rutheniian 

decontamination. If fur ther decontamination i s required, the process steps are 

repeated as necessary. The neptunium product solution i s then concentrated and 

loaded out for f i n a l pur i f ica t ion by ion exchange a t the Purex p l a n t . 

Reserving the 3A and 3B Columns for neptunium decontamination rather than 

plutonium processing, minimizes the number of process operations otherwise required 

during camjaign processing through the 2A-2B plutonium columns, eliminates the need 

for p lant down-time t o decontaminate the neptunium, and thus permits improved over-

a l l plant operating ef f ic iency. 

Performance of the system has been good with stable operation of the special 

purpose colJJmns and smooth in tegrat ion of the overal l process system. Overall 

neptunium recoi^eiy capab i l i t i e s for the Redox plant are gireater than 90 per cent 

with e s sen t i a l l y no carryover t o the 3E'0' 'uranitam product stream and losses t o the 

HA Column raff inate stream of less tha,n 10 per cent , O-^-eiall separation of the 

•uranium and f i s s ion products from neptunifim, based on HA Column feed concen-

t r a t i o n s areip-lO^ W for uranium, T ' IO^ W for Ru-Rh-103,106 and ^10^ DF for 

Zr»Nb-95, 

J^TOjIOM FmmOATlQ'E AT HANFORD 

7Ihe neptunium recovered in the Purex and Redox p lan ts i s purif ied by batch 

anion exchange using the f lowscheme shown in Figure 9 •> 

The neptunium product solution from the Purex solvent extract ion ba t t e iy 

i s steam-stripped and concentrated in a thermosyphon concenti^tor . Ihe neptunium 

i s then adjusted t o neptunium-W with ferrous sulfamate, s tab i l ized with hydrazine 

and i s loaded on an anion exchange res in column in a concentrated n i t r i c acid 

medium. The product from the Redox system i s adjusted in feed composition and 

loaded on the res in column without p r io r concentration in the exchange c e l l . 

Once loaded on the res in , the neptunium i s f i r s t washed with concentrated 
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n i t r i c acid containing HF" t o remove f i s s ion products, Residual fluoride i s washed 

out of the column and the neptunium i s eluted with d i lu te n i t r i c ac id , Ihe con-

centjrated port ion of the elt.^nt i s diverted into a product tank where the 

neptunium i s com/arted t o the s table neptuni.im-¥ valence s ta te and the prodact 

i s then bo t t l ed for shipment o f f s i t e , 

fhe purpose of the neptaniom pur i f ica t ion f a c i l i t y i s t o pro^ride sufficient 

clean-up and concentration of the neptunium so that shipment of the prodact off-

s i t e can be done safely and economically. Without such a system, shipment of a 

unif'orm prcduet from the two recovery systems could not be assured and development 

of alteiTiate recovery processes would be r e s t r i c t e d , "Dilute product concentrations 

and h ig t e r f i s s ion jroduet le*?els would involve considerably larger and uneconomical 

heavily shielded shipping contai.^ers, 

ree pur i f ica t ion flowsheet i s based on the formation of s table anionic 

nept ^nium-Iv complexes in concentrated n i t r i c solutions and the high loading 

capaci t ies of cer ta in anion exchange res ins for sacn complexes, Itie basic exchange 

technique was de\reloped a t -.anford and the process used in the new f a c i l i t y was 

thoroughly t e s t ed in semiworks systems (Ref, 8, 9) „ Control of the neptunidm-Z,-

valence in the high acid solution Involves using ferrous sulfamate witn hydrazine 

as 8 holding r e l u c t a n t , The use of small concentrations of H? permixs re l a t ive ly 

large f i s s ion product dec on tarn iimt ion factors t u t requiires extra steps for cont ro l , 

Uortrolled product e lu t ion permits recycling of d i lu te port ions of the eluate and 

loading out only concentrated product so that a f i na l concentrator system i s not 

required, 

Flowsheet compositions for the various steps in the pur i f ica t ion process are 

shown in Table W, Unique features of the equipment design are discussed in a 

separate paper (Ref, 10) . The neptuniijm-I\'"' i s loaded on the res in a t a Temperature 

of 25* C and the r e l a t ive ly low r a t e of 8 milligrams neptunium per minute per 

squai*e centlmer. Most of the plutonijm loads simultaneously even though the 



- 11 - HW-SA-3283 

prevalent plutonium valence s t a te in the feed i s P u - I I I . Plutonium i s removed 

from the column a t a temperature of 20* C by scrubbing a t h m i l l i l i t e r s per 

minute per square centimeter. A 20-column volume f i ss ion product scrub i s 

passed through the res in a t h m i l l i l i t e r s per minute per square centimeter a t 

70* C. Product e lu t ion i s performed a t ambient temperature using O.3 M n i t r i c 

ac id . The f i r s t 2 column volumes are recycled t o the feed so that a net neptunium 

concentration of 35 t o 45 grams per l i t e r can be maintained for f i na l valence 

adjustment and loadout. The wastes from the loading and washing steps are 

t rea ted with n i t r i t e t o destroy the hydrazine and with aluminum n i t r a t e to 

complex the f luoride befoi°e entering the backcycle concentrator in the main 

process sytem. 

Performance of the system has been good with flowsheet loading and concen-

t r a t i o n values readi ly achieved (Ref, l l ) . The neptunium loading on the res in 

has approached 70 grams per l i t e r . Decontamination factors for uranium, plutonium 

and f i s s ion products SLTB summarized in I^ble ? . Product e lu t ion and f i ss ion 

product scrubbing can be control led by the use of a gamma s c i n t i l l a t i o n monitor 

located in the res in ou t le t l i n e . Bed gassing i s controlled by per iodical ly 

venting the system using a sonic probe to determine res in level and the presence 

of gas pockets , 

smmmi 

The i n s t a l l a t i o n of new process systems in Hanford's Purex and Redox plants 

peiTDits ^he continued recoveiy and pur i f ica t ion of neptunium-237 from i r radia ted 

uranium as a co»product of plutonium-239. The complex solvent-extraction systems 

of the chemical processing p lan ts have been suitably modified to incorporate the 

new recoveiy processes . Performance of the new equipment has been excellent , 

meeting both flowsheet and design expectat ions. Integration into the main plants 

have been smooth with overal l separation of uranium from neptunium and f i ss ion 

products from neptunium exceeding DF's of 107 and 10 '̂-' respect ive ly . 
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TABLE I I 

MEFrJNTJM COLOM '̂ PERFtmMANCE AT FOREX 

FLO)DINQJl.B€:-i:s'' 

3A Column 

Cold Semiworks 

Purex Cold Tests' 

Purex Hot Tests 

Accumulation 

Decontamination 

Yol, Yelo Fi^q, 
Gal-Hr-^-SqFt'"^ Cyc-Min"^ 

1350 
2200 

2150 

1350 
2200 

1600 

85 
70 

78 

95 
78 

75 

3B Column 
Yol. ¥el, 

Gal-Er°^-SqFt-2 £ 

1350 
2000 

1000 

1300 

1000 

Freq, 
rc-Min"^ 

77(a) 

70(a) 

80 

75 

80 

Notes; (a) The cold semiworks 3B studies were made at an amplitude of 
O06 inch. The frequency listed was corrected for the 0.75 
inch amplitude in the plant 3B Column, All 3A studies were 
at an amplitude of 1,1 inch, 

(b) The Purex cold tests were made using 5 .̂  M ENO3 as the 3AF 
and solvent from the Purex No. 1 Solvent System as the 3AX, 
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Cycle 

TABLE I I I 

NEPTJNIUM COLUM PERFORMANCE AT POREX 

Typ ica l I n s t a n t a n e o u s Ws 

E x t r a c t i o n 

Accumulation 

Decontamination 

Typ ica l Ctmiulative DF's 

Extza,ct ion 

Accumulation 

Decontamination 

DKONTAMINATION FACTORS 

Zr-Nb-95 

8000 

10 

20 

8000 

1500 

100 

Ru-Rh-103, 

600 

10 

20 

600 

1500 

100 

106 U 

100 

3 

30 

100 

400 

i?o 

Pu 

* 

20 

« 

* 

2000 

» 

'Overall 1 X 109 1 X 10 8 5 X 10^ 
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Step 

Loading 

Pu Scrub 

FP Scrub 

F Scrub 

Forecut 

Product 

NEPTUNUM BA' 

FLOWSHhKl" 

Composition 

6,0 M Iffl03 

0 , 1 M FeSA 

0 , 1 M I2H4 

6.0 MINO3 
0 . 1 M FeSA 
0 , 1 M N2H^ 

8,0 M m o 3 
0 .05 M 123* 
0 .01 M NaF 

8.0 M MO3 

0.35 M HIO3 

0,35 M MD3 

TABLE 

TCH P U R : 

AND PKl 

lY 

CriCATION AT PUREX 

IPORMAIGE DATA 

Volumes & Rates 

8 mg Np/min cm 

15 - 20 c o l , v o l . 
h ml/min cm^ 

15 - 20 c o l , v o l , 
k ml/min cm^ 

lo5 c o l , v o l . 

2 c o l . v o l , 
1 ml/min cm^ 

1 c o l , v o l , 

1 ml/min cm^ 

~ 

Np t o Backcycle 

1,0^ 

1^5l> 

2,0^ 

L0o2$ 

5^ 
(to 3^') 

_ 
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TABLE Y 

NEPTUNIUM BATCH PURIFICATION AT PUREX 

DECONTAMINATION FACTORS 

Zr-Nb°95 

Ru-Rh=103,106 

U 

Pu 

TMI 

Typical DF's 

1000 

500 

1500 

200 

80 

Range of DF's 

100 - 1500 

5 - 50,000 

10 - 10,000 

3 •= 300 

60 - 100 



FIGURE 1 

NEPTUNIUM ACCUMULATION - PUREX PROCESS 

BATCH 
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oo 
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FIGURE 2 

HW-SA-3283 

EFFECT OF AQUEOUS HNO3 CONCENTRATION 

ON DISTRIBUTIONOFNEPTUNIUM INTO 30%TBP KEROSENE 

100 

0 2 4 6 8 10 12 14 
HNO3 t̂ lOLARITY (AQUEOUS PHASE AFTER EOUILIBRATIOND 
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FIGURE 3 

NEPTUNIUM RECOVERY AT FUREX 

ACCUMULATION PHASE FLOWSHEET 

3WB 

U 0.17 
Temp 50''C 
Flow 100 

3AX 
Solvent 
From No, 1 
Solvent 
System 
Flow 115 

3AS 
M 

HMOo 270 
N2H!i 0.05 
FeSA2 0-15 
Flow 2g 

i 

JBX 

HNa oToy 
Flow 3k 

3A 

COL 

5 

3AP 

HNO3 

u 

M 

0o35 

0.16 

Flow 120 

I 

3B 

COL 

3AW 1 

HK03 
U 
Np 
PuIII 
Flow 

M 
5.2 
A* 

~ioof 
120 
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FIGIffiE k 

NEFTONIUM RECOVERY AT PUREX 

DECONTAMINATION PHASE FLOWSHEET 

Syn. 3AF 

HNO3 

Flow 

M 

5.6 

120 

3AF 

HNO-

M 
4 ,5 

Z.002 

Temp 50''C 
Flow 15̂ *-

3AX 
Solvent 
From No. 1 
Solvent 
System 
Flow 68 

3AS 
M 

MUo 1 o25 
N2HJ; 0.016 
FeSA20.012 
Flow 22 

- • 

I 

3A 

COL 

I 
3AW 

M 

MO3 3.9 

Np /Vf 

Flow 176 

JAL 
M 

HNO3 0.15 

Flow 69 

3BX 

M 
3̂ .01 

Flow 3U 

HNO: 

I 
3B 

COL 

I 
3BN-R 

M 
HNO3 0 , 6 
U £_.01 

Np ^9&fo 

Flow 34 

3BW 

M 

HNO3 ,005 

Np 10.1% 

Flow 68 
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FIGURE 3 

KEFTUUIUM RECOVERY AT FUREX 

TYPICAL DECOKTAMIMTIGKf EERFORMKCE 

0.001 

Np Mass Throughput in 3AF 

P̂̂  
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NEPTUNIUM RECOVERY FLOV/ DIAGRAM-AFTER PROJECT CSC-7/3 

ACCUMULATION 
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FIGURE 8 

HW-SA-3283 

EFFECT OFpH ON Np E^ UNDER 

REDOX EXTRACTION CONDITIONS 

2 
g 
I-
D 

I -

Q 

D 
Q: 

_J 

D 
Q 
UJ 

10 r 

.0 

N 0.1 

U-Free 
System 

0.5 M U in Hexone. 
(0.2"to 0.3 M 
U in Aqueouŝ ) 

Aqueous Phase Composition 
(U-Free Basis) 

1.37 M Al(N03)3 
0.08^M Na2Cr20Y 
0.016 M Cr(N03)3 
Tracer Np-239 

0.01 
-05 0 0.5 1.0 I 

AQUEOUS PHASE 
2.0 2.5 

P H 



FIGURE 9 

NEPTUNIUM PURIFICATION AT PUREX 

BATCH ION EXCHANGE FLOWSCHEME 

3BN 
From 
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- • r ^ -
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p e r 

3XF 
Chemical 

Make-up 
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