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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. Neither the 
United States, nor the Commission, nor any peison acting on behalf of the Commission: 

A. Makes any warranty or representation, express or implied, with respect to the a c ­
curacy, completeness, or usefulness of the information contained !n this report, or that the 
use of any information, apparatus, method, or process disclosed in this report may not in ­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from the 
use of any information, apparatus, method, or process disclosed in this report. 

As used in the above, "penon acting on behalf of the Commission" includes any em­
ployee or contractor of the Commission to the extent that such employee or contractor 
prepares, handles or distributes, or provides access to, any information pursuant to his em­
ployment or contract with the Commission. 
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REDUCTION MP STABILIZATION OF PLUTONIUIl NITRATE 
IN CATION EXCHANGE FEED AND PRODUCT SOLUTIONS 

I . INTHODUCTION 

In the concen t ra t ion and p u r i f i c a t i o n of plutonivim by c a t i o n exchange, 
t he plutonium ions are adsorbed on the r e s i n from a d i l u t e n i t r i c ac id s o l u ­
t i o n (about 0 .3 M) and e l u t e d ty more con^^entrated n i t r i c acid (about 5.8 M). 
Plutoni'im for the feed s o l u t i o n must be i n t h e p l u s t h ree va lence s t a t e , but 
the n i t r a t e s o l u t i o n fror. a solvent e x t r a c t i o n p roces s conta ins a high p e r ­
centage of plutoniiuii(IV) and a jmal l amount cf p lu tonium(VI) . An e f f e c t i v e 
reduct-ant i s sought to reduce these higher valence s t a t e s . 

Th« h i rhe r n i t r i c acid concen t r a t i on used to e l u t e the plutonium i s a 
source of axidant tending t o r eox id ize the p l u t o n i u m ( l l l ) to p lu toniura( lV) . 
I f ox ida t ion i s allowed to occur in t h e ." t r ipping column, waste l o s s e s w i l l 
be j.ncreased and the paseous by-products of the ox ida t ion wi l ] h inder column 
o p e r a t i o n . A hold ing reductant must, t h e r e f o r e , be provided t o remove 
ox idan ts from the n i t r i c ac id . T.iis paper descr ibed experir. '^ntal work with 
a njmber of r e d u c t a n t s thought ...seful in meeting t h e s e requ i rements . 

I I . OBJECTIVE 

It was desired to find a reducinr agent satisfactory for the reduction of 
plutonium in Purex j.roduct si -earns and to make these streams suitable as cation 
exchange feeds. A suitablt hold:ng reductant for use in the high acid elutant 
strear. of tne ion exchange cyc.e anc a stabilizer for the product was also 
sought. 

"he rit̂ sired reductant shc'ld: 

2. Reduce pluton-'um rapidly and completely to the plus three state. 

2. Not add metal ions to the system. 

3. Have a low exchange potential with the resin. 

U. Product no gaseous oxidation products or form precipitates in any part 
of the ion exchange cycle, feed, or product. 

5. Allow plutonium eluates to oe reoxidized safely and concentrated with­
out formation of tars or rrecipitates. 

6. Cause no serious corrosion difficulties. 

7. Be inexpensive, safe to handle, and readily available. 

III. SUMMARY AND CONCLUSIONS 

The bisulfites met the requirements for speed and completeness of reduction 
of plutonium in the feed material. They are cheap and rea<b-ly available. 
Ammonium bisulfite adds no metallic ions and is considered most suitable. The 
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sulfites are a source of sulfate ions, however, which may result in pre­
cipitation of plutonium sulfate if the product is concentrated. 

Qualitative tests with sulfurous acid indicated rapid and complete 
reduction of low concentration plutonium solutions but this reagent adds 
undesirable sulfate ions. 

Hydrozylardne sulfate reouced plutonium(lV) to plutonium(lll) at a rate 
too rlow to be practical and the reduction was not complete at any concentra­
tion of reauctant. This reduotant is also a source of sulfate ion which is 
undesirable in the final p'"oauct. 

Ifydroxylamine hydrocMor.de is only slightly better than the sulfate vdth 
respect to speed and completeness of reduction and the chloride ion is highly 
undesirable in stainless steel equipment. 

Ascorbic acid affected raj id and ccnplete reduction of plutonium(IV) to 
plutonium(III). Precipitates were formed, however, whicn plugged the filters, 
accumulated in the resin column, or passed into the waste stream with con­
sequent plutonium losses. 

Semicarbazide reduced plutonium(lV) to plutoni\2m(III) rapidly and completely. 
A 2BP solution was coirpletely reduced in one-half minute with 0.10 M semi­
carbazide. Ion exchange feeds reduced with semicarbazide at times formed an 
unidentified precipitate. Semicarbazide is expensive and requires special 
handling procedures. 

Qualitative tests with amino-guanidine indicated slow reduction of 
plutonium(17) to plutonium(III). 

Amino-guanidine and sulfamic acid were used as holding reductants. The 
stabilizing effect of these agents was found to be proportional to their own 
concentration and inversely proportional to the nitric acid concentration. 
Gas liberation was evidenced with product solutions stabilized with amino-
guanidine and with sulfaraic acid. Gas evolution was linear vdth time. 
Gassing is explained by the reaction of the reductant with nitrous acid to 
form nitrogen gas and the gassing is, therefore, an inherent part of the 
stabilizing behavior. Oxidation of plutonium(III) to plutonium(IV) enters 
into the gassing phenomena through an increase in nitrous acid, due to the 
autocatalytic mechanism of plutonium oxidation. 

IV. DISCUSSION 

A preliminary survey was made with five reducing agents: hydroxylamine 
sulfate, ascorbic acid, sulfurous acid, semicarbazide, and amino-guanidine. 
The effectiveness of these agents was measured by visual observation of color 
change, formation of precipitate, and gas evolution. A subsequent study was 
made using a recording spectrophotometer to obtain more specific information 
on rates of reduction and reoxidation. Hydroxylamine sulfate, hydroxylamine 
hydrochloride, sodium bisulfite, sodium metabisulfite, ammonium sulfite, 
ammonium bisulfite, and semicarbazide were studied. 



-6- HW-52796 

Observance of the performance of these agents when emplo3''ed in the opera­
tion of the laboratory continuous ion exchange columns coirprised the third 
phase of the study. 

A. Preliminary Survey 

Ascorbic acid was tested at several reducing concentrations and at 
varicus acidities from 0,3 M to 6.0 M. It reduces plutonium rapidly 
and conpleteiy. For ion exchange feeds containing up to 10 g/l Pu, a 
concentration of 0.05 ^̂  ascorbic acid appeared satisfactory. Reduction 
of 5 g/l Pu in 0,3 M HNOj was obtained with 0.01 M ascorbic in most 
cases, but completeness of reduction was not assured and reoxidation 
sometimes occurred within two hours. Solutions reduced with 0.05 M 
ascorbic acid required from 15 to . 0 cays to become completely reoxidized. 
Unattractive features of ascorbi^ acid included the occasional formation 
of a precipitate ranging in color from orange to grey-white as the plu­
tonium solution reoxidized. The precipitates were not identified but 
appeared to be formed by plutonium and one of the oxidation products of 
ascorbic acid. At 6 h HNOi, 0.10 M ascorbic acid would not reduce the 
plutonium without the addition of sulfamic acid to destroy the nitrite 
ion. 

Sulfurous acid made by bubbling sulfur dioxide through water was tested 
and found to reduce lower concentrations of plutonium rapidly and completely 
at low nitric acidities. It was not found as effective as either hydrox­
ylamine or ascorbic acid, however, and was not tested in the continuous ion 
exchange system. 

Semicarbazide was found to reduce plutonium(r/) rapidly without 
appreciable gas formation at plutoniim concentrations up to 10 g/l. 
Reauction with semicarbazide at 0,05 ̂  was found to keep the plutonium 
solution blue for up to 1? days- It als( reduced plutonium m 6 M 
nitric solutions, bu*- at slower reduction rates. Semicarbazide is a 
somewhat unstable conpound and should be kep* under re'rigeration. The 
manufactiirer's recommended shelf life is tnree months. The normal use 
for this reagent is for dr .rs and probal: ly not greater than one pa- cent 
decomposition occurs in a ̂ 'Ô day period if 'he semicar: azide is kept 
under refrigeration. 

Amino-guanidine (obtaine 1 as tne bicarbonate) m all preliminary tests 
proved to have a much slower reducing rate than any of the other agents 
tested. It did not rediice ' lutonium in 6 M HNO^. Tiirie for reduction of 
l5 g/l Pu m 0.,i M HNO3 ranged from one hour to"several days. It was, 
therefore, n' t tested as a reducing agent in column operation but re­
tained as a possible holding arent for use m elutriant solutions. 

Addition of 0.3 K sulfamic â id to the reducing ag-̂ nt solutions 
tested did not increase the rate of reduction of the plutonium by the 
individual reductants tested. Addition of sulfamic acid did approxi­
mately double the length of time the plutonium remained in the three 
valence state. 

^ : J ^ ^04 
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B. Reduction During Simulated Purex 2B Column Str ips 

Reduction of the Pxirex product during the str ipping step in the 
2B column would simpli'^y feed preparation for ion ex hange, Sulfurous 
acid, hydroxylaraine, and ascorbic acid were tes ted on simulated 2AP 
streams. The sulfurous acid did not reduce the plutonium under these 
conditions. Both hydroxylamine hydrochloride and ascorbic acid at a 
concentration of 0.05 M and a 2AP to s t r i p r a t i o of 2 to 1 appeared to 
reduct- the plutonium rapidly and completely. There was no v i s ib l e gas 
for-iation and the solutions were s t i l l reduced after an in te rva l of 
one week. 

C. Spectrophotometric Studies 

1. Hydroxylamine Sulfate 

Information obtained from Savannah River* indicated hydrox­
ylamine sulfate to be a promising reductant. However, spectro­
photometric determinations on feed prepared for ion exchange showed 
in:omplete reduction. Reduction with hydroxylamine sulfate was 
actually retarded ty increasing the reductant concentration 
(Figure 1 ) . This i s explained hy the formation of a plutonium(lV) 
sul fa te ".onplex which i s di-^ficult to reduce. If the sulfate com­
plex i s formed more rapidly than the plutonium(IV) i s reduced, the 
cortfilexing effect might be expected to adversely influence the 
reduction ra t e according to sulfate concentratior., during an 
in.- t ial period of complex formation. If reduction i s through the 
uncorplexed plutonium(IV) ion, the reaction should be fas t at 
f i r s t and decrease sharply w.»en the complexmr equilibrium i s 
establ ished. Reduction thereafter should not be affected by 
reductant concentration because of i t s great excess over uncom-
plexed plutonium. The different concentrations of hydroxylamine 
sulfate ( H . A . S . ) yielded curves of similar slope after the i n i t i a l 
rapid reduction. The retarding effect is proportional to the 
i n i t i a l sulfate concentration. 

The semilog p lo t . Figure 1, was used for convenience only. The 
break in the curves after the short i n i t i a l period would indicate 
that no simple ra te law could be devised from reactant concentrations. 
Some values of k, the react ion veloci ty constant, based on the ra te 
expression: 

- dPuOV). ^ ^ [PU(IV)] OH.A.S. ) ] 
ut 

were calculated to show the discontinuity in the reduction rate and 
an approach to equilibrium. 

(*) Private communication 

'\S 
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TABLE I 

REDUCTION WITH H.A.S. - SECOND ORDER RATE CONSTANT 

l / ( g mole)(min) 

12.7). 
1 . : , . 
0.32 
0.(1 

0.5 ' 
0,1'J 
0.03 

1.3? 
0,2i> 
0.06 
0.01 

There was no s i g n i f i c a n t d i f f e r ence in valence s t a t e a t t h r e e 
hours and a t three days . I t i s p o s t u l a t e d t h a t s u l f a t e complexing 
caused a s u f f i c i e n t s h i f t of p o t e n t i a l t o prevent r e d u c t i o n of 
p lu toniun(IV) to p l u t o n i u m { I I I ) . The i n t r o d u c t i o n of s u l f a t e ion 
i s ob jec t ionable both from the s t andpo in t of r e a c t i o n k i n e t i c s and 
a l so because of the p o s s i b l e p r e c i p i t a t i o n of plutonium s u l f a t e . 

Sulfamic acid did not adverse ly a f f ec t the r a t e of r educ t ion 
wi th hydroxylamine s u l f a t e as i t did with the b i s u l f i t e s . This 
might be expected, as the H.A.S. w i l l more quickly fu rn i sh s u l f a t e 
ions t o conplex the plutonium(lV) and fu r the r a d d i t i o n of s u l f a t e 
ions by hyd ro ly s i s or o x i d a t i o n of sulfamic ac id w i l l have no e f f e c t . 

Hydroxylamine hydroch lor ide was t r i e d a t one concen t r a t i on o n l y ~ 
0.05 H. The r e a c t i o n mechanism must be s i m i l a r to tha t found for the 
s i i l f a t e , as evidenced bj the s i m i l a r i t y of the r e s p e c t i v e curves 
(Figures 1 and 3 ) . 

2 . S u l f i t e Reductions 

Reduction vri.th sodium b i s u l f i t e and amraonium b i s u l f i t e was 
s tud ied by spectrophotometer when i t became apparent t h a t r e ­
duc t ion by H.A.S. was u n s a t i s f a c t o r y . 

A reddish-brown color develops when s u l f i t e s o l u t i o n i s added 
t o plutonium(IV) n i t r a t e s o l u t i o n . The blue co lo r of p l u t o n i u m ( I I I ) 

.̂ :34 006 
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0 
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30 
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0 
1 
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becomes predominant xd.thin one-hal f minute , however. In s p i t e of 
t h i s apparent delay i n the redact ion^ t h e r e a c t i o n r a t e i s g r e a t e s t 
durinf the f i r s t minute . Reduction dur'ing t h i s per iod was not 
s i^ -n i f ican t ly a f fec ted by r educ t an t concen t r a t i on (0.025 1_1 - O.O8I M 
NaJiSO^), Figure 2 . The r e a c t i o n r a t e s t h e r e a f t e r are p r o p o r t i o n a l 
t o reductan t c o n c e n t r a t i o n . The behavior i s somexAat d i f f e r e n t a t 
0.107 K s u l f i t e . The i n i t i a l r ap id pe r iod i s l e s s pronounced, but 
t h e r a t e t h e r e a f t e r fol lows the concen t ra t ion r u l e . 

Ca lcu la t ions of the second order v e l o c i t y r a t e cons tan t was done 
as with H.A.S. 

Values of the r a t e cens t an t corresponding t o da t a fo r two curves 
sh'. wn lu Figure 2 a re given is\ Table I I , 

TABLE I I 

REDUG1 ION VJTTH SODI"; BISULFITE -

Time - K 
Minutes '^/iu mole ( s e c . ) 

0 
. 
, 

l' 

1, 

• 7 

2 
3 
Ix 
5 

J' 

7 

. 
1 

. 1 

. • 
1...U 
•1 r 

• ̂ ' 
< i ' . ' 
^ . 0 
2.7 

I.J.50 
:..5l 

• U.oU 
3.15 
3.03 
3.05 
3.16 

The higher value of k a t one minute for the* lower concen t r a t i on 
of reductan t i n d i c a t e s a complexing e f f ec t s imi l a r t o t h a t observed 
with d i f f e r e n t concen t r a t i ons of H.A.S. The va lues of k l e v e l out 
with the sodium b i s u l f i t e r e d u c t a n t , however, and a re cons tant a f t e r 
about t h r e e minutes , i n d i c a t i n g a t r u e second order r e a c t i o n and 
complete r educ t ion . 

A 5 g / l Pu(lV), L.2L M HNO3 s o l u t i o n wad reduced with 0.05 M 
sodium b i s u l f i t e with and without sxilfainic ac id . The sulfamic ac id 

'''01 
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(SA) olayed the reduction. The remaining plutonium(IV) concentra­
t ion was similar at 30 minutes (no SA.) and at 16 hours (0.05 II SA). 
Th'̂  adverse effect i s a t t r ibu ted to sulfate ion formed by hydrolysis 
arid oxidation of tne sull 'anate, 

L'. Reduction Performance ./ith Continuous Ion IIxchange Equipment 

The ion exchangeprrtot; ê v̂ as a Higgir.s^-'-^-t^/pe continaous unit wherein 
- feed is added cent inu uol;' tc one coluif̂ n and the loaded res in pushed 

<' a seeond column where i i i s eluted. IJhen the res in has î een eluted, i t 
IS fed back to the f i r s t CL umn for rel 'Bding, making a complete loop of 

res in and allow4.ng continuous operation of the columns. 

The ion exchange feed was made up and reduced in a c r i t i c a l l y safe 
6" I . J , glass pipe. Eacr. batch of feed contained approximately 28 l i t e r s 
of feed and ranged frora 2-5 - 3.0 g / l m Pu and 0.2 - O.U V. HNO3. The 
feeds were a r i ta ted by a i r or nitrogen sparging during the 20 - 60 minute 
period allowed for reduction. 

The f i r s t batch of feed was reduced with O.or H hydroxylamine hydro-
chlorifie. The reduction appeared to be rapid and sa t i s fac to ry . Due to 
improper feed make-up technique, a considerable amoiint of plutonium polymer 
formed and the feed was set aside for l a t e r use. In subsequent runs, the 
reducing agent was added in solution with 0.1 H HNO3 to reduce polymer 
formation. 

Five batches of feed were reduced with hydroxylamine sul fa te at 
hydroxylamine concentrations ranging from 0,03 - 0.05 K, In a l l cases 
i t was nece.^sary t c add a small amount of ascorbic acid to produce 
•greater than 70 percent reuiiction wit.rin two hours. When used with hydrox­
ylaraine sulfate , 0.005 to 0.01 M ascorbic acid was found adequate to com­
ple te the reduction. A milky p rec ip i t a t e believed to be plutonium(lV) 
polymer formed in three of the five so la t ions . 

Five feeds were reduced with ar-oorbic acid alone. Rapid reduction, 
complete within 20 - 60 minutes vjas accomplisbed with concentrations 
from 0,05 M down to O.O33 H, In three of these feeds, plutonium polymer 
was formed~and in at l eas t one, an unidentified gre;, p r ec ip i t a t e plugged 
f i l t e r s and caused considerable operational difficxolty. The polymer, 
when formed, causes sl ight f i l t e r plugging, but goes tarough both f i l t e r s 
and the res in into the waste streams, increasing waste l o s se s . 

Two fcecj were reduced vjith semicar• azide 0.07 K and 0.0^- H 
respect ively. The reduction was rapid and conplete within one-half 
hour, but a milky prec ip i ta te was formed in both feeds. 

Four batches of feed were reduced by making them 0.05^' M in sulfur 
dioxide with sodium meta b i s u l f i t e . The reductions were rapid and com-

(1) Higgins, I . R. Mechanical Features of the Higgins Continuous Ion Exchange 
Colunn. ORNL-I907 (Unclassified) 
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p l e t e i-dthin one-half hour and t h e feeds remained c l e a r . This was 
considered a very s a t i s f a c t o r y r e d u c t a n t . 

One batch of feed was reduced with 0.10 M ammonium s u l f i t e . The 
r e d u c t i o n was rapid—but again a mllk->' p r e c i p i t a t e was formed. Fur ther 
study would be necessary t o determine how much of the milky c loud iness 
obta ined i n such feeds i s plutonium polymer. I t was noted i n t h e p r e ­
l imina ry work with ascorb ic ac id t h a t p r e c i p i t a t e s were formed on s e v e r a l 
occasions from r e a c t i o n s with t h e plutonium and ox ida t ion produc ts of 
t h e r e d u c t a n t . P r e c i p i t a t e s were a l so obta ined on a few exper iments 
made with semicarbazide, e s p e c i a l l y in h igh plutonium c o n c e n t r a t i o n s . 

The problem of polymer formation p o s s i b l y can be overcome with proper 
r educ tan t s o l u t i o n add i t ion technique or by adding the r educ t an t as a 
s o l i d . 

E. Product S t a b i l i t y 

Oxidation to the plutonium(IV) s t a t e has been a s s o c i a t e d with ga s s ing , 
A study was made of the r a t e of o x i d a t i o n as a f f ec t ed by a c i d i t y , and the 
r e l a t i o n of gass ing t o valence change. The l i b e r a t i o n of gas and va lence 
change of plutonium were noted for two ion exchange product s o l u t i o n s . 
Resu l t s are shovm i n Table I I I and Figure U. 

TABLE I I I 

PLUTONIUM QKIDATION A!ID GASSING 

Holding Reductant 
Ammo-guaniiine 

. . t o H 
2 ^ 

1530 

Sulfamic Acid 

li.8U M 
5 0 ^ 
67 

HNO3 concentration 
Percent plutonium(r/) at 10 days 
ml of gas/g F'u oxidized 

The l ibera t ion of gas appears to be l inear with time and not d i r ec t ly 
re la ted to the plutonium oxidation. The presence of s t a in less s tee l did 
not affect the r a t e of gassing. 

Samples were taken for valence s t a t e determination from six bo t t l e s 
representing consecutive product solutions frora one ion exchange run 
using 0,33 M SA and 5.0 M IiN03 ^^ e lu tan t . Results are shovm in Table IV. 

009 
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TABLE IV 

STABILITT OF ION EXCHANGE PRODUCT 

Bottle 
Number 

1 
2 
3* 
h 
5 

Pu/1 
Grams 

17 
35 
37 
35 
UU 
iiO 

T-̂  
2.60 
3.80 
3.80 
U.oo 
U.So 
li.30 

Pu(IV) 
0 days 

5 
6 
39 
7 

\x 

1 day 

6 
9 
)il 
10 
10 
9 

6 days 

10 
33 
51 
33 
lili 
30 

(*) The high ox ida t i on of samples from t h i s b o t t l e was due t o overhea t ing 
of the r e s i n column during t h e ion exchange ri in. 

Samples from b o t t l e No. 2 were a c i d i f i e d t o 7 M and 8 M HNO3 and the 
r a t e s of ox ida t ion were compared with the o r i g i n a l 3.8 M acid s o l u t i o n . 
Resul ts are shown i n Figure 5 . Figure 6 shows the e f f ec t of n i t r i c ac id 
concen t ra t ion on the ox ida t ion of plutonium s o l u t i o n e lu ted v/ith 0.30 M 
amino-guanidine. 

P lu ton ium(I I I ) s o l u t i o n s reduced with ammonium s u l f i t e were noted t o 
remain reduced longer than s i m i l a r s o l u t i o n s reduced wi th sodium b i s u l f i t e . 
I t appears t h a t i n t h i s case t h e ammonium ion a c t s as a hold ing agent by 
decreas ing the n i t r i t e ion c o n c e n t r a t i o n . Three t e s t tubes were made up 
t o t e s t for gaseous by-products of a p o s s i b l e r e a c t i o n between the amraonium 
ion and an oxidant of t h e n i t r i c ac id system. Resu l t s are given below: 

TABLE V 

NITRATE-AIIKONIUM ION REACTION 

HNO3 :iaKJ? VISIBLE REACTION 

1.0 M 
1.0 M 

o.r M 
0.5> H 
0.5 M 

Gassing 
None 
None 

(MHL)2301^ 

0.5 M 

0.5 M 

A sirrple exp lana t ion of the above obse rva t ion i s as f o l l o w s : 

NHli+ + N02-->N2t + 2H2O 

The r a t e of l i b e r a t i o n of N2 gas i n a n i t r i c ac id s o l u t i o n has been 
rep resen ted by t h e fol lowing exp re s s ion (2 ) j 

l ^ i = k(NHL+)(N02")(HN02) 
dt 

(2) Yost, D. M. and H. J . Russel , Systematic Inorganic Chemistry. New York: 
P r e n t i c e - H a l l , I n c . , 19U6, p p . 67-68 . 
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The anmonium ion i s , t h e r e f o r e , a means of e l im ina t ing t h e n i t r i t e ion 
and n i t r o u s ac id . 

Thj e f f ec t ivenes s of a hold ing reduc tan t has been assumed t o oe due t o 
I t s r a t e of r e a c t i o n with the ox idan t s in the n i t r i c ac id system. Thus, 
sulfamic ac id i s s i m i l a r l y e f f e c t i v e because of t h e foliovring very r a p i d 
r e a c t i o n : 

HNO2 + >3H2303"*->N2'̂ + HSq^' + K2O 

Oassln- IS. t h e r e f u ' » , an I n t e g r a , p a r t of t.'ie s t a b i l i z a t i o n of p l u ­
t o n i u m ' I I I ) in R n i t r i --irid s y s t ' , The e^'^t'ectiveness of t h e holding 
recfictant i s r '^iated to i t s r a t e L ox-da t ion ccnpared with t h a t for 
plutc ni jm. 

I- iL evident tha t plutonium s o l u t i o n s eontainir ig the holding r e ­
ductant j used in these e;qDeriinents cannot be sa fe ly s ea l ed for s to rage 
or shipment. A s a t i s f a c t o r y method of concen t r a t i ng s o l u t i o n s for s to rage 
and ship.ment i s given below. 

F. C nt inuous Concentrat ion of Product So lu t ions 

Product s o l u t i o n s conta in ing sulfamic and n i t r i c a c i d s were con t inu ­
ously concent ra ted in the fol lowing manner by R. S. L a t t a ' 3 ) g 

A feed conta in ing plutonium n i t r a t e , n i t r i c ac id , and sulfamic 
ac id was added dropx^ise to a bo i l ing s o l u t i o n . The composit ion of 
t h e feed i s given in Table VI. As the feed was added, d i s t i l l a t e and 
h e e l were removed. The r a t e of volume removed equaled t h e r a t e of 
feed a d d i t i o n . The f i n a l concen t r a t i ons of t h e h e e l s removed a re 
given m Table V I I . Althouf-h the concent ra ted product was s t a b l e a t 
bo i l ing tempera tures , plutonium s u l f a t e p r e c i p i t a t i o n occurred upon 
coo l ing . A study of the pre i p i t a t i o n of plutonixim s u l f a t e from t h e s e 
s o l u t i o n s has been repor ted 

COMPOSITION OF FEED 

Run P l t t o n i u n 
No. Grams / l i t e r 

1 2U.U 
2 18.0 
3 11.8 
U 3.0 
5 63.2 

m A 

IN 

BLE 7 1 

COOTIMUvUS 

HNO3 

2.20 
1.8(-
1.90 
o.ko 
3.U5 

COUCEIITRATIONi 

Sulfamic i^cid 
M 

0.20 
0.16 
0.15 
0.015 
0,30 

(3) Lauta, R. E. and H. H, Hopkins, J r . , Continuous Goncentxat icn of Cat ion 
Exchange Produc t . " HV/-502"0 ( S e c r e t ) 7 ^^y 20, 19^7^ 

.^,' r> 11 
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TABLE VII 

CQI-gOSITION OF HEEL AT EM OF CONTINUOUS GONCE?ITRATICN 

Run Plutonium 
No. Grams/liter 

1 85 
2 106 

82 
I 120 

165 

HN03 
M 

5.6 
< (̂  

7.3 
7.6 
£.6 

Snlfami c Aeld 
M 

0,51 
0.69 
0.85 
0.55 
0.7? 

(Sulfate) 

534 012 



T
-T

 
Z

T
T

rn
m

n:
 

^
M

-
-U

 i
i'

ii
!i

i[
!:

-L
U

ii
in

j 

H
E

 
-!

 
I 

.1
 

-|
li-

rt
-^

-

n
m

rn
i 

ti
 

in
in

rii
±:

i:i
: 

—
4

-

^^
rf

 
I 

i 
T

sn
 

i
^ 

pl
ut

on
iu

m
(I

V
) 

- 
g

/l
 

I 
! h

 I
 i 

11
 W 

I 
, I

 U
,.

 )
i 

,,i
 ^

--
—

\ 
i—

—
I 

i 
r 

a
s 

-^
-

1-
3 a 3 

liJ
i;^

 

01
 

t- -2
^

U
-

I 
I 

-I 
M

-

I 
I 

I 
a

. 

o 
o 

o 
.

.
. 

^
J 

i-
J 

O
 

ls
lr

:l
s ro
 

O
 

I 

—
 o

 —
 ..I

 

rt
n 

ff
i 

_L
—

L 



...Jl.-U. 

-8-

- I j . L... 

i 

1 

u 

iTpn-^Tii 'm 

11.1 lii 

liii 
Legend: 

0 - 0.026 M NaHSOT 
c - O.OltO M " 
tz- - o.o5h M " 

0.081 M " 
• - 0.107 1 " 

iliLliUiiiJiliLlJJb 
0.28 M IINOo 

Time in Minutes 

li 111 ilJ J 

I •i 

mWW 

IITI 
111 

4+ 

IM 

WiiiiMBliT TiWiMiil jfcAilii 

^ 

§3/ 014 



rnrrnnili^'lM' 
i l l .u l i i i i luj I ' : 



Lj }_i_LU.UJiil.|_LL M 1 1 M N m 1 1 MM 
t t fi>»feti4iftKw>iT, n T H I +14-1-1-1 i f f 
r o 11 Li i l-iL ttJ IIJJ l i - 4-1-4 4-4-1 l-l 4-4-4 

1 1 i 1 1 I 1 1 1 1 1 I 1 i 1 1 1 1 1 1 1 1 I 1 1' 1 

I 1 i I 1 
I I I ' l l l l l I i l l I l l l l l T I I L l i r I 1 T 
1 1 t 1 1 1 t 1 1 1 1 1 1 1 1 
1 1 1 ' r 1 1 1 1 1 1 / 1 1 1 1 1 1 
1 ' ' 1 1 M M M J M I I I I M M I M 1 1 I I i 1 1 M M 

n '-r c.^^ 
1 1 1 1 i 1 1 1 1 1 1 1 1 ( [ 1 1 1 ( 1 I I 1 I /I 1 1 1 1 1 1 1 1 

H 1M ' 
I I I 1 i 1 t 111111 /1 1 11111 i l l i l M ' ' ! l i l l I l M l ! M L l * l l I i M t i 
U 1 1 i J M M I 1 M 1 1 1 ' 1 1' 1 ! i j e g e n n ; 
M I I 1 .' ~. M '' I I M I I 1 1 I I 1 M 1 1 I I fj _ r 
1 iJi 1 { 1 

1 • - 1 ' fi - p 

1 1 I 1 1 -H 1 1 1 1 1 1 1 t 1 1 1 1 1 I 1 1 M 1 1 I 1 M 1 [ 1 
1 1 1 1 1 ^ 1 1 1 1 ' I . N ' j 1 1 1 1 1 

Ml M̂ 1 1 i 1 1 1 1 1 1 1 ( 1 -J 1 I 1 1 1 1 1 1 I 1 M 1 1 I M T 

' . : i n b a n t : 

I ' M - I ' M I I 1 M M i M 1 0 . 3 J i . i j . iLuo ('^u 
§ 1 ^ 3 i l I ' l io, 

1 ^' M 1 ' 1 1 1 1 t 1 1 1 1 1 1 1 1 I 1 
M i l l 'M M 1 M M I I M M I I f I M 1 M M I I 
1 1 1 1 1 "'̂  1 1 t 1 1 I 1 1 1 1 t 1 1 t 1 1 1 i 1 ) ! 1 1 1 1 I I 

l l l ] l t l l f i | ! l l l t l l l l l l l l l i ' ' ' ' ' ' * ' 
1 j- }}'-^-^.Po . 

' j 1 1 1 1 j 1 MJ M 1 M 1 M M M 1 . 1 1 M 1 M M M M ' ! "T i 1 T f 1 M i 
M • N '1 T r r 1 " r ' i 

1 1 1 1 M 1 l i 1' M r 111 
1 ^ ^ J ' ' - J-f' '•'•'.'•'« M l 

1 1 ' M 1 ! 1 1 1 M 1 1 1 M 1 
1 1 ' /MM 

1 M M M 1 M 1 M M 1 ! 1 1 M M I I bj I I' M M ! 
M M 1 ! M M M M 1 M 1 M M M 1 ('M M i 1 M 
M l ^' 1 

' M M I M '̂ ' 1 1 ! 1 1 1 1 1 t 1 j 1 1 1 I 1 t 1 1 1 1 1 I 1 1 1 M M 11 
1 1 1 't'* ' 

Ti ^ 1 ^ 
M M 

II11IIIIIIII11111II111111 '̂  1111111 in M M M 1 M 1 I I 1 1 1 I I 1 1 1 1 1 ' 1 I -̂ .̂  1 1 'h 1 1 1 1 

M li 1 1 1 1 1 I I 1 1 I I 1 1 11 1 1 I 1 1 1 1 1 I I 'd 1 1 M 1 
M^ M' M 

1 1 1 1 1 1 I 1 ^ 1 ] 1 1 1 11 

111 M l \ 1 
M M ' " M M 

M 1 M M I M °> M 1 M M 
1 I 1 11 1 11 1 l l 1 1 I I I I I I 1 1 M 11 " 1 I I 1 1 1 1 

M l ' ' ' 1 
1 1 1 I 1 I 1 L o 1 1 ' -1 
I I M I I M M M M M M M M I M I r i F l 1 

I I I I'I iTl 
1 1 j M 1 j 1 1 1 /j 
M M M J i M i i l M l l I M M l l l ' IH* 
1 1 1 1 1 M M M 1 M 1 1 1 1 M M 1''M t 

rd " • • i tM 1 i M 1 11i 
1 T 1 f 1 1 1 M t M M M M t 1 1 1 1 M 1 1 M M 1 f 1 
I T 1 1 "1 r 1 t r r 1 I 1 1 11 1 1 t I I 1 1 
1 T"T' i r i l l i—i i l i t l t i n l l l t l i l i l i l 11 I I 
\~\\ M I't I'I 1 1 1 T I 1 1 T 1 t 1 1 I I 1 I I 1 I I 1 1 

_•]f'- i +ffl ft 111 f M ''^~''''^' 111 
i f M i l t i l l ^^ fiive )| 11 I I 1 1 1 1 1 T i l 1 T 1 1 

I I I I I I I I I rnTTTTTTT 11 M f 1 1 1 j I lJ 1 
T i OXIDATION ;\HD GAt-SING LLJ LLL U J 
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