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L O  Abstract 

Chemical development is reported on the TBP Metal Recovery Process, 

the Redox moeess3 uueaa9um fluorination, the RaT,a Process, a homogeneous 

pi le  s l q  studyg a solvent exbraction contactor study, the "23" Process, 

the Purex Process, and the metal solution step of the "2511 Procesir. 
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2.0 Introduction 

The TBP solvent extraction process development for  uranium recovery 

from CBXL and W o r d  metal waste was continued in  the laboratory, in- 

vestigating the feed preparation step, scouting the effect of uranium 

concentration on the solvent extraction, and start ing the study of the 

effect of impurities in t r ibutyl  phosphate and Varsol. The Semi-works 

investigated alternate methods of solid separations involved i n  feed 

preparation and the feasibi l i ty  of pumping sludge from the ORRI, waste 

tanks. 

Laboratory effor& was continued on the Redox Process t o  evaluate a 

crud problem and t o  determine the procedure t o  be used f o r  the recovery 

of plutonium fromthe p i l o t  plant IJP solution. 

The scale of fluorination of metallic uranlm was increased t o  

simplify saserple preparation, and work was started on dis t i l la t ion of 

uranium hexafluoride. 

The Ra;Ca, Process hprovement program was continued t o  determine the 

optimmn f i l t r a t ion  conditions prior t o  final demonstration of the process 

w i t h  the ion exchange procedure f o r  f inal  barium purification. Labora- 

to ry  work was fsl progress on a l t e m t e  ion exchange resins and the el=- 

nation of the metathesis step. 

A homogeneous reactor study was started t o  determine the feasibi l i ty  

of using a slurry as the active element of a nuclear reactor. 
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Introduction (eonttnued) 

A study was made t o  campaxe the Scheibel column w i t h  a mixer- 

s e t t l e r  as a catactor for  laboratory solvent extraction studies. 

The solvent extraction equipment fo r  p i l o t  plant development of 

the "23" Process has been completed and should be rea* fo r  use by 

November 1.5 
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3.0 Summary 

TBP Metal Recovery 

(1) %e feed preparation steBby means of su l fu r i c  acid pre- 

cipitation followed by n i t r i c  acid disaolution,was the least  expensive 

on the basis of the chemical cost; howeverg a study of overall equip- 

ment requirements f o r  &I procedures w i l l  be necessary before the 

f ina l  choice can be m d s .  

demonstrated i n  laboratory countercurrent batch solvent extraction equip- 

ment with Hasford supernatark that was directly acidified with n i t r i c  

acid. 

Purex Process 

The recovery asla decontamination of plutonium and uranium fram 

p i l e  imadtated uranium us ing  a t r ibutyl  phosphate solvent extraction 

process has been demonstrated on a %&oratory scale in batch counter- 

cursent eq.uQmerh, Is one cycle countercurrent batch puns, losses for  

plutonium and uranl-m were less than O.l$, wjth beta decontamination 

factors of greater than 7x1~3 twough seven extraction and six scrub 

stages. 

with 15% t r ibutyl  phosphate - 85% varsol, using 5e0  N n i t r i c  as a salt ing 

agent. 

The procedure consisted of extracting plutonium Tv and uranium 

The opthmm uranium concentration i n  the feed was about one molar. 
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4.0 TEP Metal Recovery Process 

4.1 Feed Preparation - Laboratory Studies 

Several msthods of feed preparation were developed using 

Hanford metal waste superslatant from Tanks 103-T and 103-U and with 

simulated t o t a l  waste. 

resulting from an average mixture of metal waste supernatant and sludge 

as they occur i n  the EDEtnford waste. 

Total waste is  defined as the waste solution 

The object of t h i s  work was t o  furnish a basis fo r  the econamic 

emluation of the alternate procedures; the factors being uranimlosa,  

f i n a l  uranium concentration, quantity of ChemicaPs required, and opera- 

b i l i t y  (see Table 4.3.-X) ,, 

While the probable chemical cost would be the least  f o r  the method 

using the suUuric acid precipitation followed by n i t r i c  acid dissolu- 

t i on  of the precipitate, data w i l l  be necessary on equipment costs, 

effect  on solvent extraction, ultimate waste processingp and perhaps on 

the method of sludge rmoval fromthe Hanf'ord storage tankbefore a defi- 

n i t e  decision can be made. 

Direct Acidif icat ios  

By the addition of sufficient n i t r i c  acid t o  the Hanford superna- 

tant, a 4.5 M HmO3 feed solution for  the t r ibut ly  phosphate solvent ex- 

traction was prepared containing 22 t o  30 grams of uranium per l i t e r .  This 

required approximately 570 mil l i l i t e rs  of 7 6  m03 per l i t e r  of superna- 

tant  (Banford 103-u) . 
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Direct Acidification (continued 

Sfnilari lB when the t o t a l  waste was acidified, 400 mi l l i l i t e rs  of 

7 6  BT03 per l i t e r  of t o t a l  waste was required yielding a 3 M BE03 so- 

lution containing 50 t o  60 grams of uranium per l i t e r .  

There was no uranium loss with th i s  procedure; however, the chem- 

i c a l  requirement and waste volume would bet expected t o  be the greatest 

of the procedures investigated* 

Sodium mdroxide Precipitation 

3che uranitxu m y  be precipitated f ron the  metal waste supernatant 

o r  t o t a l  waste as the diwanate by the addition of 46 t o  51 graats of 

sodium hydroxide per l i t e r  waste with a 0.2% uranium loss. 

tate is separated from the solution and washed with hot water, reducing 

the phosphate content and the n i t r i c  acid requirement. 

loss during washing is approximately 0002 t o  0.05 gams per l i t e r  of 

water. 

per k i logrm of uranium Ln the Hanford 103-U supernatant, or 3.2 l i t e r s  

of 6O$ mO3 for  t o t a l  wasteo 

feed were U O  and 130 gram per l i t e r  for the supemtant  and t o t a l  

The precipi- 

The uranium 

!Be precipitate is then dissolved i n  2.5 l i t e r s  of 60$ m0 3 

The final uranium concentrations i n  the 

waste, respectively. 

This procedure reduces the chemical requirements, based on direct 

acidification, by a factor of two for  the t o t a l  wastes and a factor of 

ten  for the supernatant. However, equipment for  a precipitation cycle 
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soa im mdroxide Precipitation (continued) 

are required and the precipitate formed is diff icul t  t o  f i l t e r  or 

Acid Precipitation 

U r a n y l  phosphate nay be precipitated from Hanford metal waste 

supernatant or t o t a l  waste by the addition of either n i t r i c  or sulfuric 

acid t o  a pH of 400 t o  5.5 w i t h  a uranium loss of O.O$ for t o t a l  waste 

and 

f o r  

?@ 

O.l$ fo r  supernatant. 

f i l t r a t ion  os centrifugation. 

These precipitates had good characteristics 

a l e  precipftation with n i t r i c  acid required four t o  five l i t e r s  of 

HmO3 per kilogram of uranium in  the supernatant and 2.5 l i t e r s  for  

t o t a l  waste. Washing t h i s  precipitate was not investigated. 

The precfpitation with sulfuric acid required approximately two 

l i t e r a  of 98$ H2SO4 per kiloPam of uranium i n  the supernatant an6 

0.9 l i t e r s  for  the t o t a l  waste. This precipitate was then washed with 

0.05 M mono sodium phosphate t o  reduce the sulfuric acid and phosphate 

concentration w i t h  no appreciable uranium loss. Washing w i t h  water, 

dilute phosphoric acidg trisodium phosphate2 or dilute sodium hydroxide 

was not successful because of either high uranium loss or  physical 

change i n  the precipitate. 
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. e  

Acid Precipitation (continued) 

The uranium precipitate from either acid precipitation process 

was dissolved in approximately two liters of 70$ HN03 per kilogram of 

uranium to give a final solution containing 120 to 140 grams of uraaium 

per liter for both supernatant and t o t a l  waste. 
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Table 4-1-3. 

Coqar.lsoxl of Alternate Feed Preparation - .  Procedwes . 

Basis: 100 anP laboratory experiments 
Feed: Supernate - from Hanford waste tanks 103-U and 103-T 

Total Waste - 0.291 M U02++ 0.270 M s04= 

1.29 M co3= 
3-93 M Na+- 0.729 M NO3- 
0.349 M PO$= 

column size m a  costs would 
be increased i n  extraetion. 

req. Ppt se t t les  rapidly. 

* These are rough estimates based on qualitative observations on a small scale. * T h i s  lows OCCPZTB i n  precipitation with no washing. 
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4.2 Feed Preparation - Semi-works 

November 7, 1949 

Mitric Acid Precipitation Study 

Tests with Hanford 103-U uranium waste supernatant on 

a 100 mi l l i l i t e r  scale indicated that by n i t r i c  acid precipitation the 

uranium precipitate sett led sufficiently t o  prepare feed solutions con- 

taining approxbately 70 grams of uranium per l i t e r .  

The uranium was precipitated by the addition of 6@ n i t r i c  acid t o  

the agitated supernatant at  gO°C un t i l  a pH of 5 t o  6.5 was obtained. 

The precipitate was sett led a t  70°C for  one hour. 

cupied approximately half of the to t a l  solution volume resulting i n  a 

70 gram uranium solution a f te r  decantation and acidification. 

The slurry then oc- 

After set- 

t l ing for  100 hours at  room temperature, the slurry was one-third of 

the to t a l  solution volume. 

much acid addition or too l i t t l e  agitation or too much agitation. 

uranium loss i n  the supernatant was O.l$ (0.05 mg u/ml). 

The sett l ing ra te  was decreaoed by either too 

The 

This procedure w i l l  be used where necessary t o  prepare the feeds 

for the Semi-works runs. 

Fi l t ra t ion of CBEL Metal Waste Slurry 

Fil t ra t ion t e s t s  were conducted by the Oliver United Fil ters,  Inc. 

i n  the ORKL Semi-works on the caustic precipitated uranium from the  0RW-I 

metal waste storage tank (W10). Preliminary results of these t e s t s  
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Filtration of 

indicated, that  a precoat rotary f i l t e r  would be applicable i n  the prep - 
Metal Waste Slurry (continued) 

&ration 

waste. 

of the feed for  the recovery of the uranium from the CIRmL m e t a l  

The f i l t r a t ion  t e s t s  evaluated the effect of temperature, vacuum, 

and cycle time (see Table 4.2-1). 

The data indicate quite clearly that as the cake forming t ine is  

decreased, the f l o w  ra te  rises rather sharply. Tests #6 and #7 show 

that  the data are quite reproducible. Teats #3 and #4 show that the 

effect  of a 5% temperature change was not significant. 

The five minute cycle (Test #8) yielded a cyclical f i l t r a t e  f l o w  

ra te  of 4.9 ml/& - hr. or based on active f i l t e r ing  area 12.4 ml/cg - hr. 

From data reported previously, it is  indicated that this flow ra te  might 

be increased by starting at  a low pressure and going t o  the maximum so=- 

time before the end of the cake forming period. 

The f i l t e r  cake was quite loose and watery immediately a f te r  re- 

moval fromthe slurry, but upon drying for  a period equident ,  t o  the 

cake forming t i m e ,  it became leathery and was easily peeled off. 

The solids from the slxzrry apparently do not penetrate the precoat 

It was estlmated that a cut or shaving of 0.006 cm would ex- very far. 

pose essentially fresh surface. For example, i n  Test $8, thi r ty  eight 

cubic centimeters of f i l t r a t e  indicates a deposit o f  1 2 4 2  cu. a. of 
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Fil t ra t ion of CENL Eaetal Waste Slurry (continued) 

solids fro= the 25$ solids feed slurry on an area of 93 sq. a. 

cake thus formed is  approximately 0.14 cm thick, These data indicate 

roughns one volume of f i l t e r  a id  would be required per twenty volumes 

of solids. 

r a t i o  of solids t o  f i l t e r  aid required when f i l t r a t ion  is carried out 

without precoat but with f i l t e r  a id  added directly t o  the slurry. As- 

suxning (a) 2.5 cm8 of removable precoat could be applted, (b) a &av- 

in@; ra te  of 0.006 cm/rev, and (c) a drum velocity of 12 r.p,h., a pre- 

coat rotary f i l t e r  unit could be operated for 35 hours on one precoat. 

The precoating operation requiree one t o  two hours. 

The 

This ra t io  contrasts with the approximately 1:l volume 

Optimum o p e r a t a  conditions based on this data would be a flow 

ra te  of 12.4 ~ / c m 2  - hr. for  2 min. f i l t r a t ion  of 25$ souds slurry 

a t  a teqerature  of E O o  F a d  a vacuum of 58 cm Hg using Bpflo Super 

C e l  preeoat, but no f i l t e r  a i d  i n  the slurry has been obtained. 

Advantages of Precoat Operation over operation without precoat 

but with f i%te r  aid i n  the slurry are: 

1. About 1/20 as much f i l ter  aid required, thereby greatly de- 

creasing waste disposal problem. 

be required to process 100,000 gallons of sludge. 

Operation l e s s  affected by changes in slurry composition. 

One ton of f i l t e r  aid would 

2. 
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Filtration of ORMI, W t a l  Waste slurry (continued) 

3. Capable ox’ operating on a shorter time cycle thereby taking 

advantage of high init ial  flow rates, 

4, Delivers a clear f i l t r a t e .  

Disadvantages are: 

1. Higher initial cost. 

2 Semi- continuous operat ion. 

Centrifugation of ORNL Metal Waste Slurry 

Preliminary tes t s  indicated that separation of the caustic pre- 

cipitated umaiuui from %he ORNL metal waste by centrifugation i n  a 

12 inch so l id  bowl centrifuge would not be feasible for the Semi-works 

scale of operation. Clear centrifugates were not obtained with a feed 

r a t e  of 250 mil l i l i t e rs  per minute t o  the centrifuge developing 1300 
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Table 4.2-1 

constant Pressure Fi l t ra t ion of W-10 Sludge ~ a i n g  1.6 cm Precoat of ~ ~ r f l o  

Super-Cel on Rayon Cloth. Ro Fi l t e r  Aid Added t o  Slurry 

Fi l t e r  Area: 93 sq cm 

Pest - 
1 

2 

3 

4 

5 

6 

7 
8 

~ ~- 

Vacuum 
Conditions of Fi l t ra t ion 

25 104 

25 99 

25 126 

25 120 

25 I 120 

25 I 

cm. Hg. 

43 

43 

46 

46 

58 

58 

58 

58 

Filterl  
Cake 
Formine 

4.5 

5 

5 

5 

3 

3 

3 
2 

.mg Time (min. 

7 11 

10 125 

5 12.5 

5 12.5 

4 7-5 

3 7.5 

F 
Volume 
0 

47 

57 

37 

.2a 
2.1 

52 

48 

46 

38 

Ltrate 
Plow Rete= 
;ml/cm -hr) 

2.8 

2.9 

2.9 

3.0 

4.5 
4.2 

4.0 

4.9 

++ Based upon 40% submergence of rotary dxum; i.e., cake forming time repre- 
sents 4% of t o t a l  cycle time. 

* Based upon time for  cycle rather than cake forming time. 
f o r  active f i l t e r ing  area multiply by 2.5. 

Data taken 8/18-19/49 by Kenny, Jealous, and Freeh. 

To f ind flow ra te  

Note: 
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4.1 Countercurrent Batch R u n s  

Uranium was recovered from 103-V supernatant containing 42 g/l 

o f  uranium with a beta decontamination factor of l.26~104 and a LAW loss 

of le$. 

maintaining the required saturation a t  the feed plate (7@$,) by using 

1.84 M riitrx acid as scrub t o  increase the reflux of uranium (see 

Table 4.3-1). 

This w a s  accoaplfshed by using l3$ t r ibutyl  phosphate and 

Uranium was extracted with t r ibutyl  phosplate from feed solutions 

containing only 24 g/l of uranium by using a solvent t o  aqueous flow 

r a t io  of 1:I. and maintaining a 7 6  uranium saturated organic a t  the 

feed plate. 

c r e a s m  the acidity of the aqueous scrub, so as t o  maintain a higher 

uranium reiluar fromtlie scrub section. 

This degree of saturation, again, was accomplished by de- 

The feeds were prepared and extracted i n  countercurrent batch equip- 

ment as described below, and varied from 24 Lo 79.3 g / l  on I uranium. 

I n  the first ISXPZ. [F-1IJ 13% t r ibutyl  phosphate - 87% TJa,rsol. was used 

as organic solvent, and d is t i l l ed  water as scrub. A uranium distribution 

coefficient of 2.1 was naintained a t  the feed plate and an acceptable 

beta deeoiitamination factor of 2.lxJ.O 4 was obtal”ned, However, more than 

seven extraction stages were necessary for  complete extraction using a 

3:2:1 organic:feed:scrub rat io .  
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Counter Current Batch R u n s  (continued) 

In  Run F-2, with 42.0 g / l  of uranium in  the feed, l3$ tr ibutyl 

phosphate - 8710 Varsol as solvent, a d  a 1.85 M HNO 

uranium loss i n  extraction was O.l$ with six extraction stages. 

beta decontamination factor was ~ 2 x 1 0 4 .  

as scrub, the 3 
The 

In R u n  F-3 with approximately 80 g/l uranium i n  the feed, using 

IS$ tr ibutyl phosphate - 85% Varsol as the solvent,the uranium loss 

was 0.1 and the beta decontamination factor of 1.3~104. 

t h i s  run was 2.55 M i n  m03. 

The scrub f o r  

The flow ra t io  was again 3:2:1. 

Feeds for the runs were prepared from Hanford waste supernatant i n  

the following manner: 

Feed F-1 - 400 ?nl of Haaord waste srrpernatant was acidified w i t h  

7 6  €NO3 t o  4.48 N EW3 excess acid. The resultant 

feed contained 24 g/l of uranium 3.5~105 B c/m/mg U. 

Feed F-2 - 850 ml Hanford waste supernatant was precipitated with 

excess 5% caustic and allowed t o  se t t le  f o r  80 hours 

and then decanted. 

0.06 mg/ml i n  uranium and 7 e Ox106 f3 c/m/ml. The 390 m l  

of so l id s  were dissolved i n  190 m l  of 70$ RN03 t o  2.8 M 

excess n i t r i c  acid. This required 9 d 7 8  n i t r i c  acid 

per gram of uranium. 

uranium, 2.5~105 p c/n/mg U. 

The decanted liquor asalyzed 

The resulting feed contained 42.0 g/l 
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Counter Current Batch R u n s  (continued) 

Feed F-3 - 1360 ml 03 Hanford waste supernatant was precipitated 

w i t h  excess 5076 caustic and allowed t o  se t t le  for  20 

hours and decanted. 

q / m l  i n  uranium and beta activity 5.42~10 6 c/m/ml.. The 

solids were washed with an equal volume of dis t i l led 

m e  decanted liquor analyzed 0.08 

water then centrifuged and decanted. 

from this  wash analyzed 0.024 mg/ml i n  uranium and beta 

act ivi ty  9.93xl.05 c/m/ml. The solids were dissolved i n  

7% n i t r i c  acid t o  3.1 M excess. 

The decanted liquor 

This required 3e4 ml 

~ ~ 0 3  per ~ a m  of uranium. The r e s d t i w  feed con- 

tained 79.5 g/P uranium and 1.5~3.05 beta activlLty c/n/mg 

of uranium. 
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Table 4.3-1 

Tributyl Phosphate Uran lum Exbract ion from Solutions of Low Uranium Concentration 

Source of Uranium Processed: Eanford Waste 103-U Supernatant 

F-L Acidified Supernatant 
F-2 Supernatant precipitated w i t h  50% I?aOH, settled, decmted and solids 

dissolved i n  70% mio3 
F-3 Supernatant precipitated w i t h  50$ NaOH, settled, decanted, cedrifuged, de- 

canted, washed, decanted, and solids dissolved i n  70$ mO3 

Orgamic  low ra t e  calculated t o  give ca. 7 6 .  
Feed:Scmb Ratio i s  2:l  i n  a l l  runs. 

Saturation a t  feed plate 

I 
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4.4 solvent Study 

A study of the chenistry of Tars01 and t r ibutyl  phosphate 

Varsol is a strai&t r-un fraction of petroleum has been initiated. 

consisting of approximately 77; aromatics, 32$ naphthenes, and 61$ 

paraffins. 

st i tuents but the results do not agree well. 

does not give any appreciable separation of these groups. 

been determined that VarsoP does not contain any unsa-hrates, and by 

the method of analysis used, it does not contain a detectable concen- 

t ra t ion of reducing agents. 

Several methods have been used i n  determining these con- 

Fractional dis t i l la t ion 

It has 

Tributyl phosphate as received fron Commercial Solvents Corporation 

i s  essentially the pure ester containing a am311 amount of butyl al-  

cohol. 

present although the reduciq normality of various samples, as determined 

by t i t r a t ion  with cold, strongly acid dichromate, was a8 high as 0.19. 

Two washes with l/5 volumes of 0,1 M Cr207” - Oel M. BNO3, followed by 

two washes with l/5 volumes of 0.1 M Na2C03 or  0 , l  M NaOH were suffil 

cfent Lo tiecrease the reducing normality t o  less than 0.005. 

was no evidence of saponification with sodim hydroxide concentrations 

of the order of one molar a t  temperatures up t o  6ooc. 

There axe apparently no unsaturates (by ASTM method for  B r  number) 

- 

There 

The major portion of the reduefng normality i n  t r ibutyl  phosphate 

(probably butyl alcohol) is  eliminated i n  the first lo$, fraction of 
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solvent Study (continued) 

vacuum disti l lat ion.  

steam sparging and other washing procedures in  removing th i s  reducing 

normality. 

number, no evidence was found that there are olefins present i n  tri- 

butyl phosphate. 

It i s  planned t o  t e s t  the effectiveness of 

By the A.S.T.M. procedure for  determination of bromine 

Further work i s  also planned t o  determine the effect of other d i -  

luents such as "Gulf  BT" and "AP1I8co $360'' on the extraction process in  

comparison with Vwsol.  

4.5 Semi-Works Process Equipment Installation 

The installation of equipment for  the Semi-Works demonstration 

of the lfBP Process for  metal waste recovery is  nearly complete. 

samplers and one feed control rotameter remain t o  be installed on the 

columns. 

September 19. 

ta tors  w i l l  not interfere with the testing of the system and the cali- 

Two 

The f inal  proauct evaporator i s  expected t o  be in  place by 

An unexpected delay of two weeks i n  the delivery of agi- 

bration of equipment. 

the system w i l l  be ready f o r  t es t s  w i t h  syntjtietic process solutions. 

detailed report and f lowsheet of the &mi-works mi? equipment instal-  

la t ion is being prepared and t r i l l  be published in  the near future. 

Upon the arrival and installation of the agitators, 

A 
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Semi-works Process Equipment Installation (continued) 

The s t r ip  column (1B) was redesigned when the low flooding rate  

was obtained. 

of 1-1/2 inches as previously reported. 

The diameter of th i s  column is now 2-1/2 inches instead 

4.6 Laboratory ~oZumn Study 

The solvent extraction process f o r  the recovery of uranium 

from the aRmL waste metal tanks consists of the following operations: 

removal of the uranium from the tanks as a52 alkaline sludge, dissolu- 

t i on  of this sludge i n  6@ BN03 and solvent extraction with (C)+Hg)3PO4 

diluted with Varsol. 

The solvent extraction of uranium f’rom the sludge solution has 

been studied i n  laboratory batch experiments, countercurrent batch ex- 

tractor, and glass columns. B e  column studies have been limited to  

tes t ing t h e  process operability, determination of flooding rates, determ- 

ination of an approxbnate HETS and a short scrub study was made. 

following sections present the data and conclusion fronthese studies. 

The 

Process Demonstration 

Seven runs were made in  the one inch colunn a t  aRML flowsheet con- 

ditions t o  demonstrate the performance and oper8bility of the process. 
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process De~OnStPatiOn (continued) 

The feeds for these seven runs were nitric acid solutions of aRmL, W-10 

sludge. 

Table 4.6-1, Run 18 - Run 24. 

The conditions and results of these runs are presented in 

The beta fission product activity of the recovered uranium from 

all these runs was less than 1 8  the activity of natural uranium, and 

with six feet of scrub section, the activity of the product was not 

significantly different from the background of freshly extracted uranium. 

In R u n  21, the uranium concentration in the solvent at the feed plate 

was only 3 6  of saturation. 

significant drop in decontamination; however, the activity of the 

product was still less than 10$ the activity of natural uranium. 

This low uranium concentration caused a 

The I A W  uranium loss was about 0.1% from the 10 feet of extraction 

used. A longer extraction section would not significantly reduce this 

loss as approximately this anount of uranium has been found to be in- 

extractable from c[RNL sludge solutions. 

The I B W  uraniumloss w a s  about O.@ from the 9 packed feet of 
I 

strip column. 

tional column height or increased flow of IBx. 

This loss can be reduced to any desired value by addi- 

R u n  24 demonstrated the recovery of uranium from a solution of 

ORM, sludge which contained only 66 g/l of uranium. This was accomplished 
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Process Demoastration (continued) 

by reducing the organic to aqueous f law ra t io  t o  1.5:1 and reducing the 

concentration of (C43)3P04 i n  the solvent mixture t o  12$. 

R u n  25 demonetrates the recovery of uranium from Hw supernatant. 

The IAJ? for t h i s  run was prepared by precipitating t h e  uranium from HCJ 

supernatant by the addition of an excess of NaOH. 

was then centrifuged and the cake redissolved i n  '70$ w103 t o  an excess 

of 4.5 N in the final W. 

The sludge thus fomed 

- 
The urasium recovered from this feed contained 7 beta fission 

products counts per minute per mg of uranium and the t o t a l  uranium loss 

was 0.2$. 
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Run 
Number 

18 

19 

20 

21 

22 

23 

24 

25* - 
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Table 4,6-1 

Summary of Waste Netal Recovery Column Rms 

Golms:  

lA: 

U3: 9 ft. packed section 

1" diameter pyrex glass pipe, packed d t h  1/4%~/4'' Raschig Rings 

Extraction lenzgth - 10 ft. - Scrub length as given in  table 

Feedrs: lAF: salution of ORNL sludge with TO$ HNO t o  about 3 N excem acid us: 3 IT HNO, 3 
1Ax: (G4$)3Pd4 diluted with Varsol t o  concentration indicated 
U X :  water 

Length of 
Scrub Section 

ft . 
4 

4 

4 

6 

6 

' c 4 y 9 4  
Gonc n ra ion 

Percent 

15 

15 

3-5 

15 

15 

15 

12 

12 

Beta Aetivi 
lllF 

2.. 3x10 4 
4 2 6 d o  
4 2 6x10 
4 2 .7~10 

2 7x304 
4 
4 

1.2d05 

2 7x10 

2 2x10 

Uk%xiiu - 
I A W  

0.07 

0.07 

0.08 

0. u. 
0.06 

0.13 

0.05 

0.19 
J-- - 

Loss p 
IBW 

0.2 

0.2 

0.2 

0.2 

0.2 

0.1 

0.2 

0.09 
--o_ 

Percent 
Saturation 
a t  feed 

60 

66 

60 

30 

50 

66 

47 
66 
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Flooding Rates for  1A and 1B Columns 

The flooding ra te  for  the LA columns was found t o  be 1000 gal/hr/ft* 

total through put. The flooding rate for the LB column was found t o  be 

TOO gar/hr/ft2 t o t a l  through put. 

Flooding rates were determined in a 1-1/2 inch Pyrex glass pipe 

The column was LO feet  column packed with 1/4"x 3/8" Raschig rings. 

in  length containing about 9 feet of packed section. 

was used, and the LFLF and U S  were nixed before entering the column. 

Ro scrub section 

The flooding rate was the rate of flow a t  which the packing no 

longer broke up the dispersed phase, or  a second interface formed a t  the 

bottom of the colu&ua. For the IA colurrm flooding was found t o  occur es- 

sentially at  the same t o t a l  through put f o r  two flow ratios; solvent: 

aqueous phase = 1:l and solventtaqueous = 2:l. only one flow ra t io  was 

teated fo r  the IB column, so1vent:aqueous phase = 1. 

H.E.T*S. Determination - 
Average H.E.T.S. values f o r  a 1-1/2 inch column 9 feet i n  length 

packed with L/4" x 3/8" Raschig rlngs were: 

TO$ of flooding - 3.0 feet and 25$ of flooding - 2.5 feet. 

were determined from conventional diagrams. 

75% of flooding - 3.6 feet, 

These values 
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H.E.TIS. DetermiPation (continued) 

Novextiber 7, 1949 

H.E.T.S. determinations were mde by the following method. Runs  

were made in  a 1-1/2 inch colwrm, 9 feet  in height, packed w i t h  1/4" x 3/8" 

Raschig rings and having four s q l e s  s e t  into the column in  such a way 

as t o  permit sangeling of the aqueous phase at four intermediate points 

i n  the column. 

and three using a synthetic feed of approximately aRNL sludge solution 

eonapos it ion. 

Four such runs were made, one using ORIi& sludge solution 

With synthetic feed a r u n w a s  made a t  29% of flooding, 50$ and 75$ 

of flooding. The column was operated f o r  more than three coqplete changes 

of the aqueous phase, and duplicate samples were taken for  uranium analy- 

sis of the feed solution, of the aqueous phase at  the four intermediate 

heights along the column and of the aqueous raffinate. 

sludge solution was made a t  about 60$ of flooding and the same procedure 

followed. 

sented in  Table 4.6-2. 

The run with O m  

The uranium concentration data from these four runs are pre- 

In connection with the column runs, the same solutions were processed 

i n  a four tube countercurrent batch extractor using the same flow r a t i o  

as  was used i n  the colum9. The tubes were sampled af%er three complete 

changes and the uranium i n  both phases determined. 

are  given in  Table 4.6-3. 

The result- data 



. .  

-30- November '7, L&9 

H.E.T.S. Determination (continued) 

The H.E.T.S. values were found graphically by a second method by 

p lo t t ing  th'e concentration of uranium in the aqueous phase of each tube 

of the four stage countercurrent 'batch extractor made with identicalcon- 

di t ions,  dets- where these concentratione intercept the uranium 

concentration l ine of the c o l m ,  and scaling off the H.E.T.S. from 

these intercepts. 

method are given in  Table 4.6-4 . 
The H.E.T.S. fo r  a l l  four runs as determined by th i s  
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0.40 

0.35 

0.16 

0.15 

November 7, 1949 

0.12 

0.22 

0.07 

0.05 

I_s 

Column: 

Aqueous Feed; 

1 

2 

3 

4 

Solvent: 

72 22 

95 23 

95 19 

95 20 

Table 4.6-2 

Uranium Concentration Data for H.E.T.S. Determination 

1-1/2" glass pipe, packed t o  a hei@t of 9 f ee t  with 1/4" x 3/811 Raschig rings 

R u n  1: Mixture of one part 3.0 HNo 
w-10, m; 120 g / l  - 'ii, 3.3 

sludge solution; 1.0 ,M ma~03, 0.7 - E WaHPO4, 0.8 - M N ~ Q s O ~ ,  0.6 M UNH 

and two par ts  m03 solution of sludge from 
acid 

Run 2, 3, and 4: Hixture of one park 3.0 N HNO3 and two parts synthetic ORNL 

85% Varsol, 15% (C4H913P04 

U r a n i u m  Coi 
Distance 7 

4.3 Ft. 
::e 1 Feed 1 
Nuuiber Solution 1.3 Ft. 2.8 3%. 

7.0 

8.5 

4.8 

4.0 

2.4 

2 3  

1.1 

1.4 

mtration g/l 
Low feed pognt 
6.8 Ft. 1 9.0 Ft. 

I 
LAS 

31 

44 

43 

35 
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Csntinuous Countermen% Batch Extractor R u n s  4 .  for Comparison wLth C o l m m R w  

To Determine H.E.T.S. 

Feeds: Run 1: Same as feed for OO~UI~UI Run  1, Tabfe 111 

Solvent : 

Extract or: 

FlowPates : 
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1 Percent Length of 

Code m e r  rate  (feet) 
Run of flooding first stage 

1 6* 2.0 

2 7574 1.6 

3 5* 1.3 

4 25$ 1.3 

1 

Table 4.6-4 

H.E.T.S. For Tributyl Phosphate Extraction of Uranium 

1 

Length of Length of 
second stage t h i r d  stage 

( feet ) (feet) 

4.5 
1 

2.5 

2.8 Lesa than 3 

2.7 4.0 
coqplete stages 

Column: 

solvent: 85s Tarsol, 15$ (c4%)3po4 

Feed: 

1-1/2 inch -ex glass pipe, packed with 1/4" x 3/8" Raschig 
rings, about 9 feet  of packinge 

Run #1: 
~ ~ 0 3  solution of sludge from ORBL - W-10, 120 g/ l  - U, anti 
3.0 - N acid. 

Run@, 3, 4: 
synthetic cxT(EJL sludge solu-tionj 3.0 E BmO - 1.0 - N RaN03, 
0.7 

bU.xtlure of one part  of 3.0 - IJ Hmo3 and two parts of 

Mixture of one part of 3.0 I? m03 and two parts 

I?%H PO4, 0.8 -e M Ma2S04 and 0.6N - Ed: 
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The Effect of Scn;ib Section Length on Decontamination 

Increased 1eng;l;h of scrub eectfon gave a marked improvement in  the 

%he decontasliaation factor was 6x102 w i t h  beta decontamination factoro 

no scrub section, 8x103 wltlh. four feet  of scrub section and 1x10 with 

t en  feet of packed scrub section (see Table 4.6-5). 

4 

Table 4.6-5 

The Effect of Scrub Seetion Length on Decont&nation of 

uranium from Metal Waste 

Colwnn: One inch gLam pipe 
Scrub Section as noted in Table 
Strip Seetfon 10 feet  

3 
Feed: CEBL Waste sludge solution from W-10. 3 I7 HITO 

flow ra te  15 cc/min. 

Solvent: 855 Hexane - 15$ t r ibutyl  phosphate, flow ra te  
45 cc/lah. 

Strip: Denxl.neralfzekf. water, flow ra te  45 cc/min. 
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3.0 Redox - 
5.1 Pilot Plant Crud Problem 

Suspended matter has previously been observed in the methyl 

cyclohexane displacement nedium which has been used in the Pilot Plant. 

This substance was suspected as a possible source of particulate mat- 

ter which may h v e  contributed to plutonium losses in the basic Redox 

Process. In order to observe the characteristics of this material, a 

four gallon smple of wash water was obtained during a clean-up of 

the MCH storage or catch tank, B9, along with about three liters of 

MCH present in the tank. 

Semi-quantitative analysis indicated that the material was made 

up of sone organic substance with varyiw amounts of uranium oxides 

present either in occlusion or in combination. 

in nitric acid, but a residual amount of insoluble organic and siliceous 

material remained. 

stance, but no definite composition was established. 

and analyses are recorded in Table 5.1-1. 

in any of the samples. 

The uranium was soluble 

casbon and hydrogen analyses were made on the sub- 

Observations 

No nitrates were found 
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Pilot Plant crud ~roblem (continued) 

It is recommended that the MCE be periodically washed, filtered, or 

purified to preclude the presence of this crud in the column streams. 

No additional laboratory studies on this problem are anticipated. 

Table 5.1-1 

Approximate Composition of Cruds Found in the 

Pilot Plant llethycyclahexane Tanka 

Source 

Organic 
Phase 

Inter- 
phase 

Aqueous 
Phase 

Vt . Colnposit ion( 
Description Uranium Carbon 

Finely divided 2l$ 8.87$ 
white suspension (3) (251 

Grey -whit e 
emulsion 

-~ 

Greenish-yellow 8251, 0.78$ 
amorphous ppt. - - 

m 

3.3Q 
( 9 )  

Water 

64.6$ 
(*I 

!.,lola we. 

3400 

3960 

Spect. ha.lysis (in order of abundance). * (Residue after uranium solu%ion) S i 7  2, Cr, Fe 
U, Ca, Cr, Al, Pe, 3% 

*. U, Ca, Ye, AI, Bfg, Ivh 
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5.2 PlutoniumRecovery from Pi lo t  Plant IBP Solutions 

Results of one cycle countercurrent batch runs on IBP plu- 

tonium indicate that  gamma decontamination i n  E-2 and F-2 solutions is 

sufficient i n  one cycle t o  meet specifications as se t  out by Hanford, 

i.e. 107 d/m/gm plutonium. The product from E-2 contained 1.3~10~ d/m/gm 

plutonium and the product from F-2 contained 6.3~10~ d/m/gm plutonium. 

Beta decontamination, however, was insufficient in  two cycles t o  

meet the specification of lo8 d/m/gm plutoniun. The product from E-2 

contained 1 . 5 ~ l . O ~  d/m/gm plutonium and the product from F-2 contained 

3.0~10 d/m/gm plutonium. Thus, present information indicates that  

three cycles w i l l  be necessary f o r  adequate beta decontamination. 

ever, three cycles are planned by the Pi lot  Plant, i n  any event, since 

an additional decontanimtion from uranium is necessary. 

8 

How- 

To prepare the second cycle feed, the organic effluent from a 

f irst  plutonium cycle countercurrent run was stripped and then adjusted 

t o  1.2 M A ~ ( N O ~ ) ~ .  

system, batch methods were employed t o  observe overall beta decontami- 

nation through the second cycle i n  both E-2 and F-2 solutions. 

decontamination factors of approximately 2.0 a,nd 5.0 were observed with 

E-2 solutions and F-2 solutions, respectively. 

of the products f romthis  cycle indicated that  the E-2 product was below 

specifications by a factor of 1.5 and the F-2 product by a factor of 3.0. 

Eavin@; insufficient solution fo r  a counrtercurrent 

Low beta 

Beta act ivi ty  measurements 
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Plutonium Recovery from Pilot  Plant IBP Solutions (continued) 

A subsequent countercurrent check was made in  the case of the F-2 

solution. A first  cycle plutonium run was carried out using volumes of 

sufficient qumtity t o  provide an effluent a f te r  equilibrium for a 

second cycle feed closely simulating actual column conditions. 

tamfncZtion factors were found t o  check closely with those obtained i n  

single batch experiments (see Table 5.2-1). 

Decon- 



.. . 

Pu Dist.Goeff. Pu Loss Overall Decon. - Factor 
P 

(0rg/Aq) (%I 
Y 

F i r s t  Cycle 5.7 0.002 27 ca . 300 
Second Cycle 9.1 0.0003 2.5 - 

-39- 

E e k  .Cctivity ~6:- g Pu 

Product Feed 

1.6k~10~&,&1 1.3x109&/g1 

9.3X1O8 3~I.0~ 

November 77 1949 

Table 5.2-1 

Plutonium Losses and Decontamination Fattars Through Two Cycles - 

Conditions : 

Feed 

Scrub 

Countercurrent Batch Extraction 

(Plutonium Solutions from Tank F-2) 
First Cycle Second Cyebe 

1.0 M Al(EO ) 
0.08 $3 ~ ~ 2 2  3 a  7 

a 
0.23 N B \ J O ~  

1.3 M Al(NO3) 
0.01 M f;iqCr2 7 
0.3 N m03 

1.2 M Al(XO3) 
0.1 M ~ a 2 ~ r 2 0 3  
0.5 ~t m03 

1.2 EI fil(N03)3 
0.0 M NagCr& 
0.0 N HNO3 

I 
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6.1 Reaction of Uranium Netal w i t h  Elemental Fluorine 

Elrperbent8 were carried out i n  which metallic Uranium was 

completely reacted w i t h  elemental fluorine t o  form uranium hexafluoride. 

In  these experiments with uranium sssrples weighing from 15 t o  48 gms, 

the fluorine flow rates were about 70 t o  250 ml/min (ca. 25OC and 1 a t m )  

and temperature range was of the order of 300° - 55OoC during the major 

portion of the reaction period. The temgerature measurements are assumed 

t o  be P e i r l y  reliable since the metallic uranium sample rested on a ther- 

mocouple well inside of the reactor. 

During the f irst  experiments, difficulty i n  temperature control was 

encountered i n  carrying out the reaction between metallic uranium and 

elemental fluorine. 

reaction a t  a temperature of 300°C w i t h  a fluorine flow rate of about 

70 ml/min produced in  3 o r  4 minutes a reaction which sustained a temper- 

ature of 300 - 35OoC. 
rapidly increased the reaction temperature. 

ature of about 55OoC was found a t  a f l a w  rate  of 175 ml/min under the 

conditions used, while higher flow rates up t o  250 niL/min failed t o  in- 

crease the observed reactor temperature. 

Recent experiments have indicated that start ing the 

Increasing the fluorine f low rate  30 - 40 ml/min 

A m ~ w r i m u m  reaction temper- 
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Reaction of Uranium Netal with Elemental Fluorine (continued) 

I t  was observed during the l a t t e r  part of the reaction period 

t i m t  a rapid r i s e  i n  the reactor temperature (ranging from 25 - 200°C) 

occurred in  a t i m e  of 10 - 15 seconds and then rapidly f e l l  off t o  the 

normal, slowly declining, aperating terqgerature. 

place 4 o r  5 times during a period of 15 - 20 minutes. 

perature then f e l l  more rapidly t o  a point a t  which any reaction failed 

t o  take place, since essentially a l l  of the metal has been converted in- 

This occurrence took 

The reactor tem- 

t o  a fluoride. On termination of the eqeriment at  t h i s  point, some non- 

volati le lower fluorides of uranium s t i l l  remained i n  the reactor. I n  

order t o  convert these lower fluorides t o  the volati le hexavalent state, 

it was necessary t o  carry out the reaction w i t h  fluorine f o r  an addi- 

t i o n a l  time of 1/2 - 3/4 hour while maintaining the reactor temperature 

a t  430 - 500Oc.  

Condensation of the volatile hexafluoride product, i n  a single copper 

U tube, cooled i n  a Gry ice tri-chloro-ethylene mixture gave recovery 

values of about 95$, and it appears that  no trouble i s  t o  be expected i n  

collecting the volati le uranium product. 

Further experiments are t o  be carried out using larger samples of 

metallic uranium. 

cut from a 4 inchby 1 inch 

The saqples w i l l  be 1/4 inchly 1 inch diameter wafers 

slug. The reason for this  change is  due t o  
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Reaction of Uran ium Metal with Elemental Fluorine (continued) 

the increased cost of machining slugs of irradiated material into 

smaller sizes. 

of a larger reactor tube and cold trap system, which is  now undedy.  

This change in sample size necessitates the construction 

6 . 2 Disti l lat ion of Uranium Hexafluoride 

Equipment consisting of a st i l l-pot,  still-head, and condenser 

is being fabricated for  the batch d is t i l l a t ion  of 100 gram quantities of 

uraaium hexafluoride. The method of controlling pressure a t  40 psi  

has not yet been determined; however, a controller which w i l l  vent the 

system i f  the pressure f a l l s  too low may be satisfactory. 

The batch d is t i l l a t ion  equipment can be used for  fractional dis- 

t i l l a t i o n  by inserting . a column between the s t i l l -pot  and the still-head. 

Design of the equipment w i l l  continue through the next period. 

. 
7.0 RaLa Process 

7.1 Purification of I3al4* by Ion Exchange - Laboratoq 

Preliminary results reported in the quarterly report ending 

August 10, 1949 shared that approximately 9% of the iron, chromium, 

nickel, and lead present i n  the RaLa Process could be removed by making 

the solution 1.0 M i n  sodium acetate, pH 5.5 t o  6.0, and passing through 

an A-2 or IR4B anion resin column. The results from 5 recheck runs us ing  
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Purification of Ba140 by Ion Exchange - Laboratory (continued) 

IRkB resin shuw the impurity r'emoval t o  be no bet ter  than 80 t o  90$ 

w i t h  barium yields ranging from 15% t o  85%. 

showed even lower bxpurity removal. 

The rechecks on A2 resin 

Since every effort  was made t o  

duplicate the conditions of the earlier runs, the conclusion reached 

i s  that i n  these runs ar, abnormal phenomenon such as col loidal  physi- 

cal  adsorption or f i l t r a t ion  of precipjttated impurities must have taken 

place. Impurity removal by anion exchange w i l l  be abandoned f o r  the 

present as adequate removal i s  being obtained in  the cation exchange 

process. 

Comparison of I R C  50 and Dowex 50 

In  an effort t o  determine the optimum conditiona for separation of 

barium and strontium, a large number of distribution coefficients have 

been run for  the systems sodium citrate-Dowex 50 resins, and sodium 

c i t ra te  - I R C  50 resin. 

sodium c i t ra te  and a t  pH's of 6.0, 7.8, and 9.0. 

are being rechecked, and the results w i l l  be reported next month. 

Determinations were made a t  0.1, 0.3, and 0.5 M 

Some of the analyses 

Comparison of nalcite and DOWeX 50 

The distribution coefficients were compwod f o r  barium and strontium 

between the newer Dowex resin, Nalcite, and Dowex 50, i n  0.5 M sodium 

c i t ra te  a t  pH 9.0. The barium distribution coefficients were 2.75 and 1.9.5, 
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Comparison of Nalcite and Dowex 50 (continued) 

respectively, while the strontium distribution coefficients were 0.52 

and 0.92. Thus, the separation factor for barium and strontium using 

Nalcite is 5.28 while that for Dowex 50 is 2.14. The capacity of the 

air dry hydrogen form of the two resins was 4.15 m.e./gm for Dowex 50 

and 4.37 rn.e./gm for Malcite. 

Investigation of Versene 

Versene (ethylene di-amine- stra-ace ic acid) is a strong cowlex- 

ing (chelation) agent. The complexes are so strong that such compounds 

as barium and lead sulfate are easily dissolved. As the system is very 

dependent on pH, it is proposed to adjust the pH of the solution to the 

point where the Ba and Pb sulfates will not precipitate, but where the 

Ba will be adsorbed on the resin and thus separated from the sulfate. 

7.2 Sulfate Precipitation and Metathesis Development - Semi-works 
During the last period it was concluded that filtration would 

be used for separation of the sulfate and metathesis steps, and since then, 

equipment revisions have been in progress. 

be used in the full scale operation is being designed and will be tested 

in the Semi-works. 

A filter similar to that to 
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7.3 Purification of Bal4O by Ion Exchange - Semi-works 

The ion exchange developent for  the f ina l  purification of 

barium is  not complete but t o  date, iron, nickel, chromium, strontium, 

and lead separations have been effective with low barium losses i n  the 

wastes. Full scale lead and sodium removal have not been demonstrated 

yet. Radiochemical analflical results have been er ra t ic  making some 

difficulty in  interpreting operations. 

R u n s  13 and 14 were poorly metathesized an& consequently, the bulk 

of the barium was i n  the form of sulfate. 

breakthru and high waste losses. 

This explains the heavy colwnn 

It can be observed from Table 7.3-1 

that  barium losses i n  the wastes are sufficiently low. 

low barium yield for R u n s  15 and 16 is not certain but could be analyti- 

cal  error o r  channeling i n  the resin, since elution curves indicate that 

The reason for  the 

elutions were complete. 

R u n s  15 and 16 were centrifugation runs and only about 1 gram of 

lead remained. This amount of lead was reduced t o  0.04 g andL0.03 g j  

respectively, i n  the barium product. Iron, nickel, and chromium analyzed 

very low and the bulk of the iron was removed either i n  the N a  Ac i n  the 

feed or the pH 3 c i t r i c  acid. 

counts has varied from 0.008, 0.04 t o  0.14,' In Run 15, about 1/3 of the 

t o t a l  beta counts were reported as strontium. However, over 2 0 8  of the 

The ra t io  of strontium t o  bariumbeta 
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Purification of Ba140 by Ion Exchange - Semi-works 

November 7, 1949 

( cont hued) 

strontium was found i n  the pH 9 sodim c i t ra te  elution, indication con- 

siderable error i n  the strontium analytical results. 

the elution activity has always shown a very definite a d  complete 

elution for  strontium. 

Obervation of 

Future runs on the ion exchange column wil l  be made with the full 

scale amount of lead i n  the feed, 
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Table 7.3-1 

Barium Losses and Material Balances f o r  the Ion Exchange Procedure 

Column: 3" x 3" 

Resin: 

Procedure: 1. Adsorb metathesized product 

100 - 200 mesh Wwex 50 

2. Elute Pb with 0.5 NaOH 
3. Elute Fe, N i ,  Cr with 0.5 M c i t r i c  acid a t  pH 3 
4. Elute Sr with 0.1 M N a  c i t ra te  a t  pH 9 
5.  Elute Ba with 6 Ht?O3 

RUll 

Test run 

12 

13* 

14+ 

15 

16 

Feed 
Waste 

0.71 

0.52 

36.0 

11.1 

0.068 

0.006 

NaOH 
Waste 

0.09 

0.01 

- 
- 

0.004 

0.004 

- 

Barium Losser 
Citric Acid 
Waste (pH 3) 

0.09 

0.03 

7.3 

4.6 

0.24 

0.35 

sodium' c i t ra te  
Waste (pH 9 )  

0.11 

2.2 

11.5 

3-23 

0.19 

rield (%) 

81.0 

~71.0 

70.1 

44.9 

64.0 

56.0 

Material 
Balance ($) 

81.9 

173 76 

113.4 

72.1 

67 54 

56.55 
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8.0 Homogeneous Pile Studies 

The renewed interest in the development of a homogeneous reactor 

at ClRKL has l e d  the Technical Division to undertake some of the prob- 

lems associated with this program. 

At the present time, the specifications f o r  the pile are such that 

a maximum of 40 grams of enriched uranium per liter of water may be neces- 

sary. The pile, as now envisioned, would operate at about 25OoC and 

1000 pounb pressure in a suitable container of low neutron cross-section. 

Uranium-233 w i l l  probably be formed by breeding in a thorium blanket. 

Two possible ways of achieving a satisfactory pile media involve a 

homogeneous water solution of a uranium salt such as U0,S04 or U02(M03)2 

or slurry of some oxide or other compound of uranium in water which will 

have the fluid properties of a solution. 

The Chemistry Division of ORl!%G is investigating the properties of 

UO2SO4 systems. 

Technical Division have undertaken the slurry development phase of the 

Members of the Chemical Technology Department of the 

h o n g  the factors to be considered in the slurry problem axe: 

methods of dispersing the solid in water 

measurement of the stability of the dispersion 

effects of radiation on the slurry 

the investigation of other uranium compounds beside the oxides 

as a slurry component. 
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Homogeneous P i l e  Studies (continued) 

Work on this program w i l l  be init iated w i t h  the preparation of the 

oxide slurries using a colloid m i l l  recently obtained f o r  th i s  purpose. 

9.0 Solvent Extract ion Cont actor Development 

The problem of obtaining reliable solvent extraction data by 

simple, rapid operation on the laboratory scale has become increasingly 

important ae extraction has become more useful i n  processes f o r  treat-  

ing reactor products. To make unnecessary the use of batteries of sepa- 

ratory funnels for  simulating columns (i.e. countercurrent batch), it is 

desirable t o  have small scale equipment for  continuous countercurrent 

extraction. As the objective in  development of such equipment, the fol- 

fowing specifications have been outlined: 

The column, or other apparatus should: 

(1) be not over four feet  high (if vertical) or six feet  long 

( i f  horizontal), t o  permit installation under a laboratory 

hood; 

(2) provide ten theoretical stages; 

(3 )  

(4) 

be susceptible t o  remote control; 

require only 500-1000 m l  of "hot" feed per run, i.e. , the 

volume of the apparatus should be small €0 minhize the 

volume of "hot" solution required t o  a t ta in  equilibrium. 

be adaptable t o  sampling of stnges by remote control. (5) 
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Solvent Extraction Contactor Development (continued) 

November 7, 1949 

Survey of the l i terature  shows that  the only types of extraction 

equipment capable of providing a high nwriber of theoretical stages i n  a 

short columg or compact space are those designed for  mechanical m i x i n g  

of the solutions within the apparatus. 

the pulse column, mixer-settlers, spinner columns, and the Scheibel 

COlUlrRl. 

These types of equipment include 

A one inch Scheibel column (Figure 2),having 14  actual stages, was 

tested under the conditions of ORNL Redox Flowsheet 80. 1, with comgosite 

feed and scrub solutions. The highest average stage efficiency was about 

50$ corresponding t o  a uranium loss of less than O.l$, and the volume of 

aqueous solution required was about 2-1/2 l i t e r s  per run. 

A 15 stage Scheibel c o l ~ ,  9/16'' i.d.,,was constructed with side 

arms for sampling at  the mixing section of each even-numbered stage. 

two ruzla with this column, the average stage efficiencies were 51% and 

6% (for details  see Table I). 

samples showed good agreement with an equilibrium curve d e t e d n e d  by batch- 

wise equilibration, 

In 

With one exception, the analyses of stage 

The runs w i t h  the small Scheibel column required about 2 t o  2-1/2 hours 

including 40 minutes for  stage sampling af te r  steady-state operation had 

been obtained. 

were used f o r  each run, 

steady-state operation. 

About 1600 cc of solution (equivalent t o  800 cc of U feed) 

Five aqueous thru puts (200 CG each) assured 



-5L- 

Solvent Extraction Contactor Development (continued) 

A six-atage Leaders-Hitchell mixer-settler (Figure 1) was con- 

structed so that the aqueous phase trmsfer from each settler to the 

next mixer is made through a three-way stop cock which m y  be used fox 

sampling. 

In four runs with this apparatus, the stage efficiencies were 83$ 

to 10%. 

the equilibrium curve determined by batchwise equilibrations. 

The asalyses of samples taken from the stages agree w e l l  with 

Samples 

of the organic phase in each stage were taken most easily frornthe settler 

by m e a n s  of an aspirator. 

Runs with the mixer settler required about 2-1/2 to 3 hours and 

approximately five thru puts of aqueous solution. 

limited to about 5 cc/min of aqueous ana 10 cc/min of hexone. 

The flow rates were 

At higher 

rates the efficiency fell off slightly and there was a tendency toward 

flooding, i.e., both phases sometimes came out both ends of the apparatus. 

Both the Scheibel column and. the tube-type mixer-settler show consider- 

able promise f o r  laboratory scale extraction work. 
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10.0 ii23i' Process 

10.1 Pilot  Plant Equipment Installation 

The "23" Pilot  Plant (706-1113) construction has been c q l e t e d .  

The equipment has been tested hydraulically and with acid. 

of operating instructions and equipment cabbration has begun. 

Preparation 

Present plans are t o  begin cold runs about November 1. 

10.2 Thorium Recovery 

The recovery and decontazuination of thorium may be accom- 

plished using t r ibutyl  phosphate as the solvent and n i t r i c  acid as  the 

salt ing agent with a thorium loss of l e s s  than 0.025 and a decontami- 

nation factor of greater than 1.7x103. S i x  countercurrent batch runs 

have been made v i n g  feed, solvent, and scrub acidity i n  an effort  t o  

increase the decontamination of thorium from zirconium. The best results 

were achieved if the 55% t r ibutyl  phosphate were made 1 M  i n  Hw03 and the 

scrub 6 Pll BN03; however, a zirconium decontamination factor of only 2 W&B 

obtained with an overall @ decontamination factor of 650. Reducing the 

acid concentration i n  the system gave no better decontamination and re- 

sulted in  lower thorium distribution coefficients. 

Stripping of thorium from the solvent waa accomplished with an 

organic-distilled water flow rat io  of 1 t o  1.5. 

step was 0.003$ through s ix  stripping stages. 

The thorium loss in t h i s  
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Thorium Recovery ( con% inued) 

In  the first of two countercurrent batch stripping runs, an 

organic-distilled water ra t io  of l : l e5  was used. The s t r ip  distribution 

coefficient (org/aq) increased from 0.675 i n  the first stage t o  20.85 i n  

the sixth stage with a thorium loss of 0.003%. 

due t o  the removal of RNO3 fromthe solvent, since it is known that  

thorium w i l l  not s t r ip  at hlgh acid eoncentrationso 

ping study, equal vohmes of solvent and water were used, 

s t r ip  stages, the thorium distribution coefficient was less  than one, re- 

sulting i n  a thorium loss of about @. 

m03 - thorium tributyl phosphate equllibrium had been reached. It is  

coneluded that an organic-aqueous flow ra t io  of a t  least  1:1.5 w i l l .  be 

necessary t o  s t r ip  thor im from tr ibutyl phosphate w i t h  a HmO concen- 

t ra t ion of 1 M  i n  the thorium-organic extract. 

This rapid chaage was 

In the second strip- 

A f t e r  six 

These results indicate that a 

3 

In  some stripping studies, a white crud was observed at  the inter- 

face as the stripping reached equilibrium. 

t h i s  material indicated that  it contained principally thorium and phos- 

phorus. 

washed w i t h  t w o  half volumes of 0,T M Neb2C03 followed by a half volume 

d is t i l l ed  %O wash. IJo further crud formation has been observed in  batch 

o r  countercurrent batch stripping runs af te r  treating the solvent by t h i s  

procedure . 

Spectrographic analysis of 

To eliminate this crud formation, the tr lbutyl phosphate was 
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Thorium Recovery (continued) 

A series of eaerfments were rtan t o  determine the beta activity of 

reagent grade thorim, reagent grade thorium extracted with tr ibutyl phos- 

phate, and thorium decontaminated and recovered from 23 raffimtes that 

had cooled about two years. Results of these experiments indicate that  

the beta activity of the thorium recovered from 23 mffinates is about 56$ 

of the background activity of reagent thorium extracted with tr ibutyl phos- 

phate and about 15% of the f3 background activity of reagent thorium. 

11.0 Purex Process 

11.1 Plutonium Distribution Coefficients 

Batch studies showing the effect of HN03 in the range of 

0.1 - 8.0 M on the various valence states of plutonium were carried out. 

The extraction of plutonium TV by 15$ t r ibutyl  phosphate in  Varsol from 

1.0 M HNO was greater than plutonium V I  by a factor of approximately 10, 

and greater than plutonium 111 by a factor of almost 100 (see Tables ll.1-I., 

2, ana 3) .  

concentrations greater than 3.0 N. Also, i n  the initial. experiments, un- 

treated, cammercial grade tributyl phosphate was used i n  the solvent mix- 

ture and considerable reduction of plutonium VI was caused by the presence 

of butyl alcohol and other reducing impwrities. 

0.1 M HNO3, followed by washes w i t h  sodium carbonate and water, lawered the 

3 

However, plutonium I11 was oxidized t o  plutonium Iv at NO3' 

Washing with 0.1 M K2C1-207- 
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PlntoniUm Distribution Coeff ieients (continued) 

reducing normality of the t r ibutyl  phosphate from 0.19 to 0.06, 

reducing normality of a f inal  5076 cut of a fractional vacuum distilla- 

t ion was 0.005. 

improved the extraction of both plutonium Iv and plutonium VI (see 

Table 1, and 2).  

was higher than that of plutonium VI by factors of 3-10. 

The 

These solvent pretreatment procedures successively 

In a l l  cases, however, the extraction of plutonium Tv 

I n  these experlments, plutonium I11 was prepared by reduction w i t h  

0.02 hydro-lamine in  0.5 M HNO3 and plutonium TI  was prepared by oxida- 

tion with 0.1 M G$r207, 0.1 M RH0 

plutonium Tv, the procedure outlined by Cranddl and Thomas in  "The &e- 

late Process" (CT? 3733) was used. 

duced to the three s ta te  and then reoxidized t o  plutonium IV with maI?O2. 

a t  8 5 O ~  f o r  4.5 hours. To establish 3' 

In this method, a l l  plutonium i s  re- 

The effect of' uranium i n  depressim the extraction of plutonium is 

shown in Table 11.1-4. 

maintained a distribution coefficient sufficiently high to provlde a 

basis fo r  a solvent extraction procedure. 

In the presence of 1.0 M uranium, only plutonium p 
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11.2 Sim2taneous Extraation of Plutonium and Uran ium 

It was found highly desirable i n  the development of a process 

f o r  t r ibutyl  phosphate solvent extraction of uranium fron waste m e t a l  

(1) t o  maintain the solvent a t  the feed plate very near saturation i n  

u r a a i m t o  obtain maximum separation from f iss ion products. Based on 

th i s  coneideration, it was decided that plutonium Tv was  the only vaence 

s ta te  about which a process could be designed. 

saturated i n  uranium> the plutonium IV distribution coefficients were 0.37, 

0.51, and 0.75 using aqueous feeds 4, 5 ,  and 6 normal i n  m03, respectively. 

Under these conditions, the uranium distribution coefficients were 1.4, 

1.45, and 1.6, respectively. 

If the solvent were 

A series of runs was made i n  a laboratory countercurrent batch ex- 

tractor with a nitric acid concentration of about 5 N in  the extraction 

section and a solvent t o  t o t a l  aqueous flow ra t io  of 3 t o  1 t o  obtain a 

satisfactory plutonium extraction factor at the feed plate. To ensure that  

the plutonium was a l l  in the tetravalent state,  the following procedure was 

usea i n  preparation of the feed. 

Plutonitnn tracer was added t o  2 MU02(N03)2 and made 0.2 N m03. This 

solution was made 0.005 M i n  urea and allowed t o  stand 15 minutes t o  destroy 

ni t r i tes .  It was then made 0.002 M i n  FeC12 and allowed t o  stand 20 minutes 

t o  reduce all plutonium to plutonium 111. 

NaN02 and swept with 02 gas for 25 minutes t o  destroy azly NO and t o  oxidize 

The solution was made 0.02 M i n  



Sbultaneous Extraction of Plutonium and Uran ium (continued) 

the plutonium VI t o  plutonium IV. 

J. R. 'Ifnoraczs and H. W. CrglmaalL. The r e su l t iw  solution 

was spiked with slug dissolver solution and diluted with acid t o  the 

necessary uranium and HNO concentrations for the feeds of the various 

runs. The conditions of the results obtained from the laboratory nurs 

are  given in Table U.2-1. 

TQis procedure was developed by 

3 

In Run  1, the plutonium and uranium losses through seven extraction 

stages were less than O, l$  and the gross beta decontanination factor was 

180, 

reduced from 5 t o  3.5 N and the acid concentration of the feed increased 

t o  6 8. The plutonium and uraaium losses from these runs were s t i l l  1- 

and the decontamination factor  increased t o  400. In both of these rulls, 

the solvent a t  the feed plate  waa only about 60 - 65 percent saturated i n  

uranium. 

duced t o  12 percent i n  order t o  increase t o  88% the percent saturation in 

uranium of the solvent at the feed plate. The decontanimtion factor 

increased by a factor  of 4. Reducing the solvent flow ra t io  i n  Run 4 

further increased the degree of uranium saturation of the solvent a t  

the feed plate t o  95 percent without materially increasiw decontamination. 

In Run 5 ,  the uranium concentration of the feed was increased t o  1.0 M and 

a deaontmination factor of 1.5x103, while plutonium and uranium losses 

In the second run, the acid concentration of the scrub solution was 

In the third run, the TBP concentration of the solvent was re- 
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Simultaneous Extraction of Plutonium and Uranium (continued) 

were less  thanO).O5$. Pretreating the solvent mixture with Cr207-, - HNO3, - 
CO3 -50 washes (Run 6 )  further -roved deoontminertion by a factor of 

4. 

mheee runs demonstrate clearly the feaeibi l i ty  of separating uranium 

and pluto~iWn sim'ultaneously from fission products. 

plutonium IV ddstribution coefficient a t  the feed plate revealed that it 

Determination of 

was higher. than woxiid be expected from batch studies (approximately I). 

This should make it possible t o  reduce the solvent volume o r  t o  decrease 

the acid concentration of the feed, and s t i l l  maintain a satisfactory 

plutonium extraaction coefficient, 

sult i n  reducing the cost of the process and probaaly improve decon td -  

nation, 

E i t i e r  change muld be expected t o  re- 

It is planned t o  investigate both possibilities. 

11.3 Separation of Uranium and Plutonium 

$he separation of uraniuzn and plutonium was scouted in  batch 

Since the distribution coefficient of plutonium 111: was very low, 

Reduction 

tests. 

th%s seenred the logical s t a t e  f o r  the separation from uranium. 

of plutonium 

of a solvent; product froan the countercurrent ba%ch runs 

t o  plutonium 1x1 W ~ R  accomplished by contacting equal volumes 

an aqueous 

solution contsining ferrous subfama+,e, 

ducivlg agent concentration was held constant a t  0.03 pJ and the acid 

In one set of experimenta5 the ye- 
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separation of Uranium and Plutonium (continued) 

concentration variea from o t o  6 N. 

bution coefficients were determined and from these, the separation factors 

as functions of BNO3 concentration (Table U.3-1). 

from 13 at 0 In a second series of experiments, 

aliquots of the solvent product solution were contacted w i t h  equal volumes 

of 1 N EN03 in which the concentration of ferrous sulfamate was varied 

from 0.01 to 0.4 N. The concentration of reducing agent had no effect 

on the separation of uranium and plutonium. 

zine, hydroxyLamine) are being investigated as a substitute for  ferrous 

sulf amate. 

The plutonium and uraniwn d i s t r i -  

The values varied 

RN03 t o  78 a t  4 N m03. 

Other reducing egents (hydra- 
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I Pum Distribution 

Table 11.1-1 

Effect of HNO, Concentration and Solvent Pretreatment on Pum Distribution 
J 

Coefficients 

Aqueous Phase: Pun tracer i n  =$O3 
Organic Phase: Equal volume l5$ t r ibutyl  

phosphate - 85:; "Varsol" 
2092 -I- 0.2 Teqperature : 

HNO3 Concentrat ion 
(M) 
. 

0.01 

0.5 

1.0 

300 

5.0 

8.0 

1% 

0.434 

3.45 

2.49 

4.4 

- 
15.18 

- 
0.65 

7.03 

13 12 

17 03 

!oef f icient Ti 
11.83 

12.36 

17 13 

1% Comericd. t r ibutyl  phosphate was uaed. i n  solvent. Reducing 
normality of the mixture was 0.03 

- 2* Tributyl phosphate was washed with 0.1M BmO -0.1M c!r207-, 
wa 2 followed by washes with 1.0 M Na$O 

Reducing normality of the solvent m ure vas 0.02. 

3% Tributyl phosphate used wsts last 5@; cut of a vacuum d i s t i l -  
lation. Reducing normality of solvent mixture was 0.00250 
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' m~ Concentration 

( M j  
in  a queous Feed 

November 7, 1949 

Table 11.1-2 

Effect of HNO, and Solvent, Pretreatment on Pun Distribution Coefficients 

Aqueous Phase: Pun t racer  i n  RN03 
Organic Phase: 
Temperature: 2Ooc 2 0.2 

Zqual volume 15s t r ibutyl  phosphate 

Pun Distribution Coefficients 

1* 

0.006 

0.171 

0.400 

1.66 

- 
1.94 

(P 
2% 

0.004 

0.143. 

0,372 

1.55 
- 

2.03 

$4 
3* 

0.02 

0.26 

(3.31 

1.54 

2.47 

1.30 

4* 

1.99 

0.73 

0.66 

1.94 

2.42 

2.29 

I 

I+ See Rote I, Table 11.1-1 
2* See Mote 2, Table 11.1-1 

3-4* See Note 3, Table 1lWl-1 
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Table 11.1-3 

Effect of HNO on Plutonimlll Distribution Coefficients 3 

. 

HEQ Concentration 
i n  a queous Feed 

0.01 

0.5 

1.0 

3.0 

PuIII Distribution Coeff. 
(org/j-q) 

0.003 

0.03 

0.03 

0.10 

Note: A t  higher ni t ra te  concent ations, PuLLL was 
apparently oxidized t o  p u f ~  very rapidly. 

Table u.1-4 

Zffect of Uranium Concentration on Flutonium m r a c t i o n  

Aqueous Phase: Pu tracer, 3.0 M BmO UO (EO )2 
Organic Phase: 15'5 t r ibutyl  phosphaze - &$ qarsol" 
Teqperature: 20 6 C 5 0.2 

Aqueous Uranim 
Concentrat ion 

20 

40 

80 

100 

200 
Note:* The t r ibutyl  

Distribution Coe 
h Y l V  

2.26 

1.13 

0.34 

0.23 

0.32 
ihosphate used in  

Xcients a Org Aq 

0.91 

0.57 

0.16 

0.11 

0.04 1 
;hew experiments 

vas not pretreated (reducing normdity equals 0.19) 
and these figures, as previously indicated, are 
probably low. 
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Table lL2-1  

Results of Laboratory Countercurrent Batch Extraction R u n s  for  the Recovery of Plutonium 

and U r a n i u m  

Seven extraction and six scrub stages 
!Three minute equilibrations in  each stage 

6 PU a i n  all feeds = 8x103 c/m/d. 
Gross beta concentration of d l  feeds = 3x10 c/m/nil 

_ .  
Conditions - ~ 

Metal Feed 
m03 M 

5.0 

6.0 

6,o 

6.0 

6.0 

6.0 

-qq 
M 

0.8 

0.8 

0.8 

0.8 

1.0 

0.9 

3cmbF€$il~~ 

0.13 

3.5 0.15 

3.5 : 0.15 
3.5 c ; 0.15 

I 

3.5' 0.15 

3.5 ow15 

Flow Ratio 
n/Sc/Sul. 

c C 

7/4/30 

6/4/30 

6/4/25 

6/4/30 

6/4/30 

6/4/30 

Gross f3 
De contami- 

Factor 

0.09 0,001 

0.03 0.001 

0.08 0.001 

0.10 0.05 

0.05 0.001 

0.06 0.15 

I 

* Tributyl phosphate (TBP) diluted with commercial "Varsol" 
JMC The solvent used i n  this m was given the Cr2?"-CO3"-%O wash described in the report. 

Saturation of 
Solvent a t  Peed 
Plate i n  uranium 
k 

64 

' 60 

78 

97 

87 

72 
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Table 11.3-1 

Effect of EN02 Concentration in  Stripping on Plutonim and Uranium - 
Distribution Coefficients and Separation Factors 

Conditions: 

Solvent Feed: Solvent product from countercurrent 
batch extraction 15$ TBP i n  Varaol, 
~ 4 - 2  %/a, PU w = 2.6~105 c/m/a, 
0.15 N HN03 

Aqueous S t r i p  Feed: 0.03 N ferrous sulfanate, varying acidity 

Equal volume equilibrations for  5 minutes a t  20°c 

Concentratio 
t r i p  Solution 

(M) I 
0.55 

1.9 

4.0 

5.8 

7.6 

7.2 

6.9 

0.04 

0.08 

0.09 

0.09 

0.10 

0.09 

* 0.10 

13 

23 

46 

62 

78 

79 
66 
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12.0 "25" Process - Aluminum Slug Dissolving Development - Crud Studies 

A process f o r  dissolving aluminum alloy slugs containing 4% uranium 

i n  n i t r i c  acid with mercury - catalyst has been recommended (memo 9/1/49, 

Central F i b 6  BO. 49-9-33) i n  preparation f o r  f inal  pilcvt plant demon- 

s t ra t ion of the solvent extraction for  the purification of U-235. 

Large quantities of "crud" are produced i n  the dissolver solution from 

"25" 

dissolving the A 1 - S i  bonding agent which constitutes approximately 5$ 

of the t o t a l  slug weight. The aoun t  of crud is  estimated a t  5 grams per 

l i t e r  of solution, and the flocculent precipitate occupies approximately 

20 ml per l i t e r  of solution a f t e r  set t l ing f o r  three days. 

Removal of crud 'by f i l t r a t i o n  through a sintered stainless s tee l  

f i l t e r  dish appeass impractical. from semi-works t e s t s  because 20 square 

fee t  of f i l t e r  area would be required t o  pass one dissolver batch 

(60 gal&ons) before plugging:, and a 4 square foot f i l t e r  is  the largest 

available in  the Pi lot  Plant. 

by decantation, it was indicated that 10 square f ee t  of f i l t e r  area would 

Even when the precipitate was separated 

be required per batch. 

Pi lot  Plant gave satisfactory clarification. 

mately half of the crud but still. plugged quickly while coarser f i l t e r s  

d i d  not remove a significant proportion of the crud. 

A "G" gbrosity Micrometallic dish as used i n  

An F f i l t e r  removed approxi- 
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"25" Process - Aluminum Slug Dissolving Development - Crud Studies (continued) 

Earlier work on the "23" process feed preparation problem ( in  Febru- 

ary - MU&, 1949) indicated that addition of diatomaceous earth f i l ter  

aid such a8 Johns-Manville Celite improved removal of such crud greatly. 

Crud solution without f i l t e r  aid would (typically) plug a sintered disk 

conipletely a f te r  10-20 cc. of solution were passed per sp. cm. f i l t e r  area, 

whereas, w i t h  f i l t e r  a id  100 cc per sq. cm. would pass during the f i r s t  

hour, 40 cc the second hour, 30 cc the third how, 25cc the fourth hour, etc. 

Indications were that essentially all adsorbed uranium was removed 

by washing with hot, concentrated n i t r i c  acid. These ear l ier  indications 

are being checked t o  determine the usefulness of this procedure for the 

immediate problem. 

!the only fetbsible alternative t o  the use of f i l t e r  aid now i n  sight 

i s  simply l e t t ing  the crud follow through the first extraction column. 

If successful, this would dispense w i t h  the crud problem completely, ex- 

cept for uranium which m i g h t  be adsorbed on the crud so strongly that it 

would not be remved under extraction column conditions. 

tamination could concefvably be reduced i f  crud particles carried over in- 

t o  the solvent stream, and plugging might occur i n  the column o r  auxiliary 

equipment. 

However, decon- 
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These possibilities will be scouted with a small, continuous glass 

column contactor set up to simulate conditions in the pilot plant extraction 

column, Portions of hexone and aluminum nitrate solution containing crud 

w f l P  be circulated continuously in countercurrent through the column, for 

4 - 10 days and the behavior of the crud observed. 


