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CHEMICAL TECHNOLOGY DIVISION, CHEMICAL DEVELOPMENT SECTION C, 

PROGRESS REPORT ON SEPARATIONS CHEMISTRY AND 

SEPARATIONS PROCESS RE SEARCH 

FOR JANUARY-JUNE, 1963 

K. B. Brown 

ABSTRACT 

Cesium Recovery from Ores 

Adaptation of the phenol extraction (Phenex) process to the recovery 

of cesium from ore leach liquors continued to show promise. In roast- 

leach tests, 98 to 99% of the cesium was dissolved from pollucite ore by 

roasting the ore at 800°C with 1.8 parts of Na2C03 plus 1.2 parts of NaCl 

and leaching with water. 

the leach liquor and separated from other alkali metals by extracting 

with 4-sec-butyl-2-(~-methylbenzyl)phenol - (BAMBP) in diisopropylbenzene 

and stripping with hydrochloric acid. Santophen-1 also extracted cesium 

effectively, but, because of the limited solubility of the cesium-Santo- 

phen-1 complex in the diluent, the utility of this phenol in ore processing 

is questionable. 

More than 99% of the cesium was recovered from 

Separation of Alkali Metals 

The extraction and separation of alkali metals from nitrate solutions 

was studied with several different types of extractants, including sub- 

stituted phenols, alkylphosphoric acids, sulfonic acids, carboxylic acids, 

and mixtures of some of these. With all of these reagents, cesium was 

extracted more strongly than rubidium, which in turn was extracted more 

strongly than the other alkali metals. Separation factors were higher 

with the phenols than with the other extractants. 

Acid Recovery by Amine Extraction 

Preliminary tests showed the potential usefulness of tertiary amines 

for recovering and purifying phosphoric acid from the highly contaminated 

wet-process acid produced in the fertilizer industry. Water stripping of 

the amine solvent yielded a product that was more than 1.5 _M in H3P04 

and was almost free of iron and aluminum. 
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Final-Cycle Plutonium Recovery by Amine Extraction 

Batch equilibration tests with both aged and fresh samples of Purex- 

plant 1BP solution showed that the aged but not the fresh samples con- 

tained a considerable quantity of zirconium-niobium species highly ex- 

tractable by the hydrocarbon diluents used with amines and other ex- 

tractants. The amounts of zirconium-niobium extractable from the aged 

solution were sufficient to account for the low decontamination previously 

obtained when aged plant 1BP solution was used in continuous counter- 

current testing of the plutonium-recovery flowsheet. Individual and 

batch cascade tests with the fresh plant solution showed separation and 

decontamination factors high enough for use in the projected process. 

Extraction of Lanthanides and Transplutoniums by Dialkylphosphoric Acids 

The behavior of americium and curium relative to the lanthanides in 

extraction by di(2-ethylhexy1)phosphoric acid (HDEHP) from carboxylic 

acids was shifted from the behavior in extractions from mineral acids, 

where americium is similar to promethium. The shift was greatest in 

extractions from oxydiacetic acid, where cerium was 4 times as extractable 
as americium, while differences within the element groups were very small. 

Extractions from nitric acid were increased by adding glycine (aminoacetic 

acid). 

Ditridecylphosphoric acid (HDTDP) was a stronger extractant than HDEHP 

and gave smaller differences between the lanthanides. Di(2-ethylhexy1)- 

di-thio-phosphoric acid was a much weaker extractant than HDEHP and gave 

only small differences between the elements. 

Extractions were greatly reduced by adding a phenol to HDEHP. 

Extraction of Nitric Acid, Lanthanides, and Transplutonium Elements by 

Amines 

A tertiary amine (Alamine 336) nitrate extracted nitric acid from 
6 - N LiNO, until the apparent composition was R3N*l.5 HNO,. 
ammonium (Aliquat 336) nitrate extracted nitric acid from 6 3 LiN03 until 
the apparent composition was R4NN03*HN03. Alamine 336 extracted europium 
and americium about 3 times as well as cerium from carboxylic acids, while 
preference was in the reverse order from concentrated Al(NO,),. 

extracted cerium, europium, and americium strongly and about equally from 

dilute KHC03 solutions. 

A quaternary 

Aliquat 336 
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Extraction of Americium(V1) 

In several extraction systems Am(II1) was more extractable than Am(V1). 

Maximum preference factors were higher than l o 4  for extraction by di(2- 
ethylhexy1)phosphoric acid, higher than 100 by tri-n-octylphosphine - oxide, 

and about 30 by tributyl phosphate. 

ferences were smaller and under some conditions in the reverse direction. 

Some of the systems appear suitable for the separation of americium from 

curium. 

In extractions by amines, the dif- 

i 
I .  

Separation of Transplutonium Elements from Iron 

Separation of transplutonium elements from large amounts of iron may 

be possible by precipitation with fluoride. Very high separation of 

americium and iron was obtained by multistage countercurrent extraction 

of americium with di(2-ethylhexy1)phosphoric acid in diisopropylbenzene 

from dilute nitrate solutions containing 0.04 _M citric acid at pH 4.5, 
followed by stripping with dilute nitric acid containing 0.04 _N citric 

acid at pH 0.5. 

Extraction of Metals from Chloride Solutions with Amines 

In further studies on the extraction of metal ions from HC1 and 

LiC1-0.2 - M HC1 (0.5 to 10 _M 

tertiary, and quaternary amines in diethylbenzene, maximum extraction 

coefficients obtained (0.1 - M amine) were about 70 for Ge(IV), 70 for Se(IV), 

6 x for Rb, 4 x for Sr, 0.03 for Y, 200 for Nb(V), and 1700 for 

Mo(V1). In general, extraction coefficients increased with increasing 

chloride concentration and were higher with Aliquat 336 (quaternary amine) 
than with the other amines. 

Cl’) with representative primary, secondary, 

N,N-Dialkyl Amides as Extractants 

Fourteen amides were tested for their ability to extract uranium and 

thorium, and several of them to extract zirconium, hafnium, europium, 

cerium, americium, and nitric acid, from aqueous solutions. The extractions 

varied widely with structure of the amides, suggesting that, with suitable 

choice of structure and aqueous nitric acid concentration, thorium and 

uranium can be recovered either separately or simultaneously. None of 

the amides gave uranium extraction as high as did tributyl phosphate (TBP), 
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but all indicated uranium-thorium separations that were at least as good 

as those obtained with TBP. Calculated uranium-fission product separation 

factors with some branched amides were two- to tenfold better than those 

obtainable with TBP, and there was evidence that it may be possible to 

separate transplutonium elements from lanthanides. The amides alone 

were ineffective extractants for uranium or thorium from sulfuric acid 

and hydrochloric acid solutions, but their combinations with di(2-ethyl- 

hexy1)phosphoric acid gave synergistic uranium extraction about as high 

as that with di(2-ethylhexy1)phosphoric acid and TBP. 

extracted nitric acid readily. A number of conditions were encountered 

where poor phase separations occurred. Phase separations were usually 

better when the amide was dissolved in an aromatic rather than an ali- 

phatic diluent. 

nitric acid. The stability of the amides to hydrolysis by acids increases 

with increasing molecular weight. After severe treatment with boiling 

2 _M HNO,, two high-molecular-weight amides showed 20 to 40% hydrolysis. 

The amides tested 

Uranium stripping was accomplished by water or by dilute 

Distribution Coefficients and Separation Factors as Functions of Diluent 

Type: Tributyl Phosphate - Aromatics vs Tributyl Phosphate - Aliphatics 
Solutions of tributyl phosphate (TBP) in some simple alkylbenzenes, 

for example, diethylbenzene, butylbenzene, and trimethylbenzene, gave 

uranium extraction coefficients from 2 _M HN03 which were about 1.5 times 
higher than those shown by the same concentration of TBP in Amsco 125-82. 

Calculated separation factors of uranium from hafnium were about 2 times 

higher. 

Improved Stability of Amsco 125-82 

The stability of Amsco 125-82 (an aliphatic hydrocarbon) toward nitric 

acid was improved in two ways: 

furic acid to destroy the sites otherwise reactive to nitric acid, probably 

by sulfonation to sulfuric acid-soluble by-products or by rearrangement 

of the molecule to a more stable configuration; and (2) by preliminary 

nitric acid degradation followed by scrubbing with sulfuric acid, in 

which the important nitration products are soluble. 

the Amsco could be degraded with nitric acid but at a consistently low 

rate, very similar to that of the relatively stable 2-dodecane. 

(1) by treatment with concentrated sul- 

After treatment, 
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Diluent Effect on Strontium Extraction by Di(2-ethylhexy1)phosphoric Acid 

With n-nonane as diluent, strontium extraction by di(2-ethylhexy1)- 

phosphoric acid (HDEHP) was synergized by the addition of tributyl phosphate 

and depressed by the addition of dodecyl alcohol. The maximum enhancement 

observed was a doubling, and it occurred when the mole ratio TBP/DEHP was 

near 2. 

nearly constant at each given value of the mole ratio NaDEHP/CDEHP. 

NaDEHP/CDEHP and ESr shifted vs pH with additives to benzene and with sub- 

stitution of other diluents: to lower pH with benzene + TBP and with 
dibutyl ether; to higher pH with benzene + dodecyl alcohol and with chloro- 
form. 

With benzene and some other diluents, in contrast, the ESr remained 

Both 

The Equilibria Between Tri-n-octylamine and Sulfuric Acid in Various 

Diluents of Low Volatility 

A diluent of low volatility suitable for use with tri-2-octylamine 

(TOA) and its sulfate salts (TOAS and TOAHS) is desired in order to permit 

the determination of water activities in the extractant phase by isopiestic 

osmotic balancing. Several low-vapor-pressure liquids that showed suf- 

ficient miscibility with TOA and TOAS were tested as diluents in the 

equilibrium extraction of sulfuric acid, While their equilibrium curves 

differed noticeably from each other and from that obtained with benzene, 

they were sufficiently like the latter to be considered for tests to be 

compared with tests in benzene. Two of these, phenylcyclohexane (vapor 

pressure, 60 p. at 2 5 O C )  and - n-hexadecane modified with 5 vol 4 dodecanol 
(vapor pressure of mixture, less than 5 p )  were chosen for first use in 

the projected isopiestic tests. 
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1. SEPARATIONS PROCESS DEVELOPMENT 

1.1 Cesium Recovery from Ores 

(D. J. Crouse, W. D. Arnold) 

1 
Studies of a process for recovering cesium from ore leach liquors 

by extracting with substituted phenols continued to show considerable 

promise. In roast-leach tests, cesium was dissolved efficiently from 

pollucite ore by roasting the ore with alkaline fluxes and leaching with 

water. 

flux. 

recovered from the leach liquor and separated from other alkali metals 

by extracting with 4 - ~ - b u t y l - 2 - ( a - m e t h y l b e n z y l ) p h e n o l  (BAMBP) in di- 

isopropylbenzene and stripping with hydrochloric acid. Good recoveries 

were also obtained with Santophen-1, but physical difficulties were en- 

countered. 

Highest recoveries (98 to 99%) were obtained with Na2C03-NaC1 
In batch countercurrent tests, more than 99% of the cesium was 

1.1.1 Separation of Cesium from Pollucite Ore 

In earlier tests,' cesium was dissolved from pollucite ore by roasting 

the ore with Ca(OH)2-CaC1, and leaching with water. 

of CaC1, in the leach liquor complicated processing, since calcium hy- 

droxide precipitated upon addition of the caustic which was necessary 

for adjusting the pH to the level required for solvent extraction. A 

suitable feed was prepared only after precipitating essentially all the 

calcium from the liquor. 

However, the presence 

In more recent tests, this complication has been avoided by simply * 

raasting the ore with alkali metal salts. As shown in Table 1.1.1, a 

major fraction of the cesium was dissolved by roasting the pollucite ore 

at 600 to 900°C with a number of different alkaline fluxes and leaching 

with water. Grinding the ore to -200 mesh considerably increased re- 

coveries over those obtained with ore ground to -50 mesh. Recoveries 

were highest with Na2C03-NaC1 flux. 

NaCl/ore ratio of 1,8/1.2/1.0, 99% of the cesium was dissolved with water 
after roasting for 2 hr at 8oo0c. 
when the temperature was lowered to 6oo0c. 
when smaller amounts of flux were used. 

With pulverized ore and a Na2C03/ 

Cesium recovery was somewhat less (96%) 
Also, less  cesium was dissolved 

Fluxes of NaOH-NaC1, NaOH-Na2C03, 
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Table 1.1.1. Roast-Leach Tests with Pollucite Ore 

Procedure: pollucite ore (22.9% Cs, 0.64% Rb, 0.98% K, 
1.45% Na, 0.21% Li, 17.5% A1203, and 48.5% Si02) 
was mixed with indicated flux and roasted for 2 hr; 
cooled mass leached with water for 1 hr using -15 ml 
water/g of pollucite ore 

Ore Roast 
Fusion Mixture Mesh Temp. 

Cesium 

(grams per gram of ore) Size ("(3 Recoverya ($) 

1.8 Na2C03-1.2 NaCl 

1.8 Na2C03-1.2 NaCl 

1.8 Na2C03-1.2 NaCl 

1.8 Na2C03-1.2 NaCl 

1.0 Na2C03-0.7 NaCl 

0.5 Na2C03-0.3 NaCl 
3.0 NaOH-1.0 NaCl 
0.7 NaOH-2.3 NaCl 

0.7 NaOH-2.3 NaCl 
2.3 NaOH-0.7 Na2C03 

1.7 NaOH-1.3 KOH 
1.7 NaOH-1.3 KOH 

1.7 NaOH-1.3 KOH 

3.0 KOH-1.0 KC1 
3.0 LiOH-1.0 L i C l  

3.0 Ca(OH)2-1. 0 CaC12 
1.3 Ca(OH)2-1.7 NaCl 

3.0 Na~C03 
3.0 K2C03 
3.0 CaCO, 

- 50 
-200 

-50 
-200 

- 200 
-200 

- 50 
- 50 
- 50 
- 50 
- 50 
- 200 
- 50 
- 50 
-50 

- 50 
-50 

- 50 
- 50 
-50 

800 

600 

600 

800 

800 

800 

800 

800 

9 00 

600 

600 

6 00 

800 

800 

800 

800 

900 

800 

800 

800 

9Ob 
99 
58 
96 
89 
75 
7Ob 

90b 
95b 

55b 

SOb 

7Ob 

7Ob 
2Ob 

25b 

85b 
ab 

89 

70 

80b 

a Based on leach liquor and residue analyses. Material balances 
(based on total cesium found compared to cesium in the head ore) 
were in the range 85-110%. 

Based on head ore and leach liquor analyses. Since material 
balances were not obtained, the numbers should be considered 
only as crude estimates of the effectiveness of the treatment. 

b 
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o r  K$O3 were about  as e f f e c t i v e  as Na2C03-NaC1, bu t  NaOH-KOH, KOH-KC1, 

LiOH-LiC1, and Ca (OH)2-CaC12 gave poorer  r e s u l t s .  

hydroxides were d i f f i c u l t  t o  handle  i n  t h a t  they  fused i n t o  a hard mass 

t h a t  s tuck  t o  t h e  s i d e s  of t he  po rce l a in  c ruc ib l e .  I n  t h e  water - leaching  

s tep ,  t hese  fused materials were slow t o  s o f t e n  and d i s i n t e g r a t e .  This  

behavior could account  f o r  f a i l u r e  t o  o b t a i n  h igher  r ecove r i e s  i n  many 

t e s t s  w i th  the  hydroxide f lux ing  agents .  

The f l u x e s  con ta in ing  

1.1.2 Cesium Recovery wi th  BAMBP 

The recovery of cesium from a p o l l u c i t e  o r e  leach  s o l u t i o n  w a s  suc- 

c e s s f u l l y  demonstrated i n  a ba tch  coun te rcu r ren t  t e s t  wi th  1 M BAMBP i n  

di isopropylbenzene.  The l i q u o r  w a s  prepared by r o a s t i n g  t h e  p o l l u c i t e  

o r e  wi th  Na2C03-NaC1 f l u x  (Na2CO3/NaC1/ore r a t i o s  of 1.8/1.2/1.0) f o r  

2 h r  a t  800°C and leaching  wi th  water. 

12.9 and contained 9.2 g of cesium p e r  l i t e r .  

roas t - l each  ope ra t ion  w a s  98%. 
sodium hydroxide, more than 99.4% of the  cesium w a s  recovered i n  f i v e  

e x t r a c t i o n  and two scrub  s t a g e s  (Table 1.1.2). 

aqueous feed/scrub  (0.02 _M NaOH) were 1/1.5/O.2. 

which contained about  13 g of cesium pe r  l i t e r ,  w a s  96% s t r i p p e d  i n  a 

s i n g l e  con tac t  wi th  0.08 - N HC1 a t  an organic/aqueous phase r a t i o  of 8/1 
t o  g ive  a s o l u t i o n  con ta in ing  about  100 g of cesium pe r  l i t e r .  

t i o n  of t h i s  s o l u t i o n  t o  dryness  gave a cesium c h l o r i d e  product  con ta in ing  

a t o t a l  of l e s s  than 0.2% of the  o t h e r  a l k a l i  metals and s i l i c o n :  

- 

The f i l t e r e d  l i q u o r  had a pH of 

Cesium recovery i n  t h e  

Af t e r  adjustment  of the  pH t o  13.1 wi th  

Re la t ive  flows of organic /  

The scrubbed e x t r a c t ,  

Evapora- 

Product  
Analysis  (%) 

cs 82.1 

Rb 0.011 

K 0.137 
N a  0.021 

L i  <o. 01 

S i  <o. 02 

Decontamination 
Fac to r , a  C s / m e t a l  

23 0 
610 

16,000 

>10 

8 0 0 0  

a From feed l i q u o r  t o  product .  
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Table 1.1.2. Recovery of Cesium from P o l l u c i t e  Liquor wi th  BAMBP 

8 .  

1 -  

Organic phase: 1 M BAMBP i n  di isopropylbenzene 
Aqueous phase: l i q u o r  prepared by r o a s t i n g  p o l l u c i t e  o r e  wi th  

Na2CO3-NaC1 and leaching  wi th  water ;  l i q u o r  ad jus t ed  t o  pH 13.1 
wi th  c a u s t i c ;  c o n s t i t u e n t s  i n  grams per  l i t e r :  
9.1 K, 37.5 N a ,  0.01 L i ,  0.01 Fe, 0.05 A l ,  7.2 S i ,  27 C 1 ,  and 
22 C03;  t r aced  w i t h  Cs134 

9.0 C s ,  0.28 Rb, 

Scrub: 0.02 M NaOH 
Contact:  ba tch  coun te rcu r ren t ;  5-min c o n t a c t s  
Re la t ive  flows : organ ic l f  eed lscrub  = 1/1.5/0.2 

cs Concentrat ion ( g / l i t e r )  

Stage PH Organic Aqueous E: 

Scrub-2 

Scrub- 1 

Aqueous feed 

Ex t rac t ion -1  

Ext rac t ion-  2 

Ext rac t ion-3  

Ext rac t ion-4  

Ext rac t ion-5  

12.8 

12.8 

13.1 
13.1 
13.1 
13.1 
13.1 
13.1 

13- 5 9.3 1.4 
15.0 12.1 1.2 

15.3 8.5 1.8 
13.9 5.9 2 * 3  

9.3 2.1 4.5 
3.3 0.36 9.3 

-- 9.0  -- 

0.49 0.04 11.4 

The potassium con ten t  of t h e  product  w a s  h igher  than expected i n  

p r a c t i c e  s i n c e  the  feed l i q u o r  f o r  t h i s  t e s t  w a s  a c c i d e n t a l l y  contami- 

na ted  wi th  potassium, b r ing ing  the  concen t r a t ion  t o  about 20 t i m e s  t he  

usua l .  

Cesium can be e x t r a c t e d  more e f f i c i e n t l y  wi th  BAMBP i n  a l i p h a t i c  

d i l u e n t s  than i n  di isopropylbenzene,  which was used i n  the  above exper i -  

ment. 

pH 13.1) a t  a phase r a t i o  of 111, cesium e x t r a c t i o n  c o e f f i c i e n t s  w e r e  

34, 24, and 26 i n  1 - M BAMBP i n  Amsco 125-82, Amsco 123-15, and ord inary  
kerosene d i l u e n t s ,  r e spec t ive ly ,  compared wi th  7.6 wi th  d i i sopropyl -  

benzene (Table 1.1.3). Phase sepa ra t ion  was r ap id  wi th  a l l  of t hese  

d i l u e n t  s . 

I n  ba tch  tes ts  wi th  a p o l l u c i t e  l i q u o r  (9.4 g of cesium per  l i t e r ,  
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Table 1.1.3. E f f e c t  of D i h e n t  on Cesium Ex t rac t ion  wi th  BAMBP 

Organic phase: 1 M BAMBP i n  ind ica t ed  d i l u e n t  
Aqueous phase : 

Phase r a t i o :  1/1 
Contact  t ime: 5 min 

p o i l u c i t e  o r e  leach  s o l u t i o n  con ta in ing  
9.4 g of cesium per  l i t e r  a t  pH 13.1; t raced  wi th  Cs134 

Phase cs Concentrat ion ( g / l i t e r )  Cesium 
Separa t ion  

D i luen t Time (min) pH Organic Aqueous 

Diisopropylbenzene 1.1 13.1 8.35 1.10 7.6 
Kerosene 1.2 13.1 9.00 0.35 26 

1.2 13.1 9.04 0.27 34 ~ S C O  125-82 

Amsco 123-15a 1.2 13.1 8.95 0.37 24 
b 

a 

bAviat ion naphtha.  

A r e f ined  kerosene. 

1.1.3 Cesium Recovery wi th  Santophen-1 

Santophen-1 i s  a commercial phenol t h a t  showed high cesium e x t r a c t i o n  

power i n  f i s s i o n  product  recovery t e s t s .  I t s  s e l e c t i v i t y  f o r  cesium over 

o the r  a l k a l i  meta ls  i s  about  the  same as  t h a t  of BAMBP (Sec 1.2). Com- 

p a r a t i v e  isotherms f o r  t he  e x t r a c t i o n  of cesium from a p o l l u c i t e  l i q u o r  

(pH 13.1) wi th  1_M s o l u t i o n s  of BAMBP and Santophen-1 i n  di isopropylbenzene 

a r e  shown i n  Fig.  1.1.1. Santophen-1 e x t r a c t e d  cesium more e f f i c i e n t l y  

than BAMBP a t  t he  d i l u t e  end of t he  isotherm, but  t h e  l a t t e r  loaded h ighe r  

w i th  cesium. The lower loading wi th  Santophen-1 w a s  probably due t o  the  

l o s s  of an apprec i ab le  f r a c t i o n  of t h i s  phenol t o  t h e  aqueous phase t h a t  

occurs  a t  high pH's .  

1 

E f f e c t  of D i f f e r e n t  Di luents .  - Santophen-1 i s  s o l u b l e  t o  1 M con- - 
c e n t r a t i o n  a t  room temperature  i n  aromatic  d i l u e n t s ,  such as d i i sop ropy l -  

benzene and Solvesso 100, bu t  no t  i n  a l i p h a t i c  d i l u e n t s  such as  kerosene. 

However, 1 - M s o l u t i o n s  were prepared i n  kerosene modified wi th  50 v o l  % 
Solvesso 100 o r  10 v o l  $ t r i decano l .  

func t ion  of pH wi th  1 - M Santophen-1 i n  t h e  l a t t e r  two d i l u e n t s  and i n  

The e x t r a c t i o n  of cesium as a 
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0 

CESlUM IN AQUEOUS (g/liter) 

Fig. 1.1.1. Cesium Extraction Isotherms. Organic phase: 1 - M phenol 
in diisopropylbenzene. Aqueous phase: pollucite ore leach solution con- 
taining 9.0  g of cesium per liter at pH 13.1. 
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di isopropylbenzene and Solvesso 100 i s  shown i n  F ig .  1.1.2. A s  expected 

from e a r l i e r  tes ts ,  the  e x t r a c t i o n  c o e f f i c i e n t  increased  wi th  i n c r e a s e  i n  

pH t o  12 t o  12.5 and then decreased because of l o s s  of phenol t o  the  

aqueous phase. 

50% Solvesso 100 d i l u e n t  and lowest w i th  Solvesso 100 d i l u e n t .  Phase 

sepa ra t ion  was good wi th  a l l  the  d i l u e n t s  except  kerosene- t r idecanol .  

Ex t r ac t ion  c o e f f i c i e n t s  were h ighes t  w i th  50% kerosene- 

Batch Countercurrent  Tes ts .  - Attempts t o  use  Santophen-1 i n  batch 

coun te rcu r ren t  e x t r a c t i o n s  of cesium from p o l l u c i t e  l i q u o r s  have thus  f a r  

been unsuccessfu l  because of t he  formation of a whi te  c r y s t a l l i n e  pre-  

c i p i t a t e  i n  the  system, which caused severe  emulsions. The p r e c i p i t a t e ,  

formed p r imar i ly  i n  the  aqueous-feed end of t he  system ( f i r s t  e x t r a c t i o n  

s t a g e  and scrub  s t a g e s ) ,  was shown t o  con ta in  both cesium and phenol. 

Apparently t h e  cesium-Santophen-1 complex has  very  l i m i t e d  s o l u b i l i t y  

i n  the  di isopropylbenzene and SO$ kerosene-50$ Solvesso LOO d i l u e n t s  used 

i n  the  t e s t  runs.  However, t he  p r e c i p i t a t e  i s  slow t o  form under some 

cond i t ions  and i n  simple batch e q u i l i b r a t i o n s  w a s  n o t  observed even a t  

cesium loadings up t o  13 g / l i t e r .  

I n  one ba tch  coun te rcu r ren t  t e s t  wi th  1_M Santophen-1 i n  d i i sop ropy l -  

benzene and a p o l l u c i t e  l i q u o r  con ta in ing  9 g o f  cesium per  l i t e r ,  t he  

p r e c i p i t a t e  formed almost immediately i n  the  feed s t age ,  where t h e  loading 

of t he  so lven t  wi th  cesium w a s  10 t o  12 g / l i t e r .  

t h i s  run was about  13, and a c i d  w a s  added t o  the  l a s t  e x t r a c t i o n  s t a g e  

t o  minimize the  loss of Santophen-1 t o  the  r a f f i n a t e ,  which i s  h igh  when 

t r e a t i n g  l i q u o r s  a t  t h i s  pH l e v e l .  Since the  high refhux of Santophen-1 

occurr ing  under these  cond i t ions  may have con t r ibu ted  t o  t h e  p r e c i p i t a t i o n  

problem, another  run was made ( t h i s  time wi th  1_M Santophen-1 i n  50% kero- 

sene-50$ Solvesso 100) wi th  l i q u o r  ad jus t ed  t o  pH 12 wi th  C02. (About 20% 

of t h e  cesium and 30% of t h e  s i l i c a  i n  t h e  l i q u o r  were p r e c i p i t a t e d  i n  

the  feed adjustment  s t e p . )  

s t a g e  i n  t h i s  run, s i n c e  t h e  pH of t he  r a f f i n a t e  was 11.0, and Santophen-1 

l o s s  t o  the  r a f f i n a t e  under these  cond i t ions  i s  r e l a t i v e l y  low ( less  than 

1 g / l i t e r ) .  The e x t r a c t i o n  system contained f i v e  s t ages ,  and the  e x t r a c t  

was scrubbed i n  two s t a g e s  wi th  water.  Phys ica l  ope ra t ion  of t he  c i r c u i t  

was s a t i s f a c t o r y  throughout 26 con tac t s ,  t h a t  is, a d d i t i o n  of 26 increments 

each of organic ,  feed l i q u o r ,  and scrub,  which was cons iderably  more than 

The feed- l iquor  pH i n  

Acid was n o t  added t o  the  l a s t  e x t r a c t i o n  
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Fig.  1.1.2. E f f e c t  of Di luent  on Cesium E x t r a c t i o n  wi th  Santophen-1. 
Organic phase: 
( B )  90% kerosene-10% t r i d e c a n o l ,  ( C )  diisopropylbenzene, o r  ( D )  Solvesso 
100. Aqueous phase: p o l l u c i t e  o r e  leach  l i q u o r  a d j u s t e d  i n  pH wi th  NaOH 
o r  HC1 ( i n i t i a l  C s  concent ra t ion  = 8.7 t o  9.6 g / l i t e r ) .  

1 - M Santophen-1 i n  (A) 50% kerosene-50% Solvesso 100, 

Phase r a t i o :  1/1. 

i -  
I 
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necessary  t o  achieve  s t e a d y - s t a t e  condi t ions .  A p r o f i l e  of t h e  system 

taken a f t e r  21 c o n t a c t s  showed t h a t  99.6% of the  cesium had been recovered 

(Table  1.1.4). E x t r a c t i o n  c o e f f i c i e n t s  i n  the  e x t r a c t i o n  and scrub  s t a g e s  

ranged from 3 t o  4.5. 
top  e x t r a c t i o n  s t a g e  and t h e  two scrub  s t ages ,  caus ing  g e l - l i k e  emulsions.  

This  terminated the  run. 

On the  27th con tac t ,  a p r e c i p i t a t e  formed i n  the  

Table 1.1.4. Recovery of Cesium from P o l l u c i t e  Liquor wi th  Santophen-1 

Organic phase: 
Aqueous phase: 

1 M Santophen-1 i n  50% kerosene-50$ Solvesso 100 
l i q u o r  prepared by r o a s t i n g  p o l l u c i t e  o r e  wi th  

Na2C03-NaC1 and leaching  wi th  water ;  l i q u o r  ad jus t ed  t o  pH 12 
with  C 0 2 ;  c o n s t i t u e n t s  i n  g / l i t e r ,  7.60 C s ,  0.25 Rb, 0.36 K, 
42.5 N a ,  0.017 L i ,  5.5 S i ,  28 C 1 ,  and 15 CO, 

Scrub: H20 
Contact :  ba tch  coun te rcu r ren t ;  5-min c o n t a c t s  
Re la t ive  flows : organic/feed/scrub = 1/1.2/0.2 

cs Concentrat ion ( g / l i t e r )  Cesium 

Stage PH Organic Aqueous 

Scrub-2 11.3 10.0 2- 79 3.6 
Scrub- 1 11.4 10.4 2-93 3.6 

7.59 Aqueous feed 12.0 -- - 
E x t r a c t  ion- 1 11.3 10.5 3.54 3.0 
Extract ion- 2 11.1 5.05 1.29 3 -9  
Ext rac  t i on -3  11.1 1.87 0.41 4.5 
Ex t rac t ion -4  11.0 0.50 0.104 4.8 
Ext rac t ion-5  11.0 0.114 0.026 4.4 

The scrubbed e x t r a c t  c o l l e c t e d  dur ing  t h e  run (before  p r e c i p i t a t i o n  

occurred)  was s t a b l e  f o r  seven days and then p r e c i p i t a t e d  a f t e r  i t  was 

moved. 

g / l i t e r ,  and t h e  phenol concen t r a t ion  dropped from i t s  o r i g i n a l  va lue  of 

about  1 - M t o  0.8 ,M. 
the  p r e c i p i t a t e ,  i n d i c a t i n g  t h a t  p r e c i p i t a t i o n  might be avoided by 

ope ra t ing  a t  h igher  temperature.  However, because of a s t r o n g  adverse  

The cesium concen t r a t ion  i n  the  so lven t  dropped from 9.6 t o  1.9 

Heating under the  hot-water t a p  d isso lved  most of 



effect of an increase in temperature on the cesium extraction coefficient, 

this is not an attractive solution to the problem. The precipitate was 

also redissolved by adding ketones, TBP, diamylamylphosphonate (DAAP), 

or di(2-ethylhexy1)phosphoric acid (D2EHPA) to the solvent. Adding TBP 

(and presumably DAAP) depresses the cesium extraction coefficient 

(Table 1.1.5).  Modification with D2EHPA synergizes cesium extraction 

at relatively low pH's (Sec 1.2) and use of this reagent combination 

may be practicable. However, this mixture is more difficult to strip 

and less selective for cesium than the phenol alone. 

Table 1.1.5. Effect of TBP on Cesium Extraction with Santophen-1 

Organic phase: 

Aqueous phase: 

Contact: 

1 M Santophen-1 with indicated concentration 
of  TBP in Solvesso 100 or 50% kerosene-50$ Solvesso 100 

pollucite leach liquor containing 7.6 g of 
cesium per liter at pH 12.0 

5 min at 1/1 phase ratio 

Cesium 
- 

TBP Phase 
Concentration Separation 

EV a Diluent (_MI Time (min) PH 

Solvesso 100 

50% Kerosene- 
50$ Solvesso 100 

0.0 

0 .  I 

0.3 
0.5 

0.0 

0.1 

0.3 
0.5 

1.5 11.1 1.51 

1.0 11.2 1.06 

1.6 11.3 0.46 
3.0 11.4 0.16 

0.7 11.0 3.10 

0.8 11.1 1.96 

3.0 11.5 0.21 

0.8 11.4 0.70 

I 
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1.2 Separa t ion  of A l k a l i  Metals 

(D. J. Crouse, W. D. Arnold) 

The e x t r a c t i o n  and sepa ra t ion  of a l k a l i  meta ls  from n i t r a t e  s o l u t i o n s  

w a s  s tud ied  wi th  s e v e r a l  d i f f e r e n t  types of r eagen t s  inc luding  s u b s t i t u t e d  

phenols,  a lky lphosphor ic  ac ids ,  s u l f o n i c  ac ids ,  carboxyl ic  a c i d s ,  and 

mixtures  of some of these .  Separa t ion  f a c t o r s  between the  a l k a l i  metals 

were h igher  w i th  the  phenols than wi th  t h e  o t h e r  e x t r a c t a n t s .  

I n  a l l  t e s t s ,  t he  organic  phase w a s  contac ted  wi th  an equal  volume 

of an aqueous phase con ta in ing  0 .1  _M CsN03 ,  0.2 - M RbNO,, 0.4 - M JCNO,, 

0.4 - M NaNO,, and 0.4 - M LiNO,. 

s o l u t i o n s  of e i t h e r  n i t r i c  a c i d  o r  c a u s t i c  t o  the  mixed phases. Mixing 

was continued f o r  a t  l eas t  5 min a f t e r  reagent  a d d i t i o n  be fo re  the  phases 

were sampled f o r  flame spec t romet r ic  a n a l y s i s .  I t  should be emphasized 

t h a t  t he  magnitude of many of t he  e x t r a c t i o n  c o e f f i c i e n t s  shown i n  

F igs .  1.2.1-3 i s  l imi t ed  by the  loading of t he  e x t r a c t a n t  wi th  a l k a l i  

metals .  Also, f o r  t e s t s  wi th  Santophen-1, dodecylphosphoric a c i d  (DDPA) 

and neo- t r idecano ic  a c i d ,  e x t r a c t i o n  c o e f f i c i e n t s  a t  h igh  pH l e v e l s  a re  

undoubtedly s i g n i f i c a n t l y  depressed by l a r g e  l o s s  of e x t r a c t a n t  ( a s  t he  

a l k a l i  metal  s a l t )  t o  the  aqueous phase. For uni formi ty ,  d i i sop ropy l -  

benzene w a s  used as d i l u e n t  f o r  a l l  t he  e x t r a c t a n t s .  This  i s  n o t  neces-  

s a r i l y  the  optimum d i l u e n t  choice,  and wi th  c e r t a i n  e x t r a c t a n t s  ( f o r  

example BAMBP; s e e  Sec 1.1.2)  h igher  e x t r a c t i o n  c o e f f i c i e n t s  might be 

obtained with,  f o r  example, an a l i p h a t i c  d i l u e n t .  

The pH w a s  ad jus t ed  by adding concent ra ted  

* 

The f avorab le  s e p a r a t i o n s  a t t a i n a b l e  wi th   phenol^^-^ are shown i n  

F igs .  1 .2 . la  and 1 . 2 . 1 ~  f o r  4-sec-butyl-2-(~-methylbenzyl)phenol - (BAMBP) 

and Santophen-1 (4-chloro-2-benzylphenol). A t  pH 12  t o  13, where ex- 

t r a c t i o n  c o e f f i c i e n t s  w i th  these  reagents  a r e  r e l a t i v e l y  l a rge ,  t he  o rde r  

of e x t r a c t a b i l i t y  w a s  C s  > Rb > K > N a  > Li.  

f a c t o r s  were 15 t o  20 f o r  both cesium/rubidium and rubidium/potassium. 

A t  pH va lues  less than 8, sodium andpotassium were e x t r a c t e d  more s t r o n g l y  

than cesium and rubidium, but  t h i s  w a s  n o t  of p r a c t i c a l  importance s i n c e  

e x t r a c t i o n s  of a l l  of t he  a l k a l i  meta ls  were too small t o  be of i n t e r e s t .  

I n  t h i s  pH reg ion ,  s epa ra t ion  

* 
Analyses were performed by T. C. Rains of t he  ORNL Ana ly t i ca l  Divis ion.  
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Fig.  1.2.1. E x t r a c t i o n  of A l k a l i  Metals.  Organic phase: ( a )  1 - M 
BAMEiP, 
Santophen-1-0.1 - M D2EHPA;-diisopropylbenz<ne d i l u e n t .  
mixed a l k a l i  metal  n i t r a t e  s o l u t i o n  conta in ing  0.1 M C s ,  0.2 _M Rb, 
0.4 M K, 0.4 M N a ,  and 0.4 _M Li .  Phase r a t i o :  1/1T Procedure: pH 
w a s  a d j u s t e d  $y adding concent ra ted  n i t r i c  a c i d  o r  50% c a u s t i c  s o l u t i o n  
t o  t h e  phases dur ing  con tac t .  (For pH v a l u e s  where c o e f f i c i e n t s  a r e  
shown f o r  some but  n o t  a l l  a l k a l i  metals, c o e f f i c i e n t s  f o r  t h e  missing 
metals were l e s s  than 0.0001. ) 

( b )  1 _M BAMBP-0.1 M D2EHPA, ( c )  1 M Santophen-1, and ( d )  1 _M 
Aqueous phase : 
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Fig. 1.2.2. E x t r a c t i o n  of A l k a l i  Metals. Organic phase: ( a )  1 _M 
Santophen-1-0.1 M DNNSA, ( b )  1 M Santophen-1-0.1 M DDPA, ( c )  1 M Santo- 
phen-1-0.1 M neo-tridecanoic a c i d ,  ( d )  0.5 M DDPA;-diisopropylbenzene 
d i l u e n t .  Aqueous phase : mixed a l k a l i  meta l -n i t ra te  s o l u t i o n  c o n t a i n i n g  
0 . 1  - M C s ,  0.2 M Rb, 0.4 M K, 0.4 M N a ,  and 0.4 M Li. Phase r a t i o :  1/1. 
Procedure : pH-adjusted by  adding-concentrated n i t r i c  a c i d  o r  5O$ c a u s t i c  
t o  phases dur ing  contac t .  
f o r  some but  n o t  a l l  a l k a l i  metals, c o e f f i c i e n t s  f o r  t h e  missing metals  
were l e s s  than  0.0001.) 

(For pH va lues  where c o e f f i c i e n t s  a r e  shown 
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111. Procedure: pH a d j u s t e d  by adding concentrated HN03 o r  5O$ c a u s t i c  t o  t h e  phases 
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Hanford workers discovered5 t h a t  combining a s m a l l  concen t r a t ion  

of di(2-ethylhexy1)phosphoric a c i d  (D2EHPA) wi th  BAMBP g r e a t l y  enhances 

cesium e x t r a c t i o n  from r e l a t i v e l y  a c i d i c  l i q u o r s  where e x t r a c t i o n s  wi th  

BAMBP o r  D2EHPA a lone  a re  inapprec iab le .  I n  tes ts  s tudying  t h i s  syner- 

g i s t i c  e f f e c t ,  cesium and rubidium e x t r a c t i o n  c o e f f i c i e n t s  i n  t h e  pH 

range 3 t o  8 were 100 t o  10,000 t imes h igher  f o r  1 - M BAMBP-0.1 - M D2EHPA 

(Fig.  1 .2 . lb )  and 1 - M Santophen-1-0.1 _M D2EHPA (Fig.  1.2.1d) than f o r  

1 _M BAMBP (Fig.  1.2.1a) o r  1 - M Santophen-1 (Fig.  1.2.1b). E x t r a c t i o n  

r e s u l t s  f o r  BAMBP and Santophen-1, when used i n  combination w i t h  D2EHPA 

(Figs .  1 . 2 . 1 ~  and 1 .2 . ld) ,  were almost  i d e n t i c a l  i n  the  pH range 2 t o  8. 
A t  pH about  13, c o e f f i c i e n t s  dropped d r a s t i c a l l y  f o r  t h e  Santophen-l- 

D2EHPA combination because of t he  high l o s s  of Santophen-1 t o  the  aqueous 

phase. 

f o r  the  s y n e r g i s t i c  combinations were about  10 and about  5, r e spec t ive ly ,  

over t he  t o t a l  pH range. The a d d i t i o n  of D2EHPA t o  the  so lven t  consid-  

e rab ly  increased  the  e x t r a c t i o n  of l i t h i u m  s i n c e  t h i s  reagent  e x t r a c t s  

l i t h i u m  p r e f e r e n t i a l l y 3  t o  t h e  o the r  a l k a l i  metals .  

The ces  ium/rubid ium and rubidium/po tas  s i u m  sepa ra t ion  f a c t o r s  

The combination of a s u l f o n i c  a c i d  such as dinonylnapththalene-  

s u l f o n i c  a c i d  (DNNSA) wi th  a phenol a l s o  synergized e x t r a c t i o n s  of a l k a l i  

metals .  

c o e f f i c i e n t s  showed l i t t l e  dependence on pH i n  the pH range 1 t o  10. 

The sepa ra t ion  f a c t o r s  f o r  cesium/rubidium and rubidium/potassium were 

i n  the  range 5 t o  7, whereas t h e r e  w a s  l i t t l e  d i f f e r e n c e  i n  e x t r a c t i o n  

c o e f f i c i e n t s  f o r  potassium, l i th ium,  and sodium. 

With 1 - M Santophen-1-0.1 - M DNNSA (Fig.  1 .2 .2a)  t he  e x t r a c t i o n  

Combination of 0 .1  - M DDPA (Fig.  1.2.2b) o r  0.1 - M neo- t r idecanoic  

a c i d  (Fig.  1 . 2 . 2 ~ )  wi th  1PJ Santophen-1 gave synergized e x t r a c t i o n s ,  

but  t he  e f f e c t  w a s  less pronounced than wi th  D2EHPA o r  DNNSA. 

With 0.5 - M DDPA a lone  (Fig.  1.2.2d) the  e x t r a c t i o n  o rde r  was C s  > 
Rb > N a  > K, bu t  s epa ra t ion  f a c t o r s  between a d j a c e n t  elements i n  the  

s e r i e s  were l e s s  than 2. 

than f o r  sodium and potassium except  a t  pH 4, where the  c o e f f i c i e n t  f o r  

l i t h ium was approximately equ iva len t  t o  t h a t  f o r  cesium. 

of e x t r a c t i o n  power a t  h igher  pH's i s  a t t r i b u t e d  t o  the  l a r g e  l o s s  of 

DDPA t o  the  aqueous phase. 

Ex t r ac t ions  of l i t h i u m  were s l i g h t l y  weaker 

The l a r g e  loss 
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The e x t r a c t i o n  order  wi th  0.5 _M DNNSA a lone  w a s  C s  > Rb > K > L i  > N a ,  

but ,  as wi th  DDPA, the  sepa ra t ion  f a c t o r s  between a d j a c e n t  elements i n  

t h e  series were l e s s  than 2 (Fig.  1.2.3).  

t h i s  reagent  showed a very  weak dependence on pH. 

Ex t rac t ion  c o e f f i c i e n t s  wi th  

1.3 Acid Recovery by Amine Ex t rac t ion  

(D. J. Crouse, W. B. Howerton) 

S tudies  of s u l f u r i c  a c i d  recovery by amine e x t r a c t i o n  from simulated 

Sul fex  process  waste s o l u t i o n s  were repor ted  previous ly .  The r e l a t i v e l y  

weak-base s t e r i c a l l y  hindered t e r t i a r y  amines, f o r  example, N-benzyl- 

d i (2-e thylhexyl )amineY were p re fe r r ed  f o r  t h i s  use s i n c e  they could be 

s t r i p p e d  t o  t h e  f ree-base  form wi th  water  and y i e l d ,  a t  the  same time, 

a r e l a t i v e l y  concent ra ted  a c i d  product  so lu t ion .  Recent t e s t s  showed 

the  p o t e n t i a l  u t i l i t y  of t e r t i a r y  amines f o r  t he  recovery and p u r i f i c a t i o n  

of phosphoric a c i d  from the  h igh ly  contaminated wet-process a c i d  produced 

i n  the  f e r t i l i z e r  indus t ry .  For t h i s  a p p l i c a t i o n ,  s t ronger -base  amines 

a r e  requi red  f o r  e x t r a c t i o n .  

4 

The d i s t r i b u t i o n s  of phosphoric a c i d  between pure phosphoric a c i d  

s o l u t i o n s  and 0.25 - M s o l u t i o n s  of s e v e r a l  amines i n  84% Amsco 125-82- 

16% isodecanol  d i l u e n t  a r e  shown i n  Fig.  1.3.1. 
therms show t h a t  more than 90% a c i d  recovery and a 1.5 _M H3P04 concen- 

t r a t i o n  i n  a w a t e r - s t r i p  product  could be obtained from 5 _M H3PO4 i n  

four  i d e a l  e x t r a c t i o n  and four  i d e a l  s t r i p p i n g  s t a g e s  wi th  Alamine 336 
( t e r t i a r y  amine wi th  mixed 2 - o c t y l  and E-decyl  a l k y l s )  o r  wi th  benzyl- 

di laurylamine.  

phosphoric a c i d  per  l i t e r .  Ex t r ac t ion  w a s  l ess  e f f i c i e n t  wi th  benzyl- 

d i laury lamine  than wi th  Alamine 336, but  s t r i p p i n g  would be e a s i e r .  

With t h e  more weakly b a s i c  di(2-ethylhexyl)hexylamine, only about  50% of 

the  phosphoric a c i d  would be recovered i n  four  i d e a l  e x t r a c t i o n  s t ages .  

However, wi th  t h i s  amine, water  s t r i p p i n g  would produce a 3 t o  4 - M H3P04 

product.  

The e x t r a c t i o n  i so -  

* 

Maximum ind ica t ed  so lven t  loadings were 45 t o  50 g of 

* 
Ext rac t ion  of phosphoric a c i d  wi th  Alamine 336 (and o the r  amines) i n  com- 
b ina t ion  wi th  organic  phosphates and phosphonates has  been repor ted  by 

6 Agers, e t  a l .  

I 
1 -  
i 
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Mixtures of amines of different basicities can be used to give the 

desired balance between extraction and water stripping. An extraction 

isotherm for a 3/2 mixture of di(2-ethylhexy1)hexylamine and Alamine 336 
fell, as expected, between isotherms for these amines used alone. 

Coefficients for the extraction of Fe(III), Fe(II), and aluminum 

from 5 - M H3P04 with Alamine 336 and with the mixture of di(2-ethylhexy1)- 
hexylamine and Alamine 336 were less than 0.003, indicating a high degree 

of purification of the phosphoric acid. Some contamination with sulfuric 

acid would be expected, but the extent has not yet been determined. 

If desired, ammonium phosphate rather than phosphoric acid can be 

obtained as a product by stripping the amine with ammonium hydroxide. 

The preparation of both products by a two-step strip (water followed by 

ammonium hydroxide) may also be attractive. 

higher recovery of phosphate values in the extraction cycle, with the 

simultaneous production of a more concentrated phosphoric acid product 

solution. 

Such a procedure would allow 

1.4 Final Cycle Plutonium Recovery by Amine Extraction 

(C. F. Coleman, F. A. Kappelmann, J. P. Eubanks) 

In previous reports, an amine extraction flowsheet was proposed for 

final-cycle purification and concentration of plutonium from Purex-plant 

1BP solution. Batch countercurrent tests demonstrated its satisfactory 

chemical and physical operation with simulated feeds, ' j 3  but continuous 

countercurrent testing with actual but aged Purex-plant 1BP solution gave 

poor decontamination from gross gamma.' 

"While the physical operation [in hot-cell tests] was 
excellent and the plutonium distribution appeared en- 
tirely consistent with the expected profiles, the gamma 
decontamination factors were only - l O O - 5 O O ,  much lower 
than needed for the plutonium purification, and than 
expected from previously reported separations from 
tracer Zr-Nb and from dissolver solution mixed fission 
products. These results suggest that the 1BP solutions 
used contained a higher proportion of amine-extractable 
Zr-Nb species than do dissolver solutions or chemically 
separated tracer solutions, either because of concen- 
tration of such species already existent, or because 
of their formation through aging or interaction with 

A s  then described: 
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organic  degrada t ion  products ,  e t c .  Aging, i f  involved, 
might apply  only  t o  the  cond i t ions  of t hese  p a r t i c u l a r  
t e s t s ,  b u t  t h e  o the r  p o s s i b i l i t i e s  could be genera l . .  .3” 

Subsequent ba tch  t e s t s  wi th  an a d d i t i o n a l  sample of Purex-plant  

1BP so lu t ion ,  s i m i l a r l y  aged, showed t h a t  t h a t  s o l u t i o n  d i d  indeed con- 

t a i n  a h igh  p ropor t ion  of zirconium-niobium spec ie s  e x t r a c t a b l e  by 

seve ra l  of t he  hydrocarbons used as  d i l u e n t s ,  and i n  f a c t  more e x t r a c t a b l e  

by t h e  hydrocarbon when a lone  than when conta in ing  amine and a l coho l .  

F i n a l l y ,  arrangements were made t o  o b t a i n  a new sample of 1BP 

Tes t s  completed so lu t ion ,  wi th  r ap id  handl ing and t r a n s p o r t a t i o n .  

w i t h i n  70 h r  a f t e r  i t  was withdrawn from the  p l a n t  s t ream showed l i t t l e  

o r  no such d i l u e n t - e x t r a c t a b l e  gamma a c t i v i t y ,  as was found i n  t h e  aged 

sample. Separa t ion  f a c t o r s  f o r  plutonium over g ross  gamma e m i t t e r s  

were %04 i n  s i n g l e  e x t r a c t i o n s  from t h e  f r e s h  so lu t ion ,  and the  decon- 

taminat ion f a c t o r  f o r  plutonium over zirconium-niobium w a s  2 x l o 4  i n  

a batch cascade e x t r a c t i o n - s c r u b - s t r i p  t e s t ,  h igh  enough f o r  t h e  pro- 

j ec t ed  p u r i f i c a t i o n  process  t o  be f e a s i b l e .  

Spec ia l  thanks are  due t o  J. W. Ullmann of ORNL and t o  H. C. Rathvon 

and co-workers a t  Hanford who cooperated i n  ob ta in ing  and sh ipping  a l l  

the  1BP samples, most e s p e c i a l l y  the  last ,  r a p i d l y  handled sample. 

tes ts  were c a r r i e d  ou t  i n  the  Chemical I s o l a t i o n  Laboratory wi th  the  

cooperat ion of R. E. Leuze and co-workers. 

The 

1.4.1 Batch Tes t s  wi th  Aged 1BP So lu t ion  

The 1BP sample was 3.3 ,M i n  n i t r i c  a c i d  and contained 2 x lo6  g ross  

gamma counts  min-l  ml-’, most ly  zirconium-niobium. 

s o l i d s ,  and about  10% of the  gamma a c t i v i t y  was removed by f i l t r a t i o n .  

Reproduc ib i l i t y  of gamma ana lyses  was poor, probably i n  p a r t  because of 

t he  s o l i d s  (even a f t e r  f i l t r a t i o n ) ,  bu t  comparative tes ts  wi th  and with- 

ou t  f i l t r a t i o n  of both 1BP and organic  e x t r a c t s  f a i l e d  t o  show any 

d e f i n i t e  a s s o c i a t i o n  of e x t r a c t a b l e  gamma a c t i v i t y  wi th  the  s o l i d s .  A t  

t he  time t h a t  t he  t e s t s  were s t a r t e d ,  t he  sample had been kep t  i n  a 

s t a i n l e s s  s t e e l  con ta ine r  f o r  about  four  months a f t e r  having been with-  

drawn from t h e  p l a n t  stream, and some comparative t e s t s  were cont inued 

a t  i n t e r v a l s  over an a d d i t i o n a l  four  months. Although t h e r e  was con- 

s i d e r a b l e  v a r i a t i o n  i n  d e t a i l e d  r e s u l t s  from nominally similar t e s t s ,  

It contained some 
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t h e  genera l  magnitudes of e x t r a c t a b i l i t y  were c o n s i s t e n t ,  and the  r e s u l t s  

shown i n  Fig.  1.4.1 were t y p i c a l .  

t h e  e x t r a c t i o n  p a t t e r n s  shown i n  the  f igu re ,  as fol lows:  

Severa l  conclusions can be drawn from 

1. A l a r g e  propor t ion  of t he  gamma a c t i v i t y  i n  the  aqueous feed,  

10% and more, w a s  e x t r a c t a b l e  by the  hydrocarbon d i l u e n t s  a lone.  

2. F r a c t i o n s  of s imilar  magnitude were ex t r ac t ed  i n  the  f i r s t  con- 

t a c t  by diethylbenzene,  Amsco 125-82;and - n-dodecane, a l though t h e  drop- 

o f f  i n  subsequent c o n t a c t s  va r i ed  more. 

3. I n  the  f i r s t  con tac t ,  less w a s  ex t r ac t ed  by amine o r  t r i b u t y l  

phosphate s o l u t i o n  than by the  d i l u e n t  a lone.  This  w a s  even more no t i ce -  

a b l e  when a high-molecular-weight a l coho l  w a s  a l s o  p re sen t . )  

4. The widely vary ing  e x t r a c t i o n  p a t t e r n s  wi th  and without  e x t r a c t a n t  

i n  the  d i l u e n t ,  and wi th  d i f f e r e n t  d i l u e n t s ,  suggest  f r a c t i o n a t i o n  of a 

range of gamma-containing spec ie s  of d i f f e r i n g  e x t r a c t a b i l i t i e s .  (This  

seems reasonable  i n  view of the  p r o b a b i l i t y  t h a t  t he  aged 1BP s o l u t i o n  

contained a range of zirconium complexers, f o r  example, d i -  and monobutyl 

phosphoric a c i d s  p lus  n i t r o  compounds and t h e i r  d e r i v a t i v e s . )  

5. Although e x t r a c t a b i l i t i e s  by the  t h r e e  d i f f e r e n t  d i l u e n t s  had 

diverged g r e a t l y  by the  f o u r t h  contac t ,  e x t r a c t a b i l i t i e s  by amine s o l u t i o n s  

i n  those t h r e e  d i l u e n t s  were f a i r l y  c l o s e  toge the r  aga in  i n  a f i f t h  con- 

t a c t .  

6. The e x t r a c t a b i l i t y  appeared p e r c e p t i b l y  h igher  a f t e r  e i g h t  months 

than a f t e r  four  months aging.  

7. None of t he  combinations of e x t r a c t i o n s  t r i e d  ind ica t ed  any 

p o s s i b i l i t y  of e f f e c t i v e l y  removing the  e x t r a c t a b l e  gamma a c t i v i t y  wi th  

a d i l u e n t  before  e x t r a c t i n g  plutonium wi th  an amine so lu t ion .  

More important ,  taken toge the r ,  t hese  i n d i c a t i o n s  showed wi th  in-  

c r eas ing  conclusiveness  t h a t  t he  h igh  gamma e x t r a c t i o n  was a proper ty  of 

t h e  aging of t he  1BP sample and probably would n o t  be encountered i n  

normal processing.  

Severa l  o t h e r  l i n e s  of t e s t i n g  and some p o s s i b l e  t rea tments  were 

scouted but  were dropped as i t  became evident  t h a t  the  high gamma e x t r a c t a -  

b i l i t y  was n o t  p e r t i n e n t  t o  normal processing.  

i nd ica t ed  t h a t  (1) the  e x t r a c t e d  gamma a c t i v i t y  w a s  no t  r e a d i l y  scrubbed 

ou t  of  e i t h e r  amine s o l u t i o n  o r  d i l u e n t  w i th  aqueous n i t r i c  a c i d ;  ( 2 )  p r e -  

t rea tments  of t he  aged 1BP wi th  chromate and wi th  oxa la t e  had p e r c e p t i b l e  

The pre l iminary  r e s u l t s  
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Fig.  1.4.1. Gamma E x t r a c t i o n  from Aged 1BP S o l u t i o n  by D i l u e n t s  
and Di luent -Ext rac tan t  Combinations. Phase r a t i o  : 1/1. Black p o i n t s  : 
1BP aged about  fou r  months; open p o i n t s :  about  e i g h t  months. 
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b u t  n o t  important  e f f e c t s  on the  e x t r a c t i o n ;  (3) h e a t  t rea tments ,  presence 

o r  absence of n i t r i t e ,  and age (up t o  seve ra l  days)  a f t e r  adding n i t r i t e  

had l i t t l e  o r  no e f f e c t ;  and (4) t h e r e  w a s  n o t  g r e a t  d i f f e r e n c e  among 

d i f f e r e n t  ba tches  of diethylbenzene,  success ive  d i s t i l l a t i o n  f r a c t i o n s  

from a ba tch  of diethylbenzene,  and diethylbenzene samples scrubbed wi th  

oxidant ,  base, and ac id .  

1.4.2 Batch T e s t s  w i th  Fresh  1BP So lu t ion  

Af te r  ob ta in ing  the  convincing but  s t i l l  i n d i r e c t  evidence descr ibed  

above ( t h a t  t he  excess ive  gamma e x t r a c t i o n  should n o t  be encountered i f  

t h e  s o l u t i o n  were no t  allowed t o  age ) ,  a sample of f r e s h  1BP s o l u t i o n  w a s  

obtained and t e s t e d  f o r  d i r e c t  confirmation.  This  was a much smal le r  

sample than the  preceding ones, i n  order  t o  be shipped by a i r ,  and only 

a few t e s t s  were planned. The fol lowing t e s t s  were completed wi th in  70 h r  

a f t e r  t he  sample was withdrawn from t h e  p l a n t  stream. 

1. The sample was 3.1 _M i n  n i t r i c  a c i d  and contained 1.6 x lo7 gross  

gamma counts  min'l ml-', aga in  most of t h i s  being from zirconium-niobium. 

A s  before,  t h e r e  w a s  cons iderable  experimental  o r  a n a l y t i c a l  s c a t t e r ,  bu t  

t h i s  time it was expected because the  s m a l l  samples and r a t h e r  low a c t i v i t y  

l e v e l s  came c l o s e  t o  a n a l y t i c a l  l i m i t s .  F r a c t i o n s  of the  gross  gamma ac-  

t i v i t y  e x t r a c t e d  by diethylbenzene and by amine s o l u t i o n s  were i n  t h e  range 

0.01 t o  0.001, and sepa ra t ion  f a c t o r s  f o r  plutonium over gross  gamma were 

lo4 and h igher  (Fig.  1 .4 .2) .  The r e s u l t s  appear t o  i n d i c a t e  some inc rease  

i n  gamma e x t r a c t i o n ,  b u t  less than the  corresponding inc rease  i n  plutonium 

e x t r a c t i o n ,  w i th  inc reas ing  amine concent ra t ion .  However, the  experimental  

s c a t t e r  may w e l l  be as g r e a t  as these  d e t a i l e d  apparent  v a r i a t i o n s .  

2. A batch cascade ( c r o s s - c u r r e n t )  ex t r ac t ion - sc rub- s t r ip  t e s t  w a s  

run as ind ica t ed  i n  Fig.  1.4.3. Each 2-ml volume of t he  n i t r i t e - t r e a t e d  

1BP feed contac ted  the  same t h r e e  3 - m l  volumes of 0.15 ,M t r i l au ry lamine /  

diethylbenzene i n  succession.  

0.01 t o  0.1% of the  feed plutonium concent ra t ion  f o r  t he  f i r s t  I-5 volumes 

of feed, then increased  t o  0.2% a t  t h e  20th. Each organic  w a s  scrubbed 

s e p a r a t e l y  wi th  seven 3 - m l  volumes of 5 - M HN03 and t h r e e  of 0.5 _M HN03, 

then s t r i p p e d  wi th  f i v e  3 - m l  volumes of 4 ,M a c e t i c  ac id .  

o rganics  r e t a i n e d  0.02, 0.02, and 0.074 of the  feed plutonium concen- 

t r a t i o n .  The decontamination of plutonium from zirconium-niobium 

The r a f f i n a t e s  va r i ed  randomly i n  the  range 

The s t r i p p e d  



28 

UNCLASS IF I ED 
ORNL-LR-DWG 63-3001 

(F I LTERE D 
FEED) 

(F I LTERE D 
FEED) 

0.1 0.2 0.3 

TR I LAURY LAM I N E C O  NCE N TRATION ( M )  1 N D I E THY LBE N Z  E N E 

Fig. 1.4.2. Gamma Extraction from Fresh 1BP Solutions, and Corre- 
sponding Plutonium/Gamma Separation Factors. Phase Ratio: 1/1. 
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(radiochemical analyses), from feed to first strip solution, was 2 x lo4,  
and was approximately the same for plutonium from gross gamma. 

Gross gamma activity picked up by the successive scrub solutions 

decreased as shown in Fig. 1.4.4. It is not possible to distinguish, 

in the gamma activity thus scrubbed out, between the portion that had 

actually been extracted and the portion that accompanied the extract as 

entrained feed. It is certain that entrainment was a larger-than-ordinary 

factor in separating the phases at these small volumes without the bene- 

fit of filtering or centrifuging. 

Several tests somewhat more complex than those described above were 

attempted, in hope of obtaining more detailed information on the scrubbing 

of the gamma activity, especially. 

foregoing but failed to provide any more detailed information because 

the uncertainty due t o  entrainment and consequent carryover could not 

be eliminated. 

The results were consistent with the 

1.5 Extraction of Lanthanides and Transplutonium Elements 

by Dialkylphosphoric Acids 

(B. Weaver, F. A. Kappelmann, J. R. Collins) 

The chemistry of the lanthanides and transplutoniums is being studied 

in an effort to find differences that may be useful in separating the two 

groups and in separating individual elements, with present emphasis on 

solvent extraction methods. This and the following sections present the 

results of recent work on the extraction of the trivalent elements by 

various solvents from various aqueous solutions and on the extraction of 

americium oxidized to the hexavalent state. 
1 Preliminary studies on the extraction of lanthanides and trans- 

plutoniums from aqueous solutions of carboxylic acids by dialkylphosphoric 

acids were extended to a greater number of carboxylic acids. 

data on extraction by ditridecylphosphoric acid (HDTDP) and di(2-ethyl- 

hexy1)di-thio-phosphoric acid (HDEHSSP) were obtained for comparison with 

data for di(2-ethylhexy1)phosphoric acid (HDEHP). In these tests, the 

lanthanide group was represented by cerium and europium. The trans- 

plutonium elements were represented by americium and sometimes by curium. 

Also ,  some 
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Carboxylic acids are being explored because of their effect on 

americium extraction. For example, americium is similar to praseodymium 

in extraction from mineral acids, whereas from carboxylic acids it shifts 

to a behavior similar to cerium or even lanthanum. A still greater shift 

could make this extraction system a likely basis for a group separation 

process. 

1.5.1 Extraction by Di(2-ethylhexy1)phosphoric Acid from Citric Acid 

In extractions by di(2-ethylhexy1)phosphoric acid in diisopropyl- 

benzene (DIPB) from citric acid of various concentrations, the europium/ 

cerium separation factor was 15 to 20. 

americium was 2 or more (Table 1.5.1). 
in HN03 decreased the extraction of all the metals and also seemed to 

have an effect on the relative position of americium. The presence of 

1 g of samarium per liter had only a small effect on the extraction of 

tracer quantities of the other elements. 

The separation factor for cerium/ 

Making the aqueous phase 0 . 1 2  

Table 1.5.1. Extraction by Di(2-ethylhexy1)phosphoric Acid 

from Citric Acid 

Organic phase: 0.5 M HDEHP in DIPB - 
- ~~~- 

E: Distribution Coefficient, 

Aqueous Phase Ce Eu Am 

0.1 2 HNO, 
0.1 - M Citric acid 
0.5 - M Citric acid 
2.0 - M Citric acid 
3.4 _M Citric acid 

2.5 ,M Citric acid, 1 g Sm/liter 

2.5 _M Citric acid, 1 g Sm/liter, 

3.4 _M Citric acid, 1 g Sm/liter 

3.4 _M Citric acid, 1 g Sm/liter, 

0.1 _N HN03 

0.1 _N HNo3 

-- 
424 
23 
0.56 
0.10 

0.27 

0.11 

~ ~~ 

163 
>5000 

390 
9.5 
1.6 

5.3 
2.8 

3.8 
196 
10 

0.23 

0.04 

0.14 

0.08 

0.12 

0.04 
2* 7 
0.9 

0.06 

0.03 
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1.5.2 Extraction by Di(2-ethylhexy1)phosphoric Acid from Glycolic Acid 

Glycolic (hydroxyacetic) acid was superior t o  formic, acetic, tar- 

taric, and citric acids with respect to phase separation and reproduci- 

bility of experimental results. 

separation factors between europium and cerium and between cerium and 

americium were about the same as those with citric acid (Table 1.5.2). 

Extractions with Amsco 125-82 as diluent were about 50 times as high as 

with DIPB; so, DIPB is suitable for the operation of a partitioning 

system. 

In extractions from glycolic acid, 

Table 1.5.2. Extraction by Di(2-ethylhexy1)phosphoric Acid 

from Glycolic Acid 

E: Distribution Coefficient, 
HDEHP Glycolic 
(20 D iluent Acid (M) - Ce Eu Am 

0.1 

0.1 

0.1 

0.1 

0.1 

0.25 

0.25 

0.25 

0.25 

0.3 

0.3 

DIPB 

DIPB 

DIPB 

DIPB 

~ S C O  125-82 

DIPB 

DIPB 

DIPB 

DIPB 

DIPB 

DIPB 

0.75 

1.0 

1.5 

3.75 
1.0 

0.5 

1.0 

3.0 

5.0 

1.5 

3-75 

0.66 

0.58 
0.17 

0.022 

23 

18 

3.8 
0.32 

0.09 

4.4 
0.56 

15 

13 
2.1 

0.28 

330 
173 
66 
4.6 
1.0 

75 
8.3 

0.33 
0.26 

0.05 

0.008 

11 

6.2 

1.6 
0.13 

0.035 

1.9 

0.28 

1.5.3 Extraction by Di(2-ethylhexy1)phosphoric Acid from Oxydiacetic Acid 

Extraction coefficients from oxydiacetic acid were much lower than 

those from glycolic acid (Table 1.5.3). The separation factor between 

europium and cerium was reduced to less than 3. However, americium and 

curium apparently remained less extractable than any of the lanthanides. 
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Table 1.5.3. Extraction by Di(2-ethylhexy1)phosphoric Acid 

from Oxydiacetic Acid 

Organic phase: 0.3 - M HDEHP in Amsco 125-82 

Concentration of 
Oxydiacetic Acid Distribution Coefficient, 
in Aqueous Phase (20 Ce Eu Am Cm 

0.25 

0.5 

1.0 

0.51 1.2 0.11 0.14 

0.18 0.43 0.04 

0.064 0.16 0.018 

1.5.4 Extraction by Di(2-ethylhexy1)phosphoric Acid from Glycine 

Glycine (aminoacetic acid) showed comparatively unusual properties. 

Extraction increased rather than decreased with increase in glycine con- 

centration (Table 1.5.4). Also, extractions were higher from mixtures 

of glycine and nitric acid than from nitric acid alone. Since the ex- 

traction coefficients of cerium, europium, and americum are inversely 

proportional to the cube of the hydrogen ion concentration, the effect 

of the glycine was probably at least partially due to its ionization as 

a base in the nitric acid solution. Extractim by HDEHP in unmodified 

diluents gave separation factors of about 40 between europium and cerium, 
but americium behaved like cerium. Use of DIPB instead of Amsco 125-82 

reduced all extractions by a factor of about 50. Modification of the 

Amsco diluent with 10% tridecanol (TDA) greatly decreased extractions 

and halved the separation factor between europium and cerium. Substi- 

tution of 0.15 _M TBP for the TDA increased extraction of all elements 

eight- or tenfold. The data showed some shift of the relative extracta- 

bilities of americium and cerium under various conditions. 

1.5.5 Modification of Di(2-ethylhexy1)phosphoric Acid by a Phenol 

Modification of a DIPB solution of HDEHP with a high concentration 

of k-sec-butyl-2(~-methylbenzyl)phenol - (BAMBP), which does not extract 
lanthanides nor transplutonium elements by itself, reduced the extraction 
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Table 1.5.4. Ext rac t ions  by Di(2-ethylhexy1)phosphoric Acid from Glyc ine-Ni t r ic  Acid Mixtures 

D i s t r i b u t i o n  Coef f i c i en t ,  Eo a Concentrat ion of Composition of 
E x t r a c t a n t  i n  the  Di luent  Aqueous Phase Ce Eu Am Cm 

0.1 M i n  Amsco 125-82 1 - M HN03 only 

1 - M HN03, 1 _M g lyc ine  
- 

0.1 M i n  DIPB 1 - M HN03, 1 g g lyc ine  - 

0.5 M HN03, 0.5 M g lyc ine  

0.5 M HNO,, 1.0 M g lyc ine  

1.0 M €€NO3, 0.5 M g lyc ine  

1.0 M HN03, 1.0 M g lyc ine  

0.3 M i n  ~ m s c o  125-82 - - 
+ i o $  TDA - - 

- - 
- - 

1.0 M HN03, 1.0 M g lyc ine  0.3 M p i u s  0.15 g TBP - - 
in-Amsco 

<o. 001 
0.60 

0.011 

2-  9 

0.007 
600 

0.54 

6.4 

0.025 

26 

0.44 

50 

7000 

0.049 
11 

93 

<o. 001 

0.58 

0.013 

2.8 

330 
0.011 

0.56 0.63 

5.6 

w 
u 



of cerium and americium by factors up to about 10 and europium by factors 

up to about 50 (Table 1.5.5). 
typical of extractions by HDEHP was greatly reduced. 

Thus, the separation between lanthanides 

Table 1.5.5. Effect of a Phenol on Extraction 

by Di(2-ethylhexy1)phosphoric Acid 

E: 

0.1 M HDEHP-DIPB 0.1 .l4 HDEHP, 1 _M BAMBP-DIPB 

Aqueous Phase Ce Eu Am Ce Eu Am 

0.01 - N HNO, 140 5 0 0 0  120 13 140 16 
0.03 - N HNO, 2-3 180 3.4 0.44 5.3 0.49 

0.1 - N HN03 0.09 2.6 0.25 0.006 0.06 0.007 

1 - N HNO,, 1 _M glycine 0.038 2.0 0.038 0.010 0.058 0.005 

1 _M Glycolic acid 0.58 13 0.26 0.07 0.42 0.046 

1.5.6 Extraction by Ditridecylphosphoric Acid 

Ditridecylphosphoric acid was tested as an extractant from several 

carboxylic acid solutions (Table 1.5.6). In all cases the separation 

factor between europium and cerium was much lower than obtained previously 

with HDEHP, but the separation between cerium and americium was about the 

same. This reagent would apparently not be as useful as HDEHP for sepa- 

rating americium from the heavy lanthanides in this system. 

Table 1.5.6. Extraction by Ditridecylphosphoric Acid (HDTDP) 

Organic phase: 0.1 ,M HDTDP in DIPB 

0 Distribution Coefficient, E 
a 

Aqueous Phase Ce Eu Am 
~ ~~~ 

0.5 - M Tartaric acid 7.3 24 2.6 

2.0 - M Tartaric acid 0.14 0.46 0.06 

0.5 - M Citric acid 23 79 99 5 
0.5 - M Glycolic acid 101 380 39 
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1.5.7 Ex t rac t ion  by Di(2-ethy1hexyl)dithiophosphoric Acid 

S u b s t i t u t i o n  of two s u l f u r  atoms f o r  oxygen atoms i n  HDEHP ( t o  produce 

HDEHSSP) g r e a t l y  reduced i t s  e x t r a c t i v e  power and the  sepa ra t ion  between 

t h e  lan thanides  (Table 1.5.7). 

Table 1.5.7. E x t r a c t i o n  by Di(2-ethylhexy1)dithiophosphoric Acid 

Organic phase: 0.3 - M HDEHSSP i n  DIPB 

E O  
Concentrat ion o f  
Glycol ic  Acid a 
i n  Aqueous Phase 

(2) Ce Eu Am 

0.75 0.023 0.023 0.023 
0.075 1.2 1.3 0.8 

1.6 E x t r a c t i o n  of N i t r i c  Acid, Lanthanides,  and 

Transplutonium Elements by Amines 

(B.  Weaver, F. A. Kappelmann) 

1.6.1 E x t r a c t i o n  of N i t r i c  Acid from N i t r a t e s  

I n  previous work on e x t r a c t i o n  by t e r t i a r y  amine n i t r a t e s  from con- 

c e n t r a t e d  l i t h i u m  n i t r a t e  so lu t ions ,  i t  had been observed t h a t  d i s t r i b u t i o n  

c o e f f i c i e n t s  decreased wi th  success ive  back ex t rac t ions . '  

a t t r i b u t e d  t o  l o s s  o f  reagent  t o  the  aqueous phase. More r e c e n t  work 

showed t h a t  t h e  decrease  i n  e x t r a c t i o n  w a s  caused by high e x t r a c t i o n  of 

n i t r i c  a c i d  from the  aqueous so lu t ion .  

This  had been 

Nearly a l l  t he  a c i d  i n  a mixture  6 3 i n  LiNO, and 0.1 3 i n  HNO, w a s  

e x t r a c t e d  by an  equal  volume of 0.5 _M Alamine 336 n i t r a t e .  

w i th  a s imi l a r  aqueous s o l u t i o n  added more a c i d  t o  the  organic .  

Back e x t r a c t i o n  

The lower a c i d  e x t r a c t i o n  isotherm i n  Fig.  1.6.1 w a s  obtained by 

n ine  success ive  c o n t a c t s  of 0.497 _M Alamine 336 n i t r a t e  p lus  10% t r i d e c a n o l  

i n  di isopropylbenzene wi th  equal  volumes of a mixture  6 _N i n  LiN03 and 

0 . 1 3  i n  HN03 and a s e p a r a t e  s e r i e s  c o n s i s t i n g  of f i v e  con tac t s  wi th  a 

mixture  6 - N i n  LiN03 and 0.513 _N i n  HNO,. 

a c i d  w a s  determined i n  both phases.  

I n  each t e s t ,  t h e  f r e e  n i t r i c  

The system w a s  s t i l l  approaching 
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equ i l ib r ium a f t e r  t he  f i r s t  n i n e  c o n t a c t s  and appeared t o  be l e v e l i n g  o f f  

w i t h  the  h ighe r  a c i d i t y  a t  s l i g h t l y  more than 0.5 mole of excess n i t r i c  

a c i d  per  mole of amine. 

S imi la r  r e s u l t s  were obtained i n  e x t r a c t i o n  by a tetraheptylammonium 

n i t r a t e  (THA), except  t h a t  t h e  f i n a l  excess-acid l e v e l  i n  the  organic  w a s  

s l i g h t l y  more than 1 mole of n i t r i c  a c i d  per  mole of amine. The upper 

isotherm i n  Fig.  1.6.1 was obtained by a s e r i e s  of c o n t a c t s  of 0.505 - M 

Al iqua t  336 n i t r a t e  p lus  5% TDA i n  DIPB wi th  two n i t r a t e  mixtures ,  one 

6 J i n  LiNO, and 0.1 _N i n  HNO,, and t h e  o t h e r  6 2 i n  LiN03 and 0.513 - N 

i n  HNO,. 

These d a t a  show the  d i f f i c u l t y  of ob ta in ing  reproducib le  d a t a  on ex- 

t r a c t i o n  by amines from s o l u t i o n s  con ta in ing  a l k a l i  n i t r a t e s  and very  

d i l u t e  n i t r i c  a c i d  and emphasize the  importance of measuring the  a c i d i t y  

of t h e  aqueous phase a f t e r  contac t .  For the  e x t r a c t i o n  of l an than ides  

and t r i v a l e n t  a c t i n i d e s  by amines, t h i s  e f f e c t  i s  e s p e c i a l l y  important,  

s i n c e  e x t r a c t a b i l i t y  i s  h igh ly  dependent on a c i d i t y .  Where e x t r a c t i o n s  

a r e  made from aluminum n i t r a t e  wi th  no excess  ac id ,  r e s u l t s  a r e  e a s i l y  

reproducib le  because bu f fe r ing  keeps the  e f f e c t i v e  a c i d i t y  almost cons tan t .  

1.6.2 Ex t rac t ion  of Lanthanides and Transplutonium Elements 

The e x t r a c t i o n  of l an than ides  and t ransplutonium elements by t h e  

t e r t i a r y  amine Alamine 336 i n  DIPB from t a r t a r i c  and c i t r i c  a c i d  w a s  

much l e s s  e f f i c i e n t  than from concent ra ted  s o l u t i o n s  of aluminum n i t r a t e  

(Table  1.6.1). I n  e x t r a c t i o n s  from carboxyl ic  a c i d s ,  europium w a s  about  

3 times a s  e x t r a c t a b l e  as cerium i n  most cases .  T h i s  order  w a s  t he  r eve r se  

of t h a t  i n  e x t r a c t i o n  from aluminum n i t r a t e  so lu t ions .  Curium, however, 

appeared t o  be a l i t t l e  more e x t r a c t a b l e  than americium i n  both systems. 
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Table 1.6.1. 

Organic phase: 

Ex t r ac t ion  by T e r t i a r y  Amine 

0.3 ,M Alamine 336 i n  DIPB 

D i l u e n t ,  D i s t r i b u t i o n  Coef f i c i en t ,  
TDA 
(%I Aqueous Phase Ce Eu Am Cm 

4 

4 

10 

10 

10 

10 

10 

10 

10 

10 

0.1 - M T a r t a r i c  ac id  

0.25 - M T a r t a r i c  ac id  

0.5 - M T a r t a r i c  ac id  

0.75 - M T a r t a r i c  ac id  

1.0 ,M T a r t a r i c  a c i d  

1.5 - M T a r t a r i c  a c i d  

2.0 ,M T a r t a r i c  a c i d  

0.1 - M T a r t a r i c  a c i d  

0.5 _M T a r t a r i c  ac id  

1.0 - M T a r t a r i c  a c i d  

2.0 - M T a r t a r i c  a c i d  

0.1 - M C i t r i c  a c i d  

0.5 - M C i t r i c  a c i d  

2.0 _M C i t r i c  a c i d  

3.4 - M C i t r i c  ac id  

6 _N A U N 0 3 I 3  

0.075 

0.027 

0.018 

0.0085 

0.022 

0.014 

0.010 

0.0069 

0.12 

0.030 

0.006 

0.004 

18 

0.21 

0.15 

0.096 

0.072 

0.057 

0.036 

0.029 

0.12 

0.072 

0.046 

0.029 

0.40 

0.080 

0.014 

0.0076 

2*9 

0.19 

0.13 

0.084 

0.065 

0.051 

0.032 

0.026 0.024 

0.11 0.21 

0.065 0.106 

0.038 0.1 

0.023 0.062 

0.40 

0.083 

0.013 

0.0082 0.008 

3.8 8.7 
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1.7 Extraction of Lanthanides and Transplutonium Elements 

from Carbonate Solutions 

(B. Weaver) 

Americium and lanthanides were extracted by a quaternary ammonium 

carbonate from dilute potassium bicarbonate solutions. Previous work 

with concentrated carbonate and bicarbonate solutions had given no ex- 

traction by quaternaries or other amines. ’ With the low concentrations 
of potassium bicarbonate, 0.5 - M Aliquat 336 carbonate in DIPB gave high 
distribution coefficients (Table 1.7.1). However, there was little dif- 

ference between the extractabilities of cerium, europium, and americium. 

Consequently, although such extractions might be useful for concentrating 

the elements, they do not suggest useful separation of the actinide and 

lanthanide groups or separations of elements within the groups. 

Table 1.7.1. Extractions of Cerium, Europium, and Americium 

by a Quaternary Amine from Potassium Bicarbonate Solutions 

Organic phase: 0.3 - M Aliquat 336 carbonate in DIPB 

Concentration of KHCO, 
in Aqueous Phase 

(_M) Ce Eu Am 

0.01 

0.1 

L o a  

3 00 
29 0 450 280 

0.18 0.20 0.13 

a Solvent contained 2% TDA to prevent emulsions when contacting 
1 - M KHCOZ. 

1.8 Summary of Differences Between the Extractabilities of 

Americium and Cerium and Europium 

(B. Weaver) 

A summary of results from studies of several of the foregoing ex- 

traction systems is presented graphically in Fig. 1.8.1, where the rela- 

tive extractabilities of cerium and europium are compared with that of 

americium, It should be emphasized that the rectilinearity assumed 

between cerium and europium in this figure is not always true. Also, 

I 
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it should be noted that the absolute values of distribution coefficients 

and the possible need for their adjustment to obtain suitable extraction 

factors must also be considered in evaluating the utility of any of the 

systems as a practicable separation method, The general conclusions are 

listed below. 

1. In the TBP-nitric acid system, americium behaves like promethium 

and is difficult to separate from either the lighter or heavier 

lanthanides. 

2. The HDEHP-nitric acid system, in which americium is like praseo- 

dymium, is even more unfavorable because of the great abundance 

of fission product elements that "neighbor" praseodymium. 

3. Some of the HDEHP-carboxylic acid systems give favorable sepa- 

rations of most heavier lanthanides from americium, and HDEHP 

extraction from oxydiacetic acid appears to extract all the lan- 

thanides with a considerable preference over americium. 

Similarity in the extractability of all the lanthanides, with 

a small separation from americium, is indicated for the HDEHSSP- 

glycolic acid system. 

4. 

5. In the amine-aluminum nitrate systems, the behavior of americium 

is similar to that of samarium, and the order of extractability 

of the lanthanides is opposite with the two quaternaries tested. 

6. In the amine-carboxylic acid systems, the separation of americium 

from the light lanthanide elements is less than that in the alumi- 

num nitrate system. 

According to the above conclusions, it appears that a combination of 

two multistage cycles consisting of the optimum HDEHP-carboxylic acid 

system and an amine-aluminum nitrate system or a tributyl phosphate- 

nitric acid system could give good separation between the lanthanides 

and americium and probably curium. Separation from the other transplu- 

toniums would depend on their relative extractability in each case. 

ever, still greater differences between the groups than have been observed 

in the systems described would be desirable. 

% 

How- 
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* 
1.9 Extraction of Californium and Einsteinium 

(B. Weaver, F. A. Kappelmann) 

There are thus far no adequate extraction methods for the separation 

of californium from einsteinium. Four of the extraction systems under 

study for lanthanide-transplutonium extraction were tested in single ex- 

periments with small amounts of these elements. Extraction by HDEHP from 

glycolic acid and from glycine-nitric acid solution, and by tertiary and 

quaternary amines from lithium nitrate solutions, showed differences 

between these elements similar to those expected from any pair of adjacent 

lanthanides (Table 1.9.1). Comparison with lanthanides and other trans- 

plutoniums would be of interest but could not be made directly under the 

conditions of these tests. 

Table 1.9.1. Extraction of Californium and Einsteinium 

EO a 
Type and Concentration Composition of Separation 

of Extractant Aqueous Phase Cf Es Factor, Es/Cf 

0.25 - M HDEHP 3 - M Glycolic acid 1.8 2.8 1.6 

0.25 _M HDEHP 1 - M Glycine, 1 _N HNO, 1.4 2.8 2.0 

0.3 - M Alamine 336-DIPB 6 _N LiNO,, 0.1 _N HNO, 15 19 1.3 
0.5 M Aliquat 336-DIPB- 6 - N LiNO,, 0.1 _N HNO, 29 48 1.7 
5%-TDA 

1.10 Extraction of Americium(V1) 

(B . Weaver ) 
The relatively high extractability of U(V1) and Pu(VI), compared 

with that for trivalent rare earths in many systems, indicated a possi- 

bility of obtaining separations between americium and curium by oxidizing 

Am(II1) to Am(V1) and extracting it from the curium(II1). Alpha emission 

from the decay of Am241 is known to cause the autoreduction of Am(VI), 

at the rate of about 

* 
With R. D. Baybarz, 

4% per hour. Since alpha emission of curium isotopes 

Chemical Development Section A. 
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i s  equa l ly  e f f e c t i v e  i n  reduct ion,  s epa ra t ion  by t h i s  means can be l i m i t e d  

by the  r a t e  of a lpha  emission and the  time requi red  f o r  the  opera t ion .  

Moore’ repor ted  t h a t  f l u o r i d e  ion  s t a b i l i z e d  A m ( V I ) ,  bu t  t h i s  would be 

inapp l i cab le  t o  s e p a r a t i o n s  by so lven t  e x t r a c t i o n  because of the  p r e c i p i -  

t a t i o n  of curium. 

1.10.1 P repa ra t ion  of Americium(V1) 

So lu t ions  of Am(V1)  were prepared by the  s i l v e r - c a t a l y z e d  p e r s u l f a t e  

method of Moore.’ 

any e f f e c t  t h a t  n i t r a t e  might have on extended tests,  the  n i t r a t e  con ten t  

of t he  s o l u t i o n s  w a s  reduced by r ep lac ing  the  0 . 1 1  concen t r a t ion  of n i t r i c  

a c i d  wi th  0 . 0 l J  H2SO4. 

only be s u b s t i t u t i n g  another  s i l v e r  s a l t  f o r  t he  very  small amount of 

s i l v e r  n i t r a t e  used. S i l v e r  s u l f a t e  i s  no t  a s u i t a b l e  s u b s t i t u t e  because 

of i t s  low s o l u b i l i t y .  Very e f f e c t i v e  ox ida t ion  of americium w a s  i nd ica t ed  

by the  r e s u l t s  of t h e  e x t r a c t i o n  t e s t s .  

pared i n  s t r i c t  accordance wi th  Moore’s procedure gave almost t he  same 

r e s u l t s  under i d e n t i c a l  e x t r a c t i o n  condi t ions .  

Since i t  was d e s i r e d  t o  e l imina te  i n s o f a r  as  p o s s i b l e  

Complete avoidance of n i t r a t e  would be p o s s i b l e  

Also, s o l u t i o n s  of A m ( V 1 )  pre-  

Samples of oxidized s o l u t i o n s  were prepared by f i r s t  mixing t h e  f o l -  

Am241 t r a c e r ,  0.1 meq H2S04, lowing m a t e r i a l s  i n  a t o t a l  volume of 8 m l :  

0.8 mi l l imole  (NH4)2S208, and 1 drop of 10% AgN03. 

10 min a t  85 t o  100°C, and another  0.2 mi l l imole  of (NH4)2S208 w a s  added, 

and h e a t i n g  w a s  cont inued 1 min. The s o l u t i o n  w a s  cooled r a p i d l y  t o  room 

temperature  and the  volume ad jus t ed  t o  10 m l .  I n  most e x t r a c t i o n  exper i -  

ments 1 - m l  a l i q u o t s  of t h i s  s o l u t i o n  were d i l u t e d  t o  10 m l  t o  g ive  a f i n a l  

s o l u t i o n  con ta in ing  2 x _M Am241, 3 x - N HC1, 1 x ; H2S04, 
3 x - M AgN03, p lus  t h e  decomposition products  of O . O l _ M  (NH4)2S208, 

and t h e  v a r i a b l e  added c o n s t i t u e n t s .  So lu t ions  of the  same composition 

con ta in ing  Am(II1) could a l s o  be prepared s i n c e  t h e r e  i s  no ox ida t ion  

wi thout  hea t ing .  

The s o l u t i o n  w a s  hea ted  

1.10.2 Procedure 

D i s t r i b u t i o n  d a t a  were obtained by thoroughly con tac t ing  prepared 

s o l u t i o n s  i n  sepa ra to ry  funnels ,  s epa ra t ing  the  phases by c e n t r i f u g a t i o n ,  

and measuring the  gamma a c t i v i t y  of  2-ml samples i n  a wel l - type  s c i n t i l -  

l a t i o n  counter .  
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With some reagents ,  t he  e x t r a c t i o n  of a c i d  has  a n  important  e f f e c t  

on t h e i r  behavior ,  and, i n  these  cases ,  t he  so lven t  w a s  u s u a l l y  precon- 

d i t i o n e d  t o  nea r  equ i l ib r ium cond i t ions  by c o n t a c t i n g  a t  l e a s t  twice 

wi th  aqueous s o l u t i o n s  of t he  same composition used i n  t h e  experiments,  

except  t h a t  no americium was present .  

c o e f f i c i e n t s  were s u f f i c i e n t l y  high,  as  i n  s e v e r a l  t e s t s  w i th  Am(III), t h e  

same r e s u l t  w a s  a t t a i n e d  by success ive  scrubs  of t h e  so lven t  wi th  the  in-  

a c t i v e  aqueous s o l u t i o n  a f t e r  t he  e x t r a c t i o n  of Am241. The e x t r a c t i o n  of 

Am(II1) and Am(V1) under s imi l a r  cond i t ions  gave d a t a  from which americium- 

curium s e p a r a t i o n s  could be c a l c u l a t e d  when the  r e l a t i v e  e x t r a c t a b i l i t i e s  

of Am(II1) and C m ( I I 1 )  were known. 

I n  o t h e r  cases  where d i s t r i b u t i o n  

The r ap id  au toreduct ion  of Am(V1)  requi red  a minimum l a p s e  of t i m e  

between the  ox ida t ion  of t he  americium and the  s e p a r a t i o n  of t he  phases.  

Accordingly, w i th  no de lays  i n  p repa ra t ion ,  i t  w a s  p o s s i b l e  t o  complete 

a s e r i e s  of fou r  e x t r a c t i o n s  i n  about  30 min. It should be assumed t h a t ,  

i n  most t e s t s ,  t h e r e  w i l l  be a t  l e a s t  2% Am(II1) i n  t h e  A m ( V 1 ) .  I n  some 

t e s t s ,  such as  e x t r a c t i o n  wi th  HDEHP, t h e r e  w a s  i n d i c a t i o n  of less r e -  

duc t ion  owing t o  s t a b i l i z a t i o n  of t he  A m ( V 1 ) .  I t  should a l s o  be noted 

t h a t  e r r o r s  i n  the  r epor t ed  e x t r a c t i o n  c o e f f i c i e n t s  f o r  Am(V1)  may be 

r e l a t i v e l y  l a r g e  f o r  systems when the  e x t r a c t a b i l i t y  of Am(II1) i s  high.  

1.10.3 E x t r a c t i o n  by Tri-2-octylphosphine Oxide 

E x t r a c t a b i l i t i e s  of Am(II1) and A m ( V 1 )  by a 0.2 - M s o l u t i o n  of t r i - n -  - 
octylphosphine oxide (TOPO) were measured from va r ious  s o l u t i o n s  con- 

t a i n i n g  n i t r i c  and s u l f u r i c  a c i d s  and a l k a l i  n i t r a t e s  (Fig.  1.10.1). 

The most s i g n i f i c a n t  observa t ion  from these  d a t a  i s  t h a t ,  i n  most ca ses ,  

t h e  e x t r a c t i o n  of Am(II1) w a s  g r e a t e r  than t h a t  of Am(V1). 

cond i t ions  the  sepa ra t ion  f a c t o r  between t h e  two spec ie s  w a s  g r e a t e r  

than 100. 

appears  p a r t i c u l a r l y  favorable  f o r  s epa ra t ion ,  s i n c e  t h e  e x t r a c t i o n  of 

Am(II1) w a s  maximum a t  t h i s  concen t r a t ion  of n i t r a t e  i n  t h i s  system, 

whereas t h e  e x t r a c t i o n  of A m ( V 1 )  from l i t h i u m  n i t r a t e  s o l u t i o n s  t h a t  were 

0 .1  - N i n  HN03 w a s  low and almost  independent of t h e  concen t r a t ion  of 

l i t h i u m  n i t r a t e .  High sepa ra t ions  were a l s o  obta ined  from a mixture  

0.1 - N i n  H2S04 and 4 - N i n  NaN03. 

Under some 

E x t r a c t i o n  from a mixture  0.1 - N i n  HN03 and 2 - N i n  LiN03 
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If the reagent-concentration dependence for Am(II1) extraction is 

third power, like that of the rare earths, and is less than third power 

for Am(V1) extraction, as might be expected, still higher separation 

could be obtained with more concentrated TOP0 solutions. 

1.10.4 Extraction by Tributyl Phosphate 

A comparison was made of the extraction of Am(II1) and Am(V1) by 

TBP from nitric acid and from sodium and lithium nitrate solutions 

(Fig. 1.10.2). 

was more extractable than Am(V1) when the concentration of nitric acid 

was more than about 2 N. 
nearly constant at 4 to 5 from 2 2 to 10 - N HNO,. 

separation factor should be about twice as high in this system. With 

1 - M TBP in Amsco 125-82, the extraction coefficients were too low to 
be of practicable use, and the size and direction of the separation 

factors varied erratically with acidity. 

In extractions by pure TBP from nitric acid, Am(II1) 

The Am(III)/Am(VI) separation factor was 

The Cm(III)/Am(VI) 

In extractions with 1 - M TBP in Amsco 125-82 from nitrate salt solu- 
tions, the sodium nitrate concentration had a much greater effect on the 

extraction of Am(II1) than on the extraction of Am(V1). 

the Am(II1) extraction coefficient was about 3, and the separation factor 
for & ( V I )  was about 30. 
coefficients were greater at high salt concentration, but the separation 

factor was lower. 

At 5 NaN03, 

From lithium nitrate solution, the extraction 

1.10.5 Extraction by Di(2-ethylhexy1)phosphoric Acid 

Preliminary tests showed that Am(II1) is far more extractable than 

Am(V1) by 0.3 - M di(2-ethylhexy1)phosphoric acid (HDEHP) from nitrate 

solutions (Table 1.10.1). 

and Am(V1) should be obtainable by extracting from acid solutions up to 

0.1 - N in HNO,. For example, a single-stage extraction by one volume of 

0.3 M HDEHP in DIPB from 20 vols. of 0.01 N HN03 should recover more 

than 99% of the curium and leave more than 99% of the oxidized americium 
in the aqueous phase. 

separation from solutions up to 1 _N in LiN03. These data are in dis- 

agreement with a previously published suggestionlo that HDEHP can be used 

for the preferential extraction of Am(V1) from similar solutions. 

A very high degree of separation between curium 

- - 

A single-stage extraction should also give high 
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Table 1.10.1. E x t r a c t i o n  of Am(II1) and Am(V1)  

by D i  (2- e thy lhexyl  )phosphoric Acid 

Organic phase: 0.3 - M HDEHP i n  DIPB 

E," D i s t r i b u t i o n  Coef f i c i en t ,  

Aqueous Phase Am(II1) A m ( V 1 )  

0.01 - N HN03 

0.05 _N H N O ~  

0.1 _N HN03 

1.0 _N HN03 

0.1 _N LiN03 

1.0 ,N LiN03 

2.0 _N LiNO, 

5.0 _N LiN03 

SO00 0.12 
-- 12 

1.1 0.019 

0.0003 4). 0002 

a 0 0 0  1.9 

SO00 3.3 
a500 2.3 

80 1.6 

It i s  i n t e r e s t i n g  t o  no te  t h a t  t he  e x t r a c t i o n s  from 0.1 - N HN03 i nd i -  

c a t e  t h a t  no more than 4% of the  Am(V1) could have been reduced i n  t h i s  

tes t ,  even i f  A m ( V 1 )  were completely i n e x t r a c t a b l e .  

1.10.6 E x t r a c t i o n  by a T e r t i a r y  Amine 

A very  b r i e f  comparison was made of Am(II1) and Am(V1) e x t r a c t i o n s  

by Alamine 336 n i t r a t e  i n  DIPB from l i t h i u m  n i t r a t e  so lu t ions .  I n  o rde r  

t o  ob ta in  apprec i ab le  e x t r a c t i o n  from d i l u t e  n i t r a t e  so lu t ions ,  no a c i d  

was added beyond the  0.001 - N H2S04 der ived  from the  p repa ra t ion  of A m ( V 1 ) .  

The d a t a  i n  Table 1.10.2 show t h a t  A m ( I I 1 )  w a s  l e s s  e x t r a c t a b l e  than 

Am(V1) a t  low n i t r a t e  concent ra t ions ,  bu t  a d i f f e r e n c e  i n  n i t ra te -concen-  

t r a t i o n  dependency reversed the preference  a t  concen t r a t ions  above 4 N 

LiN03. 
- 

The e x t r a c t i o n  of A m ( V 1 )  by 15% Alamine 336 was about  h a l f  t h a t  by 

30% from 4 - N LiN03; from 8 - N LiN03 t h e  r a t i o  of c o e f f i c i e n t s  w a s  only 

one-fourth,  i n d i c a t i n g  a change i n  the  n a t u r e  of the  e x t r a c t a b l e  spec ies .  

When e x t r a c t a n t  con ta in ing  Am(V1) t h a t  had been e x t r a c t e d  from 4 N, 

6 3, o r  8 _N LiN03 w a s  allowed t o  s tand  overn ight  and was then  contac ted  

wi th  s imilar  aqueous s o l u t i o n s ,  t he  e x t r a c t i o n  c o e f f i c i e n t s  were very  

- 



similar to those obtained the previous day. These results indicate sta- 

bilization of &(VI) in the extract. 

Table 1.10.2. Extraction of Am(II1) and Am(V1) 

by Tertiary Amine 

3O$ Alamine 336 Nitrate in DIPB 
0.001 HzS04, 0.01 - M (NJ&)zS208 

0 Distribution Coefficient, Ea 

LiN03 (2) Am(II1) Am(V1) ~m(v1)-15% Amine 

0.009 

0.079 
0.36 
1.51 

11 

48 

93 
33 0 
860 

0.082 
0.25 

0.65 
1.66 0.78 
4.7 
11 4.3 
23 

81 19 

87 

1.11 Separation of Transplutonium Elements from Iron 

(B. Weaver, F. A. Kappelmann, J. R. Collins) 

One potential method of producing transplutonium elements consists 

in subjecting quantities of uranium or plutonium to the extremely high 

neutron flux of a thermonuclear explosion in a salt dome. According 

to one preliminary process proposal, thousands of tons of salt would be 

treated to obtain a few grams of the desired products in millions of 

gallons of dilute nitric acid. Many different elements would be present 

in the liquor and, of these, a relatively large quantity of iron would 

probably constitute the most difficult separation problem. 

various methods are being considered for the removal of the iron and 

concentration of the product. 

Consequently, 



1.11.1 P r e c i p i t a t i o n  Methods 

Plutonium can probably be scavenged e f f e c t i v e l y  by adding a l k a l i  t o  

g ive  a c o p r e c i p i t a t e  wi th  a s m a l l  f r a c t i o n  of t he  i ron .  

i f  any, of t he  t ransplutonium elements would be p r e c i p i t a t e d  a t  t h i s  low 

pH. 
i r o n  and r a r e  e a r t h s  the  i r o n  w a s  p r e c i p i t a t e d  p r e f e r e n t i a l l y .  F luo r ides  

are  among t h e  most i n s o l u b l e  compounds of t he  rare  e a r t h s  and t h e  similar 

t ransplutoniums.  

s o l u t i o n s  of t h e  extremely low concen t r a t ion  expected. However, cop rec ip i -  

t a t i o n  i s  l i k e l y ,  and t h i s  p o s s i b i l i t y  has  been t e s t e d .  

However, l i t t l e ,  

Transplutonium phosphates have low s o l u b i l i t i e s ,  b u t  i n  tes ts  wi th  

It  i s  u n l i k e l y  t h a t  they  can be p r e c i p i t a t e d  from pure 

When potassium f l u o r i d e  w a s  added t o  a f e r r i c  n i t r a t e  s o l u t i o n  con- 

t a i n i n g  1 g of i r o n  pe r  l i t e r ,  t he  s o l u t i o n  became almost  c o l o r l e s s  a t  

one atom of f l u o r i d e  pe r  atom of i ron .  The pH of t h e  s o l u t i o n  increased  

from 2.20 t o  2.65. 

of i r o n  gave t h e  f i r s t  appearance of t u r b i d i t y .  Af t e r  s tanding  f o r  1 h r ,  

92% of the  Am241 w a s  removed from t h e  s o l u t i o n  by c e n t r i f u g a t i o n .  

pre l iminary  t e s t s  of o t h e r  s o l u t i o n s  con ta in ing  0.5 t o  1 .0  g of i r o n  per  

l i t e r  ( t r aced  by Fe5’) and (2  t o  5 )  x 

90% of the  americium was p r e c i p i t a t e d  a long  wi th  l e s s  than 10% of the  i ron .  

I n  one case ,  t he  sepa ra t ion  w a s  improved f u r t h e r  by adding n i t r i c  a c i d  

t o  the  s l u r r y  t o  r e d i s s o l v e  t h e  p r e c i p i t a t e  and r e a d j u s t i n g  t h e  pH wi th  

potassium hydroxide. 

Fu r the r  a d d i t i o n  of f l u o r i d e  up t o  6 atoms pe r  atom 

I n  

g of Am241 per  l i t e r ,  more than 

S imi l a r  experiments wi th  a l i q u o r  con ta in ing  only  0.1 g of i r o n  per  

l i t e r  d id  n o t  g ive  a v i s i b l e  p r e c i p i t a t e .  

t h a t  would be obtained i n  a c t u a l  process  p r a c t i c e  i s  n o t  known a c c u r a t e l y  

a t  t h i s  t ime.) 

t h e  f l u o r i d e  c o p r e c i p i t a t i o n  method might s u f f e r  i f  t h e  l i q u o r  contained 

too  l i t t l e  i ron .  On t h e  o t h e r  hand, i t  i s  a l s o  p o s s i b l e  t h a t  o t h e r  metals 

p re sen t  i n  the  l i q u o r  might cause b e t t e r  r ecove r i e s  than those  obta ined  

wi th  the  r e l a t i v e l y  pure s o l u t i o n  descr ibed  here .  

(The i r o n  con ten t  of t he  l i q u o r  

Pending r e s u l t s  from f u r t h e r  t e s t s ,  i t  i s  p o s s i b l e  t h a t  

1.11.2 Solvent  Ex t rac t ion  

A survey of information a v a i l a b l e  concerning r a r e - e a r t h  e x t r a c t i o n  

and r e s u l t s  of some tes ts  on i r o n  e x t r a c t i o n  ind ica t ed  the  p o s s i b i l i t y  

of ob ta in ing  h igh  recovery of t ransplutonium elements i n  a g r e a t l y  
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reduced volume by e x t r a c t i n g  wi th  di(2-ethylhexy1)phosphoric a c i d  i n  d i i s o -  

propylbenzene from a l i q u o r  t h a t  has  been t r e a t e d  wi th  a carboxyl ic  ac id  

t o  h inder  i r o n  e x t r a c t i o n  and t o  prevent  i t s  p r e c i p i t a t i o n  dur ing  pH ad- 

justment t o  about  4 wi th  sodium hydroxide. Two ba tch  countercur ren t  ex- 

t r a c t i o n  experiments were performed wi th  s o l u t i o n s  con ta in ing  0.1 g of 

i r o n  per  l i t e r  and 0.04 _M c i t r i c  ac id .  

i n  both t e s t s  and a t r a c e r  amount of Am241 w a s  added i n  the  second tes t .  

Tracer  amounts of Fe5’ were added 

The f i r s t  t e s t  w a s  c a r r i e d  through 31 cyc le s  wi th  t h r e e  e x t r a c t i o n  

s t ages ,  four  americium s t r i p  s t ages ,  and two i r o n  s t r i p  s t ages  as shown 

i n  Fig.  1.11.1. Solu t ion  composition and volume r a t i o s  a r e  a l s o  shown 

i n  Fig.  1.11.1. 

phenol (BAMBP) w a s  added t o  the  so lven t  s i n c e  t h i s  o r  a s i m i l a r  a c t i n g  

a d d i t i v e  would be necessary  i n  a c t u a l  p r a c t i c e  t o  prevent  third-phase 

formation dur ing  so lven t  c leanup by a l k a l i n e  s t r i p p i n g .  It  served no 

u s e f u l  purpose i n  t h i s  experiment. Phases were contac ted  15 min by 

r o t a t i n g  sepa ra to ry  funnels  end-over-end mechanically and were separa ted  

wi th  c e n t r i f u g a t i o n .  The volume reduc t ion  f a c t o r  of 12.5 was the  maximum 

p r a c t i c a b l e  i n  t h i s  small-scale experiment w i th  feed volumes of on ly  25 m l .  

It should be noted t h a t  4-sec-butyl-2-(~-methylbenzyl)- - 

This  experiment w a s  designed only t o  determine the  f a t e  of t he  i ron .  

Analyses a f t e r  30 cyc le s  showed t h a t  90% of the  Fe5’ w a s  l eav ing  the  

system i n  the  f i r s t - s t a g e  r a f f i n a t e ,  7.4% w a s  removed from the  organic  

phase by s t r i p p i n g  wi th  o x a l i c  ac id ,  and only 0.4% went i n t o  the  s t ream 

t h a t  normally would c a r r y  the  Am241 product.  

have been removed by inc luding  scrub  s t a g e s  i n  the  system. There was 

no Fe5’ a c t i v i t y  i n  the  organic  phase a f t e r  s t r i p p i n g  wi th  o x a l i c  ac id .  

The p r o f i l e  of i r o n  concen t r a t ion  and d i s t r i b u t i o n  c o e f f i c i e n t s  i n  the  

t h i r t y - f i r s t  cyc le  i s  given i n  Fig.  1.11.2. It i s  apparent  t h a t  t h e  ex- 

t r a c t i o n  of i r o n  can be l imi t ed  t o  a s m a l l  f r a c t i o n  of t h a t  p re sen t  and 

t h a t  t h e  e x t r a c t e d  i r o n  should be e f f e c t i v e l y  separa ted  from americium 

when the  l a t t e r  i s  s t r ipped .  

P a r t  of t h e  l a t t e r  could 

The second e x t r a c t i o n  experiment, which included Am241, w a s  designed 

t o  g ive  a l a r g e r  volume reduc t ion  ac ross  the  system, as  shown i n  Fig.  1.11.3. 
Solu t ion  composition, volume r a t i o s ,  and o the r  experimental  d e t a i l s  a re  

a l s o  shown i n  Fig.  1.11.3. 
funnels  by mechanical end-over-end r o t a t i o n .  

Phases were contac ted  f o r  20 min i n  sepa ra to ry  

i 
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Numbers in circles are batch volumes (ml) 
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Analyses a f t e r  t he  twenty-seventh cyc le  showed removal of 94% of the  

Fe5’ i n  t h e  r a f f i n a t e  and 5.6% i n  t h e  i r o n - s t r i p  stream. 

the  Fe5’ was found i n  the  Am241 product.  

i n  t he  r a f f i n a t e  ( l e s s  than 0.01%) and only 0.006% i n  t he  i r o n - s t r i p  

stream. A p r o f i l e  of t he  concent ra t ions  of both elements i n  t h e  twenty- 

e igh th  cyc le  i s  given i n  Fig.  1.11.4, and a p r o f i l e  of d i s t r i b u t i o n  coef-  

f i c i e n t s  i s  given i n  F ig .  1.11.5. 

Only 0.028% of 

There w a s  no d e t e c t a b l e  Am241 

A time s tudy w a s  a l s o  made of i r o n  and americium e x t r a c t i o n  from t h e  

same feed s o l u t i o n  used i n  the  coun te rcu r ren t  experiment. T e n - m i l l i l i t e r  

volumes of 0.1g HDEHP i n  DIPB and t h e  feed s o l u t i o n  were contac ted  f o r  

1 min by vigorous shaking, separa ted ,  and sampled. Af te r  a n a l y s i s ,  t he  

phases were recombined and subjec ted  t o  s e v e r a l  per iods  of con tac t  by 

mechanical end-over-end r o t a t i o n ,  wi th  i n t e r m i t t e n t  s epa ra t ion  and sam- 

p l ing .  The t o t a l  of t hese  con tac t  t imes was 1.50 min. The amounts o f  

Fe5’ and Am241 found i n  the  organic  phase a r e  p l o t t e d  a g a i n s t  con tac t  

time i n  Fig.  1.11.6, whi le  d i s t r i b u t i o n  c o e f f i c i e n t s  and sepa ra t ion  fac-  

t o r s  a r e  p l o t t e d  i n  Fig.  1.11.7. It i s  seen t h a t  americium e x t r a c t i o n  

reached a cons t an t  l e v e l  very  r ap id ly ,  whi le  i r o n  e x t r a c t i o n  increased  

g radua l ly  over t h e  e n t i r e  per iod.  Thus, r ap id  opera t ion  would be of 

cons iderable  importance i n  a p p l i c a t i o n  of t h i s  system t o  a sepa ra t ion  

process .  

Fu r the r  experiments w i l l  inc lude  s t u d i e s  of the  e f f e c t  of h igher  

i r o n  concent ra t ions ,  t he  use of o the r  complexing agents ,  and the  f a t e  

of calcium when p resen t  i n  the  feed l i q u o r .  
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2. FUNDAMENTAL AND DESCRIPTIVE CHEMISTRY OF 

SOLVENT EXTRACTION SYSTEMS 

2.1 Extraction of Metals from Chloride Solutions with Amines 

(D. J. Crouse, F. G. Seeley) 

In a continuation of a program to survey the extraction of many 

metals from hydrochloric acid and acidified chloride salt solutions 

with typical primary, secondary, tertiary, and quaternary amines, data 

were obtained for the extraction of germanium, selenium, rubidium, 

strontium, yttrium, niobium, and molybdenum. Extraction data for thir- 

teen other metals were reported previously. 1,3,4 

2.1.1 Procedures 

The amines chosen to represent the different amine types in standard 

metal extraction tests were Primene JM (primary amine), Amberlite LA-1 

(secondary amine), Alamine 336 (tertiary amine), and Aliquat 336 (qua- 
ternary amine). 

used was diethylbenzene (DEB), except for Aliquat 336, where the addition 
of 3 vol $ tridecanol (TDA) was necessary to prevent third-phase for- 
mation at high chloride concentrations. Radiochemical analyses were used 

to determine the distribution of the metals between the phases except 

in tests with germanium and rubidium, for which ionic analyses were ob- 

tained. 

Concentration of the amines was 0.1 g, and the diluent 

2.1.2 Germanium(1V) 

Extraction coefficients from both HC1 and LiC1-0.2 _M HC1 solutions 

were less than 0.04 (analytical detection limit) for all four amines below 

aqueous chloride concentrations of 5 _M (Fig. 2.1.1). 

extraction results for all the amines were approximately equivalent. Coef- 

ficients increased rapidly with increase in chloride concentration above 

5 PI, reached a maximum of 50 to 70 at a chloride concentration of about 
8 E ,  and then decreased slightly with further increase in chloride con- 
centration to 10 - M. From hydrochloric acid solutions, the extraction 

order was: 

From salt solutions 

Aliquat 336 > Alamine 336 > Amberlite LA-1 > Primene JM. 
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Fig .  2.1.1. E x t r a c t i o n  of Germanium(1V) from Chloride So lu t ions  by 
Amines. 
A l iqua t  336). 
from 0.5 M t o  10 M t o t a l  c h l o r i d e  and con ta in ing  0.01 _M Ge(1V). 
10 min at-l / l  phase r a t i o .  

Organic phase: 0.1 - M amine c h l o r i d e  i n  DEB (97% DEB-3% TDA f o r  

Contact:  
Aqueous phase: HC1 o r  LiC1-0.2 _M HC1 s o l u t i o n s  ranging  
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Extraction coefficients increased with increase in chloride concentration, 

reaching a maximum value of about 90 for Aliquat 336 at a chloride con- 
centration of 10 _M. Germanium in the organic phase was determined by 

neutron activation analysis, while conventional ionic techniques were 

used to determine its concentration in the aqueous phase. 

2.1.3 SeIenium(1V) 

Extractions from both acid and salt solutions increased with in- 

creasing chloride concentration from 0.5 to 10 _M (Fig. 2.1.2). 
solutions, extraction coefficients at 10 _M chloride were 12 with Aliquat 336, 
7 with Alamine 336, 0.6 with Amberlite LA-1, and 0.03 with Primene JM. In 

extractions from hydrochloric acid, coefficients were slightly higher than 

from the salt solutions, and the extraction order was different in the 

5 to 10 _M chloride concentration range. Extraction coefficients at 10 _M 

HC1 were about 60 for Alamine 336 and Amberlite LA-1, 22 for Aliquat 336, 
and 0.7 for Primene JM. 

From salt 

2.1.4 Rubidium 

In extractions from both acid and salt solutions, extraction coef- 

ficients for all four amines were less than 6 x 
limit) over the chloride concentration range 0.5 to 10 _M. 

concentrations were determined by flame photometry. 

(analytical detection 

The rubidium 

2.1.5 Strontium 

Extraction coefficients for all four amines were less than 0.004 from 

both acid and salt solutions over the chloride concentration range 0.5 to 

10 M. - 

2.1.6 Yttrium 

Extraction coefficients from both acid and salt solutions were quite 

low, reaching a maximum of only 3 x 
from acid solutions with Aliquat 336 (Fig. 2.1.3). 
siderably weaker with Alamine 336 and were negligible (E 
with Amberlite LA-1 and Primene JM. 

from salt solutions and 8 x 
Extractions were con- 

0 
less than 5 x l o m 4 )  a 
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2.1.7 Niobium(V) 

C o e f f i c i e n t s  f o r  t he  e x t r a c t i o n  of niobium(V) from hydrochlor ic  a c i d  

decreased wi th  inc rease  i n  a c i d  concent ra t ion  from 0.5 t o  4 - M and then in-  

creased r a p i d l y  as the  c h l o r i d e  concent ra t ion  was increased  t o  10 M 

(Fig.  2.1.4). The e x t r a c t i o n  order  w a s :  Al iqua t  336 > Alamine 336 > 
Amberli te LA-1 > Primene J M .  The maximum c o e f f i c i e n t s  obtained (10 - M 

H C 1 )  were about  110 f o r  Al iqua t  336 and about  80 f o r  Alamine 336. 
Niobium e x t r a c t i o n s  from the  sa l t  system were s t ronge r  than from t h e  a c i d  

system a t  c h l o r i d e  concen t r a t ions  below 5 _M but  were weaker from the  s a l t  

system a t  high c h l o r i d e  concen t r a t ions ,  i . e . ,  8 t o  10 - M. A maximum coef-  

f i c i e n t  of about  12 w a s  obtained wi th  Al iqua t  336 a t  10 - M ch lo r ide .  

- 

Because of t he  low s o l u b i l i t y  of niobium i n  a c i d  so lu t ions ,  only 

t r a c e r  concen t r a t ions  were used. The t r a c e r  so lu t ion ,  as received,  con- 

ta ined  oxa la te ,  which w a s  destroyed by t rea tment  wi th  KMnO, (excess  

W 0 4  then destroyed wi th  NH20H*HC1) before  i t  was added t o  t h e  t e s t  

so lu t ions .  I n  ear l ie r  t e s t s  i n  which t h e  oxa la t e  was n o t  destroyed 

(11 ppm of o x a l a t e  i n  the  t es t  s o l u t i o n s )  niobium e x t r a c t i o n  c o e f f i c i e n t s  

were only a t e n t h  as  h igh  i n  the  c h l o r i d e  concent ra t ion  range 2 t o  6 - My 

a l though t h e r e  w a s  no d i s c e r n i b l e  e f f e c t  a t  a c h l o r i d e  concen t r a t ion  of 

10 M. - 

2.1.8 Molybdenum(V1) 

The e x t r a c t i o n  power of the  d i f f e r e n t  amines f o r  molybdenum va r i ed  

widely (Fig.  2.1.5). The e x t r a c t i o n  order  w a s :  Al iqua t  336 > Alamine 336 > 
Amberli te LA-1 > Primene J M ,  w i th  t h e  f i r s t  g iv ing  e x t r a c t i o n  c o e f f i c i e n t s  

1000 t o  10,000 t imes h ighe r  than the  las t .  I n  e x t r a c t i o n s  from L i C l -  

0.2 - M HC1 wi th  Al iqua t  336, the  c o e f f i c i e n t  reached a maximum value  of 

about  2000 i n  t h e  range 8 t o  10 - M c h l o r i d e ,  Ex t r ac t ions  were much weaker 

from hydrochlor ic  a c i d ;  t h e  maximum c o e f f i c i e n t  obtained wi th  Al iqua t  336 
w a s  about  40 and occurred a t  an a c i d  concent ra t ion  of about 5 E. 

It should be noted t h a t  e x t r a c t i o n  c o e f f i c i e n t s  f o r  molybdenum(VI), 

l i k e  those of vanadium(V), a r e  dependent on t h e  molybdenum ( o r  vanadium) 

concent ra t ion  i n  the  aqueous phase, wi th  the  c o e f f i c i e n t s  a t  low so lven t  

loadings  decreas ing  wi th  decreas ing  aqueous molybdenum concent ra t ion .  

* 
i 
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Fig. 2.1.5. Ex t r ac t ion  of Molybdenum(V1) from Chloride So lu t ions  
wi th  Amines. 
3% TDA f o r  Al iqua t  336) .  
r an  ing  from 0.5 t o  10 - M t o t a l  c h l o r i d e  and conta in ing  0.01-M - Mo(V1) and 
Mo” t r a c e r .  

Organic phase: 0.1 _M amine c h l o r i d e  i n  DEB (97% DEB- 
Aqueous phase: HC1 o r  LiC1-0.2 M H C 1  s o l u t i o n s  

Contact :  10 min a t  1/1 phase r a t i o .  



I n  e x t r a c t i o n s  wi th  Al iqua t  336 from LiC1-0.2 - M HC1 con ta in ing  0.03 _M 

molybdenum, c o e f f i c i e n t s  were 2 t o  4 t i m e s  h ighe r  than shown i n  F ig .  2.1.5 

f o r  t e s t s  i n  which t h e  i n i t i a l  aqueous molybdenum concen t r a t ion  w a s  O . O l _ M .  

E x t r a c t i o n s  were a l s o  t ime dependent, c o e f f i c i e n t s  being about  50% h ighe r  

f o r  60-min c o n t a c t  t i m e s ,  compared wi th  10-min c o n t a c t  times. 

2.2 N,N-Dialkyl Amides as E x t r a c t a n t s  

W. E. Oxendine) 
( C .  A. Blake, J. M. Schmitt ,  

Fourteen amides were t e s t e d  f o r  t h e i r  a b i l i t y  t o  e x t r a c t  uranium and 

thorium, and s e v e r a l  of them t o  e x t r a c t  zirconium, hafnium, europium, 

cerium, americium, and n i t r i c  a c i d  from va r ious  aqueous s o l u t i o n s .  I n  

1952'' t h i s  c l a s s  of compounds was examined b r i e f l y  a t  t h i s  l a b o r a t o r y  

t o  determine t h e i r  p o t e n t i a l  f o r  uranium e x t r a c t i o n  from o r e  leach  l i q u o r s .  

It w a s  shown t h a t  t h e  amides, i n  p a r t i c u l a r  t he  phosphoramides, would ex- 

t r a c t  uranium from n i t r a t e  systems bu t  were poor e x t r a c t a n t s  from s o l u t i o n s  

con ta in ing  o t h e r  anions,  such as  phosphate. Subsequently,  a d d i t i o n a l  

phosphoaamides were prepared, and a u s e f u l  e x t r a c t i o n  of uranium was 

achieved from s u l f a t e - n i t r a t e  and phospha te -n i t r a t e  systems," b u t  t h e  

r eagen t s  lacked s u i t a b l e  s t a b i l i t y  a g a i n s t  hydro lys is .  Since t h a t  time, 

o t h e r  workers have been i n t e r e s t e d  i n  the  amides as  e x t r a c t a n t s ,  no tab ly  

Feder and Ader,I3 who examined t h e  a b i l i t y  of a number of amides t o  ex- 

t r a c t  uranium from a c i d  and n e u t r a l  s o l u t i o n s  con ta in ing  n i t r a t e ,  ch lo r ide ,  

s u l f a t e ,  phosphate,  and o t h e r  anions.  Best  r e s u l t s  were achieved wi th  

d ia lkylace tamides ,espec ia l ly  N,N-di-E-butylacetamide, d i s so lved  i n  kero- 

sene o r  carbon t e t r a c h l o r i d e .  The e x t r a c t e d  uranium w a s  recovered by 

scrubbing the  organic  phase wi th  uranium-complexing a l k a l i n e  s o l u t i o n s .  

It i s  t h e  purpose of t he  p r e s e n t  i n v e s t i g a t i o n  t o  s tudy  the  e x t r a c t i o n  

p r o p e r t i e s  of amides of d i f f e r e n t  s t r u c t u r e s  and t o  compare t h e i r  behavior  

wi th  t h a t  of TBP and of d i k - b u t y 1 ) p h e n y l p h o s p h o n a t e  (DSBPP). l4 I n f o r -  

mation a v a i l a b l e  on the  p u r i t y  of t h e  amides i s  a l s o  repor ted .  Severa l  

were s t a t e d  by t h e  r e s p e c t i v e  vendors t o  con ta in  about  95% amide, and a l l  

contained less  than 2.6% ca rboxy l i c  ac id .  

from amines and carboxyl ic  a c i d s  ( o r  t h e i r  d e r i v a t i v e s ) ,  f o r  example, 

Since t h e  amides a re  prepared 



i t  i s  r e l a t i v e l y  easy t o  prepare  a v a r i e t y  of compounds by us ing  d i f f e r e n t  

combinations of t h e  two components. 

A s  shown by the  pre l iminary  r e s u l t s  repor ted  below, e x t r a c t i o n s  of 

uranium and thorium from n i t r a t e  s o l u t i o n s  va r i ed  widely wi th  s t r u c t u r e  

of the amides. Some of them with unbranched a l k y l  cha ins  had about t he  

same e x t r a c t i o n  power f o r  thorium and uranium. Branching the  a l k y l  cha ins  

u s u a l l y  caused a g r e a t e r  decrease  i n  thorium than i n  uranium e x t r a c t i o n .  

Thorium e x t r a c t i o n  w a s  cha rac t e r i zed  by a s t rong  dependence on the  a c i d i t y  

of t he  aqueous phase. The d a t a  suggest  t h a t  thorium and uranium can be 

recovered s e p a r a t e l y  o r  s imultaneously by choosing the  appropr i a t e  amide 

s t r u c t u r e  and n i t r i c  a c i d  concen t r a t ion  of t he  aqueous phase. None of 

t he  amides gave uranium e x t r a c t i o n  c o e f f i c i e n t s  as high as those obta ined  

wi th  TBP o r  DSBPP a t  t he  same concen t r a t ion  i n  the  so lvent .  However, a l l  

of t he  amides t e s t e d  ind ica t ed  uranium-thorium sepa ra t ions  t h a t  were a t  

l e a s t  as good as t h a t  obtained wi th  TBP. Uranium w a s  s t r i p p e d  from the  

so lven t  by w a t e r  o r  d i l u t e  n i t r i c  a c i d  ( less  than  O . l _ M ) .  

s u l f u r i c  o r  hydrochlor ic  a c i d s  may a l s o  be u s e f u l  when cond i t ions  t h a t  

avoid emulsions o r  th i rd-phase  formation are  chosen. Poor phase s e p a r a t i o n s  

were a l s o  obta ined  i n  s e v e r a l  e x t r a c t i o n  tests.  The r a t e  of phase sepa- 

r a t i o n s  v a r i e d  wi th  t h e  amide and was o r d i n a r i l y  more rap id  wi th  aromatic  

r a t h e r  than a l i p h a t i c  d i l u e n t s .  The amides gave poor e x t r a c t i o n s  of 

s t ront ium and cesium from n i t r a t e  s o l u t i o n s  and poor e x t r a c t i o n s  of uranium 

and thorium from hydrochlor ic  and s u l f u r i c  a c i d  so lu t ions .  However, they 

provided s y n e r g i s t i c a l l y  enhanced e x t r a c t i o n  wi th  di(2-ethylhexy1)phosphoric 

a c i d  (HDEHP) and were about  a s  e f f e c t i v e  as the  widely used TBP i n  syner- 

g i s t i c  combination wi th  HDEHP f o r  uranium e x t r a c t i o n  from s u l f a t e  s o l u t i o n s .  

S t r i p p i n g  wi th  

Ex t rac t ion  tes ts  wi th  zirconium, hafnium, and europium wi th  some 

branched-chain amides have ind ica t ed  uranium sepa ra t ions  from these  metals 

which a r e  2 t o  10 t imes h ighe r  than those obta ined  wi th  TBP. Pre l iminary  

r e s u l t s  a l s o  showed a p o s s i b i l i t y  of group sepa ra t ion  of t he  t ransplutonium 

and l an than ide  elements wi th  d i i sop ropy l  propionamide and t e t r a e t h y l  

phthalamide. 
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The amides extracted nitric acid readily. Organic-phase ratios ap- 

proaching 2.5 moles HN03 per mole of reagent were obtained with the di- 

methyl amides of long-chain fatty acids. In tests with 1_M amide solu- 

tions, the extracted acid caused third-phase formation and, in at least 

one case, decomposition of the extractant. Cursory tests were made of 

the stability of two amides against hydrolysis with nitric acid. After 

the rather severe treatment of boiling with 2 - M HN03 for 4 hr, the amides 
were about 20 to 40% hydrolyzed. 

2.2.1 Uranium and Thorium Extraction from Nitric Acid 

Uranium and thorium were extracted separately from nitric acid (1.7 M 
at equilibrium) by 1 - M solutions of several amides in diethylbenzene (DEB) 
(Table 2.2.1). 

from - n-alkyl (C, to c16) carboxylic acids, the thorium coefficients were 
all alike, at Ea = 0.1. 

extraction coefficients were also nearly alike, at Ea = 5 to 6. 
ClTa6 derivative (oleic, unsaturated alkyl chain) behaved like the other 

compounds in the series. The c16.9 derivative gave a higher uranium ex- 

traction, E 

attributable to the presence of an impurity. 

dimethyl C13 amide showed markedly lower extraction of both uranium and 

thorium: E = 0.7 and less than 0.01, respectively. 

- 

With the homologous series of N,N-dimethylamides prepared 

0 Except for the c16.9 derivative, the uranium 
0 The 

0 = 16, which, pending results from further tests, may be a 
The branched chain N,N- 

0 

a 
While intercomparisons may be affected by appreciable and variable 

losses of some of the lighter amides to the aqueous phase, not yet measured, 

the results so far indicate wide variation of uranium and thorium extraction 

and separability when alkyl groups other than methyl were attached to the 

nitrogen atom. For example, N,N-dibutyl acetamide showed the highest 

uranium extraction coefficient (E 

traction coefficient (E 

In comparison, the 2-propyl derivative gave a uranium extraction coefficient 

of about E 

ETh more than 400). 

to predict the structural factors of greatest importance in determining 

extraction behavior. 

0 = 21) and also the highest thorium ex- a 
0 

= 0.8, Eu/ETh about 26) of all the amides tested. 

= 5, whereas the thorium extraction coefficient was 0.013 (E / 

a 

0 

a U 
The number of compounds examined is not yet sufficient 
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Table 2.2.1. Uranium and Thorium Extraction with 1 _M Amide-Diethylbenzene Solutions 

from 1.7 _M HN03 (Equilibrium Aqueous Concentration) 

~~ 

Amide Constituents 

Extraction Coefficient Computed Carboxylic Acid 
Pr inc ipa 1 Avg. No. of Separation 

N-Alky 1 s Components Carbon Atoms U Th Factor, U/Th 

Dime thy 1 

Diethyl 

Di-2- propyl 

D i -&- p r opy 1 

Di-2- butyl 

Tetramethyl 

Tetraethyl 

TBP 

Caprylic-capric 
Lauric 
Coco acidsa 
Myristic 
Palmitic-stearic 
Tallow acidsb 
Oleic 
Neo- Tr idecano icC 

Capric 

Propionic 

Propionic 

Acetic 

i f  d "Dimer acid 

Phthalic 

8.8 
12 
12.5 
14 
16.9 
17 
17.6 
13 
10 

3 
3 
2 

Diamides 

34 
8 

5.0 
6.6 
5.6 
6.1 
16 
6.3 
7 
0.7 

2.7 
5.4 
PP t 
21 

14 

0.1 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 

<o. 01 

0.05 

0.013 

<o. 01 
0.8 

0.5 
<o. 002 

Organophosphorus Reference Standards 

27 1.1 

50 
66 
56 
61 
160 
63 
70 
>70 

54 
410 

26 

28 

25 
DSBPP (xylene) 38 0.1 380 

a Principally lauric and myristic acids. 

bPrincipally palmitic and stearic acids. 

dAmide groups approximately 16 carbon atoms apart. 
C ~ H ~ ~ C  ( C H ~  )&ON ( l2 C 
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The r e s u l t s  of t e s t s  wi th  two diamides a r e  included i n  Table 2.2.1. 

The te t ramethyl  amide from the  branched-chain C34 a c i d  showed h igh  uranium 

and thorium ex t r ac t ion ,  whereas the  t e t r ae thy lamide  of p h t h a l l i c  a c i d  gave 

very low e x t r a c t i o n s  of both metals .  

For comparison, t he  r e s u l t s  of s imilar  tests wi th  TBP and d i - sec -  - 
bu ty l  phenylphosphonate (DSBPP) a r e  a l s o  shown i n  Table 2.2.1. 

e x t r a c t i o n  wi th  t h e s e  reagents  was h ighe r  than t h a t  ob ta ined  wi th  any of t he  

amides. 

a s  good as o r  b e t t e r  than t h a t  obtained wi th  TBP. The di-2-propyl  de r iva -  

t i v e  and the  amide from p h t h a l l i c  a c i d  gave a b e t t e r  uraniwn/thorium sepa- 

r a t i o n  than t h a t  obtained wi th  DSBPP. 

The uranium 

However, a l l  t he  amides gave uranium/thorium s e p a r a t i o n s  t h a t  were 

The v a r i a t i o n  i n  uranium e x t r a c t a b i l i t y  wi th  aqueous n i t r i c  a c i d  con- 

c e n t r a t i o n  w a s  s i m i l a r  f o r  t h e  N,N-dimethyl f a t t y  amides and TBP (Fig.  2.2.1). 

For example, e x t r a c t i o n  increased  wi th  n i t r i c  a c i d  i n  t h e  range 1.5 t o  4 _My 

a t t a i n e d  maximum va lues  i n  the  range 4 t o  65, and then  decreased. Ex- 

t r a c t i o n s  wi th  the  1.0 _M amides i n  diethylbenzene (DEB) were everywhere 

lower than those obtained wi th  1.0 2 TBP i n  DEB and 1.0 _M DSBPP i n  xylene.  

The dimethyl amide made from Neo-Tridecanoic a c i d  had a uranium e x t r a c t i o n  

c o e f f i c i e n t  a t  low a c i d  concen t r a t ion  which was about  10 t i m e s  smal le r  than 

the  o t h e r  amides. However, t he  uranium e x t r a c t i o n  a b i l i t y  of t h i s  com- 

pound increased  wi th  increased  n i t r i c  a c i d  more r a p i d l y  than  d i d  any of 

t he  o t h e r  amides, and the  c o e f f i c i e n t  continued t o  inc rease  i n  the  range 

4 t o  7-M HNO,, a l though the re  w a s  i n d i c a t i o n  of some l e v e l i n g  o f f  above 

5.5 _M. A t  7.0 _M HNO,, uranium e x t r a c t i o n  by t h i s  reagent  equal led  t h a t  of 

t h e  N,N-dimethyl amide of the  mixed oc tanoic  and decanoic a c i d s .  

Thorium e x t r a c t i o n s  by the  amides of t he  f a t t y  a c i d s  were cha rac t e r i zed  

by a very  s t rong  dependence on n i t r i c  a c i d  concen t r a t ion  (Fig.  2.2.1).  

1.7 - M HN03, t he  e x t r a c t i o n  c o e f f i c i e n t s  were about  a t e n t h  of t h a t  ob ta ined  

wi th  TBP and were about  equal  t o  t h a t  wi th  DSBPP. However, a t  3.5 _M HN03, 

the  amide and TBP e x t r a c t i o n  c o e f f i c i e n t s  were about  equal ,  and, a t  7.0 _M 

HN03, t he  e x t r a c t i o n  c o e f f i c i e n t s  with the  amides were 4 t o  5 t imes l a r g e r  

than t h a t  w i th  TBP. Uranium and thorium e x t r a c t i o n  c o e f f i c i e n t s  f o r  

s e v e r a l  of t he  amides were n e a r l y  equal  a t  7.0 _M HNO,. 

w i th  DSBPP remained l o w  throughout t he  a c i d i t y  range. 

A t  

Thorium e x t r a c t i o n  
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The foregoing d a t a  suggest  t h a t ,  by appropr i a t e  choice  of s t r u c t u r e  

of t he  amide e x t r a c t a n t  and n i t r i c  a c i d  concen t r a t ion  of the  aqueous 

phase, thorium and uranium may be recovered e i t h e r  s imultaneously o r  

s epa ra t e ly .  

Three of t he  amides a t  d i f f e r e n t  concen t r a t ions  i n  DEB were examined 

b r i e f l y  wi th  regard t o  t h e i r  e x t r a c t i o n  from s o l u t i o n s  con ta in ing  uranium 

a t  an o r i g i n a l  concen t r a t ion  of 1 g / l i t e r  and n i t r i c  a c i d  a t  an equ i l ib r ium 

concen t r a t ion  of 2 g .  
e x t r a c t i o n  c o e f f i c i e n t s  v s  the  e x t r a c t a n t  concen t r a t ions .  

organic-phase loadings  were low, t h a t  i s ,  uranium:reagent mole r a t i o s  were 

l e s s  than l:25O, t h e  i n i t i a l  reagent  concen t r a t ion  was assumed t o  be equal  

t o  the  f i n a l  f r ee - r eagen t  concent ra t ion . )  

drawn a r b i t r a r i l y  through the  experimental  po in t s ,  f i t  t h e  d a t a  f a i r l y  

wel l .  On the  b a s i s  of t hese  pre l iminary  tes ts ,  i t  i s  suggested t h a t ,  a t  

t hese  low uranium loading l e v e l s  i n  t h e  amide e x t r a c t a n t  phase, t h e r e  i s  

a combination of two reagent  molecules wi th  each uranium atom ex t r ac t ed .  

F igure  2.2.2 g ives  log- log  p l o t s  of t h e  uranium 

(Since the  

The dashed l i n e s  of s lope  2, 

An isotherm f o r  t he  e x t r a c t i o n  of uranium from 5 g HN03 by a 1 _M 

s o l u t i o n  of t he  d imethyl -o le ic  (c-17.6) amide i s  shown i n  Fig.  2.2.3. 

The d a t a  were obtained by mixing the  amide and uranium s o l u t i o n s  a t  a 
s e r i e s  of vary ing  phase r a t i o s .  The i n i t i a l  uranium concen t r a t ion  i n  the  

5 - M HN03 was 122 g of uranium per  l i t e r ,  and the  amide s o l u t i o n  w a s  e q u i l i -  

b r a t e d  p r i o r  t o  e x t r a c t i o n  wi th  a 5 _M HN03 s o l u t i o n  con ta in ing  no uranium 

so t h a t  t h e  aqueous-phase n i t r i c  a c i d  concen t r a t ion  would remain almost  

cons tan t .  Although t h e  equi l ibr ium curve as f a r  as measured l i e s  below 

the  expected asymptot ic  l i m i t  a t  1 mole of uranium f o r  each 2 of amide, 

a n a l y s i s  of i t s  shape sugges ts  t h a t  on ex tens ion  i t  would reach h igher  

than 1:2 loading.  The 1 U:2 amide combining r a t i o  suggested by Fig .  2.2.2 

and the  uranium e x t r a c t i o n  c o e f f i c i e n t  of E 

d imethyl -o le ic  amide, c-17.6, a t  5.0 - M HN03) were used t o  c a l c u l a t e  the  

equi l ibr ium curve shown as  the  dashed l i n e  on Fig.  2.2.3. This  isotherm 

(which does approach the  1:2 l e v e l  a sympto t i ca l ly )  begins  t o  l e v e l  o f f  a t  
a much lower loading of uranium than does t h e  experimental  curve.  These 

d a t a  t e n t a t i v e l y  suggest  t h a t  t h e r e  i s  more than one complex and t h a t  t he  

average complex con ta ins  fewer than two amide molecules f o r  each one of 

uranium a t  h igh  so lven t  loadings.  

0 = 14 ( s e e  Fig.  2.2.1 f o r  the  a 
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2.2.2 E x t r a c t i o n  of N i t r i c  Acid 

The amides e x t r a c t  n i t r i c  a c i d  r e a d i l y .  I n  t e s t s  w i th  1 M amide - 
s o l u t i o n s  i n  diethylbenzene and wi th  r e l a t i v e l y  concent ra ted  n i t r i c  a c i d  

so lu t ions ,  t he  e x t r a c t e d  a c i d  caused th i rd-phase  formation and, i n  a t  least  

one case,  decomposition of t he  e x t r a c t a n t .  

n i t r i c  acid/amide mole r a t i o  of n e a r l y  2.5 w a s  obtained upon con tac t ing  

inc reas ing ly  concent ra ted  a c i d  s o l u t i o n s  wi th  dimethyl ClZa5 and Cl,.g 

amides. 

lower-molecular-weight dimethyl Came amide formed a t h i r d  phase a f t e r  

reaching a loading of bu t  1.2 moles of a c i d  pe r  mole of amide. E x t r a c t i o n s  

of a c i d  by these  t h r e e  amides were about  equal  when con tac t ing  s o l u t i o n s  of 

t h e  same n i t r i c  a c i d  concent ra t ion .  

branched Neo-Tridecanoic a c i d  (Cl3) was no t i ceab ly  lower, and, a t  a loading 

of about  1.3 moles HN03 per  mole of amide from 12 t o  13 M HNO,, decom- 

p o s i t i o n  of t h e  amide occurred, as evidencedby an  exothermic r eac t ion ,  which 

produced brown, sweet-smelling fumes. 

A s  shown i n  Table 2.2.2, a 

Af t e r  reaching  t h i s  loading a t h i r d  l i q u i d  phase appeared. The 

Ex t rac t ion  by the  dimethyl amide of 

- 

2.2.3 Zirconium, Hafnium, and Europium E x t r a c t i o n  from N i t r i c  Acid 

Ex t rac t ions  of t r a c e r  E d s 2 ,  ZrS5, and H f 1 8 1  from 2 t o  8 - M HNO, 

s o l u t i o n s  wi th  s e v e r a l  of t he  N,N-dimethyl amides and TBP a r e  shown i n  

Fig.  2.2.4. Like TBP, t h e  s t r a i g h t - c h a i n  c8.8 and C16,9 amides showed 

increased  zirconium e x t r a c t i o n  wi th  increased  concent ra t ion  of n i t r i c  

a c i d  i n  the  aqueous phase. Their  e x t r a c t i o n  c o e f f i c i e n t s  were 1.5 t o  3 
times lower than those  of TBP, but,  i n  t he  same a c i d i t y  range, t he  

uranium e x t r a c t i o n  c o e f f i c i e n t s  (Fig.  2.2.1) w i th  TBP were 5 t o  10 t i m e s  

g r e a t e r  than those  of the  Cae8 amide, and 1.5 t o  3 t i m e s  g r e a t e r  than those  

of the  Cl6.3 amide. Consequently, t he  uranium-zirconium sepa ra t ions  wi th  

these  compounds were no b e t t e r  than those  a t t a i n a b l e  wi th  TBP. With t h e  

branched cha in  C13 amide, however, t he  zirconium e x t r a c t i o n  c o e f f i c i e n t  

d id  n o t  i nc rease  so r a p i d l y  wi th  inc reas ing  aqueous n i t r i c  a c i d  concen- 

t r a t i o n .  The ind ica t ed  uranium-zirconium sepa ra t ion  w a s  much b e t t e r  than 

t h a t  shown by TBP when e x t r a c t i n g  from 5 t o  7 - M HN03. 
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Table 2.2.2. Extraction of Nitric Acid by 1.0 _M 

Dimethyl Amides in Diethylbenzene 

Equal volumes aqueous and organic phases 
Both phases titrated with aqueous NaOH 

Equilibrium Organic-Phase Nitric Acid Concentration (M) 
a/o Ratio, Moles HN03/Moles Amide in Organic Extract- 

Average carbon atom numbers from Column 3, Table 2.2.1 Equilibrium 
Aqueous HN03 c8. 8 c12.5 c13 c16. 9 

(2) Amide Amide Amide Amide 

9 

10 

11 

12 

13 

14 

0.40 

0.61 

0.78 

0.90 

1.04 

1.18 

3rd phase 
formed 

0.16 

0.40 

0.64 

0.82 

0.97 

1.09 

1.24 

1.41 

1.62 

1.85 

2.22 

2.46 

3rd phase 
formed 

0.22 

0.40 

0.55 

0.68 

0.80 

0.92 

1.01 

1.10 

1.18 

1.26 

De c omp o s ed 

0.16 

0.38 

0.60 

0.78 

0.92 

1.06 

1.20 

1.38 

1.58 

1.86 

2.17 

2.38 

2.48 

3rd phase 
formed 
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N i t r i c  Acid by 1.0 M So lu t ions  of N,N-Dimethyl Amides i n  Diethylbenzene. 
Code numbers a re  t h e  average carbon atom numbers are  the  average carbon 
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With the C8.8 and branched C13 amides, the increase in hafnium ex- 

traction with increased nitric acid concentration was similar to the be- 

havior with zirconium, but the extractability of hafnium was in all cases 

lower. With the c16.9 amide, the practically constant hafnium extraction 

coefficient obtained throughout the acidity range studied was unexpected 

and is unexplained. 

Like zirconium and hafnium, europium (chosen to typify rare earth 

fission products) was extracted by the various reagents in the order 

TBP > straight-chain amides > C13 branched-chain amide. Extraction by 

each reagent was at a maximum in the acidity range 3 to 5 _M HN03. The 

data of Figs. 2.2.1 and 2.2.4 indicate that in comparison with TBP, the 

separation of uranium from rare earths could be improved by a factor up 

to 2 with the straight-chain amides and by factors of from 3 to 10 with 
the branched-chain amide. 

Several additional amides are being synthesized, including compounds 

that contain branching of different types of both the amine and carboxylic 

acid components. It is hoped that some of the compounds will provide 

even better separations of uranium from fission product elements. 

2.2.4 Extractions from Solutions High in Nitrate and Low in Acidity 

(Lanthanides, Transplutonium Elements, Cesium, Strontium) 

The amides are being examined as a part of a program of systematic 

evaluation of reagents for the separation of lanthanide and transplutonium 

elements, and these data will be reported separately. Preliminary results 

from that investigation show that two amides, diisopropyl propionamide 

and N,N,N',N'-tetraethyl phthalamide, may give separations of americium 

(typifying transplutonium elements) from cerium and europium (typifying 

lanthanide elements). 

taining tracer amounts of Am241, Ce144, and 

amides now being synthesized should prove useful in this study also. 

The extractions were from 6 _M LiN03 solutions con- 

The branched-chain 

The dimethyl C16.9 amide gave very low extractions of strontium and 

cesium from neutral sodium nitrate solutions: 

Element (20 ppm Extraction Coefficient with 
in neutral 1.0 - M NaN03) 1.0 _M c16.9 Amide in DEB 

cs 0.0002 

Sr 0.002 
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I , .  

Equal volumes of the organic and aqueous phases were mixed for 10 min at 

room temperature. 

2.2.5 Uranium and Thorium Extraction from Chloride and Sulfate Solutions 

Negligible extraction of uranium and thorium from sulfate or chloride 

solutions was found with 1.0 _M diethylbenzene solutions of dimethyl-C14 

amide : 

E: Extraction Coefficient, 
Aqueous Phase 

(1 g U or Th per liter) U Th 

2 _M HC1 0.06 0.002 

2 _M H2S04 <o. 001 <o. 001 
(2 _M HN03 ) (8) (0.2) 

The 1 ,M amide solutions in diethylbenzene formed emulsions and/or pre- 
cipitates when shaken with hydrochloric and sulfuric acids at concen- 

trations greater than 2 3. 
A synergistic enhancement of the uranium extraction coefficient from 

sulfate solutions was obtained with a combination of di(2-ethylhexy1)- 

phosphoric acid (HDEHP) and dimethyl-C12 amide. 

about the same results as did HDEHP with TBP. 

The combination gave 
15 

0 

Ea 
Uranium Extraction Coefficient, 

from from 
Reagent in Amsco 125-82 0.5 _M SO4, pH 1 1.5 - M H2SO4 
0.1 M HDEHP 14 0 4 
0.1 _M C12 Amide 0,001 0.001 

0.1 - M HDEHP + 0.1 _M C12 Amide 15 
0.1 M HDEHP + 0.1 TBP 470 10 

- 

330 
- 

In these tests, equal volumes of the organic and aqueous phases were mixed 

at room temperature. No further tests were made to determine the optimum 

synergistic combinations or the effect of amides of different structures. 

I -  
, 
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2.2.6 Compat ib i l i ty  of D i luen t s  and Phase Separa t ion  

Diethylbenzene (mixture  of isomers)  was used i n  most of t h e  e x t r a c t i o n  

tes t s  wi th  amides. This  d i l u e n t  w a s  s e l e c t e d  a f t e r  pre l iminary  eva lua t ions  

showed t h a t  when con tac t ing  a wide v a r i e t y  of aqueous systems, i t  o r d i n a r i l y  

gave h ighe r  e x t r a c t i o n  c o e f f i c i e n t s  (Table  2.2.3) and l e s s - f r equen t  emulsion 

formation o r  p r e c i p i t a t i o n  than d id  a l i p h a t i c  d i l u e n t s  such as  2-dodecane 

o r  Amsco 125-82. Other d i l u e n t s  may perform more s a t i s f a c t o r i l y ,  bu t  ex- 

t ens ive  d i l u e n t  s t u d i e s  w i l l  be delayed u n t i l  t h e  p r e f e r r e d  amide s t r u c -  

t u r e s  have been i d e n t i f i e d  more c e r t a i n l y .  

Table 2.2.3. E f f e c t  of Di luent  on Uranium E x t r a c t i o n  

Aqueous phase: 1 g U ( V I ) / l i t e r  
Contact :  equa l  phase r a t i o s ;  10-min c o n t a c t ;  room temperature  

0 

Ea Uranium E x t r a c t i o n  Coef f i c i en t ,  
wi th  0.1 M Dimethyl c8.8 Amide i n :  - E q u i  1 i b r  ium 

Aqueous HNO, 
(3) Die thy1 benzene ~ S C O  125-82 

0.065 
0.20 

0.21 

0.15 

0.008 

0.040 

0.024 

0.004 

Some observa t ions  on phase s e p a r a t i o n  behavior  t h a t  were made dur ing  

the  course  of t he  t e s t  work a r e  l i s t e d  below. 

1. N i t r i c  a c i d  so lu t ions ,  l o w  concen t r a t ions  of meta l  i ons :  

a. The dimethylamides of s t r a i g h t  cha in  carboxyl ic  a c i d s  sepa- 

r a t e d  i n t o  a second l i q u i d  phase when d isso lved  i n  2-dodecane 

and contac ted  wi th  n i t r i c  a c i d  a t  concen t r a t ions  of 2 _M and 

g r e a t e r .  

b. S imi l a r  r e s u l t s  were observed when the  same amides were d i s -  

solved i n  Amsco 125-82, except  f o r  t he  c8.8 amide, which d id  

n o t  form a t h i r d  phase u n t i l  t h e  n i t r i c  a c i d  concen t r a t ion  

i n  t h e  aqueous phase reached 6 M. - 



85 

c. A l l  the amides when dissolved in diethylbenzene performed 

well at the lower concentrations of nitric acid, but several 

formed additional liquid phases at higher concentrations, for 

example, at 10 - M HNO, with the dimethyl Cae8 amide, and at 

16 - M HNO, with the dimethyl ClZe5 and C17.6 (oleic) amides. 
2. Nitric acid solutions, high concentrations of metal ions; 

a. The uranium salts of many of the amides had limited solu- 

bility in diethylbenzene when the uranium was extracted from 

5 - M HNO,. No precipitation resulted, however, with the 

dimethyl C8.8, C17.6 (oleic), and C13 (branched) amides and 

dibutyl decanoamide, 

The uranium salt of the dimethyl C13 (branched) amide formed 

a third phase in Amsco 125-82 with 5 M HNO,, but the addition 

of TBP restored the two-phase system. 

3. Hydrochloric and sulfuric acid solutions: 

b. 

- 

a. Only dimethyl tetradecanoamide in DEB was tested. Performance 

was satisfactory with the 2 _M acids, but emulsions and precipi- 

tates resulted with 4 _M and higher acid concentrations. 

4. Alkaline solutions: 

a. Dimethyl C17.6 (oleic) amide in DEB gave emulsions with 2% 

NaOH or Na,C03, but the dimethyl C13 (branched) amide did not. 

2.2.7' Uranium Stripping 

Water and dilute nitric acid solutions are useful uranium stripping 

agents for the 1.0 - M amide solutions (Table 2.2.4), and the l . O _ M  HN03 

stripping data for the three amides are consistent with extrapolations 

of the extraction data of Fig. 2.2.1. The tests were made with equal 

volumes of organic solvent and aqueous strip solutions. Stripping tests 

from organic extracts prepared by extraction from uranium solutions con- 

taining more than 2 - M HNO, were not made. 

expected, corresponding to the differences in the quantities of acid ex- 

trac ted. 

Different results would be 

Stripping with dilute sulfuric or hydrochloric acids may also be use- 

ful. Emulsion or third phase formation was encountered when amide solutions 

were shaken with acids above 4 - My with 0.5 _M NaOH, or with 0.2 _M Na2C03. 
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Table 2.2.4. Uranium S t r ipp ing  

Pregnant organic  e x t r a c t :  
e x t r a c t e d  from 2 - M €€NO3 

Equal volumes, organic  and s t r i p  phases;  10-min c o n t a c t ;  room 
tempera t u r e  

1 - M amide i n  DEB; 0.7 g U ( V 1 )  per  l i t e r ;  

Uranium S t r i p p i n g  Coef f i c i en t ,  S: 

C12,5 c17. 6 ( o l e i c )  
S t r i p p i n g  Agent Cg.  8 Amide Amide Amide 

~~ 

Water 3.5 2.6 4.5 
0.01 - M HN03 3 03 
0.01 - M HNO, 2.3 

2*  5 
1.7 

4.2 

2.7 
1 - M HN03 0.35 0.30 0.40 

2.2.8 Desc r ip t ion  of Reagents 

An i n d i c a t i o n  of t h e  p u r i t y  of t h e  amides i s  given i n  Table 2.2.5, 

which a l s o  l i s t s  t h e  source of t he  compounds. Many of t h e  commercial 

r eagen t s  con ta in  amides of both h igher  and lower molecular weight than  

t h e  p r i n c i p a l  c o n s t i t u e n t ,  and one s u p p l i e r  i n d i c a t e s  t h a t  t h i s  may vary 

from 5 t o  50%. T i t r a t i o n  wi th  aqueous sodium hydroxide ind ica t ed  t h e  

presence of f r e e  ac id ,  shown i n  Table 2.2.5 as pe rcen t  (by weight )  of 

t h e  corresponding carboxyl ic  ac id .  A l l  these  percentages a re  2% o r  

lower except  f o r  t h a t  of the  Hallcomid M-18 (C16.s),  which showed 2.6% 

a c i d i t y .  

2.2.9 Reagent S t a b i l i t y  

Amides, p a r t i c u l a r l y  those of low molecular weight,  a r e  s u b j e c t  t o  

hydro lys i s  i n  both a c i d  and a l k a l i n e  media. Two of t h e  amides used i n  t h e  

preceding s tudy 

volume of 2 - M HN03 under t o t a l  r e f l u x  f o r  4 h r .  

d i l u t e d  t o  1 - M (based on composition of t h e  o r i g i n a l  sample) w i th  DEB. 

These s o l u t i o n s  were scrubbed several t i m e s  wi th  water  and once wi th  0.2 _M 

Na2C03 t o  remove n i t r i c  ac id .  The scrubbed s o l u t i o n s  were t i t r a t e d  wi th  

sodium hydroxide and were used t o  e x t r a c t  uranium and thorium from 2 2  

(C8.8, C12) were each boi led  (und i lu t ed )  wi th  an equal  

The degraded amides were 
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Table 2.2.5. Descr ip t ion  of Reagents 

Components Percentage o f :  

d F ree  
Amine Acid Amide‘ Acid a P r o p r i e t a r y  Name Source Approx. MW 

Hallcomid M 8-10 
Hallcomid M-12 

Hallcomid M-14 

H a l  lcornid M- 18 
Hallcorriid M-18-OL 
( r ?  9 

Tallow 

EK-4977 
EK- 5727 
EK-7528 
EK- 753 1 

Neo-tridecanoamide 

DIMER 

EK-6534 

H 

H 

H 

H 

H 

GM 

GM 

EK 

EK 

EK 

EK 

OWLe 

GM 

EK 

Dimethyl 8.8 95 1-09 

D i m e  thy 1 14 95 1.1 

Dimethyl 16.9 95 2.6 
D ime thy  1 17.6 95 2.0 

D i m e  t h y l  17 1.6 
Dibutyl  2 0.2 

Die thy  1 10 0.4 

Diisopropyl  3 0.4 

D i m e  t h y l  12 95 0.6 

Dime t h y l  12.5 1.4 

D i -2- prop y 1 3 0.1 

D i m e  t h y l  13 2.0 

B i s  (dime t h y l  ) 34 1.7 
(branched) g 

B i s  ( d i e t h y l )  8 0.2 

( ph tha  1 1 i c  ) 
~ 

a H E C .  P. Ha l l  Company of I l l i n o i s ,  Chicago, I l l i n o i s .  
GM f General M i l l s ,  Inc . ,  Minneapolis, Minnesota. 
EK = D i s t i l l a t i o n  Products  I n d u s t r i e s ,  Rochester,  N.Y. 
ORNLESynthesized a t  Oak Ridge Nat iona l  Laboratory by W. H. Baldwin, ORNL, 

Average number of carbon 

Chemistry Div is ion .  

bS t r a igh t - cha in  f a t t y  a c i d  un le s s  o therwise  noted. 
atoms given a s  i n  Table 2.2.1. 

Where given by supp l i e r .  
of molecular  weight both h igher  and lower than nominal. 

carboxyl ic  ac id .  

Prepared by D r .  Willis H. Baldwin, ORNL, Chrmistry Divis ion.  

C S i g n i f i e s  t o t a l  amide present ,  u sua l ly  con ta in  amides 

dBy t i t r a t i o n  wi th  aqueous sodium hydroxide. 

e 

fNeo-Tridecanoic ac id ,  C9H19C(CH2)2C02H, Enjay Chemical Co., E l i zabe th ,  New 

g34-carbon d i ca rboxy l i c  ac id ,  amide groups approximately 16 carbon atoms a p a r t .  

Acid c a l c u l a t e d  as corresponding 

J e r s e y  . 
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HN03 (Table 2.2.6). 

Ea a [amideI2, i nd ica t ed  a decrease  of amide concen t r a t ions  by 40% and 

3O%, r e spec t ive ly .  The concen t r a t ions  of carboxyl ic  a c i d  found (about  

20% of i n i t i a l  amide) were i n  f a i r  agreement wi th  t h i s ,  cons ider ing  t h e  

probable  l o s s  of some carboxyl ic  a c i d  t o  t h e  sodium carbonate  scrub. 

The decrease  i n  uranium e x t r a c t i o n  c o e f f i c i e n t ,  
0 

Table 2.2.6. Degradation of Amides 

Uranium and thorium e x t r a c t i o n  from 2 ,M €€NO3; equal  phase r a t i o ;  
room temperature;  10-min con tac t  

Amide 

c8. 8 c12 
a a Analysis  I n i t i a l  Degraded I n i t i a l  Degraded 

2 24 1 20 b T i t r a t i o n  ( w t  % a c i d )  

U e x t r a c t i o n  c o e f f i c i e n t  5.0 1.9 6.6 3.2 
Th e x t r a c t i o n  c o e f f i c i e n t  0.10 0.02 0.11 0.04 

a Undiluted amide bo i l ed  4 h r  under r e f l u x  wi th  an equal  volume of 2 ,M 
€€NO3. Degraded amide d i l u t e d  t o  1 M wi th  f r e s h  DEB. 
scrubbed wi th  water  and 0.2 - M N a 2 C 0 i .  

T i t r a t i o n  w a s  wi th  aqueous sodium hydroxide. Percent  a c i d  c a l c u l a t e d  
as  weight pe rcen t  of corresponding carboxyl ic  ac id .  

1 - M s o l u t i o n  

b 

2.3 D i s t r i b u t i o n  C o e f f i c i e n t s  and Separa t ion  F a c t o r s  a s  Funct ions  

of Di luent  Type: T r i b u t y l  Phosphate Di lu t ed  by Aromatics 

v s  Tr ibu ty l  Phosphate Di lu ted  by A l i p h a t i c s  

(C. A. Blake, J .  M. Schmi t t )  

It has  been r epor t ed  t h a t  uranium e x t r a c t i o n  c o e f f i c i e n t s  and sepa- 

r a t i o n  f a c t o r s  from thorium and f i s s i o n  products  were h ighe r  when the  

aromatic  d i l u e n t s  Solvesso 100 and xylene were used, r a t h e r  than the  

a l i p h a t i c  d i l u e n t s  Amsco 125-82 and 2-dodecane, wi th  TBP and o t h e r  n e u t r a l  

organophosphorus reagents .  14J16’17 The fo l lowing  d a t a  show t h a t  t he  be- 

hav io r  of some simple alkylbenzenes i s  s imi l a r  t o  t h a t  of t he  o t h e r  a ro -  

mat ic  d i l u e n t s  t e s t e d  previously.  I n  the  p re sen t  tes ts ,  hafnium, as  
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Hf181 tracer, was used as a stand-in for fission product zirconium- 

niobium. 

separation factors were calculated as the ratio of the separate extraction 

coefficients. 

Extractions were from separate 2 M HNO, solutions, and the - 

As shown in Table 2.3.1, solutions of TBP in diethylbenzene, 2- 
butylbenzene, and 1,2,3-trimethylbenzene extracted uranium with greater 

coefficients than did the TBP-aliphatic combinations by factors of 1.6, 
1.6, and 1.4, respectively. 
lower by factors of about 1.5, and the indicated separation of uranium 

from hafnium was better by factors of 2.4, 1.8 and 1.8, respectively. 

Each of the three simple alkylbenzene-TBP solutions extracted uranium 

better than did the Solvesso-TBP. 
studied with regard to their reactivity with nitric acid. 14,18,19 

The hafnium extraction coefficients were 

These and other alkylbenzenes are being 

Table 2.3.1. Uranium and Hafnium Extraction by 1 M TBP in 

Aromatic or Aliphatic Diluents 
- 

Aqueous phases: 

Organic phases: 
Test conditions: 

2 M HNO, initially, with 0.8 g U(VI)/liter 
or lo4 y counts sec-l ml-l Hf181 
1 - M TBP in indicated diluent 
equal volumes aqueous and organic phases; 

10-min contact at room temperature 

Computed 

Factor 
Extraction Coefficients, Eo Separation a 

a 
Diluent Source Uranium Hafnium SF = E /E U Hf 

Die thy 1 benzene D 65 0.07 950 

1,2,3-Trimethylbenzene E 65 0.09 700 

- n-Butylbenzene EK 60 0.09 650 
Solvesso 100 H 55 0.08 700 

- n-Dodecane EK 40 0.12 350 

~ S C O  125-82 A 50 0.12 400 

a 
Sources: D = Dow Chemical Co. 

E = Enjay Chemical Co. 

H = Humble Oil and Refining Co. 
A = American Mineral Spirits Co. 

EK = Distillation Products Industries 



2.4 Improved S t a b i l i t y  of Amsco 125-82 

( C .  A. Blake, Stephen Rosenblum) 

Although Amsco 125-82, a s p e c i a l l y  prepared a v i a t i o n  naphtha, i s  

considered t o  be one of the  most s t a b l e  of t he  commercial a l i p h a t i c  hydro- 

carbons,  i t  can be degraded seve re ly  by h e a t i n g  o r  i r r a d i a t i n g  i n  the  

presence of n i t r i c  ac id .2  

i s  composed of 17 o r  more compounds i n  t h e  C12-C14 range, 

a r e  h igh ly  branched and a r e  r e a c t i v e  toward n i t r i c  ac id .  For improved 

performance i n  radiochemical processing,  t h e  s t a b i l i t y  can be improved 

by des t roy ing  most of t he  r e a c t i v e  s i tes .  Experimentally t h i s  has  been 

done by (1) t r e a t i n g  wi th  concent ra ted  s u l f u r i c  ac id ,  and by ( 2 )  pre-  

l iminary  degrada t ion  i n  n i t r i c  a c i d  followed by scrubbing wi th  s u l f u r i c  

ac id .  The s u l f u r i c  ac id  t rea tment  i s  most e f f e c t i v e  a t  increased  tempera- 

t u r e  o r  when very concent ra ted  a c i d  i s  used (obtained by a d d i t i o n  of oleum). 

This i s  a t t r i b u t e d  t o  the  f a c t  t h a t  Amsco 125-82 
20 many of which 

I n  Fig.  2.4.1, r e s u l t s  a r e  shown f o r  tes ts  i n  which un t r ea t ed  Amsco 

and Amsco t r e a t e d  wi th  s u l f u r i c  a c i d  were made 1 - M i n  f r e s h  TBP and then 

degraded by b o i l i n g  wi th  2 _M n i t r i c  a c i d  f o r  per iods  up t o  24 h r .  

e x t e n t  of degrada t ion  w a s  monitored by the  usua l  t e s t s , I 8  which involved 

measurements of Hf181 e x t r a c t a b i l i t y 2 '  a f t e r  conver t ing  the  n i t r o p a r a f f i n  

i n  the  so lven t  t o  the  enol  (most r e a c t i v e )  form by t r e a t i n g  wi th  sodium 

carbonate  and calcium hydroxide. Whereas the  s o l u t i o n  i n  un t r ea t ed  Amsco, 

a f t e r  8 h r  of degrada t ion  by n i t r i c  ac id ,  showed a hafnium e x t r a c t i o n  coef-  

f i c i e n t  of 16, those  i n  Amsco p r e t r e a t e d  wi th  96$, 98%, o r  100% s u l f u r i c  

a c i d  showed c o e f f i c i e n t s  of 0.3, 0.15, and 0.03, r e spec t ive ly .  So lu t ions  

i n  Amsco p r e t r e a t e d  wi th  100% and 105% H2S04 a t  room temperature  and wi th  

95.6% a c i d  a t  50°C f o r  30 min a l l  had e x t r a c t i o n  c o e f f i c i e n t s  of only 

about  0.15 even a f t e r  a 24-hr degradat ion.  

des t roys  the  r e a c t i v e  s i t e s  by su l fona t ion  t o  s u l f u r i c - a c i d  s o l u b l e  by- 

products  o r  rear ranges  the  molecule t o  a more s t a b l e  conf igu ra t ion .  

No s u l f u r  has  been de tec t ed  i n  the  d i l u e n t  a f t e r  t reatment .  

The 

Apparently,  t he  s u l f u r i c  a c i d  

22 

Amsco degraded wi th  n i t r i c  ac id ,  scrubbed wi th  concent ra ted  s u l f u r i c  

a c i d  a t  room temperature,  made 1 - M i n  TBP and then bo i l ed  f o r  24 h r  wi th  

2 - M HN03 was as s t a b l e  as Amsco p r e t r e a t e d  wi th  10% and 105% s u l f u r i c  

a c i d  a t  room temperature  o r  wi th  95.6% a c i d  a t  e l eva ted  temperatures .  
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I n  t h i s  t reatment ,  t he  s u l f u r i c  a c i d  scrubs  the  n i t r o p a r a f f i n s  from t h e  

unreacted Amsco. Such scrubbing i s  no t  p r a c t i c a l  on degraded s o l v e n t s  

conta in ing  TBP s i n c e  the  TBP a l s o  d i s t r i b u t e s  t o  the  s u l f u r i c  ac id .  

Other t e s t s  were made t o  determine whether a d d i t i o n a l  t rea tment  would 

For example, some w a s  recovered from t h e  24-hr f u r t h e r  improve t h e  Amsco. 

degraded 1_M TBP s o l u t i o n s  by e x t r a c t i n g  the  TBP and n i t r o p a r a f f i n s  wi th  

concent ra ted  s u l f u r i c  ac id .  

f r e s h  TBP and subjec ted  t o  an  a d d i t i o n a l  24-hr degrada t ion  wi th  2 - M HNO,. 

Af t e r  t h i s  t reatment ,  the  hafnium e x t r a c t i o n  c o e f f i c i e n t  w a s  s t i l l  about  

0.15. Repe t i t i on  of the  cyc le  four  a d d i t i o n a l  t imes produced the  same 

r e s u l t s .  Apparently,  a f t e r  t he  i n i t i a l  t rea tments  t o  remove o r  d e a c t i v a t e  

t h e  s i t e s  s u s c e p t i b l e  t o  easy n i t r a t i o n ,  t he  remaining Amsco degrades a t  

a c o n s i s t e n t l y  low r a t e ,  and i t s  behavior becomes very  s imilar  t o  t h a t  of 

t he  r e l a t i v e l y  s t a b l e  2-dodecane. 

The recovered Amsco w a s  aga in  made 1 _M i n  

2.5 Di luent  E f f e c t  on Stront ium Ex t rac t ion  

by D i (  2-ethy1hexyl)phosphoric Acid 

( C .  F. Coleman, W. J. McDowell, 
G. N. Case) 

A s  repor ted  previously,* the  logar i thmic  p l o t  of t he  s t ron t ium ex- 

t r a c t i o n  c o e f f i c i e n t  v s  pH, f o r  e x t r a c t i o n  from 4 _M NaNO, s o l u t i o n  by a 

benzene s o l u t i o n  of di(2-ethylhexy1)phosphoric a c i d  (HDEHP o r  HA), r i s e s  

wi th  inc reas ing  pH t o  a maximum near  pH 5 then drops s l i g h t l y  and l e v e l s  

o f f  t o  a cons t an t  va lue  above pH 7. I n  t h e  course  of  t hese  s t u d i e s ,  o t h e r  

t e s t s  (no t  p rev ious ly  r epor t ed )  were made wi th  a d d i t i v e s  i n  t h e  benzene 

and wi th  some o t h e r  d i l u e n t s .  The p r i n c i p a l  purpose w a s  t o  p r e d i c t  t he  

na tu re  of p o s s i b l e  e f f e c t s  of organic  contaminants t h a t  might be en- 

countered. It w a s  found t h a t  t he  log-E -vs-pH curve was sometimes s h i f t e d  

t o  lower o r  h igher  pH but  wi th  l i t t l e  change i n  the  maximum va lue  of E * S r  

Sr '  

* 
E s r  va lues  were n e a r l y  cons t an t  a t  cons t an t  va lues  of  t he  NaA/zA mole 
r a t i o ,  whi le  t h e  pH of t he  aqueous phase requi red  t o  reach a given va lue  
of NaA/zA changed wi th  d i f f e r e n t  d i l u e n t s .  The g l a s s -e l ec t rode  pH i s  
p ropor t iona l  t o  - l o g  [&] over the  range of i n t e r e s t  i n  t hese  4 M n i t r a t e  
so lu t ions .  

- 
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Recently these  t e s t s  have been reviewed and extended t o  a wider v a r i e t y  

of d i l u e n t s  and a d d i t i v e s ,  because s y n e r g i s t i c  s t ront ium e x t r a c t i o n  has  

been repor ted  on a d d i t i o n  of t r i b u t y l  phosphate (TBP) t o  kerosene s o l u t i o n s  

of HDEHP.23 The r e s u l t  of t h i s  work has  been t o  confirm both t h e  synergism 

wi th  TBP (and a l s o  antagonism wi th  dodecyl a l c o h o l )  i n  an a l i p h a t i c  hydro- 

carbon as d i l u e n t ,  and the  almost complete l ack  of synergism (and antagonism) 

i n  benzene. 

I n  the  fol lowing d iscuss ion ,  f i r s t  the  pH s h i f t s  of NaA/M and ESr 

a r e  considered,  and then the  synergism and antagonism. 

2.5.1 p H  S h i f t  

F igure  2.5.1 shows log  E S r  = {w} vs pH f o r  0.10 _M d i (2 -e thy l -  

hexy1)phosphate (DEHP) i n  benzene and i n  nonane as we l l  as  i n  each d i l u e n t  

+ 0.05 - M TBP and + 0.05 - M dodecyl a lcohol .  

a d d i t i v e ,  TBP, s h i f t s  t h e  e x t r a c t i o n  curve t o  lower pH va lues  i n  each 

d i l u e n t ,  whi le  t he  a c i d i c  (proton donor) a d d i t i v e ,  dodecyl a lcohol ,  

s h i f t s  i t  t o  h igher  pH va lues .  S imi l a r  e f f e c t s  on s t ront ium e x t r a c t i o n  

were observed i n  us ing  i n t r i n s i c a l l y  a c i d i c  o r  bas i c  d i l u e n t s  f o r  DEHP. 

I n  Fig.  2.5.2 the  e x t r a c t i o n s  of s t ront ium by 0.125 - M DEHP i n  - n-buty l  

e t h e r ,  benzene, and chloroform a r e  compared. Here aga in  the  presence of 

t h e  a c i d i c  ( e l e c t r o n  accep to r )  so lvent ,  chloroform, s h i f t s  t he  e x t r a c t i o n  

curve t o  a h ighe r  pH, whi le  the  bas i c  ( e l e c t r o n  donor) so lvent ,  ;-butyl 

e t h e r ,  produces the  oppos i te  e f f e c t .  

The bas i c  ( e l e c t r o n  donor) 

A poss ib l e  explana t ion  of t hese  s h i f t s  may be found i n  the  d a t a  il- 

l u s t r a t e d  i n  Fig.  2.5.3. 
i s  p l o t t e d  as a func t ion  of t he  f r a c t i o n  of DEHP i n  the  sodium form, 

NaA/zA. 

t he  pH i s  lowest when the  d i l u e n t  i s  nonane o r  2 -bu ty l  e the r ,  in te rmedia te  

when t h e  d i l u e n t  i s  benzene, and h ighes t  when i t  i s  chloroform. It i s  

we l l  known t h a t  bas i c  so lven t s  enhance and t h a t  a c i d i c  so lven t s  depress  

t h e  a c i d i c  p r o p e r t i e s  of an  a c i d  d isso lved  i n  them. This  appears  t o  be 

t h e  e f f e c t  being observed here .  Thus, i t  i s  reasonable  t h a t  t he  s h i f t  

i n  t he  s t ront ium e x t r a c t i o n  curve a long  the  pH s c a l e  i s  p r imar i ly  due t o  

changes i n  the  apparent  a c i d i t y  of HDEHP, t h a t  i s ,  t o  s h i f t s  i n  the  sodium 

form-hydrogen form r a t i o  of t he  reagent  i n  the  organic  phase. 

Here the  pH of the  aqueous phase (4 - M NaN03)  

It i s  apparent  t h a t  a t  a given organic-phase mole r a t i o  N a A / M  
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The l a r g e  s h i f t  t o  lower pH when nonane i s  used as  t h e  organic  d i l u e n t  

i s  somewhat su rp r i s ing .  Sa tura ted  hydrocarbons a r e  no t  u s u a l l y  thought of 

as bas i c  so lven t s ,  nor  i s  benzene thought of as an  a c i d i c  so lvent .  How- 

ever,  t he  apparent  a c i d i t y  observed (Fig.  2.5.3, pH vs  NaA/CA) f o r  HDEHP 

i n  nonane i s  h ighe r  than i n  benzene o r  even i n  - n-buty l  e the r ,  

agreement wi th  the  observed E S r  
w a s  used, t he  presence of i m p u r i t i e s  (such as e l e c t r o n - r i c h  unsa tura ted  

compounds) i n  l a r g e  enough concen t r a t ions  t o  cause such e f f e c t s  i s  n o t  

1 i ke l y  . 

* 
t hus  i n  

vs  pH s h i f t .  Since 99 mole % pure nonane 

Among the  p o s s i b l e  causes  f o r  such l a r g e  s h i f t s  i n  apparent  a c i d i t y  

a r e  a c t u a l  d i f f e r e n c e  i n  proton-sharing a b i l i t y  of benzene and nonane 

( o r  t o  be more genera l ,  i n  t h e  average e lec t ron-donat ing  a b i l i t y  of a l l  

the  d i l u e n t s  t e s t e d ) ,  t h e  d i f f e r e n c e s  i n  d i e l e c t r i c  p r o p e r t i e s  of the  

d i l u e n t s  and p o s s i b l e  d i f f e r e n c e s  i n  polymerizat ion of HDEHP and NaDEHP 

i n  t h e  s e v e r a l  d i l u e n t s .  This  l a t t e r  e f f e c t  would, of course,  be i n t i -  

mately connected wi th  r eagen t -d i luen t  in te rmolecular  bonding, d i e l e c t r i c  

p r o p e r t i e s  of the  d i l u e n t ,  e t c .  

I f  ESr i s  indeed dependent p r imar i ly  on t h e  r a t i o  Na/xA, then p l o t s  

of ESr v s  NaA/M f o r  t he  four  d i l u e n t s  should be i d e n t i c a l .  

w e  have such a comparison. Here t h e  s t ront ium e x t r a c t i o n  c o e f f i c i e n t s  i n  

benzene and - n-buty l  e t h e r  a r e  a lmost  i d e n t i c a l ,  bu t  l a r g e  d i f f e r e n c e s  

appear i n  t h e  system where chloroform o r  nonane i s  the  d i l u e n t .  I t  must 

be concluded then t h a t  i n  a d d i t i o n  t o  changing t h e  apparent  a c i d i t y  of 

the  HDEHP these  d i l u e n t s  probably have more s p e c i f i c  i n t e r a c t i o n  wi th  o r  

e f f e c t s  on the  e x t r a c t a n t  which modif ies  i t s  e x t r a c t i o n  of s t ront ium i n  

o the r  ways. When p l o t t e d  i n  the  same way, e x t r a c t i o n  c o e f f i c i e n t s  where 

benzene o r  modified benzene i s  t h e  d i l u e n t  (Fig.  2.5.5) a r e  i n  genera l  

q u i t e  c l o s e  toge the r  a t  i d e n t i c a l  NaA/zA va lues  f o r  t h e  t h r e e  systems. 

An except ion aga in  appears  t o  occur wi th  the  po r t ion  of t h e  curve f o r  the  

a c i d i c  a d d i t i v e  (dodecyl a l c o h o l )  beyond NaA/,xA = 0.5. 

I n  Fig.  2.5.4 

* 
Note t h a t  t he  d i f f e r e n c e s  would have been s t i l l  g r e a t e r  i f  t h e  0 .1  M 
DEHP i n  nonane had been increased  t o  0.125 ,M as  i n  the  o t h e r  d i l u e n t s  
provided t h a t  t he  aqueous pH-zDEHP r e l a t i o n s h i p  i s  the  same he re  a s  
when benzene i s  the  d i l u e n t ,  t h a t  i s ,  lower when CDEHP i s  h ighe r  a t  a 
given NaA/M r a t i o .  2 
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2.5.2 Synergism and Antagonism 

I n  Fig.  2.5.5, ESr v s  NaA/zA curves  f o r  nonane and modified-nonane 

S r  d i l u e n t s  a r e  a l s o  compared. Here, a r a t h e r  dramatic  d i f f e r e n c e  i n  E 

appears  w i th  t h e  a d d i t i o n  of dodecyl a l coho l  o r  TBP. 

seems t o  be p r imar i ly  a s s o c i a t e d  wi th  the  e x t r a c t i o n  peak o r  maximum, a 

f e a t u r e  of a l k a l i n e  e a r t h  e x t r a c t i o n  by DEHP which has  been viewed wi th  

i n t e r e s t  f o r  some time. This  maximum always occurs  somewhere near  t he  

NaA/Ql va lue  of 0.3 (Fig.  2.5.5), wi th  e x t r a p o l a t i o n s  of t he  l i n e a r  r eg ions  

This  d i f f e r e n c e  

2 i n t e r s e c t i n g  c l o s e  t o  NaA/M = 0.25. 

due t o  some p a r t i c u l a r  composition of t h e  organic  reagent ,  poss ib ly  in-  

vo lv ing  t h e  r a t i o  3HDEHP-1NaDEHP. I f  t h i s  i s  t h e  case ,  i t  i s  reasonable  t o  

specu la t e  t h a t  nonane, being a more i n e r t  d i l u e n t ,  a l lows  t h e  formation 

of t hese  s t r u c t u r e s  favorable  t o  s t ron t ium e x t r a c t i o n  t o  a g r e a t e r  ex ten t .  

Another p o s s i b i l i t y  i s  t h a t  an  organic  phase s t ron t ium spec ie s  which may 

be near  t h i s  composition (probably SrA2/zA = 0.33) i s  more e a s i l y  formed 

f o r  the  same reason. I n  e i t h e r  case,  t h i s  l a c k  of s o l v a t i n g  a b i l i t y  of 

nonane should a l low t h e  a d d i t i o n  of TBP o r  dodecyl a l coho l  t o  have a more 

profound e f f e c t  than i n  d i l u e n t s  which themselves have cons ide rab le  s o l -  

v a t i n g  o r  in te rmolecular  bonding a b i l i t y .  

This  sugges ts  t h a t  t he  maximum i s  

Some pre l iminary  i n v e s t i g a t i o n s  as t o  the  e f f e c t  of va r ious  concen- 

t r a t i o n s  of TBP on s t ron t ium e x t r a c t i o n  by 0.10 _M DEHP i n  nonane may be 

seen i n  Fig.  2.5.6. The curves are of t he  genera l  shape expected from two 

competing e f f e c t s ,  i n  t h i s  case  oneenhancing and one competing wi th  s t ron t ium 

ex t r ac t ion .  

TBP/M r a t i o  of 2. i n d i c a t e  an  important  organic-phase 

s t ront ium spec ie s  t o  be Sr(DEHP)2-4HDEHP, one p o s s i b l e  explana t ion  f o r  t h e  

maximum enhancement of s t ront ium e x t r a c t i o n  by TBP a t  TBP/zA = 2 i s  t o  assume 

t h a t  TBP can s u b s t i t u t e  f o r  HDEHP i n  the  above compound. The informat ion  i n  

Fig.  2.5.6 i s  however a l s o  c o n s i s t e n t  wi th  an  explana t ion  involv ing  the  

a d d i t i o n  of TBP molecules t o  the  e x t r a c t e d  complex. To d i f f e r e n t i a t e  

between these  two p o s s i b i l i t i e s  w i l l  r e q u i r e  measurement of t he  HDEHP 

reagent  dependence of s t ront ium e x t r a c t i o n  i n  the  presence of v a r i o u s  

amounts of TBP. Such work i s  now i n  progress .  

Of the  four  N a A / a  va lues  examined, t h r e e  showed a maximum a t  a 
24 Since o the r  d a t a  
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Fig. 2.5.6. Strontium Extraction by 0.10 _M DEHP in 2-Nonane as a 
Function of Added Tri-2-butyl Phosphate Molarity. 
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2.6 The Equilibrium Between Tri-n-octylamine - and Sulfuric Acid 

in Various Diluents of Low Volatility 

(C. F. Coleman, J. W. Roddy) 

In the physico-chemical study of the amine extraction process, infor- 

mation is needed concerning the activity of various species in the organic 

phase, including the activity of water. Consequently, a program has been 

started to obtain at least a relative measure of the water activity in some 

of the amine systems. Initial experiments, which will be reported in later 

reports, have indicated that the method of isopiestic osmotic balancing may 

be used to measure the water activity in the presence of almost nonvolatile 

diluent and amine. The diluent should possess several properties, including 

low vapor pressure, low viscosity, and good miscibility with the amine 

and its sulfate. In addition, the extraction properties of an amine in the 

new diluent should be similar if not identical to those obtained in the 

usual diluents, especially benzene, since much of the theoretical work on 

the amine system has been performed in benzene. 

In the present investigation, the relative solubility of tri-n-octyl- 

amine (TOA) and its normal sulfate (TOAS) were determined in several diluents. 

Sulfuric acid-TOA equilibrium data then obtained with the more promising of 

these indicated that at least two, 2-hexadecane and phenylcyclohexane, 

should be suitable for the projected isopiestic measurements. 

The TOA used in this work had a neutralization equivalent of 360 ? 1 

(theoretical, 353.8), and its tertiary amine content was 98 f 1%. 

dard solutions ( O . l _ M  in amine) were made on a weight basis, diluted to 

volume with the appropriate diluent, and stored at 25°C. 

were done in 60-1111 separatory funnels. 

brating 10 ml of the amine solution with about 20 ml of a sulfuric acid 

solution of the desired concentration. The solutions were shaken for an 

hour or more by a tumbling motion, the phases were allowed to separate, 

and both phases were analyzed for acid content. 

phase was determined potentiometrically with standard sodium hydroxide. 

The acid in the organic phase was determined by dissolving an aliquot in 

an alcohol-benzene mixture and titrating with sodium ethoxide to the 

bromthymol blue end point. 

Stan- 

The equilibrations 

A run usually consisted of equili- 

The acid in the aqueous 



2.6.1 Screening Tests 

In Table 2.6.1 are listed the diluents investigated, their nominal 

vapor pressures and viscosities when available, their purity, and the 

relative solubility of TOA and its sulfate. Some solids were included in 

the first testing, envisioned to be used in the form of thin films in case 

no suitable liquids were found, but they were not examined further after 

some of the liquids gave promising results. At the same time, the liquids 

with vapor pressure greater than l oop ,  and also the Nujol (because of 

excessive viscosity) and the alkyl bromide (because of possible specific 

interaction), were dropped from active consideration. 

bility of TOA and TOAS is shown as the solubility or insolubility at a 

concentration of 0.1 - M or 0.1:. 

several failed to dissolve TOAS. The sulfate was soluble in technical 

grade - n-hexadecane, but purification of the diluent by distillation rendered 
it only sparingly soluble. 

alcohol (vapor pressure about 2 5 p J  estimated to be less than 2p at 5%) 
again permitted its solution. This was also observed in the case of the 

Welch pump oil, where solutility of the amine sulfate was obtained by 

addition of the same alcohol. 

The relative solu- 

All the diluents dissolved TOA, but 

However, the addition of 5 vol $ dodecyl 

2.6.2 Sulfuric Acid Distribution 

Four of the liquids chosen as described above were used as diluents 

Plots of in the extraction of sulfuric acid by 0.1 - M TOA (Table 2.6.2). 
log a 1/3 
given in Fig. 2.6.1. The sulfuric acid activity a was calculated for 

each aqueous solution, but concentrations were used in the organic phase, 

which is equivalent to assuming the species there to be monomeric and with 

unit activity coefficients. Included in the figure is the curve obtained 

vs the quantity [H2S04] / [ZTOA] yield the !'titration" curves 
H2S04 org 

H2S04 

by Allen," using benzene as the diluent. 

the most basic character in the ester, dibutylphthalate, and the least 

basic in phenylcyclohexane. 

The curves show TOA exhibiting 

In Fig. 2.6.2 the values of [ (TOAH)2S04]/[TOA]2 vs a are plotted 
H2S04 

on a logarithmic scale for each of the diluents. All the curves deviate 

markedly from the unit slope to be expected under the foregoing assumption 

for the reaction: 



Table 2.6.1. Various Properties of Diluents Investigated 

Nominal 

Pressuree Viscosityf 9 g 
Vapor Nomina 1 

Diluent 

a 
Relative Solubility of 

TOA TOAS (microns) (CP 1 Purity 

n-Decylbromide Soluble Soluble a 0  -- Technical 

Diisopropylbenzene Soluble Soluble -5 00 1.6 Tee hnica 1 

Techn ic a 1 

White Label 

White Label 

White Label 

- 

- sec-Amylbenzene Soluble Soluble -800 1.5 

1,3,5-Triethylbenzene So lub le Soluble -3 00 1.2 

D ibutylph thala te Soluble Soluble <@. 1 11 

Phenylcyclohexane Soluble Soluble -60 0.8 
C 

Apiezon M 

- n-Hexadecane 
Nujol 

Welch pump oil 

Phenanthrene 

Diphenylke tone 

d 

d 

Soluble Soluble <o. 1 S emi so 1 id -- 
T ec hn ica 1 

b 
Soluble In so lub 1 e “5 3.6 
Soluble Inso lub 1 e -- - -  -- 
Soluble Insolub 1 e -- -- <o. 01 
Soluble Insoluble -1 Solid 

Soluble Insoluble -1 Solid 

b 

White Label 

White Label 
~ ~~ ~~ 

a 

bBecomes soluble on addition of 5 vol  % dodecanol. 
Semisolid. 

d~rys talline. 
e 

fInternational Critical Table 1, 1930. 
gPhysical Properties of Chemical Compounds L, 1955. 

Solubility or insolubility at 0.1 - M (or 0.1 ~ ~ 7 ~ ) .  

C 

From various literature sources. 

c 



C e 1 t 

Table 2.6.2. Sulfuric Acid-Tri-E-octylamine Equilibria in Various Diluents 

0.100 - M Tri-2-octylamine 

~~ ~~ 

Analytical Sulfuric Acid Concentrations (M) - 
a Dibutyl ph tha la t e Welch Pump Oila - n-Hexadecane Phenylcyclohexane 

tH2SO4Iaq [H2so4 1 or [H2so4 l a  [H2S04 1 or [H2so4 l a  [H2SO4 1 or [ H2S04 1 a LH2s0.4 1 or 
0.00018 0.00497 0.0007 0.0121 0.00082 0.0099 0.00255 0.00078 

0.00047 0.00978 0.0017 0.0190 0.00206 0.0186 0.00484 0.00354 

0.00056 0.0147 0.00312 0.0256 0.00331 0.0240 0.00651 0.00846 

0.00080 0.0244 0.0043 1 0.0295 0.00662 0.0319 0.00944 0.0199 
w 
u 

0.0013 0.0354 0.00618 0.0349 0.00820 0.0346 0.00975 0.0214 0 

0.0020 0.0451 0.0075 0.0366 0.0111 0.0385 0.0131 0.0300 

0.0069 0.0512 0.0113 0.0419 0.0113 0.0386 0.0185 0.0400 

0.01129 0.0547 0.0164 0.0441 0.0148 0.0415 0.0224 0.0457 

0.0217 0.0594 0.0282 0.0493 0.0208 0.0451 0.0328 0.0520 

0.0351 0.0626 0.0287 0.0559 0.0311 0.0492 0.0444 0.0586 
0.0582 0.0639 0.0362 0.0494 0.0566 0.0542 

0.0832 0.0667 0.0454 0.0588 0.0831 0.0574 

0.1042 0.0682 0.0621 0.0628 0.1109 0.0599 

0.1741 0.0751 0.1040 0.0645 0.1694 0.0636 
0.2314 0 0775 0.1413 0.0666 0.2296 0.0662 

a 
Contains 5 vol $ dodecyl alcohol. 
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Fig.  2.6.1. Two-Phase "Titration" Curves for Tri-2-octylamine in 
Various Diluents. Points represent separate batch equilibrations. 0.1 - M 
in tri-g- oc tylamine. 
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Fig. 2.6.2. Equilibria for the Two-Phase Reaction H2S04 + 2TOA = 
(TOAH)2S04 in Various Diluents. 0.1 - M tri-n-octylamine - (TOA). 
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t 

, 

K'a = [ (TOAH)2S04]/[TOA12 
H2S04 

Since this deviation was already known in the case of benzene,25 it was at 

least not surprising for the other diluents. Qualitative intercomparisons 

of the curves in both figures, together with the acid activities at the 

half-neutralization and neutralization points (Table 2.6.3), show con- 

siderable differences among these diluents, and yet enough resemblance to 

benzene for each to be considered usable in the projected isopiestic tests. 

* 

Of these four, the phthalate has the disadvantage of potential inter- 

action occurring with the ester functional groups, and the pump oil is 

excessively viscous. Hence, the other two, 2-hexadecane and phenylcyclo- 

hexane, are being tried in the isopiestic tests. 

Table 2.6.3. Comparison of Corresponding Points from 

Acid Extraction Equilibrium Curves 

0.1 - M Tri-n-octylamine; - Fig. 2.6.1 

Acidity, a 113 
H2S04 

D i luen t Half Neutralization Neutralization 

Dibutylphthalate 0.0011 

0.0040 n -Hexad ecan e 

Welch Pump Oila 0.0033 

Phenylcyclohexane 0.0093 

a 
- 

Benzene (ref 25) 0.0036 

0.0065 
0.021 

0.015 

0.019 

0.011 

a Modified with 5 vol '$ dodecanol. 

* 
If the equilibria had conformed to reaction (l), each half-neutralization 
acidity would have provided an evaluation of the reaction constant, ac- 
cording to : 
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