
,a' ' , .  

UNCLASSIFIED 

I l l \ \  IIIIII II \ I  OR N L-2035 
Engineering 

/ 

3 4 4 5 b  0349983 b 

PROGRESS REPORT OF ENGINEERING SECTION 

RAW MATERIALS PROCESS TESTING 

MAY - JUNE 1955 

DO PIC : TR 

scn(J I * >  n,-rnc 
a r range  a loa % 

A 1  LABORATORY 

nd Carbon CorporatEon 

RIDGE,  T E N N E S S E E  

F$ 

v / I  

UNC tASSI FI ID 



ORNL- 2 0 3 5 

Copy No. 

Contract No. W-7405-eng-26 

ENGINEERING SECTION 
H .  M. McLeod, Jr., Supervisor 

MATERIALS CHEMISTRY DIVISION 
G. H .  Clewett, Director 

Edited by 
K. 0 .  Johnsson 

PROGRESS REPORT OF ENGINEERING SECTION 
RAW MATERIALS PROCESS TESTING 

May--June, 1955 

Authors 
Members of the Engineering Section 

Work done by 

H. F.  Bauman H. M. McLeod, Jr. 
J. R. Buchanan J. F .  Manneschmidt 
V. A. DeCarlo A. D. Ryon 
R. H. Guymon R. R. Wiethaup 
B. B. Klima 

Date Issued 

OAK RIDGE NATIONAL LABORATORY 
Operated by 

UNION CARBIDE NUCLEAR COMPANY 
Post Office Box P 

Oak Ridge, Tennessee 

3 4456 0349983 b 





UNCLASSIFIrn -iii- OZML-203 5 
Engineering 

TID-4500 (10th ea.) 
INTERNAL DISTRIBUTION 

1. C. E. Center 
2. Biology Library 

Health Physics Library 
Central Research Library . Reactor Experimental 
Engineeying Library 

7-26. Laboratory Records Department 
27. Laboratory Records, ORNL R.C. 
28. A. M. Weinberg 
29. I,. B. Emlet (K-25) 
30. J. P. Maray (Y-12) 
31. J. A. Swartout 
32. E. H. Taylor 
33. E. D. Shipley 
34. G. H. Clewett 
35. W. H. Jordan 
36. F. C. VonderLage 
37. S. C. Lind ' 

38. F. L. Culler 
39. A. Hollaender 
40. A. H. Snell 
41. M. T. Kelley 
42. J. A, Lane 
43. K. Z. Morgan 
44. J. H. Frye, Jr. 
45. C. P. Keim 
46. R. S. Livingston 
47. A. S. Householder 
48. T. A. Lincoln 
49. C. S. Harrill 
50. C. E. Winters 
51. D. W. Cardwell 
52. E. M. King 

53. A. J. Miller 
54. D. D. Cowen 
55. M. J. Skinner 
56. S. J. Cromer 
57. G. E. Boyd 
58. R. R. Dickison 
59. H. F. Bauman 
60. C. A. Blake 
61. K. B. Brawn 
62. J. R. Buchanan 
63. C. F. Coleman 
64. D. J. Crouse 
65. F. L. Daley 
66. J. S. lhury 
67. W. K. Eistey 
68. W. R. Grimes 
69. R. H. Guymon 
70. K. 0. Johnsson 
71. B. B. Klima 
72. H. M. McLeod, Jr. 
73. J. F. Manneschmidt 
74. A. D. Ryon 
75. R. R .  Wiethaup 
76. J. Beigleisen (consultant) 
77. R a W. Dodson ( consultant ) 
78. H. w i n g  (consultant) 
79. H. L. Hazen (consultant) 
80. J. W. Kennedy (consultant) 
81. J. H. Rushton (consultant) 
82. G. T. Seaborg (consultant) 
83. ORNL - Y-12 Technical Library, 

Document Reference Section 

EXTERNAL DISTRIBUTION 

84. R. F. Bacher, California Institute of Technology 

88. Bureau of Mines, Salt Lake City 
85-87. Atomic Energy Commission, Washington (1 copy to D. R. Miller) 

89-95. Division of Raw Materials, Washington 
96-99. Grand Junction Operations Office 

100-101. Division of Research and Development, AEC, OR0 (1 copy to E. E. Sinclair) 

103-727. Given distribution as shown in TID-4500 under Engineering category 
102. Hanford Operations Office 

(300 copies - Office of Technical Services, Washington) 

DISTRIBUTION PAGE TO BE REMOVED IF mPORT IS GIVEN PUBLIC DISTRIBUTION 

UNCLASSIFIED 



1 

PROGRESS REPORT OF ENGINEERING SECTION 

RAW MATERIALS PROCESS TESTING 

May--June, 1955 

AMINE EXTRACTION PROCESS TESTING 

Countercurrent Striming With Sodium Chloride 

In laboratory studies of the effectiveness of chloride 
ion as an agent for stripping uranium from organic extract, 
both neutral and acid sodium chloride solutions were used. 
The results of these tests indicated that the equilibrium 
uranium concentration in the stripped organic decreased with 
decrease in pH. It was also shown that the equilibrium con- 
centration decreased with increase in chloride excess in 
neutral salt solution. To study these effects in a continuous, 
countercurrent system, runs were made with 50 and 200% excess 
chloride with neutral salt solution, and with 50% chloride 
excess with the pH ranging from that of a neutral salt solu- 
tion to the equivalent of a 0.18N - acid solution. 

The runs were made in a test array that contained three 
mixer-settlers in the extraction section and three in the 
stripping section, arranged as shown in Fig. 1. 

The composition of the head liquor is given in Table 1. 
The organic phase was a 0.1M solution of amine 9D-1783 dis- 
solved in kerosene. The head liquor and organic flow rates 
were 150 and 50 ml/min, respectively, and the average loading 
of uranium in the organic phase was 3 . 6  g/l, A 1.OM - sodium 
chloride stripping solution was used in all runs. The pH of 
the solution was adjusted with sulfuric acid in three runs 
and with hydrochloric acid in one run, in order to compare the 
effect of the two acids on the equilibrium uranium concentra- 
tion in the stripped organic. The strip solution flow rates 
were 7.5 and 15.0 ml/min, respectively, for 50 and 200% 
chloride excess. The excess was calculated from the theoret- 
ical requirement of 1 mole of chloride per mole of amine. 
Operating time was sufficient to achieve 10 complete cycles 
of the organic phase in each run. 

*Rohm and Haas Company, Philadelphia, Pa. 
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TABLE 1. HEAD LIQUOR COMPOSITION 

Component Concen t r a t ion ,  g /1  ( a>  

Uranium 
I ron  
Aluminum 
Phosphate 
S u l f a t e  
PH 

1 . 2  
5 . 6  
3 .4  
2 . 5  

1.1 
42 

( a )  Concent ra t ions  i n  grams per  l i t e r  
except  f o r  pH, 

The d a t a  showing t h e  e f f e c t s  of pH and r eagen t  excess  on 
s t r i p p i n g  e f f i c i e n c y  are  r e p o r t e d  i n  Tables  2 and 3 .  An 
average of t h e  product  ana lyses  f o r  a l l  r u n s  is  given i n  
Table  4 ,  and t h e  e x t r a c t i o n  d a t a  f o r  a t y p i c a l  run  are  shown 
i n  Table  5 .  

E f f e c t  of pH. The uranium c o n c e n t r a t i o n  i n  t h e  s t r i p p e d  
o rgan ic  decreased  from 0 , 0 3 3  t o  0 . 0 0 5  g /1  when t h e  pH was de- 
c r e a s e d  from 6 . 5  t o  0 . 9  (Tab le  2 ) .  A dec rease  i n  pH t o  0 . 7  
had no f u r t h e r  e f f e c t .  

E f f e c t  of Ch lo r ide  Excess.  A s  shown i n  Table 3 ,  t h e  
uranium i n  t h e  s t r i p p e d  o rgan ic  decreased  from 0 . 0 3 3  t o  
0 . 0 1 9  g / l  as  t h e  c h l o r i d e  excess  w a s  i n c r e a s e d  from 50 t o  
20076, and a l though t h e  uranium d i s t r i b u t i o n  c o e f f i c i e n t  n e a r l y  
doubled i n  t h e  f i r s t  s t a g e ,  i t  decreased  by over t h r e e - f o u r t h s  
i n  t h e  two fo l lowing .  The o v e r - a l l  r e s u l t  was a comparat ively 
s m a l l  i n c r e a s e  i n  s t r i p p i n g  e f f i c i e n c y  i n  r e t u r n  f o r  a l a r g e  
i n c r e a s e  i n  r eagen t  e x c e s s .  

Uranium Produc t .  The ana lyses  of t h e  products  ob ta ined  
from t h e  runs  by p r e c i p i t a t i o n  w i t h  sodium hydroxide were es- 
s e n t i a l l y  t h e  same. The re fo re ,  an average of these ana lyses  
is shown i n  Table  4 .  The U30, c o n t e n t  of t h e  products  was 
84%, and no major impur i ty  exceeded 0.5%b. The c h l o r i d e  con- 
c e n t r a t i o n  w a s  less than  0 . 0 5 % .  
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TABLE 2 -  EFFECT O F  p H  OM STRIPPING 

S t r i p  Mixer- 
D i s t r i b u t i o n ,  Run S o l u t i o n (  a )  S e t t l e r  C o n c e n t r a t i o n ,  g/L - 

N o .  H2 so4 No D Aqueous  on3 a q / o r g  u - Conc . , N  PH PW u e l  u 
l ( b )  0 6 . 5  1 2 1  1 . 9  2 3  1 5 ,  0 56 4 1  

1 2 2  2 " 3  3 . 4  35 0 058  5 9  

1 2 3  2 , 5  0 - 3 0  3 5 *  O " 0 3 3  9 

3 0 030 

4 0 . 0 8 8  

1 . 4  1 2 1  1 , 8  25 1 5  0 62 40 

1 2 2  1 . 8  4 , 3  3 3 0  0 3 0 4 4  $8 

1 2 3  1 , 6  O " 3 4  3 6 .  0 , 0 1 3  26  

1 . 0  1 2 1  1 . 6  24  1 5 -  0 , 5 8  41  

1 2 2  1 . 4  3 " 7  33..  0 , 0 2 6  1 4 0  

1 2 3  1 . 2  0 26  3 6 "  0 005  52 

5 O . l O O ( c )  0 . 9  1 2 1  1 , 4  2 4 ,  1 6  0 , 4 4  55  

1 2 2  1 , 2  3 0 4  3 4 ,  0 , 0 2 3  1 5 0  

1 2 3  1.1 0 , 1 9  3 7 ,  0 , 0 0 6  32 

6 0 D 1 8 2  0 , 7  1 2 1  1,1 2 2 ,  1 5 .  0 , 3 5  6 3  

1 2 2  O o 9  3 " 8  3 3 ,  0 , 0 2 5  1 5 0  

1 2 3  O o 8  O o 2 3  3 6 ,  0 , 0 0 5  46  
~ ~~~~ 

( a )  1 N  - c h l o r i d e ,  50% excess; p h a s e  r a t i o  6 . 6 7  o r g / a q ,  

( b )  Data c o n f i r m e d  b y  a d u p l i c a t e  run, 

( c )  A c i d i f i e d  w i t h  HC1 r a t h e r  t h a n  H 2 S 0 4 ,  



TABLE 3. EFFECT OF SODIUM CHLORIDE EXCESS ON STRIPPING 

Strip Phase Mixer- Concentration, g/l Distribution, 
Run Solution Ratio, Settler Aqueous aq/org 
No - Excess(a), % org/aq Number PH U c1 U U 

1( b) 50 6.67 121 1-9 23. 15 0-56 41 

122 2.3 3.4 35 0.058 59 

123 2.5 0.30 35 0.033 9 

2 200 3.33 a21 2.3 12. 27 0.15 80 

122 2.6 0.38 37 0.031 12 

123 2.8 0.042 37 0.019 2 

(a) 

(b) Data confirmed by a duplicate run. 

1N - chloride, pH 6.5. 
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TABLE 4, PRODUCT COMPOSITION 

(Dried at 13OoC) 

Constituent wt 78 

U308 8 4 - 0  
Fe 0,27 
A1 0,25 
PO4 0.37 
so4 0-26 
c1 0.05 
L o s s  on ignition 4.3 

~ ~ ~ ~ ~~~~ 

*Average analysis from several runs, 

Extraction. The variation in stripping conditions in 
these runs had no appreciable effect on the extraction over 
the 10 cycles of organic phase; therefore, the extraction 
data presented in Table 5, which are for the run made with 
50% excess neutral sodium chloride solution are considered 
typical. Three stages were sufficient for satisfactory ex- 
traction (to 0.003 g U/1 in the raffinate). Previous runs 
(Feb. '55) with carbonate stripping have also required about 
three stages, indicating that the recycling of chloride 
stripped organic has no appreciable effect on the extraction. 

TABLE 5 ,  EXTRACTION DATA* 
- 

Uranium 

Stage Concentration, g/1 org/aq 
Distribution, 

Aqueous Organic 
U C1 U 

101 0.57 <o 0 1 3.2 
102 0.036 0.3 1.6 
103 0 003 1.0 0-16 

6 
46 
53 

*Run 1. Data from other runs was essentially the same. 
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Future  Work. The s t u d y  of c h l o r i d e  s t r i p p i n g  i n  t h e  
c o u n t e r c u r r e n t  system w i l l  be cont inued  us ing  f eed  l i q u o r s  
c o n t a i n i n g  molybdenum and vanadium. These metals a r e  not  
s t r i p p e d  by c h l o r i d e  and would accumulate i n  t h e  o rgan ic  
phase.  The  maximum c o n c e n t r a t i o n s  of t h e s e  metals i n  t h e  
head l i q u o r  a t  which no  a p p r e c i a b l e  i n t e r f e r e n c e  wi th  uranium 
e x t r a c t i o n  occurs  w i l l  be de te rmined ,  and t h e  use  of a sec- 
ondary s t r i p  wi th  sodium ca rbona te  w i l l  be s t u d i e d  f o r  ex- 
t r a c t s  from l i q u o r s  exceeding t h e  maximum c o n c e n t r a t i o n s .  

Rate of S t r i m i n g  from Armeen 2-12 

E a r l i e r  i n  t h e  r a w  m a t e r i a l s  p rocess  t e s t i n g  program, 
Armeen 2-12* d i s s o l v e d  i n  Amsco G c o n t a i n i n g  5 v o l  % c a p r y l  
a l c o h o l  w a s  shown t o  be a s u i t a b l e  agent  f o r  e x t r a c t i n g  ura- 
nium from s u l f u r i c  a c i d  leach l i q u o r s .  Although aqueous 
sodium ca rbona te  s o l u t i o n s * *  w e r e  used t o  s t r i p  uranium from 
t h e  o rgan ic  e x t r a c t s  i n  t h e  tes ts ,  t h e  e f f e c t s  of t h e  degree 
of d i s p e r s i o n  ( a s  measured by t h e  power i n p u t  t o  t h e  i m p e l l e r )  
on t h e  s t r i p p i n g  ra te  have not  been s t u d i e d .  

To o b t a i n  t h e  data needed f o r  p re l imina ry  cost  estimates,  
ba tch  t e s t s  w e r e  made i n  t h e  6 - i n .  d i a .  mixer tank  wi th  power 
i n p u t s  of 0 . 0 0 2  and 0 . 0 3  hp pe r  g a l  t o  a 3- in .  d i a .  t u rb ine -  
t ype  i m p e l l e r .  The equipment,  t es t  p rocedures ,  and methods 
f o r  d e r i v i n g  t h e  r e a c t i o n  r a t e  c o n s t a n t s  a r e  desc r ibed  i n  de- 
t a i l  i n  ORNL-2026.  The o rgan ic  phase w a s  0 . 1  molar i n  amine 
and t h e  e x t r a c t  con ta ined  3 . 6  g /1  uranium. Sodium ca rbona te  
( 0 . 7  molar s o l ' n )  w a s  35% i n  excess  of t h e  t h e o r e t i c a l  re- 
quirement based on 1 / 2  mole per  mole of amine and 3 moles pe r  
mole of uranium. A summary of t h e  tes t  d a t a  is shown i n  
Table  6 .  

T h e  r e s u l t s  show t h a t  t h e  r e a c t i o n  r a t e  c o n s t a n t ,  K ,  
decreased  from 2 7  t o  7 seconds wi th  i n c r e a s e  i n  power from 
0 . 0 0 2  t o  0 . 0 3  hp /ga l .  These r e s u l t s  w e r e  not  s i g n i f i c a n t l y  
d i f f e r e n t  from t h o s e  ob ta ined  w i t h  o ther  amines  d i s s o l v e d  i n  
kerosene .  

No f u r t h e r  tests wi th  Armeen 2-12 are planned f o r  t h e  
immediate f u t u r e .  

*A mix ture  of secondary amines  of which di-dodecyl ( d i - l a u r y l )  
amine is t h e  p r i n c i p a l  c o n s t i t u e n t .  

**Aqueous sodium c h l o r i d e  s o l u t i o n s  are not  s u i t a b l e  f o r  s t r i p -  
p ing  Armeen 2-12 s i n c e  t h e  amine c h l o r i d e  s a l t  is not  r e a d i l y  
s o l u b l e  i n  t h e  kerosene-capry l  a l c o h o l  s o l v e n t  a t  room t e m -  
p e r a t u r e .  



TABLE 6. RATES OF STRIPPING OF URANIUM 

FROM ARMEEN 2-12* BY Na,C02 

35% excess Na,CO, (0.7M Na,CO, sol'n) 
Phase ratio: 5.2 organyc to aqueous 
Turbine dia. : 3-inch 

Impeller Power Uranium Concentration in Organic, g/l 
Speed, Input, K,** Mixing Time, sec 
r Dm hD/eal sec 0 10 30 60 120 240 480 

~~~~ ~~ ~ ~~ ~ ~ 

278 0,002 27 3.6 1.20 0.89 0.39 0.046 0.008 0.003 

700 0.03 7 3.6 0.64 0.022 0.006 0.003 0.003 0.003 

*0.1 molar in Amsco G containing 5 vol % capryl alcohol. 

**Reaction rate constant. 
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SLURRY EXTRACTION 

Mixing Var i ab le s  w i t h  40  w t  % S l u r r y  

I n  c o n t i n u a t i o n  of t h e  s tudy  of t h e  e f f e c t s  of mixing 
v a r i a b l e s  on t h e  r a t e  of e x t r a c t i o n  of uranium from l each  
s l u r r i e s  and t h e  amount of o rgan ic  en t r a inmen t ,  ba tch  ex t r ac -  
t i o n  tests were made w i t h  4 0  w t  % s l u r r y  i n  which  t h e  impel- 
l e r  s i z e  and speed were v a r i e d  over  t h e  same ranges  as t h o s e  
employed w i t h  50  w t  % s l u r r y  (ORNL-2034) 

The s l u r r y  w a s  p repared  by l each ing  - 2 0  mesh Marysvale 
o r e  w i t h  d i l u t e  s u l f u r i c  acid* f o r  1 6  hour s .  The o rgan ic  
phase was a 0 . 1  molar s o l u t i o n  of d i (2 -e thy lhexy l )  phosphoric  
acid d i s s o l v e d  i n  kerosene c o n t a i n i n g  2 v o l  % c a p r y l  a l c o h o l .  

The equipment and procedures  employed i n  making t h e  
tests were t h e  same a s  t h o s e  desc r ibed  i n  ORNL-2034. The 
t es t  d a t a  are shown i n  Table  7 .  

E f f e c t  on E x t r a c t i o n .  A s  i n  t h e  prev ious  pe r iod  (ORNL- 
2 0 3 4 )  ra tes  of e x t r a c t i o n  were e v a l u a t e d  by t h e  u s e  of r a t e  
c o n s t a n t s  (see O R N L - 2 0 2 6 ) .  The e x t r a c t i o n  d a t a  a r e  summarized 
i n  Table  8 .  

The r e s u l t s  show t h a t  wi th  a D/T r a t i o  of 0 . 5  t h e r e  was 
a dec rease  i n  t h e  r a t e  c o n s t a n t  from about 1 6  t o  4 seconds as 
t h e  power w a s  i n c r e a s e d  from 0 . 0 3  t o  0 . 1 2  hp /ga l ;  t h e r e  was 
no f u r t h e r  change when t h e  power was i n c r e a s e d  t o  0 . 3 1  hp /ga l .  
Wi th  a D/T r a t i o  of 0 . 6 7  t h e r e  was a c o n s i s t e n t  dec rease  i n  
t h e  ra te  c o n s t a n t  from 1 7  t o  2 seconds as t h e  power was i n -  
c r e a s e d  from 0 . 0 3  t o  0 . 3 1  hp /ga l .  With t h e  power c o n s t a n t  a t  
0 . 0 3  hp/gal  t h e  r a t e  c o n s t a n t  was 8 seconds wi th  a D/T r a t i o  
of 0 . 3 3  and about 1 6  w i t h  r a t i o s  of 0 . 5  and 0 . 6 7 .  These re- 
s u l t s  show t h a t  a power i n p u t  of 0 . 1 2  hp /ga l  and a D/T r a t i o  
of 0 . 5  a r e  s a t i s f a c t o r y  from t h e  s t a n d p o i n t  of uranium 
e x t r a c t i o n "  

I n  t h e  tes ts  made wi th  50  w t  % s l u r r y  (ORNL-2034) under 
e s s e n t i a l l y  t h e  same c o n d i t i o n s  t h e r e  w a s  no s i g n i f i c a n t  ef- 
fec t  of e i t h e r  power i n p u t  o r  D/T r a t i o  on t h e  r e a c t i o n  r a t e .  

E f f e c t  on Entrainment .  There w a s  no marked e f f e c t  of 
power i n p u t  o r  D/T r a t i o  on t h e  amount of i n i t i a l  o rgan ic  
en t ra inment  as shown i n  Table  9 .  

The lowest  r e s i d u a l  en t ra inment  a f t e r  d i l u t i o n  and slow 
a g i t a t i o n  was 2 g a l / t o n  of ore which was ob ta ined  w i t h  a D/T 
r a t i o  of 0 . 6 7  a t  a power i n p u t  of 0 . 0 3  hp/gal  a s  shown i n  
Table  1 0 .  
*Equivalent  t o  1 0 0  l b s  of 98% H,SO, per  t o n  of o r e .  



TABLE 7 .  TEST DATA FOR 4 0  WT % SLURRY 

Mixing Conditions Reaction 
Turbine Turbine Power Uranium Concentration in Raffinate, g /1  Rate 
Diameter, Speed, Input, Mixing Time, sec 

in. rpm hp/gal  0 1 0  30 50 7 0  1 2 0  300  sec 

2 1 3 8 0  0 . 0 3  1 . 8  0 . 0 5 3  0 . 0 3 3  0 . 0 1 9  0 . 0 1 7  0 . 0 1 1  0 . 0 0 6  8 
3 7 0 0  0 . 0 3  1 . 8  0 . 1 6  0 . 0 4 4  0 . 0 3 4  0 . 0 3 9  0 , 0 2 3  0 . 0 1 4  1 6  
3 1 1 0 0  0 . 1 2  1 . 8  0 . 0 4 3  0 . 0 1 8  0 . 0 1 2  0 . 0 1 2  0 . 0 1 1  - 4 
3 1 5 0 0  0 . 3 1  1 . 8  0 . 0 3 6  0 . 0 2  0 . 0 1 8  0 . 0 1 3  0 . 0 1 2  0 . 0 0 4  4 
4 4 3 0  0 . 0 3  1 . 8  0 . 1 5  0 . 0 5 5  0 . 0 3 4  0 . 0 3 2  0 . 0 2 3  0 . 0 1 3  1 7  
4 680  0 . 1 2  1 . 8  0 . 0 6 8  0 . 0 3 5  0 . 0 2 8  0 . 0 2 5  0 . 0 2 0  0 , 0 1 2  11 
4 930  0 . 3 1  1 . 8  0 . 0 2 4  0 . 0 1 3  0 . 0 1 0  0 . 0 0 9  0 . 0 0 8  - 2 

Constant , 

P 
0 

TABLE 7 (continued) 

Mixing Conditions Organic Entrainment 
Turbine Turbine Power Before Dilution After Dilution 
Diameter, Speed, Input, ml gal m l  gal 

in. r p m  hp/aal Kn slurry ton ore K g  s u r r 9  ton ore 

2 1 3 8 0  0 . 0 3  1 7 0  1 0 0  2 5  1 5  
3 700  0 . 0 3  1 5 0  90 8 5 
3 1 1 0 0  0 . 1 2  1 0 0  60 35  20 
3 1 5 0 0  0 . 3 1  1 2 0  70  1 5  9 
4 4 3 0  0 . 0 3  1 5 0  90  3 2 
4 6 8 0  0 . 1 2  1 1 0  70  5 3 
4 930  0 . 3 1  1 5 0  90  8 5 

*Based on cir iginal  s l u r r y ,  
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TABLE 8. RATE OF EXTRACTION 

Power Input, Rate Constants, sec 
hp/gal D/T,* D/T,* D/T,* 

0.33 0.50 0.67 

0.03 

0.12 

0.31 

8 16 17 

- 4 11 

- 4 2 

*Diameter of impeller/diameter of tank. 

TABLE 9. ORGANIC ENTRAINMENT BEFORE DILUTION 

Power Input, Entrainment, gal/ton ore 
hp/gal D/T ratio* D/T ratio* D/T ratio* 

0.33 0.50 0.67 

0.03 

0.12 

0.31 

100 90 90 

- 60 70 

- 70 90 
~ ~~ ~~ ~ 

*Diameter of impeller/diameter of tank 

TABLE 10. ORGANIC ENTRAINMENT AFTER DILUTION 

Power Input, Entrainment, gal/ton of ore 

0.33 0.50 0.67 
hp/gal D/T Ratio* D/T Ratio* D/T Ratio* 

0.03 20 5 2 

0.12 - 20 3 

0.31 10 5 

*Diameter of impeller/diameter of tank. 



1 2  

The i n i t i a l  en t ra inment  i n  tests wi th  40 w t  % s l u r r y  
were about 50 pe rcen t  h ighe r  t han  they  were wi th  5 0 % s l u r r y  
under e s s e n t i a l l y  t h e  same tes t  c o n d i t i o n s o  However, t h e r e  
was l i t t l e  d i f f e r e n c e  i n  t h e  amount of r e s i d u a l  en t r a inmen t .  

E f f e c t  of Pulp  Densi ty  

To determine t h e  e f f e c t s  of s l u r r y  d e n s i t y  on e x t r a c t i o n  
r a t e  and phase e n t r a i n m e n t ,  ba tch  e x t r a c t i o n  tes ts  were made 
us ing  a l e a c h  s l u r r y  c o n t a i n i n g  30  w t  % s o l i d s  and s l u r r i e s  
c o n t a i n i n g  1 5 ,  1 0 ,  and 5 w t  % s o l i d s  from which + 2 0 0  mesh 
sands  had been removed The  s l u r r i e s  were prepared  by leach- 
i n g  Marysvale o r e  w i t h  d i l u t e  s u l f u r i c  a c i d  as desc r ibed  pre- 
v i o u s l y  (ORNL-2034)- Uranium c o n c e n t r a t i o n  i n  t h e  1 0  and 5% 
s l u r r i e s  w a s  i n c r e a s e d  t o  e q u a l  t h a t  i n  t h e  15’%JQ. The o rgan ic  
phase ,  equipment,  and procedures  were t h e  same as t h o s e  e m -  
ployed i n  t h e  s t u d i e s  made w i t h  40 and 50  w t  % s l u r r i e s ,  The 
tes ts  were car r ied  ou t  wi th  power inpu t  and D/T r a t i o  f i x e d  
a t  0 , 0 3  hp/gal  and O “ 5 ,  r e s p e c t i v e l y ,  A l l  o t h e r  c o n d i t i o n s  
were t h e  same as those  used p r e v i o u s l y .  The d a t a  are  r e p o r t e d  
i n  Table  11, 

The r e s u l t s  show t h a t  ( a )  t h e  e x t r a c t i o n  r a t e  was 2 
seconds w i t h  a l l  f o u r  s l u r r i e s  showing t h a t  t h e  e x t r a c t i o n  
ra te  w a s  very r a p i d ;  ( b )  t h e  i n i t i a l  o rgan ic  en t ra inment  w i t h  
3 0 ,  1 5 ,  and 10 w t  % s l u r r i e s  ranged from 90  t o  1 1 0  g a l / t o n  of 
o r e  whi le  w i t h  5 w t  % i t  w a s  30 g a l / t o n  of o r e ;  and ( c )  t h e  
r e s i d u a l  o rgan ic  en t ra inment  ( a f t e r  d i l u t i o n  t o  5 w t  % s o l i d s  
and slow a g i t a t i o n )  ranged from 1 t o  2 g a l / t o n  o f  o r e  wi th  a l l  
f o u r  s l u r r i e s  

Batch e x t r a c t i o n  tests a r e  i n  p rogres s  us ing  5 0 ,  1 0 ,  and 
5 w t  OJoUravan s l u r r i e s  i n  o rde r  t o  provide  a comparison of 
t h e  e x t r a c t i o n  r a t e  and o rgan ic  en t ra inment  between s l u r r i e s  
made from l e a c h i n g  two d i f f e r e n t  o r e s ,  

E x t r a c t i o n  Rate  and Phase Entrainment wi th  Uravan S l u r r i e s  

The  e f f e c t s  of mixing v a r i a b l e s  on t h e  r a t e  of uranium 
e x t r a c t i o n  and amount of o rgan ic  phase en t ra inment  have been 
s t u d i e d  i n  ba t ch  tests u s i n g  l e a c h  s l u r r i e s  prepared  from 
Marysvale o r e .  To i n v e s t i g a t e  t h e  p o s s i b l e  d i f f e r e n c e s  i n  
r e s u l t s  due t o  types  of ore ,  batch tests were made wi th  l e a c h  
s l u r r i e s  prepared  from Uravan ore*  c o n t a i n i n g  50,  8 ,  and 
5 W t  70 s o l i d s ,  

*Uravan s t o c k  p i l e  



TABLE 11. TEST DATA FOR DILUTE MARYSVALE SLURRY 

React ion 
Slurry Rate Uranium Concentration in Raffinate, g/1 

Density, Constant, Mixing Time, sec 
9% Solids sec 0 10 3 0  50 70 120 300 

3 0  2 0 . 8 9  0 . 0 0 2  0 . 0 0 2  0.001 0.001 0.002 0.002 
15* 2 0 . 8 6  0 . 0 0 6  0 . 0 0 6  0 . 0 0 4  0.004 0 . 0 0 3  0.005 
10* 2 0 . 8 6  0 . 0 0 6  0.002 0 . 0 0 2  0.001 0.001 0.001 
5* 2 0 . 8 6  0.004 0.001 0.002 0.001 0.001 0.001 

*Slime slurries free of +200  mesh sands. 

TABLE 11 (continued) 

Slurry Organic Entrainment 
Density, Before Dilution, After Dilution,** 
% Solids gal/ton of ore gal/ton of ore 

3 0  
15* 
10* 

5* 

110 
9 0  
110 

3 0  

*Slime slurries free of +200 mesh sands. 

**Diluted to 5 wt %solids. 
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The 8 and 5 wt %slurries were prepared by diluting 
50 wt % slurry with water and removing the +200 mesh sands, 
The organic phase was a 0.1 molar solution of di(2-ethylhexyl) 
phosphoric acid dissolved in kerosene containing 2 vol % 
capryl alcohol. The equipment and procedures employed in 
making the tests were the same as those described in 
ORNL-2034. The test data are summarized in Table 12. 

The results show that the rate of uranium extraction was 
very rapid with all three slurries, initial organic entrain- 
ment decreased from 80 gal/ton of ore to 7 as the solids con- 
tent of the slurry decreased from 50 to 5 wt %, and the 
residual organic entrainment ranged from 1 to 2 gal/ton of 
ore with all three slurries. These results were not appre- 
ciably different from those obtained with Marysvale slurries 
containing about the same amount of solids. No further work 
on this phase of the slurry extraction program is planned. 

Recovery of Organic from Slurry Raffinate 

Previously (ORNL-2026), scouting tests were started to 
determine methods f o r  recovery of organic from slurry raf- 
finate. The results of these tests showed that the organic 
could be recovered by alternate agitation and settling of 
diluted slurry raffinate (5% solids). The study of organic 
recovery was continued in a mechanically agitated tank to 
determine the effect of agitator speed and mixing time on the 
organic recovery. 

The tests were made in a 6-in. diameter tank with a rake- 
type agitator as shown in Fig. 2. The agitator consisted of 
rakes and screens (10-mesh) designed to keep the slimes sus- 
pended so that small droplets of entrained organic would be 
freed and rise to the surface of the slurry. 

The slurry raffinate for the tests was prepared by ex- 
tracting a 5% Marysvale slurry (-200 mesh) in a 6-in. mix 
tank using a 3-in. turbine at 700 rpm. The organic phase w a s  
0.1 molar di(2-ethylhexyl) phosphoric acid in kerosene (2% 
capryl alcohol). The phase ratio was 10 volumes of organic 
to 1 of slurry. After extraction the slurry raffinate was 
separated from the organic phase and charged into the organic 
recovery tank to a level even with the top of the agitator. 
To prevent re-entrainment of released organic a layer of 
water was maintained over the slurry. After the slurry was 
agitated for the desired time, all of the slurry phase was 
withdrawn and the residual organic was determined by steam 
distillation. 
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Figure 2. Rake Agitator Used in Organic Recovery Tests, 
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A plot of the residual organic entrainment and time of 
agitation is shown in Fig. 3 .  With an agitator speed of 
1 rpm the organic entrainment decreased from the original 
50 gal/ton of ore to about 0.6 gal/ton of ore after 3 hours' 
agitation. A loss of 1,2 gal of organic per ton of ore has 
been chosen for preliminary cost comparison of slurry extrac- 
tion with clarified liquor extraction, A s  shown in Fig, 3 
about 2 h r s  were required to reduce the organic entrainment 
to 1 - 2  gal/ton of ore, The rate of recovery of organic was 
essentially the same with agitator speeds of 1, 2, 3 ,  and 
4 rpm. Higher agitator speeds were tried, but the slurry was 
mixed into the water layer giving a more dilute slurry. The 
rate of organic recovery was increased, but not enough to 
overcome the larger holdup required for the more dilute slurry, 

A single mixer-settler unit will be fabricated and in- 
stalled so that the effects of mixing variables on the amount 
of phase entrainment can be studied under continuous operat- 
ing conditions, It is also planned to continue studies of 
the possible utility of slow agitation in settlers or hold 
tanks as a means for decreasing organic entrainment in 
raffinate. 
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