
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Separation Science and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713708471

Supported Liquid Membrane Separation of Aluminum from Copper
Leaching Liquors
L. E. Schultzea; S. P. Sandovala; J. A. Eiselea; T. G. Carnahana

a U.S. Department of the Interior Reno, Reno Research Center Bureau of Mines, Nevada

To cite this Article Schultze, L. E. , Sandoval, S. P. , Eisele, J. A. and Carnahan, T. G.(1988) 'Supported Liquid Membrane
Separation of Aluminum from Copper Leaching Liquors', Separation Science and Technology, 23: 12, 1683 — 1693
To link to this Article: DOI: 10.1080/01496398808075657
URL: http://dx.doi.org/10.1080/01496398808075657

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496398808075657
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 2 3 ( 1 2 & 1 3 ) ,  p p .  1683-1693, 1988 

SUPPOKTFI) LIQUII) MEMI3RANE SEPARATION OF AL[JMINIJY FRON COPPER 
I. ERC b I  I N G  L 1 QUORS 

L. E. S c h u l t z e ,  S. P. Sandoval, J. A. Eise le ,  and T. G .  Carnahan 
Reno Research Center  
Bureau of “lines 
U.S. Department of t h e  I n t e r i o r  
Reno, Nevada 89512-2295 

ABSTRACT 

The Bureau of Mines, U.S. Department of the  
I n t e r i o r ,  i n v e s t i g a t e d  t h e  s e p a r a t i o n  of alumi- 
num from copper dump l e a c h i n g  l i q u o r s  us ing  a 
suppor ted  l i q u i d  membrane. Aluminun was selec- 
t i v e l y  t r a n s p o r t e d  through porous polypropylene 
impregnated with d i ( 2 - e t h y l h e x y l )  phosphoric  
a c i d  i n  an a l i p h a t i c  d i l u e n t .  The e f f e c t s  of 
v a r i a b l e s , ,  such as s o l u t i o n  composi t ion,  temper- 
a t u r e ,  and e x t r a c t a n t  c o n c e n t r a t i o n s ,  were 
measured using a t h r e e - l e v e l  f r a c t i o n a l  f a c t o -  
r i a l  exper imenta l  des ign .  Experimental  resu l t s  
were used to d e r i v e  e q u a t i o n s  for p r e d i c t i n g  
t r a n s p o r t  rates f o r  aluminum, i r o n ,  and copper. 
The major v a r i a b l e s  i n f l u e n c i n g  aluminum t r a n s -  
p o r t  were s o l u t i o n  temperature, f e e d  s o l u t i o n  
pH, aluminum c o n c e n t r a t i o n  i n  the feed s o l u t i o n ,  
and e x t r a c t a n t  c o n c e n t r a t i o n .  Copper and i r o n  
t r a n s p o r t  rates were almost  z e r o  when aluminum 
t r a n s p o r t  rates were high. Measured aluminum 
t r a n s p o r t  rates under t h e  b e s t  c o n d i t i o n s  of 
5 5 O  C,  pH 3.0, 16 g/L A 1 3 +  and 65 p c t  e x t r a c t a n t  
s o l u t i o n  confirmed t h e  p r e d i c t e d  va lue  of 
210 ug/(cm2*h).  T r a n s p o r t  rates f o r  i r o n  and 
copper  were less than  5 pg/(cm2*h) under these  
c o n d i t i o n s .  
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SCHULTZE ET AL. 

INTRODUCTION __--- 
An impor tan t  a p p l i c a t i o n  of s e p a r a t i o n  technology i n  t h e  

meta ls  i n d u s t r y  is  t o  recover  metals  from leaching  s o l u t i o n s .  One 
technique  r e c e i v i n g  increased  a t t e n t i o n  is s o l v e n t  e x t r a c t i o n .  The 
technique  has  evolved from an a n a l y t i c a l  procedure,  through use 
under s p e c i a l i z e d  c o n d i t i o n s ,  t o  c o n s i d e r a t i o n  as an i n d u s t r i a l  
u n i t  o p e r a t i o n .  One of t h e  d isadvantages  of s o l v e n t  e x t r a c t i o n  i s  
t h e  need t o  mix and s e p a r a t e  two immiscible  phases. This  l e a d s  t o  
losses of expensive e x t r a c t a n t s  due t o  aqueous-phase en t ra inment  
and emulsion or crud formation.  Crud formation is a major problem 
when t r e a t i n g  t u r b i d  s o l u t i o n s  ( 1  1. When the  e x t r a c t a n t  phase 
becomes s a t u r a t e d  with metal  s a l t s ,  mass t r a n s p o r t  a l s o  d e c r e a s e s .  

A new s e p a r a t i o n  method, which could a l l e v i a t e  some of t h e  
d isadvantages  of s o l v e n t  e x t r a c t i o n ,  is t h e  use of supported l i q u i d  
membranes (2-3) .  The method employs a microporous, hydrophobic 
membrane t h a t  can be impregnated with a n  e x t r a c t a n t  s o l u t i o n .  
Metal  ions  or s a l t s  a r e  e x t r a c t e d  a t  one membrane s u r f a c e ,  t r a n s -  
p o r t e d  through t h e  membrane by t h e  e x t r a c t a n t  s o l u t i o n ,  and re- 
l e a s e d  t o  d s t r i p p i n g  s o l u t i o n .  I f  t h e  e x t r a c t a n t  i s  a c a t i o n  
exchanger ,  p r o t o n s  are t r a n s p o r t e d  i n  the r e v e r s e  d i r e c t i o n .  N o  
mixing of immiscible  phases  occurs  and the e x t r a c t a n t  i s  cont in-  
u a l l y  regenera ted ,  avoid ing  decreased  mass t r a n s p o r t .  

The Bureau of Mines i n v e s t i g a t e d  the supported l i q u i d  membrane 
technique  f o r  recover ing  aluminum from copper leaching  s o l u t i o n s ,  
which c o n t a i n  up t o  1 5  g aluminum per  l i t e r  and r e p r e s e n t  more than 
2,000 s h o r t  tons  of alumina per day (4). Previous r e s e a r c h  on 
r e c o v e r i n g  the  aluminum used s o l v e n t  e x t r a c t i o n  and ion  exchange 
methods. S o l v e n t  e x t r a c t i o n ,  us ing  monododecyl phosphoric  a c i d ,  
s u c c e s s f u l l y  recovered an alumina product ,  bu t  the need to main ta in  
pH c o n t r o l  n e c e s s i t a t e d  a d d i t i o n s  of base to the  c i r c u i t .  To 
minimize r e a g e n t  c o s t s  lime w a s  added, r e s u l t i n g  i n  formation of a 
gypsum p r e c i p i t a t e .  Traps were designed i n  t h e  s e t t l i n g  chambers 
t o  remove the gypsum, b u t  crud formation was a major problem ( 4 ) .  
The ion-exchange method also recovered aluminum, but  y ie lded  low 
loading  of aluminum on the r e s i n  and poor s e l e c t i v i t y .  S t r i p p i n g  
s o l u t i o n s  conta ined  aluminum, i r o n ,  and magnesium ( 5 ) .  

MATERIALS AND PROCEDURES 

A l l  r e s e a r c h  w a s  performed with an e x t r a c t a n t  s o l u t i o n  of 
d i ( 2 - e t h y l h e x y l )  phosphoric  a c i d  (DEHPA) i n  kerosene and a poly- 
propylene suppor t  having a 0.02-vm pore s i z e ,  38-pct p o r o s i t y ,  and 
25-um th ickness .  Metal t r a n s p o r t  r a t e s  were measured by suspending 
t u b e s  of s t r i p p i n g  a c i d  conta ined  by t h e  supported l i q u i d  membrane 
i n  r e s e r v o i r s  of t h e  test  s o l u t i o n .  A f o u r - v a r i a b l e  Box-Behnken 
exper imenta l  d e s i g n  ( 6 )  w a s  made on s imula ted  leaching  s o l u t i o n s  t o  
model metal-ion t r a n s p o r t  rates. V e r i f i c a t i o n  tests were conducted 
on a c t u a l  copper leaching  s o l u t i o n s  to  test t h e  v a l i d i t y  of the 
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SEPARATION OF ALUMINUM FROM COPPER LEACHING LIQUORS 1685 

TABLE 1 .  - V a r i a b l e s  used i n  f o u r - v a r i a b l e  tests 

V a r i a b l e  I 1 ~l f$k:, 
X 1  Vol pct DEHPA i n  Escaid 200 .. 
X 2  Feed pH....................... 2.0 2.5 3.0 
X3 Feed A 1 3 +  c o n c e n t r a t i o n .  .g/L.. 
X Tern erature...............'C,. 25 40 55 

endorsement by the Bureau of Mines. 
R e f e r e n c e  t o  s p e c i f i c  products  does n o t  imply 

models. The supported l i q u i d  membrane, exper imenta l  d e s i g n ,  and 
t h e  range of v a r i a b l e s  i n v e s t i g a a t e d  a r e  d iscussed  i n  d e t a i l  i n  
r e f e r e n c e  7. 

RESULTS AND DISCUSSION ___- 

The v a r i a b l e s  eva lua ted  f o r  their e f f e c t s  on n e t a l - i o n  t r a n s -  
p o r t  rdtes ( t a b l e  1 )  were s e l e c t e d  as a r e s u l t  of s c r e e n i n g  e x p e r i -  
ments ( 7 ) .  R e s u l t s  from t h e  exper imenta l  des ign  were s u b j e c t e d  t o  
r e g r e s s i o n  a n a l y s i s  t o  develop models f o r  metal-ion t r a n s p o r t  
rdtes. A time f a c t o r  was inc luded  by t a k i n g  samples a f t e r  24, 72, 
and 96 11, and t h e  t h r e e  sets of d a t a  p o i n t s  incorpora ted  i n  the  
r e g r e s s i o n  a n a l y s i s .  Although t h e  experiments  were designed t o  
measure aluminum t r d n s p o r t  r a t e s ,  models were a l s o  der ived  f o r  
copper  and i ron .  The models f o r  metal- ion t r a n s p o r t  rdte ( t a b l e  2 )  
demonstrate  t h a t  a l l  f o u r  of t h e  v a r i a b l e s  i n f l u e n c e  t h e  t r a n s p o r t  
r a t e .  S t a t i s t i c a l  e v a l u a t i o n  of p r e c i s i o n  f o r  t h e  models ( t a b l e  3 )  
i n d i c a t e s  good p r e d i c t a b i l i t y  f o r  aluminum and s l i g h t l y  less accu- 
r a t e  p r e d i c t a b i l i t y  f o r  copper and i ron .  

Temperature had the  g r e a t e s t  i n f l u e n c e  on aluminum-ion t r a n s -  
p o r t  r a t e .  A convenient  method fo r  e v a l u a t i n g  i t s  i n f l u e n c e  i s  t o  
p l o t  contours  of aluminum-ion t r a n s p o r t  r a t e  versus  c o n c e n t r a t i o n  
of aluminurn i n  t h e  leaching  s o l u t i o n  a t  c o n s t a n t  pH, DEHPA conceti- 
t r a t i o n ,  and time. I n s p e c t i o n  of t h e  p l o t  f o r  65 p c t  DEHPA, pH 
3.0, and 24 h ( f i g .  1 )  shows t h a t  a t  9 g/L A 1 3 + ,  an i n c r e a s e  i n  
tempera ture  froin 25" t o  30°  C doubles  A 1 3 +  t r a n s p o r t  r a t e  from 20 
t o  40 vg/(cm2*h).  
t empera ture  from 3 0 °  t o  40° C. Temperature has a similar i n f l u e n c e  
a t  a l l  A 1 3 +  c o n c e n t r a t i o n s  between 2 and 16 g/L. 

T r a n s p o r t  rate i s  doubled aga in  by i n c r e a s i n g  

F i g u r e  2 shows t h e  i n f l u e n c e  of feed pH on A 1 3 +  t r a n s p o r t  r a t e  
a t  35 p c t  DEHPA, 40° C ,  and 24 h. A z e r o  t r d n s p o r t  rate is  
p r e d i c t e d  a t  p~ 2 and 2 g / ~  A I ~ + .  
46 pg/(cm2*h) a t  p H  3 and 2 g/L A 1 3 + .  
r d t e  i r lc reases  from 1 2  pg/(cm2*h) a t  p H  2 t o  74 ug/(cm2*h) a t  pH 3 .  

T r a n s p o r t  r a t e  i n c r e a s e s  t o  
A t  16  g/L A 1 3 + ,  t r a n s p o r t  
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1686 SCHULTZE ET A L .  

TABLE 2. - Metal-ion t ranspor t  models 

Metal 

Al.. . I 

Fe... 

cu. .  . 

' y ;  

Model' Significance 
f coefficient2- 

.oo 

.oo 

.oo 

.oo 

.oo 
* 00 
.01 
.oo 
.18 
.oo 
.oo 
.01 
.19  
.oo 
.01 
.oo 
.26 
.oo 
.oo 
.oo 
.04 
.31 
.32 
.oo 
.02 
.oo 
.03 
.18  
.oo 
.05 
.oo 
.oo 
.28 
.oo 
.oo 
.oo 
.oo 
.oo 
.06 .___------- 

port r a t e  i n  
micrograms per square centimeter 
per hour. 

Xi: Normalized l e v e l  of variable.  
T: Nornialized t i m e  f ac tor .  

'Significance: A s t a t i s t i c a l  
measnre of importance. The smaller 
the  s ign i f icance ,  the less l i k e l y  
t h e  va r i a t ion  was due to  random e r ro r .  
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Y 

I- 

TABLE 3.  - S t a t i s t i c a l  measurements of 
p r e c i s i o n  of metal t r a n s p o r t  models 

Adjusted R2.. . . . . . . . . . . . . . . 

2 9 16 

Al  CONCENTRATION, g/L 

Fig.  1. E f f e c t  of t e n p e r d t u r e  and aluminum concent rd t ion  on 
aluminum t r a n s p o r t  r a t e  us ing  65-pct DEHPA, pM 3.0, and 24 h. 
Contour Lines are t r a n s p o r t  r a t e  i n  nicrograins per square  
centimeter per hour .  

F i g u r e  2 demonstrates  t h e  importance of pB c o n t r o l  in A 1 ”  t r a n s -  
p o r t  rate. 
a r e  r e l e a s e d  i n t o  the  feed s o l u t i o n .  Unless t h e  H+ ions a c e  neu-  
t r a l i z e d ,  t h e  pH of t h e  feed s o l u t i o n  will decrease  to unacceptable  
l e v e l s  f o r  A I ~ +  t r a n s p o r t .  

When n e t d l  ions  are e x t r a c t e d  by t h e  neiobrdne, H+ i o n s  

The e f f e c t  of DEHPA c o n c e n t r a t i o n  and &13+ c o n c e n t r a t i o n  a t  p H  
2.5,  40° C, and 24 h i s  i l l u s t r a t e d  in f t g u r e  3 .  A t  9 g/L A13+,  
t r a n s p o r t  r a t e  i n c r e a s e s  from 1 0  @g/(cm2*h) a t  5 p c t  DEHPA t o  30 
dg/(cm2*h) a t  35 p c t  DEHPA. 
from 35 t o  65 p c t ,  t r a n s p o r t  rate i n c r e a s e s  from 30 t o  
38 dg/(crn2*h). 

When DEHPA c o n c e n t r a t i o n  is rncraased 

The s m a l l e r  n e t  i n c r e a s e  i n  t r a n s p o r t  r a t e ,  
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1688 SCHULTZE ET AL.  

A1 CONCENTRATION, g / L  

Flg. 2. E f f e c t  of pFI and a l u m i n u m  c o n c e n t r a t i o n  on aluminum 
t r d n s p o r t  r d t e  a t  35-pct ' I F l < l ~ A ,  40"  C ,  and 24 h. Contour 
l i n e s  are t r a n s p o r t  rdte in nicroyrams per square  centimeter 
p e r  hour. 

2 9 16 

Al  CONCENTRATION, g / L  

Fig.  3 .  E f f e c t  of DEHPA c o n c e n t r a t i o n  and aluminum c o n c e n t r a t i o n  
on aluminum t r a n s p o r t  rate a t  p H  2.5, 40° C, and 24 h. Contour 
l i n e s  are t r a n s p o r t  rate i n  micrograms per  square  c e n t i m e t e r  
per hour. 
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SEPARATION OF ALUMINUM FROM COPPER LEACHING LIQUORS 1689 

Fig.  4. E f f e c t  of temperature  and pH on i r o n  t r a n s p o r t  ra te  a t  
9 g/L A 1 3 + ,  35-pct DEHPA, 25O C ,  and 24 h. Contour l i n e s  are 
t r a n s p o r t  r a t e  i n  micrograms p e r  square  cent imeter  per hour. 

8 p g / ( c m Z * h ) ,  compared t o  20 pg/(cm2'h) from 5 t o  35 p c t  DEHPA i s  
caused by i n c r e a s e d  v i s c o s i t y  of t h e  organic  phase. Increased  
DEHPA c o n c e n t r a t i o n  r e su l t s  i n  more c a r r i e r s  f o r  metal  t r a n s p o r t ,  
b u t  t h e  movement of t h e  c a r r i e r s  is slowed by i n c r e a s e d  v i s c o s i t y .  

The importance of pH and tempera ture  on minimizing i r o n  
t r a n s p o r t  i s  demonstrated i n  f i g u r e  4. 
DEHPA, 24 h ,  and 25O C, i r o n  t r a n s p o r t  r a t e  is 30 t o  40 pg/(cm2*h) 
over  t h e  p H  range 2.0 t o  3.0. A t  pH 2.0, however, i r o n  t r a n s p o r t  
r a t e  i n c r e a s e s  from 40 t o  200 pg/(cm2-h) a s  temperature  i n c r e a s e s  
from 2 5 O  t o  5Sa C. A t  pH 3.0, i r o n  t r a n s p o r t  decreases  with 
i n c r e a s i n g  tempera ture  from 40 vg/(cmL*h) a t  2 S 0  C to  0 a t  4 5 O  C. 
The change i n  behavior  of i r o n  i s  due t o  h y d r o l y s i s  p r e c i p i t a t i o n  
a t  h igher  tempera ture  and pH. I r o n  p r e c i p i t a t e s  d i d  n o t  adhere t o  
t h e  supported l i q u i d  membrane, and t h e r e  w a s  no evidence of 
i n h i b i t i o n  of metal-ion t v a n s p o r t  rates. 

A t  9 g/L A 1 3 + ,  35 p c t  

Copper-ion t r a n s p o r t  rate as a f u n c t i o n  of temperature  and 
A 1 3 +  c o n c e n t r a t i o n  a t  35 pct DEHPA, pH 2.5, and 24 h ( f i g .  5 )  shows 
t h a t  t r a n s p o r t  ra te  i n c r e a s e s  wi th  d e c r e a s i n g  A 1 3 +  c o n c e n t r a t i o n  
and i n c r e a s i n g  temperature .  O f  t h e  f o u r  exper imenta l  v a r i a b l e s ,  
cu2+ t r a n s p o r t  ra te  w a s  most s e n s i t i v e  t o  ~ 1 3 +  concent ra t ion .  A 
z e r o  t r a n s p o r t  rate can be expected a t  A 1 3 +  c o n c e n t r a t i o n s  g r e a t e r  
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Fig.  5. E f f e c t  of temperature  and aluminum c o n c e n t r a t i o n  on 
copper  t r a n s p o r t  r a t e  a t  35-pct DEHPA, p H  2.5, and 24 h. 
Contour l i n e s  are t r a n s p o r t  r a t e  i n  micrograms per  square  
c e n t i m e t e r  per hour. 

than  9 g/L A 1 3 + .  
must be maintained t o  achieve  a d e s i r e d  s e l e c t i v i t y  l e v e l  of A 1 3 +  
compared t o  Cu2+. 

A minimal A 1 3 +  c o n c e n t r a t i o n  i n  the feed  s o l u t i o n  

A 1 3 +  and Cu2+ t r a n s p o r t  rates were inf luenced  by t i m e .  The 
e f f e c t  was l i n e a r ,  caused d e c r e a s i n g  t r a n s p o r t  and i n d i c a t e d  
d e g r a d a t i o n  of t h e  supported l i q u i d  membrane. A test  w a s  made i n  a 
t u b e  and s h e l l  flow-through cel l .  The supported l i q u i d  membrane 
conta ined  25 vol-pct  DEHPA i n  kerosene.  The s imula ted  leaching  
s o l u t i o n  conta ined  16 g/L A13+1 1 g/L 
2.9 and ambient temperature .  
T r a n s p o r t  r a t e  f o r  A13+ decreased  wi th  t i m e .  
t r a n s p o r t  r a t e  w a s  n o t  a p p a r e n t  owing t o  i ts  low t r a n s p o r t  rate 
under test condi t ions .  
ra te  as p r e d i c t e d  by t h e  model ( t a b l e  2 ) .  A f t e r  188 h t h e  
suppor ted  l i q u i d  membrane w a s  removed and reimpregnated with 
e x t r a c t a n t  s o l u t i o n .  
r a t e ,  i n d i c a t i n g  t h a t  membrane degrada t ion  w a s  due t o  loss of 
e x t r a c t a n t  s o l u t i o n  r a t h e r  than d e t e r i o r a t i o n  of t h e  membrane 
s u p p o r t  o r  p lugging  of t h e  pores. 

and 2.5 g/L Fe2+ a t  p H  
The s t r i p p i n g  s o l u t i o n  was 6fl H2SO4. 

The i n f l u e n c e  on Cu2+ 

There w a s  no i n f l u e n c e  on Fe2+ t r a n s p o r t  

The t rea tment  re juvenated  A 1 3 +  t r a n s p o r t  

To check t h e  rate models f o r  metal t r a n s p o r t ,  tests were made 
on a s imula ted  copper leaching  l i q u o r  and t h r e e  copper leaching  
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159 

154 

172 

TABLE 4. - Composition of so lu t ions  used to  t e s t  t ranspor t  models, 
grams per l i ter  

- 
SoluLion -_ I -I- - - ----_--- - -- 

Coppe K p lan t  solvent 
ex t r ac t inn  feed.. .......... 
ext rdc t ion  r a fc ina t e . .  ...... .7 12 3 

copper p l an t  so lvent  

I- 

127 

160 

146 

TABLE 5. - Measured v e r s u s  predicted metal t rdnspor t ,  
micruqrdms per square centimetcr per hour 

156 

143 

156 

-- _--_ --_ 
A l u n i  num : 

Simulated leaching 
solution... . . . . . . . . . . .  

extractLon €eed.. ..... 
ext rdc t ion  ra€Cinatp.. 

p l a n t  e f f l u e n t  ........ 

Copper p l an t  5olvent 

2opper p l an t  so lvent  

Zopper cementation 

Iron: 
S i m u  latecl IsachLng 

Copper p l an t  soLvent 

Copper p l an t  so lvent  

Copper cementatLon 

solution.. . . . . . . . . . . . .  

ex t r ac t ion  feed.. ..... 
extractLon r a € f i n a t e . .  

p l an t  e f f luen t . . . . . . . .  
Copper: 

Simulated leaching 
so 1 u t i on .............. 

t’opper p l an t  so lvent  
ex t r ac t ion  feed ....... 

Copper p l an t  solvent 
ex t r ac t ion  r a f f ina t e . .  

Copper ceinentation 
p l a n t  e f t l uen t . . . . . . . .  

NOTE. - Ranges of predi 
--- -- -- -- -- ---- - --- - 

195k18 

195i18 

149k15 

4 

9 

10 

4 

2 

2 

0 

4 

1 1  

13 

4 

3 

1 

1 

1 

3 

0 

0 

0 

6 

0 

0 

4 

0 

12 

4 

2 

1 

0 

1 
led values 

199 [210+13 

--.-I 

206-fl E 

191+1E 

191flE 

145klE 

0 

0 

0 

0 

5 

0 

0 

33 k22 
35-pct 

conf tdence in t e rva l .  Ranges yielding predic t ions  of negative metal 
t r anspor t  ra tes  were set to zero because negative t ranspor t  r a t e s  
have no physical meaning. 
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s o l u t i o n s .  Composition of t h e  f e e d  s o l u t i o n  i s  l i s t e d  i n  t a b l e  4. 
Measured and p r e d i c t e d  metal t r a n s p o r t  rates a r e  compared i n  
t a b l e  5. 
s o l u t i o n  and cementat ion s o l u t i o n  were n o t  s t a t i s t i c a l l y  d i f f e r e n t  
from the  p r e d i c t e d  r a t e s .  In  both c a s e s ,  t h e  observed t r a n s p o r t  
rates were w i t h i n  the  95 p c t  confidence i n t e r v a l s  a s s o c i a t e d  with 
t h e  p r e d i c t i o n s .  
p l a n t  feed  and r a t f i n a t e  s o l u t i o n s  were o u t s i d e  their r e s p e c t i v e  
95-pct  conf idence  i n t e r v a l s  and were s t a t i s t i c a l l y  d i f f e r e n t  froin 
t h e  p r e d i c t e d  r a t e s .  Zinc t r a n s p o r t e d  from these  s o l u t i o n s  a t  
r a t e s  of 80 t o  195 pg/(cm2'h). The compet i t ion  of Zn2+ wi th  A 1 3 +  
f o r  membrane s i tes  e x p l a i n s  the  lower than expected A13' t r a n s p o r t  
r a t e s .  Although z i n c  a l s o  t r a n s p o r t e d  from the  cementat ion 
e f f l u e n t ,  t h e r e  w a s  a smaller amount of Zn2+ i n  this s o l u t i o n  than 
i n  the  copper s o l v e n t  e x t r a c t i o n  s o l u t i o n s .  
t r d n s p o r t  rates for most of t h e  t e s t s ,  as p r e d i c t e d  by t h e  models, 
were very low. I n  t h e  c a s e  of Cu2+ t r a n s p o r t  from the  cementat ion 
e f f l u e n t ,  Cu t r a n s p o r t  r a t e s  of 34, 
p r e d i c t e d  for  24, 1 2 ,  and 96 h, r e s p e c t i v e l y .  The p r e d i c t i o n s  were 
based on t h e  presence  of 2 q/L Cu2+. 
conta ined  0.1 g/L Cu2+, which e x p l a i n s  the lower- than-predicted Cu 
t r a n s p o r t  r a t e s .  Magnesium t r a n s p o r t  i n  the  four  tests ranged froin 
1 t o  0 gg/(cm2'h) .  

Observed A13+ t r a n s p o r t  r a t e s  from the  s imulated leaching  

The observed A 1 3 +  t r a n s p o r t  r a t e s  from t h e  copper 

Observed Fez+ and Cu2+ 

33, and 32 pg/(cm2'h) were 

The cementat ion e f f l u e n t  

SUMMARY AND CONCLUSIONS 
___.------I--- 

Aluminum can be recovered from copper leaching  s o l u t i o n s  by 
u s i n g  a supported l i q u i d  membrane. Opera t ing  c o n d i t i o n s  t h a t  
y i e l d e d  t h e  h i g h e s t  AS3+ t r a n s p o r t  r a t e s  provided the  b e s t  
s e l e c t i v i t y .  Formation of f i n e  p r e c i p i t a t e s  i n  feed s o l u t i o n s  due 
t o  h y d r o l y s i s  of Fe3+ d i d  not  i n t e r f e r e  with t h e  e x t r a c t i o n  system. 
Models f o r  metal-ion t r a n s p o r t  r a t e s  gave good p r e d i c t i o n s  of 
measured t r a n s p o r t  r a t e s  when test c o n d i t i o n s  w e r e  w i t h i n  the range 
of the exper imenta l  des ign .  S ince  d e v i a t i o n s  from t h e  range of the  
exper imenta l  des ign ,  such as t h e  presence  of competing e x t r a c t a b l e  
s p e c i e s  or exceeding t h e  designed l i m i t s  of t e s t  v a r i a b l e s ,  l e d  t o  
i n a c c u r a t e  p r e d i c t i o n s ,  c a r e  m u s t  be taken i n  choosing t h e  
c o n d i t i o n s  for  t h e  exper imenta l  des ign .  

Although use of a supported l i q u i d  membrane w a s  s u c c e s s f u l ,  
c e r t a in  weaknesses were a p p a r e n t  when viewed as a p o t e n t i a l  
commercial u n i t  o p e r a t i o n .  The b e s t  A13'  t r a n s p o r t  r a t e  of 
210 ug/(cm2'h) would r e q u i r e  l a r g e  a r e a s  of meinbrane s u p p o r t  t h a t  
r e p r e s e n t  a l a r g e  c a p i t a l  investment .  T,oss of e x t r a c t a n t  s o l u t i o n  
f roin the  supported l i q u i d  membrane n e c e s s i t a t e s  p e r i o d i c  regener-  
a t i o n  and c o n t i n g e n t  labor  c o s t s .  Improved r e t e n t i o n  of t h e  
e x t r a c t a n t  s o l u t i o n  by the membane s u p p o r t  and decreased  c o s t  of 
t h e  membrane s u p p o r t  would enhance the  p o t e n t i a l  of t h e  s e p a r a t i o n  
technique  as a commercial u n i t  opera t ion .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



SEPARATION OF ALUMINUM FROM COPPER LEACHING LIQUORS 

REF EKENC ES- 

1693 

1. 

2 .  

3 .  

4. 

5 .  

6. 

7. 

Maes, C. J., and K. J .  Seavers .  Aspects of Crud Formation i n  
S o l v e n t  E x t r a c t i o n  System. Pres. at: Annual Meeting of t h e  
Arizona Conference, AIME, Tucson, AZ, 1983. (Contac t  AIME, 
C a l l e r  No. D ,  L i t t L e t o n ,  CO 80127.) 

Babcock, W. C., M. R. Chidlaw, D. J. Kel ly ,  and E. 11. 
L a c h a p e l k .  Rend Research Inc. Coupled-Transport Hembranes f o r  
Metal  S e p a r a t i o n s  - Phase V ( c o n t r a c t  J0205061). Bur. of Mines 
Open F i l e  Rept. 203-83, 1983, 52 sp . ;  NTIS PB 84-127034. 

F l e t t ,  D. S. ,  and D. Pearson. Role of H o l l o w  F l b e r  Supported 
Liquid  Membranes i n  Hydrometallurgy. Paper i n  E x t r a c t i o n  
Metal lurgy '85. IMM, T,ondon, England, 1985, pp. 1-21. 

George, D. R., K. E. Tame, S. R. Crane, and K. R. Hlgble .  
Recovery and Product ion of Alumina F'roln Waste Soluti.ons by 
S o l v e n t  Ext rdc t ion .  *J. M e t . ,  V. 20, 1968, pp. 59-63. 

May, J. T., and D. C. S e i d e l .  Recovering Aluminum Froin a 
Copper Leach Liquor by Ion Exchange, An Explora tory  Study. 
Bur. of N i n e s  Rept. of I n v e s t .  8174, 1976, 22 pp. 

Box, G. E., and D. W. Behnken. Some N e w  Three Level  Designs 
f o r  t h e  Study of Q u a n t i t a t i v e  Var iab les .  Technomctrics, V. 2, 
N O .  4, 1960, pp. 455-475. 

S c h u l t z e ,  L. E., S. '2. Sandoval, J. A. Eise le ,  and T. G. 
Carnahan. Supported Liquid Membrane S e p a r a t i o n  of Aluminum FKOln 
Copper Leaching Liquors .  Paper i n  Proceedings of t h e  Reinhard t  
Schuhmann I n t e r n a t i o n a l  Symposium on Innovat ive  Technology and 
Reac tor  Design i n  E x t r a c t i v e  Metal lurgy,  Colorado Spr ings ,  CO, 
Nov. 9-12, 1986, ed. by D. R. George, J. P. Hager, J. E. 
Hoffman, and P. J. Mackey. Metall. SOC. AIME, Warrendale, PA, 
1986, pp. 311-322. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
0
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


