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INFLUENCE OF TEMPERATURE ON EXTRACTION 

Dubravka Mal jkov ic  and Darko Mal jkov ic  
F a c u l t y  o f  M e t a l l u r g y ,  U n i v e r s i t y  of Zagreb 

and 
Marko B r a n i c a  

C e n t e r  f o r  Marine Resea rch ,  Rud je r  Boskovic' I n s t i t u t e  
Zagreb,  C r o a t i a ,  Yugos lav ia  

S i s a k ,  Yugos lav ia  

ABSTRACT 

The l i t e r a t u r e  d a t a  r e l a t e d  t o  t h e  i n f l u e n c e  o f  t e m p e r a t u r e  
on e x t r a c t i o n  a r e  v e r y  o f t e n  c o n t r o v e r s i a l .  It  appea red  
a d v i s a b l e  t o  u n d e r t a k e  an  i n v e s t i g a t i o n  o f  s u c h  a n  i n f l u e n c e  
i n  sys t ems  c o n t a i n i n g  d i i s o p r o p y l  e t h e r  ( I P E ) ,  because  o f  t h e i r  
a b i l i t y  t o  form t h r e e  c o e x i s t i n g  l i q u i d  phases .  

I n  t h e  e x t r a c t i o n  sys t em H20-HCl-FeC13-IPE, t h e  volume 
changes and t h e  metal d i s t r i b u t i o n  depending on t e m p e r a t u r e  
( r a n g i n g  from 1 3  t o  40'C) and t h e  i n i t i a l  c o n c e n t r a t i o n  of  
h y d r o c h l o r i c  a c i d  (5 t o  11 g) were examined. The f o r m a t i o n  
of t h e  t h i r d  p h a s e  (heavy o r g a n i c  phase )  i s  of s p e c i a l  i n t e r e s t  
i n  t h e  s e p a r a t i o n  p r o c e s s e s  b e c a u s e  a v e r y  h i g h  c o n c e n t r a t i o n  
o f  m e t a l  c a n  be e x p e c t e d .  The complex i ty  of such  a m u l t i -  
component and m u l t i p h a s e  sys t em makes a phenomenological  approach 
more a p p r o p r i a t e  t h a n  a thermodynamic one.  

I n  t h e  th ree -phase  sys t em a n  i n c r e a s e  i n  t e m p e r a t u r e  i n c r e a s e s  
t h e  d i s t r i b u t i o n  r a t i o  o f  i r o n ( I I 1 )  whereas  i n  t h e  two-phase 
sys t em,  t h e  d i s t r i b u t i o n  r a t i o  d e c r e a s e s .  The e x t r a c t i o n  f a c t o r s  
based  on phase  volume and d i s t r i b u t i o n  r a t i o  w e r e  c a l c u l a t e d .  
Phase  t r a n s f o r m a t i o n s  o c c u r  i n  a na r row t e m p e r a t u r e  r ange .  
A d e c r e a s e  o f  t h e  i n i t i a l  a c i d  c o n c e n t r a t i o n  and a n  i n c r e a s e  i n  
t e m p e r a t u r e  c o n t r i b u t e  t o  a n  i n c r e a s e  i n  t h e  number of e q u i l i b r a t e d  
p h a s e s .  Choice of t h e  a p p r o p r i a t e  t e m p e r a t u r e  i n  similar sys t ems  
o f f e r s  new p o s s i b i l i t i e s  i n  t h e  a p p l i c a t i o n  o f  e x t r a c t i o n  i n  
s e p a r a t i o n  p r o c e d u r e s .  
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976 MALJKOVIC, MALJKOVIC, AND BRANICA 

INTRODUCTION 

It w i l l  b e  very  d i f f i c u l t  t o  presume t h e  s p e c i f i c  e f f e c t  o f  

temperature  on e x t r a c t i o n  when h a l o - m e t a l l i c  complex a c i d  

e x t r a c t s  i n t o  a carbon-bonded oxygen-donor s o l v e n t  ( e . g . ,  e t h e r ) .  

Bes ides ,  complexi ty  of t h e  e x t r a c t i o n  mechanism (formation of a 

hydrosolva t e d  halo-me t a  11 i c  complex a c i d  of changeable  composi t ion)  

also confirms t h e  l a c k  and cont roversy  of a v a i l a b l e  d a t a .  

I n  the l i t e r a t u r e  t h e r e  a r e  d a t a  on t h e  n e g a t i v e  i n f l u e n c e  

of temperature  on e x t r a c t i o n  (1-3) ,  and some a u t h o r s  ( 4 , 5 )  cons ider  

t h a t  an i n c r e a s e  i n  tempera ture  most f r e q u e n t l y  l e a d s  t o  a decrease  

of d i s t r i b u t i o n  r a t i o .  There a r e  a l s o  exper imenta l  d a t a  t h a t  

suggest  a n e g l i g i b l e  i n f l u e n c e  of temperature  on e x t r a c t i o n  ( 6 , 7 )  

o r  enhancement of e x t r a c t i o n  by a change i n  temperature .  

Enhancement was found i n  t h e  t e r n a r y  system c o n s i s t i n g  of w a t e r -  

hydrochlor ic  acid-antimony(V) c h l o r i d e - d i i i s o p r o p y l  e t h e r ,  which 

w a s  i n v e s t i g a t e d  i n  t h e  tempera ture  range o f  10 t o  30.5'C (8) .  

E x i s t i n g  d a t a  on t h e  three-phase system p o i n t  ou t  t h e  important  

r o l e  of temperature  (9,lO). R e s u l t s  of t h e  i n v e s t i g a t i o n s  of 

systems wi th  d i i s o p r o p y l  e t h e r  ( I P E )  used as a s o l v e n t  i n d i c a t e  

t h a t  temperature  change can cause phase t r a n s f o r m a t i o n s  o c c u r r i n g  

i n  a r e l a t i v e l y  narrow range  and c l o s e  to room temperature  (11,lZ). 

The e x i s t i n g  d a t a  show t h a t  no g e n e r a l  c o n c l u s i o n s  can be 

drawn and t h a t  o n l y  exper imenta l  ev idence  on t h e  s p e c i f i c  system 

can g ive  a proper  p i c t u r e  of t h e  tempera ture  dependence. 

I n  t h i s  a r t i c l e  r e s u l t s  of an i n v e s t i g a t i o n  of t h e  system 

H20-HC1-FeC1 -1PE i n  t h e  tempera ture  range  of  1 3  t o  40°C w i l l  be  

presented .  The e x t r a c t i o n  systems c o n t a i n i n g  I P E  are i n t e r e s t i n g  

because 01 t h e i r  a b i l i t y  t o  form t h r e e  c o e x i s t i n g  1i.quid phases  

( i . e . ,  o rganic  phase under p a r t i c u l a r  c o n d i t i o n s  s e p a r a t e s  i n t o  

two phases  - t h e  l i g h t  and t h e  heavy o r g a n i c  phase) .  Formation 

of t h e  t h i r d  phase i s  of s p e c i a l  i n t e r e s t  f o r  s e p a r a t i o n  processes  

because a very h igh  c o n c e n t r a t i o n  of meta l  can be  expec ted .  By 

s e l e c t i n g  proper  c o n d i t i o n s  i t  i s  r e l a t i v e l y  easy  t o  r e a c h  t h e  
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INFLUENCE OF TEMPERATURE ON EXTRACTION 977 

fo rma t ion  of  a t h i r d  phase and by changing d e f i n i t e  pa rame te r s  

t o  o b t a i n  i t s  d i s a p p e a r a n c e .  

MATER IALA 

Di i sopropy l  e t h e r ,  Fluka o r  Merck, C.P. w a s  p u r i f i e d ,  

d i s t i l l e d ,  and d r i e d .  P u r i f i c a t i o n  w a s  ach ieved  by s u c c e s s i v e  

t r e a t m e n t s  w i t h  f e r r o u s  s u l f a t e  ( s a t u r a t e d  s o l u t i o n ) ,  po ta s s ium 

permanganate (0 .5% s o l u t i o n ) ,  sodium hydroxide (0.5% s o l u t i o n ) ,  

and d i s t i l l e d  w a t e r .  P u r i f i e d  d i i s o p r o p y l  e t h e r  was d i s t i l l e d ,  

and t h e  middle  f r a c t i o n  (b .p .  66.8 t o  6 7 . 8 " C  a t  7 4 4  mm Hg) w a s  

c o l l e c t e d .  A f t e r  d r y i n g  by ca l c ium c h l o r i d e ,  t h e  d i i s o p r o p y l  

e t h e r  c o n t a i n e d  0.85 mg H 2 0 / m l .  

The o t h e r  chemica l s  used w e r e :  h y d r o c h l o r i c  a c i d ,  Merck, 

p . a .  snd f e r r i c  c h l o r i d e  hexahydra t e ,  Hopkins and Y i l  l i a m s ,  p . a .  

METHODS 

The sys t ems  were p repa red  i n  25 and 50-ml s e p a r a t i o n  f u n n e l s  

hav ing  a c a l i b r a t e d  s t e m  a n d / o r  i n  15-ml g radua ted  c u v e t t e s  

s e l e c t e d  from a l a r g e  group i n  o r d e r  t o  a s s u r e  a c c u r a t e  volume 

c a l i b r a t i o n s .  A f t e r  v i g o r o u s  shak ing ,  predetermined components 

w e r e  p l a c e d  i n  a w a t e r  b a t h  w i t h  a t h e r m o s t a t  h e l d  by an au to -  

m a t i c  c o n t r o l  a t  any d e s i r e d  t empera tu re .  Each t ime t h e  shak ing  

w a s  r e p e a t e d  i n  t h e  slme manner, at 15-min i n t e r v a l s  f o r  1 h r .  

Volumes o f  e q u i l i b r a t e d  phases  w e r e  de t e rmined  b e f o r e  sampling.  

Sampling u s i n g  p i p e t t e s  t h e r m a l l y  c o n t r o l l e d  a t  t h e  e x t r a c t i o n  

t empera tu re  was c a r r i e d  o u t  d i r e c t l y  (from c u v e t t e s )  o r  a f t e r  

removal o f  t h e  s e p a r a t e d  phases  from t h e  f u n n e l .  A l l  d a t a  

o b t a i n e d  a r e  t h e  r e s u l t s  of two o r  more r e p e a t e d  expe r imen t s  

depending on  t h e  deg ree  o f  r e p r o d u c i b i l i t y .  

Methods of  A n a l y s i s  

The m e t a l  c o n t e n t  i n  the  aqueous phase  and i n  p r e t r e a t e d  

samples  o f  o r g a n i c  phases  w a s  determined by UV a b s o r p t i o n  
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978 MALJKOVIC, MALJKOVIC, AND BRANICA 

measurements or complexometric titration (for larger quantities 

of iron). Absorbance w a s  measured at 335 nm. The complexometric 

titration was carried out using Titriplex 111 and 2-oxi-5-sulfobenzoic 

acid (13). 

RESULTS AND DISCUSSION 

The previously indicated strong influence of temperature 

on the volumes of equilibrate phases (10,13) is confirmed by the 

results obtained. Figure 1 shows the influence of temperature on 

t h e  change of equilibrate phase volumes in the system investigated: 

H 0-HC1-FeCI -1PE at the constant initial aqueous concentration of 2 3 

1 3  

cn 0 8  w 
i/) 
Q 

a I 06  

LL 0L 
0 

= 01. 0 
t 

2 0 2  
I1I 
LL 

0 w 
I 04 

0 
'02 

3 

0 

15 2 0  2 5  30 35 LO 

T E M P E R A T U R E  1 ° C  
C'HC, {O-71M . -8 lM 0 - 9 ! M  .-!01M h - \ ! l M  

FIGURE 1. Volume fraction of phases vs temperature at different 
initial hydrochloric acid concentrations (7.1 to 11.1 E )  
(System: FeCl3-HC1-H20-1PE, ci = 0.28 g ,  ri = 1 . 0 .  Fe 
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INFLUENCE OF TEMPERATURE ON EXTRACTION 9 79 

i r o n ( I I 1 )  of 0 .28 g and t h e  i n i t i a l  phase r a t i o  of 1 .0 .  

v a r i e d  i n  t h e  range from 13 t o  40OC by s t e p s  of 2 o r  5 O ,  and t h e  

i n i t i a l  a c i d  c o n c e n t r a t i o n  v a r i e d  i n  t h e  range from 5 .0  t o  11.1 g. 
For purposes  of c l a r i t y ,  curves  on F ig .  1 p e r t a i n i n g  t o  d i f f e r e n t  

phases  a r e  presented  s e p a r a t e l y .  Volumes of c o e x i s t i n g  phases  a r e  

expressed by volume f r a c t i o n s  ( i . e . ,  by t h e  r a t i o  of t h e  e q u i l i b r a t e  

phase volume and t h e  e q u i l i b r a t e  t o t a l  volume of t h e  heterogeneous 

system).  It i s  e v i d e n t  t h a t  i n  t h e  r e g i o n  i n v e s t i g a t e d  a d e c r e a s e  

i n  t h e  i n i t i a l  a c i d  c o n c e n t r a t i o n  and an i n c r e a s e  i n  t h e  tempera ture  

c o n t r i b u t e  t o  an i n c r e a s e  i n  t h e  number of phases .  The change of 

volume i s  g r e a t e s t  i n  aqueous and heavy organic  phases  a t  1 0 . 1 8  

and 11.18 i n i t i a l  c o n c e n t r a t i o n s  of  hydrochlor ic  a c i d .  

t empera ture  range o f  13 t o  19'C, a homogeneous system (one l i q u i d  

phase)  i s  obta ined .  A t  21°C i t  becomes a heterogeneous s y s t e m  

w i t h  two c o e x i s t i n g  l i q u i d  phases .  Above 30°C,  a t h r e e - l i q u i d  

phase e x i s t s .  The heavy o r g a n i c  phase appears  b e f o r e  t h e  l i g h t  

o r g a n i c  phase and i n  t h e  two-phase r e g i o n  i t s  volume i n c r e a s e s  

a t  t h e  expense of t h e  aqueous-phase volume. A f t e r  t h e  appearance 

of t h e  l i g h t  o r g a n i c  phase,  t h e  volume of t h e  heavy o r g a n i c  phase 

remains p r a c t i c a l l y  c o n s t a n t .  An i n c r e a s e  i n  tempera ture  a t  

0.28 g i n i t i a l  i r o n ( I I 1 )  c o n c e n t r a t i o n  c o n t r i b u t e s  t o  t h e  

formation o f  t h e  third-phase e x i s t a n c e  i n  t h e  extended a c i d  

c o n c e n t r a t i o n  range .  

Temperature 

In t h e  

I r o n ( I I 1 )  c o n c e n t r a t i o n  depends only  s l i g h t l y  on t h e  

tempera ture  i n  t h e  c a s e  of  t h e  5.0 g i n i t i a l  a c i d  c o n c e n t r a t i o n .  

A t  10.18 i n i t i a l  a c i d  c o n c e n t r a t i o n ,  t h e  homogeneous system above 1 9 ° C  

t r a n s f e r s  i n  t h e  two-phase system by forming a " t h i r d  phase" 

(heavy organic  phase) as t h e  o r g a n i c  phase.  Concent ra t ion  of  i r o n  

(111) i n  t h e  heavy o r g a n i c  phase i n c r e a s e s  w i t h  temperature  (F ig .  

2 )  * 
Dependence of t h e  d i s t r i b u t i o n  r a t i o  v s  temperature  a t  

d i f f e r e n t  i n i t i a l  a c i d  c o n c e n t r a t i o n s  i s  g iven  i n  F ig .  3. With 

5.0 8 i n i t i a l  a c i d  c o n c e n t r a t i o n  t h e  d i s t r i b u t i o n  r a t i o  i s  

s l i g h t l y  decreased .  A t  7 . 1  g and 8 . 1  t h e  i n f l u e n c e  of temperature  
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FINIRE 2. Concentration of iron(II1) in the  phases vs temperature 

at 5.0 and 10.1 initial concentrations of hydrochloric 
acid. System: FeCl -HC1-H20-IPE, ci = 0.28 M, r1 = 1.0. 3 Fe 
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Distribution ratio of iron(II1) vs temperature at 
different initial hydrochloric acid concentrations. 
System: FeC13-HC1-H20-IPE, cie = 0.28 M, ci 
ri = 1 . 0 .  

FIGURE 3. 
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INFLUENCE OF TEMPERATURE ON EXTRACTION 981 

i s  no t  e v i d e n t  i n  t h e  f u l l  temperature  range.  A t  h igher  i n i t i a l  

a c i d  c o n c e n t r a t i o n s  (between 9 . 1  and 10 .1  g) t h e  d i s t r i b u t i o n  

r a t i o  va lue  i s  s i g n i f i c a n t l y  i n c r e a s e d .  For i n s t a n c e ,  wi th  9 . 1  g 
t h e  i n i t i a l  a c i d  c o n c e n t r a t i o n  d i s t r i b u t i o n  r a t i o  a t  3 5 ° C  i s  c~ 

hundred t imes h igher  than a t  19OC. Cons idera t ion  i s  incomplete  i f  

t h e  e x t r a c t i o n  is  d iscussed  on t h e  b a s i s  of t h e  d i s t r i b u t i o n  r a t i o  

f o r  s y s t e m s  where t h e  changes of phase volumes a r e  s t r o n g .  Data 

shown i n  t h e  example presented  (F ig .  4 )  con€irm t h i s  s ta tement .  

Concent ra t ion  o f  i r o n ( I I 1 )  i n  t h e  heavy organic  phase i n c r e a s e s  

and i n  t h e  l i g h t  organic  phase d e c r e a s e s ;  on t h e  c o n t r a r y ,  t h e  

t o t a l  q u a n t i t y  of i r o n ( I I 1 )  i n  t h e  heavy o r g a n i c  phase d e c r e a s e s  

and i n  t h e  l i g h t  organic  phase i n c r e a s e s  due t o  t h e  change of 

volume r a t i o  caused by t h e  i n c r e a s e  of  temperature  (above 25°C) .  

The maximum v a l u e  of t h e  t o t a l  q u a n t i t y  of Fe(ZI1) a t  25'C i s  

r I .  

(> 0 - O R G A N I C  PHASE 

0 0 -L IGHT ORG PHASE 

0 - HEAVY ORG PHASE 
I THIRD PHASE 1 

2 20 2 
n z 

10 
Z 
0 
Z 
0 
0 0  

15 20 2 s  30 35 40 

TEMPERATURE 1°C 
FIGURE 4 .  Concentrat ion and t o t a l  q u a n t i t y  of i r o n ( I I 1 )  i n  t h e  

organic  phases vs  temperature .  System: FeCl3-HCl-II20- 
I P E ,  c i e  = 0.28 g, ciCI = 7 . 1  g, r1 = 1.0 .  
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connected wi th  corresponding volume changes (F ig .  4). r h e r e f o r e ,  

i t  wab necessary  t o  complete r e s u l t s  b y  o b t a i n i n g  e x t r a c t i o n  

f a c t o r s  ( r i g .  5)  and  p a r t i a l  e x t r a c t i o n  f a c t o r s  (Table  I and 

Fig.  6 ) .  Figure  5 compares t h e  e x t r a c t i o n  f a c t o r s  (D,) w i t h  

d i s t r i b u t i o n  r a t i o s  ( D  ) as w e l l  a s  t h e  dependence on temperature  

a t  d i f f e r e n t  i n i t i a l  c o n c e n t r a t i o n s  of  hydrochlor ic  a c i d .  In t h e  

c a s e  of 5.0 _. M i n i t i a l  c o n c e n t r a t i o n  of a c i d ,  t h e  D 

approximately e q u a l ,  but a t  9 .1  3 and 10 .1  they are d i f f e r e n t .  

However, t h e s e  changes caused by t h e  tempera ture  are s i m i l a r .  In 

t h e  three- l iqu id-phase  syqtem d i s t r i b u t i o n  among any two o f  t h e  

c o e x i s t i n g  phases  can b e  expressed by p a r t i a l  v a l u e s  of Dc and Dm. 

and Dm v a l u e s  a r e  

D 
15 20 25 

TEMPERATURE /"C 

FIGURE 5 .  D i s t r i b u t i o n  r a t i o  and e x t r a c t i o n  f a c t o r  o f  i r o n ( I I 1 )  
v s  temperature  a t  d i f f e r e n t  i n i t i a l  h y d r o c h l o r i c  a c i d  
c o n c e n t r a t i o n s  ( 5 . 0 ,  9 .1 ,  and 10.1 g). 
HC1-H20-IPE,  ci = 0.28 .- M, r i  = 1.0. 
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F I G U R E  6. Partial extraction factors of  iron(II1) vs.temperature. 
System: FeCl3-HCl-H20-IPE, c1 = 0.28 5, c1 = 9.1l3, 
ri = 1.0. Fe HC1 

The partial extraction factor of heavy organic phase to the aqueous 

phase (D Ih 
phase to the light organic phase (Dm)l change differently in 

intensity and the direction with the change of temperature, as 

is evident in Fig. 6. In Table 1 values of partial extraction 

factors at different initial acid concentrations (7.1 to 11.1 g) 
in the temperature range of 13 to 40°C are presented. It is 

evident that the influence of temperature on the values of the 

partial extraction factor strongly depends on the initial acid 

concentration. For instance, the observed strong temperature effect 

on (Dm)as at 9.1 .M initial acid concentration is not observed in 

the case of lower as well as higher initial acid concentration. 

and the partial extraction factor of heavy organic 
h m aq 

h 

CONCLUSIONS 

The experimental data indicate an unpredictable behavior of 

the investigated extraction system because the phase transformations 
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INFLUENCE OF TEMPERATURE ON EXTRACTION 985 

o c c u r  i n  a v e r y  na r row t e m p e r a t u r e  r a n g e .  The d e c r e a s e  i n  t h e  

i n i t i a l  a c i d  c o n c e n t r a t i o n  and t h e  i n c r e a s e  i n  t h e  t e m p e r a t u r e  

c o n t r i b u t e  t o  an  i n c r e a s e d  number o f  c o e x i s t i n g  l i q u i d  p h a s e s .  I n  

t h e  t h r e e - p h a s e  s y s t e m  t h e  d i s t r i b u t i o n  r a t i o  of  i r o n ( I 1 I )  i s  

i n c r e a s e d  by a n  i n c r e a s e  i n  t e m p e r a t u r e  whereas  i n  t h e  two-phase 

s y s t e m  i t  i s  d e c r e a s e d .  The c h o i c e  of  a p p r o p r i a t e  t e m p e r a t u r e  i n  

e x t r a c t i o n  sys t ems  o f  s imilar  b e h a v i o r  o f f e r s  new p o s s i b i l i t i e s  

i n  t h e  a p p l i c a t i o n  of e x t r a c t i o n  t o  s e p a r a t i o n  p r o c e d u r e s .  

SYMBOLS USED 

I n i t i a l  c o n c e n t r a t i o n  of  i r o n ( I I 1 )  

I n i t i a l  c o n c e n t r a t i o n  of  h y d r o c h l o r i c  a c i d  

I n i t i a l  volume r a t i o  o f  o r g a n i c  phase  t o  t h e  aqueous  
p h a s e  

D i s t r i b u t i o n  r a t i o  

E x t r a c t i o n  f a c t o r  

P a r t i a l  e x t r a c t i o n  f a c t o r  of heavy o r g a n i c  p h a s e  
t o  t h e  aqueous  p h a s e  

P a r t i a l  e x t r a c t i o n  f a c t o r  o f  heavy o r g a n i c  p h a s e  t o  
t h e  l i g h t  o r g a n i c  p h a s e  
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