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Durin~ :~Ye last few years u Lc :{ '>. i\U:Jber or j)Bpers has 

been published Oi1 the use of solve:l."i, 3:X"!~raction and its 

application for separation of a crec::; nutuber of inorcanic and 

orranic Qate~irtls. 

E".:trac"cion with non-aqueous solvercts is very widely 

used in solvinc various problems in different aspects of 

che:1istry Dr:d c'JerJical technology. l""n:r :iT,ve.stit'ators (1-8) 

hov;ever, hav~ ov"nced interest in the s i;udy of extraction 

processes ':Jilich :3rorve in, the separE</Lol~ of ele.nents ''"'i th 

closely si:.lil,~r yroporties, tl:e puri1"ication and isolation of 

;;Iicro c:mG uL;ra-lilicro concentrotions of metals and tr,e clea:r 

separation <One\ identification of difticultly separable 

orcanic subs"c.c'1ces (\l-13). The solubility of both inner 

cooplexes .J ;;d :;,f a number or other coGiplex species of c;etals 

; ·!-
~" 

:;tudyin( ~\o c0 •position nncl many 0(;: 8:::' physicoche:7Jical 

charo c·teris·r~. ~.cr: :)f c ompl ~x compound~. 

LiquiQ-liquid extraction is Gi ~ly nchiGved by shakinr 

C:lll ,_::queou:J ~Jc!lU"!:.J_cn ~Jith an orc:anic .<:J:Jlvent essentially 

''"' ·il:¥' 



:~_pplicaticJn 3 n':'l 1 y::-. i ~.' 

sicple and cor•vcn:i_ent since ic requirc:1 n'' u10re than 

separatinr funnels. 

1- Funda;J.encal extraction principles 

A) The distribution lav1 : 

The dist,:;;j_oution of a substance between two imr:;isc-

ible liquids A ancl B at equilibrium can be e:;:pressed by the 

ec,uation : 

cc 
~A 

;;:::k ....................................... (l.l) 

Vihere oi. oncl Q,i.-B are the activities of "i" in the liquids 
"~ 

A and B respectively. Activities may be replaced by 

concentrations in di_lute solutions, thu.'J 

ai c. 
.e. = 

~A = 1 -

a. c. ""d 

:tB :tB 

• .•...•••.•.......•.•.......•.•.•... (1.2.) 

ca!Jes invariant J. .• e., independent 0f tl!·J ~cY~al ooncentr.3.tion. 
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·~tis rat} o ,-e,k'i.:'E> constant so lone ns the substance do not 

chanpe its 1-Dlc:cu1ar forr:1ula;; Jf Ol"i -:::1: other h?tnd the 

total concentrili~ion in each liquiC phase is considered, the 

previous ra ~lO, named by t:1e distri'ou,:;ion ratio is represented 

by q. The distribution ratio q irJ "Gi1e ratio of the solute 
tv1o 

between;iJillllj,scible solvents uc;ually water and an organic 

one, provided the metal ions does no'i; undergo nydrolysis in 

Viater. In cs.:les v1here metal ions hydrolyse in water, two 

immiscible orgonic solvents may be used e.g., the recent 

applicotion of acetonitrile-isoamylether as a solvent pair 

in tlle separa'c'con of the metal zirconium and hafnium {16). 

The value of q C8il be deterrainea. from the follov1inp er::ua-

tion : 

- ........... ., ............................ (1.3) 

V·lherc A re2)j ... r.::3ents tl1e concentra~-.ion of the solute in the 
0 

respectively chen 

KR"' :-..
0

V
0 

+ ·\,v ................................ {1.4) 



v 
1~1R ---
----·- v .:: 

................. (1.~.) 

l• f V
0 

and V :--·::r,·e :JC_ .. ,ua-1 and ~.. :::: "l. + t, . . i . 0 ~~ 

•.:~here A; L ·;;:~e ;n·irinal concent.ratl:JD. :Jf the solute .c, the 

distribution :r.c<·.io cl can be represen·ioe•; by "c.h follo;;ing : 

A. ,\ .d Ao 
= l r ... \il 0 = q ·- ·------- ...................... (l. 6) 

"-w """i - A •'-w 0 

layers to ~G ia ~ pure form. The se~are~ion of the two 

i~ formed nDC in thl3 cnse the s:lstcr.: cb.ould be centrifut:ed 



!"·,,I 
"· ~/ ... _ ~· u 

= 
l00[A0 } V

0 

r~ v 0 , [·\~ vw 

100 (l 

Vw 
q+-

•.........•...•...•.... (1.7) 

~0 

froE:. this ec.:._ua<_·-ion it is sho:..rn that the :percent e:xtraction 

E varies ;,·i·~j~~ v..:J_:'iation of q_ as \'·Jell as the variati0n of 

the voluc.1e rt...·:~i~) of the tv:o ;solvents. 

The seDaTatioil f~~tor: 

separatior ... fsc-:_~or, y._rhich Ctescribes e ~ffectivness of 

tion 

D 
_t,._ 

. . (l. 8) 
[D ~I'! 

f~om e~uat~.'Jl (1.8) 



in benzene ( l '7 ) • 

In tl1e :pr-ocess of the extractj_Clli. -;:;_he choice of the 

solvent is V8T'J inportant (18,19). 

1- It should i)e ilillniscible with ctater. 

Z- It shoulc't nee decompose the solute. 

3- In case oi t;:,e separation, the sepc1ra~i.on factor f3 

should not be less than 3, if it j_,s less repeated 

extraction ~iotQd be necess2ry. 

forB pernancnl~ ero.uls ion. 

5- The SL:b:~'c,,, ·:ce :c;houlrl be extrocted uc;sily from the 

solvant. 

found in ttle 


