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AN EXPERIMENTAL APPROACH TO THE OPTIMIZATION OF 
SOLVENT EXTRACTION PROCESSES 

A . I k u t a * and E.C. C o s t a * 

A B S T R A C T 

T h e a p p l i c a t i o n o f an o p t i m i z a t i o n f a c t o r d e f i n e d f r o m f u n d a m e n t a l reasoning is descr ibed in t h e 
d e t e r m i n a t i o n o f o p t i m a l choices o f o p e r a t i n g levels o f process var iab les , a n d in t h e c o m p a r i s o n o f t h e 
p e r f o r m a n c e o f d i f f e r e n t e x p e r i m e n t a l assemblies. T h e f a c t o r was d e f i n e d f o r an e x t r a c t i o n process as be ing 
d i r e c t l y p r o p o r t i o n a l t o t h e rate o f t ransfer o f t h e e x t r a c t a b l e species i n t o t h e organ ic s t r e a m , inversely 
p r o p o r t i o n a l t o t h e rate o f loss o f t h e species in t h e r a f f i n a t e s t r e a m , and d i r e c t l y p r o p o r t i o n a l t o t h e rate o f 
p r o d u c t i o n . T h e use o f t h i s f a c t o r p e r m i t t e d t h e e x t r a p o l a t i o n o f c o n c l u s i o n s f r o m s i m p l e one-stage lab-scale 
b a t c h e x p e r i m e n t s , t o m u l t i s t a g e p i lo t -sca le u n i t s . 

I N T R O D U C T I O N 

T h e m a x i m i z a t i o n o f rate o f p r o d u c t i o n and the m i n i m i z a t i o n o f rate o f loss o f va luable 

p roduc t s in the waste st reams o f a p r o d u c t i o n process are cha l leng ing p r o b l e m s w h i c h 

f r e q u e n t l y de f y one 's sk i l l and i ngenu i t y . A p r o d u c t i o n process ope ra t i ng unde r the c o n d i t i o n s 

o f m a x i m u m rate o f gain o r m i n i m u m rate o f loss o f va luable p roduc t s at a f i x e d i m p u t rate o f 

raw mater ia ls is said t o be o p t i m i z e d . T h e search f o r o p t i m i z e d c o n d i t i o n s , howeve r , involves 

choices a m o n g a l te rna te routes and levels o f p e r t i n e n t var iables, w h i c h in each case mus t consis t 

o f o p t i m a l decis ions and w i l l u l t i m a t e l y d e t e r m i n e the over-al l process p e r f o r m a n c e . T h e r e f o r e , 

t o establ ish o p t i m a l choices one mus t ca re fu l l y select unb iased parameters w h i c h can 

adequate ly measure t h e process p e r f o r m a n c e . As a general ru le , once a su i tab le paramete r is 

d e f i n e d , t he o p t i m i z a t i o n p rocedure is reduced t o the m a x i m i z a t i o n o f a f u n c t i o n o f t he t y p e ^ 

P = f i ( X | , Y j ) (1) 

where P is t he response var iab le w h i c h measures the process p e r f o r m a n c e , X j are t h e c o n t r o l l e d 

variables w h i c h can be var ied over a range o f a l lowab le values and Y j are u n c o n t r o l l a b l e 

variables pecu l iar t o t h e sys tem o r apparatus be ing s tud ied . In genera l , Y j are cons tan ts by the 

very na tu re o f the p r o b l e m or can be held cons tan t f o r a set o f e x p e r i m e n t s , so t h a t t h e 

resu l t ing response f u n c t i o n 

P = f 2 ( X i ) (2) 

f o r d i f f e r e n t systems or apparatus can be c o m p a r e d . In th is paper examples are given b o t h o f 

the m a x i m i z a t i o n o f P f o r a given sys tem and apparatus (Y j cons tan t ) by o p t i m a l choices o f 

levels o f c o n t r o l l e d var iables, and o f t he compar i son o f d i f f e r e n t e x p e r i m e n t a l assemblies b y 

m a i n t a i n i n g cons tan t t h e c o n t r o l l e d var iables (X j cons tan t ) f o r a given cons tan t sys tem. 

Chemica l E n g i n e e r i n g D i v i s i o n - I n s t i t u t o de Energia A t ô m i c a - São Paulo - SP - B r a z i l . 



. 2 . 

The f o l l o w i n g w o r k is concerned w i t h the nnax imiza t ion o f t he f u n c t i o n a l re la t i onsh ip 
given b y E q u a t i o n 1 app l ied t o so lvent e x t r a c t i o n problenns, b u t the f u n d a m e n t a l emphasis is 
p laced p r i m a r i l y o n a su i tab le d e f i n i t i o n o f P f o r these processes. T h e w o r k is d e f i n i t e l y s lanted 
t o w a r d the so lvent e x t r a c t i o n p u r i f i c a t i o n o f nuc lear mater ia ls , nevertheless the u n d e r l y i n g 
t h e o r y is app l icab le t o o t h e r e x t r a c t i o n processes as we l l and can poss ib ly be ex tended t o m a n y 
s imi la r p rob lems in o t h e r areas. As fa r as i t is k n o w n t o us, t he approach here in descr ibed is an 
or ig ina l c o n t r i b u t i o n t o the f i e ld and u n d o u b t e d l y s imp l i f ies m u c h o f t he labor ious w o r k o f 
i n t e rp re t i ng e x t r a c t i o n da ta . T h e m e t h o d n o t o n l y a l lows o p t i m i z a t i o n o f qua l i t a t i ve dec is ions, 
b u t also the d e t e r m i n a t i o n o f o p t i m a l choices o f ope ra t i ng levels o f c o n t r o l l e d variables in 
e x t r a c t i o n p rob lems . In one o f the app l i ca t ions t o be descr ibed , t he m e t h o d p roved t o be a 
s imple and easy w a y o f d e t e r m i n i n g the o p t i m u m so lvent d i l u t i o n : a con t rovers ia l p r o b l e m 
w h i c h has puzz led m a n y a w o r k e r in t he past. 

T H E O R Y 

In the o p t i m i z a t i o n o f so lvent e x t r a c t i o n processes there are usual ly t w o we l l - de f i ned 
p rob lems , t h a t o f o p t i m i z i n g the sys tem and ex te rna l c o n d i t i o n s (such as feed rates, feed 
c o n c e n t r a t i o n s , O / A ra t io ) and t h a t o f m a x i m i z i n g the p r o d u c t i o n rate o f an ex is t i ng apparatus 
and sys tem. In the f i r s t case the cho ice o f adequate parameters w h i c h enable o p t i m a l decis ions 
is a cha l leng ing p r o b l e m , he re to fo re m o s t l y emp i r i ca l l y approached on the g rounds o f educa ted 
guesses, whereas in the second case there are several wel l -establ ished measures o f process 
pe r f o rmance w h i c h are in c o m m o n usage. In the s tudy o f mul t i -s tage con tac to r s f o r e x a m p l e , 
H T U , H E T S o r stage e f f i c i ency at a f i x e d feed rate are the parameters mos t f r e q u e n t l y 
e n c o u n t e r e d . These fac to rs are a i nd i rec t measure o f t he rate o f gain o f p r o d u c t in the so lvent 
s t ream o r o f t he rate o f loss o f p r o d u c t in waste s t reams, however , w h i l s t t h e y are a f u n c t i o n o f 
t he i n p u t ra te , t h e y d o n o t ind ica te at w h a t i n p u t rate the c o n t a c t o r is ope ra t i ng . T h e y are 
t he re fo re unsu i tab le f o r t he pu rsu i t o f an o p t i m i z a t i o n pa th o r the m a x i m i z a t i o n o f P, since 
t h e y are n o t an adequate measure o f process p e r f o r m a n c e . The i n t e r p r e t a t i o n o f these data t h e n 
become s o m e w h a t d i f f i c u l t and c u m b e r s o m e , because there is t he need f o r a paral lel 
d e t e r m i n a t i o n o f f l o o d i n g capaci t ies and the m a x i m i z e d p r o d u c t i o n rate does n o t co inc ide 
s imu l taneous ly w i t h the c o n d i t i o n s f o r m i n i m u m H E T S o r H T U and those f o r m a x i m u m 
t h r o u g h p u t . By the same t o k e n , rate o f p r o d u c t i o n a lone is an unsu i tab le measure o f 
p e r f o r m a n c e , because i t does n o t take i n t o accoun t the rate o f loss o f p r o d u c t in waste streams. 

T o c i r c u m v e n t these p rob lems and in o rde r t o compare the pe r f o rmance o f d i f f e r e n t 
con tac to r s , there has been some a t t e m p t s in t h e pas t2 ,3 ,4 ,5 ,6 t o e m p l o y the f a c t o r 

( V ° + 1 + V ^ l / H E T S (3) 

in t he i n t e r p r e t a t i o n o f mul t i -s tage c o n t a c t o r da ta . T h e use o f th i s f ac to r , howeve r , is l i m i t e d t o 
o n l y c rude relat ive compar i sons be tween con tac to r s ope ra t i ng w i t h the same e x t r a c t i o n sys tem, 
and c a n n o t be used as a response var iab le in E q u a t i o n 2 , because H E T S presents an u n k n o w n 
c o m p l e x dependence on V ° + ^ or V ^ . Th is f a c t o r has been cal led p e r f o r m a n c e f ac to rS and is 
d i r e c t l y p r o p o r t i o n a l t o the feed rate and inversely p r o p o r t i o n a l t o the rate o f loss, since the 
smal ler the H E T S , the lower the losses and the larger t he numer ica l value o f the f ac to r . 
A l t h o u g h a rb i t r a r i l y de f i ned and unexp la i nab l y add ing t w o oppos i te f l o w s in the n u m e r a t o r , 
t he f ac to r de f i ned by E q u a t i o n 3 , c o n t r i b u t e d s o m e w h a t t o the i n t e r p r e t a t i o n o f mul t i -s tage 
c o n t a c t o r da ta , a l t h o u g h , st i l l inadequate f o r t he pu rsu i t o f o p t i m u m ope ra t i ng c o n d i t i o n s 

In v iew o f t he a f o r e m e n t i o n e d d i f f i cu l t i e s in i n t e rp re t i ng e x t r a c t i o n d a t a , and adequa te ly 
measur ing process p e r f o r m a n c e , we a t t e m p t e d t o de f ine in the ensuing paragraphs, based o n 
m o r e f u n d a m e n t a l reasoning, ano the r parameter w h i c h c o u l d be t te r de f ine the respond P o f an 
e x t r a c t i o n process, sys tem or appara tus . 
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Le t us t hen cons ider , in t he general case, a cascade o f c o u n t e r c u r r e n t c o n t i n u o u s 
con tac to rs , cons is t ing o f n d iscrete o r c o n t i n u o u s stages as ind ica ted by the f o l l o w i n g d i a g r a m , 
in w h i c h a valuable species is be ing ex t rac ted f r o m an aqueous phase fed t o the f i r s t stage, t o an 

n n 

, , a a 

organic so lvent f ed i n t o stage n. F r o m o u r i n t r o d u c t o r y remarks t h e n , w h a t w e seek t o 
m a x i m i z e is e i the r t he rate o f gain o f t he ex t rac tab le species i n to the organ ic s t r eam, i.e. t he 
d i f f e rence ( V ° x ° - V ^ + - | X ^ + - | ) , o r t h e rate o f t rans fer o f t he species f r o m the aqueous t o t h e 
organic phase ( V | x 3 - V ^ x ^ ) and t o m i n i m i z e the rate o f loss o f the ex t rac tab le species in t h e 
ra f f i na te s t ream Tvax^). Howeve r , t he use o f any o f these fac to rs a lone are o f no avail as a 
measure o f P, since ident ica l rates o f gain (or rates o f loss) can be ob ta i ned f o r d i f f e r e n t feed 
rates o f the ex t rac tab le species t o the appara tus , X Q V Q , and the p e r f o r m a n c e o f t he appara tus is 
d e f i n i t e l y dependen t o n t h e feed rate. On the o t h e r h a n d , a measure o f process p e r f o r m a n c e 
shou ld be d i r e c t l y p r o p o r t i o n a l t o the rate o f gain o f t he ex t rac tab le species in the organ ic 
s t ream, inversely p r o p o r t i o n a l t o the rate o f loss o f p r o d u c t in t he aqueous s t r e a m , and at t he 
same t i m e be a measure o f t he p r o d u c t i o n level. We have de f i ned a f a c t o r eng lob ing all o f these 
features , w h i c h we bel ieve is an adequate measure o f P f o r so lvent e x t r a c t i o n processes, and t o 
w h i c h we have assigned the name o p t i m i z a t i o n f a c t o r ( F o p t ) - One can t hen w r i t e 

r a t e o f g a i n 
( o p t i m i z a t i o n f a c t o r ) a ( ) x ( r a t e o f p r o d u c t i o n ) 

r a t e o f loss 
(4) 

w h i c h f o r a cascade o f c o n t i n u o u s ex t r ac to r s becomes 

F = K [ ( x ^ V ^ x ° + 1 V 0 + 1 ) / x - , V , ^ ] ( x ? V ^ ) (5) 

or 

F o p t = [ ( x ^ V " (6) 

As a measure o f process p e r f o r m a n c e , F o p t ' s a f u n c t i o n o f all var iables a f f ec t i ng t h e behav io r 
o f t h e apparatus and sys tem, as de f i ned by E q u a t i o n 2 , and the m a x i m i z a t i o n o f F o p t can be 
done by the usual p rocedures . Howeve r , once F o p t is m a x i m i z e d , t he ques t i on s t i l l remains 
w h e t h e r F o p t is an adequate and unbiased measure o f process p e r f o r m a n c e . Th is can be ve r i f i ed 
b y paramet r i c dev ia t ions a long the axis o f t he c o n t r o l l e d var iab le being o p t i m i z e d , a r o u n d t h e 
value w h i c h max im izes F o p t , and observ ing the value o f t he d i f fe rence be tween the rate o f gain 
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in t l ie so lvent s t ream and the rate o f loss in the aqueous s t ream ( V i ' x ^ - ^ p ^ p ' - th i s 
d i f fe rence is m a x i m i z e d f o r t he same value o f the c o n t r o l l e d var iab le w h i c h max im izes F o p t , 
t hen F o p t , shou ld real ly be an unbiased measure o f the process unde r s t udy . 

T o f u r t h e r v isual ize the p r o b l e m o f m a x i m i z i n g F o p t , ' ^ t us cons ider an e x t r a c t i o n 
p r o b l e m , say the e x t r a c t i o n o f u rany l n i t r a te , t h o r i u m n i t ra te o r z i r c o n y l n i t ra te f r o m an 
aqueous n i t r i c ac id s o l u t i o n i n t o a n - t r i bu t y l phospha te - i ne r t d i l u e n t organic phase. We have 
t hen f i x e d o u r e x t r a c t i o n sys tem. N o w , say we are p e r f o r m i n g the e x t r a c t i o n in an ex i s t i ng 
ba t te ry o f m ixer -se t t le r con tac to r s , so t h a t the Y j 's are cons tan ts . T h u s F o p t becomes 

F o p t = f 3 ( X , ) (7) 

where X | are the c o n t r o l l e d variables a f fec t ing Fop^ , such as the organ ic feed f l o w r a t e ( V p + i ) , 
t he aqueous feed f l o w r a t e ( V g ) o r t he ra t io o f organic t o aqueous feed f l owra tes ( V ^ + i / \ / | ) , 
p lus all o t h e r fac to rs a f f ec t i ng the e x t r a c t i o n f ac to r . Eg, o f the ex t rac tab le species. In th is 
p r o b l e m F o p t w o u l d genera l ly be an equa t i on o f the f o r m 

F o p t = f 3 ( V ^ - M , K + -I. x f , N 0 3 ' X s a l t . a g , ' X T B P ' (8) 

The f u n c t i o n de f i ned by E q u a t i o n 8 can then be m a x i m i z e d b y an o f t he usual p rocedures f o r 
m a x i m i z i n g a response f u n c t i o n in several i ndependen t var iables, in o rder t o f i n d an abso lu te 
m a x i m u m in Fop t - general , however , one mus t place cons t ra in ts on the levels o f some o f t h e 
c o n t r o l l e d var iables, f o r examp le o n the m a x i m u m w o r k i n g t e m p e r a t u r e t o prevent f i re hazards 
or degrada t ion o f so lvents , o r on ( V ^ + i / V ^ ) , x ^ o r x j g p w i c h m i g h t cause the segregat ion o f a 
d i l uen t - r i ch phase, o r o n V ° + i w h i c h can cause f l o o d i n g o f t he appara tus . T h e r e f o r e , mos t o f 
t he t i m e , in t he o p t i m i z a t i o n o f so lvent e x t r a c t i o n processes, one is concerned w i t h local 
m a x i m a in F g p t , since cons t ra in ts are placed o n some o f t he var iables. T h e existence o f m a x i m a 
in F o p t a long the axes o f t he c o n t r o l l e d variables is wa r ran ted b y Rol le 's t h e o r e m , w h e n there 
are no d i scon t i nu i t i es on the response surface in the region o f e x p e r i m e n t a t i o n , as can be easily 
ver i f ied by an analysis o f t he change o f F o p t f o r each o f t he variables l isted in E q u a t i o n 8. T h e 
app l i ca t i on o f F o p t ' s i l l us t ra ted in the f o l l o w i n g sec t ion . 

E X P E R I M E N T A L W O R K A N D A N A L Y S I S O F T H E D A T A 

T h e o p t i m i z a t i o n f a c t o r as de f i ned by E q u a t i o n 6 has been app l ied in the d e t e r m i n a t i o n 
o f o p t i m a l choices f o r t w o d i f f e r e n t e x t r a c t i o n sys tems: 1) the e x t r a c t i o n o f t h o r i u m n i t ra te 
f r o m an aqueous 1 N H N O 3 s o l u t i o n and 2 ) t he e x t r a c t i o n o f H N O 3 f r o m an a p p r o x i m a t e l y 
3 N aqueous s o l u t i o n . In b o t h cases a fresh organic phase ( i . e. x ^ + i = 0 ) , cons is t ing o f a 
m i x t u r e o f n - t r i b u t y l p h o s p h a t e (TBP) w i t h Varsol was e m p l o y e d as t h e ex t r ac t i ng phase. In the 
e x t r a c t i o n o f t h o r i u m n i t r a te , t he apparatus and sys tem were kep t cons tan ts (Y j c o n s t a n t ) , and 
the p rob lems consis ted o f choos ing and c o m p a r i n g the o p t i m a l organ ic so lvent d i l u t i o n in th ree 
d i f f e r e n t appara tus : a one-stage ba tch c o n t a c t o r , a one-stage c o n t i n u o u s c o u n t e r c u r r e n t 
c o n t a c t o r and a four-s tage c o n t i n u o u s c o u n t e r c u r r e n t c o n t a c t o r , and o f choos ing the o p t i m a l 
t h o r i u m n i t ra te c o n c e n t r a t i o n in a 1 N H N O 3 aqueous so lu t i on f r o m the da ta o f a one-stage 
ba tch c o n t a c t o r . In the e x t r a c t i o n o f H N O 3 f r o m an aqueous s o l u t i o n , t he data f r o m the w o r k 
o f Br i l and CostaS was reca lcu la ted by means o f t he o p t i m i z a t i o n f ac to r . The i r w o r k was 
concerned w i t h the es tab l i shment o f an o p t i m a l cho ice a m o n g d i f f e r e n t car t r idges f o r a given 
p e r f o r a t e d - p l a t e pu lsed e x t r a c t i o n c o l u m n and the d e t e r m i n a t i o n o f the o p t i m u m 
amp l i t ude - f r equency p r o d u c t (af) f o r each car t r idge at a f i x e d i n p u t rate t o the c o l u m n . In o u r 
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w o r k we shall e m p l o y o n l y pa r t o f t he i r da ta and o u r results w i l l be c o m p a r e d w i t h t he i r 
f i nd ings 

1 ) E x t r a c t i o n o f T h o r i u m N i t r a t e 

Cho ice o f t h e Organic So lven t D i l u t i o n . Th i s pa r t o f t he w o r k has a d o u b l e purpose , t h a t 
o f i l l us t ra t i ng the es tab l i shment o f a local m a x i m u m f o r one o f t he variables w h e n o t h e r 
c o n t r o l l e d variables are cons t ra i ned , and t h a t o f c o m p a r i n g the conc lus ions d r a w n f r o m t h e use 
o f d i f f e r e n t expe r imen ta l setups, in o rde r t o assess the v a l i d i t y o f t h e conc lus ions ar r ived at by 
e m p l o y i n g a s imp le one-stage ba tch c o n t a c t o r . 

The ba tch c o n t a c t o r cons is ted o f a 3,5 c m I .D. glass c y l i n d e r p rov ide w i t h a ground-glass 
s topcock in the b o t t o m f o r d ra i n i ng the l iqu ids at t he end o f a r u n , and an ex te rna l hea t ing 
jacket t h r o u g h w h i c h wa te r , f r o m a cons tan t t e m p e r a t u r e b a t h , was c i r cu l a ted . T h e t e m p e r a t u r e 
in all expe r imen ts was m a i n t a i n e d at t he 350C level. Cons tan t ag i ta t i on was p rov ided b y a 
t u r b i n e impe l l e r connec ted t o a m o t o r and a var iab le vo l tage t r a n s f o r m e r . T h e same speed o f 
ag i ta t ion was used in all e x p e r i m e n t s . In each case, 6 0 ml o f t he f resh organ ic phase was 
con tac ted w i t h 3 0 m l o f an aqueous phase ( 0 / A = 2 ) o f t h o r i u m n i t ra te c o n t a i n i n g 
3 0 0 g/l T h 0 2 and 1 N H N O 3 . T h e expe r imen ts consis ted o f m i x i n g the t w o phases f o r 
successive per iods o f 3 m inu tes each and observ ing the d é c a n t a t i o n t i m e un t i l cons tan t readings 
were o b t a i n e d . Genera l l y , a f te r t w o m i x i n g per iods the décan ta t i on t i m e rema ined cons tan t 
w i t h i n the expe r imen ta l e r ro r . Samples o f t he organ ic and aqueous phases were t hen co l l ec ted 
and ana lysed. T h e c r i t e r i o n f o r d e t e r m i n i n g the end o f t he se t t l ing pe r iod was the ceasing o f 
ver t ica l m o t i o n o f t he in te r face be tween the phases. Décan ta t i on t imes c o u l d be r e p r o d u c e d , in 
t he m a j o r i t y o f t he runs , w i t h i n ± 0 .02 m i n . The da ta f o r these expe r imen ts are r epo r t ed in 
Tab le 1 , a long w i t h the ca lcu la ted values f o r t he o p t i m i z a t i o n f a c t o r , and s h o w n g raph ica l l y in 
F igure 1 . The observed m a x i m u m in F o p t co r responded a p p r o x i m a t e l y t o a 5 0 v% 
TBP- in -Varso l organ ic phase. T h e o p t i m i z a t i o n f a c t o r e m p l o y e d in these ca lcu la t ions was 
de f i ned as f o l l o w s 

• F o p t = ( x ° V ° / x ^ V ^ ) x ° ( V ° / t d e c » (9) 

and had the un i t s o f g T h 0 2 / m i n . 

T A B L E 1 

Cho ice o f t h e Organ ic Phase C o n c e n t r a t i o n . B a t c h C o n t a c t o r D a t a . A q u e o u s 
Phase: 3 0 0 g / l T h 0 2 , 1 N H N O 3 . 0 / A = 2. Organ ic Phase V o l u m e : 6 0 m l . 
T e m p e r a t u r e : 3 5 ° C . 

0̂ 0 a 
' ' T B P T h ( N 0 3 ) 4 ' * T h ( N 0 3 ) 4 tdec F o p t 

(v%) (g/ l T h 0 2 ) (g/ l T h 0 2 ) ( m i n ) ( g / m i n T h 0 2 ) 

20 4 5 . 0 2 1 7 . 6 0 .45 2 .5 
4 0 8 3 . 7 133 9 0 .75 8 .4 
50 9 5 , 0 107 .9 0 .97 10 .4 
6 0 1 1 1 0 7 7 . 8 2 .18 8.7 
80 124 .2 4 9 . 8 > 2 4 0 . < 0 . 1 5 
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F I G U R E 1 

Cho ice o f t h e Organ ic Phase C o n c e n t r a t i o n f o r a 3 0 0 g / l 
T h 0 2 , 1 N H N O 3 A q u e o u s Phase. 

Ba tch c o n t a c t o r 

C o n t i n u o u s one-stage c o n t a c t o r 

C o n t i n u o u s mul t i -s tage c o n t a c t o r 

The one-stage c o n t i n u o u s c o n t a c t o r consisted o f a m i x i n g chamber and a separate se t t l i ng 
chamber . T h e m i x i n g chamber was the same e m p l o y e d in the ba tch e x p e r i m e n t s , w i t h an 
o v e r f l o w o u t l e t w h i c h led t o t h e se t t l ing chamber . T h e v o l u m e o f th is chamber was such as t o 
p rov ide a mean m i x i n g t i m e o f a b o u t 5 m inu tes at t he h ighest f l o w s . B o t h the m i x i n g and 
set t l ing chambers were p rov ided w i t h ex terna l wa te r -hea t ing jacke ts . T h e m i x t u r e leaving the 
m i x i n g chamber f l o w e d b y g rav i t y i n t o the se t t l i ng c h a m b e r w h e r e the he igh t o f t he in te r face 
was c o n t r o l l e d by manua l d i sp lacement o f the ver t ica l pos i t i on o f t he aqueous phase o v e r f l o w . 
T h e expe r imen ts consis ted o f va ry i ng the i n p u t f l o w rates in t h e ra t io 0 / A = 2 and m a i n t a i n i n g 
the pos i t i on o f t he in ter face cons tan t , so as t o p rov ide a 6 0 m l se t t l ing v o l u m e f o r t he organ ic 
phase. P l o t t i ng t h e i n p u t f l o w rates against the e n t r a i n m e n t o f t h e aqueous phase in the organ ic 
phase, p e r m i t t e d the d e t e r m i n a t i o n o f the rates co r respond ing t o 1 v% e n t r a i n m e n t . 
Expe r imen ts were p e r f o r m e d t hen at these rates and samples o f b o t h phases at e q u i l i b r i u m 
cond i t i ons were co l l ec ted and ana lyzed . T h e data f o r these e x p e r i m e n t s are repo r ted in Tab le 2 
and shown graph ica l l y in F igure 1 . T h e m a x i m u m in F o p t also occu r red at an a p p r o x i m a t e 
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value o f 5 0 v% TBP- in -Va rso l . T h e o p t i m i z a t i o n f a c t o r had the un i t s o f g T h 0 2 / m i n and was 

de f i ned in th is case as 

F o p t = ( x ° V ° / x ^ V ^ ) x ° V ° (10) 

T A B L E 2 

Choice of t h e Organ ic Phase C o n c e n t r a t i o n . C o n t i n u o u s One-stage C o n t a c t o r 
Data at 1 % E n t r a i n m e n t o f t h e A q u e o u s Phase. A q u e o u s Phase: 3 0 0 g / l T h 0 2 , 
1 N H N O 3 . 0 / A = 2 . Organic Phase D é c a n t a t i o n V o l u m e : 6 0 m l . T e m p e r a t u r e : 
350c. 

^ T B P ' * T h ( N 0 3 ) 4 ' ^ T h ( N 0 3 ) 4 ° 

( v % ) (g/ l T h 0 2 ) (g/l T h 0 2 ) ( m l / m i n ) ( g / m i n T h 0 2 ) 

4 0 8 4 . 6 131 .6 9 8 . 6 10 .7 

50 9 1 . 0 117 .9 7 5 . 0 14 .8 

6 0 113 .0 8 7 . 4 2 2 . 6 3.7 

T h e four-stage c o n t i n u o u s c o u n t e r c u r r e n t c o n t a c t o r consis ted o f a sect ion sealed o f f f r o m 
a M o d e l B R - 0 0 1 1 6 - s t a g e L u c i t e m ixe r -se t t l e r c o n t a c t o r , m a n u f a c t u r e d by Ets . 
Deschamps-Chalande, St . Q u e n , France. The aqueous and organ ic phases were s tead i ly f ed a t a 
cons tan t t e m p e r a t u r e o f 350C in the ra t io 0 / A = 2 . T h e f l o w s were var ied in o rde r t o cause 
d i f f e r e n t en t r a i nmen ts o f the aqueous phase in the organ ic phase. T h e level o f t he in te r face 
be tween phases was kep t cons tan t in all stages, so as t o p rov ide the same décan ta t i on v o l u m e . 
A f t e r t he ba t t e r y reached e q u i l i b r i u m , samples were co l l ec ted and ana lyzed , and the 
e n t r a i n m e n t measured. A 5 v% e n t r a i n m e n t level was used f o r t he analysis o f t he da ta . T h e da ta 
are repo r ted in Tab le 3 and in F igure 1 . In th is case, t he m a x i m u m in F o p t also occu r red at an 

T A B L E 3 

Choice of t h e Organ ic Phase C o n c e n t r a t i o n . C o n t i n u o u s Mul t i -s tage C o n t a c t o r 
D a t a a t 5 u % E n t r a i n m e n t o f t h e A q u e o u s Phase. A q u e o u s Phase: 
3 0 0 g / l T h 0 2 , 1 N H N O 3 . 0 / A = 2. T e m p e r a t u r e : 3 5 ° C . 

v ° v ° \ / ° P 
T B P T h ( N 0 3 ) 4 T h ( l \ J 0 3 ) 4 n+^ "^OP* 

( v % ) (g/l T h 0 2 ) (g/l T h 0 2 ) ( m l / m i n ) ( g / m i n T h 0 2 ) 

4 0 128 .3 3 0 . 2 2 2 . 5 2 4 . 5 
50 1 3 2 . 6 2 2 . 4 19 .5 3 0 . 6 
6 0 135 .5 10 .6 4 .8 16 .6 
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a p p r o x i m a t e l y 5 0 v% TBP- in -Varso l c o n c e n t r a t i o n . T h e o p t i m i z a t i o n f a c t o r used f o r t he 
ca lcu la t ions was de f i ned as 

F o p t ^ ( ' < l V ° / x ^ V ^ ) x ° V ° (11) 

The results repo r ted in F igure 1 were amaz ing ly c o i n c i d e n t . There were d i f fe rences as 
expec ted o n the magn i tude o f t he o p t i m i z a t i o n fac to rs , since d i f f e r e n t apparatuses were used, 
however , t he agreement as t o the best so lvent d i l u t i o n was remarkab le . One can the re fo re 
conc lude t h a t s imp le ba tch expe r imen ts can supp ly the necessary i n f o r m a t i o n f o r o p t i m a l 
choices o f t h e levels o f t h e c o n t r o l l e d var iables, and t h e da ta w h e n c o r r e c t l y i n t e rp re ted can be 
ex t r apo la ted t o mul t i -s tage e x t r a c t i o n un i t s . 

In o rde r t o f u r t h e r evaluate the conc lus ions d r a w n f r o m the app l i ca t i on o f the 
o p t i m i z a t i o n f a c t o r and t o ve r i f y w h e t h e r i t is an unbiased measure o f t he p e r f o r m a n c e o f t he 
e x t r a c t i o n process, several o t h e r measures o f process pe r f o rmance were ca lcu la ted f r o m the 
data in Tab le 1 . These new da ta are repo r ted in Tab le 4 . C o l u m n 2 in th is tab le is a measure o f 
t he rate o f gain o f the t h o r i u m n i t ra te i n t o t h e organ ic phase per cyc le , w h i l e t h e t h i r d c o l u m n 
is a measure o f t he rate o f loss per cyc le . A n analysis o f t he f i r s t c o l u m n a lone , w o u l d ind ica te 
t h a t t he l ower T B P concen t ra t i ons w o u l d favo r t he p r o d u c t i o n ra te , whereas c o l u m n 3 ind icates 

T A B L E 4 

C o m p a r i s o n b e t w e e n d i f f e r e n t f a c t o r s used in t h e i n t e r p r e t a t i o n o f e x t r a c t i o n da ta f r o m 
a b a t c h c o n t a c t o r . 

T B P 4 h ( N 0 3 ) 4 ^ ° ^ * d e c X T h ( N 0 3 ) 4 ^ ^ ^ * d e c 
, o . ,0 a. , a . 
(x V - x V ) / t d e c a Ea '^dec F o p t 

(v%) ( g / m i n T h 0 2 ) ( g / m i n T h 0 2 ) ( g / m i n T h 0 2 ) ( m i n - l ) ( g / m i n T h 0 2 ) 

20 6.0 14 .5 - 8 . 5 0 .41 0 .91 2 .5 

4 0 6.7 5.4 1.3 1.25 1.67 8 .4 

50 5.9 3 .33 2.6 1.76 1.81 10 .4 

6 0 3 .05 1,07 2 ,0 2 .85 1.31 8.7 

8 0 0 . 0 3 < 0 . 0 1 > 0 . 0 2 4 . 9 9 < 0 . 0 2 < 0 . 1 5 

t ha t t he rates o f loss increase w i t h decreasing T B P concen t ra t i ons . In f ac t , at the l ower T B P 
concen t ra t i ons we lose m o r e t h o r i u m n i t ra te t han we e x t r a c t . Hence, i f l ower T B P 
concen t ra t i ons favo r t he rate o f p r o d u c t i o n and h igher T B P concen t ra t i ons decrease the rate o f 
loss, there mus t be an i n te rmed ia te c o n c e n t r a t i o n w h i c h is a c o m p r o m i s e be tween these rates 
and max im izes the rate o f ga in . Th is is indeed the case, as p roved by the d i f f e rence be tween t h e 
rate o f p r o d u c t i o n and the rate o f loss in c o l u m n 4 , t he ra t io be tween gain and loss per u n i t 
t i m e repo r ted in c o l u m n 6, as we l l as the o p t i m i z a t i o n f ac to r r epo r ted in c o l u m n 7. A l l m a x i m a 
in c o l u m n s 4 , 6 and 7 occu r red at a p p r o x i m a t e l y 50 v%. S im i la r ca lcu la t ions f o r the da ta in 
Tables 2 and 3 y i e l d ident ica l resul ts. One can the re fo re conc lude t h a t the o p t i m i z a t i o n f a c t o r 
here in de f i ned is a t r ue measure o f t he pe r f o rmance o f t he e x t r a c t i o n process. 
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Choice o f t h e A q u e o u s Phase C o n c e n t r a t i o n s . The simple one-stage batch contactor used 
in the previous experiments were employed now for the maximization of Fopt by varying the 
thorium nitrate content of a 1 N H N O 3 aqueous solution. The organic phase was a fresh 50 v% 
TBP-in-Varsol solution. The O / A was maintained at 2/1 and the temperature kept at the 350C 
level. The experimental data are reported in Table 5 and in Figure 2. The maximum in pQpt 
occurred at approximately 290 g/1 Th02 for the solution studied. The optimization factor used 
in the calculations was the same as defined by Equation 9. This factor proved once more to be a 
simple and effective way of interpreting the experimental extraction data. 

T A B L E 5 

Choice o f t h e T h ( N 0 3 ) 4 C o n c e n t r a t i o n in t h e A q u e o u s Phase. Ba tch 

C o n t a c t o r D a t a . Organ ic Phase: 50 v % T B P - i n - V a r s o l . 0 / A = 2 . Organ ic 

Phase V o l u m e : 6 0 m l . T e m p e r a t u r e : 3 5 ° C . 

in i t i a l 

U N H N O 3 ) 

(g/l T h 0 2 ) 

^dec 

( m i n ) 

0 
X 

(g/l T h 0 2 ) 

x^ 

(g/l T h 0 2 ) 

F o p t 

( g / m i n T h 0 2 ) 

4 0 0 2 . 7 3 122 .2 152 .7 4 .3 

3 0 0 1.10 9 5 . 0 1 0 8 . 0 9 .4 

180 1.12 6 2 . 2 5 2 . 9 7.8 

9 0 0 .96 3 0 . 8 2 8 . 9 4 .1 

4 5 0 .73 14 .3 16 .8 2 .0 

18 0 ,70 5.1 7.3 0 .61 

2) E x t r a c t i o n o f N i t r i c A c i d 

Choice o f the O p t i m u m af f o r D i f f e r e n t Cart r idges. The data for three different pulsed 
column cartridges used in the extraction of H N O 3 f rom an aqueous solution was taken f rom 
the work of Bril and Costa^. The original experimental data f rom this work for an all-stainless 
steel cartridge, an all-Lucite cartridge and a mixed cartridge consisting of alternate pairs of 
stainless steel and Lucite plates are given in Tables 6, 7 and 8, along wi th the original values of 
HETS, and shown graphically in Figure 3 . The HETS data was determined at a constant total 
throughput of 22 1/hr (0.88 I hr-1cm"2) in all experiments, therefore the choice of the best af is 
valid only for these conditions. From the plot of HETS vs af in Figure 3 , Bril and Costa 
determined the opt imum af's for the prevailing operating conditions, as the ones which yielded 
a minimum value of HETS. These values can easily be found from Figure 3 . Of course, the 
calculation of HETS's involved the determination of an equil ibrium diagram for the system, an 
operating and the usual McCabe-Thiele determination of the number of theoretical stages. 

We have recalculated the data in Tables 6, 7 and 8 by means of the optimization factor, 
employing the general definit ion given by Equation 6. The results are given in column 10 of 
these tables and shown graphically in Figure 4, along wi th the HETS data. Comparison between 
the curves of HETS and Fopt versus af for each cartridge, immediately shows that the af value 
which yields the minimum HETS is identical wi th the one that maximizes Fopt- This is a 



T A B L E 6 

Data f o r t h e Stainless Steel C a r t r i d g e . 4 4 . 9 ± 0 . 1 v % T B P - i n - V a r s o l . O / A = 1 0 . Pulse f r e q u e n c y : 1 0 2 . 8 c y / m i n . 
T e m p e r a t u r e : 2 5 0 C . 

af 

(cm/sec) 

n-Hl 

(N) (N) (N) 

Xn^ 

(N) ( 1 / h r ) 

n 

( 1 / h r ) 

^ n + 1 -
f l o o d i n g 

( 1 / h r ) 

H E T S 

a t V ° 

(cm) 

F o p t 

(eq -g /hr ) 

F o p t 

(eq-g /hr ) 

3 .25 0 .001 0 . 3 0 8 3 .01 0 . 1 1 7 19.6 1.95 28 160 

3 .93 0 .001 0 . 2 9 6 2 . 9 8 0 . 0 9 9 19 .9 1.95 - 9 0 26 1 8 0 8 1 3 

4 . 6 2 0 .001 0 . 3 0 8 2 .98 0 . 1 0 4 2 0 . 2 1.97 3 7 25 1 8 9 3 4 6 

5 .30 0 .001 0 . 2 8 4 2 . 9 8 0 . 0 9 9 2 0 . 0 1.95 2 8 26 167 119 
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Data f o r the L u c i t e C a r t r i d g e . 4 5 . 1 ± 0.1 v % T B P - i n - V a r s o l . O / A = 1 0 . Pulse f r e q u e n c y : 1 0 2 . 8 c y / m i n . 
T e m p e r a t u r e : 2 5 ° C . 

af 

(cm/sec) 

X n . 1 

(N) (N) 

x ^ 

(N) 

n 

(N) 

V l 

( 1 / h r ) 

K 
( 1 / h r ) 

at 

f l o o d i n g 

( 1 / h r ) 

H E T S 

at V ° 

(cm) 

F o p t 

(eq -g /hr ) 

F o p t 

(eq -g /hr ) 

3 .56 0 .001 0 .301 3 .00 0 . 1 6 7 19 .8 1.88 3 8 1 1 3 

3 .25 0 ,001 0 . 3 0 5 3 .00 0 . 1 2 0 1 9 . 9 2 . 0 3 4 8 3 0 151 3 6 4 

3 .93 0 . 0 0 2 0 . 3 0 4 3 . 0 0 0 . 1 2 6 2 0 . 3 1,99 3 4 31 1 5 2 2 5 4 

4 . 6 2 0 . 0 0 2 0 . 3 0 0 3 .00 0 . 1 9 0 19 .7 1.91 2 4 4 0 9 6 117 
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Data f o r t h e M i x e d C a r t r i d g e . 4 5 . 0 ± 0.1 v % T B P - i n - V a r s o l . O / A = 1 0 . Pulse f r e q u e n c y : 1 0 2 . 8 c y / m i n . 
T e m p e r a t u r e : 2 5 ° C . 

af 

(cm/sec) 

X n + I 

(N) 

o 
X l 

(N) 

< 
(N) 

< 
(N) ( 1 / h r ) ( 1 / h r ) 

^ n + 1 -
f l o o d i n g 

( 1 / h r ) 

H E T S 

a t V ° 

(cm) 

F o p t 

( eq -g /h r ) 

F o p t 

(eq-g /hr ) 

3 .25 0 . 0 0 0 0 . 3 0 2 2 .94 0 . 1 2 6 2 0 . 0 2 .00 75 31 144 5 4 2 

3 .93 0 . 0 0 4 0 .287 2 .96 0 . 1 0 1 2 0 . 0 2 .00 4 7 25 167 3 7 5 

4 . 6 2 0 . 0 0 5 0 . 3 1 2 2 .96 0 . 1 2 3 2 0 . 4 2 . 0 4 2 8 25 161 2 2 1 

5 .30 0 . 0 0 5 0 .297 2 .96 0 . 1 3 5 2 0 . 2 1.90 21 28 141 135 
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100 2 0 0 3 0 0 4 0 0 

F I G U R E 2 

Choice o f the A q u e o u s Phase C o n c e n t r a t i o n f o r a 50 v % 
T B P - i n - V a r s o l Organ ic Phase 

remarkab le result In v iew o f the ease o f i n t e r p r e t a t i o n o f t he expe r imen ta l da ta by means o f t he 
o p t i m i z a t i o n f ac to r , We have t he re fo re , n o w under p i lo t -scale c o n d i t i o n s in a mul t i -s tage 
c o u n t e r c u r r e n t c o n t i n u o u s c o n t a c t o r , f o u n d de f i n i t i ve evidence t h a t F o p t is a t r u e , unbiased 
measure o f the p e r f o r m a n c e o f t h e e x t r a c t i o n process. 

O p t i m a l Cho ice A m o n g Car t r idges. When one operates a pu l sed -co lumn c o n t a c t o r under a 
f i xed t o t a l t h r o u g h p u t , t he cho ice o f t he best car t r idge can be done by c o m p a r i n g the m a x i m a 
in Fop t - D i f f e r e n t car t r idges, apparatuses or systems can o n l y be c o m p a r e d unde r o p t i m i z e d 
c o n d i t i o n s . The re fo re , one can easily see f r o m Figure 4 t h a t t he stainless steel car t r idge y ie lds 
the highest value o f F o p t at the co r respond ing m a x i m u m . The stainless steel car t r idge is 
t he re fo re an o p t i m a l cho ice a m o n g the three car t r idges s tud ied . Costa and Br i l ar r ived at t he 
same conc lus ion i n t e r p r e t i n g the data by means o f t he f a c t o r de f i ned by E q u a t i o n 3. Since th is 
f ac to r involves the t o t a l t h r o u g h p u t at f l o o d i n g and the H E T S d e t e r m i n e d at a f i x e d f l o w r a t e 
far f r o m f l o o d i n g , t h e results are sub jec t t o a cer ta in a m o u n t o f u n c e r t a i n t y , nevertheless t he i r 
conc lus ions were ident ica l t o the ones repor ted in th is paper . T o f u r t h e r ve r i f y t he behav ior o f 
F o p t we have ca lcu la ted ano the r o p t i m i z a t i o n f a c t o r based o n f l o o d i n g rates, as f o l l o w s 

<°V^^/xyiu°iV°^^ a t f l o o d m g ) (12) 

The i m p l i c i t assumpt ion here, l ike in the use o f E q u a t i o n 3, is t h a t t he e f f i c i ency o f the pulsed 
c o l u m n is l i t t l e a f fec ted b y the f l o w r a t e . The ca lcu la ted da ta are repo r ted in the last c o l u m n o f 
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F I G U R E 3 

H E T S and F l o o d i n g Capac i ty Data f o r D i f f e r e n t Car t r idges . 

Q Stainless steel ca r t r idge 

0 L u c i t e c a r t r i d g e 

^ M i x e d car t r idge 

Tables 6 , 7 and 8, and p l o t t e d in F igure 5. A glance at Figure 5 i m m e d i a t e l y indicates t h a t t h e 
stainless steel car t r idge is by far t he best choice f o r the system s tud ied . 

C O N C L U S I O N S 

There are a n u m b e r o f conc lus ions t o be d r a w n f r o m the d e f i n i t i o n o f t he o p t i m i z a t i o n 
f a c t o r and the app l i ca t ions descr ibed in th is w o r k . 

In de f i n i ng the o p t i m i z a t i o n f ac to r , we a t t e m p t e d t o app roach the p r o b l e m o f 
charac ter iz ing process pe r f o rmance f r o m the f u n d a m e n t a l reasoning t h a t whatever var iab le 
af fects the pe r f o rmance o f a process, its e f fec t , w h e n the var iable is sub jec t t o a change in level 
(qua l i ta t ive o r q u a n t i t a t i v e ) , mus t u l t i m a t e l y a f fec t t he ra t io o f t he rate o f gain t o rate o f loss 
o f p r o d u c t at a cer ta in o p e r a t i o n level. Th is is very f o r t u n a t e , since the o p t i m i z a t i o n f a c t o r can 
n o w be app l ied in the cho ice o f the system o f e x t r a c t i o n , in t he cho ice o f an e x t r a c t i o n 
c o n t a c t o r o r in t h e compar i son o f con tac to r s , as we l l as in the d e t e r m i n a t i o n o f o p t i m a l levels 
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Cho ice o f o p t i m u m af based o n H E T S and FQp^ data . 

Q Stainless steel c a r t r i d g e 

0 L u c i t e c a r t r i d g e 

^ M i x e d car t r idge 

f o r opera t ing var iables. Many o f t he examples given in the t e x t i l lus t ra te these assert ions. 
F u r t h e r m o r e , i f t he app l i cab i l i t y o f the o p t i m i z a t i o n f a c t o r can be e x t e n d e d and genera l ized t o 
all e x t r a c t i o n systems, as we hope t o invest igate in f u t u r e w o r k s , w e have t hen f o u n d a t r u l y 
u n i f i e d w a y o f o p t i m i z i n g all steps o f an e x t r a c t i o n process. 

T w o app l i ca t i ons o f t he o p t i m i z a t i o n f ac to r m e n t i o n e d in the t e x t w h i c h deserve special 
a t t e n t i o n are the cho ice o f the o p t i m u m so lvent d i l u t i o n , as i l l us t ra ted in the e x t r a c t i o n o f 
t h o r i u m n i t ra te by a m i x t u r e o f T B P - V a r s o l , and the cho ice o f t he best car t r idge f r o m a set in 
t he o p e r a t i o n o f a pulsed e x t r a c t i o n c o l u m n . In the f o r m e r case, t he o p t i m u m d i l u t i o n was 
de te rm ined and c o n f i r m e d by e x p e r i m e n t s in three w i d e l y d i f f e r e n t c o n t a c t o r s , t h e r e f o r e 
so lv ing th is agelong p r o b l e m w h i c h has de f i ed many invest igators , whereas in the la t te r case the 
o p t i m i z a t i o n f ac to r p roved t o be a s imp le and e f fec t i ve w a y o f i n t e r p r e t i n g e x t r a c t i o n d a t a , 
instead o f the labor ious use o f the H E T S m e t h o d . 
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O p t i m i z a t i o n f a c t o r s at f l o o d i n g . 

Q Stainless steel ca r t r idge 

© L u c i t e ca r t r idge 

M i x e d car t r idge 

A C K N O W L E D G E M E N T S 

T h e au thors are i ndeb ted t o IVIr. H. S. Corrêa f o r his m a n y he lp fu l c o n t r i b u t i o n s in the 

p repa ra t i on o f t he f ina l f o r m o f th is paper and t o the s ta f f o f t he A n a l y t i c a l Sector o f t he 

Chemica l Eng ineer ing D iv is ion f o r ca r r y i ng o u t all t he ana ly t i ca l w o r k . 

N O M E N C L A T U R E 

a 

af 

Eo 

f ^ 

f l . f 2 . f 3 
F 

F o p t 

F o p t 

H E T S 

H T U 

to ta l a m p l i t u d e o f m o t i o n in a pulsed c o l u m n e x t r a c t o r , c m 

a m p l i t u d e - f r e q u e n c y p r o d u c t , c m sec"1 

e x t r a c t i o n f a c t o r f r o m the aqueous t o the organic phase 

f r equency o f pulse in a pulsed e x t r a c t o r , cycles/sec 

f u n c t i o n a l re la t ionsh ips re la t ing the variables X j and Y j t o P 

K t imes F o p t 

o p t i m i z a t i o n f a c t o r , mass/ t ime 

o p t i m i z a t i o n f a c t o r de f i ned by Eq . 12 , eq-g /hr 

he ight equ iva len t o f a theore t i ca l stage, c m 

he ight o f a mass-transfer u n i t , length 
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K p r o p o r t i o n a l i t y cons tan t 

O / A ra t io o f t he organ ic t o aqueous phase vo lumes or v o l u m e t r i c f l ow ra tes 

P a measure o f process p e r f o r m a n c e 

t t i m e , m i n u t e 

T t e m p e r a t u r e , 

v% f rac t i ona l v o l u m e percentage o f T B P in a m i x t u r e T B P - i n e r t d i l u e n t , % 

V v o l u m e , ml 

V v o l u m e t r i c f l o w r a t e , m l / m i n 

X | c o n t r o l l e d variables in an e x t r a c t i o n process 

Y j u n c o n t r o l l e d var iables in an e x t r a c t i o n process 

subscr ip ts : 

0, 1,...,n, n+1 refer t o stages in a mu l t i s tage c o n t a c t o r 

dec refer t o the d é c a n t a t i o n t i m e or d é c a n t a t i o n v o l u m e 

salt .ag. refer t o sa l t ing agents 

superscr ipts : 

a refer t o the aqueous phase 

o refer t o the organ ic phase 

R E S U M O 

A ap l icação de u m f a t o r de o p t i m i z a ç ã o , d e f i n i d o a p a r t i r de cons iderações f u n d a m e n t a i s , é descr i ta na 

d e t e r m i n a ç ã o de n íve is o p t i m i z a d o s de variáveis de processo e na c o m p a r a ç ã o d o d e s e m p e n h o de d i f e r e n t e s 

apare lhos de e x t r a ç ã o . O f a t o r d e f i n i d o para u m processo de e x t r a ç ã o é d i r e t a m e n t e p r o p o r c i o n a l à 

ve loc idade de t r a n s f e r ê n c i a da espécie e x t r a í v e l para a fase o r g â n i c a , inversamente p r o p o r c i o n a l à v e l o c i d a d e 

de perda da espécie no r e f i n a d o , e d i r e t a m e n t e p r o p o r c i o n a l à v e l o c i d a d e de p r o d u ç ã o . 

O uso deste f a t o r p e r m i t i u a e x t r a p o l a ç ã o de conc lusões o b t i d a s e m c o n t a c t a d o r e s de l a b o r a t ó r i o de 

u m a e tapa , para un idades p i l o t o m u l t i - e t a p a s . 

RESUME 

L ' a p p l i c a t i o n d ' u n f a c t e u r d ' o p t i m i s a t i o n , d é f i n i à p a r t i r de c o n s i d é r a t i o n s f o n d a m e n t a l e s , est d é c r i t e 
dans la d e t e r m i n a t i o n de n iveaux o p t i m i s é s des var iables d u processus et dans la c o m p a r a i s o n d u 
c o m p o r t e m e n t de d i f f é r e n t s appare i ls d ' e x t r a c t i o n . 

Le f a c t e u r d é f i n i p o u r u n processus d ' e x t r a c t i o n est d i r e c t e m e n t p r o p o r t i o n n e l à la vitesse de t r a n s f e r t 
de l'espèce q u ' i l est possible d ' e x t r a i r e de la phase o r g a n i q u e , inversement p r o p o r t i o n n e l à la vitesse de p e r t e 
de l'espèce dans le m a t é r i a u r a f f i n é et d i r e c t e m e n t p r o p o r t i o n n e l à la vitesse de p r o d u c t i o n . L ' e m p l o i de ce 
f a c t e u r a p e r m i s l ' e x t r a p o l a t i o n de c o n c l u s i o n s o b t e n u e s avec des c o n t a c t e u r s de l a b o r a t o i r e à une étape , à 
des un i tés p i l o t e s à p lus ieurs étapes. 
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