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D E S I G N ,  S C A L E - U P ,  AND APPLICATIONS 
OF THE R E C I P R O C A T I N G  PLATE 

EXTRACTION COLUMN 

A. E .  Karr 
Chem- Pro Equipment Corp . 

2 7  Danie l  Road 
F a i r f i e l d ,  N e w  J e r s e y  0 7 0 0 6  

ABSTRACT 

The R e c i p r o c a t i n g  P l a t e  E x t r a c t i o n  Column h a s  
been s c a l e d  up s u c c e s s f u l l y  from s m a l l  d i a m e t e r  (1" 
and 2" )  t e s t  columns t o  many p r o d u c t i o n  u n i t s  up t o  
4 0  i n c h e s  i n  d i a m e t e r .  O p t i m i z a t i o n  o f  t h e  e x t r a c -  
t i o n  p r o c e s s  i n  t h e  small d i a m e t e r  t e s t  column i s  
t h e  key t o  t h e  economic optimum s c a l e - u p .  The 
o p t i m i z a t i o n  p r o c e d u r e  i n c l u d e s  maximizing v o l u m e t r i c  
e f f i c i e n c y  a s  w e l l  a s  s e l e c t i n g  t h e  b e s t  p l a t e  s p a c -  
i n g  v a r i a t i o n .  The l a t t e r  can b e  c a l c u l a t e d  from 
t h e  p h y s i c a l  p r o p e r t i e s  of t h e  sys tem and t h e  
t h r o u g h p u t s  i n  d i f f e r e n t  s e c t i o n s  o f  t h e  column. 

Design f e a t u r e s ,  p r i n c i p l e s  o f  d e s i g n ,  and 
s c a l e - u p  p r o c e d u r e  w i l l  be  rev iewed.  S e v e r a l  t y p i c a l  
a p p l i c a t i o n s  w i l l  be d i s c u s s e d .  

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

The f i r s t  p a p e r  on an open t y p e  R e c i p r o c a t i n g  

P l a t e  E x t r a c t i o n  Column (RPEC) was p u b l i s h e d  about  

twenty y e a r s  ago.  (1) I n  t h a t  p a p e r  i t  was shown 

t h a t  a t h r e e - i n c h  d i a m e t e r  column e x h i b i t e d  h i g h  

8 7 7  
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v o l u m e t r i c  e f f i c i e n c i e s  compared t o  o t h e r  small 

d i a m e t e r  columns on t h e  market f o r  b o t h  low and 

h i g h  i n t e r f a c i a l  t e n s i o n  s y s t e m s .  Volumetr ic  

e f f i c i e n c y  i s  d e f i n e d  a s  f o l l o w s :  

m3 
T o t a l  Throughput ,hr.xmZ 

Volumetr ic  E f f i c i e n c y  = HETS m =hr. 

KARR 

1 

S u b s e q u e n t l y ,  h i g h  v o l u m e t r i c  e f f i c i e n c i e s  

were confirmed i n  a 1 2 - i n c h  d i a m e t e r  column (2)  

and a 3 6 - i n c h  d i a m e t e r  c o l u m n . ( 3 ) ,  ( 4 )  

The RPEC i s  now b e i n g  employed e x t e n s i v e l y  i n  

l a b o r a t o r i e s ,  p i l o t  p l a n t s  , and i n d u s t r y  around 

t h e  wor ld .  

What i s  a R e c i p r o c a t i n g  P l a t e  E x t r a c t i o n  Column? 

B a s i c a l l y ,  i t  c o n s i s t s  o f  a m u l t i p l e  o f  p e r f o r a t e d  

p l a t e s  w i t h  r e l a t i v e l y  l a r g e  h o l e s  and a h i g h  p e r -  

c e n t a g e  of open a r e a  assembled i n  t h e  form of  a 

p l a t e  s t a c k  which i s  r e c i p r o c a t e d  v e r t i c a l l y  i n s i d e  

a s h e l l .  

F i g .  1 shows a t y p i c a l  p e r f o r a t e d  p l a t e .  

F i g .  2 shows a t y p i c a l  b a f f l e  p l a t e .  B a f f l e  

p l a t e s  a r e  u s e d  p e r i o d i c a l l y  i n  t h e  p l a t e  s t a c k  t o  

minimize a x i a l  mixing.  ( 2 )  , ( 3 ) ,  ( 4 )  

F i g .  3 shows a t y p i c a l  p l a t e  s t a c k .  T h i s  p l a t e  

s t a c k  i s  n o m i n a l l y  4 0  i n c h e s  i n  d i a m e t e r ,  40  f e e t  
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RECIPROCATING PLATE EXTRACTION COLUMN 879 

PERFORATED PLATE FOR NOMINAL 
355/8"COLUMN 

PERFORAT10NS,9Adi DIA. HOLES d& ON 11/16' TRIANGULAR PITCH 

FIGURE 1. T y p i c a l  p e r f o r a t e d  p l a t e .  

BAFFLE PLATE FOR NOMINAL 
35 5/d' DIA COLUMN 

FREE AREA- 58% 

FIGURE 2 .  T y p i c a l  b a f f l e  p l a t e .  

l o n g .  The p l a t e  s t a c k  i s  b u i l t  i n  f o u r  s e c t i o n s  

w i t h  c o u p l i n g s  between each  s e c t i o n .  F i g .  4 shows 

one o f  t h e  end s p i d e r  p l a t e s ,  and one can s e e  t h e  

ends  o f  t h e  t i e  rods  which p a s s  t h r o u g h  t h e  p l a t e  
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FIGURE 3 .  T y p i c a l  p l a t e  s t a c k .  

KARR 

s t a c k .  The p l a t e s  a r e  k e p t  s e p a r a t e d  by s p a c e r s  

which f i t  o v e r  t h e  t i e  r o d s .  The combinat ion o f  

s p i d e r  p l a t e s ,  t i e  r o d s ,  and s p a c e r s  p r o v i d e  f o r  

a r i g i d  c o n s t r u c t i o n  o f  t h e  p l a t e  s t a c k .  F i g .  5 

shows t h e  arrangement  o f  p e r f o r a t e d  p l a t e s  and 

b a f f l e  p l a t e s .  The w h i t e  b a f f l e  p l a t e s  are  T e f l o n  

and a r e  s l i g h t l y  l a r g e r  i n  d i a m e t e r  t h a n  t h e  s t a i n -  

less  s t e e l  p e r f o r a t e d  p l a t e s  and b a f f l e  p l a t e s .  

T h i s  p r e v e n t s  m e t a l - t o - m e t a l  c o n t a c t  o f  p l a t e s  and 

s h e l l .  

F i g .  6 shows a t y p i c a l  c o u p l i n g  arrangement .  
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RECIPROCATING PLATE EXTRACTION COLUMN 881 

FIGURE 4 .  P l a t e  s t a c k  showing end s p i d e r  p l a t e .  

DESIGN OF RECIPROCATING PLATE EXTRACTION COLUMN 

The d e s i g n  c h a r a c t e r i s t i c s  o f  a r e c i p r o c a t i n g  

p l a t e  e x t r a c t i o n  column a r e  as f o l l o w s :  

1. Large open a r e a  - t y p i c a l l y  5 5 %  

2 .  Large d i a m e t e r  h o l e s  - t y p i c a l l y  9 / 1 6 ” .  

The l a r g e  open a r e a  and h o l e  s i z e  c o n t r i b -  

u t e s  t o  t h e  h i g h  t h r o u g h p u t s  achieved .  The 

l a r g e  open a r e a  e l i m i n a t e s  t h e  need t o  main- 

t a i n  a c l o s e  c l e a r a n c e  between t h e  p l a t e s  

and shell. 
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882 KARR 

FIGURE 5 .  Ar rangemen t  of  p e r f o r a t e d  p l a t e s  and b a f f l e  p l a t e s .  

3 .  S t r o k e  l e n g t h  - t y p i c a l l y  3/4" ( r a n g e  1 / 2 "  

t o  l f l )  . 
4 .  R e c i p r o c a t i n g  speed  - t y p i c a l l y  150 RPM 

( r a n g e  1 0  t o  4 0 0 ) .  

5 .  P l a t e  s p a c i n g  - 1" t o  8'' - t y p i c a l l y  2 " .  

However, f r e q u e n t l y  p l a t e  s p a c i n g  s h o u l d  be 

v a r i e d  i n  d i f f e r e n t  p o r t i o n s  of t h e  column 

i n  accordance w i t h  t h e  r e l a t i v e  v a l u e s  of  

d e n s i t y  d i f f e r e n c e  and i n t e r f a c i a l  t e n s i o n .  

T h i s  i s  d i s c u s s e d  l a t e r .  

6 .  B a f f l e  p l a t e s  - t h e s e  a r e  a d v i s a b l e  i n  
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columns g r e a t e r  t h a n  3 i n c h e s  i n  d i a m e t e r  

t o  minimize a x i a l  mixing.  F i g .  7 shows a 

t y p i c a l  p e r f o r a t e d  p l a t e  and b a f f l e  p l a t e  

a r  r an g emen t . 
L e t ' s  b r i e f l y  d i s c u s s  t h e  s t a t e  of  t h e  a r t  o f  

d e s i g n i n g  i n t e r n a l l y  a g i t a t e d  e x t r a c t i o n  columns. 

Although a g r e a t  d e a l  o f  work h a s  been done on t h e  

d e s i g n  of  e x t r a c t i o n  columns from b a s i c  p r i n c i p l e s ,  

t o  my knowledge no  m a n u f a c t u r e r  o f  e x t r a c t i o n  e q u i p -  

ment w i l l  p r o v i d e  a g u a r a n t e e d  d e s i g n  w i t h o u t  some 

t e s t  work. Designing an e x t r a c t i o n  column from 

b a s i c  p r i n c i p l e s  would r e q u i r e  knowledge o f  a t  

l e a s t  t h e  f o l l o w i n g  v a r i a b l e s  : 

1. Mass t r a n s f e r  c o e f f i c i e n t  d i s p e r s e d  p h a s e ,  kd 

2 .  Mass t r a n s f e r  c o e f f i c i e n t  c o n t i n u o u s  p h a s e ,  k c  

3 .  Drop s i z e )  

4 .  Holdup ) 

5 .  Axia l  mixing c o e f f i c i e n t s  E c ,  Ed 

6 .  F looding  

) C a l c u l a t e  a r e a  

PERFORATED 
PLATES 

k- 

- - 

F I G U R E  7 .  T y p i c a l  p e r f o r a t e d  and b a f f l e  p l a t e  a r rangement .  
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RECIPROCATING PLATE EXTRACTION COLUMN 885 

Above depend on 

1. P h y s i c a l  p r o p e r t i e s  

2 .  Design and arrangement  o f  i n t e r n a l s  

3 .  D i r e c t i o n  o f  e x t r a c t i o n  

4 .  D i s p e r s e d  phase  

5 .  Type o f  a g i t a t i o n ,  a g i t a t i o n  i n t e n s i t y  

6 .  Solvent  r a t i o  

E m p i r i c a l  c o r r e l a t i o n s  a r e  a v a i l a b l e  f o r  some 

of  t h e s e  v a r i a b l e s  f o r  some t y p e s  of  equipment ,  

b u t  u s u a l l y  t h e r e  i s  some o r  a g r e a t  d e a l  o f  

i n f o r m a t i o n  l a c k i n g .  Thus,  one i n e v i t a b l y  r e s o r t s  

t o  t e s t  work and t h e n  an e m p i r i c a l  o r  semi- 

e m p i r i c a l  s c a l e - u p  procedure  i s  employed. With 

good p l a n n i n g ,  t e s t  work r e q u i r e d  f o r  s c a l e - u p  

can be minimized and performance opt imized  w i t h  

r e l a t i v e l y  few r u n s .  

D r .  M .  H .  I .  B a i r d  and h i s  co-workers  a t  

McMaster U n i v e r s i t y  i n  Hami l ton ,  O n t a r i o  have made 

a g r e a t  d e a l  of  p r o g r e s s  i n  d e l i n e a t i n g  some o f  t h e  

fundamental  hydrodynamic c h a r a c t e r i s t i c s  o f  t h e  

r e c i p r o c a t i n g  p l a t e  e x t r a c t i o n  column. They have 

s t u d i e d  and c o r r e l a t e d  f l o o d i n g ,  h o l d u p ,  drop s i z e ,  

and a x i a l  d i s p e r s i o n .  ( 5 ) ,  ( 6 ) ,  ( 7 )  
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886 KARR 

F o r  f o u r  d i f f e r e n t  systems i n  which t h e  i n t e r -  

f a c i a l  t e n s i o n  was approximate ly  30 dynes/cm. B a i r d  

showed: 

F o r  t h e  more g e n e r a l  c a s e  - b a s e d  p a r t l y  on t h e o r e t i -  

The (UD + 0.67Uc) f u n c t i o n  has  r e c e n t l y  been 

modi f ied .  ( 8 )  

We have made good u s e  of  t h e s e  e q u a t i o n s ,  a s  

an e x c e l l e n t  g u i d e ,  b u t  we s t i l l  do n o t  depend e n -  

t i r e l y  upon them because we f i n d  i n  t h e  p r e s e n c e  o f  

mass t r a n s f e r  a d j u s t m e n t s  t o  t h e  c o r r e l a t i o n  may be 

n e c e s s a r y .  

From t h e  e q u a t i o n s  i t  i s  obvious t h a t  i f  

p h y s i c a l  p r o p e r t i e s ,  e s p e c i a l l y  d e n s i t y  d i f f e r e n c e  

and i n t e r f a c i a l  t e n s i o n ,  v a r y  i n  d i f f e r e n t  p a r t s  

o f  t h e  column, t h e n  a g i t a t i o n  s h o u l d  a l s o  b e  v a r i e d  

t o  p r e v e n t  one s e c t i o n  o f  t h e  column from s e v e r e l y  

l i m i t i n g  t h r o u g h p u t .  S i n c e  a g i t a t o r  speed  and 

ampl i tude  a r e  f i x e d  throughout  t h e  column, t h e  o n l y  
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RECIPROCATING PLATE EXTRACTION COLUMN 887 

way t o  vary  a g i t a t i o n  i n t e n s i t y  i s  t o  v a r y  p l a t e  

s p a c i n g ,  

Power i n p u t  p e r  u n i t  v o l u m e , w i s  i n v e r s e l y  
I 

p r o p o r t i o n a l  t o  p l a t e  s p a c i n g ,  , From (Eq. 2 )  one 

can d e r i v e  t h a t  f o r  p r a c t i c a l  p u r p o s e s  by c o n s i d e r i n g  

o n l y  t h e  most i m p o r t a n t  p h y s i c a l  p r o p e r t i e s  o f A P a n d  

o-the optimum r e l a t i v e  p l a t e  s p a c i n g  i n  t h e  d i f f e r e n t  

p a r t s  o f  t h e  column i s  g i v e n  by t h e  f o l l o w i n g  

e q u a t i o n :  

1 

(PY2 R - (  
Where,( i s  t h e  optimum r e l a t i v e  p l a t e  s p a c i n g  

i n  any l o c a t i o n  i n  t h e  column 

Ap = d e n s i t y  d i f f e r e n c e  i n  t h e  c o r r e s p o n d -  

i n g  column l o c a t i o n  

= t h e  i n t e r f a c i a l  t e n s i o n  i n  t h e  c o r r e -  

sponding column l o c a t i o n  

We have u s e d  t h e  above e q u a t i o n  s u c c e s s f u l l y  

i n  o p t i m i z i n g  p l a t e  s p a c i n g .  The n e t  r e s u l t  i s  a 

d e s i g n  which o p t i m i z e s  t h e  d e g r e e  o f  a g i t a t i o n  

throughout  t h e  column, t h e r e b y  maximizing through-  

p u t  and e x t r a c t i o n  e f f i c i e n c y  and,  t h e r e f o r e ,  

min imiz ing  i n v e s t m e n t .  
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888 KARR 

A s  ment ioned b e f o r e ,  w e  s t i l l  r e l y  t o  a g r e a t  

e x t e n t  on t e s t  work f o r  e f f i c i e n c y  and throughput  

d a t a .  The economic d e s i g n  o f  t h e  p r o d u c t i o n  u n i t  

can be o n l y  a s  good a s  t h e  o p t i m i z a t i o n  j o b  done 

i n  o b t a i n i n g  t h e  p i l o t  s c a l e  d a t a .  These a r e  

recommendations f o r  o b t a i n i n g  t h e  p i l o t  scale  d a t a .  

1. E s t i m a t e  Throughput ,  A g i t a t o r  Speeds ,  and 

T e s t  Column Height  

A p r e l i m i n a r y  e s t i m a t e  of  t h e  a l l o w a b l e  range 

o f  t h r o u g h p u t s  and a g i t a t o r  speeds  can be 

g l e a n e d  from t h e  c o r r e l a t i o n s  o f  B a i r d  ( S ) ,  

( 8 )  o r  from p r e v i o u s  e x p e r i e n c e .  The h e i g h t  

o f  p l a t e  s t a c k  s e l e c t e d  f o r  t h e  t e s t s  w i l l  

depend on t h e  number o f  t h e o r e t i c a l  s t a g e s  

r e q u i r e d .  

2 .  E s t i m a t e  P l a t e  Spacing V a r i a t i o n  

I f  t h e  d e n s i t y  d i f f e r e n c e  and i n t e r f a c i a l  

t e n s i o n  a r e  known t o  v a r y  from one end o f  t h e  

column t o  t h e  o t h e r ,  it i s  p o s s i b l e  t o  

es t imate  optimum p l a t e  s p a c i n g  v a r i a t i o n  from 

Equat ion  3 .  The minimum p l a t e  s p a c i n g  t o  be 

u s e d  i s  2 i n c h e s ,  u n l e s s  t h e  p l a t e  s p a c i n g  

v a r i a t i o n  i s  v e r y  l a r g e ,  i n  which c a s e  t h e  

minimum p l a t e  s p a c i n g  s h o u l d  b e  1 i n c h .  
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RECIPROCATING PLATE EXTRACTION COLUMN 889 

3 .  Determine Minimum HETS a t  Three Throughputs 

Runs a r e  made on a t  l e a s t  t h r e e  d i f f e r e n t  

t h r o u g h p u t s  and HETS i s  de te rmined  as a 

f u n c t i o n  o f  RPM. S i n c e  t h e  minimum HETS 

f r e q u e n t l y  o c c u r s  c l o s e  t o  t h e  f l o o d  p o i n t  

i n  small d i a m e t e r  columns, i t  i s  u s u a l l y  

s u f f i c i e n t  t o  d e t e r m i n e  t h e  a g i t a t o r  speed  

a t  which t h e  column w i l l  j u s t  f l o o d ,  and 

t h e n  reduce  t h e  a g i t a t o r  speed 5 o r  1 0 % .  

The de termined  v a l u e  o f  HETS w i l l  be c l o s e  t o  

t h e  minimum. 

4 .  P l o t  Minimum HETS vs .  Throughput 

The minimum v a l u e  of  HETS i s  p l o t t e d  a g a i n s t  

th roughput  and normal ly  HETS w i l l  i n c r e a s e  

w i t h  t h r o u g h p u t .  

5 .  P l o t  Volumetr ic  E f f i c i e n c y  v s .  Throughput 

Maximum v o l u m e t r i c  e f f i c i e n c y  a t  each through - 

6 .  

p u t  i s  t h e n  p l o t t e d  a g a i n s t  t h r o u g h p u t .  If  

s u f f i c i e n t  d a t a  a r e  g a t h e r e d ,  t h e  v o l u m e t r i c  

e f f i c i e n c y  w i l l  p a s s  t h r o u g h  a maximum, which 

i s  u s u a l l y  c l o s e  t o  t h e  economic optimum 

d e s i g n  throughput  f o r  s c a l e - u p .  

E x t r a c t i o n  P r o c e s s  Should be Demonstrated 

I f  p o s s i b l e  t h e  e x t r a c t i o n  p r o c e s s  s h o u l d  be 
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890 KARR 

d e m o n s t r a t e d .  The re  s h o u l d  be  s u f f i c i e n t  

s t a g e s  i n  t h e  t e s t  column t o  o b t a i n  t h e  p r o d -  

u c t  d e s i r e d  i n  t h e  r e q u i r e d  y i e l d .  The re  

c o u l d  be  p i t f a l l s  i n  d e t e r m i n i n g  t h e  h e i g h t  

o f  an e q u i v a l e n t  t h e o r e t i c a l  s t a g e  and 

c a l c u l a t i n g  t h e  h e i g h t  of  t h e  column b a s e d  on 

t h e  number o f  t h e o r e t i c a l  s t a g e s  r e q u i r e d .  

The p o s s i b l e  p i t f a l l s  a r e  i n a d e q u a t e  d i s t r i b u -  

t i o n  d a t a  o r  HETS d a t a  i n  t h e  a r e a  n o t  t e s t e d .  

7 .  Ready f o r  S c a l e - u p  

You a r e  now ready  f o r  s c a l e - u p .  With good 

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

above can be c a r r i e d  o u t  i n  two o r  t h r e e  d a y s .  

I t  i s  t i m e  w e l l  s p e n t .  Because o f  t h e  r e l a t i v e  

s i m p l i c i t y  o f  c a r r y i n g  o u t  t h e  t e s t s  i t  w i l l  

p r o b a b l y  be  a l o n g  t i m e  b e f o r e  i t  i s  f e a s i b l e  

t o  r e p l a c e  them e n t i r e l y  w i t h  c a l c u l a t i o n  

p r o c e d u r e s  a l o n e .  

SCALE -UP PROCEDURE 

The s c a l e - u p  p r o c e d u r e  f o r  t h e  R e c i p r o c a t i n g  

P l a t e  E x t r a c t i o n  Column i s  b a s e d  on pe r fo rmance  

d a t a  o b t a i n e d  i n  l”, 3” ,  1 2 ” ,  and 36” d i a m e t e r  

co1umns.(1)3 ( 2 >  9 c 3 )  J c4) 
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RECIPROCATING PLATE EXTRACTION COLUMN 89 1 

1. Data a r e  o b t a i n e d  i n  a l", 2" o r  3" d i a m e t e r  

column. The d i a m e t e r  s e l e c t e d  i s  f r e q u e n t l y  

de te rmined  by t h e  a v a i l a b i l i t y  of m a t e r i a l .  

Many s u c c e s s f u l  s c a l e - u p s  have been done 

d i r e c t l y  from t h e  1" d i a m e t e r  column. The 

2" and 3" p i l o t  p l a n t  columns may b e  u s e d  f o r  

s c a l e - u p  d a t a  development where t h e  p r o d u c t i o n  

column i s  t o  b e  i n  e x c e s s  of 2 f e e t  i n  d i a m e t e r  

and, where unusual  c o n d i t i o n s  a r e  i n v o l v e d .  

2 .  The optimum performance of  t h e  p i l o t  column i s  

de te rmined .  The c r i t e r i a  f o r  optimum per form-  

ance i s  maximum v o l u m e t r i c  e f f i c i e n c y  i n  a 

column having optimum p l a t e  s p a c i n g .  

3. When s c a l i n g  up from t h e  p i l o t  d a t a  t h e  

f o l l o w i n g  p a r a m e t e r s  a r e  h e l d  c o n s t a n t :  

P l a t e  s p a c i n g  

S t r o k e  l e n g t h  

Throughput p e r  f t . 2  

4 .  The e x p e c t e d  minimum HETS i n  t h e  l a r g e  diam- 

e t e r  column i s  c a l c u l a t e d  from t h e  f o l l o w i n g  

e q u a t i o n  : 

0 . 3 8  
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5 .  The c o r r e s p o n d i n g  r e c i p r o c a t i n g  speed  r e -  

q u i r e d  i s  c a l c u l a t e d  from t h e  f o l l o w i n g  

e q u a t i o n  : 

0.14 

6 .  S u i t a b l e  b a f f l e  p l a t e s  i n  d e s i g n  and s p a c i n g  

a r e  p r o v i d e d .  

The above p r o c e d u r e  h a s  been used  t o  s c a l e - u p  

t h i r t y - f i v e  p r o d u c t i o n  columns, a l l  s u c c e s s f u l l y .  

The l a r g e s t  column b u i l t  s o  f a r  i s  40  i n c h e s  i n  

d i a m e t e r  having  4 0  f e e t  of p l a t e  s t a c k .  We a r e  

now p r e p a r e d  t o  s c a l e - u p  t o  6 f e e t  i n  d i a m e t e r  o r  

l a r g e r .  

AP P L I CAT I ONS 

A f e w  a p p l i c a t i o n s  o f  t h e  R e c i p r o c a t i n g  

P l a t e  E x t r a c t i o n  Column f o l l o w .  

F i g .  8 shows a 40" d i a m e t e r  s t a i n l e s s  s t e e l  

column c o n t a i n i n g  32 f e e t  o f  p l a t e  s t a c k  o p e r a -  

t i n g  on t h e  p u r i f i c a t i o n  o f  an o r g a n i c  compound. 

The column was s c a l e d - u p  from d a t a  o b t a i n e d  i n  a 

2" d i a m e t e r  column. S p e c i f i c a t i o n  p r o d u c t s  were 

produced i n  t h e  f i r s t  runs a t  d e s i g n  c o n d i t i o n s .  
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RECIPROCATING P L A T E  EXTRACTION COLUMN 893 

F I G U R E  8 .  40-inch d iameter  column con ta in ing  32 fee t  of p l a t e  
s t a c k .  
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89 4 KARR 

F i g .  9 shows a 30" d i a m e t e r  s t a i n l e s s  s t e e l  

column c o n t a i n i n g  4 2  f e e t  o f  p l a t e  s t a c k .  I t  w a s  

s c a l e d - u p  from a 1" d i a m e t e r  column. I t  i s  u s e d  

f o r  t h e  f r a c t i o n a l  l i q u i d  e x t r a c t i o n  o f  a pharma- 

c e u t i c a l  p r o d u c t  which i s  r e c o v e r e d  i n  more t h a n  

9 9 . 9 %  y i e l d  and w i t h  s p e c i f i c a t i o n  p u r i t y .  

FIGURE 9. 30-inch diameter column con ta in ing  42-feet of p l a t e  
s t a c k .  
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F i g .  1 0  shows t h e  lower p o r t i o n  o f  a 1 2 "  

d i a m e t e r  column used  f o r  t h e  e x t r a c t i o n  of  a whole 

f e r m e n t a t i o n  b r o t h  c o n t a i n i n g  about  5 %  u n f i l t e r e d  

m y c e l i a .  Recent ly  we s c a l e d  up a s imi la r  a p p l i c a -  

t i o n  from a 1" d i a m e t e r  column t o  18" i n  d i a m e t e r .  

For many y e a r s  t h e  l a t t e r  a p p l i c a t i o n  was b e i n g  

p r o c e s s e d  i n  a c e n t r i f u g a l  e x t r a c t o r ,  b u t  t h e  

o p e r a t i o n  w a s  v e r y  t e d i o u s  i n  t h a t  t h e  b r o t h  f i r s t  

had  t o  b e  g iven  a p r e l i m i n a r y  b a t c h  e x t r a c t i o n ,  

f o l l o w e d  by t h r e e  p a s s e s  t h r o u g h  t h e  c e n t r i f u g a l  

e x t r a c t o r .  The whole b r o t h  was p r o c e s s e d  i n  t h e  

r e c i p r o c a t i n g  p l a t e  e x t r a c t i o n  column i n  a s i n g l e  

p a s s  t h r o u g h  t h e  column and w i t h  no p r e l i m i n a r y  

b a t c h  e x t r a c t i o n .  S o l v e n t  usage  was reduced 6 5 % ,  

and i n v e  s t men t and main t en  ance was s i gn i f i c a n t  1 y 

r e  duce d . 
From t h e  above e x p e r i e n c e s ,  t h e  r e c i p r o c a t i n g  

p l a t e  e x t r a c t i o n  column s h o u l d  be c o n s i d e r e d  f o r  

t h e  p r o c e s s i n g  of  whole o r  f i l t e r e d  f e r m e n t a t i o n  

b r o t h s .  Emulsions a r e  avoided because  o f  t h e  

uni form a g i t a t i o n  o v e r  t h e  c r o s s - s e c t i o n a l  a r e a  o f  

t h e  column. 

F i g .  11 i s  a view of a 24"  d iameter  column 

o p e r a t i n g  on t h e  s o l v e n t  sys tem hexane and w a t e r .  
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FIGURE 1.0. 12-inch d iameter  column f o r  e x t r a c t i n g  whole 
f e rmen ta t ion  b r o t h .  
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RECIPROCATING PLATE EXTRACTION COLUMN 897 

FIGURE 11. 24-inch d i a m e t e r  column f o r  h i g h  i n t e r f a c i a l  t ens ion  
sys tem.  
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T h i s  system h a s  a v e r y  h i g h  i n t e r f a c i a l  t e n s i o n ,  

approximate ly  5 0  dynes/cm. a n d ,  t h e r e f o r e ,  r e q u i r e s  

a h i g h  d e g r e e  of  a g i t a t i o n ,  around 350 s t r o k e s / m i n . ,  

and 3 / 4 "  s t r o k e  l e n g t h .  

F i g .  1 2  shows a view o f  a 30" d i a m e t e r  T e f l o n  

p l a t e  s t a c k  30 f e e t  l o n g  f o r  u s e  i n  a g l a s s - l i n e d  

s h e l l .  The s p i d e r  p l a t e  shown h e r e  i s  o f  H a s t e l l o y  

c o n s t r u c t i o n  and s o  a r e  t h e  t i e  rods  and c e n t r a l  

s h a f t .  T e f l o n - l i n e d  s h e l l s  can a l s o  b e  u s e d  w i t h  

a T e f l o n  p l a t e  s t a c k .  I n  f a c t ,  a wide s e l e c t i o n  of 

c o r r o s i o n  r e s i s t a n t  m a t e r i a l s  o f  c o n s t r u c t i o n  can 

be used i n  t h e  r e c i p r o c a t i n g  p l a t e  column. For 

example , 
F i g .  1 3  shows a view o f  a p o l y p r o p y l e n e  p l a t e  

s t a c k .  

F i g .  1 4  shows some p o s s i b l e  m a t e r i a l s  o f  

c o n s t r u c t i o n  . 
F i g .  1 5  shows an i n s t a l l a t i o n  f o r  t h e  re-  

covery of phenol  from a s a t u r a t e d  aqueous s t r e a m .  

The c o n c e n t r a t i o n  o f  phenol  i n  t h e  r a f f i n a t e  i s  

l e s s  t h a n  1 0  ppm. U n i t s  can be des igned  t o  d i s -  

c h a r g e  r a f f i n a t e s  w i t h  l e s s  t h a n  1 ppm phenol .  

The r e c i p r o c a t i n g  p l a t e  e x t r a c t i o n  column i s  
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FIGURE 1 2 .  30-inch diameter Teflon plate stack. 
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FIGURE 13. P o l y p r o p y l e n e  p l a t e  s t a c k ,  18 i n c h e s  diameter. 
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MATE RIALS 

~- SHELLS 

FRP 

FEP LINED 

KYNAR LINED 

GLASS 

GLASSED STEEL 

SS 
c s  
T I  

F CONSTRUCT 

PLATES 

TFE 

ss 
CARBON STEEL 

TITANIUM 

'OLYPROPY LENE 

HASTELLOY C 

FIGURE 1 4 .  Materials of  

IN TO DATE 
S P_I- 

HAFTS.TIE RODS 

TFE SHEATHED 

FEP SHEATHED 

HASTELLOY C 

s s  
CARBON STEEL 

TITANIUM 

GLASS FILLED 
TFE 

:on6 t ruc t i o n .  

a l s o  b e i n g  used  i n d u s t r i a l l y  f o r  t h e  r e c o v e r y  of 

a c e t i c  a c i d  from aqueous s t r e a m s .  The s o l v e n t  t o  

be  employed and t h e  p r o c e s s i n g  f l o w s h e e t  depends 

upon t h e  a c i d  c o n c e n t r a t i o n  i n  t h e  f e e d  s t r e a m .  

The column h a s  a l s o  been u s e d  t o  e x t r a c t  o r -  

g a n i c s  and c o l o r  b o d i e s  from aqueous w a s t e  s t r e a m s .  

E x t r a c t i o n  s h o u l d  be  c o n s i d e r e d  €or  s u c h  a p p l i c a -  

t i o n s  e s p e c i a l l y  a t  c o n c e n t r a t i o n s  g r e a t e r  t h a n  

2 0 0 0  ppm. 

Many o t h e r  e x t r a c t i o n  o p e r a t i o n s  a r e  b e i n g  

c a r r i e d  o u t  i n  t h e  r e c i p r o c a t i n g  p l a t e  e x t r a c t i o n  

column i n  t h e  p h a r m a c e u t i c a l ,  c h e m i c a l ,  food ,  p e t r o -  

chemica l  and h y d r o m e t a l l u r g i c a l  i n d u s t r i e s .  

Recen t ly  s e v e r a l  a p p l i c a t i o n s  f o r  t h e  r e c i p -  

r o c a t i n g  p l a t e  e x t r a c t i o n  column as a c o c u r r e n t  
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F I G U R E  15 .  Phenol  recovery i n s t a l l a t i o n .  

KARR 
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c o n t a c t o r  have been deve loped .  F i g .  1 6  shows a 

u n i t  b e i n g  u s e d  a s  a p l u g  f low t y p e  mixer  a s  i n  

a m i x e r - s e t t l e r  o p e r a t i o n .  The advan tages  a r e  

h i g h  t h r o u g h p u t s ,  r educed  s e t t l e r  volume, and 

r educed  o v e r a l l  c o s t .  The c o c u r r e n t  mixe r  con- 

f i g u r a t i o n  h a s  a l s o  been u s e d  e f f e c t i v e l y  as a 

p l u g  f low r e a c t o r  f o r  two l i q u i d  p h a s e s .  

ADVANTAGES 

Some o f  t h e  a d v a n t a g e s  of  t h e  R e c i p r o c a t i n g  

P l a t e  E x t r a c t i o n  Column a r e  as follows: 

1. Low HETS ) High v o l u m e t r i c  

2 .  High t h r o u g h p u t )  

3 .  Handles  e m u l s i f i a b l e  m a t e r i a l s  

) e f f i c i e n c y  

4 .  Handles  s o l i d s  

A DVANTAQE S 

I. HlQH THROUQHPUT 
2 .  REDUCED SETTLER VOLUME 
3. REDUCED COST 

FIGURE 16. Karr Column as cocur ren t  mixer .  
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904 KARR 

5 .  Wide r ange  o f  m a t e r i a l s  o f  c o n s t r u c t i o n  i n -  

c l u d i n g  g l a s s  and T e f l o n  

6 .  R e l i a b l e  s c a l e - u p  p r o c e d u r e  

7 .  F l e x i b i l i t y  p e r m i t s  o p t i m i z a t i o n  of l a b  o r  

8 

A 

f 

R 

U 

C O  

p i l o t  p l a n t  u n i t  

Low c o s t  and l o w  ma in tenance  

NOMENCLATURE 

Ampli tude,  cm. 

F requency ,  Hz . 
G r a v i t a t i o n a l  a c c e l e r a t i o n  cm. / sec .2  

P l a t e  s p a c i n g ,  cm. 

S u p e r f i c i a l  v e l o c i t y  a t  f l o o d i n g  p o i n t ,  

c m .  / s e c .  

D e n s i t y  d i f f e r e n c e  (4 -4) g/cm. = 
V i s c o s i t y ,  p o i s e  

Refe rence  v i s c o s i t y  0 . 0 1  p o i s e  

Energy d i s s i p a t i o n  p e r  u n i t  volume, ergs/cm. 3 s e c .  

D e n s i t y ,  grams/cm.  

Average d e n s i t y  

I n t e r f a c i a l  t e n s i o n ,  dyne/cm. 

S u b s c r i p t s  

C - Continuous p h a s e  

D - D i s p e r s e d  p h a s e  
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