
 

 

PLEASE SCROLL DOWN FOR ARTICLE

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

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

Droplet Size Characteristics and Energy Input Requirements of Emulsions
Formed Using High-Intensity-Pulsed Electric Fields
T. C. Scotta; W. G. Sissona

a Chemical Technology Division, Oak Ridge National Laboratory, Oak Ridge, Tennessee

To cite this Article Scott, T. C. and Sisson, W. G.(1988) 'Droplet Size Characteristics and Energy Input Requirements of
Emulsions Formed Using High-Intensity-Pulsed Electric Fields', Separation Science and Technology, 23: 12, 1541 — 1550
To link to this Article: DOI: 10.1080/01496398808075647
URL: http://dx.doi.org/10.1080/01496398808075647

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

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

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

http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1080/01496398808075647
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SEPARATION SCIENCE AND TECHNOLOGY, 23(12&13), pp. 1541-1550, 1988 

DROPLET SIZE CHARACTERISTICS AND ENERGY INPUT REQUIREMENTS OF 
EMULSIONS FORMED U S I N G  HIGH-INTENSITY-PULSED ELECTRIC FIELDS" 

T. C. Sco t t  and W. G. Sisson 
Chemical Technology Divis ion 
Oak Ridge Nat ional  Laboratory 
P. 0. Box X 
Oak Ridge, Tennessee 37831 

ABSTRACT 

Experimental methods have been developed t o  measure 
d rop le t  s i z e  c h a r a c t e r i s t i c s  and energy inputs  
a s soc ia t ed  with the  rupture  of aqueous d rop le t s  by 
high-intensi ty-pulsed electric f i e l d s .  The combination 
of i n  s i t u  microscope op t i c s  and high-speed video 
cameras a l lows r e l i a b l e  observa t ion  of l i q u i d  d rop le t s  
down t o  0.5 m in s i ze .  Videotapes of e l e c t r i c - f i e l d -  
c r ea t ed  emulsions revea l  t ha t  average d rop le t  s i z e s  of 
less than 5 Iim a r e  e a s i l y  obtained i n  such systems. 
Analysis of the  energy inpu t s  i n t o  the  f l u i d s  i n d i c a t e s  
t h a t  the  e lec t r ic  f i e l d  method requi res  less than 1% 
of the  energy required from mechanical a g i t a t i o n  t o  
c r e a t e  comparable drople t  s i ze s .  

INTRODUCTION 

I n  genera l ,  s epa ra t ion  processes  are based upon exp lo i t i ng  
d i f f e rences  in  the  physicochemical p rope r t i e s  of the  spec ies  t o  be 
separated.  Although the  d r iv ing  fo rce  f o r  s epa ra t ion  is  based 
upon these  d i f f e rences ,  i n  most cases one must s t i l l  provide a 
s i g n i f i c a n t  energy input  i n t o  the  system t o  fo rce  mass t r a n s f e r  t o  
occur a t  an acceptab le  r a t e .  This energy input  can take  the  form 
of pumping, hea t ing ,  cool ing,  mixing, or o ther  s imi l a r  operat ions.  
When a t tempt ing  t o  improve the  performance of a given sepa ra t ion  
technique,  one could e i t h e r  change or i n t e n s i f y  the  phys ica l  
p rope r t i e s  d r iv ing  fo rce  or  r e f i n e  the  method of energy input  t o  
manipulate the  system. 
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1542 SCOTT AND SISSON 

Solvent  e x t r a c t i o n  s e p a r a t i o n  systems are one of the basic u n i t  
o p e r a t i o n s  employed i n  t h e  chemical process  i n d u s t r i e s .  The d r i v i n g  
f o r c e  f o r  s e p a r a t i o n  is t h e  preference  of c e r t a i n  chemical s p e c i e s  
t o  i n t e r a c t  with one l i q u i d  phase over another ;  hence, s e p a r a t i o n  
i s  accomplished through s e l e c t i v e  p a r t i t i o n i n g  i n t o  immiscible 
l i q u i d  phases. To o b t a i n  s a t i s f a c t o r y  mass t r a n s f e r  rates, some 
form of energy input  is requi red  t o  c r e a t e  i n t e r f a c i a l  s u r f a c e  
area and promote i n t e r f a c i a l  and i n t r a f a c i a l  convection. 

Two major problems which l i m i t  t h e  use  of s o l v e n t  e x t r a c t i o n  
i n  i n d u s t r i a l  a p p l i c a t i o n s  a r e  t h e  e f f i c i e n t  c r e a t i o n  and c o n t r o l  
of i n t e r f a c i a l  mass t r a n s f e r  s u r f a c e  area. I n  p r a c t i c e ,  f n t e r -  
f a c i a l  a r e a  is u s u a l l y  c r e a t e d  by a form of mechanical a g i t a t t o n .  
This  g e n e r a l  approach may t a k e  on such forms a s  e x t r u s i o n  through 
s i e v e  p l a t e s ,  use of i m p e l l e r s  i n  b a f f l e d  tanks,  or forced  
c o u n t e r c u r r e n t  f low through packing. As v a r i e d  as t h e s e  o p e r a t i o n s  
may appear ,  they a l l  s h a r e  a requirement f o r  an energy input  i n t o  
t h e  bulk of each of t h e  l i q u i d s  t o  create a d ispersed  phase with 
a reasonable  amount of s u r f a c e  area. This  r e p r e s e n t s  a p o s s i b l y  
i n e f f i c i e n t  use of energy because t h e  cont inuous phase must be 
manipulated t o  create t h e  d e s i r e d  e f f e c t  on t h e  d ispersed  phase. 

When a t t e m p t i n g  t o  maximize s u r f a c e  a r e a  product ion i n  an 
a p p a r a t u s ,  mmy mechanical a g i t a t i o n  techniques  tend t o  form 
p o l y d i s p e r s e  emulsions which are d i f f i c u l t  t o  c h a r a c t e r i z e  and 
c o n t r o l  i n  mass t r a n s f e r  opera t ions .  A method needs t o  be found 
t h a t  w i l l  not  only e f f i c i e n t l y  create l a r g e  amounts of i n t e r f a c i a l  
s u r f a c e  area f o r  mass t r a n s p o r t ,  but w i l l  a l s o  a l low f o r  adequate  
c o n t r o l  of phase disengagement once t h e  mass t r a n s f e r  o p e r a t i o n s  
have been completed. 

Vast amounts of i n t e r f a c i a l  s u r f a c e  area can be c r e a t e d  v ia  
electric f ie ld- induced  d r o p l e t  rup ture .  I n  order  t o  develop 
concepts  f o r  s o l v e n t  e x t r a c t i o n  systems dr iven  by e l e c t r i c  f i e l d s ,  
one must f i r s t  address  some important  i s s u e s  concerning t h e  
p r o p e r t i e s  of emulsions formed by t h e  d r o p l e t  r u p t u r e  method. I n  
t h i s  paper t h e  average d r o p l e t  s i z e ,  d r o p l e t  s i z e  d i s t r i b u t i o n ,  
and energy requirements  are c h a r a c t e r i z e d  f o r  t h e s e  types of 
emulsions. 

BACKGROUND 

P l a c i n g  a s p h e r i c a l ,  conduct ing d r o p l e t  surrounded by a 
nonconducting continuum i n  an electric f i e l d  w i l l  cause stresses 
t o  develop on t h e  d r o p l e t .  A s  t h e  s t r e n g t h  of the  f i e l d  is 
i n c r e a s e d ,  t h e  d r o p l e t  w i l l  deform i n t o  an e l l i p s o i d  whose major 
a x i s  l i es  p a r a l l e l  t o  t h e  e lec t r ic  f i e l d  l i n e s  (Fig. 1). I f  
s u f f i c i e n t  f i e l d  s t r e n g t h  is provided, t h e  d r o p l e t  will become 
u n s t a b l e  and d i s i n t e g r a t e  into a l a r g e  number of smaller daughter  
d r o p l e t s .  
used. The d r o p l e t  deforms when t h e  f i e l d  is on and r e l a x e s  back 

The same e f f e c t  occurs  when a p u l s i n g  electric f i e l d  is 
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Figure  1. Drop O s c i l l a t i o n  i n  P u l s i n g  E l e c t r i c  F i e l d  

toward t h e  s p h e r i c a l  shape when t h e  f i e l d  is o f f ;  hence, t h e  
d r o p l e t  is forced  t o  o s c i l l a t e  about  t h e  s p h e r i c a l  form. 
Augmentation of d i r e c t - c o n t a c t  hea t  t r a n s f e r  has been c a r r i e d  out  
us ing  p u l s i n g  e l e c t r i c  f i e l d s  i n  t h e  2 t o  8 Hz f requency range by 
K a j i  et al .  ( 1 ,  2). Resul t s  from t h e s e  s t u d i e s  i n d i c a t e  t h a t  
low-frequency, high-displacement p u l s i n g  of l i q u i d  d r o p l e t s  
enhances t h e  heat  t r a n s f e r  process .  This  type of technique has 
a l s o  been used i n  our l a b o r a t o r y  under h igher  f requency c o n d i t i o n s  
which are near d r o p l e t  n a t u r a l  o s c i l l a t i o n  f r e q u e n c i e s  (20 t o  60 Hz) 
t o  s tudy  t h e  e f f e c t s  of d r o p l e t  o s c i l l a t i o n  on t h e  rate of mass 
t r a n s f e r  f o r  the  case of cont inuous phase c o n t r o l  (3-6). I f  
t h e  proper  combination of pu lse  rate and f i e l d  s t r e n g t h  is 
u t i l i z e d ,  t h e  d r o p l e t  w i l l  s h a t t e r ,  thereby creatCng a v a s t  amount 
of i n t e r f a c i a l  s u r f a c e  a rea .  I n i t i a l  d a t a  obta ined  i n  our  
l a b o r a t o r y  i n d i c a t e  t h a t  one should be a h l e  t n  choose a drop s i z e  
o r  a range of drop s i z e s  which w i l l  be allowed t o  e x i s t  in a given  
reg ion  of a mass t r a n s f e r  appara tus  whi le  c r e a t i n g  l a r g e  amounts 
of i n t e r f a c l a l  s u r f a c e  area (7) .  

I n  order  t o  assess p o s s i b l e  process  a p p l i c a t i o n s ,  exper i -  
mental  methods have been developed t o  measure d r o p l e t  s i z e  
c h a r a c t e r i s t i c s  and energy i n p u t s  a s s o c i a t e d  wi th  the  r u p t u r e  of 
aqueous d r o p l e t s  by h i g h - i n t e n s i t y ,  pulsed e l e c t r i c  f i e l d s .  The 
combination of i n  s i t u  microscope o p t i c s  and a high-speed v ideo  
camera a l lows  r e l i a b l e  observa t ion  of l i q u i d  d r o p l e t s  down t o  
0.5 #!m in diam. F igure  2 c o n t a i n s  a schematic diagram of t h e  
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PARALLEL PLATE ELECTRODES 
PLEXIGLASS 
CONTAINER 

SUBMERGED 
MICROSCOPE 

VIDEO MONlT 

F i g u r e  2 .  Appara tus  f o r  D r o p l e t - S i z e  and 
S i z e - D i s t r i b u t i o n  Measurements 

e x p e r i m e n t a l  system. Aqueous d r o p l e t s  can be e m u l s i f i e d  between 
p rec i s ion -mach ined  p a r a l l e l  p l a t e  e l e c t r o d e s .  Knowledge of 
e lec t r ic  f i e l d  c o n d i t i o n s  and o b s e r v a t i o n s  of t h e  r e s u l t i n g  micro- 
s c o p i c  d r o p l e t s  l end  i n s i g h t  i n t o  the p r o p e r t i e s  of emul s ions  
which would be formed i n  s o l v e n t  e x t r a c t i o n  v e s s e l s .  

EXPERIMENTAL EQUIPMENT AND PROCEDURES 

Two o p t i c a l  u n i t s  were c o n s t r u c t e d  f o r  u s e  w i t h  t h e  TRITRONICS 
model DCSM-5600 high-speed v ideo  camera (F ig .  2) .  One w a s  a 45X 
microscope  o b j e c t i v e ,  p l a c e d  a t  t h e  end of a 1-in. 1.D.  b a r r e l ,  
w i t h  a 1OX microscope  e y e p i e c e  p l a c e d  a t  t h e  o t h e r  end. The 
second  assembly w a s  t h e  same e x c e p t  that a 1OOX mic roscope  ob jec -  
t i v e  was used. The u n i t s  were 33.7  cm i n  l e n g t h .  These o p t i c s  
were a t t a c h e d  t o  t h e  camera, and t h e  o b j e c t i v e  w a s  i n s e r t e d  i n t o  
n P l e x i g l a s  c o n t a i n e r  t h rough  a neoprene O-ring €o r  s e a l i n g .  T h i s  
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DROPLET S I Z E  CHARACTERISTICS 1 5 4 5  

al lowed t h e  l e n s  t o  be immersed i n  t h e  o r g a n i c  s o l u t i o n  f o r  better 
r e s o l u t i o n .  The camera s i g n a l  w a s  then fed  t o  a F0R.A model 
UTG-33 v ideo  t i m e r ,  a F0R.A model VPA-1000 video p o s i t i o n  a n a l y z e r ,  
and f i n a l l y  t o  a video monitor sc reen  f o r  v i s u a l  observa t ion .  

The system was c a l i b r a t e d  with a 50-!~m s t a i n l e s s  steel  wire. 
T h i s  gave a c a l i b r a t i o n  of 5.7 d iv is ions /um on t h e  video s c r e e n  
u s i n g  t h e  lOOX o b j e c t i v e  and t h e  1OX eyepiece. Resolu t ion  of t h e  
video p o s i t i o n  a n a l y z e r  on the  screen  was two d i v i s i o n s ;  t h e r e f o r e ,  
i t  is p o s s i b l e  t o  d e t e c t  a minimum d r o p l e t  s i z e  of approximately 
0.5 Ma. The video camera has a magni f ica t ion  f e a t u r e  t h a t ,  when 
energ ized ,  can raise t h e  c a l i b r a t i o n  t o  8.7 d iv is ions / lm.  V i s i b l e  
l i g h t  cannot be used to  r e l i a b l y  observe o b j e c t s  less than 0.5 pm; 
hence,  t h i s  o p t i c a l  system was a b l e  t o  o p e r a t e  a t  the  l i m i t  of 
d e t e c t i o n .  

The e l e c t r o d e s  were 1.27-cm squares  which were 0.32-cm thick.  
Spacing between t h e  e l e c t r o d e s  w a s  maintained a t  1.0 cm. The 
metall ic microscope o b j e c t i v e  l e n s e s  w e r e  placed 2.0 c m  away from 
t h e  e l e c t r o d e s  t o  avoid sparking.  A t r i a n g u l a r  t rough was 
f a b r i c a t e d  t o  d i r e c t  the  genera ted  d r o p l e t s  i n t o  the  f o c a l  a r e a  of 
t h e  lens .  L i g h t i n g  f o r  t h i s  a p p l i c a t i o n  proved t o  be c r i t f c a l .  
An i n t e n s e  f i b e r o p t i c s  lamp w a s  d i r e c t e d  through t h e  rear w a l l  of 
t h e  c o n t a i n e r  and through the o r g a n i c  medium t o  provide back 
l i g h t i n g  €or  t h e  lens .  

The e l e c t r i c  f i e l d  was c r e a t e d  by a custom-built pulsed 
v o l t a g e  genera tor .  This  g e n e r a t o r  u t i l i z e s  a v a r i a b l e  speed d r i v e  
motor which r o t a t e s  a t y p i c a l  automotive spark  d i s t r i b u t o r  t h a t  
d e l i v e r s  6 p u l s e s / r e v o l u t i o n .  Rota t ion  is monitored by a d i g i t a l  
tachometer. A 12-V dc automotive high-vol tage c o i l  i s  used with 
t h e  d i s t r i b u t o r .  A v a r i a b l e  primary dc vol tage supply of up t o  
15 V is used t o  energ ize  the  c o i l .  This  system is capable  of 
p u l s e s  up t o  25 kV a t  0-200 Hz. 

Emulsions comprised of microscopic  water d r o p l e t s  i n  t h e  con- 
t inuous  organic  phase were c r e a t e d  by e l e c t r i c  f i e l d  d i s r u p t i o n  of 
a s t ream of water  flowing from the  p r e c i s i o n  syr inge .  Dispers ions  
of t h i s  type were genera ted  a t  pulse  f requencies  of 20, 40, and 
60 Hz, us ing  f i e l d  s t r e n g t h s  of 5.1, 7.7, and 9.5 kV at  each 
frequency;  t h e r e f o r e ,  nine d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  were 
c r e a t e d  f o r  each aqueous/organic  f l u i d  p a i r .  
t aken  of t h e  emulsions a t  a s h u t t e r  speed of 500 frames/s .  Two 
minutes of videotape were recorded €or  each o p e r a t i n g  condi t ion .  
For each run, f i f t y  d r o p l e t s  which were i n  focus w e r e  measured 
us ing  t h e  video p o s i t i o n  ana lyzer .  

Videotapes were 

RESULTS AND DISCUSSION 

Droplet  s i z e  measurements were taken f o r  d i s p e r s i o n s  of water 
formed i n  f o u r  d i f f e r e n t  organic  s o l v e n t s :  2-ethyl-1-hexanol, 
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1546 SCOT'I' AND SISSON 

Table 1. Examples of Droplet S izes  and Size  
Di s t r ibu t ion  from E l e c t r i c  F ie ld  
Disrupt i o n  

Organic Phase: 30% Tr ibu ty l  Phosphate/ 70% Dodecane 
Aqueous Phase: D i s t i l l e d  Water (Mutual Sa tura t ion)  

Droplet s i z e s  i n  iim. 

5.1 kV/cm 7.7 kV/cm 9.5 kV/cm 

20 Hz 
High 36.0 15.4 9. a 
Average 9.6 5.4 3.4 
Low 2.6 2.1 1.4 

40 Hz 
High 6.8 11.3 5.6 
Average 3.8 4.5 3.1 
Low 1.9 1.8 1.6 

60 Hz 
High 33.3 11.6 a. a 
Average 5.9 4.7 2.9 
Low 1.6 1.9 0.9 

hexanol, octanol,  and 30% t r i b u t y l  phosphate (TBP)/7O% dodecane. 
Droplet s i z e s  and s i z e  d i s t r i b u t i o n s  which were obtained f o r  a l l  
of the f l u i d  systems were the  same wi th in  s c a t t e r  of the experi-  
mental data. The condi t ions  necessary t o  obta in  homogeneous 
emulsions varied with the f l u i d  p a i r  in ques t ion  wi th in  a f a c t o r  
of 2 i n  both required f i e l d  s t r eng th  and frequency range, dependant 
upon the  phys ica l  and e l e c t r i c a l  p rope r t i e s  of the organic phase. 
A t  t h i s  point in time, the  underlying basis which would allow 
c o r r e l a t i o n  and p red ic t ion  of these  d i f f e rences  is not quanti-  
t a t i v e l y  understood; therefore ,  the r e s u l t s  from only one f l u i d  
p a i r  w i l l  be presented a s  an i l l u s t r a t i o n .  

Table 1 contains a summary of t he  r e s u l t s  obtained f o r  the  
water - 30% TBP/70% dodecane system. The t abu la r  e n t r i e s  d i sp lay  
t h e  l a rges t  and smal les t  d rop le t s  observed as w e l l  as the  numerical 
average of the  drople t  s i z e  f o r  each of the  nine experimental 
conditions.  It is evident t h a t  extremely small  average drople t  
sizes (<5 pm) and t i g h t  s i z e  d i s t r i b u t i o n s  (1 t o  10 ym) a r e  
poss ib l e  when using the  e l e c t r i c  f i e l d  method. S imi la r  drople t  
sizes and s i z e  d i s t r i b u t i o n s  were obtained f o r  a l l  of t he  f l u i d  
sys  terns. 
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Figure 3. Droplet  S ize  Di s t r ibu t ion  (Water - 
TBP/dodecane; 60 Hz a t  9.5 kv). 

Figure 3 contains the  drople t  s i z e  d i s t r i b u t i o n  obtained f o r  
t he  highest  energy run shown i n  Table 1 (60 Hz, 9.5 kV). The 
d i s t r i b u t i o n  is s l i g h t l y  skewed toward the  l a rge r  drople t  regime, 
which appears t o  ind ica t e  t h a t  some coalescence is taking p lace  t o  
form l a r g e r  drople t s  i n  the  system. I n  order t o  properly address 
t h i s  hypothesis, more extensive drople t  s i z e  da ta  s e t s  w i l l  have 
t o  be obtained. 

Due t o  the complex na ture  of drople t  s t a b i l i t y  i n  pulsing 
electric f i e l d s ,  the  p o s s i b i l i t y  e x i s t s  f o r  emuls i f ica t ion  (upon 
e x i t  from syringe t i p )  and coalescence i n t o  l a rge r ,  s t a b l e  drople t  
s i z e s  t o  simultaneously occur wi th in  the  same e l e c t r i c  f i e l d .  
This is more l i k e l y  t o  happen at lower f i e l d  s t r eng ths  which are 
near  t he  onset of drople t  i n s t a b i l i t y  (i.e. the  5.1 kV value; see 
7) .  Hence, the observation of l a rge r  drople t s  a t  the  lower f i e l d  
s t r eng ths  shown i n  Table I i s  not unexpected. The purpose of 
t h i s  paper is t o  i l l u s t r a t e  characteristics of the  emuls i f ica t ion  
process only. Upcoming publ ica t ions  w i l l  address the  more complex 
i s s u e s  concerning simultaneous dispersion/coalescence phenomena 
in electric f i e l d s .  
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Table 2. Values of Parameters  Used t o  Cacula te  
E lec t r ic  Energy Input  t o  t h e  Emulsions 

Parameter Value 

K 10 

€0 

A 1.61 x m2 

L 1.0 x 10-2 ,2 

Assuming t h a t  t h e  emulsion and t h e  e l e c t r o d e s  make up a 
p a r a l l e l  p l a t e  c a p a c i t o r ,  energy usage i n  t h e  system can be 
approximated by measuring t h e  v o l t a g e  drop a c r o s s  t h e  e l e c t r o d e s  
and mathematical ly  t r e a t i n g  t h e  t r a n s i e n t  behavior  as  t h e  charging 
and d i s c h a r g i n g  of the “capac i tor .  *‘ 

The t o t a l  energy expended i n  charg ing  t h e  c a p a c i t o r  is g iven  
by (8): 

where Ec is t h e  energy per  p u l s e  ( j o u l e s ) ,  V is t h e  measured 
v o l t a g e ,  and C is  t h e  capac i tance .  This  is c a l c u l a t e d  us ing  t h e  
f o l l o w i n g  r e l a t i o n s h i p :  

A 
L 

C = KcO--, 

where K is t h e  d i e l e c t r i c  cons tan t  of the emulsion, c 0  is t h e  
p e r m i t t i v i t y  of a vacuum, A i s  t h e  e l e c t r o d e  area, and L is t h e  
d i s t a n c e  between e l e c t r o d e s .  

Table  2 conta ins  t h e  va lues  used f o r  t h e  c o n s t a n t s  i n  
Eqs. 1 and 2. Taking the measured v o l t a g e  t o  be 9.5 kV and in-  
s e r t i n g  t h e  a p p r o p r i a t e  va lues  i n t o  eq. 1 y i e l d s  a t o t a l  energy 
p e r  pu lse  (E,) of 6.41 x 
one expends 2.38 x 
shown in Fig. 3. 

W * s .  Assuming a 60-Hz pulse  r a t e ,  
W/cm3 of f l u i d  to  create the emulsion 
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For comparison,  the power i n p u t  r e q u i r e d  f o r  a m e c h a n i c a l l y  
a g i t a t e d  b a f f l e d  t a n k  was c a l c u l a t e d .  The c o r r e l a t i o n s  of Chen 
and Middleman (9 )  were used t o  o b t a i n  the power number r e q u i r e d  
i n  t h e  v e s s e l ,  and t h e  a c t u a l  i n p u t  p e r  u n i t  of f l u i d  was t h e n  
c a l c u l a t e d  u s i n g  t h e  c o r r e l a t i o n s  of Rushton et  a1 (10, 11). 
The c a l c u l a t e d  power i n p u t  w a s  25 Wfcc of  f l u i d  for an a v e r a g e  
d r o p l e t  s i z e  of 5 i m .  T h i s  i l l u s t r a t e s  t h a t  t h e  e l e c t r i c  f i e l d  
method is s u b s t a n t i a l l y  more e n e r g y  e f € i c i e n t  i n  t h i s  p a r t i c u l a r  
i n s t a n c e .  The a g i t a t o r  d a t a  had t o  be e x t r a p o l a t e d  i n  o r d e r  t o  
o b t a i n  a v a l u e  f o r  t h e  power i n p u t .  The r e s u l t a n t  i m p e l l e r  s p e e d  
was ove r  3000 rpm; hence ,  t h e  5 Ilm s i z e  r e p r e s e n t s  c o n d i t i o n s  
which are p r o b a b l y  beyond t h e  c a p a b i l i t y  of an a g i t a t e d  tank.  

CONCLUSION 

The u s e  of p u l s i n g  e l e c t r i c  f i e l d s  t o  create mass t r a n s f e r  
s u r f a c e  area a p p e a r s  t o  be an a t t r a c t i v e  p o s s i b i l i t y  €or improved 
s o l v e n t  e x t r a c t i o n  o p e r a t i o n s .  The emuls ions  are comprised of 
mic ron- s i zed  d r o p l e t s  which have  a narrow s i z e  d i s t r i b u t i o n  and 
t h e r e f o r e  may be amenable  t o  hydrodynamic c o n t r o l  i n  a mass 
t r a n 4 f e r  a p p a r a t u s .  The i n i t i a l  d a t a  p r e s e n t e d  seem t o  i n d i c a t e  
t h a t  some c o a l e s c e n c e  does o c c u r  a f t e r  d i s p e r s i o n .  T h i s  p o i n t  
needs  t o  be a d d r e s s e d  i n  f u t u r e  s t u d i e s  i n  o r d e r  t o  assess 
p o s s i b l e  u s e s  of e lec t r ic  f i e l d s  t o  i n d u c e  phase  s e p a r a t i o n .  
Energy r e q u i r e m e n t s  Eor c r e a t i o n  of t h e  v a s t  amount of s u r f a c e  
area are s u b s t a n t i a l l y  lower than  mechan ica l  a g i t a t i o n  w h i l e  
o p e r a t i n g  i n  d r o p l e t - s i z e  regimes which are p robab ly  beyond the 
c a p a b i l i t y  of t y p i c a l  ag i t a t ion  systems.  

The a d a p t a t  i o n  of such schemes t o  i n d u s t r i a l  a p p l i c a t i o n s  
c o u l d  p r o v i d e  sys t ems  which are an o r d e r  of magni tude more e f f i c i e n t  
t h a n  p resen t -day  e x t r a c t o r s .  I n  o r d e r  €or  t h i s  t y p e  of t e c h n i q u e  
t o  be u s e f u l  i n  i n d u s t r i a l  a p p l i c a t i o n s ,  one must d e m o n s t r a t e  
hydrodynamic c o n t r o l  of t h e  emul s ion  and subsequen t  c o a l e s c e n c e  of 
t h e  d r o p l e t s  t o  e n a b l e  phase  s e p a r a t i o n .  
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