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Purification of Aqueous Suspensions from Colloidal Particles by 
Electro-Adsorption on Porous Carbon Electrodes 
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BEER-SHEVA, 84105, ISRAEL 

YORAM OREN and ABRAHAM SOFFER 

CHEMISTRY DIVISION 
NUCLEAR RESEARCH CENTER-NEGEV 
BEER-SHEVA, 84190, ISRAEL 

ABSTRACT 

The e l e c t r i c a l l y  induced adsorption of carboxylated 
co l lo ida l  p a r t i c l e s  from aqueous suspension on a carbon 
e lec t rode  was s tudied ,  Due t o  high co l lo id  t o  e lectrode 
charge densi ty  r a t i o ,  adsorption is  effected only t o  a 
small extent  when t h e  electrode p o t e n t i a l  is  var ied 
within t h e  double layer  p o t e n t i a l  range. 
p o t e n t i a l s  where water is  involved i n  Faradaic reac t ions ,  
co l lo id  adsorption occurs due t o  pH var ia t ions .  The 
process may be a t t r a c t i v e  f o r  p u r i f i c a t i o n  of suspensions 
from f i n e  p a r t i c l e s  s ince  no chemicals have t o  be added 
i n  order  t o  induce adsorption o r  desorption of  t h e  
co l lo id .  

A t  extreme 

INTRODUCTION 

The adsorpt ion of co l lo ida l  p a r t i c l e s  onto s o l i d  surfaces  has 
a t t r a c t e d  the  a t t e n t i o n  o f  numerous inves t iga tors .  The main moti- 
vation for t h i s  l i n e  of  research i s  the  search f o r  an e f f i c i e n t  
f i l t r a t i o n  bed f o r  very f i n e  p a r t i c l e s .  
f i l t r a t i o n  beds f a i l  t o  funct ion i n  these  cases s ince clogging 
problems appear soon a f t e r  the  beginning of t h e  process. 
o ther  hand, removal of suspended p a r t i c l e s  by deep bed type f i l t e r s  
i s  e f fec ted  v i a  adsorption of  t h e  p a r t i c l e s  on a porous matrix 
throughout t h e  f i l t e r  depth r a t h e r  than by entrapping them on the  

The conventional mesh type 

On t h e  
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1018 HALL ET A L .  

o u t e r  s u r f a c e .  
which c a r r y  h igh  s p e c i f i c  s u r f a c e  area f o r  adso rp t ion  t o g e t h e r  w i th  
a good s o l u t i o n  pe. ,-meabili ty.  Thus, u n l i k e  convent ional  f i l t e r s ,  
r e l a t i v e l y  low p r e s s u r e  drops a r e  r e q u i r e d  when t h e  f i l t r a t i o n  of 
very f i n e  p a r t i c l e s  i s  considered.  

These f i l t e r s  a r e  composed o f  f i b r o u s  m a t e r i a l s  

The p rocess  of adso rp t ion  o f  small  co l lo jd r t l  p a r t i c l e s  onto l a r g e  
s u r f a c e s  i s  termed "heterocoagulat ion" and has  been s t u d i e d  by 
Hull  and Kitchner  (I), Vincent,  Young and 'I'adros[2), Tamai e t  a l .  
( 3 - 6 )  and o t h e r s .  Tamai e t  a l .  d i scussed  t h e  i n f l u e n c e  o f  pH and 
s o l u t i o n  concen t r a t ion  on t h e  r a t e  o f  d e p o s i t i o n  and t h e  amount 
depos i t ed  of  po lys ty rene  l a t t i c e s  on s y n t h e t i c  f i b e r s  such as poly-  
amide, p o l y e s t e r  and p o l y a c r i l o n i t r i l e .  I t  was found t h a t  t h e  p H  
i s  o f  prime importance i n  determining t h e  adso rp t ion  c h a r a c t e r i s t i c s  
s i n c e  it c o n t r o l s  s u r f a c e  charge and thus  t h e  zeta p o t e n t i a l  of bo th  
t h e  l a t e x  p a r t i c l e s  and t h e  f i b e y s .  
t i o n  was found t o  occur  n e a r  t h e  i s o e l e c t r i c  p o i n t  of  t h e  l a t e x  
r a t h e r  than i n  t h e  expected r eg ion  of z e t a  p o t e n t i a l s  o f  oppos i t e  
s i g n s .  
o f  Hogg, Healy and Fuerstenau(1MF) ( 7 ) .  I t  was a l s o  suggested t h a t  
particle-particle(€'!') i n t e r a c t i o n s  have t o  be considered i n  a d d i t i o n  
t o  p a r t i c l e - f i b e r ( P F )  i n t e r a c t i o n s ,  a p o i n t  which was a l s o  d i scussed  
by Vincent e t  a l .  ( 2 ) .  

A maximum i n  t h e  r a t e  o f  adsorp- 

These systems were t r e a t e d  v i a  t h e  he t e rocoagu la t ion  theo ry  

High s u r f a c e  a r e a  carbons and g r a p h i t e s  can b e  e x c e l l e n t  cand ida te s  
f o r  deep bed f i l t r a t i o n  f o r  s e v e r a l  reasons:  since they a r e  e l e c t r i c  
conductors the] c a n b e  a d j u s t e d  t o  c a r r y  a charge which i s  oppos i t e  
i n  s i g n  t o  t h a t  o f  t h e  c o l l o i d a l  p a r t i c l e s .  Thus, t h e  p a r t i r l P 5  
can be  removed from t h e  suspension due t o  a t t r a c t i v e  e l e c t r o s t a t i c  
i n t e r a c t i o n s  between t h e  two double l a y e r s .  Moreover, upon charging 
carbon and g r a p h i t e  e l e c t r o d e s  t o  t h e  proper  p o t e n t i a l  range,  water  
decomposition o r  redox r e a c t i o n s  involving s u r f a c e  groups(8) can 
occur  according t o  t h e  fol lowing scherne(9) : 

In t h e  ca thod ic  range 

2e + 2H20 + H2 + 20H- 

S]+ e + 1120 + S I H  + OH- 

1120 + 2li+ + I/Z 02 + 2e 

s \  t H ~ O  + sjo + ZH+ t 2e 

S I  symbolizes a s u r f a c e  group 

Due t o  t h e  h igh  s u r f a c e  a r e a  of  t h e s e  m a t e r i a l s  t h e s e  r e a c t i o n s  can 

Th i s ,  according t o  Tamai e t  a l ,  

In t h e  anodic  range 

change t h e  o f  t h e  bulk suspension and consequent ly ,  t h e  s u r f a c e  
charge o f  t h e  c o l l o i d a l  p a r t i c l e s ,  
C3) may change the adso rp t ion  r a t e  and amount adsorbed on t h e  carbon 
bed. 

g r a p h i t e  toms, t h e  f i b r o u s  s t r u c t u r e  i s  the most promising as an 
e l e c t r o d e  bed f o r  e l ec t rochemica l  f i l t r a t i o n  due t o  i t s  high s u r f a c e  
a r e a  and h igh  l i q u i d  pe rmeab i l i t y ,  I t  was a l s o  found (11) t h a t  
b a c t e r i a ,  which can be  considered as c o l l o i d s ,  can be  removcd from 

pH 

I t  was deduced (10) t h a t  among t h e  l a r g e  v a r i e t y  o f  carbon and 
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AQUEOUS SUSPENSIONS FROM COLLOIDAL PARTICLES 1019 

aqueous bu f fe red  s o l u t i o n s  by f o r c i n g  t h e  s o l u t i o n  through a charged 
g r a p h i t e  f e l t ,  
between t h e  charged o u t e r  b a c t e r i a  
charged e l e c t r o d e ,  
t h e  adsorbed b a c t e r i a  could be  r e tu rned  t o  t h e  s o l u t i o n .  

The p rocess  i s  based on e l e c t r o s t a t i c  i n t e r a c t i o n s  
membrane and t h e  oppos i t e ly  

Upon r eve r s ing  the e l e c t r o d e  charge,  p a r t  o f  

l 'he p o s s i b i l i t y  of inducing a i s o r p t i o n  or deso rp t ion  of col loid.ai  
p a r t i c l e s  i n  aqueous suspensions by varying t h e  e l e c t r i c  potential 
( o r  charge) of  an e l e c t r o d e  has  n o t  t o  our  knowledge, been proposed 
as a mean f o r  c o n t r o l l i n g  f i l t r a t i o n .  'The ease  of c o n t r o l l i n g  t h e  
e l e c t r o d e  p o t e n t i a l  by means o f  an e x t e r n a l  power supply,  t h e  low 
p r e s s u r e  drop r equ i r ed  t o  d r i v e  t h e  suspension when f i b r o u s  carbons 
a r e  used, and t h e  f a c t  t h a t  t h e  a d d i t i o n  o f  chemicals ( e . g . ,  f o r  
pH c o n t r o l )  i s  unnecessary a r e  t h e  most prominent advantages o f  
t h i s  p rocess .  

In t h e  p r e s e n t  article, a study o f  t h e  e l e c t r i c a l l y  intiuced 
adso ryAon  of c c l l o i d a l  p a r t i c l e s  upon B f i b r o u s  g r a p h i t e  e l e c t r o d e  
i s  p re sen ted .  The e l e c t r o d e  p o t e n t i a l  i s  v a r i e d  i n  a wide range t o  
allow t h e  s tudy of c o l l o i d a l  adso rp t ion  c h a r a c t e r i s t i c s  when t h e  
double l a y e r  charging a s  w e l l  a s  water  e l e c t r o l y s i s  occur .  

EXPERIMENTAL 

The adso rp t ion  c e l l  i s  shown i n  f i g u r e  1 and the  flow system 
i s  shown i n  f i g u r e  2 .  The ce l l  is  made of PVC and d iv ided  i n t o  
two i d e n t i c a l  compartments by a c a t i o n  exchange membrane. The 
space w i t h i n  each compartment i s  completely f i l l e d  with 1 .15  g r .  
o f  g r a p h i t e  f e l t  (RVG 2000 produced by Le Carbon Lorraine,  
France) d i s c s ,  5 c m  i n  diameter  and 3 nun t h i c k .  One compartment 
s e rves  f o r  t h e  working e l e c t r o d e  and t h e  o t h e r ,  f o r  t h e  a u x i l i a r y  
e l e c t r o d e .  A two-wav p e r i s t a l t i c  pump was used t o  force.independent- 
l y ,  d i f f e r e n t  s o l u t i o n s  through each one o f  t h e  compartments. 'l'he 
suspension con ta in ing  1 t o  10 ppm i n i t a l  concen t r a t ion  o f  t h e  
c o l l o i d a l  p a r t i c l e s  and 0.1 t o  0.001M o f  N a C l  was d r iven  
through t h e  working e l e c t r o d e  compartment. So lu t ions  wi th  t h e  
same N a C l  concen t r a t ions  bu t  without  t h e  c o l l o i d  were passed 
through t h e  a u x i l i a r y  e l e c t r o d e  compartment. The s o l u t i o n s  were 
pushed i n  a r a d i a l  manner through t h e  e l e c t r o d e s  i . e . ,  from i t s  
c e n t e r  t o  t h e  circumference and were c o l l e c t e d  around i t .  In  most 
experiments,  t h e  s o l u t i o n  volume c i r c u l a t e d  through t h e  working 
e l e c t r o d e  was 60 m l .  An Ag/AgCl couple  dipped i n  t h e  suspension 
a s  c l o s e  as p o s s i b l e  t o  t h e  working e l e c t r o d e  served as a r e f e r e n c e  
e l e c t r o d e .  The experiments were run i n  a p o t e n t i o s t a t i c  mode wi th  
an H . B .  Thompson & Asso. M i n i s t a t  p o t e n t i o s t a t .  

Co l lo id  concen t r a t ion  was monitored wi th  a s c a t t e r e d  l i g h t  
d e t e c t o r  c o n s i s t i n g  o f  a small volume c e l l  i s o l a t e d  from t h e  su r -  
rounding l i g h t  and connected t o  t h e  o u t l e t  of  t h e  working e l e c t r o d e  
compartment. The suspension w i t h i n  t h e  c e l l  was i l l umina ted  wi th  a 
He-Ne l a s e r  and t h e  s c a t t e r e d  l i g h t  was de t ec t ed  by a Hamamatsu 
R1193U 
beam. 

pho tode tec to r  which was mounted pe rpend icu la r  t o  t h e  l a s e r  
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1020 HALL ET AL. 

W 

I 

t- 

OUT 

c- 

I 
Aux 

Ref (Ag/AgCl) L 

Suspension d r a i n  7 C a t i o n  exchange 
membrane 

I '  
I N  

F i g .  1. Schematic representa t ion  of the adsorption c e l l .  
W- working e lec t rode ;  Aux-auxiliary e lec t rodes .  

Monodispersed carboxylated po lys ty rene  l a t e x  p a r t i c l e s  supp l i ed  

i n  diameter ,  they can 

0 .92  m i l l i e q u i v a l e n t s  -COOH groups 

by Polysciences were used. The i r  diameter  was 0.15 f 0.01pm 
Since t h e  g r a p h i t e  f e l t  f i b e r s  are about 10um 
be considered f l a t  wi th  respect t o  t h e  p a r t i c l e s .  
manufacturer t h e  p a r t i c l e s  c a r r y  
p e r  gram. 
240uCoul/cm2. 
ce l l  served f o r  pH monitor ing.  

According t o  t h e  

Th i s  i s  equ iva len t  t o  a s u r f a c e  charge o f  approximately 
A g l a s s  e l e c t r o d e  dipped i n  t h e  s o l u t i o n  o u t s i d e  t h e  

I n  a t y p i c a l  experiment t h e  suspension was a t  f irst  c i r c u l a t e d  
through t h e  bypass and t h e  s c a t t e r e d  l i g h t  d e t e c t o r  i n  o r d e r  t o  
determine t h e  i n i t i a l  c o l l o i d  concen t r a t ion  and i t s  s t a b i l i t y .  Then, 
it was fo rced  through t h e  working e l e c t r o d e  which was charged t o  a 
predetermined p o t e n t i a l ,  f o r  adso rp t ion  s t u d i e s .  The working 
e l e c t r o d e  p o t e n t i a l  was v a r i e d  as r equ i r ed  throughout t h e  experiment.  

RESULTS AND DISCUSSION 

T i t r a t ion  Curves for the Carboxylated Colloid 

I n  f i g u r e  3 t h e  deg ree  of d i s s o c i a t i o n  o f t h e  ca rboxy l i c  groups 
c a r r i e d  by t h e  c o l l o i d a l  p a r t i c l e s  i s  shown as a f u n c t i o n  o f  t h e  pM 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



AQUEOUS SUSPENSIONS FROM COLLOIDAL PARTICLES 1021 

PH 

W. Vessel 

Bypass 

Light sca t te r ing  

W. 

Two w a y  pump, 

AU X 

detector 

A U X  Vessel 

W. Vessel 

Bypass 

Light sca t te r ing  

W. 

Two w a y  pump, 

AU X 

detector 

A U X  Vessel 

Fig.  2. S o l u t i o n  flow diagram, PH -pH e l e c t r o d e ,  

of t h e  suspension.  
followed by back t i t r a t i o n  with HC1 while  NaCl  was kep t  cons t an t  
a t  10-3M. During t h e  t i t r a t i o n ,  a slow response o f  t h e  pH t o  t h e  
added a l l i q u o t s  of  t h e  hydroxide o r  t h e  a c i d  was observed. 
i n d i c a t e s  t h a t  a s i g n i f i c a n t  f r a c t i o n  o f  t h e  ca rboxy l i c  groups i s  
l o c a t e d  a t  t h e  i n t e r i o r  bulk o f  t h e  c o l l o i d a l  p a r t i c l e  and impose 
slow d i s s o c i a t i o n  p rocesses .  The slow processes  may a l s o  b e  a 
reason f o r  t h e  fac t  t h a t  t h e  forward and t h e  backward t i t r a t i o n  
curves do n o t  co inc ide .  Nevertheless ,  t h e s e  curves  provide t h e  
means f o r  t h e  de t e rmina t ion  o f  t h e  s u r f a c e  charge on t h e  p a r t i c l e s  
as a func t ion  o f  pH, which i s  necessary f o r  e s t ima t ion  o f  PP and 
PF e l e c t r o s t a t i c  i n t e r a c t i o n s .  

The curves were ob ta ined  by t i t r a t i o n  wi th  NaOH 

Th i s  

I t  is  ev iden t  from f i g u r e  3 t h a t  below pH 7-8 t h e  degree o f  
d i s s o c i a t i o n  changes s lowly wi th  pH while  a t  h i g h e r  pH va lues  
t h e  curves  a r e  very s t e e p  and a t  pH 9 . 5  about  50% o f  t h e  s u r f a c e  
groups are d i s s o c i a t e d .  
t i t r a t i o n ,  no mutual coagu la t ion  was observed even a t  pH va lues  as 
low as 4 .  

I t  is  worth mentioning t h a t  during t h e  

Dependence o f  adso rp t ion  on pH 

In  t h i s  series o f  experiments t h e  suspension was fo rced  through 
t h e  working e l e c t r o d e  a t  open c i r c u i t  cond i t ions .  Var i a t ions  i n  pH 
were achieved by t h e  a d d i t i o n  o f  t h e  proper  amounts o f  
phosphate b u f f e r .  
of t h e  adsorbed c o l l o i d  i s  given a s  a func t ion  o f  i t s  equ i l ib r ium 
concen t r a t ion  i n  t h e  suspension and 

NaOH o r  
The r e s u l t s  a r e  shown i n  f i g u r e  4 where t h e  amount 

pH. I t  is  ev iden t  t h a t  t h e r e  
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1022  HALL ET A L .  

F i g .  3 .  D i s s o c i a t i o n  degree o f  car- 
boxylated l a t e x  as a f u n c t i o n  o f  ptl 
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AQUEOUS SUSPENSIONS FROM COLLOIDAL PARTICLES 1023 

Fig. 3 .  Amount o f  c o l l o i d  adsorbed 
[ L I I  p g r  p c ~  g r  clcctrollc) as a f u n c t i o n  

of s u s l ) c n s i o i ~  c o n c e n t r a t i o n  and pl! 

i s  a s i g n i f i c a n t  c f f e c t  of pH on t h e  adso rp t ion  of  t h e  c o l l o i d  
namely, t h e  amount adsorbed dec reases  as t h e  pH i n c r e a s e s .  This  
e f f e c t  may b e  a t t r i b u t e d  t o  t h c  i n c r e a s i n g  o f  PP e l e c t r o s t a t i c  
r e p u l s i o n s  as more s u r f a c e  groups d i s s o c i a t e  when pH i n c r e a s e s .  
General ly ,  r e p u l s i o n s  between p a r t i c l e s  become more pronounced as 
they approach t h e  e l e c t r o d e  s i n c e  wh i l e  doing t h i s ,  i n t e r p a r t i c l e  
d i s t a n c e s  dec rease .  

E l e c t r i c a l l y  induced adso rp t ion  o f  c o l l o i d s  

*As mentioned e a r l i e r ,  adso rp t ion  o f  c o l l o i d s  as a r e s u l t  o f  t h e  
a p p l i c a t i o n  o f  e l e c t r i c  charge t o  t h e  e l e c t r o d e  was i n v e s t i g a t e d  a t  
high p o t e n t i a l s  where water e l e c t r o l y s i s  (and thus ,  pH changes) 
occur .  
pll 
s c r i b e d  above. However, i n  t h e  p r e s e n t  c a s e  t h e s e  p rocesses  are 
minor s i n c e  t h e  amount o f  s u r f a c e  groups p r e s e n t  on g r a p h i t e  i s  
minu te ( l2 ) .  A t  t h e  p o t e n t i a l  range where charging o f  t h e  double 
l a y e r  i s  t h e  main process  t a k i n g  p l a c e ,  no e f f e c t  o f  p o t e n t i a l  
v a r i a t i o n s  on t h e  e x t e n t  o f  adso rp t ion  was observed. 
ques t ionab le  i n  t h e  l i g h t  o f  p rev ious  works(1-6) where e l e c t r o -  
s ta t ic  r e p u l s i v e  o r  a t t r a c t i v e  f o r c e s  (between similar o r  o p p o s i t e l y  
charged s u r f a c e s  r e s p e c t i v e l y )  were c l e a r l y  found t o  govern c o l l o i d  
adso rp t ion .  However, it should be  noted t h a t  i n  t h e  p r e s e n t  case 
t h e  g r a p h i t e  e l e c t r o d e  can be  charged a t  t h e  most t o  a charge d e n s i t y  
of about  5uCoul/cm2 (12)  which is  40  times lower than  t h e  charge 
d e n s i t y  on t h e  c o l l o i d  a t  complete d i s s o c i a t i o n .  Thus, i n  view of 
f i g u r e  3 ,  t h e  charge on t h e  p a r t i c l e s  a t  pH 6-7 (which p r e v a i l e d  i n  
t h e  suspension during t h e  double l a y e r  charging experiments) o r  
h i g h e r  i s  h igh  whcn compared t o  t h a t  on t h e  e l ec t rode l .  

A t  lower p o t e n t i a l s ,  water may be  involved i n  changing t h e  
o f  t h e  suspension v i a  i n t e r a c t i o n s  with s u r f a c e  groups as de- 

Th i s  i s  

Th i s  may 
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1024  HALL ET AL. 

Fig. 5.  Variat ions o f  c o l l o i d  concentrat ion (0) and pH (0) i n  
the  suspension as a funct ion of time. The working e lec t rode  
p o t e n t i a l  ranges a r e  ind ica ted  as: + = 50hV; - = -5OOmv. 

r e s u l t  i n  s t rong PP repuls ions with negl ig ib le  inf luence of 
a t t r a c t i o n  or repuls ion of  t h e  electrode when i t s  poten t ia l  i s  var ied.  

A typ ica l  p a t t e r n  of adsorption of co l lo ids  as a r e s u l t  of 
electrochemically induced pH var ia t ions  i s  depicted i n  f i g u r e  5.  
The concentration o f  t h e  co l lo id  i n  t h e  so lu t ion  and the  
given i n  t h i s  f igure  as  a funct ion o f  time and poten t ia l  var ia t ions  
of the working e lec t rodes .  When the  p o t e n t i a l  is 500mV t h e  pH 
decreases ,  followed by a decrease o f  t h e  co l lo id  concentration 
whereby when t h e  poten t ia l  i s  changed t o  -500mV t h e  pH and the  
co l lo id  concentration increases .  I t  is  evident t h a t  c o l l o i d  
adsorption responds t o  pH i n  accordance with the  r e s u l t s  shown 
i n  f igure  4 .  

pH a r e  

I t  should be noted t h a t  i n  most of t h e  experiments i n  t h i s  

H+ 
s e r i e s  t h e  time lapse between p o t e n t i a l  reversa ls  was l imi ted  t o  
la0 min s ince  e f f e c t s  of 
change membrane were detected af terwards.  
d i l u t e  NaOH so lu t ion  was added t o  t h e  auxi l ia ry  electrode 
so lu t ion  i n  order  t o  e l iminate  
working electrode i s  highly negat ive.  

ion penetrat ion through the  ca t ion  ex- 
In some experiments 

Hf ions  formed there  when t h e  

Figure 6a shows t h e  e f f e c t  of so lu t ion  flow r a t e  on t h e  
electrochemically induced pH var ia t ions  i n  the  c e l l  and f igure  
6b shows the  corresponding e f f e c t  on t h e  adsorption of co l lo ids .  
In both cases t h e  da ta  a r e  presented as a funct ion of t h e  number of 
times t h e  so lu t ion  volume i s  passed through the  working electrode 
compartment. The decrease i n  pH and t h e  increase i n  t h e  amount 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1
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''r i 6 c c h i n  
a 

20 40 60 80 
s o l u t i o n  volume t r a n s f e r s  

b 

28 60 188 

178 -8-7 6c c /n i n 
p' --- ---_ 

---. 
k .  --_ 

-El 

3 3 c c /mi n 

i 6 cc /mi n 

28 60 188 
iie 

S o l u t i o n  volume t r a n s f e r s  

Fig .  6 .  a) pH; and b) amount of adsorbed  c o l l o i d  as a 
f u n c t i o n  o f  t h e  number o f  suspens ion  volume transfers 
through the working e l e c t r o d e  and t h e  flow r a t e .  
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1026 HALL ET A L .  

o f  c o l l o i d  adsorbed i s  a r e s u l t  o f  charg ing  t h e  e l e c t r o d e  t o  5 0 h V  
whi l e  t h e  sudden 
amount of adsorbed c o l l o i d )  r e s u l t s  from charg ing  t h e  e l e c t r o d e  t o  
-5OOmV. A s t r i k i n g  f e a t u r e  i n  t h e s e  f i g u r e s  i s  t h a t  pH v a r i a t i o n s  
a r e  n o t  a f f e c t e d  by t h e  s o l u t i o n  f low r a t e  whi le  t h e  r a t e  of c o l l o i d  
a d s o r p t i o n  i s  s i g n i f i c a n t l y  a f f e c t e d ,  namely, i t  dec reases  as t h e  
flow r a t e  i n c r e a s e s .  The i n s e n s i t i v i t y  of pH t o  flow r a t e  i s  no t  
s u r p r i s i n g .  The measured pH v a r i a t i o n s  i n  t h e  bulk  s o l u t i o n  
r e s u l t s  from l o c a l  pH v a r i a t i o n s  near  t h e  s u r f a c e  o f  t h e  e l e c t r o d e .  
The s o l u t i o n  a t  t h e  e l e c t r o d e  i n t e r f a c e ,  t h e  pH o f  which i n  f a c t  
governs adso rp t ion ,  i s  d i l u t e d  wi th  a l a r g e  volume of t h e  bu lk  
s o l u t i o n , t h u s  d iminish ing  t h c  e f f e c t  o f  flow r a t e .  However, 
r e d u c t i o n  o f  l o c a l  H+ 
s o l u t i o n  (a p rocess  which i s  a c c e l e r a t e d  as t h e  f low r a t e  i n c r e a s e s )  
should  b r i n g  about a dec rease  i n  t h e  r a t e  of adso rp t ion  as  t h e  l o c a l  
pH i n c r e a s e s .  Also,  t h e  e f f e c t  o f  hydrodynamic s h e a r  f o r c e s  
imposed on t h e  adsorb ing  p a r t i c l e s  by t h e  flowing s o l u t i o n ( l 3 )  
should  n o t  be  exc luded .  These f o r c e s  bccomc more pronounced as t h e  
f low r a t e  i n c r e a s e s ,  t hus  r e s u l t i n g  i n  slowing down t h e  adso rp t ion  
p rocess .  

pi1 r i se  i n  each curve(and  t h e  dec rease  i n  t h e  

i o n  concen t r a t ion  by d i l u t i o n  wi th  t h e  bulk  

CONCLUSIONS 

I n  t h e  p a r t i c u l a r  c a s e  s t u d i e d ,  where expcr imenta l  cond i t ions  

adso rp t ion  c h a r a c t e r i s t i c s  o f  t h e  p a r t i c l e s  
f o r c e  h igh  p a r t i c l e  t o  e l e c t r o d e  charge  d e n s i t y  r a t i o ,  e l e c t r o -  
s t a t i c  e f f e c t s  on t h e  
on t h e  e l e c t r o d e  a r e  n o t  prominent.  
as i n  o t h e r  cases where t h e  charge  on t h e  p a r t i c l e s  
dcpendent ( l i k e  e . g .  i n  suspens ions  o f  metal oxides  (14, 15 ) ) .  
adso rp t ion  o r  deso rp t ion  can be induced by vary ing  t h e  
suspens ion  c i t h e r  manually or  by e l ec t rochemica l  water  decomposition 
a t  h igh  p o t e n t i a l s .  The l a t t e r  p rocess  i s  i n t e r e s t i n g  from t h e  
p r a c t i c a l  p o i n t  of view s i n c e  i t  removes t h e  n e c c s s i t y  o f  adding 
chemicals t o  t h e  suspens ion .  

I n  t h c  p r e s e n t  c a s e  as w e l l  
i s  pH 

pH of t h e  

I t  i s  expec ted  t h a t  i n  cases  where t h e  c o l l o i d  i s  n o t  s o  h igh ly  
charged w i t h  r e s p e c t  t o  t h e  e l e c t r o d e ,  adso rp t ion  and d e s o r p t i o n  
could be  induced by mutual i n t e r a c t i o n s  of t h e  two double  l a y e r s  
r a t h e r  t han  by pH v a r i a t i o n s .  
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