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EFFECT OF WATER ON FLOCCULATION OF CARBON BLACK I N  NONAQUEOUS 
SURFACTANT SOLUTIONS 

Ayao K i t a h a r a ,  Takemitsu Tamura, and K i j i r o  Kon-no 
Sc ience  U n i v e r s i t y  of Tokyo, Kaburazaka, Shin j iku-ku ,  

Tokyo, Japan 

ABSTRACT 

The e f f e c t  o f  s o l u b i l i z e d  w a t e r  on s t a b i l i t y  o r  f l o c c u l a t i o n  
of  f o u r  k i n d s  of  carbon b l a c k s  d i s p e r s e d  i n  cyclohexane s o l u t i o n s  
of a n i o n i c  (AOT) o r  nonionic  (NP-8) s u r f a c t a n t s  w a s  s t u d i e d .  The 
s t a b l e  r e g i o n  (A) appeared a t  t h e  lower c o n c e n t r a t i o n  r a n g e  of 
water.  
of  water. An a d d i t i o n a l  i n c r e a s e  of water c o n c e n t r a t i o n  caused 
marked f l o c c u l a t i o n  ( r e g i o n  B) fol lowed by t h e  a p p a r e n t  s t a b l e  
d i s p e r s i o n  ( r e g i o n  C).  
t r a n s i e n t  r e g i o n  t o  B was e l u c i d a t e d  by t h e  i n t e r a c t i o n  of  t h e  
e l e c t r i c  double  l a y e r s  f o r  AOT systems.  The f l o c c u l a t i o n  a t  B 
may be  due t o  i n c r e a s e  of i n t e r f a c i a l  t e n s i o n  because of t h e  
water l a y e r  formed on carbon-black p a r t i c l e s .  
s t a b i l i t y  of t h e  r e g i o n  C i s  cons idered  t o  r e s u l t  from the network 
s t r u c t u r e  formed among carbon p a r t i c l e s  and w a t e r - i n - o i l  micro- 
emulsion p a r t i c l e s  f o r  AOT sys tems.  T h i s  w a s  sugges ted  from 
s h e a r  rate-stress c u r v e s .  The appearance  of  t h e  r e g i o n  C f o r  
NP-8 systems i s  cons idered  t o  be  caused by t h e  v i s c o s i t y  
( l a m e l l a r  s t r u c t u r e )  of t h e  s o l u t i o n .  

The s t a b i l i t y  decreased  w i t h  i n c r e a s i n g  c o n c e n t r a t i o n  

The s t a b i l i t y  of  t h e  r e g i o n  A and the 

The a p p a r e n t  

INTRODUCTION 

Many s t u d i e s  have been done on t h e  d i s p e r s i b i l i t y  of  carbon 

b l a c k  i n  nonaqueous media (1). The e f f e c t  of s u r f a c e  c h a r g e  o r  

s u r f a c e  p o t e n t i a l  on d i s p e r s i b i l i t y  h a s  a l s o  been d i s c u s s e d  (2) .  

The impor tan t  r o l e  of  a small  q u a n t i t y  of  w a t e r  had o f t e n  been 

i n d i c a t e d  i n  nonaqueous media. For example, t h e  e f f e c t  of  w a t e r  

i n  t h e  ppm range  on t h e  d i s p e r s i o n  o f  T i02  i n  nonaqueous s u r f a c t a n t  
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250 KITAHARA, TAMLJRA, AND KON-NO 

s o l u t i o n s  h a s  been publ i shed  by P a r f i t t  e t  a l .  (3 ) .  However, 

few s t u d i e s  have been c a r r i e d  o u t  on t h e  e f f e c t  of water on 

nonaqueous carbon-black d i s p e r s i o n s .  

One of t h e  a u t h o r s  ( A . K . )  and c o l l a b o r a t o r s  showed t h e  

e x i s t e n c e  of t h e  e f f e c t  of  w a t e r  on t h e  e l e c t r o k i n e t i c  p o t e n t i a l  

of so-ca l led  hydrophobic p a r t i c l e s ,  carbon b l a c k ,  i n  nonaqueous 

s u r f a c t a n t  s o l u t i o n s .  They r e f e r r e d  a l s o  t o  t h e  e f f e c t  of  water  

on t h e  s t a b i l i t y  of t h e  carbon-black d i s p e r s i o n  as w e l l  a s  t h e  

z e t a - p o t e n t i a l  ( 4 ) .  
I n  t h i s  paper ,  t h e  s t u d y  w i l l  be  mainly focused  on t h e  

s t a b i l i t y  o r  f l o c c u l a t i o n  of  carbon b l a c k  i n  nonaqueous 

s u r f a c t a n t  s o l u t i o n s .  A d d i t i o n a l l y ,  t h e  range  of  water  c o n t e n t  

i n  t h e  s o l u b i l i z e d  s ta te  w i l l  be much more e n l a r g e d  t h a n  t h e  

prev ious  work ( 4 ) .  An i n t e r e s t i n g  d i s p e r s i b i l i t y  behavior  

r e s u l t s  from i t .  The mechanism of  t h e  behavior  w i l l  b e  d i s c u s s e d  

from measurements of  z e t a - p o t e n t i a l ,  v i s c o s i t y ,  and water 

s o l u b i l i t i e s .  

MATERIALA 

Four k i n d s  of carbon b l a c k s ,  shown i n  Table  1, were used.  

The mean p a r t i c l e  s i z e ,  s u r f a c e  a r e a ,  and pH of  each  k ind  

publ i shed  by each maker a r e  a l s o  i n d i c a t e d  i n  t h e  t a b l e .  These 

carbon b l a c k s  were washed w i t h  aqueous h y d r o c h l o r i c  a c i d ,  w a t e r ,  

methanol ,  a c e t o n e ,  and f i n a l l y  cyclohexane,  s u c c e s s i v e l y .  T h i s  

procedure w a s  fol lowed by d r y i n g  i n  a vacuum f o r  6 h r  a t  150°C. 

Sodium bis - (2-e thylhexyl )  s u l f o s u c c i n a t e  (Aerosol  OT o r  AOT) 

and oc taoxyethylene  nonylphenyle ther  (NP-8) were used as t h e  

s u r f a c t a n t s .  The AOT was p u r i f i e d  as foll.ows: t h e  f i l t r a t e  

of methanol s o l u t i o n  of AOT from which t h e  r e s i d u e  was f i l t e r e d  

w a s  t r e a t e d  w i t h  a c t i v e  c h a r c o a l ,  d r i e d ,  and d i s s o l v e d  i n  

benzene. A small q u a n t i t y  of i n o r g a n i c  e l e c t r o l y t e s  which a f f e c t s  

markedly t h e  s o l u b i l i t y  behavior  of water  i n  nonaqueous media 
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TABLE 1 

251 

Forms of  Carbon Black Used and T h e i r  P r o p e r t i e s  

P a r t i c l e  S i z e  S u r f a c e  Area pH 
(mu) (m2/g) 

S t e r l i n g  Kl? 238 7 9 .5  

S t e r l i n g  R 75 25 8.5 

MA 11 29 104 3 . 2  

S p e c i a l  Black 4 26 180 3.0 

w a s  e x t r a c t e d  from benzene s o l u t i o n  w i t h  water. F i n a l l y ,  benzene 

w a s  evapora ted  from t h e  s o l u t i o n ,  fol lowed by d r y i n g  a t  80°C and 

0 .1  mm Hg. P u r i f i c a t i o n  of  NP-8 w a s  accomplished by u s i n g  

t h e  method d e s c r i b e d  e l sewhere  ( 5 ) .  Cyclohexane as a s o l v e n t  

w a s  p u r i f i e d  as u s u a l ,  d i s t i l l e d ,  and d r i e d  w i t h  Molecular  

S i e v e  4 A .  

The s t a b i l i t y  of  d i s p e r s i o n  w a s  e s t i m a t e d  from t h e  

s e d i m e n t a t i o n  exper iment .  

o f  0 .1  w t  % carbon b l a c k  w a s  prepared  i n  s u r f a c t a n t  s o l u t i o n s  

s o l u b i l i z i n g  v a r i o u s  amounts of water. The d i s p e r s i o n  w a s  shaken 

i n  a f l a s k  f o r  1 5  h r  a t  3 O o C  and t r a n s f e r r e d  i n  s e d i m e n t a t i o n  

t u b e s .  The whole volume o f  d i s p e r s i o n  had a h e i g h t  o f  30 c m  i n  

each  t u b e .  The h e i g h t  of  t h e  sediment  w a s  recorded  w i t h  t i m e  a f t e r  

shaking .  F i g u r e s  1 and 2,made f o r  t h e  e s t i m a t i o n  of  t h e  s t a b i l i t y ,  

show t h e  h e i g h t  a f t e r  6 h r .  

The d i s p e r s i o n  of  p a r t i c l e  c o n c e n t r a t i o n  

The z e t a - p o t e n t i a l  w a s  c a l c u l a t e d  from t h e  e l e c t r o p h o r e t i c  

m o b i l i t y  o b t a i n e d  from m i c r o e l e c t r o p h o r e s i s  ( 4 )  w i t h  t h e  u s e  o f  

H l c k e l ' s  e q u a t i o n .  

w a s  d i l u t e d  t o  about  0.01% from that  of  t h e  sed imenta t ion  

exper iment .  

The d i s p e r s i o n  used f o r  m i c r o e l e c t r o p h o r e s i s  

Shear  rate - s h e a r  stress c u r v e s  were o b t a i n e d  w i t h  t h e  u s e  of  

a double  c y l i n d r i c a l  r o t a t i o n a l  v i scometer  ( t h e  Rotovisco RV-3 of 
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30 

20 

5 . 
1 

li \ ------AOT(40mM) 

9 
I 

FIGURE 1. Change of  sediment he ight  h of carbon b lacks  with [H20] 
f o r  AOT-cyclohexane so lu t ions  ( s o l i d  l i n e s  - 20 e, 
dashed l i n e  - 40 s). a- s t e r l i n g  MT, 0-  s t e r l i n g  R ,  
a- MA 1 1 ) .  

tH,01 I mM 

FIGURE 2 .  Change of sediment he igh t  h of carbon black ( s t e r l i n g  MT) 
and v i s c o s i t y  q of d i spe r s ion  media wi th  [H20] f o r  NP-8- 
cyclohexane s o l u t i o n  (0 .1  El.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



FLOCCULATION OF CARBON BLACK 253 

t h e  Haake Company). 

carbon-black ( S t e r l i n g  MT) d i s p e r s i o n  a t  10°C. 

The measurement was made w i t h  0 .1  w t  % of 

The c o n c e n t r a t i o n  of  s u r f a c t a n t s  adsorbed on carbon b l a c k  

w a s  determined by u l t r a v i o l e t  spec t roscopy.  

wave l e n g t h s  w e r e  210 nm f o r  AOT and 282 nm f o r  NP-8. 

The c h a r a c t e r i s t i c  

The sed imenta t ion  and t h e  a d s o r p t i o n  experiments  w e r e  conducted 

a t  3OoC. 

RESULTS 

The sediment  h e i g h t  a t  6 h r  a f t e r  shaking  i s  shown i n  

F i g s .  1 and 2 f o r  AOT and NP-8 s y s t e m s , r e s p e c t i v e l y .  The s o l i d  

l i n e s  i n  F ig .  1 show t h e  sed imenta t ion  c u r v e s  of t h r e e  t y p e s  of 

carbon f o r  20 of AOT. The dashed c u r v e  i n  F i g .  1 and t h e  

sed imenta t ion  curve  i n  F i g .  2 show d a t a  of S t e r l i n g  MT i n  40 

of AOT and 100 g of NP-8 s o l u t i o n s ,  r e s p e c t i v e l y .  

Three d i f f e r e n t  r e g i o n s  i n  t h e s e  f i g u r e s  were observed w i t h  

a n  i n c r e a s e  i n  water c o n c e n t r a t i o n  [ H 2 0 ] .  

s t a b l e  and f r e e l y  sed iment ing  r e g i o n .  The r e g i o n  B is  t h e  

r a p i d l y  f l o c c u l a t i n g  and sed iment ing  r e g i o n ,  and t h e  r e g i o n  C 

i s  t h e  a p p a r e n t l y  s t a b l e  and s u b s i d i n g  sed imenta t ion  r e g i o n  € o r  

b o t h  AOT and "-8 systems.  The t r a n s i e n t  r e g i o n  between A and B 

i s  d i s p l a y e d  i n  F ig .  1. 

The range  of each r e g i o n  w a s  n o t  v e r y  d i f f e r e n t  among t h e  

d i f f e r e n t  k i n d s  of carbon b l a c k s  i n  20 3 AOT systems,  as seen  

i n  F ig .  1. However, t h e  range  s h i f t e d  c o n s i d e r a b l y  w i t h  t h e  

change of t h e  c o n c e n t r a t i o n  of AOT from 20 t o  40 TIIPJ, as shown i n  

F ig .  1 f o r  S t e r l i n g  MT. 

The r e g i o n  A i s  t h e  

The dependence of z e t a - p o t e n t i a l  on [H20] i n  t h e  t r a n s i e n t  

r e g i o n  i s  d e p i c t e d  i n  F ig .  3 .  Each z e t a - p o t e n t i a l  decreased  

w i t h  a n  i n c r e a s e  of [H20]. 

The r e l a t i o n  between s h e a r  r a t e  and s h e a r  stress is  

shown i n  F i g .  4 f o r  S t e r l i n g  MT d i s p e r s i o n .  The y i e l d  p o i n t  

and f a i n t  t h i x o t r o p y  could b e  observed by lowering t h e  
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-60- 

- 4 0 .  
> 
E . 
LP 

-20- 

5 10 50 100 500 01 . . ’ ’ 

t%O) I mM 

FIGURE 3 .  E f f e c t  of [H20] on ze t a -po ten t i a l  5 of carbon b lacks  
d ispersed  i n  AOT (20 g) cyclohexane so lu t ions  (0- 
s t e r l i n g  MT,  0 - s t e r l i n g  R ,  e- MA 11). 

l 5  t 

OO u 100 200 D t sec-‘ 300 400 500 

FIGURE 4 .  Shear ra te  (D)--stress (T)  curve of t h e  s t e r l i n g  MT 
(0.1 %)-AOT (20 g) - H 2 0  (800 g) system. 
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FLOCCULATION OF CARBON BLACK 255 

measurement tempera ture ,  though t h e  measurement w a s  d i f f i c u l t  

because of t h e  low c o n c e n t r a t i o n  of carbon b l a c k .  

The a d s o r p t i o n  i s o t h e r m s  of AOT and NP-8 on carbon b l a c k  

i n  cyclohexane are shown i n  F i g s .  5 and 6 ,  r e s p e c t i v e l y ,  i n  which 

t h e  amount adsorbed p e r  u n i t  weight  of  carbon b l a c k ,  I?, i s  

p l o t t e d  as a f u n c t i o n  o f  c o n c e n t r a t i o n  C .  A l l  of  t h e  i s o t h e r m s  

fol lowed Langmuir behavior .  However, i s o t h e r m s  of AOT had much 

s t e e p e r  i n i t i a l  s l o p e s  t h a n  t h o s e  of  NP-8. 

DISCUSSION 

The d e c r e a s e  of  t h e  s t a b i l i t y  of  t h e  t r a n s i e n t  r e g i o n  between 

A and B w i t h  i n c r e a s e  of  water c o n c e n t r a t i o n  (F ig .  1) corresponds  

t o  t h e  d e c r e a s e  of  z e t a - p o t e n t i a l  ( s e e  F i g .  3 ) .  T h e r e f o r e ,  

t h e  s t a b i l i t y  of A and t r a n s i e n t  r e g i o n s  f o r  t h e  AOT sys tems can  

b e  e l u c i d a t e d  by t h e  i n t e r a c t i o n  of  t h e  e lec t r ic  double  l a y e r s .  

The s t a b i l i t y  i n  nonaqueous sys tems due t o  e l e c t r i c  f a c t o r s  h a s  

I 

n 

0 

"0 10 20 30 40 
C I m M  

FIGURE 5. Adsorp t ion  i s o t h e r m s  of  AOT on carbon b l a c k s  (0- s t e r l i n g  
R,  69 - MA 11, a - s p e c i a l  b l a c k  4 ) .  
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15 

N 

k - 10 
b 

E 
E 

- 
0 

c 5  

0 

FIGURE 6. Adsorption isotherms of NP-8 on carbon blacks (0- 
sterling R, a- MA 11). 

been known for Ti02 dispersion ( 3 ) .  

nonaqueous systems has been proposed by one of the authors and 

collaborators ( 6 ) .  

The charge mechanism in 

Quantitatively, a considerable difference can be seen in 

the zeta-potentials of the three different kinds of carbon 

blacks in Fig. 1. In order to consider the quantitative relation 

between sedimentation and zeta-potential, it is necessary to 

calculate sedimentation or flocculating velocity instead of the 

sedimentation curve at a fixed time. (This remains to be done.) 

The dispersion behavior in region A is shown schematically in 

Fig. 7(a). 

is considered to result from the transfer of Na' from the reversed 

micelle to the wet surface of carbon black, as shown in Fig. 7(b). 

This consideration was ascertained by the observation that the 

saturating amount of adsorption of AOT does not change with [H20]  

in this range. The fast flocculation in the B-region may result 

from an increase of the interfacial tension between the water 

The decrease of zeta-potential with increase of [H20J 
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FLOCCULATION OF CARBON BLACK 257 

Charge separation Flocculation Network 
-10mM 10 - 100 mM 100 - 8001-M 800 -1loComM 

(A) (6) (C) (0) 

FIGURE 7 .  Schematic d e s c r i p t i o n  of reversed  mice l l e s  and carbon- 
b lack  su r faces  d i spe r sed  i n  AOT-cyclohexane s o l u t i o n s  
(hatched p a r t i c l e s  - carbon b lack ,  s h o r t  l i n e s  - wate r ) .  

l a y e r  formed on carbon b l ack  and t h e  so lven t .  Here t h e  s u r f a c e  

charge seems t o  be p e r f e c t l y  n e u t r a l i z e d ,  as shown i n  F ig .  7 ( c ) .  

Region C i s  very pecu l i a r .  A l a r g e  amount of  water i s  

s o l u b i l i z e d  i n  t h e  AOT s o l u t i o n  i n  t h i s  reg ion  and f a i n t  b lue  

s c a t t e r i n g  l i g h t  can be observed ( 7 ) .  The s o l u b i l i t y  reg ion  

ind ica t ed  i n  Ref. 7 has  t o  be cor rec ted  because of t h e  

marked e f f e c t  of minor inorganic  impur i t i e s  conta ined  i n  t h e  AOT 

sample. 

hexane s o l u t i o n  (20 and 4 0 s )  is  shown i n  Fig.  8.  

a r e a  i n  t h i s  f i g u r e  shows t h e  area of so-ca l led  water-in-oil  

microemulsion, which s w e l l s b y t h e  s o l u b i l i z a t i o n  of a l a r g e  

amount of water .  The d i spe r s ion  prepared by t h e  a d d i t i o n  of  carbon 

b lack  i n t o  t h e  microemulsion ( reg ion  C) shows t h e  cons iderable  

s t a b i l i t y  and subs id ing  sedimentation. 

e luc ida ted  by t h e  network formation among carbon-black p a r t i c l e s  

and microemulsion p a r t i c l e s ,  a s  shown i n  Fig. 7 (d ) .  

The rev ised  s o l u b i l i t y  diagram of water  i n  AOT-cyclo- 

The hatched 

This behavior may be 

This  network s t r u c t u r e  may be weak, because t h e  p a r t i c l e  

concen t r a t ion  of  carbon b lack  i s  very  low (0 .1  w t  %). This  weak 
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258 KITAHARA, TAMURA, AND KON-NO 

0 3000 
LH,OI I mM 

FIGURE 8. S o l u b i l i t y  diagram of water i n  AOT-cyclohexane s o l u t i o n s .  
( L e f t  r e g i o n  from ha tched  r e g i o n  i s  clear s o l u b i l i z a t i o n  
a r e a .  ) 

network can  b e  i l l u s t r a t e d  from t h e  appearance  of t h e  s u p e r n a t a n t  

a f t e r  s t a n d i n g  o v e r n i g h t .  The weak network s t r u c t u r e  can h a r d l y  

b e  observed by t h e  u s u a l  v i s c o m e t e r .  H y s t e r e s i s  o r  t h i x o t r o p y  

could  b a r e l y  be observed w i t h  t h e  u s e  of 0.1% carbon-black d i s p e r s i o n  

a t  10°C,  as  shown i n  F i g ,  4 .  The format ion  of a v e r y  weak network 

s t r u c t u r e  a t  30°C may b e  sugges ted  from t h e  r e s u l t  a t  10°C. 

A h i g h e r  c o n c e n t r a t i o n  of  w a t e r  may be  r e q u i r e d  f o r  t h e  

d i s p e r s i o n  i n  more c o n c e n t r a t e d  AOT s o l u t i o n  t o  d e c r e a s e  i ts  

s t a b i l i t y  and z e t a - p o t e n t i a l .  T h i s  f a c t o r  i s  shown i n  F ig .  1 

by comparing t h e  s e d i m e n t a t i o n  curve  a t  4 0 @  w i t h  t h a t  a t  2 0 z .  

The behavior  of t h e  s e d i m e n t a t i o n  curve  o f  t h e  d i s p e r s i o n  i n  

t h e  n o n i o n i c  s u r f a c t a n t ,  NP-8, i n  F i g .  2 i s  a p p a r e n t l y  s imi l a r  t o  

t h a t  of F i g .  1 of t h e  AOT system. However, t h e  mechanism is  

c o n s i d e r a b l y  d i f f e r e n t .  The s o l u b i l i t y  diagram of  w a t e r  i n  t h e  

NP-8 cyclohexane s o l u t i o n  i s  more complex t h a n  t h a t  o f  t h e  AOT 

cyclohexane s o l u t i o n ,  as  shown by t h e  d a t a  p r e s e n t e d  i n  F i g .  9 .  
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FLOCCULATION OF CARBON BLACK 259 

0 100 m 3003 
[H,Ol I mM 

FIGURE 9. S o l u b i l i t y  diagram of water i n  NP-8-cyclohexane 
s o l u t i o n s .  

The f i r s t  b l u e  t r a n s l u c e n t  r e g i o n s  (B.T.-I) r e p r e s e n t  a water- in-  

o i l  microemulsion and ranged from 400 t o  600 @J of [H20] a t  3OoC. 

T h i s  r e g i o n  i n d i c a t e s  a low v i s c o s i t y .  The second b l u e  t r a n s l u c e n t  

r e g i o n  (11) is  suggested t o  b e  a lamellar s t r u c t u r e  r e g i o n  and i s  

v e r y  v i s c o u s .  These s o l u t i o n  v i s c o s i t i e s  have a l s o  been d e s c r i b e d  

i n  F ig .  2 .  

F i g u r e  2 shows t h a t  t h e  appearance of water - in-o i l  micro- 

emulsion a t  400 @J of [H20] does  n o t  g i v e  r ise t o  apparent  s t a b i l i t y ,  

which d i f f e r s  from t h e  c a s e  of AOT. However, t h e  appearance  of 

lamellar s t r u c t u r e  a t  BOO g of [H20] causes  t h e  a p p a r e n t  s t a b i l i t y ,  

where t h e  i n c r e a s e  of  t h e  s o l u t i o n  v i s c o s i t y  can  b e  observed .  

f o r e ,  t h e  apparent  s t a b i l i t y  ( r e g i o n  C) of t h e  NP-8 system i s  

cons idered  t o  r e s u l t  from t h e  hold  of carbon b l a c k  p a r t i c l e s  i n  

t h e  v i s c o u s  s o l u t i o n .  

There- 

The d i f f e r e n t  behavior  between AOT and NP-8 can a l s o  b e  

i l l u s t r a t e d  by t h e  a d s o r p t i o n  experiment .  The area occupied by 
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260 KITAHARA, TAMURA, AND KON-NO 

a n  adsorbed molecule  a t  s a t u r a t i o n  (A,) w a s  c a l c u l a t e d  on t h e  

b a s i s  of  t h e  s p e c i f i c  s u r f a c e  a r e a  i n  Table  1. 

s a t u r a t i o n  v a l u e  of  a d s o r p t i o n  ( rm)  f o r  NP-8 w a s  o b t a i n e d  from 

t h e  modif ied Langmuir e q u a t i o n  

The r e q u i r e d  

c 1  + F .  C ' arm m 

The r e s u l t s  are l i s t e d  i n  Table  2 .  The d i f f e r e n c e  a p p e a r s  among 

A, of AOT on t h r e e  k i n d s  of  carbon b l a c k s .  However, carbon b l a c k  

p a r t i c l e s  are n o t  p e r f e c t l y  d i s p e r s e d  i n  nonaqueous media as t h e  

pr imary p a r t i c l e s  f o r  which t h e  s p e c i f i c  s u r f a c e  area w a s  o b t a i n e d .  

This  d i s p e r s e d  s t a t e  can be observed by a n  o p t i c a l  microscope.  

T h e r e f o r e ,  t h e  rea l  A depends on t h e  s i z e  of  t h e  secondary  

p a r t i c l e s .  

AOT and NP-8 i n  Table  2 should  n o t  b e  emphasized. 

m 
Hence i t  is  c o n s i d e r e d  t h a t  t h e  d i f f e r e n c e  i n  Am of 

S i m i l a r l y ,  t h e  u s e  of Eq. (1)  a l s o  p e r m i t s  v a l u e s  of t h e  

parameter  g t o  b e  o b t a i n e d  from the a d s o r p t i o n  d a t a .  The r e s u l t s  

are  a l s o  l i s t e d  i n  Table  2 .  The v a l u e s  of  a i n  t h e  AOT s o l u t i o n s  

are l a r g e r  t h a n  t h o s e  of  NP-8. 

e q u a t i o n  i s  r e l a t e d  t o  t h e  v a l u e  of t h e  h e a t  of a d s o r p t i o n  (AH ) 

by t h e  e q u a t i o n  

The v a l u e  of  5 i n  t h e  Langmuir 

ad 

a = K exp (-AHad/RT). (2)  

Hence t h e  h e a t  of  a d s o r p t i o n  of  AOT (more n e g a t i v e  v a l u e )  i s  

h igher  t h a n  t h a t  of  NP-8 because  t h e  v a l u e  K i s  approximate ly  

TABLE 2 

Adsorpt ion  Data and Langmuir 's  Constant  

10-2rm(mol /g)  Am(A2 .molecule)  a (mI4-l) 

AOT NP-8 AOT NP-8 AOT NP-8 

S t e r l i n g  R 4 . 1  5 .9  100 70 700 70 

MA 11 1 2  17 190 140 4100 180 

S p e c i a l  Black 4 15 - 310 - 1500 - 
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FLOCCULATION OF CARBON BLACK 261 

constant. The AOT adsorption isotherm has a steeper s lope  than 

NP-8, as shown in Figs. 5 and 6 ,  and AOT is therefore more 
strongly adsorbed on carbon black than NP-8. Hence AOT adsorbed 
strongly on carbon black can make a bridge between the carbon- 

black and microemulsion surfaces. On the other hand, NP-8 

cannot make such a bridge in the microemulsion region 

because of weak adsorption. However, "-8 in higher concentration 

(100 @) can make a viscous solution (lamellar structure) by 

solubilization of a large amount of water and can hold the carbon- 
black particles in the very viscous solution. 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  
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