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ABSTRACT 

The s t reaming c u r r e n t  technique was i n v e s t i g a t e d  f o r  

t h e  measurement of p a r t i c l e  charge i n  aqueous d i s p e r s i o n s .  

The i n i t i a l  phase of t h e  i n v e s t i g a t i o n  d e a l t  w i t h  t h e  

s tudy  of r e l e v a n t  measurement parameters  i n  order  t o  

develop a measurement procedure f o r  o b t a i n i n g  reproducib le  

charge measurements. The streaming c u r r e n t  measurement 

technique was appl ied  t o  t h e  s tudy  of c o n t r o l l e d  f l o c c u l a -  

t i o n  of aqueous d i s p e r s i o n s  of m i c r o c r y s t a l l i n e  s i l i c a  

and of bismuth s u b n i t r a t e .  

as a f u n c t i o n  of added e l e c t r o l y t e  was obta ined  €or  t h e s e  

d i s p e r s i o n s .  

ments were a l s o  recorded f o r  t h e s e  d i s p e r s i o n s .  It was 

found t h a t  t h e  sediment h e i g h t  and r e d i s p e r s i b i l i t y  behavior  

of t h e s e  d i s p e r s i o n s  as a f u n c t i o n  of added e l e c t r o l y t e  

w a s  consistent w i t h  t h e  p a r t i c l e  charge  c o n d i t i o n s  as 

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

A p r o f i l e  of  s t reaming c u r r e n t  

Sediment h e i g h t  and r e d i s p e r s i b i l i t y  measure- 
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210 SHAH AND SHETH 

INTRODUCTION 

Increas ing  a t t e n t i o n  has  been focused i n  r e c e n t  y e a r s  upon 

the  i n t e r f a c i a l  p r o p e r t i e s  of powdered drugs .  Various i n t e r f a c i a l  

i n t e r a c t i o n s  such a s  c o n t r o l l e d  f l o c c u l a t i o n  i n  suspens ions  and 

s o l u t e  adsorp t ion  a r e  being recognized a s  be ing  impor tan t  i n  

pharmaceut ical  r e s e a r c h .  The p h y s i c a l  s t a b i l i t y  of pharmaceut ical  

suspensions has  been t h e  s u b j e c t  of a number of r e s e a r c h  and re- 

view a r t i c l e s .  Stanko and Dekay r e p o r t e d  t h a t  Ze ta  P o t e n t i a l  (ZP) 

of s u l f a m r a z i n e  suspension changed w i t h  a d d i t i v e s  and t h i s  was 

r e l a t e d  t o  s t a b i l i t y  ( 1 ) .  Haines and Mar t in  s t u d i e d  t h e  e l e c t r o -  

k i n e t i c  behavior  of i n s o l u b l e  drugs  i n  d i s p e r s i o n  and were a b l e  t o  

c o r r e l a t e  t h e  magnitude of ZP t o  t h e  caking  tendencies  of pharma- 

c e u t i c a l  suspensions ( 2 , 3 ) .  Wilson and Ecanow i n v e s t i g a t e d  t h e  

c o n t r o l l e d  f l o c c u l a t i o n  of su l fameraz ine  by aluminum c h l o r i d e  ( 4 ) .  

They a t t r i b u t e d  t h e  observed f l o c c u l a t i o n  t o  t h e  i n t e r a c t i o n  of 

aluminum c h l o r i d e  wi th  a w e t t i n g  a g e n t ,  d i o c t y l  sodium s u l f a s u c c i n -  

a t e  used i n  t h e  formula t ion .  Matthews and Rhodes d e s c r i b e d  s u s -  

pensions of g r i s e o f u l v i n  as undergoing e i t h e r  f l o c c u l a t i o n  o r  

coagula t ion  on t h e  b a s i s  of sed imenta t ion  rates (5).  

I n  a l l  of t h e s e  s t u d i e s ,  p a r t i c l e  charge  e s t i m a t i o n  was done 

by ZP measurement u s i n g  t h e  m i c r o e l e c t r o p h o r i s i s  m t h o d .  

an instrument  c a l l e d  t h e  Streaming Curren t  D e t e c t o r  (SCD) has  

been developed f o r  which t h e  under ly ing  p r i n c i p l e  of  o p e r a t i o n  is  

based upon s t reaming p o t e n t i a l  ( 6 ) .  The ins t rument  e n a b l e s  t h e  

measurement of s t reaming c u r r e n t ,  which provides  a means t o  

determine t h e  p o l a r i t y  and t h e  magnitude of a q u a n t i t y  r e l a t e d  t o  

t h e  p a r t i c l e  charge (7). 

Recent ly  

Earlier s t u d i e s  on t h e  SCD have d e a l t  w i t h  t h e  i n v e s t i g a t i o n  

of t h e  a d s o r p t i o n  of c e t y l  dimethyl  benzyl  ammonium c h l o r i d e  by 

monoionic sodium b e n t o n i t e  and c r i t i c a l  micelle c o n c e n t r a t i o n s  of 

s u r f a c e  a c t i v e  agents  ( 8 ) ,  and d e t e r m i n a t i o n  of  p r o t e i n  i s o e l e c t r i c  

p o i n t s  (9).  It w a s  f e l t  t h a t  t h i s  technique  o f f e r e d  a good method 

f o r  s t u d i e s  d e a l i n g  w i t h  s o l u t e  a d s o r p t i o n  and p a r t i c l e  charge 
phenomena. 
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CONTROLLED n O C C U L A T I O N  STUDIES 2 1 1  

This r e p o r t  descr ibed  s t u d i e s  d e a l i n g  wi th  t h e  development 

of a procedure f o r  s t reaming c u r r e n t  measurements and t h e  a p p l i c a -  

t i o n  of t h e  s t reaming c u r r e n t  technique  t o  c o n t r o l l e d  f l o c c u l a t i o n  

s t u d i e s .  Measurement development s t u d i e s  were n e r e s s a r y  a s  i t  was 

found t h a t  t h e  procedures  descr ibed  i n  t h e  instrument  manual and 

i n  v a r i o u s  l i t e r a t u r e  r e p o r t s  were n o t  s u f f i c i e n t l y  complete t o  

provide reproducib le  d a t a .  Therefore ,  i n i t i a l  i n v e s t i g a t i o n  w a s  

d i r e c t e d  a t  e v a l u a t i n g  t h e  e f f e c t  of v a r i o u s  measurement parameters  

on instrument  response w i t h  a view t o  develop a procedure which 

would provide  r e l i a b l e  r e s u l t s .  The method developed as a r e s u l t  

of t h e s e  s t u d i e s  was used t o  i n v e s t i g a t e  s e l e c t e d  s o l u t e - s o l i d  

and s o l u t e - s o l u t e  type i n t e r a c t i o n s .  I n  t h i s  r e p o r t ,  t h e  a p p l i c a -  

t i o n  of  t h i s  measurement t o  c o n t r o l l e d  f l o c c u l a t i o n  of suspensions 

of c o l l o i d a l  s i l i c a  and bismuth s u b n i t r a t e  is presented .  

EXPERIMENTAL 

MATERIALS 

The materials used were a s  fo l lows:  Cety l  dimethyl  benzyl  

ammonium chlor ide ' ,  m i c r o c r y s t a l l i n e  s i l i ca2 ,  bismuth s u b n i t r a t e 3 ,  

aluminum c h l o r i d e  hexahydrate4, and monobasic potassium phosphate5. 

INSTRUMENT:. A diagrammatic ske tch  of t h e  SCD i s  shown i n  F i g u r e  

1. The d e t e c t i o n  probe of t h e  u n i t  is  a p l a s t i c  block o r  boot  

c o n t a i n i n g  a sample r e s e r v o i r ,  a dead-ended pump bore,  e l e c t r o d e s  

and a p i s t o n  which r e c i p r o c a t e s  in  t h e  bore  t o  f o r c e  f l u i d  back 

and f o r t h  through t h e  annular  space between t h e  bore  and t h e  

p i s t o n .  

boot  and t h e  p i s t o n  s u r f a c e  i s  l i n e a r l y  r e l a t e d  t o  t h e  product  

of i t s  ZP and t h e  d i e l e c t r i c  c o n s t a n t  of t h e  l i q u i d  as shown i n  

Equat ion 1 (6).  

Gerdes has  shown t h a t  t h e  s t reaming c u r r e n t  of t h e  

I = K . ZP . D Equat ion 1. 

Where I is  st reaming c u r r e n t ,  K i s  a c o n s t a n t ,  ZP i s  Zeta Poten-  

t i a l  and D is t h e  d i e l e c t r i c  c o n s t a n t  of t h e  l i q u i d .  

When t h e  sample being measured i s  a d i s p e r s i o n ,  t h e r e  e x i s t s  

a double e q u i l i b r i u m  and t h e  r e l a t i o n s h i p  of Equat ion 1 is n o t  
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- Sample Solution 

Electrodes 
Figure  1 

Diagrannnatic Sketch of  Streaming Curren t  D e t e c t o r  

d i r e c t l y  a p p l i c a b l e .  In  t h i s  c a s e ,  t h e  charge  c o n d i t i o n  of t h e  

boot and p i s t o n  s u r f a c e  w i l l  be a f u n c t i o n  of t h e  charge c o n d i t i o n  

of the  d i s p e r s e  phase of t h e  sample. Therefore ,  i t  would be expec- 

ted  t h a t  t h e  charge c o n d i t i o n  of t h e  two s u r f a c e s  which are i n  

e q u i l i b r i u m  wi th  t h e  same l i q u i d ,  would bear  a r e l a t i o n s h i p  t o  one 

another .  Thus t h e  measured s t reaming c u r r e n t  v a l u e  would not  nec- 

e s s a r i l y  re la te  t o  o t h e r  measurements, such a s  e l e c t r o p h o r a t i c  

mobi l i ty .  However, it would be expected t h a t  t h e  change i n  s t ream- 

ing  c u r r e n t  of one s u r f a c e  would cause  t h e  s t reaming c u r r e n t  of t h e  

o t h e r  s u r f a c e  t o  change i n  t h e  same d i r e c t i o n  and t h i s  has  always 

been found t o  be t h e  c a s e  (6) .  Therefore ,  e l e c t r o k i n e t i c  c h a r a c t e r -  

i z a t i o n  of d i s p e r s i o n s  can be obta ined  by s t reaming c u r r e n t  measure- 

ments. 

METHOD OF MEASUREMENT 

The sample t o  be measured was p laced  i n  a 300 m l  beaker  and 

t h e  beaker  was placed on t h e  ins t rument  so as t o  submerge t h e  boot 

and p i s t o n  i n  t h e  sample so t h a t  t h e  sample e n t e r e d  t h e  angular  
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CONTROLLED FLOCCULATION STUDIES 213 

space between the boot and p is ton .  The instrument meter s ca l e  

ranged f romf10  t o  -10 and there  are s i x  a t tenuator  buttons t o  

provide s c a l e  expansion. The instrument was turned on and a f t e r  

allowing a few seconds f o r  the  reading t o  s t a b i l i z e ,  the  proper 

s ca l e  a t tenuat ion  was se lec ted  t o  t r y  and ge t  a reading between 

5 and 10 sca l e  un i t s  as f a r  as  possible.  The sca l e  readings thus 

obtained were i n  a r b i t r a r y  un i t s .  It was therefore ,  necessary t o  

e s t a b l i s h  a point of reference fo r  measurements. The reference 

point w a s  obtained by measuring the streaming cur ren t  of deionized 

water. 

taken as the  reference point ind ica t ing  the boot-piston surfaces 

were c lean  with no so lu t e  adsorbed on them. The exact magnitude of 

the water reading is  a function of spec i f i c  instrument design and 

cons t ruc t ion  and va r i a t ions  in  water readings between instruments 

may be expected. 

the  water reading check was made p r io r  t o  each measurement. 

A reading f o r  deionized water ranging from -60 t o  -70 was 

The boot and p is ton  surfaces were cleaned and 

PROCEDURE FOR CLEANING THE BOOT AND PISTON SURFACES: Since the 

contaminants i n  the boot and p i s ton  assembly of the instrument 

would s i g n i f i c a n t l y  a f f e c t  the streaming cur ren t  reading of a 

sample, it was necessary t o  develop a s u i t a b l e  cleaning procedure. 

The following procedure was found t o  be sa t i s f ac to ry :  

p i s ton  sur faces  were scrubbed with Pax-Lano-Sav7 soap, using a 

tes t - tube  brush. Pax-Lano-Sav soap was chosen s ince  it contains 

wood dus t  which provides an abrasive ac t ion  f o r  e f f i c i e n t  cleaning 

of t he  boot and p is ton  surfaces.  The sur faces  were thoroughly 

r insed  with deionized water and the  f i n a l  cleaning was done by 

placing the  boot and p i s ton  assembly i n  a s o n i f i e r  bath containing 

deionized water f o r  a t  l e a s t  f i v e  minutes. 

The boot and 

EFFECT OF MEASUREMENT PARAMETERS: Preliminary s tudies  indicated 

t h a t  the  streaming cur ren t  value obtained f o r  a sample could be 

s i g n i f i c a n t l y  a f fec ted  by: 1) time allowed t o  reach a s t a b l e  

streaming cur ren t  reading, 2) sample volume, and 3) concentration 

of so lu t e .  Therefore, s tud ie s  were conducted t o  evaluate the  
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2 14 SHAH AND SHETH 

e f f e c t  of t h e s e  c o n d i t i o n s  on t h e  s t reaming c u r r e n t  reading  of a 

sample. 

For e v a l u a t i n g  t h e s e  parameters ,  s t reaming c u r r e n t  measure- 

ments were made of a d i l u t e  ( 5  x M) and a concent ra ted  

(0.01 M) s o l u t i o n  of c ? t y l  dimethyl .  benzyl  ammonium c h l o r i d e  

(CDBAC). For i n v e s t i g a t i n g  t h e  e f f e c t s  of sample volume, measure- 

ments were made us ing  150 m l ,  2 5 0  ml, and 500 ml sample volumes. 

In  a l l  i n s t a n c e s ,  s t reaming c u r r e n t  va lues  were measured a s  a 

f u n c t i o n  of time. 

FLOCCULATION STUDIES: S i l i c a  d i s p e r s i o n s ,  2% W/V, were used as 

a model system f o r  t h e  i n v e s t i g a t i o n  of t h e  s t reaming c u r r e n t  

measurement technique  f o r  c o n t r o l l e d  f l o c c u l a t i o n  of suspensions.  

Aluminum c h l o r i d e  was used a s  t h e  c a t i o n i c  e l e c t r o l y t e  f o r  v a r i a -  

t i o n  of p a r t i c l e  charge.  Suspensions of bismuth s u b n i t r a t e ,  

5% W/V, were i n v e s t i g a t e d  as a t y p i c a l  pharmaceut ical  suspension,  

f o r  t h e  e v a l u a t i o n  of t h i s  method. Bismuth s u b n i t r a t e  d i s p e r s i o n s ,  

found t o  be p o s i t i v e l y  charged,  were f l o c c u l a t e d  by t h e  a d d i t i o n  

of vary ing  c o n c e n t r a t i o n s  of monobasic potassium phosphate. The 

procedure used f o r  prepar ing  suspension samples w a s  a s  fo l lows:  

Weighed amounts of the  powder were placed i n  a 4 5  m l  c a p a c i t y  

tes t  tube  and 2 0  m l  water  w a s  added. The powder was  d i s p e r s e d  

i n  water by s o n i f i c a t i o n  a t  30 mv output  f o r  3 minutes ,  us ing  a 

s o n i f i e r 8 .  

graduated c y l i n d e r .  A p r e v i o u s l y  determined amount of t h e  s o l u -  

t i o n  of t h e  s e l e c t e d  e l e c t r o l y t e  w a s  added and t h e  sample made 

up t o  volume w i t h  d e i o n i z e d  water. The d i s p e r s i o n  was then mixed 

on a p la t form shaker  and allowed t o  s tand  undis turbed .  The 

sediment h e i g h t  a t  t h e  end of  a 24-hour per iod  w a s  recorded.  The 

sediment h e i g h t  r a t i o  was c a l c u l a t e d  a s  t h e  r a t i o  of u l t i m a t e  

sediment h e i g h t  (Hu) t o  t h e  o r i g i n a l  sediment h e i g h t  (Ho). 

The d i s p e r s i o n  w a s  then t r a n s f e r r e d  t o  a 100 m l  

Observat ions on t h e  appearance of t h e  s u p e r n a t a n t  and r e d i s -  

p e r s i b i l i t y  of t h e  sediment were a l s o  recorded.  T h e e v a l u a t i o n  of 
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CONTROLLED FLOCCULATION STUDIES 215 

t h e  sediment r e d i s p e r s i b i l i t y  w a s  r a t e d  a s :  1) e a s i l y  r e d i s p e r s i -  

b l e  sediment ,  2) sediment r e d i s p e r s i b l e  w i t h  some d i f f i c u l t y ,  and 

3) hard-caked sediment ,  n o t  r e d i s p e r s i b l e  upon v igorous  hand-sha- 

king.  Severa l  suspens ions ,  c o n t a i n i n g  vary ing  amounts of added 

e l e c t r o l y t e  were t h u s  prepared.  

each c a s e .  

Dupl ica te  samples were prepared i n  

RESULTS AND DISCUSSIONS 

EFFECT OF MEASUREMENT PARAMETERS: The r e s u l t s  of t h e  e f f e c t  of 

measurement parameters  on s t reaming c u r r e n t  a r e  p r e s e n t e d  i n  

F i g u r e  2 .  Examination of t h e  d a t a  shows t h a t  an e q u i l i b r a t i o n  

per iod  of about  f i v e  minutes  was needed t o  o b t a i n  a s t a b l e  

reading  f o r  t h e  d i l u t e  CDBAC s o l u t i o n .  The concent ra ted  

s o l u t i o n  w a s  found t o  g ive  a s t a b l e  r e a d i n g  i n  less than  one 

minute. This  would seem reasonable  s i n c e  a concent ra ted  s o l u t i o n  

may be expected t o  reach  a d s o r p t i o n  e q u i l i b r i u m  i n  a s h o r t e r  

t i m e  per iod .  

be used i n  a s t reaming c u r r e n t  s tudy ,  an e q u i l i b r a t i o n  per iod  of 

f i v e  minutes  was s e l e c t e d  f o r  f u t u r e  measurement. These r e s u l t s  

a l s o  show t h a t  a smaller degree of v a r i a t i o n  i n  s t reaming c u r r e n t  

r e a d i n g s  was obtained w i t h  sample volumes of 150 ml and 250 m l .  

F u r t h e r ,  with t h e  500 ml sample volume, a g r e a t e r  degree of v a r i a -  

b i l i t y  was noted f o r  t h e  concent ra ted  CDBAC s o l u t i o n  than  f o r  t h e  

d i l u t e  s o l u t i o n .  The reasons f o r  t h i s  behavior  are not  clear.  

Based on t h e s e  r e s u l t s ,  a sample volumc of 250 m l  was  s e l e c t e d  f o r  

use i n  f u t u r e  measurements. 

Since vary ing  s o l u t e  c o n c e n t r a t i o n s  would t y p i c a l l y  

FLOCCULATION OF SILICA DISPERSIONS: The e f f e c t  of  t h e  a d d i t i o n  

of aluminum c h l o r i d e  on s i l i c a  d i s p e r s i o n s  is  shown i n  Table  I and 

F i g u r e  3. On t h e  b a s i s  of t h e  e v a l u a t i o n  of t h e  sed imenta t ion  and 

r e d i s p e r s i b i l i t y  of test samples, t h e  sediment h e i g h t  r a t i o  v e r s u s  

t h e  e l e c t r o l y t e  c o n c e n t r a t i o n  curve  i n  F i g u r e  3 may be d iv ided  

i n t o  t h r e e  zones s i m i l a r  t o  t h e  method r e p o r t e d  by Haines and 

Mart in  ( 3 ) .  I n  Zone 1, A'  B ' ,  r e f e r r e d  t o  as t h e  caking  zone, 
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Figure 2 
Effect of Measurement Parameters on Streaming Current Value 
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CONTROLLED FLOCCULATION STUDIES 21 7 

Table 1 

Ef fec t  of Aluminum Chloride on S i l i c a  Dispersions 

ALUMINUMCHLORIDE SDIMENT APPEARANCE REDISPER- STREAMING 
CONCENTRATION M/L HEIGHT OF THE SIBILITY* CURRENT 

RATIO. % SUPERNATANT VALUES 

0 0.45 Turbid (3) -64.4 

~ x I O - ~  1.0 Turbid (3) -36.6 

6 x 1 ~ - 5  3.0 Turbid (3) -33.6 

8x1~-5 5.0 Opalescent (2) -23.6 

5.2 Opalescent (1) -21.2 
1x1~-4 5.15 Opalescent (1) -19.2 

~ x I O - ~  5.05 Opalescent (1) - 3.7 

lX1om3 5.1 Clear 

5x1om3 5.0 Clear 
1x10-2 4.85 Clear (2) + 2.6 

*Redispers ib i l i ty :  (1) Sediment , Eas i ly  Redispersible.  
(2) Sediment, Intermediate Type. 
(3) Sediment, Not Eas i ly  Redispersible.  

t he  sample without added e l e c t r o l y t e ,  represented by A,  was 

found t o  have a turb id  supernatant,  a small sediment he ight ,  

and the  sediment was not r ed i spe r s ib l e .  The addi t ion  of small 

incremental quan t i t i e s  of the e l e c t r o l y t e  d id  not cause any 

s u b s t a n t i a l  change i n  sedimentation behavior u n t i l  po in t  B', 
where the  concentration of t he  e l e c t r o l y t e  was 8 x 10-5 M. 
t h i s  concentration a r e l a t i v e l y  sharp increase  i n  sediment height 

and a c l e a r  supernatant were observed. 

A t  

The streaming cur ren t  reading versus the  e l e c t r o l y t e  concen- 

t r a t i o n  curve i n  t h i s  zone indicated p a r t i c l e  charge s t a t u s  t h a t  

would be expected on the  b a s i s  of change i n  ZP t h a t  would occur 

due t o  charge neu t r a l i za t ion .  Since the  streaming cur ren t  reading 

is  d i r e c t l y  propor t iona l  t o  Z P ( 6 ) ,  a value of zero f o r  the  stream- 
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Figure 3 

Flocculation of S i l i c a  by Aluminum Chloride 

ing current  reading would correspond t o  a value of zera ZP. 

streaming current  value of -64.4 a t  point A indicates  high p a r t i c l e  

charge. A t  point B, corresponding t o  the streaming current  value 

of -23.6, i n i t i a l  f locculat ion w i t h  e a s i l y  redispers ible  sediment 

was observed. Thus, i n i t i a l  f locculat ion was found t o  occur a t  

p a r t i c l e  charge s t a t u s  of a much reduced negative charge. 

havior i s  consis tent  with similar observations of f locculat ion 

occuring a t  s l i g h t l y  negative or posi t ive ZP t h a t  have been pre- 

viously reported (3). 

The 

This be- 

In Zone 2, B ' C ' ,  referred t o  as the non-caking zone, the 

sediment height r a t i o  remained e s sen t i a l ly  the same, the superna- 

t an t  was observed t o  be clear and the  sediment remained e a s i l y  
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CONTROLLED FLOCCULATION STUDIES 219 

r ed i spe r s ib l e  f o r  a l l  t e s t  samples. 

was found t o  decrease, being about zero a t  1 x M aluminum 

chlor ide  concentration. 

The value of streaming cur ren t  

With fu r the r  addi t ion  of t he  e l e c t r o l y t e ,  t h e  supernatant 

remained clear, but it was found t h a t  t h e  sediment was  no t  e a s i l y  

red ispers ib le .  This region is r e fe r r ed  t o  as Zone 3, a caking zone. 

The magnitude of the  streaming cur ren t  values did not show substan- 

t i a l  change i n  t h i s  region. The s l i g h t  decrease i n  streaming 

cur ren t  value and the  loss  of the ease of r e d i s p e r s i b i l i t y  is 

thought t o  be caused by the  compaction of the  double layer because 

of the  proximity of la rge  numbers of counterions i n  the  v i c i n i t y  

of t he  p a r t i c l e s .  

t i o n  f o r  s imi l a r  behaviour by Nash (10) .  

This mechanism has been suggested as an explana- 

These r e s u l t s  ind ica te  t h a t  t he  measurement of streaming cur ren t  

can be employed i n  the evaluation of the charge s t a t u s  of suspen- 

sions and the s t a b i l i z a t i o n  of suspensions by con t ro l  of p a r t i c l e  

charge. 

BISMUTH SUBNITRATE DISPERSIONS: The e f f e c t  of the  addi t ion  of 

monobasic potassium phosphate on bismuth subn i t r a t e  dispersions 

i s  shown in Table 2 and Figure 4 .  The dispersed p a r t i c l e s  were 

found t o  be pos i t i ve ly  charged. Therefore, t he  e l e c t r o l y t e  used 

was monobasic potassium phosphate. 

e l e c t r o l y t e  used w a s  the  same as  f o r  s i l ica  d ispers ions .  

The concentration range of the  

Examination of Figure 4 shows t h a t  the  sediment height r a t i o  

versus e l e c t r o l y t e  concentration curve can be divided i n t o  only 

two zones, Zone 1, a caking zone, and Zone 2 ,  a non-caking zone. 

The test sample represented by A'  containing no e l e c t r o l y t e ,  was 

found t o  have a small sediment height,  t u rb id  supernatant and the  

sediment was not r ed i spe r s ib l e .  The addi t ion  of incremental quanti-  

t ies of e l e c t r o l y t e  did not cause any s u b s t a n t i a l  change i n  sedimen- 

t a t i o n  behavior u n t i l  B '  , a t  5 x lom3 M e l e c t r o l y t e  concentration. 

A t  t h i s  concentration, a sharp increase  i n  sediment he ight  w a s  
observed, t he  supernatant was c l e a r  and the  sediment was e a s i l y  

red ispers ib le .  
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Table 2 

Effect of Monobasic Potassium Phosphate on Bismuth Subnitrate 
Dispersions. 

I 
M Streaming Current Value 
M Hu/Ho Ratio, Ol0 

A 

n 
W 

A' 

MONOBASIC POTAS- SEDIMENT APPEARANCE REDISPER- STREAMING 
SIUM PHOSPHATE HEIGHT OF THE SIBILITY* CURRENT 
CONCENTRATION,M/L RATIO,% SUPERNATANT VALUES 

0 2.0 Turbid (3) 20.8 

1x1~-4 1 . 9  Turbid (3) 28.6 

S X ~ O - ~  1.9 Turbid (3 ) 28.3 
lX1om3 2 . 0  Turbid (3) 21.0 

~ x I O - ~  7.0 Clear (1) -12 .1  

lx10-2 7.0 Clear (1) -12.6 

JrRedispersibility: (1) Sediment, Easi ly  Redispersible. 
(3) Sediment, Not Easi ly  Redispersible. 
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Monobasic Potassium Phosphate, M I L  

Figure 4 

Flocculation of Bismuth Subnitrate by Monobasic Potassium Phosphate 
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The streaming cur ren t  versus e l e c t r o l y t e  concentration curve 

i n  t h i s  zone showed t h a t  t he  d ispers ion  with no e l e c t r o l y t e  had a 

streaming cur ren t  value of 20.8, a r e l a t i v e l y  high pos i t i ve  charge, 

The addi t ion  of e l e c t r o l y t e  caused i n i t i a l l y  a s l i g h t  increase i n  

the streaming cur ren t  value and then a decrease wi th  fu r the r  elec- 

t r o l y t e  addition. 

c l e a r ,  bu t  might possibly be due t o  the in t e rac t ion  of the e l ec t ro -  

l y t e  with so luble  contaminants of the dispersed drug. 

d i spers ion  of the  drug was found t o  have a pH value of about 1.4 

ind ica t ing  the  presence of some so luble  contaminants. 

f l occu la t ion  was found t o  occur a t  -12 streaming cur ren t  value.  

This behavior i s  s imi l a r  t o  t h a t  observed f o r  s i l i c a  d ispers ions  

and f o r  o ther  suspension systems reported i n  the  l i t e r a t u r e .  In 

the non-caking zone, the sediment height remained e s s e n t i a l l y  

unchanged. 

remain e s s e n t i a l l y  unchanged. The occurance of a t h i r d  zone, a 

caking zone, on fu r the r  addi t ion  of high concentrations of e l ec t ro -  

l y t e  t o  bismuth subn i t r a t e  suspensions has been reported ( 3 ) .  

However, such high e l e c t r o l y t e  concentrations were not used i n  

t h i s  study. 

The reasons f o r  t h e  increase  i n  charge are not 

The aqueous 

The i n i t i a l  

The streaming cur ren t  values were a l s o  found t o  

The above r e s u l t s  demonstrate the a p p l i c a b i l i t y  of the  

streaming cur ren t  measurement t o  the  formulation of s t a b l e  

bismuth subn i t r a t e  suspensions by con t ro l  of particle charge. 

SUMMARY AND CONCLUSIONS 

This study was concerned with the  evaluation of the appli-  

ca t ion  of the  streaming cur ren t  technique t o  study p a r t i c l e  charge 

e f f e c t s  i n  suspensions. The i n i t i a l  phase of t he  study d e a l t  

with the inves t iga t ion  of measurement parameters d i rec ted  a t  

developing a s u i t a b l e  procedure f o r  obtaining reproducible measure 

ments. 

the  inves t iga t ion  of cont ro l led  f loccu la t ion  of aqueous disper- 

s ions  of microcrys ta l l ine  s i l i c a  and of bismuth subn i t r a t e  by 

The method r e su l t i ng  from these s tud ie s  was u t i l i z e d  f o r  
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222 SHAH AND SHETH 

addi t ion  of appropriate e l e c t r o l y t e .  Measurements were made 

of streaming cu r ren t ,  sediment height and r e d i s p e r s i b i l i t y  as  a 

function of e l e c t r o l y t e  concentrations.  It was found t h a t  the 

p a r t i c l e  charge s t a t u s  of t he  d ispers ions  as indicated by the  

streaming cu r ren t  values was cons is ten t  with sediment height and 

r e d i s p e r s i b i l i t y  behavior of the d ispers ions .  Therefore, it was 

concluded tha t  streaming cur ren t  measurements made using the 

technique developed i n  t h i s  study can be usefu l  i n  formulation of 

suspensions by p a r t i c l e  charge cont ro l .  

The streaming cu r ren t  technique can a l s o  be applied t o  

adsorption t i t r a t i o n s  f o r  the  eva lua t ion  of solute-adsorbent 

i n t e rac t ions .  I t  i s  a l s o  appl icable  t o  so lu t e - so lu t e  in t e rac -  

t i ons  where the  sur face  of t he  rneasuring head of the  instrument 

serves as the  adsorbent. Studies re levant  t o  these types of 

evaluations have been conducted i n  our l abora to r i e s  and w i l l  be 

presented in f u t u r e  repor t s .  
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FOOTNOTES 

1. 

2.  

3. 

4 .  
5. 

6 .  

7 .  

8. 

Lot #89509 K & K Laboratories,  Inc. ,  Plainview, N.Y. 

Min-U-Sil 5. Pennsylvania Glass Sand Corp., P i t t sburgh ,  Pa. 

Lot ALX. Mallinckrodt Chemical Works, S t .  Louis, Mo. 

Lot 1’735366. F isher  S c i e n t i f i c  Co., F a i r  Lawn, N.J. 

Lot #PX1565. Mathison, Coleman & B e l l ,  Norwood, OH. 

HydroscanM Streaming Current Detector,  Leeds & Northrup 

Co., North Wales, PA. 

Pax-Lano-Sav Soap. Calgon Corp., S t .  Louis, Mo. 

Model W185 Soni f ie r .  Heat Systems-Ultrasonics, Inc. ,  

Plainview, N.Y. 11803. 
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