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ABSTRACT 

Suspensions o f  aluminum hyd rox ide  d r i e d  ge l  i n t e r a c t e d  w i t h  

xanthan gum t o  form a t h i c k  coagulum. A d d i t i o n  o f  low concentra-  

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

potass ium phosphate d i b a s i c )  p reven ted  coagul  um fo rma t ion .  

S o r b i t o l ,  5%, was a l s o  e f f e c t i v e .  Suspensions made f rom a f l u i d  

aluminum hyd rox ide  c o n c e n t r a t i o n  d i d  n o t  become coagu la ted  i n  

t h e  presence o f  xanthan gum. 

INTRODUCTION 

The e x t e n t  of  f l o c c u l a t i o n  o f  seve ra l  substances was i n c r e a s -  

ed i n  t h e  presence o f  xanthan gum . Evidence o b t a i n e d  f rom s e d i -  1 
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562 ZATZ,  F I G L E R ,  A N D  LIVER0 

mentat ion,  a d s o r p t i o n  and z e t a  p o t e n t i a l  measurements suggested 

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

p a r t i c l e s  by gum molecules,  which a r e  a n i o n i c  . F u r t h e r  ev idence 

f o r  an a d s o r p t i o n  based mechanism was o b t a i n e d  f rom s t u d i e s  w i t h  

magnesium carbonate suspensions c o n t a i n i n g  v a r i o u s  c o n c e n t r a t i o n s  

o f  docusate sodium, which ac ted  as a d e f l o c c u l a n t  . Because 

of c o m p e t i t i o n  f o r  s u r f a c e  s i t e s  on t h e  p a r t i c l e s ,  t h e  f l o c c u l a t i n g  

tendency o f  xanthan gum was reduced as t h e  docusate sodium concen- 

t r a t i o n  was inc reased .  

2 

3 

F l o c c u l a t e d  suspensions a r e  g e n e r a l l y  p r e f e r r e d  because 

t h e y  can u s u a l l y  be red i spe rsed  by shaking a f t e r  sed imen ta t i on  

w h i l e  d e f l o c c u l a t e d  suspensions tend  t o  s e t t l e  i n t o  a non - red is -  

p e r s i b l e  cake. However, excess i ve  f l o c c u l a t i o n  i s  a l s o  u n d e s i r a b l e  

because p o u r a b i l i t y  and appearance a r e  a d v e r s e l y  a f f e c t e d .  

I n  exper iments performed i n  o u r  l a b o r a t o r y ,  i t  was found 

t h a t  a t h i c k  coagulum sometimes r e s u l t e d  when xanthan gum was 

added t o  suspensions c o n t a i n i n g  aluminum hydrox ide.  The v i s c o s i t y  

o f  h i g h l y  concen t ra ted  a n t a c i d  suspensions was reduced by carragee-  

nan, which a c t e d  by reduc ing  t h e  z e t a  p o t e n t i a l  o f  t h e  p a r t i c l e s  

so  t h a t  d e f l o c c u l a t i o n  occu r red  . Exper iments were conducted 

t o  determine whether t h e  a d d i t i o n  o f  d e f l o c c u l a n t s  t o  aluminum 

hyd rox ide  suspensions c o n t a i n i n g  xanthan gum m i g h t  m o d i f y  o r  

p reven t  coagulum fo rma t ion .  I n c l u d e d  were sodium t r i p o l y p h o s p h a t e ,  

potass ium phosphate d i b a s i c ,  and sodium c i  t r a t e .  So rb i  t o 1  was 

a l s o  used i n  some o f  t h e  suspensions. 

4 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



A L U M I N U M  H Y D R O X I D E  G E L S  563 

EX P E R I MENTAL 

M a t e r i a l s  used i n c l u d e d  aluminum hyd rox ide  d r i e d  g e l  (F-1000, 

Reheis Chemical) ,  f l u i d  aluminum hyd rox ide  c o n c e n t r a t e  ( 1  i q u i g e l ,  

Reheis Chemical) ,  xanthan gum ( K e l t r o l ,  Kelco D i v .  Merck and 

Co. ) ,  sodium t r i p o l y p h o s p h a t e ,  p u r i f i e d  ( F i s h e r  S c i e n t i f i c ) ,  

potass ium phosphate d i b a s i c  ( F i s h e r  S c i e n t i f i c ) ,  sodium c i  t r a t e ,  

hydrous (Merck and Co.) P o l y v i n y l p y r r o l i d o n e  ( F i s h e r  S c i e n t i f i c )  

and s o r b i t o l  (ICI Americas).  Water used t o  prepare s t o c k  s o l u t i o n s  

and make t h e  suspensions con ta ined  0.1% methylparaben (Eastman) 

and 0.2% p r o p y l  paraben (Eastman) 

A l l  suspensions con ta ined  

e q u i v a l e n t  t o  4 g aluminum ox de/100 mL. Fo r  suspensions 

w i t h  t h e  d r i e d  g e l ,  100 mL o f  wa te r  were p laced  i n  a beaker.  

d r i e d  g e l  was added and d i s p e r s e d  w i t h  a Brook 

Coun te r -Ro ta t i ng  M ixe r .  A f t e r  15 m inu tes  o f  m ix ing ,  i n g r e d  

an amount o f  aluminum h y d r o x i d e  

made 

The 

i e l d  

e n t s  

o t h e r  than  xanthan gum were added i n  t h e  fo rm o f  a l i q u i d  concen- 

t r a t e .  (Except f o r  s o r b i t o l ,  10% s t o c k  s o l u t i o n s  were g e n e r a l l y  

employed.) The d i s p e r s i o n  was then mixed f o r  5 minutes.  The 

xanthan gum was n e x t  added as a 1% s o l u t i o n  i n  wa te r  and m i x i n g  

was con t inued  f o r  an a d d i t i o n a l  5 minutes.  The suspension was 

then  made up t o  volume (200 mL) and t h e  f i n i s h e d  suspension made 

w i t h  f l u i d  aluminum hyd rox ide  c o n c e n t r a t e  was t h e  same except  

t h a t  50 mL o f  wa te r  was used i n  t h e  i n i t i a l  d i s p e r s i o n  step. 

Suspensions were eva lua ted  a f t e r  6 weeks o f  s to rage  a t  room 

temperature.  Sedimentat ion volume ( h e i g h t  o f  t h e  sediment d i v i d e d  
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5 6 4  ZATZ, F I G L E R ,  AND L I V E R 0  

by t h e  h e i g h t  o f  t h e  suspension) was measured on samples s t o r e d  

i n  c y l i n d r i c a l  b o t t l e s .  V i s c o s i t y  was measured u s i n g  a B r o o k f i e l d  

LVT ins t rumen t  w i t h  a No. 2 s p i n d l e  a t  30 RMP. Such measurements 

were made d i r e c t l y  i n  t h e  j a r s  i n  which t h e  suspensions were 

kept .  Suspensions were shaken t h o r o u g h l y  p r i o r  t o  d e t e r m i n a t i o n  

o f  v i s c o s i t y .  R e d i s p e r s i b i l i t y  was judged q u a l i t a t i v e l y  u s i n g  

t h e  samples t h a t  had been p e r m i t t e d  t o  sediment f o r  a s i x  week 

p e r i o d  i n  c y l i n d r i c a l  b o t t l e s .  

RESULTS AND DISCUSSION 

Suspensions which con ta ined  o n l y  aluminum hyd rox ide  d r i e d  

g e l  s e t t l e d  t o  a sed imen ta t i on  volume o f  0.50. A l though  f l o c c u l a t -  

ed , these suspensions were n o t  resuspend ib le .  The a d d i t i o n  

o f  sodium t r i p o l y p h o s p h a t e  ( w i t h  no xanthan gum p r e s e n t )  caused 

a cons ide rab le  r e d u c t i o n  i n  sed imen ta t i on  volume t h a t  depended 

on t r i p o l y p h o s p h a t e  c o n c e n t r a t i o n  ( F i g .  1). When these suspensions 

s e t t l e d  t h e  sediments c o u l d  n o t  be red i spe rsed .  The r e d u c t i o n  

i n  sed imen ta t i on  volume, which i s  symptomatic o f  d e f l o c c u l a t i o n ,  

was p robab ly  due t o  a d s o r p t i o n  o f  t r i p o l y p h o s p h a t e  i ons ,  c a r r y i n g  

n e g a t i v e  charges o n t o  t h e  s u r f a c e  o f  aluminum hyd rox ide  p a r t i c l e s .  

The n e g a t i v e l y  charged p a r t i c l e s  which r e p e l  one ano the r  s e t t l e  

i n d i v i d u a l l y  t o  fo rm a compact cake n o t  e a s i l y  d i s r u p t e d  by shear.  

1 

I f  0.2% xanthan gum was i n c l u d e d  i n  a suspension o f  d r i e d  

g e l ,  a c u r d l e d  mass formed. The r e s u l t a n t  p r o d u c t  was n o t  

pourable.  The i n c l u s i o n  o f  smal l  c o n c e n t r a t i o n s  o f  d e f l o c c u l a n t s  

changed suspension c h a r a c t e r i s t i c s  t o  t h a t  o f  a f l u i d  system 
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Fig. 1. - Sedimentation volume of suspensions of aluminum hydroxide 
dried gel containing various concentrations of sodium 

tripolyphosphate. Fi 1 led squares: no xanthan gum. 

Open squares: 0.2% xanthan gum. 

which could easily be redispersed after settling. The effect 

of sodium tripolyphosphate on sedimentation volume of suspensions 

o f  aluminum hydroxide dried gel containing xanthan gum is shown 

in Fig. 1. All of these suspensions were resuspendible. Table 

I contains results for other additives. In general, the defloccu- 

lants (sodium tripolyphosphate, sodium ci trate, potassium phosphate 

dibasic) reduced values of sedimentation volume and viscosity. 
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566 Z A T Z ,  F I G L E R ,  AND L I V E R 0  

TABLE I 

CHARACTERISTICS OF ALUMINUM H Y D R O X I D E  D R I E D  GEL 

SUSPENSIONS CONTAINING 0 .2% XANTHAN GUM 

A d d i t i v e ,  
Concen t ra t i on  ( %  w/v) 

none 

sodium c i t r a t e ,  0 .2 

sodium c i t r a t e ,  1.0 

potassium phosphate 
d i b a s i c ,  0 .2  

potas s i  um phosphate 
d i b a s i c ,  1.0 

p o l y v i n y l  p y r r o l  idone, 
1.0 

Sed i men - 
t a t i o n  V i s c o s i t y  Redi s p e r s i  b i  1 i t y  
Volume ( c p )  

1.0 >loo0 n o t  r e d i s p e r s i b l e  

0.37 220 r e d i s p e r s i b l e  

0.19 190 r e d i  spers i b l  e 

0.99 3 10 r e d i  spensi  b l  e 

0 .75  180 r e d i s p e r s i b l e  

1.0 > 1000 n o t  r e d i  spers i b l  e 

P o l y v i n y l p y r r o l  idone, which i s  n o t  charged, had no d i s c e r n a b l e  

e f f e c t  on suspension p r o p e r t i e s .  

Resu l t s  f o r  a s e r i e s  o f  suspensions c o n t a i n i n g  5% s o r b i t o l  

a r e  c o l l e c t e d  i n  Table 11. Suspensions o f  aluminum h y d r o x i d e  

d r i e d  ge l  c o n t a i n i n g  0.2% xanthan gum and 5% s o r b i t o l  had t h e  

cons is tency  o f  a s o f t  g e l  and were resuspendable.  The a d d i t i o n  

o f  d e f l o c c u l a n t s  t o  these suspensions reduced v i s c o s i t y  and lowered 

sed imen ta t i on  volume. 

These r e s u l t s  suggest t h a t  i n t e r a c t i o n  o f  t h e  aluminum 

hyd rox ide  suspensions w i t h  xanthan gum may be due t o  e x t e n s i v e  
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ALUMINUM HYDROXIDE GELS 56  7 

CHARACTERISTICS OF 

CONTAINING 

A d d i t i v e ,  
Concen t ra t i on  ( %  w/v) 

none 

sod i  um 
t r i p o l y p h o s p h a t e ,  0.2 

sodium c i t r a t e ,  0 .2 

potass ium phosphate 
d i b a s i c ,  0.2 

TABLE I 1  

ALUMINUM HYDROXIDE D R I E D  GEL SUSPENSIONS 

0.2% XANTHAN GUM AND 5% SORBITOL 

Sedimen- 
t a t i o n  V i s c o s i t y  R e d i s p e r s i b i l  i t y  
Vo 1 ume (CP) 

1.0 390 r e d  i spers i b l  e 

0.50 260 r e d i s p e r s i  b l e  

0.75 2 30 r e d i s p e r s i  b l e  

0.97 240 r e d i  spe rs i b l  e 

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

t h r e e  d imensional  network.  The mechanism o f  f l o c c u l a t i o n  i n v o l v e s  

b r i d g i n g  and s imul  taneous a d s o r p t i o n  o f  t h e  n e g a t i v e l y  charged 

gum molecules t o  two o r  more o f  t h e  p o s i t i v e l y  charged p a r t i c l e s  

o f  d r i e d  aluminum hyd rox ide  ge lL .  The a b i l i t y  o f  sodium t r i p o l y -  

phosphate, sodium c i t r a t e  and potass ium phosphate d i b a s i c  t o  

p reven t  coagulum f o r m a t i o n  appears t o  be t i e d  t o  t h e i r  s u r f a c e  

a c t i v i t y .  A d s o r p t i o n  o f  n e g a t i v e  i o n s  would make t h e  s u r f a c e  

p o t e n t i a l  more nega t i ve ,  t h u s  reduc ing  t h e  a t t r a c t i o n  o f  p a r t i c l e  

su r faces  f o r  a d s o r p t i o n  o f  xanthan gum and consequen t l y  r e d u c i n g  

t h e  degree o f  f l o c c u l a t i o n .  

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

because t h e  p a r t i c l e s  would a c q u i r e  a s u b s t a n t i a l  n e g a t i v e  
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5 6 8  Z A T Z ,  F I G L E R ,  AND L I V E R 0  

p o t e n t i a l  wh ich  m i g h t  p r e v e n t  f l o c c u l a t i o n  a1 t o g e t h e r .  T h i s  

can l e a d  t o  c a k i n g .  The l o w e s t  c o n c e n t r a t i o n  e f f e c t i v e  i n  p r e v e n t -  

i n g  coagulum f o r m a t i o n  s h o u l d  be used. 

Suspensions made f r o m  a f l u i d  aluminum h y d r o x i d e  c o n c e n t r a t i o n  

were easy  t o  r e d i s p e r s e  a f t e r  s i x  weeks o f  s t o r a g e .  The sed imenta-  

t i o n  volume was 0.64. A d d i t i o n  o f  0.2% xan than  gum r a i s e d  t h e  

s e d i m e n t a t i o n  volume t o  a v a l u e  o f  1.0. There  was no e v i d e n c e  

o f  coagulum f o r m a t i o n  i n  t h i s  system. 
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