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ABSTRACT 

T h e  p a r t i c l e  m o r p h o l o g y  o f  a m o r p h o u s  a1  u m i n u n i  

h y d r o x y c a r b o n a t e  was s t u d i e d  b y  d i s a g g r e g a t i o n  i n d u c e d  b y  
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2088 LIU ET A];. 

phosphate adso rp t i on  and d i r e c t  o b s e r v a t i o n  by h i g h  r e s o l u t i c l n  

t r a n s m i s s i o n  e l e c t r o n  n l i c roscopy .  The p r i m a r y  p a r t i c l e s  a r e  

s h e e t - l i k e  and have e q u i v a l e n t  d iamete rs  o f  55A o r  less. The 

p r i m a r y  p a r t i c l e s  d r e  be1 ieved  t o  correspond t o  p l a n a r  po lymers 

c o m p r i s e d  o f  s i x - n e n r b e r e d  r i n g s  o f  a l u m i n u m  i o n s  j o i n e d  by 

d o u b l e  h y d r o x i d e  b r i d g e s .  S e c o n d a r y  p a r l - i c l e s  f o r m  b y  

a t t r a c t i v e  i n t e r a c t i o n  o f  p r i m a r y  p a r t i c l e s .  The s i z e  o f  t h e  

p r i m a r y  p a r t i c l e : ;  a f f e c t s  t h e  p o r o s i t y  o f  t h e  s e c o n d a r y  

p a r t i c l e s .  The g r a n u l a t i n g  and t a b l e t i n g  p r o p e r t i e s  o f  t w o  

spray d r i e d  amorphous aluminum hydroxycarbonates were shown t o  

be r e l a t e d  t o  t h e  s i z e  o f  t h e  p r i m a r y  p a r t i c l e s  and t h e  

p o r o s i t y  o f  t h e  secondary p a r t i c l e s .  

INTRODUCTION 

P a r t i c l e  i i iorphology i n f l u e n c e s  many p h y s i c a l  p r o p e r t i e s  O F  

d r u g s  and t h e - i r  dosage f o r m s  bcr t  i t  has  been l e s s  f r e q u e n t l y  

s t u d i e d  than  clnemical p r o p e r t i e s  1 , The p a r t i c l e  niorphology o f  

arnorphous aluminuni hydroxycarbonate i s  o f  i n t e r e s t  because 01' 

sorr,e a p p a r e n t l y  anoma lous  b e h a v i o r .  F o r  example ,  numerous 

s t u d i e s  have  c .onc luded t h a t  s p e c i f i c a l l y  a d s o r b e d  c a r b o n a t e  

o n l y  s u b s t i t u t e s  For h y d r o x y l  a t  s u r f a c e  s i t e s  and i s  not. 

con ta ined  w i t h i n  t h e  i n t e r i o r  of t h e  p a r t i c l e " .  Fur thermore,  

t h e  c a r b o n a t e  t o  a l u m i n u m  r a t i o  o f  s a m p l e s  e x h i b i t i n g  good 

a n t a c i d  p r o p e r t i e s  i s  u s u a l l y  b e t w e e n  0.2 and 0.S3. These t w o  

f a c t s  can  o n l y  be r e c o n c i l e d  i f  t h e  p a r t i c l e  s i z e  i s  v e r y  

s m a l l .  F u r t h e r m o r e ,  t h e  k i n e t i c s  o f  a c i d  n e u t r a l i z a t i o n  by 
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PARTICLE MORPHOLOGY 2089 

aritorphous aluminunl hydroxycarbonate  a r e  d i f f e r e n t  f r o m  o t h e r  

a n t  ac i d c o  m pou n d s. Sod i u m b i c a r bon a t e  , c a 1 c; i u IYI c a r bon a te ,  

rriaynesiuni hydrox ide  and h y d r o t a l c i t e  a l l  e x h i b i t  a l i n e a r  r a t e  

o f  a c i d  n e u t r a l  i z a t i o n  u n d e r  p H - s t a t   condition^^'^. I n  

c o n t r a s t ,  t h e  p H - s t a t  t i t r i g r a m  o f  a r i i o rphous  a l u n l i n u r i i  

hydroxycarbonate c o n t a i n s  t h r e e  phases r a t h e r  than  t h e  1 i n e a r  

r a t e  o f  a c i d  n e u t r a l i z a t i o n  e x p e c t e d  f o r  an a c i d - b a s e  

t i t r a t i o n 6 .  T h e  p H - s t a t  t i t r i g r a n i  h a s  b e e n  r e c e n t l y  

i n t e r p r e t e d  based on t h e  h y p o t h e s i s  t h a t  t h r e e  t y p e s  o f  

p a r t i c l e s  e x i s t :  p r i m a r y  p a r t i c l e s ,  secondary p a r t i c l e s  and 

a g g r e g a t e s  7 . P r i t x a r y  p a r t i c l e s  were  p r o p o s e d  t o  be  p l a t y  

c r y s t a l  1 i t e s  conlposed o f  fused six-membered r i n g s  o f  a1 unii nun1 

j o i n e d  by double hyd rox ide  bridges. Secondary p a r t i c l e s  forn i  

f rom p r i m a r y  p a r t i c l e s  due t o  t h e  cohes ive  s t r e n g t h  o f  van der  

Waal s forces.  Aggregates, composed o f  secondary p a r t i c l e s ,  a re  

formed i n  response t o  t h e  balance o f  a t t r a c t i v e  and r e p u l s i v e  

f o r c e s  d e s c r i b e d  b y  t h e  D e r j a g u i n ,  Landau, Vervey,  Overbeelc 

theory8. F i n a l l y ,  i t has a l s o  been observed t h a t  t h e  phys i ca l  

appearance  o f  a c h l o r i d e - c o n t a i n i n g  a lum. inunr  h y d r o x i d ' e  

suspension changed d u r i n g  ag ing  f rom a m i l k y  d i s p e r s i o n  which 

e x h i b i t e d  sed imen ta t i on  t o  a t r a n s l u c e n t  d i s p e r s i o n  which d i d  

n o t  sett le' .  T h i s  change i n  p h y s i c a l  appearance suggests t h a t  

t h e  s u r f a c e  c h a r g e  i n c r e a s e d  d u r i n g  a g i n g  c a u s i n g  d i s p e r s a l  

i n t o  a system o f  very  s m a l l  p a r t i c l e s .  I n  o r d e r  t o  o b t a i n  more 

ev idence ,  t h e  p a r t i c l e  m o r p h o l o g y  of  amorphous a l u m i n u m  
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2090 L I U  ET AL, .  

h y d r o x y c a r b o n a t e  was s t u d i e d  b y  d i s a g g r e g a t i o n  i n d u c e d  b y  

phosphate a d s o r p t i o n  and d i r e c t  o b s e r v a t i o n  by h i g h  r e s o l u t i o n  

t r a n s m i s s i o n  el e c t r c m  m ic roscopy .  

EXPERIMENTAL 

F o r  t h e  f i r s t  s e r i e s  o f  exper imen ts ,  an aniorptious aluminuini 

h y d r o x y c a r b o n a t e  g e l  (Rehc-i s) was used to s t u c y  d i  s a g y r e g a t  i o n  

by phosphate 21dsorpt ion.  The e q u i v a l e n t  alur i i in i i r l i  o x i d e  c o n t e n t  

was d e t e r n ! i n e d  b y  c h e l a t o m e t r i c  t i t r . a t i o n l 0 , .  T h e  c a r b o n 2 ; i e  

c o n t e n t  w a s  d e t e r m i n e d  b y  g a s c n i e t r i c  d i s [ : l a c e m e r i t  . 
A d s o r p t i o n  i s o t h e r i i : s  were o b t a i n e d  by i i s i n j  t h e  h e t e r o p c l y  b l u e  

r;iet.hod’* t o  detsr i : t l1Pe t h e  ar i !ount  o f  ph ( . , s rho rus  i n  s o l u t i o n  

a f t e r  t h e  s u p e r n i i t d n t  1 ic lu ic i  was s e p a r a t e u  tiy c e n t t - i  f u 9 a t i o n .  

The e f f e c t  o f  t i r i i e  ori phosphate ac i so rp t i u r i  c l r , t i  t h e  f r .act io l - I  o f  

phospha ie  w h i c h  Wac, erctianyei: f o r  carbondl..e, t iyc;r,oxyl cnd aqucl 

s u r f a c e  g r o u p s  wcis d e t e r m i n e d  b y  a d j u s t i n g  s u s p e n s i o n s  

c o n t a i n i n g  15.5 mmo1 lof  a lunl inur l i  arici 10 rilr.tol KC1 l : ~  pH 6.6 w i t h  

an a u t o  n i  a t e  ci t -i t I- a t  o r ( Ra d i o mete r , Co pe n t 1 a y 1-1, Cle ri  n . a r’ k 1 . A f i e  r 

t h e  pH was a d j u s t e d  t o  6.6, a s o l u t i o n  c o r i t a i r i i n L  26.9 i i irilol 

14ati2FG4 a t  pH 6.6 was, acidei  cr id  t h e  v o l u r i , e  i i c i j u s t e d  t o  100 r l i l  

w i t h  d i s t i l l e d  w a t e r .  T h e  pH was n l a i n t a i n e c i  a t  6.6 a n d  25% 

f o r  t h e  d e s i r e d  t i i w s  p e r i o d  w i t h  c o n s t i i r i l -  5 t i r . r i n g  b y  t h e  

a u t o n , a t e d  t i - t r a t o r  a n d  t h e  a m o u n t  o f  1 N I-IC1 a.dded was 

r e c o r d e d .  A t  t h e  t ? n d  o f  t h e  t i t i e  p e r i o u ,  2.5 in1 o f  t h e  

suspens ion  was used t o  c ietern i n e  t h e  car-bor iate c o i i t e n t  and t h e :  

r e m a i n i n g  sanip’le wi15 c e n t r - i f u g e d  a t  15,000 rpni (.27,000 g )  f o r  

11 

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

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PARTICLE MORPHOLOGY 2091  

30 win. t o  o b t a i n  a saii.iple o f  t h e  s u p e r n a t a n t  l i q u i d  w h i c h  wzs 

a n a l y z e d  f o r  p h o s p h o r u s  a n d  c a r b o n a t e .  The  q u a n t i t y  o f  

phosphate adsorbed and c a r b o n a t e  d e s o r b e d  w e r e  c i e t e r n i i n e d  b y  

a i f f e r e n c e .  A b l a n k  c o m p o s e d  o f  a p h o s p h a t e - f r e e  s y s t e m  was 

used t o  c o n f  i r n i  t h e  e x p e r i r r i e n t a l  FrOCedUre5. D i s z g g r e y a t i o n  o f  

arnorpholrs aluminurr ;  h y d r o x y c a r b o n a t e  was s t u d i e d  by use o f  f i b e r  

o p t i c  D o p p l e r  a n e r i ~ o n i e t r y ' ~  ( S I f t A ) .  

F o r  t h e  second s e r i e s  o f  exper in ien ts ,  t w o  sanip les o f  sp ray  

d r i e d  a rno rphous  a l u m i n u m  h y d r o x y c a r b o n a t e  ( B a r c r o f t  and  

Kyowa)  w e r e  e x a m i n e d  b y  h i g h  r e s o l u t i o n  e l e c t r ' o n  m i c r o s c o p y  

( J o e l  200 KV). Saniples were p r e p a r e d  by d r y i n g  n l i c ro -d rops  o f  

a d i l u t e  s u s p e n s i o n  o n t o  c a r b o n  f i l m s  s u p p o r t e d  b y  c o p p e r  

g r i d s .  Severa l  p a r t i c l e s  were  exan:ined i n  each sanip le  and t h e  

p a r t i c l e s  shown a r e  r e p r e s e n t a t i v e .  M i c r o g r a p h s  were  made a t  

n i a g n i f  i c a t i o n s  o f  21,000, 90,000 a n d  450,000.  T h e  

p h o t o m i c r o g r a p h s  shown were  pho tog raph  i c a l  1 y en1 a r g e d  2X. 

The g r a n u l a t i o n  and t a b l e t i n g  c h a r a c t e r i s t i c s  o f  B a r c r o f t  

and  K y o w a  s p r a y  d r i e d  a m o r p h o u s  a lum i r i un r  h l y d r o x i d e  w e r e  

e v a l u a t e d  by i n c o r p o r a t i n g  t h e  sample i n t o  a s t a n d a r d  f o r r n u l a  

f o r  a n  a n t a c i d  t a b l e t .  T h e  t a b l e t s  w e r e  c o r i ~ p r e s s e d  t o  a 

h a r d n e s s  o f  8 Kg u s i n g  1 1 / 1 6  i n c h  f l a t  f a c e  b e v e l e d  e d g e  

punches. 

RFSUl TS AND DISCUSSI ON 

The a d s o r p t i o n  o f  phosphate by a lum inum h y d r o x i d e  has been 

e x t e n s i v e l y  s t u d i e d  because o f  t h e  w idesp read  us'e o f  phospha te  
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2092 L I U  ET A L .  
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FIGURE 1 

f e r t i l  i ~ e r s ~ ' ~ - * ' .  The a d s o r p t i o n  o f  p h o s p h a t e  b y  amorphous 

a luminur l i  h y d r o x q c d r b o n a t e  i s  shown i n  F i S u r e  1. A d s o r p t i o n  

f o l l o w s  t h e  F r e u n d l i c h  e q u a t i o n  a s  e v i d e n c e d  oy R2 v a l u e s  o f  

0.9854, 0.9992 ~IILI 0.9994, r e s p e c t i v e l y ,  d t  0.5, 3 and 4.5 

hou rs .  However, p lhosphdte a d s o r p t i o n  i n c r e a s e d  o v e r  t h e  4 3  

hour exposure per iod.  The inc rease  i n  a d s o r p t i o n  w i t h  t i m e  i s  

seen  niore c l e a r l y  i n  F i g u r e  2 where  an anicJrphous a lun l inur l l  
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PARTICLE MORPHOLOGY 2093 

0: 

s 
g 3.9 

5.3 

W 

(T: 

0 
Q 

m 

MINUTES 

FIGURE 2 

E f f e c t  o f  t i m e  on  t h e  a d s o r p t i o n  o f  p h o s p h a t e  by amorphous 
aluminum hydroxycarbonate a t  pH 6.6, 25OC. 

hydroxycarbonate suspension con- ih in iny 15.5 mmo'l aluminum was 

exposed t o  26.9 rr~mol NaH2PC4 and m o n i t o r e d  f o r  4 h. The t i m e  

dependency o f  phosphate a d s o r p t i o n  i s  b e l i e v e d  t o  be due t o  t h e  

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

s u c h  a s  was r e c e n t l y  p r o p o s e d  f o r  a m o r p h o u s  a l u m i n u m  

hydroxycarbonate . The a d s o r p t i o n  o f  phosphate may f a c i l i t a t e  

d i f f u s i o n  by i nduc ing  d i saggrega t ion  o f  t h e  secondary p a r t i c l e  

i n t o  i t s  c o n s t i t u e n t  p r i m a r y  p a r t i c l e s .  

22 

The p o i n t  o f  z e r o  c h a r g e  i s  d e f i n e d  as t h e  pH where  t h e  

n e t  s u r f a c e  charge f rom t h e  p o t e n t i a l  d e t e r r , i n i n g  i ons  and t h e  

s p e c i f i c a l l y  adsorbed ions  i s  zeroz3. The p o i n t  o f  ze ro  charge 

i s  r e l a t e d  t o  t h e  i s o e l e c t r i c  po in t .  However, t h e  i s o e l e c t r i c  

p o i n t  i s  t h e  pH where  t h e  n e t  s u r f a c e  c h a r g e  f r o m  o n l y  t h e  
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2094 L I U  ET AL. 

p o t e n t i a l  d e t e r m i n i n g  i o n s  i s  ze ro .  Thus, t h e  p o i n t  o f  z e r o  

c h a r g e  and t h e  i s o e l e c t r i c  p o i n t  a r e  t h e  same o n l y  i n  t h e  

absence o f  s p e c i f i c a l l y  adsorbed ions. T h i s  i s  n o t  t h e  case ' in 

t h i s  s tudy  because phosphate an ion  i s  s p e c i f i c a l l y  adsorbed by 

aluminum h y d r o ~ i d e l ~ - ~ ~ .  The aggregat ion  s t a t e  o f  suspensions 

i s  c o n t r o l l e d  by t h e  i n t e r p a r t i c l e  f o r c e s  d e s c r i b e d  i n  t h e  

Der jaguin,  Landau, Vervey, Overbeek t h e o r y  8 . Accord ing  t o  t h i s  

theory,  t h e  t o t a l  w r f a c e  charge, a r i s i n c j  f rom e i t h e r  potent ' ic r l  

t i e t e r n l i n i n g  i o n s  o r  s p c c i f  i c a l l y  adsorbed ions, i s  i r r lpor tan t  

b e c a u s e  i t  g i v e s  r i s e  t o  t h e  e l e c t r o s t a t i c  r e p u l s i v e  

i n t e r p a r t i c l e  f o r c e .  Thus, t h e  p o i n t  o f  z e r o  c h a r g e  was used 

t o  c h a r a c t e r i z e  t h e  s u r f a c e  charge i n  t h i s  study. The p o i n t  c f  

zero charge o f  t h e  an;cjrphous a1 urni num hydroxycarbonate ye1 was 

6.8 b u t  p h o s p h a t e  a d s o r p t i o n  decrea5;es t h e  p o i n t  o f  z e r o  

c h a r.9 e I4- l6 .  Thus, a t  pH G.6 u n d e r  t h e  p H - s t a t  c o n d i t i o n s  o f  

t h e  exper in ie r i t ,  t h e  s u r f a c e  c h a r g e  i s  i n i t i a l l y  s l  i y h t l y  

p o s i t i v e  b u t  it w i l l  1 become i n c r e a s i n g l y  r i e r ~ a l i v e  as phosphate 

a d s o r p t i o n  o c c u r s  anti t h e  p o i n t  o f  z e r o  char-ytt. i s  decreased.  

T h i s  i n c r e a s e  i n  n e c j a t i v e  s u r f a c e  c l i c r rge  w i l l  cau5 '3  

d i s a g y r e ~ d  ion,  i l ~ e r e b y  f a c i l  i t a t i n y  d i f f u s i o n  and f u r t h e r  

a ti su r pi; i c; n o f 1; ti0 $>p h at.e. 

The f rac f . io r1~ (J-F &ti so rbed  p t iosp l i a te  w h i c h  exchar lyes  fo i -  

hyciroxyl, carbonete  ariu aquo groups when dri a ~ o r p h o u s  a1 uri,inui I 

hyciroxycarhonate suspensicn c o n t a i n i n g  15.5 nir!,ol a1 ul~i inl lni  was 

cxpose i  t o  2G.G tili,,c,l FiaE2FC4 was cietorir i r ied f ronl the  anlount cuf 
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PARTICLE MORPHOLOGY 

TABLE 1 

2095 

E f f e c t  o f  Exposure t i m e  on t h e  F r a c t i o n  o f  Phosphate Adsorp t ion  
Occur r i ng  by Exchange w i t h  Hydroxy l ,  Carbonate arid Aquo Sur face  
Groups 

Exposure Time, Phosphate F r a c t i o n  o f  Phosphate Adsorp t i on  
min. Adsorbed, Occur r i ng  by Exchange w i t h  

mmol . Hydroxy l  carbonate  Aquo 
~ ~~~~~~~~~ 

30 7.0 0.52 0.31 0.17 

60 8.8 0.50 0.32 0.19 

120 10.9 0.53 0.32 0.15 

24 0 13.5 0.58 0.28 0.14 

phosphate adsorbed, t h e  change i n  t h e  carbonate  con ten t  due t o  

adso rp t i on  and t h e  p r o t o n  consun~pt ion  d u r i n g  acisorption. Tab le  

1 shows t h a t  even though phosphate adso rp t i on  inc reased over  a 

4 h o u r  e x p o s u r e  p e r i o d ,  t h e  c o n t r i b u t i o n  by each t y p e  o f  

exchange group remained e s s e n t i a l l y  cons tan t  at. approx imate ly  

53% h y d r o x y l ,  31% c a r b o n a t e  and 16% aquo. The r e l a t i v e l y  

c o n s t a n t  exchange r a t i o  o v e r  t h e  4 h o u r  e x p o s u r e  p e r i o d  

suggests t h a t  new sur face,  composed o f  t h e  sanie su r face  groups, 

i s  becoming access ib le  d u r i n g  phosphate a d s o r p t i o n  r a t h e r  than  

a d i f f e r e n t i a l  r a t e  o f  exchange f o r  each t y p e  o f  su r face  group. 

Thus, t h e  t i m e  dependency o f  phosphate adso rp t i on  appears t o  be 

d u e  t o  t h e  d i f f u s i o n  o f  phosphate i o n s  i n t o  a porous p a r t i c l e .  
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2096 L I U  ET A L .  

The d i s a g g r e g a t i o n  e f f e c t  o f  p h o s p h a t e  a d s o r p t i o n  on 

amorphous aluminum hydroxycarbonate  was t e s t e d  by e x p o s i n g  $3 

s a m p l e  c o n t a i n i n g  3.74 mmol a l u m i n u m  t o  v a r i o u s  p h o s p h a t e  

c o n c e n t r a t i o n s  r a n g i n g  f r o m  0 t o  25 mmoll. The a p p a r e n t  

h y d r o d y n a m i c  r a d i u s  was d e t e r m i n e d  by f i b e r  o p t i c  D o p p l e r  

anen~omet ry '~  a f t e r  a 60 rriin. exposure per iod.  The p o i n t  o f  zero  

charge o f  t h e  san,ple was 6.8. As seen i n  F i g u r e  :3, t h e  additil:,n 

o f  2.5 mmol phosphalte caused an i nc rease  i n  apparent  p a r t i c l e  

s i z e .  T h i s  p r o b a b l y  o c c u r s  because a d s o r p t i o n  o f  a srii6.ll 

amount o f  phosphate l o w e r s  t h e  p o i n t  o f  z e r o  charge u n t i l  i t  .is 

i d e n t i c a l  t o  t h e  pH o f  t h e  suspension, r e s u l t i n g  i n  a reducti( . ln 

i n  su r face  charge. The p a r t i c l e s  underso a t t r a c t i v e  p a r t i c l e  

i n t e r a c t i o n s  more  r e a d i l y  and t h e  a p p a r e n t  p a r t i c l e  s i z e  

increases. PI-losphate l e v e l s  o f  g r e a t e r  t t lan 2.5 rirrliol caused a 

f u r t h e r  d e c r e a s e  i n  t h e  p c i n t  o f  z e r o  c h a r y e  c a u s i n g  t h e  

su r face  charge; t o  beconit! i n c r e a s i n g l y  n e g a t i v e  u n d e r  p t ; - s t i i t  

c:ondit ions. The increased n e s a t i v e  s u r f a c e  ci-idr.gc r e s u l t s  i n  

d i s a g g r e g a t i o n  w h i c h  i s  i n d i c a t e d  by t h e  n l in . i r i iu r  a p p a r e n t  

p a r t i c l e  s i z e  a t  5 rririiol phosphate .  H i g h e r  corlceritr.bi: iOris 

sodium phosphdte exceed t h e  a d s o r p t i v e  c a p a c i t y  and t h e  adciecl 

i o n s  r e m a i n  i n  s ' o l u t i o n  r e d u c i n g  t h e  Debyt, 1eng.tti. T h i s  

con.pression 01' -the d i f f u s e  double l c y e r  leacis t o  f l o c c u l a t i o n  

and an i n c r e i j s e  .in a p p a r e n t  p a r t i c l e  s i z e  o c c u r r e t i .  The 

b e h a v i o r  seen i n  f ' i gu re  3 i s  c : o r i s i s t e n t  w i t h  c l a s c i c a ' l  

agg r e g a t i o n - d i  sagsregat  i o n  theory .  
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PARTICLE MORPHOLOGY 2097 

I I 1 1 1  
8 5 10 15 20 25 

PHOSPHATE, mmol 

FIGURE 3 

T h e  b a s i c  s t r u c t u r a l  u n i t  o f  a m o r p h o u s  a l u m i n u m  

hydroxycarbonate i s  a six-membered r i n g  o f  alum inurn i ons  j o i n e d  

by d o u b l e  h y d r o x i d e  b r i d g e s z 4 .  These s i x -membered  r i n g s  

po lymer i ze  t o  fo rm s h e e t - l i k e  s t r u c t u r e s z 5  such as a r e  shown i n  

T a b l e  11. These p l a t y  p o l y m e r s  may be the  pr . imary  p a r t i c l e s ,  

whose ex i s tence  was hypothes ized i n  p rev ious  studies6”*. The 

e q u i v a l e n t  d iameter  o f  t hese  polymers i n  t h e  amorphous a1 umi nurri 

h y d r o x y c a r b o n a t e  g e l  s t u d i e d  c a n  be  e s t i m a t e d  f r o m  t h e  fac t ;  
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2098 LIU ET A L .  

t h a t  t h e  c a r b o n a t e  t o  a l u m i n u n i  r a t i o  was 0.40 and t h e  

o b s e r v a t i o n  t h a t  31% o f  t h e  p h o s p h a t e  a d s o r p t i o n  was due t o  

exchange w i t h  c a r b o n a t e  ( T a b l e  1.) Because a l u m i n u m  i o n s  i i i  

aluniinum hydroxycarboi ir?te a r e  i n  oc tahedra l  c:oordination, each 

edge aluniinum has t w o  c o o r d i n a t i o n  s i t e s .  These coo rd ina t i ' on  

s i t e s  rep resen t  t h e  a v a i l a b l e  a d s o r p t i o n  s i t e s .  The number (CJ.,F 

c o o r d i n a t e d  c a r b o n a t e  i o n s  i n  each  s t r u c t u r e  was c a l c u l  a t e t l  

f r o m  t h e  c a r b o n a t e  t o  a l u m i n u m  r a t i o  (@.4(!) and t h e  totd-1 

number o f  a lum inun i  i o n s  i n  t h e  p o l y m e r .  When t h e  r a t i o  o f  

coo rd ina ted  carbona-te t o  t o t a l  a d s o r p t i o n  s i t e s  was c a l c u l a t e d  

f o r  p o l y m e r s  o f  i n c r e a s i n g  s i z e ,  t h e  r e s u l t s  i n  T a b l e  2 were  

ob ta ined.  

Examinat ion  o f  Tab le  2 r e v e a l s  t h a t  a polyri ier c o n s i s t i i q  

o f  4 fused r i n g s  has a r a t i o  o f  coo rd ina ted  carbonate  t o  t o t a l  

a d s o r p t i o n  s i t e s  o f  0.32. T h i s  a g r e e s  v e r y  w e l l  w i t h  t h e  

e x p e r i m e n t a l l y  d e t e r m i n e d  f r a c t i o n  o f  p h o s p h a t e  a d s o r p t i o n  

w h i c h  o c c u r r e d  t h r o u g h  exchange w i t h  c a r b o n a t e  ( T a b l e  l) , ,  

Thus, a planair po lymer o f  4 fused r i n g s  f i t s  t h e  e x p e r i m e n t a l l y  

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

amorphous a1 iuminuni h y d r o x y c a r b o n a t e  u n d e r  s t u d y .  S i n c e  t h e  

e q u i v a l e n t  d i a m e t e r  o f  t h e  p o l y m e r s  shown i n  T a b l e  2 whic:kl 

c o n t a i n  between 4 and 7 r i n g s  i s  app rox ima te l y  20 A26r27, it .I._; 

be1 ieved t h a t  t h e  p r i m a r y  p a r t i c l e  has an e q u i v a l e n t  d iamete r  

o f  approx i  n ia te l  y i ! O  A. 
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PARTICLE MORPHOLOGY 2099 

TABLE 2 

P o t e n t i a l  S t r u c t u r e s  f o r  t h e  P r i  n iary  P a r t i c l e  o f  An,orphous 
Aluminum Hydroxycarbonate Having a Carbonate t o  Aluminum R a t i o  
o f  0.40. 

# S t r  . ic ture T o t a l  Edge T o t a l  Co-Ordinated Co-Ordinated 
o f  A1 uir1. A1 urn. Pdsorp- Carbonate Carbonate l  
Rings Ions Ions L i o n  T o t a l  

S i t e s  Adsorp t i on  
S i t e s  

1 0 6 6 12 2.4 0.20 

2 cx> 10 8 16 4.0 0.25 

3 9 18 5.2 0.29 

4 10 20 6.4 0.32 

5 11 22 7.6 0.35 

12 24 8.8 0.40 

12 24 9.6 0.40 

6 m 22 
24 

I n  a second s e r i e s  o f  experinlents, t h e  p a r t i c l e  morphology 

o f  t w o  s a m p l e s  o f  s p r a y  d r i e d  a m o r p h o u s  a l u m i n u r n  

hydroxycarbonate was examined by h i g h  r e s o l u t i o n  t r a n s m i s s i o n  

e l e c t r o n  ni icroscopy. F igu res  4 and 5 show a p a r t i c l e  from t h e  

s a m p l e s  p roduced  by B a r c r o f t  and Kyowa, r e s p e c t i v e l y .  The 

spray d r i e d  p a r t i c l e  i n  F i g u r e  4 i s  s p h e r i c a l  w i t h  a d iamete r  

o f  app rox ima te l y  14,500 A w h i l e  t h e  p a r t i c l e  i n  F i g u r e  5 has a 

d i a m e t e r  o f  27,000 A. However ,  t h e  p h o t o m i c r o g r a p h s  s u g g e s t  
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2100 

FIGURE 4 

LIU ET A L .  

I-; i 9 h r e  s@ 1 iu t i on .i. r rln s /I I i s s i o t I e 1 ec.t r o  n 2 i 1 o t o 1, t i c ros  r a p  h o f s p i-ciy 
t i r i e t i  a r l lo rphuus ti1 u i l , i  rtu(II h y d r o x y c a r t o n a i t .  ( B a r c r o f t )  a t  a 
i i i agn i f  i c a t i o r i  o f  42,000. The b a r  r e p r e s e n t s  2380 A. 

t h a t  t h e  p a r t i c l e s  o b s e r v e d  a r e  c o m p o s e d  o f  e v e n  s m a l l e r  

p a r t i c l e s .  E x a n i i n d t i o n  o f  t h e  sample produced by B a r c r o f t  a t  

a h i g h e r  m a g n i f i c a t i o n  ( F i g .  6 )  c l e a r l y  shows t h a t  t h e  14,500 A 

p a r t i c l e  i s  c o m p o s e d  o f  p r i m a r y  p a r t i c l e s  as  s m a l l  a s  55  b.  

Thus, t h e  hypothesi t  s t h a t  antorphous a1 uminuni h y d r o x y c d r b o n a t e  

i s  coiltposed of  vcrly s m a l l  p r i m a r y  p a r t i c l e s  i s  s u b s t a n t i a t e c .  

The s i z e  o f  t h e  p r i m a r y  p a r t i c l e : ,  s e e n  i n  F i b u r e  6 i s  s i m i l a r  

t o  t h E  c a l c u l a t e d  s i z e  o f  t h e  p r i n i a r y  p a r t i c l e s  o f  t h e  

amorphous a luminum h y d r o x y c a r b o n a t e  ( T a b l e  2:l. The 14,500 dnd 

27,000 A p a r t i c l e s  s e e n  i n  F i g u r e s  4 a n d  5 c o r r e s p o n d  t o  t 7 e  
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PARTICLE MORPHOLOGY 

FIGURE 5 

2101 

1-liyh r e s o l  u - t i o n  t r a n s i l , i s s i o n  e l e c t r o n  p h o i i o t ~ : i c r o g r a p h  o f  s p r a y  
c r i e d  a i l i o r p h o u s  a 1  u r , t i  nutrt l l y o r o x y c a r b o n a t e  (Kyowt i )  tit 2. 
i , , a y r t i f i c a t i o n  o f  42,GGO. Tile t a r  r e p r e s e r l t s  2380 A. 

h y p o t h e s i z e d  s e c o n d a r y  p a r t i c l e s .  F i g u r e  7 r e v e a l s  t h a t  t h e  

s a m p l e  p r o d u c e d  b y  Kyowa h a s  t h e  sarrie p a r t i c l e  r l i o r p h o l o g y p  

e x c e p t  t h a t  t h e  p r i n , a r y  p a r t i c l e s  a r e  l a r g e r , ,  110  t o  270 A. 

T h e s e  r e s u l t s  a r e  s u p p o r t e d  b y  p r e v i o u s  e l e c t r o n  m i c r o s c o p e  
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2102 

FIGURE 6 

L I U  ET AL. 

s t u d i e s  o f  aluminunl h y d r o ~ i d e * ~ - ~ ~ '  and f i b r o u s  a l ~ t n i n a ~ ~  

triive revealea prirrlary p a r t i c l e s  r a n s i n s  f rom 25 t o  3700 A. 

whicn 

The p l a t y  n a t u r e  of  t h e  p r i m a r y  par t ic '1c . s  was seen whei: 

t h e  Kyowa saiiiple was examined a t  a magn i f i ca t ion  of 900,000 

(F is .  8) .  The primary p a r t i c l e  i n  t h e  cen te r  of F igure  8 h d s  a n  
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FIGURE 7 

2103 

High r e s o l u t i o n  t r a n s m i s s i o n  e l e c t r o n  photomicrograph o f  spray 
d r i e d  a r i i o r p h o u s  a 1  urr l i  num hydroxycarbonatme (Kyowa) a t  a 
m a g n i f i c a t i o n  o f  180,000. The bar  rep resen ts  550 A. 
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FIGURE 8 

L I U  ET ,4L. 

High r e s o l u t i o n  t r a n s m i s s i o n  e l e c t r o n  photor i i ic rograph o f  spray 
d r i e d  a m o r p h o u s  a l u ~ i i n u r l l  h y d r o x y c a r b o n a t o  (Kyowi;) a t  a 
m a g n i f i c a t i o n  o f  900,000. The bar  rep resen ts  11.0 A. 

e q u i v a l e n t  d iamete r  o f  880 A. It i s  e s p e c i a l l y  i n t e r e s t i n g  t o  

no te  t h e  ove r - l app ing  o f  t h e  s h e e t - l i k e  p r i m a r y  p a r t i c l e s  seen 

i n  t h e  l o w e r  c e n t e r  o f  F i g u r e  8. Thus, t h e  unders tand ing  t h a t  

amorphous a1 uminluni h y d r o x y c a r b o n a t e  i s  comlposed of sheets o f  
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f u s e d  s i x -membered  r i n g s  was  a1 s o  c o n f  i r u  e d  b y  d i r e c t  

examinat ion.  

The a i  s a g g r e g d t  i o n  and h i g h  r e s o l  u t  i o n  t r a n s r n i  s s i o n  

e l e c t r o n  m i c r o s c o p y  s t u d i e s  r e s o l v e  t h e  anomalous  r e s u l t s  

d e s c r i b e d  i n  t h e  I n t r o d u c t i o n  by r e v e a l i n g  t h a t  t h e  p r i m a r y  

p a r t i c l e 2  i n  amorphous aluminum hydroxycarbonate clre p l a t y  and 

niay be s m a l l e r  t han  55 A. Thus, t h e  d imensions o f  t h e  p r i m a r y  

p a r t i c l e  a re  r e s p o n s i b l e  f o r  t h e  h i g h  s u r f a c e  area, t h e  unique 

p H - s t a t  t i t r i g r a n ,  and t h e  c o n v e r s i o n  f r o m  a m i l k y  t o  a 

t r a n s l u c e n t  d i s p e r s i o n  upon asing. 

A f u l l  u n d e r s t a n d i n g  o f  t h e  p a r t i c l e  m o r p h o l o g y  o f  

amorphous i lun4 inurn  h y d r o x y c a r b o n a t e  g i v e s  v a l u a b l e  i n s i g h t s  

i n t o  t h e  f o r m u l a t i o n  and p r o d u c t i o n  o f  a n t a c i d  dosage fo rms .  

F o r  example ,  d i f f e r e n t  s a m p l e s  o f  s p r a y  d r i e d  amorphous 

a lum inun  hydroxycarbonate behave q u i t e  d i f f e r e n t l y  when used 

t o  p r e p  a r e  a 1 u tm i n u rn h y d r o x y  c a r b o n a t e -  m a g n e s i u m h y d r o x  i de 

a n t a c i d  t a b l e t s  ( T a b l e  3 ) .  The l o w e r  a p p a r e n t  d e n s i t y  o f  t h e  

B a r c r o f t  sample i n  comFarison t o  t h e  Kyowa sample r e f l e c t s  t h e  

s m a l l e r  p r i m a r y  p a r t i c l e s  and more porous secondary p a r t i c l e s  

o f  t h e  B a r c r o f t  sample seen i n  F igu res  4 t o  7. Wet g r a n u l a t i o n  

o f  t h e  powders  when t h e y  w e r e  i n c o r p o r a t e d  i n t o  a s t a n d a r d  

f o r m u l a t i o n  r e q u i r e d  50% more  w a t e r  f o r  t h e  g r a n u l a t i o n  

c o n t a i n i n g  t h e  B a r c r o f t  sample. T h i s  i s  a l s o  exp la ined  by t h e  

s m a l l e r  p r i m a r y  p a r t i c l e  s i z e  o f  t h e  B a r c r o f t  s p r a y  d r i e d  

amorphous aluminum hydroxycarbonate . The m o i s t u r e  c o n t e n t  o f  
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TABLE 3 

T a b l e t i n g  P r o p e r t i e s  o f  Two Samples o f  Spray D r i e d  Amorphous 
Aluminum Hydroxycarbonate 

-- -- __ 

Ba r c  r o  f t Kyowa 

Bu lk  Dens i ty ,  g/nil 0.192 0.337 

Tap Dens i ty ,  g/rril 0.742 0.453 

Volume o f  Water Requi red t o  
Granu la te  500 Tab le ts ,  m l  

344 210 

Water Content  o f  G r a n u l a t i o n  D u r i n g  
D r y i n g  i n  Forced A i r -  Oven a t  50OC, 55 

A f t e r  1 hour  23.9 20.8 

:3 hou rc; 17.5 12.9 

24 houri; 1.7 1.6 

T a b l e t  Thickness, nlm 5.7? 5.13 
__._^_____ _________ - 

t h e  g r a n u l a t i o n  c o n t a i n i n g  t h e  B a r c r o f t  s a m p l e  d u r i n g  d r y i n g  

was a l s o  h i s h e r  a l t h o u g h  b o t h  g r a n u l a t i o n s  r e a c h e d  t h e  same 

a p p r o x i m a t e  w a t e r  c o n t e n t  a f t e r  24 h o u r s  o f  d r y i n g .  The 

t 6 b l e t s  c o n t a i n i n g  t h e  B a r c r o f t  s a m p l e  w e r e  t h i c k e r  t h a r  

t a b l e t s  produced u s i n g  t h e  Kyowa saniple when t h e  cornpression 

f o r c e  wds a d j u s t e d  t o  p r o d u c e  a h a r d n e s s  o f  8 ks. T h i s  s i z e  

d i f f e r e n c e  i s  a l s o  b e l i e v e d  t o  be due t o  t h e  s m a l l e r  p r i m a r y  

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

p a r t i c l e s  o f  t h e  C a r c r o f t  s p r a y  d r i e d  amorphous a l u n i i n u m  

h y d roxy  c a r b o n d t e . 
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PARTICLE MORPHOLOGY 2107 

Thus, a l t h o u g h  t h e  p a r t i c l e  m o r p h o l o g y  o f  amorphous 

a l u m i n u m  h y d r o x y c a r b o n a t e  i s  comp lex ,  r e a l  i z a t i o n  t h a t  t h e  

b a s i c  u n i t  ( p r i m a r y  p a r t i c l e )  i s  o f  a n g s t r o m .  d i m e n s i o n s  

reso lves  a number o f  r e p o r t s  o f  a p p a r e n t l y  anomalous behav io r  

and a l l o w s  t h e  d i f f e r e n t  t a b l e t i n g  p r o p e r t i e s  o f  t w o  samples o f  

s p r a y  d r i e d  amorphous a l u m i n u n i  h y d r o x y c a r b o n a t e s  t o  b e  

understood. 
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