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ADSTRACT 

The c a p i l l a r y  s u c t i o n  t i c i n e  o f  s u s p e n s i o n s  o f  3 d r i e d  

a lu r~ inur r i  hydrox ide  powders c o r r e l a t e d  w i t h  t h e  s u r f a c e  area o f  

t h e  powders  de te r r r l i ne t i  by n i t r o g e n  a d s o r p t i o n  i f  t h e  s o l  i d s  

con ten t  and t h e  aggregat ion  s t a t e  were c o n t r o l l e d .  T h i s  rnethod 

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

s o l i d s  as it avo ids  p o s s i b l e  changes i n  s u r f a c e  area caused by 

d r y i n g  t h e  suspension. 
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518 KONECHNIK ET AL.  

INTRODUCTION 

The s u r f a c e  a r e a  o f  5 s o l  i d  suspended i n  a 1 i q u i d  rrlediuiii 

i s  a ve ry  i m p o r t a n t  p r o p e r t y  o f  d i s p e r s i o n s  which has proved t o  

be r e f r a c t o r y  t o  nleasurerrient. The niost w i d e l y  used rriethod t o  

c h a r a c t e r i z e  t h e  s u r f a c e  a r e a  o f  a suspended s o l i d  i s  t o  d r y  

t h e  suspension t o  a powder and t o  detertr i ine t h e  s u r f a c e  area o f  

1 t h e  powder  b y  gas  a d s o r p t i o n  . T h e r e  i s  c o n c e r n  t h a t  t h e  

d r y i n g  process can l e a d  t o  aggregat ion  o r  p a r t i c l e  g r c w t h  which 

w i l l  a f f e c t  t h e  s u r f z c e  area measured by 2as adsorp t ion .  Thus, 

a method i s  needec! w h i c h  c o u l t i  b e  r e l c t e d  t o  t h e  s u r f a c e  a r e a  

o f  t h e  s u s p e n d e u  s o l i d  b u t  w h i c h  d o e s  n o t  r e q u i r e  t h e  

suspension t o  be dr ied .  

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

v e h i c l e  i n  a suspension t o  t r a v e l  by c a p i l l a r y  f o r c e s  i ietweon 

t h e  f i b e r s  o f  a f i l t e r  paper f o r  a s tandard  d i s t a n c e  s e t  by t w o  

s e n s i n g  e l e c t r o d e s L .  P r e v i o u s  s t u d i e s  have shown t h a t  t h e  

c a p i l l a r y  s u c t i o n  t i t i l e  i s  dependen t  on t h e  suspended s o l  i d s  

I t  was be1 i e v e d  t h a t  

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

c a p i l l a r y  s u c t i o n  tir i ie. Therefore, a s tudy  was under taken t o  

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

sur face  area o f  a s o l i d  d ispersed i n  a l i q u i d  medium. Alurliinuni 

h y d r o x i d e  was s e l e c t e d  f o r  s t u d y  because  d r y i n g  i s  known t o  

a f f e c t  p r o p e r t i e s  w h i c h  a r e  r e l a t e d  t o  s u r f a c e  a r e a r  such as 

t h e  r a t e  o f  a c i d  n e u t r a l i z a t i o n 4 .  

c o n t e n t  2 and p a r t i c l e   interaction^^'^. 
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F XPF RI MF, NTAl 

T h r e e  s a m p l e s  o f  d r i e d  a l u m i n u m  h y d r o x i d e  ( B a r c r o f t ,  

Lewes, DE) and one sample o f  aluniinuni hyd rox ide  g e l  (Chattern, 

Chattanooga, TN) were s tud ied.  The e q u i v a l e n t  aluminum o x i d e  

c o n t e n t  was de termined by c h e l a t o m e t r i c  t i t r a t i o n 5 .  The p o i n t  

o f  z e r o  c h a r g e  was d e t e r m i n e d  by c o n t i n u o u s  t i t r a t i o n  . 
C a p i l l a r y  s u c t i o n  t i m e  measuremen ts  were  made w i t h  a T r i t o n  

C.S.T. apparatus Type 130 ( T r i t o n  E l e c t r o n i c s ,  Essex, England) 

u s i n g  t h e  24 nirn c y l i n d e r  and Wickman CST f i l t e r  paper ( T r i t o n  

E lec t ron i cs ,  Essex, England). Sur face  area measurements on t h e  

d r i e d  a l u m i n u m  h y d r o x i d e  were  niade u s i n g  a t h r e e  p o i n t  B.E.T. 

method w i t h  n i t r o g e n  a d s o r p t i o n  (Quantasorb, 05-4, Greenvale, 

N.Y.) .  S a m p l e s  w e r e  c o n d i t i o n e d  b y  r u n n i n g  o n e  

adso rp t i on /deso rp t i on  c y c l e  u s i n g  10% v/v  n i t r o g e n  i n  he1 iuni. 

6 

RESULTSMDISCUSSION 
6 

w h i c h  i s  c h a r a c t e r i z e d  by t h e  p o i n t  o f  z e r o  c h a r g e  (PZC). 

S ince  p a r t i c l e  i n t e r a c t i o n s  i n  aluminum hyd rox ide  suspensions 

have been r e l a t e d  t o  t h e  s u r f a c e  charge,  as  c h a r a c t e r i z e d  by 

(PZC-pHI6, t h e  e f f e c t  o f  pH on t h e  c a p i l l a r y  s u c t i o n  t i m e  o f  an 

aluminum hyd rox ide  g e l  was determined. The PZC o f  t h e  saniple 

was f o u n d  t o  be 6.75. As seen i n  F i g u r e  1, t h e  c a p i l l a r y  

s u c t i o n  t i n r e  depends on  t h e  (PZC-pH) r e l a t i o n s h i p .  T h i s  i s  

seen most c l e a r l y  i n  t h e  suspension c o n t a i n i n g  9.32% e q u i v a l e n t  

a l u m i n u m  o x i d e  ( F i g .  1, l i n e  A). The l o w e s t  v a l u e  o f  t h e  

A lun l inun i  h y d r o x i d e  has  a pH-dependent  s u r f a c e  c h a r g e  
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520 KONECHNIK ET AL. 

c a p i l l a r y  s u c t i o n  t i m e  ( a p p r o x i m a t e l y  60  sec.) was o b s e r v e d  

between pH 6 and 9. T h i s  pH r e s i o n  i nc ludes  t h e  PZC. Thus, i t  

was assunied t h a t  t h e  s u s p e n s i o n  was f l o c c u l a t e d  i n  t h i s  pH 

r e s i o n .  The o b s e r v a t i o n  t h a t  t h e  i i i ini i l iur.1 c a p i l l a r y  s u c t i o n  

t i t i l e  o c c u r s  when t h e  pH i s  a d j u s t e d  t o  t h e  PZC i s  L b i i b i L i e n t  

w i t h  t h e  f a s t e r  f i l t r a t i o n  r a t e  w l i i c h  i s  c h a r a c c e r i L L i c  o f  

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

suspensions’. Prev ious  s t u d i e s  o f  a1uti:inuni hydrox ide  ge l  have 

shown t h a t  t h e  appareri i  v i s c o s i t y 6  i s  a t  a t,taxir.iunl and t h a t  t h e  

d i f f u s i o n  c o e f f i c i e n t  i s  a t  a riliriimue-18 when t i l e  p~ i s  equal t o  

t h e  PZC. FurtherrrroreJ these p r o p e r t i e s  were asytnriietric about 

t h e  PZC i n  a s i m i l a r  f ash ion  as t h e  c a p i l l a r y  s u c t i o n  t i r i l e  seer! 

i n  F i g u r e  I J  l i n e  A. 

The c a p i l l a r y  s u c t i o n  t i r i l e  i n c r e a s e d  when t h e  ptl  was 

reduced below pti 0. Lower ing  t h e  pH causes t h e  sur face  charge 

-Lo become i n c r e a s i n g l y  p o s i t i v e  a c c o r d i n g  t o  t t i e  f o l l o w i n g  

e q u a t i o n  9 . 
Surface P o t e n t i a l  = 59.16 mV (PZC-pH) 

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

d i s p e r s e d  s u s p e n s i o n .  A s e c o n d  pH r e g i o n  e x h i b i t i n g  a 

r e l a t i v e l y  cons tan t  c a p i l l a r y  s u c t i o n  t i i i i e  o c c u r s  be tween  pH 

4.0 and 4 . 8 J  i.e., when t h e  s u s p e n s i o n  i s  d i s p e r s e d .  T h u s J  t h e  

e a r l i e r  s t u d i e s z J 3  were  c o r r e c t  i n  c o n c l u d i n g  t h a t  p a r t i c l e  

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

studyJ t h e  aluminum hydrox ide  ge l  had a c a p i l l a r y  s u c t i o n  t i m e  
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CAPILLARY SUCTION TIME OF SUSPENSIONS 521 

p loo I 2 O l  

0 6 60 
3 
V J  

FIGURE 1 

E f f e c t  o f  pH on  t h e  c a p i l l a r y  s u c t i o n  t i m e  o f  an a lum inu rn  
hyd rox ide  g e l  Conta in ing:  A, 9.32% e q u i v a l e n t  zluni inum oxide; 
o r  tir 3.11% e q u i v a l e n t  a l u m i n u m  o x i d e .  The p o i n t  o f  z e r o  
c h a r g e  i s  6.75. 

o f  a p p r o x i i l l a t e l y  60 sec. when i n  t h e  f l o c c u l a t e d  s t a t e  and a 

c a p i l l a r y  s u c t i o n  t i m e  o f  a p p r o x i m a t e l y  120 sec. when i n  t h e  

d i s p e r s e d  s ta te .  

The e f f e c t  o f  pH on  t h e  c a p i l l a r y  s u c t i o n  t i h e  o f  t h e  

a lun i i num h y d r o x i d e  g e l  was n o t  as a p p a r e n t  when t h e  s o l i d s  

c o n t e n t  was reduced t o  3.11% e q u i v a l e n t  alurtiinum o x i d e  (Fig. 1, 

l i n e  B ) .  T h i s  o b s e r v a t i o n  i s  n o t  s u r p r i s i n g  as p a r t i c l e  

i n t e r a c t i o n s  i n  suspensions a r e  d i r e c t l y  r e l a t e d  t o  t h e  number 

10 o f  p a r t i c l e s  i n  t h e  suspension . The c a p i l l a r y  s u c t i o n  t rite 

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

content. Baskev i l  l e  and Gale2 noted t h a t  t h e  sol i d s  c o n t e n t  o f  
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522 KONECHNIK ET AL. 

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

g i ven  vcjluriie o f  f i l t r a t e ,  t h e  t h i c k n e s s  o f  t h e  cake and, thus, 

i t s  r e s i s t a n c e  t o  f l o w  w e r e  r e l a t e d  t o  t h e  s o l i d s  c o n t e n t .  

Thus, F i g u r e  1 a l s o  c o n f i r m s  t h e  e a r l i e r  c o n c l u s i o n  t h a t  

c a p i l l a r y  s u c t i o n  t i m e  i s  dependen t  on  t h e  s o l i d s  c o n t e n t  . 
Therefore, b e f o r e  c a p i l l a r y  s u c t i o n  t i m e  can be r e l a t e d  t o  t h e  

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

i.e., f l o c c u l a t e d  o r  dispersed, and t h e  s o l i d s  c o n t e n t  must be 

def ined.  

2 

The u t i l i t y  o f  c a p i l l a r y  s u c t i o n  t i1i .e f o r  c h a r a c t e r i z i n s  

t h e  s u r f a c e  a r e a  o f  a suspended s o l i d  was e v z l u a t e d  by 

exai ir ining 3 samples o f  d r i e d  alurrlinu\ii hydrox i t ie  hav ing  s u r f a c e  

a r e a s  o f  8 3 ,  94 and 106 iii / s  as d e - t e r a i n e d  by g z s  a d s o r p t i o n .  

The e f f e c t  o f  p a r t i c l e  i n t e r a c t i o n s  was s t u a i e d  f i r s t .  A 

s u s p e n s i o n  was p r e p a r e d  i n  d e i o n i z e d  t i i s - t i l l e u  w a t e r  b y  a 

mechanical s t i r r e r  and t h e  pH was a t i jus ted  w i t h  e i t h e r  1 li tJ6OH 

o r  1 t i  HC1. As seen i n  F i S u r e  2 ,  t h e  c a p i l l a r y  s u c t i u n  t i r , i e  o f  

a 30% w / w  s u s p e n s i o n  o f  a t i r i e d  a lu tn inuI I?  h y d r o x i d e  t i z v i n g  a 

s u r f a c e  a r e a  of  94 iil was a t  a r i i inimurn b e t w e e n  pH 7.4 and 

9.4. As noted f o r  t h e  all iniinuni hyd rox ide  ge l  s t u d i e d  i n  Ficjure 

1, t h i s  pH r e g i o n  encompasses t h e  p o i n t  o f  z e r o  charge.  The 

c a p i l l a r y  s u c t i o n  t i m e  increased ve ry  s h a r p l y  when t h e  pH was 

ad jus ted  below 7.0. The d ispersed suspension apparen t l y  formed 

a v e r y  dense s e d i m e n t  w h i c h  r e s i s t e d  t h e  o u t f l o w  o f  w a t e r .  

Thus, t h e  e f f e c t  o f  pH on t h e  c a p i l l a r y  s u c t i o n  t i m e  f o r  an 

2 

2 
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CAPILLARY SUCTION TIME OF SUSPENSIONS 523 

FIGURE 2 

E f f e c t  o f  pH on t h e  c a p i l l a r y  s u c t i o n  t i m e  o f  a 30% w / w  d r i e d  
a luminum hydrox ide  suspension. The su r face  area o f  t h e  d r i e d  
aluminum hydrox ide  was 94 ni / g  and t h e  p o i n t  o f  ze ro  charge was 
8.45. 

2 
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524 KONECHNIK ET AL. 

a luminurn  h y d r o x i d e  g e l  (F ig .  1) and a s u s p e n s i o n  o f  d r i e d  

a lun l i nu r ,~  h y d r o x i d e  ( F i g .  2 )  l e d  t o  t h e  c o n c l u s i o n  t h a t  t h e  pH 

s h o u l d  be a d j u s t e d  t o  t h e  PZC i n  o r d e r  t o  o b t a i n  r e p r o d u c i b l e  

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

t i  t ~ e .  

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

alui: . i i f iunl h y d r o x i d e  on t h e  c a p i l l a r y  s u c t i o n  t i r n e  was a l s o  

s t u d i e t i .  A s e r i e s  o f  s u s p e n s i o n s  was p r e p a r e d  c o n t a i n i n g  

between 1 anG 30% w/n o f  t h e  d r i e d  a1uri:inuiii hyclroxide hav ing  ii 

s u r f a c e  a r e a  o f  94  ~li /g. The pH o f  each s u s p e n s i o r  wi.s 

a d j u s t e d  t o  8.45, t h e  PZC. As seen i n  T a b l e  1, v i r + u ? l l y  

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

t i r o e s  o f  0.5, 4 o r  20 hours .  T h e r e f o r e ,  1 h o u r  was chosen  t s  

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

a 1 u 111 i nu rli h y a r o x  i de. 

2 

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

t i m e  t o  c h a r a c t e r i z e  t h e  s u r f a c e  a r e a  o f  d r i e d  a l u r , ~ i n u m  

hydrox ide  suspensions was de te r r i i ned  by p r e p a r i n g  suspensions 

o f  t h e  3 sar i ip les o f  d r i e d  a l u m i n u m  h y d r o x i d e  i n  w h i c h  t h e  pH 

was ad jus tec  t o  t h e  PZC (Tao le  2) .  

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

h y d r o x i d e  s u s p e n s i o n s  w e r e  v i r t u a l l y  i d e n t i c a l  a t  s o l  i d s  

c o n t e n t s  up t o  20% even though t h e  s u r f a c e  area o f  t h e  powders 

ranged  f r o m  83 t o  106 m2/g. However, t h e  c a p i l l a r y  s u c t i o n  

t i m e s  were c l e a r l y  d i f f e r e n t  f o r  t h e  3 suspensions a t  a s o l i d s  
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TABLE 1 

E f f e c t  o f  H y c l r a r i o n  Tir,ie on  t h e  C t p i l l a r y  S u c t i o n  T i m e  o f  
Suspensions o f  2 D r i e d  Aluniinurn Pyclroxide EdvinL d Sur face  Area 
o f  94 iri2/2. The p H  H a s  A d j u s t e d  t o  8.45, t n e  P o i n t  o f  Z e r o  
Charge 

1 C a p i l l a r y  Suc t i on  Tiilie sec 

D r i e d  Pa l  u u i  nuill 
t lyar'oxide 
;; w / w 0.5 t i  4h  2C h 

0 3.8 (0) 3.8 ( 0 )  3.8 ( @ I  

1 7.5 ( 0 . 6 )  7.1 (0.6) 8.0 (0 .4 )  

5 9.9 (0 .1 )  10.0 (0.4) 6.7 (0.4) 

10 11.4 (0.1) 10.6 (0.1) 11.3 (1.3)  

15 12.7 (0.9) 12.7 (0 .5)  12.4 ( G . 8 )  

2c 15.3 ( C . 1 )  15.G (0.2) 14.5 (0 .6)  

30 31.9 ( 0 . 4 )  34.3 (0.6) 34.9 (1.1) 

c o n t e n t  o f  30% w / w .  I n  f a c t ,  t h e  c a p i l l a r y  s u c t i o n  t i m e s  o f  

t h e  3 d r i e d  aluminum hyd rox ide  suspensions a t  a s o l i d s  c o n t e n t  

o f  30% w / w  e q u i v a l e n t  alurr,inunl o x i d e  were d i r e c t l y  r e l a t e d  t o  

t h e  s u r f a c e  a r e a  o f  t h e  powder  a s  d e t e r m i n e d  by n i t r o g e n  

adso rp t i on  (Fig. 3 ) .  The R2 va lue  f o r  t h e  l i n e a r  r e l a t i o n s h i p  

seen i n  F i s u r e  3 was 0.998. Thus, t h e  c a p i l l a r y  s u c t i o n  t i m e  

o f  a d r i e d  alurninuni hyd rox ide  suspension i s  d i r e c t l y  r e l a t e d  t o  
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Tab le  2 

KONECHNIK ET AL. 

E f f e c t  o f  S o l i d s  C o n t e n t  on t h e  C a p i l l a r y  S u c t i o n  Tir: le o f  
Suspensions o f  D r i e d  Aluminum Hydrox ide  Having Var ious  Sur face  
Areas. The pH Was Ad jus ted  t o  t h e  P o i n t  o f  Zero Charge o f  Each 
D r i e d  Aluciinum Hydroxide. 

1 C a p i l l a r y  S u c t i o n  Tin,e sec 

D r i e d  Aluminum 
Hydrox ide 

% w / w  Sample l2 Sample 23 Sample 34 

1 7.5 (0.8) 7.5 (0 .6)  6.1 (0.6) 

5 9.5 (0.6)  9.9 (0 .1)  10.6 (1 .0 )  

10 11.0 ( 0 . 2 )  11.4 ( 0 . 1 )  10.8 ( 0 . 6 )  

15 11.5 (0.7) 12.7 (0.9) 11.7 (0.1) 

20 14.0 (0.7) 15.3 (0.1)  13.0 (0 .2)  

30 21.9 (0.2) 31.9 (0 .4)  45.1 (5 .9)  

'Mean (s tandard  d e v i a t i o n )  o f  t w o  t r i a l s  

283 rn2/g; pH = PZC = 8.35 

394 ni2/g; pH = PZC = 8.45 

4106 n?/g; pH = PZC = 8.43 D
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FIGURE 3 

R e l a t i o n s h i p  b e t w e e n  c a p i l l a r y  s u c t i o n  t i m e  o f  30% w / w  
s u s p e n s i o n s  o f  3 d r i e d  a lun i i num h y d r o x i t i e  powders  and t h e  
s u r f a c e  area o f  t h e  powder de termined by gas adsorpt ion.  The 
pH o f  each suspension was ad jus ted  t o  t h e  p o i n t  o f  ze ro  charge. 
R2 = 0.998. 

t h e  s u r f a c e  area o f  t h e  powder i f  t h e  proper  s o l i d s  c o n t e n t  and 

(PZC-pH) r e l a t i o n s h i p  a r e  se lected.  

The c a p i l l a r y  s u c t i o n  t i m e  may be u s e f u l  i n  c h a r a c t e r i z i n g  

t h e  s u r f a c e  area o f  suspended s o l i d s  i f  t h e  s o l i d s  c o n t e n t  and 

a g g r e g a t i o n  s t a t e  a r e  c o n t r o l  l e d .  T h i s  method i s  a t t r a c t i v e  

f o r  a p p l i c a t i o n  t o  a l u m i n u m  h y d r o x i d e  g e l  because it a v o i d s  

changes i n  t h e  s u r f a c e  a r e a  caused  by t h e  d r y i n g  p r o c e s s  
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528 KONECHNIK ET AL. 

r e q u i r e d  f o r  t h e  s tandard  sas a d s o r p t i o n  inethod o f  d e t e r m i n i n g  

s u r f a c e  area. 
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