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Abs t r ac t -Aluminum hydroxide sol was prepared by the sol-gel method. Dynamic lnoduli such 
as storage and loss moduli were measured to investigate the relative dominance of elastk and viscous 
contributions to the viscoelastic response ~)f aluminun-~ hydroxide sol during sol-gel transition. The 
loss modulus, a measure of viscous response, is larger Hmn the storage modtdus, a measure of elastic 
response, for the sols of low particle concentrations. But at a high partkle concentration above 15.3 
wt%, the storage modulus is found to be larger tharL the los, s moduk~s. This inversion fl,)m a viscous 
to an elastic response with the increase of particle concer:tranon i~ attributable to the formation 
of gel structures by the aggregation of dispersed p;trtkle> 

INTRODUCTION 

Sol-gel method for making glasses, ceramics, and 
composites has become an attractive and intensiw, re- 

search area in recent years due to its many advantages 
over the conventional method [1]. Aluminum hydro- 
xide sol prepared from aluminum alkoxide mainly cop.- 
sists of platelet boehmite particles dispersed in water 
[2-3]. As it becomes concentrated by the evaporation 
of water, it shows progressively less fluidity because 
of the aggregation of primary b()Om~ite particles ~md 

is finally transformed into a rigid ~<,lid known as "gel". 
During the sol-gel transition, the con,.entration of boe- 
hmite particles has a profound influence on the r h e o  
logical properties. 

The steady shear flow propertie:~ such as viscosit.y 
and yield stress have already been rep{~rted [1]. Huw- 
ever, not much information has been reported o,., 
such viscoelastic properties (dynamk m.duli) as stor- 
age and loss moduli. In this paper, the viscoelastic 
(dynamic) shear flow properties of the-aluminum hy- 

droxide sols are reported. 

EXPERIMENTAL 

Aluminum hydroxide sols were prepared from alu 

*The author to whom correspondences shoulcl be addres- 

sed. 

minum isopropo>:ide following the procedure of Yoldas 
[_4i. t lydrolysis was carried out with distilled water 
in excess (100 moles of water per mole of alkoxide) 
in a rotmd bottom flask with reflux condenser and 
stirrer After 1 hr hydrolysis at 9ffC under  vigorous 
stirri;tg, the solution was peptized by adding required 
amount of HC1 and then maintained at 90~C for 1 hr 
under stir,.ing. After peptizing, it was transferred to 
a glass beaker, which was uncovered and placed in 
an oven at 70~ until :i >~)!id-like wet gel was formed. 

Viscoelastic properties were measured with a Rheo- 

metrics Dynamic Spectrometer (RDS) [Model RDS- 
77(!0, Rheometrics, Inc., U.S.A.]. In the RDS measure- 
ments the parallel plate (diameter 35 mm) geometry 
was used. The slorage (G') and loss (G") moduli were 
measured over the frequency range of 0.1-100 Hz. For 
the determination of particle weight, samples were 
dried at 70(" in vacuum for 24-48 hrs until the con- 
stant weight wa~ maintained. 

R E S U L T S  AND DISCUSSION 

The a!uminum hydroxide sol is a colloidal system 
which mainly consists of platelet boehmite particles 
dispersed in water. As the sol becomes concentrated 
thiough the evaporation of water, the particles in it 
tend to aggregate one another by van der Waaks attrac- 
tion fi,rce E372. On lur ther  concentration, the aggre- 
g'~tes come into frequent contact and adheskm with 

53 



56 K.C. Song and I+ J. Chung 

tO 4 

E 
o \ 10 x 
CD 
C 

l o .  g wt% 

.~ G" 

o / 
]~ 10 ~ / o 

~ o 

O &  / 1:1~ 

1 0  t , , , , , , , , I  , , , , , , , , I  , , t , , , , ,  

- t  0 1 2 
10 10 10 10 

F r e q u e n c y  (r  a d / s e c )  

Fig. 1. The storage (G') and loss (g") moduli of the solu- 

tion prepared with 0.10 HCI/alkoxide at particle 

concentration of 10.9 wt%. 

E 

C- 

v 

k~ 

10 ~ 

1(}' 

10 3 / 

10 2 . . . . . . . .  t 

tO -t t 0  0 

13.  5 w t% 

+?~2 ~+ G" 

i t t i i i i 1 [  i i l _ t . J _ a . ~  

1 

10 10 2 

F r e q u e n c y  (r  a d / s e c )  

Fig. 2. The relation between storage (G') and loss (G") 
moduli at particle concentration of 13.5 wt%. 

one another. The adhesion of aggregates extends out 
through the whole suspension and can give a solid-like 
gel structure which exhibits viscoelastic properties in 
the suspension. The viscoelastic properties of the boe- 
hmite particles, covering the range of high concentra- 
tions above 10 wt%, have been measured under  oscil- 

latory shear with the RDS. 
Figs. 1-3 show the storage (G') and loss (G") moduli 

of the solutions, prepared with 0.10 HCl/alkoxide, at 
several boehmite concentrations plotted as a function 
of the angular frequency (co). It is seen in the sol of 
10.9 wt% of Fig. 1 that both G' (co) and G" (~o), as 
the measure of the elastic and viscous response of 

10 

E 
o OS \ 1 

c 

h 10 4 
(_.9 

15. 3 wt% 

m'  

z~ ~ ,  ~ ~ ' / z j ~  

o~- -o - -o  - - 9 ~ o - - ~ 1 7 6 1 7 6  

G" 

~ . C }  3 i i , l t l l l l  I I I I J J J l l  L I L l l l l J  

-1 0 
10 10 10 t 10 2 

F r e q u e n c y  ( r  a d / s e c )  

Fig. 3. The relation between storage (G') and loss (G") 

moduli at particle concentration of 15.3 ~t%. 

the system respectively, increase almost linearly with 
the increase of the frequency. Over the almostly entire 
frequency range, it is found that G" (co)>G' (m) indica- 
ting that the viscous response is more significant than 
the elastic response at this particle concentrauon. 

The effect of the increase of the particle concentra- 
tion is considered in Fig. 2. For the sol of 13.5 wt%, 
G' (co) crosses over the G" (co) at the frequency of 
around 5 •  10 ' rad/sec, and further increase of parti- 
cle concentration makes G' (co) exceed G" (co) as 
shown in Fig. 3. At the boehmite concentration of 15.3 
wt% both G' (co) and G" (m) moduli remain nearly 
constant with frequency in Fig. 3, which indicates the 
feature of a geMike system [5]. 

According to the explanation of Sacks I-6] for silica 

systems, the increase in the loss modulus reflects the 
rapid increase in effective solid loading by the microgel 
formation, whereas the increase in the storage, mod- 
ulus means an extensive particle-particle interaction 
and network structure development. The same princi- 
ple can be applied to the boehmite system: At the 
low concentration of 10.9 wt% the particle interactions 
and gel structure formation in the sol are less domi- 
nant than the energ7 dissipation during flow due to 
the solid loading and hence G" (co)>G' (r At the 
high particle concentration of 15.3 wt% the storage 
modulus G' has higher values than the loss modulus 
G" because of the development of particle interactions 

and gel structure.. 
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