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Effects of particle concentration and additive amount of 
dispersant on adsorption behavior of dispersant  
to alumina particles
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We investigated the effects of particle concentration and an additive amount of a dispersant on the adsorption behavior of 
dispersant. Ammonium polycarboxylate, one of the typical polyelectrolyte was used as a dispersant in this study. Alumina slur-
ries were prepared by changing the concentrations of both the particle and dispersant and kept in a test tube for at least 2 d. 
After that, the adsorbed dispersant amount was calculated from the residual dispersant concentration measured by a total 
organic carbon analyzer. It was found that the adsorbed dispersant amount strongly depends on the additive dispersant 
amount on the basis of the unit mass of particles in the slurry regardless of the particle concentration. It was also shown that 
polycarboxylic acid strongly absorbs onto an alumina surface and can not be desorbed by dilution, suggesting that its adsorp-
tion behavior differs from physical adsorption.
©2009 The Ceramic Society of Japan. All rights reserved.
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1. Introduction
It is very important to control the particle dispersion state of 

slurries in order to produce better products in wet shaping pro-
cesses. In an aqueous system we can control it by adjusting the 
pH value of the slurry or by adding some dispersant, such as 
polyelectrolyte, or by using both methods. In the case of using a 
dispersant, it is important to know how it adsorbs on particles. 
Many investigations1)–10) related to the effect of an additive 
amount of dispersant on the particle dispersion state have been 
performed and it has been reported that the assembling state of 
particles in a slurry can be changed as a network, well dispersed, 
and a weakly flocculated state increasing with additive 
amount.1),2),6)–10) The change in the assembling state should be 
strongly influenced by the amount of adsorbed dispersant. When 
we prepare the slurries, having the same particle dispersion state 
in different particle concentrations, it appears to be necessary 
that the adsorbed amount of dispersant per unit surface area of 
particles in each of the slurries should be the same. In other 
words, supposing to conventional physical adsorption, the resid-
ual concentration of dispersant at the equilibrium state should be 
the same in order to obtain the same adsorbed amount in slurries 
with different particle concentrations. However, Unuma et al.11)

investigated the adsorbed amount of polycarboxylate to alumina 
particles changing particle concentration and reported that the 
adsorbed amounts were not the same in slurries with different 
particle concentration even if the residual concentrations of dis-
persant at the equilibrium state were nearly the same. Although 
other researchers12)–23) have also investigated the adsorption 
behavior of various dispersant to ceramic particles, there are 

unfortunately only a few papers22),23) focused on the effect of par-
ticle concentration, thus, the universality of the above adsorption 
behavior is still unclear. Therefore, the aim of this paper is to 
measure the adsorbed amount of a polyelectrolyte type dispers-
ant in a wide rage of both particle and dispersant concentrations 
and to thoroughly discuss their effects on its adsorption behavior.

2. Experimental procedures

2.1 Measurement of adsorption amount of poly-
electrolyte to alumina particles

The raw material was alumina powder with an average particle 
size of 0.48 μm (Sumitomo Chemical Co., AES–11E). The pow-
der contains 0.11% of MgO as a sintering aid, according to infor-
mation from the supplier. Figure 1 shows the zeta potential of 

† Corresponding author: T. Mori; E-mail: tmori@nuce.nagoya-u. 
ac.jp Fig. 1. Effect of slurry pH on zeta potential.
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this powder. The isoelectric point of this powder is about pH 8.8. 
An ammonium salt of polycarboxylate and distilled water were 
used as a dispersant and medium, respectively. Slurries were pre-
pared by ball milling for 1h with 0.7 kg alumina balls with a 
diameter of 5 mm in a 2L polyethylene pot. The prepared slurries 
were poured into a test tube with a diameter of 2 cm and then 
allowed to settle under gravity for 2 d. After the pH value of the 
slurry was measured, the slurry was centrifuged by a commercial 
centrifuge (Kokusan Co., H–1000R) and then the supernatant 
was sampled. The dispersant concentration of the supernatant 
was measured by a total organic carbon analyzer (Toray 
Engineering Co., Ltd., TOC–650). The prepared particle 
concentration of slurry was changed from 2.5 to 35 vol%. The 
additive amount of dispersant was also changed from 0.5 to 6.0 
mg·g–1–Al2O3. The adsorbed amount of polyelectrolyte to alu-
mina particles were determined by deducting the measured poly-
electrolyte amount in the supernatant from the additive amount.

2.2 Measurement of adsorbed amount of dispers-
ant to calcined bodies

It is important to be aware that the dispersant trapped by set-
tling particles during gravitational and centrifugal settling could 
be included in the adsorbed amount of dispersant in the above 
measurement. Thus, we verified how much dispersant was 
trapped by settling particles through the following experiment. 
First an alumina paste was prepared from the alumina powder 
and distilled water and then the paste was dried and calcined at 
1000°C, where no volume shrinkage of the calcined bodies was 
observed. The average size of the calcined body was about 1 cm. 
The calcined bodies were put into a plastic container and then the 
dispersant solution with various concentrations was poured into 
it. The time change of the adsorbed amount of dispersant to the 
calcined bodies was determined from the measurement of 
dispersant concentration by TOC. The apparent volume ratio of 
calcined bodies to the dispersant solution was equal to 1:4 or 1:9, 
corresponding to the volumetric concentration of alumina of 5 or 
10%.

2.3 Observation of desorption behavior of dis-
persant

In order to discuss the adsorption mechanism of the dispersant 
to the alumina surface, the desorption behavior was observed as 
follows.

First, a 10 vol% slurry was prepared. The additive amount of 
dispersant was 1.6 mg·g–1–Al2O3. The prepared slurry was 

poured into a test tube and allowed to settle for 2 d. After that, 
the slurry was centrifuged and then the sampled supernatant was 
analyzed by TOC. And then the same volume of distilled water 
with the eliminated supernatant was poured into the test tube and 
then it was mixed in an ultrasonic bath until the sediment was 
re-dispersed into the liquid. After that the slurry was allowed to 
settle for 2 d again and then centrifuged for the measurement of 
dispersant concentration in the sampled supernatant. The 
desorbed amount of dispersant was determined by the difference 
between its concentrations before and after dilution. These 
dilution procedures were repeated 3 times and the desorption 
behavior was observed.

2.4 Adsorption behavior of residual dispersant
In order to discuss the adsorption behavior of the dispersant 

to the alumina particles, the following experiment was con-
ducted. First, the slurry with a particle concentration of 10 vol% 
and an additive amount of dispersant of 3.6 mg·g–1–Al2O3 was 
prepared from the alumina particles, the dispersant and distilled 
water, and then the prepared slurry was allowed to settle in a test 
tube for 2 d. After that, we sampled the supernatant by centrifu-
gation and measured the dispersant concentration by TOC. Then 
we prepared an additional slurry with a particle concentration of 
2.5 or 5.0 vol% using the sampled supernatant instead of the 
original dispersant solution. The slurry was stirred in an ultra-
sonic bath and then kept for 2 d in a test tube again. Finally the 
supernatant was sampled by centrifugation and the dispersant 
concentration was measured.

3. Results and discussion
3.1 Adsorbed amount of dispersant to alumina 

particles
Figure 2 shows the time change of adsorbed amount of 

dispersant for the slurry with a particle concentration of 10 vol% 
and an additive amount of dispersant of 2.4 mg·g–1–Al2O3. The 
adsorbed amount becomes nearly constant after 1 d, thus, the 
adsorbed amount of dispersant was measured at least 2 d after 
slurry preparation in the following experiments.

Figure 3 shows the adsorption isotherms of slurries with var-
ious particle concentrations. In this figure, the adsorbed amounts 
of dispersant per unit mass of particles are plotted as a function 
of the residual concentration of dispersant at the equilibrium 
state. It is curious that the adsorption isotherms do not start from 

Fig. 2. Effect of keeping time on the adsorbed amount of dispersant.
Fig. 3. Effect of residual dispersant concentration on the adsorbed 
amount of dispersant for slurries with different particle concentration.
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the origin of the coordinates. Therefore, the blank value was 
checked, that is, we only measured the carbon concentration in 
the slurry prepared from only alumina powder and distilled 
water. Since the blank value of the slurry was not zero, we 
revised the adsorption isotherms in Fig. 3 by deducting the blank 
value from the measured carbon concentration.

Figure 4 shows the revised adsorption isotherms. From this 
figure, it is shown that the adsorption isotherms influenced by the 
particle concentration, suggesting that the adsorption of dispers-
ant to the alumina particles is not physical adsorption.

On the other hand, Fig. 5 shows the relationship between the 
adsorbed amount of dispersant and the additive amount of dis-
persant per unit mass of particles. From this figure, it is clear that 
the changes of the adsorbed amount for the slurry with various 
particle concentrations are on the same line, revealing that the 
adsorbed amount of dispersant depends on only the additive 
amount of dispersant per unit mass of particles. Furthermore, 
looking at the region where the adsorbed amount linearly 
increased with the additive amount, the added dispersant adsorbs 
about 70%, not 100%. Moreover, it is quite unique that the 
adsorbed amount had a local maximum and after reaching the 
maximum value, the adsorbed amount gradually decreases with 
an increase in the additive amount.

From these results, the adsorption behavior of polyelectrolyte 

type dispersant to the alumina powder must be different from 
physical adsorption, thus, we are still investigating the cause of 
this unique adsorption behavior.

3.2 Effect of trapped dispersant on measuring 
adsorbed amount

Figure 6 shows the adsorbed amount of dispersant to the cal-
cined bodies. The adsorbed amount increases with time and in 
this experiment with an apparent volumetric concentration of 
5%, the adsorbed amount almost reached the same value in the 
case of alumina particles with the same particle concentration. 
Comparing these adsorbed amounts of dispersant, it required a 
longer time as the dispersant was hard to diffuse in the small 
pores of the calcined bodies, however, we can conclude that the 
effect of trapped dispersant on the measured adsorbed amount is 
minimal.

3.3 Effect of slurry pH on adsorption behavior
Possible factors that may affect the adsorption behavior of dis-

persant are the surface charge of particles, the dissociation 
degree and the conformation of dispersant. Generally, they are all 
strongly influenced by the pH value of the solution. Figure 7
shows the pH of the slurries used in this study. For all slurries 

Fig. 4. Revised adsorption isotherms in consideration of a blank test.

Fig. 5. Effect of the additive amount of dispersant on the adsorbed 
amount of dispersant.

Fig. 6. Adsorbed amount of dispersant on calcined bodies.

Fig. 7. Effect of the additive amount of dispersant on slurry pH.
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with various particle concentrations, the pH value depends only 
on the additive amount of dispersant per unit mass of particles. 
In addition all these pH values are bigger than the isoelectric 
point of the alumina powder, indicating that all particles are neg-
atively charged. Considering polycalboxylate is an anionic poly-
mer, we can conclude that the polycarboxylic acid does not 
adsorb to the alumina surface due to the electrostatic attractive 
interaction. Moreover, in previous works,12),13),24),25) the dissocia-
tion degree of the polycarboxylate is virtually constant in the pH 
range of this study, thus, the main factor causing the above 
adsorption behavior should not be the pH value.

3.4 Desorption behavior of dispersant
Figure 8 shows the desorption behavior of dispersant. In this 

figure, the dispersant concentration and the adsorbed amount are 
plotted as a function of the number of dilution. The adsorbed 
amount is almost constant while the dispersant concentration 
decreases due to dilution, indicating that the dispersant strongly 
adsorbs to the alumina surface and hardly desorbs in this system. 
From the above discussion regarding slurry pH, the electrostatic 
attraction may be negligible, therefore, the following two factors 
may possibly be a cause for the strong adsorption; firstly, as 
Santhiya et al.15) reported, the chemical interaction between the 
alumina surface and carboxyl group of the dispersant exists and 
causes the strong adsorption. Secondly, the dispersant adsorbed 
to an alumina particle has a lot of adsorption points, and all of 
these points are not removed at the same time, resulting in the 
strong adsorption. However, further investigation is needed to 
make the mechanism of the strong adsorption clear.

3.5 Adsorption behavior of residual dispersant
Figure 9 shows the comparison of the adsorbed amounts 

between the original dispersant solution and the supernatant con-
taining the residual dispersant. As we mentioned in Fig. 5, 30% 
of the added dispersant does not adsorb to the alumina surface 
and still remains in the solution at the equilibrium state, and the 
ratio of the non-adsorbed amount to the added amount is almost 
constant in the range of the additive amount of dispersant where 
the adsorbed amount increases linearly with the added amount. 
If supposing that there are two components in the original dis-
persant solution, that is, one is the component which can adsorb 
to the alumina surface and the other which somehow cannot 
adsorb; the mysterious ratio can be explained. However, contrary 
to the above hypothesis, the residual dispersant sampled from the 
slurry at the equilibrium state adsorbed to the alumina particles 
even though the adsorbed amount is relatively small in Fig. 9. 

From these results, we can conclude that the residual dispersant 
remaining in the solution of the slurry at the equilibrium state can 
adsorb if encountering another fresh surface of alumina.

4. Conclusions
We systematically measured the absorbed amount of dispersant

over a wide range of both particle and dispersant concentrations. 
The following conclusions related to the adsorption of dispersant 
to the alumina surface were obtained.

(1) The adsorbed amount of dispersant is solely dependent 
on the additive amount of dispersant per unit mass of alumina 
particles, and not dependent on the dispersant concentration nor 
the particle concentration.

(2) The adsorbed amount of dispersant increases linearly 
until the local maximum value and then gradually decreases as 
the additive amount of dispersant increased. In addition, the ratio 
of the adsorbed amount to the additive amount of dispersant is 
almost constant and not unity before reaching the local maximum.

(3) The dispersant strongly adsorbs to the alumina particles, 
thus, the adsorbed dispersant can not be removed easily by 
means of dilution.

(4) The residual dispersant in the supernatant sampled from 
the slurry at the equilibrium state show another adsorption when 
encountering a fresh alumina surface.
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