
1．Introduction

Recently, many research activities related to the 
application of nano particles have been conducted because 
various types of nano particles have been successfully 
fabricated1-3). Generally, handling particulate matters, 
especially nano particles, under dry conditions becomes 
difficult as the particle size decreases due to strong adhesion 
and flocculation. To solve this problem, nano particles are 
normally used as suspensions where they are suspended 
in appropriate media such as water, ethanol, and so on. 
Therefore, controlling particle dispersion state in slurry is 
very important for fabrication of better products, which 
means that a precise characterisation technique for particle-
dispersion state is necessary.

To characterise the particle-dispersion state in slurry, many 
researchers have studied it using different methods. For 
example, in ceramic processing, the particle-dispersion state 
has been characterised by measuring the apparent viscosity 
of the slurry. In many cases, the apparent viscosity decreases 
when the particles in the slurry are well dispersed. However, 
in some cases, the apparent viscosity of the slurry was 
reported to not match the particle-dispersion state4-7).

The sedimentation test is also a conventional technique 
to evaluate the particle-dispersion state in the slurry8-10). 
The sedimentation test is an easy and cost-effective method. 
However, it is not suitable for slurry with no clear interface 
between the slurry and supernatant because a reduced 

velocity at the interface is essential to estimate the particle or 
floc size, that is, the particle-dispersion state. To overcome 
the difficulty in the sedimentation test, we developed a novel 
technique based on sedimentation, namely, hydrostatic-
pressure measurement11-14). In this method, the time change 
in the hydrostatic pressure at the bottom of the slurry is 
measured during the sedimentation test. The hydrostatic 
pressure rapidly decreases when the particle forms large 
flocs. Thus, we can evaluate the particle-dispersion state by 
comparing the decreasing rate of hydrostatic pressure11-14). 
Because we can obtain the hydrostatic pressure of any slurry 
regardless of the presence of a clear interface, the hydrostatic-
pressure measurement would be a powerful tool for slurry 
characterisation. However, considering its application to 
nano-particle suspension, the applicability of this method 
is limited because the settling velocity of nano particles 
must be extremely small. Some commercial sedimentation-
test devices are available that use visible light to detect the 
settling particles in which the concentration profile of the 
settling particles is automatically recorded15,16). However, 
limitations remain.

On the other hand, other experiments that use dynamic 
light scattering (DLS) have been undertaken17,18). DLS is one 
of the particle-size measurement methods, especially for nano 
particles. Thus, the evaluation of the particle-dispersion state 
is attempted from the measured median diameter or particle-
size distribution. However, DLS is applicable only for diluted 
suspensions. In other words, incommensurable dilution of 
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Abstract
The particle-dispersion state of nano-particle suspensions was evaluated by measuring their osmotic pressure. Zirconia suspensions with 
different particle-dispersion states were prepared by adjusting the pH value of the suspension, and their osmotic pressure and particle-size 
distribution were measured. For alumina and silica suspensions, the ionic concentration was adjusted to change the particle-dispersion state, and 
their osmotic pressure and particle concentration after centrifugation were also measured. The osmotic pressure was found to decrease with an 
increase in the ionic concentration due to particle aggregation caused by compression of an electrical double layer. A good correlation between 
the osmotic pressure and particle concentration after centrifugation of the suspensions was exhibited; thus, we can conclude that the osmotic-
pressure measurement would be a useful tool to characterise the particle-dispersion state, especially for dense nano-particle suspensions.
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