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1. Introduction

Processing of particle dispersion is frequently encountered in many areas such as paints, composite materials, ceramics, electronic industry, polymers and so on. Generally, the flow of particle dispersions shows highly non-Newtonian behaviors even though they are suspended in Newtonian medium [1,2]. Moreover, the deviation from the Newtonian flow behaviors becomes pronounced at high volume fractions and under strong flow field. When the particle volume fraction is very low, the suspension behaves like a Newtonian fluid as the medium solvent. However, as the solid concentration increases, non-Newtonian behaviors are observed at high shear rates. Semi-dilute or moderately concentrated suspension displays shear thinning and high-shear-rate limiting viscosity. When the particles are highly concentrated, the suspension undergoes shear thickening in a continuous or discontinuous fashion by formation of three dimensional particle clustering. When the imposed flow becomes strong, a semi-dilute or moderately concentrated suspension displays shear thinning behavior and the high shear-rate limiting viscosity through the alignment to flow direction [3]. Meanwhile, shear thickening occurs in concentrated suspensions at high shear rates under which the ordered layered or string structure transforms into a disordered network structure by forming particle cluster [4, 5]. These phenomena were monitored by advanced experimental techniques such as small angle neutron scattering (SANS) [6] and dichroism [4,5,7]. 

However, the microstructure evolutions and related rheological behavior of the particle suspension have not been successfully explained yet especially in terms of the effects of stabilization of the particle dispersion, which is of practical significance. In the present work, the rheological behavior and phase stability were investigated for the silica suspensions stabilized by steric repulsive layer or elecrostatic repulsive force. 

2. Experimental

Monodisperse silica particles were synthesized through the sol-gel method proposed by Stöber et al. [8]. Tetraethylorthosilicate (TEOS; Si(OC2H5)4, Aldrich) and deionized water were used as reactants for preparation of the spherical silica particles with the aid of reaction catalyst, ammonium hydroxide (Aldrich). In order to obtain more concentrated and mono-disperse silica particles, hydrolysis and condensation reaction were carried step-wisely with time interval of 8 hr. Detailed reactant compositions, particle size and surface area were presented in table 1. Particle size and size distributions of each silica particle synthesized were observed by TEM as shown in figure 1.  

Table 1. Reactant compositions, particle radius and BET surface area

	
	Seed composition
	1st TEOS
	2nd TEOS
	3rd TEOS
	Mean radius
	BET surface area

	S1A3
	[TEOS]=0.57M, [NH3]=0.35M, [H2O]=0.85M
	0.57M
	0.57M
	0.57M
	108.52(5.55nm
	13.04m2/g


	S2A3
	[TEOS]=0.57M, [NH3]=0.71M, [H2O]=1.7M
	0.57M
	0.57M
	0.57M
	129.93(9.30nm
	12.39m2/g


	S5A1
	[TEOS]=0.57M, [NH3]=0.71M, [H2O]=5.0M
	0.57M
	-
	-
	272.78(1.97nm
	5.966m2/g
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First, in order to prepare hard sphere suspension, which has only short-range interactions the silane coupling agent, 3-(trimethoxysilyl) propylmethacrylate ((CH3O)3Si(CH2)3OCOC(CH3)=CH2; MPTS, Aldlich) was coated on the silica particle. And coated silica particles were re-dispersed within tetrahydrofurfuryl alcohol (THFFA), which was used as a refractive-index matching solvent. In this way, we could prepare the sterically stabilized hard sphere suspension with various volume fraction [4,5]. Moreover, charge stabilized silica particle suspension, which has long-range interactions were prepared. Synthesized silica particles were centrifuged several times and coated with amino silane coupling agent (N-[3-(Trimethoxysilyl)propyl] ethylenediamine, ((CH3O)3Si(CH2)3NHCH2CH2NH2)). After surface coating, 
silica particles were re-dispersed in distilled water, of which ionic strength was controlled by 10-3M KCl. In order to concentrate particle suspension, silica suspension was dialyzed against polymer dissolved water using dialysis membrane.

 In order to determine the exact volume fraction, the density of the suspended silica particle was also determined from the intrinsic viscosity of monodisperse spherical suspension. By measuring the shear viscosity for extremely dilute suspensions using Ubbelohde capillary viscometer, the density of prepared silica particles was determined as shown in figure 2. Finally, the rheological behavior was investigated with an ARES and HAAKE [image: image2.wmf]2D Graph 3
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rheometer under steady shear flow and temperature was fixed 25oC. 

3. Results and Discussions

In figure 3, the steady shear viscosity is plotted as a function of the shear rate for the suspensions with various particle volume fractions from (=0.10 and (=0.50, respectively. The particles in the suspensions considered in Fig. 3 were treated with 0.1M MPTS when the particles were prepared as a stock solution. On the other hand, steady shear viscosities for charge-stabilized suspension were shown in figure 4. It can be easily seen that suspensions with low volume fraction showed stable Newtonian flow behavior. However, as the volume fraction increased, shear thinning behavior was shown and when the volume fraction is higher than 0.40, yield stress is appeared. It is worth note that the slope of the plots of the shear viscosity versus the shear rate is about –1. Particularly, when the particle volume fraction is about 0.50, the particles suspension starts to get a ordered structure such as FCC and HCP. When ordered phase are forced to flow, one typically observes a yield stress above which macrocrystal orients so that the direction of closed packing of the spheres is aligned to flow veolcity, while the planes containing the closest packings are parallel to the shearing surfaces. Thus, at low shear rates, the partially three-dimensional ordered structure transforms into a two-dimensional layered structure that permits continuous deformation. Therefore, the viscosity drops drastically.
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(a) S1A3					(b) S5A1


Figure 4. Steady shear viscosity as a function of the shear rate for charge stabilized suspensions with [KCl]=10-3M 
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(a) S1A3		(b) S2A3		(c) S5A1


Figure 3. Steady shear viscosity as a function of the shear rate for hard sphere suspensions with various particle volume fractions from (=0.10 to (=0.50
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Figure 2. Relative viscosity of the silica suspension as a function of 
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(a) S1A3			(b) S2A3			(c) S5A1


Figure 1. TEM observation results of synthesized silica particles
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