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We made suspension of fumed silica in polyethylene glycol (PEG), studied rheological behavior as functions of contents of
silica, dispersion condition, PEG molecular weight, temperature and contents of humidity. Rheological behavior of suspension
was determined critical shear rate and rise of viscosity using rheometer AR2000. Suspension were PEGs of molecular weight
200, 400, and 600. Fumed silica suspensions of which silica contents are 5, 7, 9, 13, and 18% were prepared by normal
mixing, homogenization and bead milling process. We observed their rheological behaviors at 10, 20, 30, and 40 C. As the
PEG molecular weight and contents of silica increase, the critical shear rate was lowered. As the temperature increased, the
critical shear rate was increased. Humidity contents of dispersion don’t influence on the critical shear rate, but dispersion
processes greatly affect the critical shear rate. The critical shear rate of suspensions prepared by the mixing process was the
lowest, and that of suspensions prepared by the bead milling process was the highest. The rise in the shear viscosity of sus-
pensions prepared by the mixing process is higher than that of suspensions prepared by the bead milling process. This was
dependent on the dispersion condition of silica particle by dispersion process.
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Figure 1. Shear viscosity of fumed silica suspension as a function of
shear rate containing different mass fraction by normal mixing process.
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Table 1. Initial Viscosity, Maximum Viscosity, and Critical Shear Rate as a Function of Different Mass Fraction

Mixing Milling
Concentration -
(Wi%) Critical §1?ear rate Viscosity (ini) Viscosity (max) Critical s_lliear rate Viscosity (ini) Viscosity (max)”
(s)) (Pa - s) (Pa - s) (s) (Pa - s) (Pa - s)
5 - 0.2866 0.4372 - 0.072 0.065
7 83 0.3655 0.6978 - - -
9 68 0.7162 1.759 - 0.1168 0.0940
13 50 0.8347 3.302 - 0.2057 0.1418
18 50 2.3890 28.74 622 0.6994 0.451
* Values when shear rate is 1000
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Table 2. Average Particle Size, Polydispersity, Critical Shear Rate, and Maximum Viscosity by Different Dispersion Process

Dispersion process Ave. particle size (nm)

Polydispersity (95%)

Critical shear rate (1/S) Viscosity (max) (Pa - s)

44~52 (72%)

Mixing 73.2 129~380 (28%) 50 287
. 40~100 (94%)
Homogenization 60.0 200~300 (6%) 217 12.4
Milling 259 20~40 (99%) 622 0.5°
* Values when shear rate is 1000
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Figure 3. Particle size distribution of 18 wt% fumed silica suspension by (a) normal mixing process, (b) homogenization process, and (c) bead

milling process.
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Figure 4. Shear viscosity of 18 wt% fumed silica suspension as a
function of shear rate with dispersion process.
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Table 3. Initial Viscosity, Maximum Viscosity, and Critical Shear Rate as a Function of PEG Molecular Weight

Homogenization Milling
Molecular weight  Critical shear rate Viscosity (ini) Viscosity (max)  Critical shear rate Viscosity (ini) Viscosity (max)
™" (Pa - s) (Pa - s) s (Pa - s) (Pa-s)
PEG200 217 1.36 12.38 622 0.576 0.65
PEG400 72 2.995 24.68 227 1.282 3.305
PEG600 24 2.721 47.95 80 2.109 4.19
100 1
—8— PEG200
a400 adAAAAAL L, —&— Humidity Owt%
: Sggggﬁ t’ —&— Humidity 1wt%
:‘ —&— Humidity 2wi%
{ o
=10 -
: ! ;
o [y
> i 2
@ | =
=1 M g
Ly
0.1 T T 0.1 T T
1 10 100 1000 1 10 100 1000
Shear rate (1/s) Shear rate (1/s)
(a) Figure 6. Effect of humidity on shear viscosity of 13 wt% fumed silica
10 suspension as a function of shear rate.
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Figure S. Effect of liquid viscosity on shear viscosity of 18 wt%
fumed silica suspension as a function of shear rate: (a) homogenization
process, and (b) bead milling process.
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Table 4. Initial Viscosity, Maximum Viscosity, and Critical Shear Rate as a Function of Processing Temperature by Different Dispersion Process

Mixing Homogenization Milling
T(eﬂrcn)p Critical s_lllear rate  Vis. (ini) Vis. (max) Critical §1?ear rate  Vis. (ini) Vis. (max) Critical s_lliear rate  Vis. (ini) Vis. (max)
(s) (Pa - s) (Pa - s) (s) (Pa - s) (Pa - s) (s)) (Pa - s) (Pa - s)
10 15.55 6.388 157.8 57.33 4.252 55.63 146.92 2.497 4.166
20 38.37 4373 58.8 123.60 2.519 23.1 276.95 1.387 1.499
30 73.65 2452 23.58 228.34 1.492 9.936 438.94 0.832 0.8424
40 136.01 1.744 11.28 438.95 0.9615 4.465 - 0.5284 0.5388
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Figure 7. Effect of processing temperature on shear viscosity of 18 wt% fumed silica suspension as a function of shear rate by (a) normal mixing

process, (b) homogenization process, and (c) bead milling process.
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