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Abstract— Electrorheological phenomena of polydisperse, non-spherical silica/silicone oil suspensions were in-
vestigated by performing the dynamic and steady shear tests under high DC electric fields. The characteristics
of the electrorheological fluids are based on the structure formation in the direction of electric fields, which
is known to be responsible for improving the rheological properties. In the dynamic shear test, these suspensions
showed nonlinear viscoelasticity above a critical strain (y.=0.1%). Storage modulus (G) was more sensitive to
the strain variation and less sensitive to medium viscosities than loss modulus (G”). Apparent yield stress scaled
as ¢0E", where ¢ is the volume fraction of particles and E is the applied electric field strength, and
its strong dependence on the volume fraction was due to the mutual electrostatic effects of particles in the cluster
structure which seemed to be dominant above the volume fraction of 0.1. In the steady shear test, the shear
stress increased abruptly as the shear rate decreased in the low shear rate regime (y<0.1sec™), particularly
for the suspensions of high volume fraction and/or under strong electric fields. Consequently the anomaly
of the stress behavior in the low shear rate regime should be considered to obtain the intrinsic dynamic yield
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In the higher shear rate regime the shear stress increased due to the hydrodynamic interaction.
These phenomena were certified by the step shear test.
Keywords: Electrorheological fluid, yield stress, hydrodynamic interaction, dynamic shear,

steady shear
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Fig. 1. Particle size distribution of silica (SiO,) par-
ticles. Arithmetic mean diameter is 20.46 um
and the median is 13.95 um.

5 252 eld gloni(s], Aelvt dare) A4y %
Bl o 1 FAEe] gleme A 345l
Ak 7ol whgasie,

3. 4% ¥ 1%

3.1. SXAEJAIE (Dynamic Shear Test)
A4 AYE F3te] Ayt gAY Heba
34 Aok A=k B & &
&¢] in-phasee|™, kA EA HSdll= &
3t ¥Ego] 90° out-of-phasee|th. 13d|, et
A B A v Y A AR u-eE 7ol
Holed, ol 7+ AFEAATG
AFGNE L}E}Ur‘ll o5 F AlEe 7
jJr-’rk‘(u))‘ﬂ] 4—7“—3 ‘:’r 3}1]“\} A7) f -
a]

D

_V__l,

{3
N
N
N
E o

Ml
b
—{4
&
r ol
_<,>L
&2 -
ES
rj}_
td
i
Lll
N
L

H
P38} v 7h Sl 7123 AT R 4[9]°ﬂ*i o
o], A7 frA e dud EAdtxe o
drkE B E3akE(cluster) otk o714 %
ks e SdrEEe] HATAH A3 Ag
oste] M2 FA ohig o]F AFE FRE dZE

=8 ol A TEE devH Ay

| I Qe ShAE] U AbE, HEelnt
AU eftjel = EoiglA] e o ebs 7
S5 TAE ook o]zt BAFRE dHu|A
22 #5% vt qloi10]. Jordan 5(1992)2 =+
W 8)g-9] sinusoidal M3 haAEe 2= =3}

sinusoidal H5-& Holx ‘ﬁﬁéﬁ-o Z

ukglch o B 3slech

A3 HerA] o) Bof o3}, Bl A W B
T fraeAde] WyFaenty] gaa W
off oJEEHA] derhd, 1 B AEe Ay
74013} & 4 qlei6]. 24 71748 7hebr) e A
Sl vl W S bl A A

ot

<

»

rﬁL

The Korean J. of Rheology, Vol. 6, No. 1, 1994



52 ZalH - F
_10* ¢ 10°*
O
EL/ g a O: ]
o E=3(kV/mm) |
Bk (kv/ )—E 10°
o 3
/—\.
~10?%F 4 10?2 \O/
o 3
a. 3 N
— 1 -U
@ . 2
ST10 F mae . RIS
© £ E=0(kv/mm) E
F 600000000 °
1 2l 2 gl g |||m Jotannl 1 sin 1
107 107 107 4 10 1c?* 10°

7 (%)
Fig. 2. The dependence of the storage modulus (G'),
loss modulus (G”), and complex viscosity (n*)
on the strain (y) for the suspension of 0.3
volume fraction silica in silicone oil of 500 cs
viscosity. Closed symbols refer to the zero
electric field applied at 6.28 sec™! and open

symbols refer to the 3kV/mm electric field

applied at 1.0 sec™ ™.
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Fig. 3. The dependence of the storage modulus (G')
on the frequency (@) at various strains (y=
0.05—500%) for the suspension of 0.3 volume
fraction silica in silicone oil of 500 cs viscosity
under the electric field of 3 kV/mm.
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Fig. 4. The dependence of the loss modulus (G") on
the frequency (o) at various strains (y=0.05

—500%) for the suspension of 0.3 volume
fraction silica in silicone oil of 500 cs viscosity
under the electric field of 3 kV/mm.
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Fig. 7. The effect of volume fraction on the frequency
dependence of the apparent stress (t*) at the
strain 2% for the suspensions of three dif-
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Fig. 8. The effect of electric field on the frequency
dependence of the apparent stress (v*) at the
strain 2% for the suspensions of 0.3 volume
fraction silica in silicone oil of 500 cs viscosity
under the three different electric fields (E=1,
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Table 1. Apparent yield stresses and plastic viscosi-
ties of the suspensions of silica particles in
silicone oil (500 cs) at the strain of 2%

Electric field Volume Apparent Apparent
strength fraction(¢p)  vield stress  plastic viscosity
(E, kV/mm) (., Pa) (ns™, Pa-s)
0.1 166 26
1 0.2 623 7.7
0.3 1400 15.0
0.1 436 39
2 0.2 1570 10.1
0.3 3880 18.1
0.1 822 5.3
3 0.2 2620 15.0
0.3 6620 24.3
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Fig. 9. The dependence of the apparent yield stress
7,”” from Bingham plastic model on the vol-
ume fraction (¢) and electric field strength(E)
at the strain of 2% for the suspension of silica
in silicone oil of 500 cs viscosity.
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Fig. 11. The effect of electric field on the shear rate
dependence of shear stress for the suspen-
sions of 0.1 volume fraction silica in silicone
oil of 500 cs viscosity under the six different
electric fields (E=0.0, 0.5, 1.0, 1.5, 2.0, 3.0
kV/mm) applied. (a) log-log scale (b) linear
scale for the lower shear rate regime.
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Fig. 12. The effect of shear rate sweep directions on
the shear rate dependence of the shear
stress for the suspension of 0.3 volume frac-

tion silica in silicon oil of 500 cs viscosity
under the electric field of 2 kV/mm.
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Fig. 13. Step shear rate test for the suspension of 0.1
volume fraction silica in silicone oil of 500 cs
viscosity at the electric field of 3 kV/mm.
Three different step shear rates (Y =100, 10,
1 sec™) were imposed for 200 sec and then
removed.
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Fig. 14. Step shear rate test for the suspension of 0.1
volume fraction silica in silicone oil of 500 cs
viscosity at the electric field of 3 kV/mm.

Three different step shear rates (y=0.1, 0.01,
0.001 sec™’) were imposed for 200 sec and
then removed.
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2l =

E . electric field strength(kV/mm)

G' . storage modulus(Pa)

G” . loss modulus(Pa)

v . strain

¥ . shear rate(sec™)

o ! particle volume fraction

p.  : density of continuous phase(g/cm®)

p. . density of particulate phase(g/cm?)

v * kinematic viscosity(cs) v=pu/p,

€ - dielectric constant of continuous phase
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g, . dielectric constant of particulate phase
T . shear stress(Pa)

1, . vyield stress(Pa)

¢  apparent yield stress(Pa)

w# . apparent stress(Pa)

. complex viscosity(Pa-s)

nw . plastic viscosity(Pa-s)

n,™ - apparent plastic viscosity(Pa-s)

n® . apparent viscosity(Pa's)

u * viscosty of continuous phase(cs)
c * arithmetic mean diameter of particulate
phase (um)
®  : radian frequency(sec™")
A
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