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Effect at Various Temperatures

Keishi Negita

(Received May 23, 1995)

Rheological properties of some colloidal suspensions and some liquid crystals are strong-
ly influenced by an application of electric field of a few kVmm'. To measure such elec-
trorheological (ER) effects, we constructed an apparatus which can be used between room tem-
perature and 400 K under the electric field of 0 ~10 kV mm-!. Details of our apparatus is de-

scribed especially focusing on the temperature control, and the results on an ER suspension of
zeolite 4A/silicone oil and the nematic phase of liquid crystal MBBA are given.
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Fig.1 Block diagram of the ER measurement system.
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Fig.2 Details of the inner and outer cylinders. K : in-
cell hold-
. ther-
thermocou-

ner cylinder; L1
er; L3
mocouple for temp. control; Th2 :

: sample cell; L2 :
temp. measurement hole; Thl

ple for temp. monitor; hl : heater for temp. con-

trol; M1 : torque transfer rod.
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Fig.3 (a) Principle of the torque sensor (top view) .
If the bridge consisting of four strain gauges is
balanced in the absence of the torque (1) , there
appears an output from the bridge when the
torque is applied (2) . (b) Details of the torque
sensor (side view) . M1 : torque transfer rod;

M2 : bearing; M3 : strain gauge; M4 : plate

spring; MS : torsion rod; M6 : torque sensor

holder; Th3 : thermocouple for temp. control;
h2 : heater for temp. control.
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Fig.4 Electrorheological property, shear stress 7 vs.

shear rate 7’, of the zeolite 4A/silicone suspen-
100
Hz is applied, an increase in the shear stressis

sion'?’, When an electric field 2 kV mm'!,

observed.
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Fig.5 Induced shear stress AT as a function of the am-

plitude of the electric field (100 Hz) in zeolite
4A suspension!?. AT is proportional to square
of the amplitude as visualized by a solid line
of AT®FE2,
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Fig.6 Temperature dependence of the shear stress T at
659 s under E=0 and £ =1 kV mm (10 Hz).
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Fig.7 Temperature dependence of the viscosity of MB-
BA at a shear rate of 659 s-! 13, The behavior
in the nematic phase is similar to the reported
Miezowicz viscosity 7', indicating an align-
ment of the director near to the flow direction.
A discontinuous change is observed at Nemat-
ic-Isotropic phase transition point 318.3 K.
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Fig.8 Effect of the AC electric field 2 kVmm-!, 100
Hz) on the rheological property, shear stress T
vs. shear rate ;/in the nematic phase (300 K)
of MBBA!?. A decrease in the viscosity under
the electric field can be understood in terms of
the change of the flow alignment angle of the

director.
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