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Abstract

Comments on the recent report of electrorheological (ER) properties of an organic modified titanium dioxide with considerably high
yield stress are given based on the analysis of its yield stress data as a function of applied electric field strengths. Using our previously
reported universal yield stress equation and critical electric field strengths deduced, it is found that we can collapse their data onto a

single curve.
© 2006 Elsevier Inc. All rights reserved.
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1. Introduction

It is well known that the electrorheological (ER) fluid is a
kind of fascinating materials which is composed of
polarizable particles dispersed in insulating liquids and
can change its state reversibly from liquid-like to solid-like
phase with the aid of electric field [1-3]. Since these tunable
ER properties have made ER fluids applicable for various
electromechanical devices including clutch and shock
absorbers [4], many studies are focusing on investigating
the ER performance. Among the plenty of rheological
parameters, the yield stress has attracted much attention
due to its important role in both understanding ER
characteristics and designing the ER devices [5]. In this
comment, we replotted the yield stress reported by Cao
et al. [6], and analyzed it with a universal equation by
normalizing yield stress and the applied electric field
strengths [7]. They found improved ER properties of an
organic modified titanium dioxide with considerably high
yield stress, which was attributed to the high molecular
dielectric dipole moment of doping materials [6]. Further-
more, it can be also noted that more general universal
classes of ER phenomena with a scaling behavior in
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the solid fraction has been studied with a semiclassical
basis [8,9].

2. Yield stress

Among many models for ER fluids to explain the
relationship between yield stress and ER behaviors studied,
a good agreement between predicted and measured ER
performances was observed based on either polarization or
nonlinear conductivity model for the ER fluids. Here, a
simple correlation between yield stress (z,) and applied
electric field strength (E;) is presented in a power law as
follows [10-12],

7, o E7. (1

The yield stress at low Ej, predicted from the polarization
model, is linearly proportional to the square of the electric
field strength (E(z)). However, the nonlinear conductivity
effect becomes dominant in bulk conducting particle model
and the power law index for yield-stress approaches to 3/2
at high E,, implying that the electric response of the fluid
becomes nonlinear, e.g., electrical breakdown or particle
discharge at the high electric field strength occurs, as the
gap between the conducting particles in the fluid decreases.
Here, the ER effect is mainly caused by the liquid media
induced conductivity enhancement among nearly touching
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particles. The conductivity mismatch rather than the
dielectric constant mismatch between particles and liquid
media was considered to be a dominant factor for the dc
and low-frequency ac excitation [I13]. Note that the
conduction model takes into account the particle interac-
tion only and does not consider the microstructural
changes which occur after the imposition of an electric
field.

3. Universal yield stress equation

To represent the yield stress data for a broad range of
electric field strengths and to describe the deviation of the
yield stress from the polarization model, Sim et al. [14]
introduced the critical electric field strength, E., into their
hybrid yield stress formula, which is represented as

o tanh \/E,/E.
t,(Eo) = aE> (7\/ﬁ ) )

Here, o depends on the dielectric property of the fluid, the
particle volume fraction, and f = (ep—ec)/(ep +26c). & is
permittivity of free space, & is dielectric constant of liquid
media, and ¢, is dielectric constant of solid particle. By
constructing E, vs. 7, plot (on log curve), E. originated
from nonlinear conductivity effect is obtained by the
crossover point of the slopes for all ranges of the electric
field strengths. The slope in E, vs. 1, plot is 3/2 for large E,,
while it approaches 2 for small E, as shown in Eqgs. (3) and
(4). Eq. (2) has the following two asymptotic characteristics
at low and high electric field strengths:

1, =aEs o E2for E, < E. 3)
On the other hand,
1, = a/EEY? o E¥? for Ey > E. . (4)

Eqgs. (3) and (4) indicate that 7, is proportional to E(z) at low
E, as expected from the polarization model and to Ef)/ 2 at
high E, as predicted from the conductivity model. Here, we
reanalyzed the original Figs. 3 and 4(a) reported in Ref. [6]
and then plotted the yield stresses as a function of applied
electric field strengths in a log-log scale, and obtained the
E., which resulted from the crossover of two slopes,
corresponding to the polarization model (slope = 2) and
conductivity model (slope = 1.5), respectively as shown in
Fig. 1. The E are deduced to be 0.9450 kV/mm for the ER
fluid tested under DC electric field, 1.0670 and 1.09139kV/
mm tested under AC electric field with 20 and 200 Hz,
respectively. Cao et al. [6] interpreted the difference in yield
stress by analyzing the dielectric properties of the ER
suspensions.

A universal equation (Eq. (5)), normalized with E. and
T, (Ee) = ocEg tanh(1) = 0.762 ocEg, is used to collapse all
the data onto a single curve.

$ = 13138 tanh VE, (5)
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Fig. 1. Replotted yield stress versus electric field strengths for triethano-
lamine-modified TiO, based on ER fluid under DC and an AC electric
fields with two different frequencies along with data from Fig. 3 of Ref. [6].
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Fig. 2. % versus E for triethanolamine-modified TiO, based on ER fluid

under DC and AC electric field with two different frequencies. The solid
line is drawn with Eq. (5).

where £ = E,/E. and % = 1(E,)/1y(Ec). The E, gives the
criteria for selecting low and high electric field strengths in
the normalized scaling function. Although various ER
fluids [15-18] have been found to follow this universal yield
equation, E. is not a universal quantity and depends on the
system properties. The data represented in Fig. 2 which was
taken from Figs. 3 and 4(a) of Ref. [6], are observed to
collapse onto a single curve by using our universal yield
stress equation of Eq. (5) with a slight deviation from the
solid line.

To better fit experimental data, a modified universal
correlation introducing an additional parameter b was
suggested for the systems that are partly discord with

Eq. (5) while the plots seem to follow an alternative curve

[7]. We rescaled 7 with 3 = 2" and E with E = E' for
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Fig. 3. Plot of  versus é for triethanolamine-modified TiO, based on ER
fluid under DC and AC electric field with two different frequencies. The
solid line is drawn with Eq. (6).

the data, and derived a new equation as

A 23/2 a
T=1.313F tanhV E (6)
for a universal curve. From Fig. 3 we were able to confirm

that the points (%,l:?), which were recalculated with
b =0.20, were located along the curve of Eq. (6) with
smaller deviations than the points (%, £) along the curve
of Eq. (5) in Fig. 2. Therefore, Eq. (6) is believed to be
very useful in constructing the master curve for ER fluids.
In addition, note that the deviation of the E, do not change
the scaled universal yield stress equation itself but the
point moves following the universal yield stress equation,
moving up for the higher E. and moving down for the
lower E. [19].

In summary, Figs. 1-3 in this comment clearly demon-
strates the universal scaling behavior of the yield stress for
the experimental data obtained from Ref. [6].

Acknowledgment

This work was supported by research grants from the
KOSEF through ARC, Korea (2006).

References

[1] T. Hao, Adv. Mater. 13 (2001) 1847.
[2] H. Jie, M. Shen, J. Xu, W.X. Chen, Y. Jin, W.N. Peng, X.B. Fu, L.W.
Zhou, Appl. Phys. Lett. 85 (2004) 2646.
[3] O. Quadrat, J. Stejskal, J. Ind. Eng. Chem. 12 (2006) 352.
[4] J.W. Kim, C.A. Kim, H.J. Choi, S.B. Choi, Korea-Australia Rheol.
J. 18 (2006) 25.
[5] X.P. Zhao, J.B. Yin, J. Ind. Eng. Chem. 12 (2006) 184.
[6] J.G. Cao, M. Shen, L.W. Zhou, J. Solid State Chem. 179 (2006) 1565.
[71 H.J. Choi, M.S. Cho, J.W. Kim, C.A. Kim, M.S. Jhon, Appl. Phys.
Lett. 78 (2001) 3806.
[8] S.A. Mezzasalma, G.J.M. Koper, Colloid Polym. Sci. 280 (2002) 160.
[9]1 A. Yu, Shchipunov, Colloids Surf. A: Physicochem. Eng. Aspects
183-185 (2001) 541.
[10] Y.D. Kim, D.J. Klingenberg, J. Colloid Interf. Sci. 183 (1996) 568.
[11] Y.L. Zhang, K.Q. Lu, G.H. Rao, Y. Tian, S.H. Zhang, J.K. Liang,
Appl. Phys. Lett. 80 (2002) 888.
[12] A. Lengalova, V. Pavlinek, P. Saha, J. Stejskal, T. Kitano,
O. Quadrat, Physica A 321 (2003) 411.
[13] L.C. Davis, J. Appl. Phys. 81 (1997) 1985.
[14] LS. Sim, J.W. Kim, H.J. Choi, C.A. Kim, M.S. Jhon, Chem. Mater.
13 (2001) 1243.
[15] J.H. Sung, D.P. Park, B.J. Park, H.J. Choi, M.S. Jhon, Biomacro-
molecules 6 (2005) 2182.
[16] Q. Cheng, V. Pavlinek, A. Lengalova, C. Li, T. Belza, P. Saha,
Micropor. Mesopor. Mater. 94 (2006) 193.
[17] X. Song, Y. Lin, Colloids Surf. A: Physicochem. Eng. Aspects 264
(2005) 114.
[18] M.S. Cho, J.W. Kim, H.J. Choi, M.S. Jhon, Polym. Adv. Tech. 16
(2005) 352.
[19] H.J. Choi, L.S. Lee, J.H. Sung, B.J. Park, M.S. Jhon, J. Colloid Interf.
Sci. 295 (2006) 291.



	Comment on ’’Preparation and electrorheological properties of triethanolamine-modified TiO2’’
	Introduction
	Yield stress
	Universal yield stress equation
	Acknowledgment
	References


