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Recently, Song and Lin [1] reported electrorheological

(ER) fluids based on the synthesized bithiazole ring and

p-aminobenzoic acid containing new polymer system, and

CeCl4 mixed polymer-Ce4? complex. Two different ER

fluids systems were prepared and their electrical properties

were compared each other. It was observed that the cerium

ion (Ce4?) enhanced ER activity, in which the yield

stresses increased compared with pure polymer based ER

fluid under an applied electric field.

The typical ER fluid implies a suspension of semicon-

ducting or dielectric solid particles in non-conducting

liquid media [2–7], exhibiting reversible and drastic

changes in their rheological properties which include a

large increase in apparent viscosity and the formation of

reversible suspension microstructures under an applied

electric field [8, 9] along with its magnetically analogous

magnetorheological suspensions under an external mag-

netic field [10–12]. The reversible behavior on the order of

millisecond is related with dielectric properties including

interfacial polarization, and this phenomenon results from

the aggregation of the solid particles due to attractive

forces induced by the external electric field among the

dipolar moments. The induced dipoles by electric field

attract each other and cause the particles to form chains

structures by interparticle forces in the direction of the

electric field. These colloidal suspensions with high electric

field strength and particle concentration exhibit strong

resistance against a shear deformation. Clearly, the ER

performance depends on the electrical properties of the

suspended particles [13].

In this comment, we replotted the original yield stress

curves of ER fluids based on the polymer or polymer-Ce4?

under different electric field as shown in [1], which pro-

vided high yield stress as a function of the applied electric

field strength with increased polymer or polymer-Ce4?

contents in a log–log plot. Then, we analyzed it using our

previously reported universal yield stress equation [8, 14].

Generally, the universal yield stress equation has been

applied for either yield stress or shear stress at a low shear

rate of ER fluids. Therefore, we expanded the adoptability

of universal yield stress to certain yield stress with ER

fluid performance by reanalyzing their ER behaviors [1]

via polarization and conduction models in this comment.

We found not only the yield stress strongly affected by the

modification with different contents, but also our universal

yield stress equation collapses their data onto a single

curve. Moreover, pure polymer and polymer-Ce4? com-

plex systems were observed to follow polarization model

and deviated from the single curve at some points of low

electric field strength. It is noted that yield stress is a

critical parameter in designing ER devices, thus it has

attracted both experimental and theoretical attentions [15].

Based on both the polarization and conduction models, it

shows that the yield stress is strongly correlated with the

universal yield stress equation. Generally, in the ER phe-

nomenon, the polarization model is related to the dielectric

response of both liquid and solid particles under the

electric field strength. Using idealized ER fluids, in which

uniform dielectric hard spheres are dispersed in a Newto-

nian fluid medium, the derived electrostatic force was

found to be dependent on the dielectric constant mismatch

between the particles and the continuous media [16]. In

these assumptions, the yield stress (sy) is proportional to

the square of the applied electric field strength, E0, as

follows:
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sy ¼ /KfE
2
0fðbÞ ð1Þ

where / is the volume fraction of the particles and

b = (Kp - Kf)/(Kp ? 2Kf) is the dimensionless dielectric

mismatch parameter. Here, Kp and Kf are the dielectric

permittivity of the particles and the fluid, respectively. This

polarization model is known to fit the data very well for

small / and low E0 [17]. However, the yield stress data

often deviate significantly from Eq. 1 in many cases such

as at high values of E0 and at high volume fraction.

Therefore, they are better represented by the power law

relationship in sy / Em
0 . Note that m = 2 for the polari-

zation model, while m = 1.5 for the conduction model.

The yield stress data of ER fluids have been widely

tested for a broad range of electrical field strength and

Sim et al. [18] introduced the critical electric field

strength (Ec) via the universal scaling function to bridge

the deviation of the yield stress from both the polarization

model and the conduction model. The simple hybrid yield

stress equation for a broad electric field strength range is

proposed as:

syðE0Þ ¼ jE2
0

tanh
ffiffiffiffiffiffiffiffiffiffiffiffi

E0=Ec

p

ffiffiffiffiffiffiffiffiffiffiffiffi

E0=Ec

p

 !

ð2Þ

where the parameter j is known to depend on the dielectric

property of the ER fluid, the particle volume fraction, and

the critical electric field (Ec). The critical electric field (Ec)

originated from the non-linear conductivity effect, can be

mainly obtained by the crossover point of the slopes for all

ranges of the electric field strengths. However it can be also

extrapolated if it is out of measurement range. Equation 2

has the following asymptotic characteristics at both low

and high electric field strengths:

Fig. 1 Yield stress replotted as a function of electric field strength for

ER fluids from Figs. 1 and 3 in [1], a pure polymer ER fluid and b
polymer-Ce4? complex ER fluid

Fig. 2 Universal curve of ER fluids a pure polymer ER fluid and b
polymer-Ce4? complex ER fluid (symbols from [1] and solid lines

from Eq. 5)
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syðE0Þ ¼ jE2
0

tanh
ffiffiffiffiffiffiffiffiffiffiffiffi

E0=Ec

p

ffiffiffiffiffiffiffiffiffiffiffiffi

E0=Ec

p

 !

/ E2
0 for E0 � Ec ð3Þ

syðE0Þ ¼ jE2
0

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðE0=EcÞ�1
q

¼ j
ffiffiffiffiffi

E2
0

q

E
3=2
0 / E

3=2
0

for E0 � Ec

ð4Þ

Equations 3 and 4 indicate that sy is proportional to E2
0

at low E0, as expected from the polarization model, and to

E
3=2
0 at high E0, as predicted from the conduction model.

The results of both electric field ranges for the polarization

model and the conduction model correspond well with the

data for various ER fluids, indicating that the yield stress is

in proportional to E2
0 at low fields and approaches E

3=2
0 at

high fields.

In Fig. 1, we replotted the yield stresses of Figs. 1 and 3

originated from [1] as a function of the applied electric

field strengths in a log–log scale for pure polymer and

polymer-Ce4? complex. Deviation from the polarization

model (slope = 2) is observed.

In order to examine the correlation of the data with a

single, universal curve, we normalized Eq. 2 using Ec and

syðEcÞ ¼ 0:762aE2
0 as:

ŝ ¼ 1:313 Ê3=2 tanh
ffiffiffiffi

Ê
p

ð5Þ

where Ê � Eo=Ec and ŝ � syðEoÞ
�

syðEcÞ. Various ER

fluids [19–21] were found to being fitted well with this

universal yield stress equation.

Figure 2 shows a plot of ŝ vs. Ê for pure polymer and

polymer-Ce4? complex in bromodiphenylmethane med-

ium, indicating that the data from Figs. 1 and 3 of [1]

follow the solid curve pertaining to the normalized uni-

versal yield stress equation (Eq. 5).

Figure 3 is a re-plot of the yield stresses of Fig. 4

originated from [1] as a function of the applied electric

field strengths in a log–log scale to obtain Ec for 15 wt%

polymer-Ce4? complex at different temperature, showing

that they follow the polarization model (slope value = 2)

quite well.

Nonetheless we represent a plot of ŝ vs. Ê for 15 wt%

polymer-Ce4? complex in bromodiphenylmethane medium

at different temperature conditions as shown in Fig. 4. It

indicates that the data from Fig. 4 of [1] follow the solid

curve pertaining to the normalized universal yield stress

equation (Eq. 5).

In conclusion, the universal yield stress equation

incorporating both polarization model and conduction

model was found to fit the yield stresses of both ER fluids

from pure polymer and polymer-Ce4? complex in bro-

modiphenylmethane medium onto a single universal curve

quite well.
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