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Orientation of particles in an electrorheological fluid under an electric field
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The orientation of the particles in an electrorheological fluid under an electric field has been studied.
Triglycine sulfate(TGS—wax mixtures were applied in this study. Here the TGS particles are in the ferro-
electric phase with spontaneous polarizatirin the (010 direction at below the Curie temperatufg and
become paraelectric without a permanent electric moment at ahov8y measuring x-ray-diffraction inten-
sities of TGS/wax samples under an electric field at below and abgverespectively, it is found that the
particles with spontaneous polarization turn thgjrvectors to the direction of the external electric field in
addition to forming chains or columns. However, the particles without permanent moment only form chains or
columns, in which no preferred orientation of the particles can be observed. The preferred orientation degree
is determined by comparing the diffraction intensity in these two c484€63-651X%99)03110-4

PACS numbgs): 83.80.Gv, 61.10.Nz, 81.10.Aj, 77.22.Ej

[. INTRODUCTION chemical nature, volume fraction, as well as the size and
shape of the particles are all the same in the prepared ER
An electrorheologicalER) fluid, consisting of solid par- fluids. The only different character is with and without spon-
ticles and insulating liquid, can be transformed into a solid-taneous polarization at below and abdve. The orientation
like state when an electric field is applied. According to thedegree of the particles in the suspensions must depend on
polarization theory, the induced polarization of the particlesthis character under an electric field. With the x-ray-
Pind is dependent oe,,, &¢ (the permittivity of the particles diffraction measurements, it is found that the vectors of the
and liquid, respectively andR (the radius of the particlegs permanent dipole moment of most particles point in the di-
and can be presented q;ﬁnd=477808fR3E(8p—gf)/(8p rection of an external field, while no orientation can be ob-
+2g¢). The interaction of the induced polarizatioms,q served in the case of the particles without permanent dipole
leads the particles to form chains or columns and causes tigoment, when an electric field is applied. In addition, the
increase of the shear stress in the ER fljiis6]. However, degree of the preferred orientation of the particles is quanti-
other certain parameters appear to have been overlooked détively determined and a method to calculate the average
cause there is as yet no clear explanation for the quantitativéielectric property of the particles in the suspension is pro-
difference between the experimental data and theoretical caposed in the ER fluids containing the ferroelectric particles.
culations [7,8]. The significantly different frequency re-
sponses, the shear stress increases with the frequency of elec-
tric field [9], or the decreases with the frequeri@p|, for
instance, indicate that besides the structural change under an TGS [triglycine sulfate (NHCH,COOH);-H,SO,], a
electric field, some other factors may play a role in the ERferroelectric material, was applied for preparing the ER fluid,
effect. Sometimes the ferroelectric particles are used for presf which the Curie temperature is 50 °C. TGS has a sponta-
paring the ER fluid, in which those particles with a sponta-neous polarization momenmt, in the (010 direction when
neous polarization moment must be affected by the externahe temperature is lower than 50°C and belongs to the
electric field. It is easy to imagine that the particles with aparaelectric phase without spontaneous polarization at above
permanent dipole moment should receive the torques to ors0 °C[12]. The particles, obtained by grinding single-crystal
ent them to the direction of the electric field. TGS into powder with an average diameter of 3®, were
A previous report revealed the turning of ferroelectric mi- suspended in the waxes. Two kinds of waxes, i.e., wax 1 and
crospheres contained in ER fluids under a dc electric fieldvax 2, of which the melting points were 46 and 58 °C, were
[11]. However, the study of the effect was still incomplete. used as matrixes for mixing the TGS particles with a volume
In the present paper, we have measured the orientation of tifeaction of 10%, respectively. Three samples were prepared:
particles with a permanent dipole moment, which is com-two TGS/wax 1 mixtures and one TGS/wax 2 mixture. The
pared with the case of particles without a permanent moTGS/wax 1 mixtures were heated to the temperaflisg,
ment, in the ER fluid under an electric field. In order to =48°C and TGS/wax 2 mixture td e=60°C, respec-
obtain a reliable result for a quantitative comparison, thetively, where the waxes were melted to the liquids. Then the
particles, which belong to the ferroelectric phase with sponmixtures were stirred to uniform suspensionsTgk,. One
taneous polarization moment at below Curie temperéafigre (sampleA) of the TGS/wax 1 samples was cooled down to
and become the paraelectric phase without a permanent mgpom temperature in the absence of an electric field, becom-
ment at aboveTc, were applied in the experiment. The ing a solid mixture with the random distribution of TGS
particles in it. Another TGS/wax (sampleB) and TGS/wax
2 (sampleC) were applied to an ac field of 1500 V/mm at 48
*Electronic address: lukq@aphy.iphy.ac.cn and 60 °C, respectively. The chains or columns of the TGS
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FIG. 1. Schematic of the sample B, andC in x-ray-diffraction
measurements.

particles in sampleB and sampleC were induced by the
applied electric field as in the usual ER fluids, which were
observed with an optical microscope. When the chains or
columns were stabilized, the suspensions were cooled down
to room temperature with the electric field applied. After the
suspensions were frozen, the electric field was removed. All
three solid samples were cut into pieces for x-ray-diffraction
measurements at room temperature.

The x-ray-diffraction(XRD) measurements were carried
out with a CuK « radiation at room temperature. The voltage
and the current were fixed at 50 kV and 200 mA, respec-
tively. The schematic x-ray incidence on the samples is
shown in Fig. 1.

Intensity (Counts)

ORIENTATION OF PARTICLES IN AN . ..

020
1

-
o
-
)

" 1 A

ryl
74 v

<
i=1
~N

L/%a

040 |

131

-141

10

15

284 26 28 30 32

4337

Il. RESULTS AND DISCUSSION 26 (degree)

From the microscopic observation, the chain or column FIG. 2. The x-ray-diffraction spectra of sampleB, andC. A,
structures of the particles formed along the electric field inS@MPleA, E=0V/mm; B, sampleB, E=1500 V/mm;C, sampleC,
the frozen sampleB and C were the same as that @y, E=1500 V/mm.
while there was a random distribution for the particles in
sampleA because of no electric field applied.

The x-ray-diffraction spectra of samplés B, andC are
shown in Figs. 2, 2B, and Z, respectively, in which the
diffraction peaks of the solid waxes are subtracted. seen from Fig. B that the intensities of thé€020) and (040

Figure A is the diffraction pattern of sampl& quenched diffraction peaks increase dramatically while that®®0) is
from 48 °C with no electric field applied. Although the TGS reduced compared to that of samplendC. This is due to
particles are in the ferroelectric phase with spontaneous pdhe preferred orientation of the particles wihin the direc-
larization pg, the polarization can point in any direction in tion of the electric field. In the electric field, the induced
the absence of an external field. Therefore, the particles amgolarizationp;,q leads the TGS particles forming chains or
randomly distributed without any preferred orientations ascolumns along the electric field, while the spontaneous po-
shown in Fig. 8a). It can be regarded as a normal powder-larizations p; cause the particles to receive a torglie
diffraction pattern. =pE and turn towards the direction of the field. Becapse

In the case of sampl€, TGS has no permanent dipole of TGS is parallel tg/010, the particles will rotate to make
moment p;=0) at T>50°C. Thus, the particles interact (0k0) planes, i.e.(020), (040, etc., perpendicular to the
with each other only by the induced dipole momppt un-  direction of the electric field. Therefore, the intensities of the
der an electric field and form chains or columns, but the(020) and(040) peaks will greatly increase and the intensity
(010 of particles is distributed randomly, as shown in Fig. of (200 diffraction decreases.

3(c). When the sample is cooled through the frozen point The relative intensity ratio of the diffraction peaks be-
58 °C of wax 2 down to room temperature, all of the particlestween samplé8 and sampléA is plotted in Fig. 4. |g rep-
have been fixed in the wax. Although the TGS particles beresents the x-ray-diffraction intensities of samplender an
long to the ferroelectric phase with spontaneous polarizatioelectric field of 1500 V/mm andl, is that of sampleA with-
momentp, in the temperatures below 50 °C, those particlesout electric field applied. It is obvious that the amplitudes of
cannot be turned any more in the solid wax by the effect 0{020) and (040 increase dramatically when an electric field
external electric field. It can be seen from FigC 2hat no is applied, i.e., the preferred orientation of particles is in the
obvious preferred orientation appears in the diffraction patdirection of(010 along the electric field.

tern of the sampleC, which is almost the same as that of A quantitative calculation of the preferring orientation de-
sampleA. gree is given as follows. The preferred orientation de@ree

The sampleB was applied at an electric field at 48 °C is generally defined a=(P—P,)/(1—Py), whereP is the

below the Curie temperature. The TGS particles possess
spontaneous polarizatign,, which must be affected by the
external field. Therefore, in the case of samBldt can be
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FIG. 3. Schematic representation of the particle distribution.wherea,b,crefer to three crystal axes of the particlbss the
The arrows represent the direction(®f10. (a) In sampleA, the  polarization axis, and? is the complex dielectric constant
particles randomly distributedy;,q=0 andps in the (010 direc-  of the particles. By considering the orientation of the par-
tion. (b) In sampleB, the particles with preferring orientation; ticles in calculating mismatch factg *:(8;_8?)/(8;

both p;,q and ps are in the direction of the electric field.(c) In +2¢¥), a better result was achieved for considering the
sampleC, the particles without preferring orientatiop;,q in the properties in ER fluid$7,8].

direction of the field anghs=0.

ratio of the sum of (R0) diffraction intensities to the sum of
all (hkl) diffraction intensities in the samples with orientated . . . . .
particles(for instance, in sampl8), and P, is that without We have studied the orientation of the particles in ER
orientation(for instance, in sampld). If F=1, the(010) of fluid unde_r an electric field. TGS/wax rmxtures, in \_/vh|ch the
all TGS particles are parallel to the direction of electric field. TGS particles belong to the ferroelectric phase with sponta-
If F=0, the particles are randomly distributed. The averagd€0us polarizatiops at below the Curie temperatufie; and
F in sampleB was calculated by using the data withdrawn become the paraelectric phase without permanent electric
from Figs. 2B and 2A. Then the preferred orientation degreénoment at abov@c, were applied in the study. By measur-
F=76% is obtained. In the calculation &, a simplified ing x-ray-diffraction intensities of TGS/wax samples under
formula[13] was applied. an electric field at below and abovig-, respectively, it is
The fact that the preferred orientation degfee 76% in  found that the particles witlps receive torques and mostly
sampleB is less than the ideal value 100% indicates that théurn their ps vectors to the direction of the external electric
particles with the permanent momemtin TGS/wax mixture field. However, the particles without permanent moment
are mostly orientated to the direction of the electric field. Theonly form chains or columns, in which no preferred orienta-
deviation in the orientations of the particles may be due tdion of the particles can be observed. The preferred orienta-
the polydomain contained in some ferroelectric TGS partion degree is determined by comparing the diffraction inten-
ticles or the disturbance of the interaction from the inducedsity changes in these two cases. The related properties of the
polarization of the particles. suspensions consisting of anisotropic particles must be af-

IV. CONCLUSIONS
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fected by the orientation of the particles in an electric field. ACKNOWLEDGMENTS
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