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ABSTRACT. Hybrid materials constituted by sepiolite coverdthwpolyaniline (PAni) with different compositiorigave
been prepared using two simple methods: bulk andysloxidative polymerization. The hybrid nanofibewere
characterized by Fourier transform-infrared (FTBPectroscopy, transmission electron microscopy (J,EtMermo-
gravimetric analysis (TGA), electrical conductivitgielectric spectroscopy analysis and electrodgioal response.
Fiber-based nanocomposites with PAni nanopartictels adhered to the sepiolite surface were sucobggirepared by
slurry polymerization. The best recovering of tlamafibers was observed in nanocomposites contatngt% of PAni,
(SP 50:50s sample) as indicated by FTIR and TEM quhtified by TGA analysis. Also the best eledismlogical
response was obtained with the corresponding ssgpgencontaining 10 wt% of the hybrid material srgged in castor
oil. The values of the field induced shear modulus énlithear viscoelastic region : G' = 536 kPa at E¥2mm is higher
than those found for the suspensions of pure coemisenPANi or sepiolite, and one of the best vahlgsined with
conventional ER fluids. A model to estimate theeiattion between two nanofibers has been proposesidering the

length and thickness of the nanofiber, calculated@BM.

KEYWORDS. electrorheology, nanofibers, polyaniline

1. Introduction

Electrorheological fluids ERF are colloidal suspens of polarizable organic or inorganic partioftspersed in a non-
conducting liquid such as silicone oil, kerosenaraffin, vegetable oil or halogenated hydrocarbbn?]. Under the
action of an electric field, the suspended paridtea non-polar fluid align along the field dinect and form fibril-like
microstructures which drastically increase the appaviscosity and yield stress of the fluid. Thishavior characterizes
the electrorheological effect [3, 4], whose effeah be modeled by the Bingham [5] or Cho-Choi-Jimmael [2]. Many

kinds of particles are used in the preparatioBRF, like cellulose, silica, zeolites, starch aitahia [6]. These particles
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feature the fluid as hydrous ERF. The water actarasdditive, but this system presented some disadyges like
evaporation of water and electric breakdown. Mageently anhydrous ERF have been studied to imptbed
performance and the most common particles are neddeonducting polymer like polyaniline, copolyan# and
polypyrrole [7].

Polyaniline (PAni) presents good electrical conitlityt which can be controlled through the pH valeasiness of
preparation, relatively low density, stability toet heat and to the air, and low production cosktes@ characteristics
made polyaniline to be considered one of the mestatile and the cheapest conducting polymer nahtéor using in
ERF. However after many investigations the use alygmiline did not obtain great success becaustheflow yield
stress, colloidal instability and mainly due to the high current density of the correspondingd$uiln order to solve
these problems it was proposed to coat polyandiménorganic particles or insulating polymer. Ckobal. [8], Lim et al.
[9] and Song et al. [10] prepared PAni/Clay comiessi which presented irregular morphology and gB&d effect.
Different PAni/silica composites have also been leyed in ERF. For instance, silica nanoparticle adated with
conducting polyaniline fibers was used in ERF by éfial. [11], but a better ER effect was obtaindtth ywure PAni fiber
whereas the composite presented instability indhain-like structure as a function of shear ratke Fame group
prepared PAni/nanosilica nanocomposites, and smidase the nanocomposites performed better [12)i Pdated with
insulating polymer as: polystyrene (PS) microspbevih PAni [13] has been also investigated. Thisten presented
improved yield stress with a linear behavior whie tlectrical field strength.

The present work deals with the development ofdiépicoated with polyaniline and the evaluatiortto§ new hybrid
material as an effective component for electrorbgichl fluids. The motivation of this present woik based on
foreknowledge that elongated particles performgebatn ER properties than spherical particles, bseahe dipole
moment is larger for elongated particles than fphesical particles of the same size and polarigbjll4]. An
approaching system based on a PAni coating of alosilicate nanotubes of aspect ratio of about tas vecently
explored but it did not gave higher ER effect tladimer systems based on PAni [15] Here we used Ilgefibers which
have a larger aspect ratio (115 in length and 20-40 nm in diameter) and no cotiditiz. The sepiolite consists of
mineral clay of hydrated magnesium silicates. Aidddilly sepiolite fiber surface is covered withasibl groups spaced 5
A apart, and external channels that are coverednenootwo sides with Mg(Ohb. The internal channels are covered
with Mg(OH,).on two sides and with Si-O-Si on the other two sidbese channels are filled with zeolitic wate, [17].
The surface silanol groups allow building hydrogemding with PAni without the needs to add compkibg agent.

For the development of a good coating of polyasilim sepiolite surface, two different synthetic moels were used;
the first one is called solid-solid and bulk polyimation, it consists of a mechanochemical adsonpthat occurs

between powders in the solid state [18, 19]. These method is the slurry polymerization. This kofdpolymerization
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is performed in two phases, the first one consisfetie monomer and initiator solution and the selcphase is formed
when the polymer chains grows, and lose their igffinvith the solvent resulting in polymer precigéa Three
concentration were tested 90:10, 70:30 and 50:5hteatio sepiolite:aniline. Dielectric propertiegre investigated in
correlation with ER effect. The flow curve and dgmia viscoelastic tests were made as well as staath frequency

sweeps. The pure PAni fiber was analyzed for caispa [20].

2. Experimental section

2.1 Materials

Aniline (Ani) (analytical grade), ammonium peroxgdifate (APS) (analytical grade), ortho phosphaiid (Ph)
(analytical grade), ammonium hydroxide M¥H (analytical grade) all from Sigma-Aldrich andpiedite (S9 grade,
Tolsa) were used without purification; a previousthod of disaggregation was made using 10% of B&pin water was

submitted to an ultrasound treatment for 40 mirrajiey at 28% amplitude pulse 2/2sec and afterdbiistion was dried

at 100 °C. Deionized water (18.2 I2.cm) was employed in all experiments

2.2 Synthesis of PAni/Sepiolite by bulk polymeinnat
Sepiolite was milled in a mortar during 15 minut&hen the aniline was slowly added and, after obtgia visually

homogeneous powder, thesR, was added. When the medium became clear the APSadd@ed and mixing was

continued until a light pink color appeared. Thaat®n recipes are indicated in the Table 1. Timodiee fibers aniline,

phosphoric acid and APS were periodically mixedl tiné formation of a dark green powder. The dardeg powder was
poured into acetone, filtered and re-dispersedjireaus solution containing 0.1M of NBH, kept under agitation for 4

h and dried at 70° C.

2.3 Synthesis of PAni/Sepiolite by slurry polyegion

Different amounts of sepiolite were dispersed irtewg150 mL) using an ultrasound tip. Then a migtof aniline
(0.001 mol) and EPQ, (0.0013 mol) was dissolved in 50 mL of water, amg tesulting dispersion was ultrasonicated for
20 min with the help of a Vibracell 75041 - Biobkoscientific ultrasonic apparatus equipped withutrasound tip and
operating at 28% amplitude pulse 2/2 sec. Afterh@dirs without stirring, 10 mL of an aqueous solut@ontaining
0.0013 mol of APS were quickly added and the reacthedium was submitted to an ultrasound treatrften20 min
operating at 28% amplitude pulse 2/2sec. The paiiaiton was carried out at room temperature withstirring for

3



different times (Table 1). The dark green prectpitavas poured into acetone, filtered and re-digueli®a aqueous

solution containing 0.1M of N¥DH, kept under agitation for 4 h and dried at 70° C

Table 1. Amounts of reactive used to prepared polyaniling e reaction time

Sample Sepiolite (g) Ani (g) PO () APS (g) Reaction time
Bulk (b) Slurry(s)
SP90:10 0.9 0.1 0.14 0.33 72h *
SP70:30 0.7 0.3 0.42 0.98 24h 24h
SP50:50 0.5 0.5 0.71 1.65 4h 4h

* No product was obtained after 72h of reaction
2.4 Characterization

The micrographs of the sepiolite and polyanilin@ted sepiolite were recorded from a JEOL- 1400strassion
electronic microscope, operating at 90kV. A dilutksipersion of the particles in water was firstadfséd by sonication.
This dispersion was deposited on an amorphous polgoated-copper grid.

Fourier transformed Infrared spectra (FTIR) wereorded in Perkin-Elmer Paragon 1000 spectrometpioSte,
PAni and their mixtures were characterized by d#fueflection infrared spectroscopy (DRIFT, mirfigifus diffuse
reflectance acquired from Eurolabo). The powderemiiwith KBr was placed in the cup and the backgdospectrum of
KBr was subtracted. All transmittance spectra viaken at a resolution of 4 chfior 64 scans from 4000 to 400 ém

Thermo-gravimetric analysis was performed in a igtluments Q50 V20.10 Build 36 analyzer operating laeating
rate of 20° C/min, under nitrogen atmosphere (lagas: nitrogen 40.0 mL/min and sample gas: remd@).0 mL/min)
The TGA profiles were recorded in the temperatargge 50—700° C. The weight of the sample used bat®-11 mg
in all the cases.

To determine the dielectric constant and condustia pellet was made from the powder with a s@faea 1.33x10
m? and thickness 4x10m. The measure was made with an AC impedanceéudimng a Solartron S| 1260 gain phase
analyzer, interfaced to a Solartron 1296 dieledhierface. The measurements were carried outfiecuency range of
0.01 Hz to 100 kHz with 2V oscillating voltage.

Rheological measurements were performed using titerAPaar Instruments Physical MCR 301, rheomeidr w
electrorheological accessory, (Generator Model 669High voltage amplifier TREK with Multimeter Hame
Instruments - AC) plate-plate geometry (PP50/E-SNB2gap 1 mm). The suspensions for ER measuremees
prepared by dispersing pure PAni, SP70:30s and:SP&@t 10% vol. in castor oil, from Sigma Aldrietith the help of

ultrasonic apparatus operating at 20% amplitude fiain.



3. Resultsand discussion

PAni/Sepiolite fibers were obtained by aniline pobrization in the presence of sepiolite. This mdthtlowed the
interfacial interaction between the aniline and skeiolite surface. The schematic diagram of tHgrperization of the
aniline is shown in the Figure 1. The —OH groupshat sepiolite surface interact with the anilinenmmer, through

hydrogen bond between —Nldf aniline and —OH of sepiolite. This same intéiatis reported in the study of sepiolite

with polyimide [21] and the other studies of polifene coated cellulose fibers [22]

Polymerization of Aniline

H, — H
N ¢
CC}NH; R @—NH{ —_— HgN@N?‘Q@ e
2 -8, PR 4 .
N NHy, — NH NHy 2o NH NHy 4
L H
N 5 &
+ c NH; —> NH NH NHy 4+ n RS NHp —
n

Sepiolite/Aniline

H\N
SiOH Mg(H:0): v/ | \

=
I

PAni

Sepiolite/Polyaniline
Figure 1. Schematic diagram of the formation of polyanilatehe surface of sepiolite

3.1 PAni/Sepiolite by bulk polymerization

Figure 2a compares the FTIR spectra of PAni/sdpiatiade by bulk polymerization at different concations. The
banda, at 3688 cr, is assigned to the hydroxyl stretching vibratioh#1g-OH structural group. The larger barfnland
cat 3622 and 3555 chrare associated with the coordinated watedH [23]. These bands disappeared in the SP70:30b
and SP50:50b, samples, indicating that sepioliteaspletely coated by PAni chains at these comiposit The
SP90:10b sample presents these bands becausedhbatarhPAni is not enough to coat the sepiolitefs. The band

ande at 1576 and 1497 chare ascribed to the quinoid and benzonoid ringpeetively, related to the polyaniline



component [24]. These bands are very weak in SPBO:The bandf at 1307c is attributed to the C-Nbond
corresponding to tha-electron induced in the polyaniline chain by praton [18, 25]. The band at 1209 cm is

related to the Si-O bond of sepiolite. This assignhis apparent in the SP90:10b sample, but less 6t SP70:30b and

SP50:50b These results are hints that the sepiolite wascoaotpletely coated in the SP90:10b sample or that t
polymerization of aniline produced oligomers.
The TEM micrographs of PAni/sepiolite and pure ebfg are illustrated in Figure 2b. Sepiolite pmtsethe TEM

pictures of the fibers. Their cross section isargtlar about 20x40 nm and their average lengdbasit one micron. The

SP90:10b sample exhibits slight agglomerates @rdilbut it was not possible to observe the polyanilioating the

sepiolite surface, as also indicated in the FTIRults. SP70:30b and SP50:50b images show presentarge
agglomerates constituted by polyaniline and sepiofibers. These images indicate that the method bbik
polymerization is not appropriate to obtain theepfibers coated by polyaniline, and not interestiogprepare the

electrorheological fluids.

SP50.50b
S0:508) | psg:500 de 9

SP70:30b] sp70:300

SP90:10b| |SP90:10b

Sepiolite Sepiolite

Transmittance (a.u)

abc

T T ¥ T x T T T T

4000 3500 3000 2500 2000 ; 1500 1000
Wavenumber (cm)

(a)

Figure 2. FTIR spectra (a) and TEM micrographs with a sel€00 nm (b) of sepiolite, SP90:10b, SP70:30b and

SP50:50b by bulk polymerization

3.2 PAni/Sepiolite by slurry polymerization

The slurry polymerization was used to improve tlpersion of sepiolite and to help the coatinghaf fibers by
polyaniline. As indicated in the Table 1 the amoohpolyaniline in the composite is very small whHdP6 of aniline is
employed. Figure 3a shows the FTIR spectra of Sfposites. The SP70:30s sample displays the baatd1658 crii
and bandd at 1000 cr which are typical of sepiolite and the bardandc at 1584 and 1497 chare ascribed to the

quinoid and benzonoid rings [24] respectively, whare typical of polyaniline. The presence of $ygdal bands of the
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sepiolite indicates that the fiber was not compyet®ated by polyaniline. In the SP50:50s samgie, bands related to
the sepiolite are not so evident indicating tha BAni coating was more effective. The images shaowRigure 3b
corroborate the FTIR results. It is possible to isethe micrograph the presence of several nanicfestof PAni well
adhered to the sepiolite surface along all fibefame. The amount of polyaniline in these composiées estimated by

TGA analysis, and corresponds to 14 and 46 %weAaifi for the SP70:30s and SP50:50s samples, régplgct

(a) a b ¢

Sepiolite

7

% T L T T L T T
00 1800 [1600 | 1400 1200 :

N
o

1000, 800 600
PAN '

PAN
»\

Transmittance (a.u.)

SP70:30s V‘W\

n

T T T T T T T T T T T T T
2000 1800 1600 1400 1200 1000 800 600

Wavenumber (cm'1) i
Figure 3. FTIR spectra (a) of sepiolite, PAni, SP70:30s 8/R%b0:50s and TEM micrographs (b) of PAni, SP50&tb

SP70:30s by slurry polymerization

3.3 Electrorheological properties

Preliminary tests were performed to determine tleeterheological parameters. To measure the eldweological
properties an electric field (0.5 kV/mm) was apgli@ different frequencies)((10 Hz, 5 kHz and 15 kHz) and the
current density was measured in each case. Bas#topsults indicated in the Table 2, at larggdencies the current
density (j) was high and the shear stress smatlthis reason, all measurements were performe@ &tzlcorresponding
to the largest yield stress and the smallest current density and the elefild range was 0-2 kv/mm. Only the
SP50:50s sample was studied in detail and the pitilya fibers were used for comparison, becauseresented in Table

2, the SP70:30s sample presented a yield stress timmes lower than the SP50:50.



Table 2. Yield stresg, at different frequencied)(at 0.5 kV/mm (AC)

Sample 1, (Pa) j(WA/mnf) 1, (Pa) j(MA/mnf) 1, (Pa) J(LA/MmM)
10 Hz 5 kHz 15 kHz

PAnNI 36 9.9x10 15 0.17 10 0.19

SP70:30s 67 6.5x10 28 0.13 14 0.17

SP50:50s 192 4.7x10 82 0.05 30 0.16

Figure 4 presents the curves in the control shater ICSR) mode for dispersions containing SP50ub@er different

electric field strengths. This fluid was submittedan AC (10 Hz) electric field (E) at 0, 0.5, 1dah.5 kV/mm and

analyzed the dependence of shear stress with siteaait room temperature, within the shear ratgearf 0.001-1000"s

. without an external electric field, the dispersiarontaining SP50:50s presented shear-thinninggphenon. Similar

behavior was observed by J Yin et al[26] usingdffubased on nano-fibrous PAni. Differently the cosifes with

PANIi/ClayMMT studied by Choi et al[8] with 20%wt @rL.im et al [9] with 15% -wt presented a typical Wenian

behavior.

In the presence of an electric fielthe dispersions containing SP50:50s still presktite shear-thinning phenomenon

but on a limited flow range, like plastic material$ie yield stress, increases with E, from, = 192 Pa at 0.5 kV/mm, to

1, = 400 Pa at 1 kV/mm ang = 707 Pa. at 1.5 kV/mm. At high shear rates (5000 s') the slope of the flow curve

with applied field was observed to be much highantthat one in the absence of field. This lasenlaion indicates

that, unlike the prediction of the Bingham modkg stress needed to break the aggregates incredlsdhe shear rate.

This behavior may be attributed to the change mifctire of these aggregates which becomes lessamimapd then

occupy a larger effective volume fraction whenghear rate increases.
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Figure 4. Shear stress as a function of shear rate for SB8@uspension under different field strengths



Figure 5 compares the dependence of the yieldssags function of the applied electric field intmgy scale. The

yield stressm.r:-') used in this plot was measured at 0'1fsr the SP50:50s composite and PAni nanofibepesions.
The electrorheological response of the dispersmmtaining 50:50s and PAni fibers increases stromgth increasing

electric field at low shear rate. The correlatiorttaf yield stress and the electric field stren@hdan be represented as
[26-28];

o
t,cE

According to the literaturey = 2, corresponds to the polarization model aretjual 1.5 to the conduction model [29,

30]. A linear relation between the vyield stragsnd the electric field can be the signature ofghbharization of polar

molecules at the surface of the particles, as fdorttie giant electrorheological effect [31]. Thishavior is also often
attributed to the saturation of the local elecfigdd due to the exponential increase of condustiin the gap between
two particles [29, 32]. Tsuda et al. found a slop&.8 for spherical particles of aluminum-bordtat for whiskers of the
same composition, the slope decreased to 1.3A83), in the study reported by Cheng et al., theted that the change
of morphology of the Ti@particles influence the structuring process urateelectric field [6]. Yin et al. obtained the
range ofa = 1.8-1.2 for the PAni fibers made with L-camphgienic acid. And the authors observed a decreasinige
yield stress as a function of electrical field slogith increasing the acid concentration [26].His twork both samples,
SP50:50s and PAni, have a similar morphology aedstdime volume fraction, so a change of slope camnalirectly
related to the change of morphology. Still the slare different witta=1.52 for PAni fiber, this correspond to the
conduction model and=1.24 for the polyaniline coated sepiolite (SP58)5iddicating that the presence of insulated

materials interfered in the conduction model fonPA
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The relative dielectric constant of SP50:50s plartiwas calculated b¥panice=1.5€peiet -1) kp, Where gpeiet is the

dielectric constant measured apds the volumetric fraction of particles in the Ipélle = 0.65, volume particle/volume

pellet). The absolute dielectric constant is defias the product of the relative dielectric conistard dielectric constant

in the vacuumg'= & &. This relation is based on the Maxwel-Garnett th€for needle like particles, supposing an

isotropic orientation of the needles inside thdgbeFigure 6 show the relative dielectric constand conductivity as a

function of frequency. The conductivity of the pelds is roughly the one of the pellet divided bg ¥olume fractions of

the particles.

100
% SP50:50s SP50:50s
10° 5
**
had
w = 104 ra
E &'=137.47 = ra
S @ 2
= 3 10 Hz = x
2 1074 >
8 £ G =0,2 uS/m
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= =
: g
T 404 (8]
5 10
(a) (b)
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107

Figure 6. Relative dielectric constant (a) and conductiylty as a function of frequency obtained from SP88:pellet

with the correction of volume fraction

The Mason numbemMn) gives the relation between the shearing forcm@gdtetween two particlesskand the electric
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force Rpy Fz, In the linear polarization model the force betwéeo dipoles aligned in the direction of the fieldd

separated by a distance L is given by:

_ 1 ent
E” fre o |4
4mgye L (1)
Fe~12meqgsa® F*E® \yith the dipolar moment of a fiber given by:
m =3Vp g,& E 2

where V=Lr?/4 andp is a function of the permittivity and of the comtivity of the two components; for a fiber like

particle we obtained:

|B|2—1+(°’To)2( 0,0, J

_1+((L)TMW)2 3(O-f (1_nz)+o-pnz (3)
1-n ) +ne
T, =< and TMW=( AN,
With 0-f (1_ nz )Of + nzo-p

Op op particle conductivity,'-ﬂ*r or fluid conductivity, €, absolute dielectric constant of particle,absolute dielectric
constant of fluid ana the angular frequency. The depolarization facton@the main axis, ncan be approximated by

the one of an ellipsoid:

1 1
n, = 1- argcos h(r
. rz_l( N g (}

Actually the Eq.(1) is not well adapted to fibenscg it supposes that the dipoles are locatedeatdimter of the fiber

where r=L/d is the aspect ratio.

whereas they are spread uniformly on the partisldetter approximation in this case is to consitlex interaction
between point charges located at the extremith@fibers with an equivalent charge: Q=m/L wheiis the length of the
fiber [35]. The force between two fibers is attraetwhen the shift between their centers is latgan L/2 (cf. Figure 7).
The main attractive force is the one between tlages located in the points Bnd A, given by: F=G/(4mgeir?). We

suppose that the fibers will slip along each ottefore to separate. At the end point the attradtvee will be along the
X axis and its magnitude will be:

1 m 1

FE = -
4nee L d? @
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Figure 7. Model of interaction between two fibers
Expressingn from Eq.(2) we obtain the final form of the avesdgrce between two fibers: then,

on
<R >= g Eofi Fd*E?

()

wheref3? is given by Eq. (3)
We note here that the force is just proportionah square of the diameter of the fiber, wherkasiwere using Eq.

(1)-(2) we would get an extra factor 6(cfL)which would decrease a lot the estimation of #iectric force.

N ¥

Mn=—————m
2808¢F7E” The hydrodynamic force which will pulls apart theotfibers can be approximated by the friction

coefficient of a fiber times the difference of veily, Av=yL . The friction coefficientg, of a fiber in a transverse flow

is given by Batchelor [36] :

_ 4rin L
log(2L/d)+ 0.5

. . . . F =4 P .
The denominator being of order unity, the sheacdas finally: s and the Mason number for fibers

reads:

. 2

Mn = K _256 ny ( Lj
(6)

wherer) is the viscosity of the suspending fluid, amdhe dielectric constant of the suspending fluBD, [34, 37]As

shown in the Figure,Ghe exponent of the field dependence s 1.24 for SP50:50s sample, so the exponent dielte

12



T e - plplZ
in Eq.(6) should be changed accordir _ |, 25057 57E™" |1 the calculation for SP50:50s sample was used
8.85 x10", s“'f = 3.8&, &= 137.47¢,, 6= 10" S/m, o, - 0.2 uS/m, and an aspect ratio r = L/ d = 25, thesaesl
were measured at 10 Hz. Figure 8 shows the relaiseosity /7)) as a function of Mason number for SP 50:50s

suspension at different electric fields.

10" 3
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1 ae
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4 | »:o
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i Ae
= ] o
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10 LEZLL jeoy R L IR IR SR L PR

10° 10° 10* 10° 10* 10" 10° 10" 10° 10°
Mn

Figure 8. Relative viscosity as a function of Mason numloerSP50:50s suspension

The shape of the curve is like the one obtainedléttrorheological fluids with spherical particl@8]: There is a
roughly linear part between Mn=iGnd Mn=1 and the nonlinear part at Mn>1 corredpdio the regime where the
shear force dominates the electric one.

Viscoelastic tests were performed through straieegwat strain range 0.01-5% and angular freque2@yr4d.s).

Figure 9a shows the storage modulus and the lodsilomas a function of strain for pure PAni and @B8s at a field E

= 2 kvV/mm The fluid of PAni fibers presented a purely visscaehavior in the absence of an electric field, thet

sepiolite coated by polyaniline (SP50:50s) preskateveak contribution (95 Pa) for the storage maslih absence of

field. Both samples (pure PAni and SP50:50s), enpghesence of an electric field presented a sadicbelastic behavior

with G’ larger than G”. The sample SP50:50s haseal viscoelastic region smaller than pure PAme region is 0.01 to
0.1% for pure PAni and 0.01 to 0.04% for SP50:5@sthe magnitude of the field induced shear modidusuch larger

for the SP50:50s sample.
Figure 9b represents the results, for fluids carigi 10% vol. pure PAni fibers and SP50:50s, fdremuency @)

sweep performed at 0.03% of strain, under elefigld of 2kV/mm. Here too we see that under the esdield, G’ of

13



SP50:50s fluid is an order of magnitude larger t@anf pure PAni fluid. We note that fap around 0.3 rad/s there is a
small dip of G' and a maximum of G" for both compds. This phenomenon is likely related to somectiral
relaxation time of the columns of fibers. Then thex a small increase of G' and G" withfor the SP50:50 whereas it
remains constant for the pure PAni sample. Withitkseease of field strength the values of the gferand loss modulus
increase strongly. The slopes of G’ versus thetrteiteld are given in the Table 3. It is notedtlthe slope of G' for the
SP50:50s suspension was approximately the sanhe atope of the yield stress versus field (1.24maned to 1.28), but

they are more different for the pure PAni suspam$io32 compared to 1.52)

7 7 7
10 + G-sp50s0s | 10 10 L
= G'-PAni
% G'-SP5050s [ . .
10° 4 o G"-PAni L 10 10° 4 L 10
* * 3
* ok ok ok, X Fox % x * k Kk * K K *x *k * * * ¥ *
* 5 5
—~10° 3 * E10° o —~ 1073 ¥ opon o wow o ¥ oxow o &k 210
g-ﬂi ¥ Or oo o e oa o . : ; . ‘%v :z " T L L s = m m ® = = %
- B} B B & % [ T | &
0] o SRR B A S cocanoa F10° =
3 * G- SP 50:50s 3
10°4 - 10° 107+ = G'-PAni - 10
E % G"- 8P 50:50s
(a) (b) o G"- PAni
10° e+ 10 10’ T wr e A
10° 107 10° 10" 10° 10' 10°
Strain (%) a (rad/s)

Figure 9. Storage Modulus, G’ and Loss Modulus, G” versuaiistatw=20 rad/s (a) and as a function frequency at
0.03% of strain (b) for PAni and SP 50:50s susmenat 2kV/mm,

Table 3. The storage modulus at different electric field

Electric Field PANi SP50:50s
E (kV/mm) G'(kPa)

0.0 0.01 0.08

0.5 9 117

1.0 23 202

1.5 37 352

2.0 56 536
Slopé 1.32 1.28

"The slope is obtained from the curve of the
storage modulus as a function of the applied
electric field in log—log scale

4. Conclusion
This work presented two different methods to preptre polyaniline-coated sepiolite, denoted bulkl aturry
polymerizations. The first method was effective #@arhieving good yield of polyaniline in all septeli/polyaniline
compositions but resulted in the formation of aggtes of sepiolite embedded by polyaniline. Coitytathe slurry
polymerization of aniline in the presence of sapofave rise to nice nanocomposites with PAni pamiicles well
adhered to the sepiolite surface. The compositioachieve the coating of sepiolite with polyanilimelarger extent

corresponds to 46 -wt% of PAni, as indicated byFFahd TEM and quantified by TGA analysis.
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The best electrorheological response was obtairn#d suspensions of SP 50:50s sample, which contepsolite
coated with 46 wt% of PAni. In fact, this suspensmesented better ER effect than that constitoyedure PAni fibers,
with a storage modulus, G’'= 536 kPa for the coneoSP50:50s and only 56 kPa for pure PAni fibepsasion at 2
kV/mm. These values are well above those publishegrevious papers for polyaniline based parti¢g 40]. The
value of the yield stress of about 1 kPa at 2kV/famSP50:50s suspension is the same as the onieedtay Lim et al.
[9] for a coating of PAni on montmorillonite clayatelets. We also note that an anisotropic shajibeteneedle or
platelet) increases considerably the yield stresspared to spherical shape where a yield stresdbafit 300 Pa was
obtained for the same field on a PAni coating b€®i[11]. These results highlight the importandedeveloping hybrid
polyaniline-based nanoparticles with elongatedcstmes to obtain ER fluids with better performarael open new
possibilities of synthesizing other hybrid matesialith tuned morphology for electro-rheologicalidisl with better ER
performance than those constituted by the pure coemts. In this context, the synthesis of otheriPBased materials
with elongated structures and the evaluation oir tB® performance are in progress and it will béjsat of future

publications.
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