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Fig. 1

sheets! ! (Adapted by permission of Royal Society of Chemistry)
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TEM images of bare GO (a), PAGO (b, c¢), PAG (d,e) sheets and SEM images of bare GO (f), PAGO (g, h), PAG (i, j)
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Fig. 2 Steady flow curves of shear stress vs. shear rate for PAG suspension (a) and pure PANI suspension (b) at various electric fields'*'

(T =23%C, particle volume fraction =10 vol% ) (Adapted by permission of Royal Society of Chemistry)
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fraction = 10 vol% ) 1! ( Adapted by permission of Royal Society

of Chemistry)
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Fig. 5 Shear stress versus shear rate for GO/PANI
composite particles (10 vol% particle concentration) based
ER fluid under different electric field strengths

Solid, dotted lines are from CCJ model and Bingham
model ) ('Adapted by permission of Royal Society of
Chemistry)
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Fig. 6 Schematic of the formation procedure for the CS chains grafting onto the surface of graphene

nanosheets **) ( Adapted by permission of Elsevier)

Fig. 7 TEM images of GNS and GNS-CS nanocomposites

The black arrows indicate the existence of chitosan on the surface of GNS'**) ( Adapted by permission of Elsevier)
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Fig. 8 ER behaviors of GNS-CS nanocomposites

dispersed in silicon oil (0.33 wt% ) between two
electrodes under an applied electric field of (a) 0
kV/em and (b) 1.2 kV/em!™! ( Adapted by

permission of Elsevier)
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Fig. 9 Synthesis schematic of polystyrene-graphene-oxide core-
shell structured nanocomposite'*) ( Adapted by permission of

Royal Society of Chemistry)
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Fig. 11 SEM and TEM images and corresponding SAED patterns of graphene-supported carbonaceous

sheets (a, b) and pure carbonaceous particles (c, d) (48] ( Adapted by permission of Elsevier)
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Fig. 12 Static yield stress as a function of electric field
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carbonaceous sheets (open points) and the suspension of
pure carbonaceous particles (solid points) (7 =20C, 10

vol% ) 1) (Adapted by permission of Elsevier)
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ELECTRORHEOLOGICAL MATERIALS BASED ON
GRAPHENE/POLYMER NANOCOMPOSITES

Jian-bo Yin, Xiao-peng Zhao
(Smart Materials Lab, Department of Applied Physics, Northwestern Polytechnical University, Xi’ an 710129)

Abstract Electrorheological ( ER) smart fluids can rapidly and reversibly response to an external electric
field by transmitting rheological properties, which have many potential technical applications. However,
conventional ER fluids based on microparticles are subjected to challenges in practical applications due to the
problems including large particle sedimentation and low electric-field-induced yield strength. Recent researches
of using nanoparticles as the dispersal phase have led to new interest in the development of non-conventional
ER fluids with improved electrorheology. In this brief review, we especially focus on the recent researches on
preparation , structure and electrorheology of two-dimensional graphene-based composites including graphene/
semiconduting polymer graphene/polar polymer and graphene/carbonaceous composites. The results have
showed that using graphene as host to prepare novel two-dimensional ER materials possibly provide a potential
approach to develop high-performance ER fluids due to the advantages of the atomically thick two-dimensional
structure , excellently electric and thermal properties.

Keywords Electrorheology, Graphene, Nanocomposites



