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Computational and Theoretical Designing of Polymer Composites with
Desired Rheological Properties”

Author: Xue-Zheng Cao
Department of Physics, Xiamen University, Xiamen 361005, P.R. China

Abstract: With the purpose of further promoting the practical application of polymer composites, we
clarified the corresponding rheological principles of the dependences of polymeric materials' strength,
toughness and thermal dissipation under shearing deformation on the dynamical evolution of topological
structure of polymer chains, by applying comparative studies between macroscopic and microscopic
rheologies to polymer composites resembling gel and mucus. Aiming to quantitatively compute the storage
and loss moduli that characterize the rheological properties of polymer systems, we developed an
equilibrium molecular dynamics algorithm based on Green-Kubo function, which enabled us to reveal
successfully the reptation-like dynamical relaxation of polymer chains inside condensed nanoparticle
agglomerates. We have also computationally and theoretically constructed a novel polymer permanent-
transient double network to design bionic polymer materials with strong strength, high toughness and self-
healing function.
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Rheology of microgel particles at the oil-water interface”

Zifu Li, PhD, Professor
National Engineering Research Center for Nanomedicine, College of Life Science and Technology Huazhong University of Science and
Technology 1037 Luoyu Road, Wuhan, Hubei, China Phone: +86-27-87792234, Fax: +86-27-87792234, Email: zifuli@hust.edu.cn

Abstract: Understanding the behaviors of colloidal particles at the oil-water interface is pivotal for disparate
industries. However, most of the work concerning particles at the oil-water interface involves rigid particles.
We have systematically studied the behaviors of soft microgel particles at the oil-water interface?. Being
soft, porous and stimuli responsive, microgel particles exhibit both colloid and polymer duality, and
therefore behave distinctly from rigid colloidal particles®4. More importantly, emulsions stabilized by
microgel particles can offer an unparalleled degree of control on emulsions' stability. Stable emulsions will
become unstable by increasing temperature above the volume phase transition temperature of microgel
particles®, enabling unprecedented control on emulsion stability and having wide applications®. In this talk,
we introduce the microstructure of microgel particles at the heptane-water interface (Figure 1), highlight
their dilatation rheology and shear rheology at a model heptane-water interface (Figure 2), and showcase
their applications for constructing multifunctional porous materials’8.

Keywords: Pickering emulsion; Interfacial rheology; Microgel;
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Shear-induced breakdown and aggregation in nanoparticles filled

polymer: from the viewpoint of moduli decomposition

Benke Li, Wei Yu*
Department of Polymer Science and Engineering, Shanghai Jiao Tong University, Shanghai, P.R. China, 200240

Abstract: The attractive interaction between particles in particle suspensions leads to the formation of small
aggregates, which may further agglomerate into large agglomerates. And shear processes can greatly
influence the moduli of the composites, i.e. shear-induced aggregation and shear-induced breakdown.
Recently we developed a moduli decomposition procedure by two-step shifting for particle suspension, and
it was further used in the study of crystallization of polymers. From the two-step shifting, the hydrodynamic
contribution in a particle filled polymer system can be readily obtained from the dynamic moduli. Here, we
will study the rheology behavior by this two-step shifting method.

Key Words: Two-step shift, shear-induced aggregation, shear-induced breakdown.
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Unusual nonlinear behavior of filled elastomers: the quasi-sinusoidal

responses that has a strain-dependent modulus

Xiaorong Wang
School of Chemical Science and Engineering ?, Institute for Advanced Study 2, Tongji University, Shanghai 200092, China. Email:
xrwang@tongji.edu.cn

Abstract: Polymer elastomers loaded with nano-sized solid particles have viscoelastic properties strongly
dependent on strain amplitude. However, under cyclic loading conditions the stress responses of these
materials are surprisingly sinusoidal even though the stress amplitude decreases significantly as the strain
amplitude increases. This quasi-sinusoidal or linear dynamic behavior of filled rubbers that has a strain-
dependent modulus is usually explained to be related to the restoration of broken filler network requiring
longer than the time scale of a typical dynamic perturbation. To test this hypothesis, we investigated the
nonlinear responses of a number of CB-filled SBR vulcanized rubbers, where the filler concentrations in
the matrix is larger than the percolating threshold ,. We have found that this quasi-sinusoidal behavior
remains unchanged in the nonlinear regime even at perturbation frequencies as low as 10 Hz. Note that
this frequency corresponds to more than 27 hours of relaxation time, which, according to current knowledge,
should be much longer than the typical recovery time of a filled network. This result indicates that the above
explanation is incomplete. A summary of our recent research activities in Tongji on this subject and the
impact of our findings on the actual rheological constitutive equations will be presented.
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Understanding the structural evolution under the oscillatory shear field to
determine the viscoelastic behavior of nanorod filled polymer

nanocomposites

Yangyang Gaoa’, Liqun Zhanga
a Center of Advanced Elastomer Materials. Beijing University of Chemical Technology, Beijing, China.

Abstract: By adopting molecular simulation, we have examined the effect of oscillatory shear strain
amplitude on the viscoelastic behavior of nanorod (NR) filled polymer nanocomposites (PNCs) by tuning the
interfacial interaction. We have observed the Payne effect at strong interfacial interaction. Payne-effect
magnitude gradually increases with the interfacial interaction and the NR volume fraction. To understand
the origin of Payne-effect, we examine the NR microstructures and their evolution during the shear field.
We find that at low interfacial interaction, the probability of forming NR network is nearly unchanged with
the shear strain amplitude; while at strong interfacial interaction, on the contrary the probability
significantly decreases with the shear strain amplitude. We infer that various interfacial interactions change
the NR network, influencing their evolution behavior under the shear flow. Meanwhile, we calculate the
main cluster size and the total number of clusters for the NR network at different shear strain amplitudes,
which is consistent with the probability of forming NR network. Thus, the original NR microstructure is
significantly broken down under the external shear field, which can also be reflected by the number for
polymer-mediated NR network bridged by glassy chains and the connected polymer beads between NRs. In
addition, the polymer chains can slip on the filler surface under the shear field. As a result, the observed
Payne effect comes from the slippage of the interfacial chains and breakage of the polymer-mediated NR
network bridged by glassy chains at strong interfacial interaction. While at low interfacial interaction, it
exhibits a weak non-linear behavior. Additionally, both reinforcement and Payne-effect magnitude exhibit a
linear dependence on the inverse of the aspect ratio of the NRs. At last, different contributions to

*HEGIH B T USE 6 U0 H (61402100102)
FIHIES: Rk, #I%, E-mail: yumiao@cqu.edu.cn
* Corresponding Author: gaoyy@mail.buct.edu.cn



mailto:gaoyy@mail.buct.edu.cn

reinforcement due to hydrodynamic effects, “‘occluded rubber”, and “filler network” are quantified where
the “filler network” is the main contribution.
Keywords: Molecular dynamics simulation, polymer nanorod filled nanocomposites, viscoelastic behavior.
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