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Figure 1 Typical bimodal distribution of cells in PC microcellular material

a, b. Cellular structures with different magnifications; c. distribution diagram of cell size

with respect to the PC microcellular foam"™*
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Figure 2 The scheme of foaming process
a. The island-sea structure of PMMA/PS blend caused by MMA disturbing in the PS matrix and subsequent
blend foaming in terms of CO,; b. the scheme regarding to CO; solution, gas nucleation and expansion in

PMMA-b-PB-6-PMMA copolymer matrix'**]
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Figure 3 SEM images of foamed epoxy resin containing various CTBN content at foaming

temperature of 120°C during foaming time of 20s"%]
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Figure 4 The distribution of carbon nanofillers in cells
a. Carbon nanoparticle with 1-D structure located in the area among several cells during cell growth;

b. carbon nanoparticle with 2-D structure located in the area among several cells during cells’ biaxial stretching!®*-*"!
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Figure 5 The EMI SE and nanofiller dispersion in PMMA/MWCNTs-GNPS composites
a. EMI SE of PMMA/MWCNTs-GNPS microcellular composites with different GNPS and MWCNTs loading
b. the proportion of SE, and SE; in SE; for EMI SE of PMMA/MWCNTs-GNPS microcellular composites;

c. the mechanism of mutual exfoliation of GNPS and MWCNTs and their dispersion under supercritical CO,

and synergetic conductive effect?
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Figure 6 The fabrication, structure and EMI SE of EP/SWCNT composites
a. The flow depicting the generation process of EP/SWCNT composites associated with electric and non-electric field;
b. SWCNT orientation in EP matrix under direct current electric field; c. the phenomenon of SWCNT orientation in EP
matrix exhibited in SEM image; d. the EMI SE comparison between EP/SWCNT composite under electric field and
EP/SWCNT composite without electric field™®™
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Figure 7 The cellular structure and EMI SE of epoxy/CTBN/MWCNTs microcellular composite
The pictures in left shown the dispersion of CTBN and MWCNTs in epoxy matrix; middle picture illustrating cell’s

microstructure and MWCTNs distribution in the composite foam; the right demonstrating the composites* EMI SE

and corresponding electromagnetic wave’s attenuation''*J,
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Advance in Microcellular Materials Based on Polymer and Polymer/Carbon
Nanofillers Materials and Their Electromagnetic Interference
Shielding Performance

ZHANG Guang-cheng” , LI Jian-tong, ZHANG Hong-ming, FAN Xun, GAO Qiang,
LIU Wei, SHI Xue-tao, QIN Jian-bin
(Northwestern Polytechnical University , Polymer Science and Technology Key Laboratory of
Shaanxi Province, Xi’an 710072, China)

Abstract: This review introduced polymer-based and polymer composite-based microcellular materials by means of
supercritical CO, foaming process, and summarized their electromagnetic interference shielding effectiveness (EMI SE)
depending on numerous reports composed of the research of ours and others. Various types of polymer systems. including
unitary-and multi-thermoplastic polymer systems as well as thermosetting polymer system were reviewed to sum up
foamability. cellular morphologies and foams’ properties and also to optimize cell parameters (cell size and average cell
density) by blending, copolymerization, crystallization and cross-linking and foaming process consideration. And then,
thermoplastic and thermosetting polymer matrices modified with carbon nanofillers were foamed by scCO, to fabricate
corresponding microcellular composite materials, where the interaction between cells and carbon nanofillers was mainly
concerned. In foams containing cells and carbon nanofillers, conductive networks are easier formed because the influence of
cell growth on nanofillers” redistribution caused them reaggregate and originate along cell walls and thus interconnection.
Ultimately, some understandings and perspectives the outstanding electrical conductivity of microcellular composite
materials with respect to the development and application of microcellular polymer and polymer/carbon nanofillers materials
in the future.

Key words: Supercritical CO,; Microcellular foaming; Cellular morphology; Polymer/carbon nanofiller composite;

Electromagnetic interference shielding
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