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Abstract: A study was conducted to solve the problem of low shielding performance of composite materials used for
electromagnetic interference shielding because conductive materials are not uniformly dispersed or oriented in the poly-
mer matrix. For this, electrically conductive polyacrylonitrile (c-PAN) fibers that do not melt and have a high decom-
position temperature and poly(L-lactic acid) (PLA) fibers having a low melting point and showing biodegradability were
mixed in several ratios and aligned in the longitudinal direction to make blended slivers. c-PAN fiber/PLA composite
films were prepared then by melt-pressing the blended slivers at 200 °C, and their several properties including elec-
tromagnetic interference shielding property were analyzed. The ¢-PAN fibers were aligned in the machine direction in
the composite film. The electromagnetic interference shielding efficiency as well as the thermal conductivity of the com-
posite films increased as the content of c-PAN fibers increased. The composite film with a c-PAN fiber content of 20%
and a thickness of 1.6 mm exhibited a shielding efficiency of 20 dB or more in the entire frequency range, and an excel-
lent shielding efficiency of about 30 dB at 1000 MHz frequency.

Keywords: poly(L-lactic acid) fiber, electrically conductive polyacrylonitrile fiber, electromagnetic interference shielding,
blended sliver, composite film.
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Figure 1. Change in (A) tensile stress at break; (B) tensile strain at
break of c-PAN fiber/PLA composite films with increasing c-PAN
fiber content. (a) machine direction; (b) transverse direction.
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Figure 2. Change in (A) tensile stress at break; (B) tensile strain at
break of 20 % c-PAN fiber content composite film made by over-
lapping two composite films at different angles. (a) machine direc-
tion; (b) transverse direction.
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Figure 3. Optical microscopy images of c-PAN fiber/PLA compos-
ite film with (a) 3%; (b) 5%; (c) 10%; (d) 20% c-PAN fiber con-
tents. Magnification: x5.
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Figure 4. SEM images of (a,b) neat PLA film; (c,d) composite film
with 20% c-PAN fiber content. (a,c) surface, magnification x500,

scale bar 60 um; (b,d) fractured cross-section. Magnification x1000,
scale bar 30 pm.
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Figure 5. Effect of c-PAN fiber content of the composite film on
(A) contact angle with (a) water; (b) diiodomethane; (B) (c) total;
(d) dispersion component; (e) polar component of surface free
energy.
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Table 1. Thermal Properties of Composite Films with Various c-PAN Fiber Contents

c-PAN fiber content Density (0) Specific heat (C,) Thermal diffusivity (@) Thermal conductivity (1)
(%, wiw) (g/em’) J/g’K) (mm?/s) (W/m'K)
0 (neat PLA) 1.263 1.249 0.741 1.17
2 1.252 1.246 0.764 1.19
3 1.249 1.257 0.846 1.33
5 1.246 1.273 0.854 1.35
10 1.236 1.283 0.876 1.39
20 1.213 1.296 0.892 1.40
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