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Abstract: In order to overcome the problems of increasing weight of composites and difficulty of orientation of the fillers
in the matrix when plastic matrices and metal fillers were used for electromagnetic interference (EMI) shielding materials,
a new simple and effective method was developed to produce EMI shielding composites in which electroconductive (ec-)
fiber fillers were oriented to machine direction by using of melt-pressing mixed fiber slivers composed of meltable poly-
propylene (PP) fibers and non meltable ec-acrylic fibers. Ec-acrylic fiber/PP composite films with various contents of ec-
acrylic fiber were prepared from the mixed fiber slivers, and their mechanical and surface properties, resistivity, and elec-
tromagnetic shielding efficiency (EMSE) were analyzed. Results showed that ec-acrylic fibers were present parallel to
machine direction in the composites and that an excellent EMSE of 30 dB at 1 GHz was obtained when composite films
of 1.6 mm thickness with a 20 wt% ec-acrylic fiber content was used.

Keywords: polypropylene fiber, electro-conductive acrylic fiber, mixed sliver, melt pressing, composite, electromagnetic
shielding efficiency.
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Figure 1. (A) Tensile fracture stress; (B) fracture strain of the ec-
acrylic fiber/PP composite films with various contents of ec-acrylic
fibers. (a) machine direction; (b) transverse direction.
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Figure 2. (A) Tensile fracture stress; (B) fracture strain of the com-
posite films of a 20% ec-acrylic fiber content made from two com-
posite films overlapped with different angles. (a) machine direction;
(b) transverse direction.
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Figure 3. Optical microscope images of ec-acrylic fiber/PP com-
posite films of (a) 3%; (b) 5%; (c) 10%; (d) 20% ec-acrylic fiber
content. Magnification X5.
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Figure 4. SEM images of (a,c) neat PP film; (b,d) composite film
of a 20% ec-acrylic fiber content. (a,b) surface; (c,d) cross-section.
Magnification: (a,b) x500; (c,d) x1,000.
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Figure 5. FTIR ATR spectra of (a) neat PP film; composite films of
(b) 2%; (c) 3%; (d) 5%; (e) 10%; (f) 20% ec-acrylic fiber content.
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Figure 7. Changes in the (a) total; (b) dispersion component; (c)
polar component of surface free energy of the composite films
according to ec-acrylic fiber content.
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Figure 9. Electromagnetic shielding efficiency (EMSE) of the com-
posite films at various frequencies with ec-acrylic fiber content of
(a) 0% (neat PP); (b) 3%; (c) 5%; (d) 10%; (e) 20%.
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Figure 10. Electromagnetic shielding efficiency (EMSE) of the composite films with ec-acrylic fiber content of (A) 0% (neat PP); (B) 2%;
(C) 3%; (D) 5%; (E) 10%; (F) 20%. Sample thickness (mm) (a) 0.2; (b) 0.4; (c) 0.8; (d) 1.6.

o]7] wjio] HAH oz 2 2Jolr} o glal AYztete] o}
= /\—1 o) 9} Eg_:] o]—E]—_L 7};4 o]— 1:]—

Ago) drgst W3 7o) density determination kitS A}

£3lo] W (py=, DSC Sl 28l MD(C)2, BeIAE A
$3lo] G ()E 4T T, 4 (3)% ol&sld 7+ A

Zan, A)4278 A63, 20183

Table 10 &7
71 SHAA= "7t

FEgel dert get

e
A

29 IRAR(DE T o5
=4 4
E,—

ERREI, S Ve
= 227 9x xpolof] s
xh:].

E
J’
- (=NIN

B3y



o= =rrlel Eelzeddl A

Ho
fu
i,
ol
o

40
30 1
(
m
=)
N
M 20 (c
7]
2
ICl
10 +
0 I + + !
0.0 04 0.8 12 1.6 2.0

Film thickness (mm)

Figure 11. Increases in the EMSE of the composite films at fre-
quency of 1.0 GHz with increasing film thickness. Content of ec-
acrylic fiber: (a) 0% (neat PP); (b) 2%; (c) 3%; (d) 5%; (e) 10%; (f)
20%.
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Table 1. Thermal Properties of the Composite Films Containing Various Contents of ec-Acrylic Fibers

Content of ec-acrylic fiber Density (p) Specific heat (C,) Thermal diffusivity (@) Thermal conductivity (A1)
(%, wWiw) (g/cm?®) J/g'K) (mm?/s) (W/m-K)
0 (neat PP) 0.910 1.788 1.210 1.97
2 0.891 1.739 1.025 1.59
3 0.919 1.728 0.846 1.34
5 0.923 1.720 0.845 1.34
10 0.915 1.688 0.809 1.25
20 0.903 1.676 0.791 1.20
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