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초록: 폴리프로필렌(polypropylene, PP)/탄소섬유 복합재료의 반사손실(reflection loss, RL)과 임피던스 매칭(impedance

matching) 특성을 두 가지 다른 방법으로 제조된 PP/탄소섬유 복합재료에 관하여 연구하였다. 탄소섬유 함량을 10 wt%

첨가하여 사출성형 가공방법으로 제조된 PP/탄소섬유 복합재료의 RL 값은 -29.1 dB로 나타났고, 같은 탄소섬유 함

량을 첨가하여 압출성형 가공방법으로 제조된 PP/탄소섬유 복합재료의 RL 값은 -15.6 dB로 나타났다. 이와 같이 사

출성형 방법을 이용하여 제조된 PP/탄소섬유 복합재료의 우수한 RL 특성은 제조된 복합재료의 임피던스 매칭 특성

으로 인한 것으로서 이는 사출성형 방법으로 제조된 PP/탄소섬유 복합재료의 섬유길이가 압출성형 방법으로 제조된

복합재료의 섬유길이보다 더 길어서 발생하는 것으로 사료된다. 이상의 결과로부터 효과적인 전자파 흡수 PP/탄소

섬유 복합재료를 얻기 위해서는 제조된 복합재료의 섬유길이가 중요한 요인임을 알 수 있다. 

Abstract: The reflection loss (RL) performance and impedance matching characteristics of polypropylene (PP)/carbon

fiber composite were studied according to two different composite preparation methods. For the PP/carbon fiber com-

posite prepared by injection molding process, the RL value of -29.1 dB was achieved at low carbon fiber content (10

wt%), compared with the composite prepared by screw extrusion process (-15.6 dB). This good RL performance of the

PP/carbon fiber composite prepared by the injection molding process was attributed to the impedance matching char-

acteristic originating from the longer fiber length in the composite, than in the composite prepared by screw extrusion.

The results suggest that the carbon fiber length in the composite is an important factor to achieve PP/carbon fiber com-

posites that have effective electromagnetic wave absorbing properties. 

Keywords: polymer composite, carbon fiber, electromagnetic properties, electrical conductivity.

Introduction

The rapid development of electronic devices that continue to

get smaller and smarter has resulted in electromagnetic inter-

ference shielding effectiveness (EMI SE) issues in these

devices, especially at gigahertz frequency.1-3 The effects of

EMI are not limited to the failure of electronic devices, but can

also seriously affect human beings. In general, electromagnetic

wave shielding consists of three mechanisms: reflection,

absorption, and multiple reflection.2,3 The most common strategy

for shielding electromagnetic waves is to enhance the electrical

conductivity of the shielding material, which simultaneously

improves the reflection and absorption of electromagnetic

waves.4-8 However, EMI shielding by reflection does not truly

mitigate electromagnetic pollution, as reflected electromag-
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netic waves may still cause damage to nearby devices. 

In recent years, much attention has been paid to electro-

magnetic wave absorbing materials, because of their industrial

and environmental importance. Electromagnetic absorbing

materials can absorb electromagnetic energy, and effectively

suppress the reflection of the electromagnetic wave.3,8 Various

strategies have been undertaken by researchers to achieve high

electromagnetic shielding properties with broad effective

absorption bandwidth, such as the reflection loss (RL) ≤ -10

decibels (dB) and 90% absorption of electromagnetic

energy.3,7,8 For example, Yan et al.7 reported Fe3O4-PEDOT

nano-spindles exhibiting a peak maximum RL of -55 dB with

50 wt% of filler. He et al.8 developed NiFe2O4-rGO nanosheets,

which showed a peak maximum RL of -42 dB at 5 mm thick-

ness with 70 wt% of filler. The electromagnetic absorbing

materials should not only have good performance, but also thin

sample thickness, light weight, and be easy to process for prac-

tical industrial applications.

Conductive carbon fillers, such as carbon fiber or carbon

nanotube, have been widely used as fillers in academic

research and industrial application, because of their good elec-

trical properties.9-15 Our previous studies have shown that

because of its good electrical conductivity, carbon fiber is an

effective conductive filler in EMI shielding.2,3 Many other

studies have investigated the electrical conductivity of poly-

mer/conductive carbon filler composites.4-10 However, studies

of the electromagnetic properties to correlate the RL and

impedance matching parameter for the polymer composite

have rarely been reported.

The purpose of this work was to investigate the more appro-

priate composite preparation process from the properties of

electromagnetic wave absorption through the RL at the same

fiber content of polypropylene (PP)/carbon fiber composite

prepared by two different composite processing methods, for a

range of carbon fiber content. Also, the impedance matching

characteristics of the PP/carbon fiber composites were cal-

culated to correlate the RL and impedance matching parameter

of the composite.

Experimental

Materials and Composite Preparations. PP was obtained

from Hanwha Total Ltd. (Korea). The melt index of PP was

11.0 g/10 min with a weight-average molecular weight of

36400 g/mol. The carbon fiber (grade T-700) was supplied by

Toray Co. (Japan). To investigate the effects of processing

method on the electromagnetic properties of the PP/carbon

fiber composites, PP/carbon fiber composites were prepared

by two different processing methods. First the PP/carbon fiber

(70/30) master batch was processed by injection molding

machine (Model BOY 12A, Boy Ltd., Neustadt, Germany)

with an 18 mm screw of 20:1 length-to-diameter ratio. The

temperature ranged from 180 to 200 °C, and the screw speed

was 200 rpm. The carbon fiber was added to the composite in

the amount of (5, 10, 20, and 30) wt%. Secondly, the screw

extruded samples were processed using a 11 mm diameter lab-

scale twin-screw extruder (Model D19, BauTek, Korea) with a

screw ratio of 40:1 length to diameter. The extrusion tem-

perature ranged from 180 to 200 °C, and the screw speed was

80 rpm. Table 1 shows the sample codes of the PP/carbon fiber

composites prepared in this work.

Morphology. The morphology of the PP/carbon fiber sam-

ple was investigated using scanning electron microscopy

(SEM). The fractured surface was prepared by cryogenic frac-

turing. The sample was hot pressed at 200 °C and 2.0 MPa

before use. For the investigation of the fiber length after pro-

cessing of the composite, the polymers were dissolved using

xylene by Soxhlet extractor. After drying the fibers, the length

of the fiber was measured using an optical microscope. 

Electrical Properties. The RL was measured using a net-

work analyzer (Model ENA5071C, Agilent Technologies,

USA)2,3 with coaxial wire method including toroidal-shaped

sample (out = 7.0 mm, in = 3.0 mm, and thickness of 2.0 mm).

The RL measurement was conducted in the frequency range

between 1.0 to 12.4 GHz. For the measurement of RL, the rear

side of the sample was terminated by a short kit, which is a

perfect conductor.13 Impedance matching characteristics and

attenuation constant were calculated from electromagnetic

Table 1. Sample Preparation Methods and Compositions of

the Polypropylene (PP)/Carbon Fiber (CF) Composites

Preparation 
methods

PP
(wt%)

CF 
(wt%)

Sample
code

Injection molding

95 5 MOL 5

90 10 MOL 10

80 20 MOL 20

70 30 MOL 30

Screw extrusion

95 5 EXT 5

90 10 EXT 10

80 20 EXT 20

70 30 EXT 30
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parameters obtained from network analyzer. Electrical con-

ductivities of the PP/carbon fiber composites were measured

by linear four-pin probe resistivity meter (Model MCP-T610,

Mitsubishi Chemical, Japan). The sample was hot pressed and

the size was (25 × 12 × 0.2 mm3).

Results and Discussion

Morphology. Figures 1 and 2 show the microscopic images

of the PP/carbon fiber composites prepared by injection mold-

ing and screw extrusion with the carbon fiber contents, respec-

tively. The carbon fiber contents in the composites shown in

Figures 1 and 2 were (5, 10, 20, and 30) wt%. These figures

show that the injection molded and screw extruded composites

reveal uniform dispersion of the carbon fiber in the PP matrix.

Figure 3 shows the carbon fiber after the PP matrix was dis-

solved. From Figure 3(a), the average fiber length after the

injection molding process was found to be 880 μm with a stan-

dard deviation of 275 μm. For the screw extruded PP/carbon

fiber composite from Figure 3(b), the average fiber length was

410 μm with a standard deviation of 132 μm. This difference

in fiber length might be due to the different shear stress levels

applied to the composite samples. In general, carbon fiber

undergoes high shear stress in the screw extrusion process,

compared to during the injection molding process. Therefore,

the fiber length of the composite prepared by screw extrusion

showed shorter, compared to that of the injection molding pro-

cess.

The composites prepared by injection molding showed the

higher electrical conductivity, which was 5.9×10-3, 3.1×10-2,

9.8×10-1 and 1.7×101 S/cm when the carbon fiber content was

5, 10, 20 and 30 wt%. For the composites prepared by screw

extrusion, the electrical conductivity was 1.8×10-8, 5.1×10-7,

5.3×10-4 and 1.9×10-2 S/cm when the carbon fiber content was

5, 10, 20 and 30 wt%, respectively. The higher electrical con-

ductivity of the composites prepared by injection molding was

because of the longer fiber length.

Reflection Loss of the Composites. In an electromagnetic

shielding field, the shielding performance is closely related to

the electromagnetic parameters, such as the complex relative

permittivity (r = ' – j"), and complex relative permeability

(r = ' – j"). More specifically, the real part of the permit-

tivity (') and permeability (') shows the storage capability of

electromagnetic wave energy, whereas the imaginary part of

the permittivity (") and permeability (") shows the loss capa-

bility of electromagnetic wave energy.16

Figures 4 and 5 show the RL curves of the PP/carbon fiber

composites prepared by the injection molding and screw extru-

sion processes, respectively. The carbon fiber contents in the

composites shown in Figures 4 and 5 were (5, 10, 20, and 30)

Figure 1. SEM images of PP/carbon fiber composites prepared by

injection molding with carbon fiber contents (phr): (a) 5; (b) 10; (c)

20; (d) 30.

Figure 2. SEM images of PP/carbon fiber composites prepared by

screw extrusion with carbon fiber contents (phr): (a) 5; (b) 10; (c)

20; (d) 30.
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wt%. The RL is a microwave absorption property that rep-

resents the attenuation ability of the composite, defined by the

logarithmic ratio of the incident power to the reflected power.

Theoretically, the RL value can be described by eqs. (1) and

(2), as follow:17

(1)

(2)

where, Zin is the input impedance of absorbing material and Z0

is the impedance of free space. In addition, f is the frequency

of the electromagnetic wave, d is the thickness of the com-

posite, and c is the velocity of light in free space. RL is usually

expressed in dB. Generally, it is suggested that an RL value of

less than -10 dB is required for the application of the com-

posite.8

From Figure 4, the minimum RL peak values are shown to

be (-15.8, -29.1, -12.7, and -8.8) dB for the PP/carbon fiber

injected molded composites of MOL 5, MOL 10, MOL 20,

and MOL 30, respectively. Furthermore, the MOL 10 com-

posite showed an effective absorption bandwidth (RL ≤ -10

dB, 90% absorption of electromagnetic energy) of (8.3 to 10.4)

GHz. Figure 4 also shows that by increasing the carbon fiber

content from (5 to 30) wt%, the minimum peak value of RL

shifts to a lower frequency. Also, it shows that by increasing

the carbon fiber content from (5 to 30) wt%, the absorbing per-

formance of the RL decreases. 

For the composites shown in Figure 5, the minimum RL

peak values of the EXT 5, EXT 10, EXT 20, and EXT 30
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Figure 3. SEM images of the carbon fiber after dissolving the PP

from PP/carbon fiber composites prepared by different processing

methods: (a) injection molding; (b) screw extrusion.

Figure 4. Reflection loss of PP/carbon fiber composites prepared by

injection molding with carbon fiber contents.

Figure 5. Reflection loss of PP/carbon fiber composites prepared by

screw extrusion with carbon fiber contents.
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composites were found to be (-9.6, -15.6, -2.1, and -3.5) dB,

respectively, showing that the minimum RL peak values of the

composites prepared by the screw extrusion were higher than

those of the composites prepared by the injection molding pro-

cess. A low value of RL is preferred, because when the elec-

tromagnetic wave is absorbed in the composite, lower RL

means decreasing reflection. The above results suggest that in

terms of the RL of the PP/carbon fiber composites, the injec-

tion molding process is better than the screw extrusion process.

Impedance Matching of Composites. In order to obtain

good electromagnetic wave absorption property of the com-

posite, the first thing to consider is the impedance matching,

which is the ratio of the absorbing material and free space,

such as |Zin/Z0| = 1.0. Mismatch of the impedance will cause

the electromagnetic wave to be reflected at the air–absorber

interface. Figure 6 shows the impedance matching (|Zin/Z0|)

curves of the PP/carbon fiber composites prepared by the

injection molding process when the carbon fiber content is (5,

10, 20, and 30) wt%. From Figure 6, the MOL 10 composite

shows the impedance matching characteristic of |Zin/Z0| = 1.0 at

the frequency of about 9.2 GHz. This impedance matching

characteristic of the MOL 10 composite was because the min-

imum RL peak value was observed at near the matching fre-

quency (at 9.3 GHz) for the PP/ carbon fiber composite (MOL

10) shown in Figure 3. 

Figure 7 shows the impedance matching curves of the PP/

carbon fiber composite prepared by the screw extrusion with

the carbon fiber contents. From Figure 7, the |Zin/Z0| of the PP/

CF composites of EXT 5, EXT 20 and EXT 30 failed to match

impedance, except for the PP/carbon fiber (EXT 10) com-

posite, where the |Zin/Z0| value of the EXT 10 composite was

observed to be about 1.0 at 8.7 GHz. For the composite (EXT

10) prepared by screw extrusion shown in Figure 5, the min-

imum RL value of -15.6 was observed at the frequency of

8.9 GHz, which was similar impedance matching behavior

(|Zin/Z0|) to that of the PP/carbon fiber composite of MOL 10

shown in Figure 4. 

When the carbon fiber content was increased, the EMI

shielding properties improved.3,15 However, the PP/carbon

fiber (10 wt%) composite (MOL 10) showed better reflection

loss and impedance matching behavior, compared with the

composites having the higher carbon fiber contents of (20 and

30) wt% (Figure 4). This result suggests that even if the carbon

fiber content is increased, the electromagnetic wave entering

the composite does not penetrate inside the composite, and

bounces out from the composite, resulting in high reflection

loss values. From the above results of RL performance and

impedance matching behavior, the longer fiber length in the

composite is an important factor to achieve composites with

more effective electromagnetic wave absorbing properties. 

Conclusions

In this study, the relationship between the RL performance

and impedance matching characteristic of the PP/CF com-

posite was investigated with the carbon fiber content and for

two different composite processing methods. For the PP/carbon

fiber composite of MOL 10, the RL value of -29.1 dB was

achieved, even at low carbon fiber content (10 wt%). This

Figure 7. Impedance matching (|Zin/Z0|) characteristics of PP/carbon

fiber composites prepared by screw extrusion with carbon fiber con-

tents.

Figure 6. Impedance matching (|Zin/Z0|) characteristics of PP/carbon

fiber composites prepared by injection molding machine with car-

bon fiber contents.
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good RL performance of the PP/carbon fiber composite (MOL

10) is attributed to the impedance matching characteristic orig-

inating from the longer fiber length that was prepared by the

injection molding, than that of the composite prepared by the

screw extrusion (EXT 10). The above results of RL perfor-

mance and impedance matching behavior indicate that the lon-

ger fiber length in the composite is an important factor to

achieve composites with more effective electromagnetic wave

absorbing properties. 
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