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A Study on Electromagnetic Interference Shielding Effectiveness of the
Metal Powders and Nano Carbon black /Fiber Reinforced Epoxy composites

Gil Young Han” | Jin Seok Kim" and Dong Gyu Ahn"*

ABSTRACT

The objective of this research is to investigate the electromagnetic interference(EMI) shielding characteristics of
fiber reinforced composites. We fabricated glass and carbon fiber reinforced composites filled with metal powder and
nano carbon black. The measurements of shielding effectiveness(SE) were carried out frequency range 300MHz — 1GHz
for commercial purposes such as electric or telecommunication devices. The return loss and loss due to absorption were
also measured as a function of frequency in the micro wave(300MHz-1GHz) region. It is observed that the SE of the
composites is the frequency dependent, increase with the increases in filler loading. The Mg metal powder filled
composite showed higher SE compared to that of carbon black. The Mg metal powder/epoxy composite was shown to
exhibit up to 40dB of SE. The results indicates that the composite having higher filler loading can be used for the
purpose of EMI shielding as well as for some microwave applications.
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3T  EMiI(electromagnetic EMS
(electromagnetic  susceptibility), EMC(electromagnetic
compatibility)5 & #ol AAAEFolY FA7] F
A BEHes AxgsE Ao v FFo] Ul
& BHel FFatn Jon, AARE AH E F
T8 5 e AsNLe Hao] EA3 87H
I Qe AHorp 0

&S M7 AEEV Z7] dEd Az A
HAAZ 48 AH8|AT, A= wapa 7130
gt o AL FHGE g3l o B[R4,
WRAE, FI3A, 3FY Tl 5T B3 5
FAEE AAZAY sH9-F(housing) AMER Bl
AHEE D JARY, AAs Mo RE HIE F
Jojof gt nEA MEZ ZA] EFAEE A
Z18o g AAAolr] Wi Hziy AW EnE
Ag gk AxdAE Aty 93 Aa73E 2%
MEE A7 ARE & dE geuy 2EY
o 2L FAAE EFEA AMREE eHd #
Hol A7Ex gt Jana PB S & ANAH 1A
2 289, agtuolE 3lolH(graphite fibers), o)
2 Folvi(metal fiber), F % T-9-ti(metal powden)S
Ao Egsle] Axtm AH et A7FH Ax
AL g4 AlE & ARk 23 3T Baker 5
1213 0. 51 % (acrylonitrile butadiene rubber)el 7+ A3
(steel fibe)E FAAE AlR3td Axps} 2w g3
€ W7t 8%t Das 5 & ©@aMHH / SHEEY
ethylene vinylacetate S A E A&t 100 -
2000 MHz 9} 8 ~ 12 GHz(X-band range)th ol & 1 &
o] FF&o] 71 Fol wet Az AHE} E
A& naHc

ERA A F Ao olgt sterie} AxA slRE
dg T AT SAES A3 EEAE

interference),

T 799 IAE T3, AH 4AE FIAA
AR AHEHE 7HAF 22N JHEAAFIG F
AZE g 843 AE2 AHEHIC ¢ HEE
Aog A7k "4,

a2y, gEEe] dAFEe LEA AR K
A 540 B¢ Aoz AR3E BEFRHRY A
o s a3 B9 FFHA A9 ATE ok
olEj g Ao,

e 8 ATddAe Hebg, Ui, stads
g ¢} FRERe TS A7 GFRP
/ CFRP ¢] AAts}t Adasg uFsty] st =
A A FAlo] FFEEHI o ATl FHFY
dgo] we 4RFs EFAEE Astd 300
MHz ~ 1 GHz 9 F3t oA Mzt 2o &3
of ¥ 54& nEHA.
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E AFdA AHgE FFEEZL FEolstEE
o] HI-BLACK 41Y & Al&sigen, 242
Table 1 3 ZT} Table 25 £ ATolA AFEE o
gater] dAte] 271§ JeEbdY ZgAd A+
T @FsolHAY /EAF =W ulE(Woven
roving met:CM 380 A)9} I3 @AM H ©E
(Toray CAT-300)& Ah-&3t3lom, 7|2 AQA o ZA]
ot AgAE zz LR-67 3 LH-33 &2 3258
AFolH, FE 47725 AR 71JAZ AL
EHAY 29 5ol AlEH = ABolg

Table 1 Typical properties of HI-BLACK 41Y

Surface | Particle | Apparent
giﬁ% Area | Diameter | Density | pH
(mg/g) (nm) (Kg/m’)
HI-
BLACK41Y 150 19 170 8

Table 2 Mesh of metal powder

T #® Ti Ni Mg

dAA7] 500mesh | 400mesh 100mesh
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2 Manufacturing process of electromagnetic
interference shielding specimens
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Fig. 3(b) Microstructures of specimen with 1.3wt%
carbon black
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Fig. 4 Shape of electromagnetic interference shielding
specimens

3. HEguOFt2E/of A SEARS A
Rap xE 53 Y

ARs AHEAE EHE7] et R A
o] Azro] Wi JFE AV F Jde FUY
2t o] dxl Holgle EMC Ald AlAHlE o] &
gtod A zE EAAES %k £ AFdA
T AAT EF AYFA A ZE(EMC test system :
Rohde & Schwarz)2 A}&381% 2, Figs o 34
H ol AJgHe H8He =A] 54T

o em wem e sem

Measurement
of noise

Specimens

EMI test receiver
{20Hz ~ 26.5GHz)

.

— —

Frequency e
Signal generator generator Preclslo.n
(50KHz ~ 3.0GHz) half-wave dipoie

Fig. 5 Photographs of EMC test system (Rohde &

Schwarz)
AR 2 AgHel AR AHERE S5
7l st Fus PN BAsE Fus

o] A z5}tE half-wave dipole STEIVE £351o] w
E3%tch O %L EMI test receiver oA &A% %
200mmx 150mm x 70mm  A}o]= 2] AJgHo]  half-
wave dipole StEHIVE 91 Fa4E TYA|71A &

103

AE Axmg AFHAA ZAH - Festn -
E438% 2§ ARATE EMC test receiver o A
Astd EMSE@B)S] 4& EA oz AlgHe
AAsHA] F9e "o AR w i‘iS“Jr AlgH A
2] 9] X“Z}—ﬂr WEUY zlolE dLozH AR

&
=

3 AAEHE 3T 5 AU
s A% agdas £dz0] thatod
77 3854 23590,
4 2% ¥ D%

4.1 GFRP/CFRP 2| M X|u} XH| &3}

Z4Zke] AgHe] dizte] 3 348 Ay i}ﬂl

ER4ES ¢ A 5Y E3AN e
AR T}
Fig. 6 & F34 W90 uet A FHL H 435
A} ¢F2 Dipole Antenna o} 4 23t Axlate] wr
2 ANy Agdey 2 FEREDEL HileA
%< GFRP(G1)®} CFRP(C1)2] F3= ¥ o] e
Az z2H Z23E veElhggich.

C‘_E

+

100 -
20
& 80
-3
w 70 §
[] £
= 60 |
w -s- Normal(A1)
50 | -4 Only Carbon Fiber(C1)
-8~ Only Glass Flber(G1)
40 WD Y N SR TR S ST VOUNY YU S [N WY ST S S T S N [ S SN WY WU S N A |
300 400 500 600 700 800 800 1000

Frequency (MHz)
Fig. 6 Shielding effectiveness as a function of frequency
measured in the 300-1000MHz of
CFRP(C1) and GFRP(G1)
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Fig. 7 Shielding effectiveness as a function of frequency
measured in the 300-800MHz range of GFRP(G2)
and CFRP(C2) with mixed 30wt% Ti-powder
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.Fig. 8 Shielding effectiveness as a function of frequency
measured in the 300-800MHz range of GFRP(G3)
and CFRP(C3) with mixed 30wt% Ni-powder
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Fig. 9 Shielding effectiveness as a function of frequency

measured in the 300-1000MHz range of

GFRP(G4) and CFRP(C4) with mixed 30wt%

Mg-powder
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Fig. 10 Shielding effectiveness as a function of frequency
measured in the 300-1000MHz range of GFRP
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Fig. 10 & AlgHL H &34 ¥4e HAngy
A wEgs Fdfd FEEHES 4H 13
wi%(G5), 1.6 wi%(G6)4 & Z&sted A2 A g H
g A€ W Fos HFHd @& HAAs i
a3E Yeld Aoz F3h 650 MHz 0] 3}l A
T G5 & G6 A@HAAM AHY FL AHazdr) v
Elgg 4 5 AR, o 800 MHz o] A}e] Fat4
HAodlA G6 7} 4 o 58 AHEaAE e

&

Yo o £ 9glth GFRP & A$ srEEH 3
7}eko] 650 MHz ©]3le] AF3 dYde & o
Fe VXA ¥e How FEEHUDG

100

O ~N o ©
o © o o

EMSE (dB)

~+- Normal(A1)
~&~ GFRP Carbon black 1.3wt%(CS5
-#- CFRP Carbon black 1.6wt%(C6

) i ey Vv S S T T i A o S B T 1

(13
(-3

8

300 400 500 @600 700 800 900 1000
Frequency (MHz)

Fig. 11 Shielding effectiveness as a function of frequency
measured in the 300-1000MHz range of CFRP
with mixed carbon black 1.3wt%(C5) and
1.6wt%(C6)
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