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ABSTRACT

The research on electromagnetic shielding has been advanced for military applications as well as for commercial products.
Utilizing the reflective properties and absorptive properties of shielding material, the replied signal measured at the rear
surface or at the signal source can be minimized. The shielding effect was obtained from materials having special absorptive
properties or from structural characteristics such as stacking sequence. Recently researchers studied the electromagnetic
properties of nano size particles. In this research {glass fiber}/{epoxy }/{nano particle} composites{ GFR-Nano composites),
was fabricated using various nano particles, and their properties in electromagnetic shielding were compared. For the visual
observation of the nanc composite materials, SEM(Scanning Electron Microscope) and TEM({Transmission Electron
Microscope) were used. For the measurement of electromagnetic shielding, HP8719ES S-parameter Vector Network Analyser
System was used on the frequency range of 8 GHz ~12GHz. Among the nano particles, carbon black and Multi-Walled
Carbon Nano-Tube (MWUCNT) revealed outstanding electromagnetic shielding. Although silver nano particles (flake and
powder) were expected to have effective electromagnetic shielding due to their excellent electric conductivities, test showed
little shielding effect.

Key Words : Flectromagnetic-wave Shielding (12}7] @ 2}-#)), Glass Fiber Reinforced Composite Material (2]
73 B4 B), Nano composites (L= 29+

1. ME AA7147t A2 Bdas AN T4 D 2
ARAG A2 EdelA Quds RARL
A7 A AAsHe] 443 A4t o B AMALE AEFOSH A Ao

o LA AAE dAH2Re S Adelge
A SAER oba eold FA Y 59 T
Atd BRo2R Fa% ong Jhalch wArs Reflected [~ g 5y ) Transmitted
Ae Asd wAsdst FF54E olfstd & LGS S R S
HEo i B AERdAEY #4058 FAn
Fats ALE Fig 1 3 Zo] tbe9 722 744

Absorption & Cancellation

232 gaas AAlRe 229 BaolA WA tncident

¢ Tzl sy oA fReNA dkalg AE T Wave

d, BE wEge HAzHos YAdgoz P s e

A4 5 E, HiHEos EdAFE HEe4 Hed, Fig. 1 Schematic structure of multilayer material

1331



HaAZ|H2Rels 9Fg< AxFer] A =9
02 52 HArH FFEAHS Ad HEelE, 7
BEd2o Afr P 48U AarS 44
9 Gt BtEy HFT2 59 TREHLVE
ol g5t HAZIHE Fds ATt oln +3H
of gon, Zds Wd=Adad dAA71H 5449
e ot A7 2dEA AleEn olch

B ATdAs oFd dedaE f@okee A
A7 AHEAS Ad Feldf2d EdAEE
Azsto] HAzI 9 AHEES FHen 71E 4
TR I} v wE G

2. AH

21 A=

Ago] AlgH dEA F£AE= Br A FAE A}
489om, F714d 4 F9 v HEE Table 1 3
Zoh. Jedzzl BEibE ZAE KPI 9 KNIS0D
HAF AR =ZEANA ZZH2E AFsn

ol HFat ANHE Azt

Table 1 Nano particles used in this study

Mano Particle Average Diameter (nm)
Multi-Walled Carbon Nano-
Tube(MWCNT) '
Carbon Blacl(CB) 40
Silver Nano Flake(SNF) 40
Silver Nano Powder (SNF) 40
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Fig. 2 Curing cycle of GFR-Nano composites
Table 2 Specimens tested in this experiment
Specimens Added No. of
No Mano Ply/t Lay-up
Name Material (1)

1 GF-3-C a8/125 Cross-
2 G-16-C 16/2.40 ply
None
3 G-28-Q 2/130 | Quasi-
4 G-16-Q 16/2.40 | izotropic
5 CNT-8-C a8/125 Cross-
6 CNT-16-C MW 16/ 240 ply
7 CNT-8-Q CNT | 2/130 | Quasi-

2 CNT-16-Q 16/2.40 | izotropic
9 CBE-8-C 8/130 Cross-
10 CE-16-C 164235 )\
cB B YI
11 CB-2-Q 2/125 | Quasi-
12 CB-16-0Q 16 /245 | isotropic
13 SNF-8-C 8/135 Cross-
14 | snFs-c 16/ 2.60 ply
SNF
15 SNF-2-Q 8/135 | Quasd-
16 SNF-16-Q 16 /260 | izotropic
17 SNFP-8-C /140 Cross-
18 | snp-16-C 167265 ply
SNP
19 SNP-2-Q 2/140 | Quasi-
20 SNFP-16-Q 16 /265 | izotropic
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Fig. 3 TEM pictures of Nano particles
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Fig. 4 SEM pictures of GFR-Nano composites
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Fig. 5 EM shielding effect of each nano composites
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