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Abstract The harmfulness of electromagnetic radiation and the principle of electromagnetic shielding are intro-

duced in this paper. Influence factor such as the kind, shape, content, combination, distribution and dispersion of

the fillers on shielding effect are reviewed for filling type electromagnetic shielding composite.
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Fig. 1 Sketch map of electromagnetic shielding
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Fig.2 Fiber length distributions and aspect ratios following differing processing routes and relative fiber

morphology characteristics contrasted in micrographs

2.1.2 muESHIER

REBRIR I E A A SN T 18 0 0 AT
TR IR R R A AR SR R Y
BOkL, (HAcC B MR ZE B FHE 107 -10" S/em,
AT FMR I B SO N BRAR TR B
HAEMBHIIRIER D, 5550k BRI T 5 40 F Mk
Z J B AR T B RN FHE

AEFEMEREEGHRLE, i T HESRE 10°
S/em iy, HAR B/, I e, Ak R B0 Tf L
TR — U R A T, 72 R A A ™ T B
T %%bn%ﬁﬂé@ﬂ%ﬂﬂ Y (ENG s a)
S S HEREARE R R, BEE PR EAR T
K KA %%ﬂﬁﬁﬂ'ﬁ SRR A A H
BHEVERE LA KRR, FREESZE /N %
Yok A BRI, SRR & TR 2 A kRS
VEMHAE 1wi% ZiA7 78 1.5 GHz Kb B A3 57 i 58 mT LA
k%] 40 dB,

WREF4E(CF) HAT RAr i s R RE , HL2F 48 5 % %
SIS RIITE- S HL RS W R RE T R S rh
T2, N C. Das 25U §F 58 T o= B 04 Bk 2T 4
(SCF) A1) =L LR (EPDM) (EVA J EVA/
EPDM E &4 KW SE, BFE K, 2 A 4K SE {H
i FEL R DS AR S T 4 = RIS SE (B B 3R0R} 5 5 119
Hehnmisghn, SCF A n A Ak SE BB W& Tk
RTINS MOk, Wu Junhua % BFSE T ACF
(Activated Carbon Fiber, i& PERRZF4E) SR E A 4K},
KIMAE1.0-1.5 GHz #i B¢, HLFE 35vol% 1 ACF i
B AR SE g 39 dB, T4 75 AR [ 2 R b Y
CF WE G SE J9 30 dB, X FEEEH T ACF A
AR HEAFLBRSE R R AS | T FL R &5 R X 8 2 R
SR UCA A (A5 R B R P B [R) B A 2K
HORRAR T I A,

M3 T 4 FH AR H R 5 i 2R B W b R 1 JEOR) R
SRASEN T T 1z (W 0, (F 2 O 50 i i %% 8 KL SE

N 6 N

B, EAORTE CF RNRHE FHRAYIE R E)Z
T AR BN K R T ARG 1 42 ARk L BH
R OPEEHE SE A, Wi HRREREAL CF I T, Lee
U8 MG W SCF, IR AL RS Y SCF 5 R A
YRS B RGP B A RE, S5 AR R IR
7 SCF (4 FRRCR Beir , SE 5 7] 3% 80 dB, 3 H B A
R e 118 R A AR %) Sz S5 , T A Sy o i ot Wi oA
RHEF . M. Paligove %' #¢ SCF % Ifi ¥ 7 3R 7K Jii
(SCF-PANI) , 3% SCF-PANI 5 ¥4 B i 2L 1R 15 5]
L% BR il 2 SRR, 72 0. 01-1. 3 GHz B AT & A2 i
HL S BRI ) ELIR L T A R A A = b AT
TR F AR 5 I BRI (5 5

BRAKAS (CNT) HA R ARG S s PERE A L
T BN R A il 45 00 52 A MOREEA A R 1 fa b
2R BE, 1. C. Grunlan 2570 BFGT A | BRYNKAS
YER R, HOB IR (AR, 72 0. 1vol% LA, 5
B AR EL 35 3 [RIRE B4 5 R, o B 1 38 7 0
CNT [ 100 52247, {HI2, B4 KA 4% &b 5, R il
TEMRH,
2.1.3 EELERSHIER

4 TR ORI AN R R AT AR RN SR AT 4
PR AR IR 0 SR, FIHXRE A
R £ 1) HL S A LN ASUT DA RN AR i LA 5
R T 404 T A SEUAH IR T i o5 1 e 280 8 3 K 1 e
A5, Chiang 25"V 3% T 95 45 14 45 ¢ 41 4 ( SCF-Ni)
Y5 PC/ABS LR 15 2 54T #8157 Wi /6 19 PC/ABS
BARRE, H SE {3k 50 dB, K R Fk 8 56 751 b 2
SCF-Ni J&, 3 28 &2 & Mk 1 2% 8 T 4. T
Guanghong 45 3R FH B8 45 41 4k R 41 4k 43 ) S 78
ABS il £ T HLfE W A AR, IR 2REH, TSR
EOR AR R & R AR SGR AL, T il & 19 2 & 44
MR e BH 56 357 it £F 2k SEURE 7 12 A 38 g AR, F
Y380 70 R [ A4 AR 43 5 1) ik T 2 R R Bk 41 4 3
ABS W HEBLER LT 4E BT ABS 1 Y £ 52 A5 A RHAR TR

http://www. yhelgy. com  FHIA BT Z 2010 4F 255



HL BE 6 LT AR TR I SR 1 -2 D g, BRIk
LYENUE ABS & A MR B M R 5 4 1T 3k #) 50
dB., A MARLAEAH R ) T H YR LT 4R N
SELIURL, AT LR R 4F 4 ORI . Huang
A3 T AR BITRRAE Ni R Ni/P i e 2 1 S e 27
Yk (SCF) T ABS il £5 1) HL 1 5t e & A W RL T 2 1k
Rt B, 9 His & B, SCF-Ni/P Y i il 8508 e SCF -
Ni 4f-, H SE {E AT #E 1t 50 dB.,

2 [ FUE A W TF A (0 B R AT SR 2T 4 B b B, 78
ABS g HHIE T 20vol% HAE K 7 pm, $EERE N
0.5 wm WA SBLF4E 7E 1 GHz B, SE {8 53k 80 dB,
P B AU R, T HLA BB = 2 G A
R 124 ERE

P~ A nT 5 ABS PBT PP 2544 fiig &2 & il
R R R, KGR EN 50% M=t 5 PP R A,
MIH AN 25vol% B, HFRALBETE 0.5-1 GHz 4
45-30 dB, #RHPEERN 25% NBEH % 25% (=
BEF S 95 5 4 17, Svol% B, 78 0-1 GHz f ik
RLAETT L 40-60 dB, B 7E &5 471 X 38 5t i 24 e A B
E(zﬂ N
2.2 SHERMES

SHIURHIE S OB KR R 5 ) X843
TS A PR B R B 1R

HURHTE R & AR R 3G AR I s ), 4
SR FH = 4S54 1) S AL T 0V S i SEDRL R BB R
A S T L R RE R ORI T 2 A RS
LR AR TR SEURE— B 15 T o o 225 4 L BRIR B
Rk A3k B R T BRI N 5 %2, 7 A b R
TE B 4 S5 R ) AR G 25 L 52 B T LA H S 30 RE
o MTEBEAE AR SR E S FHE, 4R
R VESEOR) H SR s S R 4 o A
SH B, H. S, Goxturx e g b P N
SRR B 22 AR IR B A S e I
JER PTG AR i RGP RE . 2SRRI
O A5 MR I 2 THT L L 3 A0 A B el B 3 0 i 320
Bt PG IR R, JU IR AS K RRIURL (0 . 27 2 5%
FOR) I RS UE BE T 5 B AR AU 850 N F BROE BT
R, FEHE R A MR E R T, £F 4R R ROk
HORS AR A 3K

SR K AR LR, 52 A AR T H M
U, BETTAYHL G B A A R I B KRR L
P IR (14 5 F P R 22 ) 42 R B, S FL DR
AR LR, T B L 3 % ) MU 23 Al Al B R R0 T
DRI B etk Rl R/ 1 0 7 ik vl LAAS 3]
AR BRSO, W, S, Jou ZETM K R 2T 4
(LCF) Al B £F 4 (SCF) 4351 5 PA66 Ll 4 T
http://www. yhelgy. com  FHIA BT Z 2010 4F 255

PAG66/CF AL, 8 52 X2 b4 Aok (%) e B I e A M AF
S8 % L, M [F) 3 78 & B PA66/LCF Y SE i T
PA66/SCF, JGig & LCF s(J& SCF, e il i, &
EHY SE {E# K, 7 0. 03—1 GHz P, SCF i #4341
1 30% 1) PA66/SCF 8 SE {E K, 7k 50 dB,
P LG AT D, 34 5 L SRR A A2 L X 88 5 B A L
Btk ae & A AR, D.D. L. Chung LRI N T
SEIN A o SEORE B P T PR R 0L 0% D 1) e 0 2
AN R Tl 5 B o 10 ) e M R AR L
HIIECRL, BT LALE 4 DA i (AR LTk ) 32 G v R
Mo FIEFIEE &3, fEAR AU B0 &, R
e 22 (AR 0.1 pm) HI75 1952 G AR AL Ge A ik 4T
AT A MR BR IO RR AT . 0 . 7 IR PE SR
HIETE 19vol % MR IS 22, i il 1) 52 & 4 6k I i 25K i
7 1 GHz fif ik 74 dB™ | 1 HLFE 20vol% H) 1% Gk £F
A BRI BRBCRETE 1 GHz I A 46 dBY

S HLIEURE 0 R A2 6T SRR %) B R RB L A R ),
R (PRLAR AT K, 25 368 O 7 1] 1 FL B 3G K 4 fil
S/ G D2 F X IR 3 K el A5 SR rL B 3 1
I ERLFAE SARL b R TR R i bR, 52 e SR} 5 F
PERINT A, AR, SR IR AR I8 /D, L R
B TE BT L R 2% 9 T B3GR, (RORLAR /DN, 42
B AREG YA, SRR 4282 Shen Chun-
hui 25V RFSE TS o BURL AR AR KNG A AR
SEHL PR R RS, ST R, S S DR
8 I DR RLAR B K, 25 bR Y T H M gl
15, PP AR — I G ) D PR R A AR ] SRR
BURPRLAR A ORI A Bl sk s /D | ol 2 106, 35
R[] (0 2 fik s/ | S T A 45 IO 7 [R] 119 422 fik
FLBH I /]S, B R 5 A K U ) S 2 B b R
Hp U [R] A0 12 i L L S AR SRR B
KA, I H ISRk TR S e S ok TR
REE AL e A LI N IR TR G AN OF anl e i
FHEE S /NRGHRL T 5 KRR SHRLF BLAR HLAE 0. 154 -
0. 414 W} BT I LA RN e s
2.3 SHEMKER

—SBRFGY R B, AR R R [REORE B85 O R
S RS R3S 35k 60K (] A SRR T BB &
FEAEEMRIVE R IR B b B — OB LR PR B

SCHR[32 il TR R B R ] I = R A
ARG FL R B MR RE . 7 10Wt% RO ANSE AL 2 L 78
ABS BEREH BN —E W R P S RS, B A
R 5w AL BETE 50-1 000 MHz M\ 21.6-52.5 dB
WK 29.7-61.7 B, XIIMAE" B A S v RN S 1k
PEES I B IR S B LT 41 S OB 2SR BR R 10
BCFIALHE S HU e 2] LDPE 1, &R TR &Y

g



HL TG R i 02 B e, SRR SRR R MU B AN &1
A1 525 TR 0% PR 5 AR B T 43 ) Bl A
Bk NS 5 AN AF 4R 1) 5 A A R, Wu Junhua
SRR SRR SRR A S AR A
Y15 e Rk 2 A P RE, JTIIFSE S G R0 L DR XS
AR GRICRLRE (2R, WFE K B, e S G R
(CBRER R A 4 ) R e 7 EDRHC A5 6T TS I 21 2%
ST B 5 G AR B ] S R R B
e 5 HLIEORL BT ) 180 1) 2 6 AR 36 T 4 1Y) VR 1 e i
RUHE

2.4 SHEERMNIHESH

(a) No conductivity:Bad distribution and
dispersion

(c) Conductivity:Bad distrivution

Good dispersion

FHUFDRHE LR Y 2 BCR S S 2 A b
B FEHRROR . Mohammed H. Al-Saleh 251738 i 7E
Y 2% = SR USRI B 1) r DR S F X 4%
FITE B AS T ZE OB AR 4 43 B R i Bk 13
MR A S5 0 BN R AL & anidl 3 Fros, &1 3
(a) F1 3 (b) 5o 5 HEOR e 22 14 43 A BEL RS- L TR
ZEATE A5 TR 3 (d) Jb 7 5 L SRDRLBC U 119 43 HOR
AR EURHE] A FE 253G K S il B AR XE IR B H
FE3 () BRI A 5 0 8OA 8 RIFEL A, IRE S
BT LI 45

(b) No conductivity:Good distribution
Bad dispersion

i

(d) No conductivity:Good distribution
and dispersion

K3 BORL—4E 01 500 BOS RGP S AR MR RE I R

Fig.3 Schematic sketches showing effect of 1D filler on conductivity of polymer composite

35k, T RE YRR SRR T
BURHFIER B W) B R 55 2 TP 4 03— 8 T 252 8K
(9, bR TS A ORI A BT R R A
PR INR S YSERROTIZE IR DL A 5 T 25
P R A —E R 2 R 5 BRI S RRCIRE
3 4iE

ST R A G S A A RS B N AR )
ZEA AT T RERIBIIERCR . [HE X — AT
IRAFAEAR 22 R R A T, 4 i S0 5 8 Wl 0% b
BN T A 4 B 46 e A AL ) S LSO R 5 W)
HR R 23 BT oA D 78 S OB T BRI I B0 B
AN S G 4 B 1“2 I TAERE R AR, G
e BB B O S PR BT R B0 A R R AR
SRR AR AN )2 B 5 5 W v s o i A2 6 o LA
HLER, I B et A2 BEA TR AEL, DA T 52 B X v o e

g

G MR EH BT 12058 O AR LR B A2
BRI ST A P SR T R R R R R
K o) B S RE S o R OB B SR MR RE AL R
AT 1) R TR

&% 3k

(1] THie, TP A0S . HL g e R & W b BHIY BF 5
FERELT]. REEE2006,20(3) :14-19

[2] Chung D D L. Materials for electromagnetic interference
shielding[ J]. Journal of Materials Engineering and Performance,
2000,9(3) :350-354

(3] B, B2 47 L 5 dk s R b i IS [0 ]
P RHELTYE 5 T, 2003 ,28(4) :9-13

(4] FLALE, 22308 REWHAD R E S HET].
REPER R AR ,2000,31(5) :40-44

[5] Huang Janchan. EMI shielding plastics; A review[ J].
Advances in Polymer Technology,1995,14(2) :137-150

http://www. yhelgy. com  FHUB B T2 2010 4 455



[6] FRALRE, EF, BB % &0 T2 5 M
BB ROARE ST (D] BRI/ S5k}, 2000(6) :19-21

(7] R, IR W, 5F . R LR R i A TR
il #5 JeAe EMC PR TR A ()], BT oo iF5 Rk, 200423
(2):41-43

[8] s ZE B, Wl Bt o g B i 5 vy 525 S0RL Y B
FEBAR[T]. BPRFSR,2007,21(2) :22-25

[9] WRAEe, ERAMR, AN 25 BRI T4
RHIFFEIERET]. T EERE,1999,13(1) :18-21

[10] ARALE ittty XA 4 )8 B W5t il EMI A% 3
FELJT. A2 T2 ,2000,21(4) :19-21

[11] Arie Hochberg, Johan Versieck. Shielding for EMI
and antistatic plastic resins with stainless steel fibers[ J]. Plastics
Additives & Compounding, 2001,3(3) :24-28

[12] Fox R T, Vijay Wani, Howard K E, et al. Conductive
polymer composite materials and their utility in electromagnetic
shielding applications[ J]. Journal of Applied Polymer Science,
2008,107, 2558-2566

[137] BRAKAR kR SRR P 5 v SRLTE 5 i r 1 0 1
PEP R AL T]. BUREERHIN T HT,2002,14(5) :28-30

[14] Wang Wengui, Chen Guohua, Wu Dajun. Transport
properties of electrically conducting nylon6/foliated graphite nano-
composites| J |. Polymer,2005,46:6250-6257

[ 15] Chen Guohua, Weng Wenggui, Wu Dajun, et al. PM-
MA/ graphite nanosheets composite and its conducting properties
[J]. European Polymer Journal, 2003,39.2329-2335

[16] Das N C, Khastgri D, Chaki T K, et al. Electromag-
netic interference shielding effectiveness of hybrid conductive pol-
ymer composite[ J ]. Journal of Elastomers and Plastics,2002,34
(3):199-223

[17] Wu Junhua, Chung D D L. Increasing the electromag-
netic interference shielding effectiveness of carbon fiber polymer-
matrix composite by using activated carbon fiber[ J]. Carbon,
2002,40.:445-467

[18] Lee CY, Lee D E, Jeong C K, et al. Electromagnetic
interference shielding by using conductive polypyrrole and metal
compound coated on fabrics[ J]. Polymers for Advanced Technol-
ogies,2002,13(8) :577-583

[19] Paligove M, Vilcakova J, Saha P, et al. Electromag-
netic shielding of epoxy resin composites carbon fibers coated with
polyaniline base [ J]. Physics A: Statistical Mechanics and Its
Applications, 2004 ,335(3/4) .:421-429

[20] Grunlan J C, Mehrabi A R, Bannon M V, et al. Wa-
ter-based single-wall nanotube-filled polymer composite with an
exceptionally low percolation threshold[ J]. Advanced Materials,
2004,16:150-153

[21] Chiang W Y, Chiang Y S. Effect of titanate coupling

agent on electromagnetic interference shielding effectiveness and

http://www. yhelgy. com  FHIB B T2 2010 45 455

mechanical properties of PC—ABS-NCF composites[ J]. Journal
of Applied Polymer Science, 1992,46(4) .673-681

[22] Lu Guanghong, Li Xiaotian, Jiang Hancheng. Electri-
cal and shielding properties of ABS resin filled with nickel-coated
carbon fibers[ J ]. Composites Science and Technology,1996,56
193-200

[23] Huang C Y, Mo W W. The effect of attached frag-
ments on dense layer of electroless Ni/P deposition on the electro-
magnetic interference shielding effectiveness of carbon fiber/acry-
lonitrile-butadiene-styrene composites [ J |. Surface and Coatings
Technology, 2002,154(1) :55-62

[24] thA:H. BRI S KR [T ], L T3 R
KL, 1995,23(4) :12-16

[25] skETe. mHREGFRE TN M]. deat:
Bi7 Tkt it , 2003

[26] Goxturx H S, Fisxe T J, Kalyon D M. Electric and
magnetic properties of low density polyehylene filled with nickel
powders, fibers and flakes[ J]. ANTEC92-Shaping the Futuer,
1992,1:491-494

[27] Jou WS, Wu T L, Chiu S K, et al. Electromagnetic
shielding of nylon—66 composites applied to laser modules[ J].
Journal of Electronic Materials, 2001,20(10) :1287-1293

[28] Chung D D L. Electromagnetic interference shielding
effectiveness of carbon materials[ J]. Carbon, 2001 ,39.:279-285

[29] Shui X, Chung D D L. Nickel filament polymer-matrix
composites with low surface impedance and high electromagnetic
interference shielding effectiveness[ J]. Journal of Electronic Ma-
terials, 1997 ,26(8) :928-934

[30] Li L, Chung D D L. Electrical and mechanical proper-
ties of electrically conductive polyethersulfone composite [ ] ].
Composites, 1994 ,25(3) :215-224

[31] Shen Chunhui, Pan Mu, Yuan Runzhang. The effect
of particle size gradation of conductive fillers on the conductivity
and the flexural strength of composite bipolar plate[ J]. Interna-
tional Journal of Hydrogen Energy,2008,33:1035-1039

[32] Ceramic powders can enhance electromagnetic shiel-
ding of composites[ J]. Additives for Polymers,2006,12:8-9

[33] XU, £=H A i Fe o, 5. &5 LDPE Wik
BEBERCPEREWFE[ )], JLnt B TR 2424, 2007,27(5) 467 -
470

[34] Wu Junhua, Chung D D L. Combined Use of Magnetic
and Electrically Conductive Fillers in a Polymer Matrix for Elec-
tromagnetic Interference Shielding[ J]. Journal of Electronic Ma-
terials, 2008,37(8) :1088-1094

[35] Al-Saleh M H, Uttandaraman Sundararaj. A review of
vapor grown carbon nanofiber/polymer conductive composites[ J ].

Carbon 2009 ,47 .2-22
(HRE FHR)



	201005

