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Abstract The harm of electromagnetic radiation is discussed, in
particularly, the harm of electromagnetic radiation in the modern
warfare, to reveal the significance of developing EMS
(electromagnetic shielding) materials. The shielding mechanisms in
different conditions, the species and the characteristics of the EMS
fabric materials are described. The preparation technologies of
various EMS fabric materials, the metal —coating fabric, surface —
spreading fabric, affixed foil metal fabric and blended fabric, are
analyzed, including the advantages and disadvantages and their
present status. The development trend of EMS fabric materials is
pointed out.
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Table 1 Accidents of electromagnetic wave radiation
2.3 kg 50 W,1 602 kHz s 8 m s 0.42 A
15 m
1 000 V ,
1 000 W TBA ( )
3 min,
70 m
il BRI P ’ |
%mﬁ o ’ o
3) o ’
A e L i e \ , ,
Rl EL T2 ’ ’ ¢
i 7 7 2 {1} ehL 5k , s A , 0, ;
CEAVEFE _ , 5 A , . A>10
-1 dB b 9 b
Fig. 1 Shielding mechanism for electromagnetic field ’ ’
:SE=A+R, ,R=168-101g (fr,/5,) ,A =131t (fi,/5,)", 0 )
[,L, ,6r ’ f °
o A ( , SE<30 dB ;30~60 dB ,
) , , ;60~90 dB ,
) o ;>90 dB ,
R ) N o b
. , 30~1 000 MHz , SE
1) . 35 dB , o
’ (
) o 2
D o b b
R=201g{[1.173(. /5., /)**3D1+0.0535D(fir./8)"*+0.354} 2.1
R=362-201g[D(fir./5,)"] o
2) o N N ( ) |5|o
, A 2141
) ( ) , Cu.Ag Ni Al
ol of . /8, A , , , Cu,

Ag Al

2009,27(24) 87



J‘CMK

4@7
(Reviews)
,Ni ) o , ’
Ag 0.15 MHz~20 s -
GHz 60 dB 67 . ,
N , , ; 3 pm ,
Cu 35~68 dB, , , , o
) ;Ni ,
32~37 dB¥, , o
, , 2.1.3
o [1424-26] ,
Guo AgNO; PaCl, , °
, AgNO;
PaCl, , 37.13 o 24
nm, 2~18 GHz , 45~55 dB, s ,
{o-13| , 0.9 Pa , ,
; , 70 dB o 27 PET
[5J’ R R
, 40 dB, S , ,
s 281 100 nm 30 kHz~1.5
i s GHz 26 dB o 126.29)
, 80 dB , , , ,1~18
) o GHz 90 dB ,
R [30-32] Ni
; , , 0.005~1 wm,
s s s 1~5 pm, ,
; , , , , 1 kHz~40
o N GHz 60 dB R
o s , s o Savrum ¥
, ; /nS 30.7 pm , 2
1920, GHz 53 dB, ,
60 dB s Yuen B4 N s s
s el s s SEM s
8 pm, s s
1 pm, 10~3 000 MHz o Scholz ™! Si0,
80 dB;Gan &# K,Fe(CN)g PET , , ,
Cu-Ni—P . KFe(CN), . :
) , 2,
, 100 MHz~20 GHz 2.2
85 dB o N
21.2 ;
88 2009,27(24)




J‘CMK

.
ecns S
2 9
Table 2 Characteristics of surface—spreading , )
film shielding fabrics 24
/um /dB »
Cu 0.30~1.00 35~70 ¢ X ’
Ni 0.30~1.00 30~40 A
Cu/Ni 1.00~4.00 60~120 > ’
Ag 0.05~0.10 20~30 , , N
Ni+ Ni/Cu 1.00~6.00 50~90 s
Al 0.50~1.30 50~70 , 15~40 dB,
Cu+ Ni 1.00~8.00 60~120
30~1 000 MHz, .
Note: Test condition is 30~1 000 MHz. o Chen 17 PET
) Cu(54.87%) .
o ) Zn(1.90%) .Sn(43.23%) ,  30~1 000 MHz
’ , 30 dB , 6
o N 55 dB o
N N m— , 10 GHz 34.77 dB*,
s [50-51]
) ) , 100 ,
, [36—37]0 25
Lee P8 AgPd
, 8~80 dB, ,
s - Hong (39
, Ag ,
, PET , 30 dB, , , R
. Kim ®  PET , . .
(ICP), PET/PPy N N , ,
36 dB, ,
[41]
100 nm~1 pm, 99.4%, ,
; (MWNT) [4243]’
MWNT , MWNT 2.6
, ) EMC ,
[44-45] : '
2.3 pH , ;
) 60~90 dB, ,
2009,27(24) 89
4@7



J‘CMK

N s (References)
(1] , , . [J]-
, 2006(2): 1-4.
Zhao Linzhi, Hu Shejun, He Qinyu, et al. Packaging Engneering, 2006
s Metaline | Schlegal \Shiedex . (2): 1-4.

>

Laird Seiren [2] Hong Y K, Lee C Y, Jeong C K, et al. Electromagnetic interference

' ' shielding characteristics of fabric complexes coated with conductive
polypyrrole and thermally evaporated Ag [J]. Current Applied Physics,
2001, 1(6): 439-442.

[3] Hakansson E, Amie A, Kaynak A. Dielectric characterization of
conducting textiles wusing free space transmission measurements:
Accuracy and methods for improvement [J]. Synthetic Metals, 2007, 157:

N N ° , 1054-1063.

[4] Lin J C. Personal telecommunication radiation safety and the precautionary
principle [J]. IEEE Anternal and Propragation Magazine, 2003, 45 (2):
142-145.

’ ’ [5] Kim M S, Kim H K, Byun S W, et al. PET fabric/polypyrrole composite

with high electrical conductivity for EMI shielding [J]. Synthetic Metals,
2002, 126(2-3): 233-239.

[6] . , . 1
’ ’ © , 2006, 35(6): 48-50.
Gan Xueping, Hu Wenbin, Zhang Qingqing, et al. Surface Technology,
3 2006, 35(6): 48-50.
(7] , , . [J]-
’ , 2006, 35(3): 25-27.
s s Zhan Jianchao, Zhang Hui, Shen Lanping. Surface Technology, 2006, 35
(3): 25-27.
X ’ [8] Han E G, Kim E A, Oh K W. Eletromagnetic interference shielding
N N N effectiveness of electroless Cu-plated PET fabrics [J]. Synthetic Metals,
, N N N 2001, 123: 469-476.
[9] Guo R H, Jiang S Q, Yuen C W M, et al. An alternative process for
: electroless copper platingon polyester fabric [J]. J Mater Sci: Mater
Electron, 2009, 20: 33-38.
, NN , [10] . . . . Ni-P-La
[J1- , 2006, 13(2): 17-20.
' Yang Guangzhou, Xuan Tianpeng, Feng Shujing, et al. Metallic
° Functional Materials, 2006, 13(2): 17-20.
s s [11] Takano N, Hosoda N, Yamada T, et al. Effect of oxidized silicon
. "surface on chemical deposition of nickel on ntype silicon wafer" [J].
Electrochemical Acta, 2000, 45: 3263-3268.
‘ n2 . .. Il ,
° , . 1998, 30(4): 97-101.
N , s Wei Jie, Su Rongjun, Zhou Ding. Journal of Harbin Institute of
Technology, 1998, 30(4): 97-101.
’ ° [13] Yuen C W M, Jiang S Q, Kan C W, et al. Influence of surface treatment
’ on the electroless nickel plating of textile fabric [J]. Applied Surface
s Science, 2007(253): 5250-5257.
. . . ’ [14] , . . 1
, 2008(3): 44-47.
N N ° He Juan, Wang Hua’e, Xue Yuan, et al. Shangdong Textile Science and
Technology, 2008(3): 44-47.
4 [15] Huang C Y, Wu C C. The EMI shielding effectiveness of PC/ABS/
nichel-coated—carbon—fibre composites [J]. European Polymer Journal,
» 2000, 36: 2729-2737.
, , [16] , , . [J]-
90 2009,27(24)




J‘CMK

, 2008(11): 82-83.
Zhong Liang, Liu Chuanhui, Liu Jisheng. Technology and Test, 2008
(11): 82-83.
[17] R s ..
[P]. CN 1693576, 2005-11-09.
Gan Xueping, Hu Wenbin, Liu Ziqiang, et al. The preparation method
of electromagnetic shielding conductive polyester fabric[P]. CN 1693576,
2005-11-09.
[18] s . [J]-
, 2008, 23(6): 16-20.
Chu Kejing, Wang Wei. Development and Application of Materials,
2008, 23(6): 16-20.

[19] s . [P]. CN
1173092, 2004-10-27.

Liu Shaozhi, Zheng Huimin. An electromagnetic shielding fabric and its
preparation method[P]. CN 1173092, 2004-10-27.

[20] . [P]. CN 1345996, 2004-
04-24.

Zou Jianping. A preparation method of anti —electromagnetic radiation
shielding fabric[P]. CN 1345996, 2004-04-24.

[22] Gan Xueping, Wu Yating, Liu Lei, et dl. Electroless plating of Cu-Ni-P
alloy on PET fabrics and effect of plating parameters on the properties
of conductive fabrics [J]. Journal of Alloys and Compounds, 2008, 445:
308-313.

[23] Gan Xueping, Wu Yating, Liu Lei, et al. Electroless copper plating on
PET fabrics using hypophosphite as reducing agent [J]. Surface and
Coatings Technology, 2007, 201: 7018-7023.

[24] s s .

[J]. , 2007, 24(2): 122-124.
Du Lijuan, Yao Yuyuan, Chen Wenxing. Journal of Zhejiang Sci—Tech
University, 2007, 24(2): 122-124.

[25] Yu Xiaozheng, Shen Zhigang. Metal copper films coated on microparticle
substrates using an ultrasonic —assisted magnetron sputtering system|[J].
Powder Technology, 2008, 187: 239-243.

[26] . / [J]. ,
2008, 34(5): 1-6.

Zhou Juxian. Printing and Dying, 2008, 34(5): 1-6.

[27] . [J]. , 2007(4):
21-23.
Hong Jianhan. Higher Vocational Education Forum, 2007(4): 21-23.
[28] s . [J]. , 2003(3):
45-47.

Liu Biao, Gong Jianguo. Materials Review, 2003(3): 45-47.

29] :

[P]. €N 200710039226.2, 2007-09-22.

Zhou Juxian, Wu Yonggang. The manufacturing method and products of
electromagnetic shielding by sputtering vacuum and chemical coating
[P]. €N 200710039226.2, 2007-09-22.

[30] s s .

[J]. , 2008, 41(3): 37-39.

Yu Fengbin, Niu Yuchao, Xia Xianghua. Insulating Materials, 2008, 41
(3): 37-39.

(31] , , )
2008-03-24.
Lin Lei, Xia Xianghua, Geng Qiuju, et al. A conductive electromagnetic
shielding fabric[P]. CN 201174256, 2008-03-24.

[32] R R .. [J].

, 2008, 27(6): 34-35.

Yu Fengbin, Xia Xianghua, Geng Qiuju, et al. Eleciroplating and
Finishing, 2008, 27(6): 34-35.

[33] Savrum E, Aguila H D. Electrically conductive tungsten silicide
coatings for EMI/RFI of optically transpanent windows [J]. Joural of

[P]. CN 201174256,

eview

Materials Science, 1998(3): 2893-2897.

[34] Yuen C W M, Jiang S Q, Kan C W, et al. Influence of surface treatment
on the electroless nickel plating of textile fabric [J]. Applied Surface
Science, 2007, 253: 5250-5257.

[35] Scholz J, Nocke G, Hollstein F, et al. Investigations on fabrics coated
with precious metals using the magnetron sputter technique with regard
to their anti—microbial properties [J]. Surface and Coating Technology,
2005, 192(2-3): 252-256.

[36] Li Y, Cheng X Y, Leung M Y, et al. A flexible strain sensor from
polypyrrole—coated fabrics[J]. Synthetic Metals, 2005, 155: 89-94.

[37] Cucchi I, Boschi A, Arosio C, et al. Bio—based conductive composites:
Preparation and properties of polypyrrole (PPy)-coated silk fabrics[J].
Synthetic Metals, 2009, 159: 246-253.

[38] Lee C Y, Lee D E, Jeong C K, et al. Electromagnetic interference
shielding by using conductive polypyrrole and metal compound coated
on fabric[]]. Polymers for Advanced Technologies, 2002, 13: 577-583.

[39] Hong Y K, Lee C Y, Jeong C K, et al. Electromagnetic interference
shielding characteristics of fabric complexes coated with conductive
polypyrrole and thermally evaporated Ag [J]. Current Applied Physics,
2001, 1(6): 439-442.

[40] Kim M S, Kim M S, Song K. EMI shielding intrinsically conducting
polymer/PET textile composites [J]. Synthetic Metals, 2003 (135-136):
105-106.

[41] , .

[P]. CN 101163390, 2007-11-29.
Yi Xiaosu, Xie Sishen, Liu Gang, et al. The preparation of carbon
nanotubes non—woven electromagnetic shielding [P]. CN 101163390A,
2007-11-29.

[42] Park K Y, Lee S E, Kim C G, et al. Fabrication and electromagnetic
characteristics of electromagnetic wave absorbing sandwich structures|J].
Comosites Science and Technology, 2006, 66: 576-584.

[43] Yuen Siu M, Ma Chen C M, Chuang Chia Y, et al. Effect of processing
method on the shielding effectiveness of electromagnetic interference of
MWCNT/PMMA composites [J]. Composites Science and Technology,
2008, 68: 963-968.

[44] s R . [J].

, 2005, 2(4): 8-10.
Deng Longjiang, Zhou Peiheng, Weng Xiaolong. Functional Materials,
2005, 2(4): 8-10.

[45] Cao Huiqun, Zhu Meifang, Li Yaogang. Synthesis and characterization
of polypynolle nanocomposites cooperated with multiwalls carbon nan-
otubes/Nig75ZngasFe;04[C]. Proceedings of 2005 International Conference
on Advanced Fibers and Polymer Materials, 2005: 1048-1051.

[46] . [J]. , 2002(2): 43-45.
Shang Shansi. Safety and EMC, 2002(2): 43-45.

[47] Chen H C, Lee K C, Lin J H, et al. Comparison of electromagnetic
shielding effectiveness properties of diverse conductive textiles via
various measurement techniques [J]. Journal of Materials Processing
Technology, 2007, 192: 549-554.

[48] Chen H C, Lee K C, Lin J H, et al. Fabrication of conductive woven
fabric and analysis of electromagnetic shielding via measurement and
empirical equation|]]. Journal of Materials Processing Technology, 2007,
184: 124-130.

[49] .

[J]. , 20006(1): 15-17.

Shanxi Huali Trappings Technology Development Limited Corporation.

China Personal Protection Equipment, 2006(1): 15-17.

[50] Lee S E, Park K Y, Oh K S, et al. The use of carbon/dielectric fiber
woven fabrics as filters for electromagnetic radiation [J]. Carbon, 2009,
47(8): 1896-1904.

[51] Chung D D L. Electromagnetic interference shielding effectiveness of

carbon materialgJ] Carbon, 2001(17:279-285. (W% 4% &S 4=)

2009,27(24)

91



