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Preparation and properties of copper/polyaniline/polyester composite
electromagnetic shielding fabric

YU Jing', SHEN Yong', ZHANG Huifang?, TAN Guodeng'

(1. Fashion College, Shanghai University of Engineering Science, Shanghai 201620, China; 2. College of Chemistry and Chemi-
cal Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract : Conductive polyaniline and polyester composite fabric(PANI/PET) is prepared by in-situ polymerization, and after
it is activated by hyperbranched polyamidomine/Ag"t, Cu is uniformly deposited on its surface by electroless copper plating,
finally Cu/PANI/PET composite fabric is obtained. Scanning electron microscope, X-ray diffraction and electromagnetic shiel-
ding effectiveness are used to analyze the samples. The results show that using PANI as the middle layer can reduce the average
grain size apparently and improve the thermal stability and the friction resistance, and the electromagnetic shielding effective-
ness of Cu/PANI/PET can reach 130 dB in the frequency range of 300 kHz~3 GHaz.
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1.1 #HR5NE

B WIER 290 TP X B B E 19 R/ cm, 2 1% F 10 R /om; TRE . 55. 4 g/m’ s RIR K FFIL I,

B W (C H; NH,) L 3R (HCD L 33 B BR 4% (APS) , B BR 4 (CuSO,) , B B 42 (NiSO, ) £ ) 2 43 ¥ 4k
(EZERA RN A RA TR . B RBA- R A H™

1A% : S-3400N =Tl b F B, H A H L A Al $&4E; D2 HASER # X 5 & A7 X, 78 H 7 & 5% AXS
AL STAPT-1000 B AR X, f8 [ Linseis 23 7] $2 4t ; DR-913 24y By s B 8 55 P BE M 04, WM 77 K
RYTLNERA R A 3R 4k ; CHI-660E M4k TAEM , R RANERA A A R4,
1.2 $A/BRBE/ZLESEYHTHE
1.2.1 BEE/BLEEEYHH &

BHRLEYBATEWRE R 20 g/L By NaOH BFH P #HT B ELH . \BEN 95 C,mHA 12 50, F
90 min JEHUH , A A ZEIR, 5% WEERR VA RIS Uk, B HZ K HETH T BT

WG RLEYBRAWRESN 0.5 mol/L WZRMEHAMBER nCEED + nGRER) =1 DHKH 2 h,
RN B B B R YIR AR EE R 0.3 mol/L i AR PR IR (n G AR ER &%) * n(FRER =1: 1. 2O
BAEBE, RN G REB O, TS EFIERLRET 0 CHEEF 2 h; B RE, IR THRT, AR
T 25 B L R T AR R L EE TR
1.2.2 BRE/BLEEEYFER

Bl & R RARRG/ B B WNE T IES W CE(18—19], AREFEMENE G AW RE ¥
B, 5 VBT T R O R VR R B ERAR 20 g/ L, B ERER 2 g/ L, W A ER4N 90 g/ L, I 10 mL/L, & A fb4h14 g/L,
RBREES 35 °C, )M 35 min, JRBLGRGHAY K BT . FE, siR LAY d A BRI ki =54,
BEHIRER/BL B AW 5% AL E AR L R4 E R AR, DAY H & TR
1.3 Wik 5RE

Fi D2 HASER % X 5t A7 54 2 I T U 0AE B9 45 A0 R AE , 4R o HTER (A=0. 154 nm) 20 YL E N,



%28 AT /R R A R R R A R R Y 187
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1999 &, I3 e, % 2 AR R Bl o4 300 kHz~3 GHz, F|F CHI 660E %Y e 4k 2 T/ o WA & A9 A% A il 28
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3110 W ARG EEH R FERE AR ENEBRRERMEEEE R EENRT.

2 GR5iHE

2.1 REEHESH

G AR B AL B R MR LAY R/ R L Z e RY R/ R R a8 0/ B/ RE R AR
PREMEsER, WA L Fa. 10 BrRERAYHRELHEEAEHEXMIE, B 1 b) BRERLRY)
RETE RN REGAEZ B 1 o BRELAYEEAEEM , FRAR K, 5 B R BK R BRLE THRY R
I 5 & 1 DRIERFNE /RS R &R R E =M, o7 LUR B 7R R B R 7 EA M. XTHE 1 oM
B 1 DB AU W R RLAE D 162 45 5 AL 7 33 25, FURLARBE /N, o L BEIE R, XL R
By @i A R T R FELB/) R IO RE AR

a) BB ELLEE N ELRY b) BERELEERY

c) MIEKBEERY d) B/IREWIEEEERY
1—5 000 £%; 2—8 000 £,

Bl RARAKYHR¥LER

Fig.1 SEM images of different textures
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Fig. 2 XRD spectrum of different textures
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Fig. 3 Thermogravimetric curves of different textures
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Tab.1 Data analysis of thermogravimetric curves of textures

5 2 Y BLRFIE S 4L
L fﬁlz\i B 5 1 R W R RE f;gi RIER/ %
B/ C BB/ C HRAE/C /%
BHRY 0.53 377.5 449,13 522.52 81.87 1.85 15.75
RAENM/ BB RERY 3.24 352.4 445,56 531.05 82.50 5. 44 8.82
W/ ReEERY 0.81 377.8 438. 74 521.18 49.38 1.05 48.76
W/ RER/ B EE8Y 1.58 377.7 432. 85 516. 83 47.28 1.58 49.56
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BRLRY) BRI/ BREZaRY W/ REZ e RY MM/ BEM/ BL RS WRITHME 2 . A
R 2P LUEN, RREEMMRBES T ERY A - FREN, KPP RER/ BRLRE R WIT R TR/
RERE4Y XEREH TREREMMESRFAN FEVBEAFFE. S8RERN AV EEREEK
LR TRBIRG , AR T8 AT SaE A R BT SE A . T2 )R S LB R B i T R NI AF7E R
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A2 FRAHSZGFE
Tab.2 Square resistance of different samples
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Fig. 4 Electromagnetic shielding effectiveness of different textures

BEGAYH REZREESLEY
9T E BRI R R 3 N, B Ut A B i
RE AT 3R ] 80 dB LA b, MH A4/ RAER /B L B A LYW BB F BB R TH/ B2 E64Y X EEEZ
HEF—FERFEESEZNERAFERS, B FFEBA A, Bl SRR, B RS 5 —F
THT 5 L SRR B A W U b T 4 B R RS O T Y R R B IR R, R B A AT X B R R B R R
UF B9 B 53 T R T
2.5 TS

B 5 X T4/ BAEK/ BRLEAEYU R/ BRLE SR YN E b %, A BEERES N
3.5%NaCl,10% HCI,10%NaOH &4 F B mE R, £ 3 B/ BEK/ BEREEYU KRR/ CLEES
SUYITEAR R A AF T B4 8 ok 38 38 oo )P AR B SCHRBIF 5T B AR 8 /0, JB ot 2 SRR /1N , T JES ol ek A A0
46 5 MR 3 WM EE BEFEMBRBESRM T WREI/ B E S EY G 3 R I BAR, B



190 o BBk % E i 2016 4F

A, 5O R G R ARG
-05¢ 35 15t
-1.0 : 2.0 R IARERGEEREERY)
ok a M/ = —40F . 25F
g :%8 : aany é 452 %L . é =301
B 350 o i 2 b /R AR Iy
B Iyl b WA S 50 wagagy 0|
N 450 HREREY % 2 -4
B =50t % =551 ..i'ﬁ/ —45‘3 o
S =S — 2 -50r
- 30 60 -55h
-70 I I ! 1 | -6.5 ' ' : -6.0 , , . |
-05 -04 -03 -02 -01 O -04 -0.3 -0.2 -0.1 0 -08 -07 -06 -05 -04
B A L /V RN IAY ‘ R RAAY
1) FRES%CH 3.5%M NaCl B 2) FRSECH 10%%) HCl 3) REAECH 10%6 NaOH %
BS5 REERTRGGMAE K
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2.6 BZHEEE A3 A/ REE/ RIS R MR/ R
S BE e A B R 24 S R 4 i £ R R 0 A A
/RS ESEY M/ BRER/ZLE S EYHRT Tab. 3 Corrosion rate of Cu/PANI/PET and Cu/PET in
B 353 B 0. 44560 0. 2305, [ b B AR e A different solutions
HHEEERRERNSEE IR, XRRFLUE e O 8 3 e/ (A + cm™2)
AR S IR FUHE IR KA T4 5 L A i i 3.5% NaCl  10% HOL  10% NaOH

EHRZEEAR o W AR, XAHERS HERE B/BEEERY 4.509X1075  9.455X107* 4,775 7X107¢
ERTHLRY 5 8 34k Bt - 22 18] /Y Y R 4 51/ B e/
77 B i DA 37 A0 5 Wt - e £ 3R A AR B T i AL wR ALY
ODIERMRERE SR ERER RL R RYNS
BRRAOWSEKELEAYNEGRIIEHH, BE
Jie b BASRK PR &, KRR R T B A KW B3Rk, (15 210 BE % 35 53 W MR ST Ak 48 8 W B8 TR 3RS
FHEA 57 SR TR N, HEFIE R, R 2 5K 4 A TR K, W45 & 3R

(4 FAAAREDABYGELSFRE

Tab.4 Color fastness of copper films on different substrates

3.829X107% 5.928X107% 3.434X107*

B FMA R EE/g MR EE/g BEERER/ g W% 4R/ %
/W EERY 0.475 3 0.473 2 0.002 1 0. 44
/R R AR 0.468 1 0. 466 9 0.001 1 0.23
3 & iE

AR STACTRBE LM/ Ag™ X W LU FIIR B M /Y 28 B R HEAT 16 A A B2 5 AL 2 B4, F T 8
SEM, XRD, TG, HL1 5F i sk BESF #EAT Xl A . SR B, SIARFIEAE N F I Z, TA B FERERE)R
RLF- V- R4, BARE RE P 0 Tt B 4 1k S v BB 3 BT ), HL7E 300 kHz~3 GHz SR A/ RARL /R 4
RE AW R B RER R ATk 130 dB. X Ho Bl B REBE 25 R A AT Mk A v (FTTS-FA-03) , 4/ R ik / ¥k
LG LY RO RE A URET 2 RAE &, BE R A R EWEE R E “AAAAA” RS .

% % 3Lk /References:

[1] JIANG S X, GUO R H. Electromagnetic shielding and corrosion resistance of electroless Ni-P/Cu-Ni multilayer plated polyester fabric
[J]. Surface and Coatings Technology, 2011, 205(17/18): 4274-4279.

[2] MUTHUKUMAR N, THILAGAVATHI G. Development and characterization of electrically conductive polyaniline coated fabrics[J].
Indian Journal of Chemical Technology, 2012, 19(6) :434-441.

[s] RUBE ZIEN S V, BALTUENIKAITE J, VARNAITE-ZURAVLIOVA S, et al. Development and investigation of electromagnetic

shielding fabrics with different electrically conductive additives[J]. Journal of Electrostatics, 2015, 75:90-98.



%28 AT /R R A R R R A R R Y 191

[4]

(5]

(6]

(7]

(el

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

HONG Y K, LEE CY, JEONG C K,et al. Electromagnetic interference shielding characteristics of fabric complexes coated with conduc-
tive polypyrrole and thermally evaporated Ag[J]. Current Applied Physics, 2001, 1(6):439-442.

LU Y X, JIANG S H, HUANG Y M. Ultrasonic-assisted electroless deposition of Ag on PET fabric with low silver content for EMI
shielding[J]. Surface and Coatings Technology, 2010, 204(16/17) :2829-2833.

CHEN H C, LEEK C, LINJ 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.

GUO R H, JIANG SQ, YUEN C W M, et al. Influence of nickel ions for electroless Ni-P plating on polyester fabric[J]. Journal of
Coatings Technology and Research, 2012, 9(2):171-176.

LU Y. Electroless copper plating on 3-mercaptopropyltriethoxysilane modified PET fabric challenged by ultrasonic washing[J]. Applied
Surface Science, 2009, 255(20) :8430-8434.

HANE G, KIM E A, OH K W. Electromagnetic interference shielding effectiveness of electroless Cu-plated PET fabrics[J]. Synthetic
Metals, 2001, 123(3) :469-476.

GAN X, WU Y, LIU L, et al. 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, 455:308-313.

WANG L L, TAY BK, SEE K Y, et al. Electromagnetic interference shielding effectiveness of carbon-based materials prepared by
screen printing[J]. Carbon, 2009, 47(8): 1905-1910.

JAGATHEESAN K, RAMASAMY A, DAS A, et al. Electromagnetic shielding behaviour of conductive filler composites and conductive
fabrics-A review[J]. Indian Journal of Fibre & Textile Research, 2014, 39(3): 329-342.

KAYNAK A, HAKANSSON E. Characterization of conducting polymer coated fabrics at microwave frequencies[J]. International
Journal of Clothing Science and Technology, 2009, 21(2/3):117-126.

KIM B R, LEE H K, PARK S H, et al. Electromagnetic interference shielding characteristics and shielding effectiveness of polyaniline-
coated films [J]. Thin Solid Films, 2011, 519(11): 3492-3496.

ZHAO Y P, CAIZS, ZHOU Z Y, et al. Fabrication of conductive network formed by polyaniline-ZnO composite on fabric surfaces[J].
Thin Solid Films, 2011, 519(18) . 5887-5891.

fe2. AYRHEE/ FHBSTFEEBENHEMERPFID]. L. R4eEKR%, 2010.

FU Xiaolan. The Preparation and Characterization of Matal/Conducting Polymer on the Surface of Fabric[ D]. Shanghai: Donghua
University, 2010.

STEMPIEN Z, RYBICKI T, RYBICKI E, et al. In-situ deposition of polyaniline and polypyrrole electroconductive layers on textile
surfaces by the reactive ink-jet printing technique[J]. Synthetic Metals, 2015, 202. 49-62.

19 %, P 5 L Bk D5, %6 HBP-NH/Ag ™ LA W48 8 TZ0T]. BP%e,2014(13) :9-13.

TAN Guodeng, SHEN Yong, ZHANG Huifang, et al. Electroless copper plating of PEI fabric activated with HBP-NH,/Ag™ substrate
[T]. Dyeing & Finishing, 2014(13) :9-13.

Bl Y3, 3K B35, % G2. 0-NHy/ Ag™ iE LM ZE R WAL 2 48 v i BT . B3, 2012(19) < 1-5.

YAN Feng, SHEN Yong, ZHANG Huifang, et al. Application of G2. 0-NH;/Ag™" activating solution to electroless copper plating of
PET fabric[J]. Dyeing & Finishing, 2012(19) :1-5.

. SRR R A MR R RE M W ST (D], K REB TR, 2007,

LI Weiping. The Research on Preparation and Eleetromagnetic Characters of Polyaniline [ D]. Dalian: Dalian University of
Technology, 2007.

Zepil bel. B4k BB ] 5 5 RAE X HUEHRRLD]. JFH WK%, 2013.

LI Yuanyuan. Preparation and Characterization of Copper-based Nanomaterials and their Antibacterial Activities[ D]. Kaifeng: Henan

University, 2013.

BRI, FRMRIB J IR RR B DR e /AR A BRI ) A BB M RERF ZE (D). dbE - db A k%, 2012,

LIANG Yan. Study on the Synthesis and Microwave Absorbing Property of PANI-HCIl and PANI-HCI/Ag™ Composites[ D]. Beijing:
Beijing Jiaotong University, 2012.

BRE WAL B E S5 R TR ORI RS B S S BRI ). fu %6 TR, 2006,27(2) < 1-4.

ZHAO Lingzhi, HU Shejun, HE Qinyu, et al. Shielding principle and research progress of electrom agnetic shielding materials[J].
Packing Engineering, 2006, 27(2) :1-4.

STEFECKA M, KANDO M, MATSUO H, et al. Electromagnetic shielding efficiency of plasma treated and electroless metal plated
polypropylene nonwoven fabrics[J]. Journal of Materials Science, 2004, 39(6): 2215-2217.

MAMSFELD F. Tafel slopes and corrosion rates obtained in the pre-Tafel region of polarization curves[J]. Corrosion Science, 2005, 47
(12). 3178-3186.

BB, xR R SRANEEAIT]. B SR, 2010, 32(1): 34-36.

TAN Qixian, LIU Shulan. Adhension of coating with substrate[J]. Electroplating & Finishing, 2010, 32(1): 34-36.



	77
	78
	79
	80
	81
	82
	83

