5% 6 OISR R AR T AR B SRR T 475

RFESHREMNSESKRARHERE

x % EE BEFF,T &
(LT e T BF TR B AT R AL 100143)

FEE « A T AR 1) 5 rl AL (3 Oy 5 S B R S AT R L 3 R B B ) |, A R T RRET 2 BRANOR A A R
A7 AR AT L URE 5 AR v g 107 T RIF 9 6 e o 4% 2k 2% ey JEURE A P BT T A9 Hl AU AT T 3 ) 0 e e
PRI ER A AN SN DRI A ot R 1 o | B s 2 o

KGR R TR BOR T RARIRE ;T A LR ; 5 RO R

hESHES:TQ330.3871/72/73 XEHS:1000-890X (2019) 06-0475-05

XA SR A DOI:10. 12136/j. issn. 1000-890X. 2019. 06. 0475

Bt AL 23 9 R RO B HE 4D, it B0 A
A U387 £ 1 L S R L AR PR B AR T —
SE B S 100 FL 1R 20 RE A6 A 280t e K
TR BT R R g . S T
OB 2 R M RS S TR, S5 I
HL G 20 T AR SR AR B L 2 0 e Ak B
HA T D RE AR B 45 0 G vl v 0 T AR
SRUE S HLSEORL A9 18 201 2 e TR AR PN A ] 8
MBS AR, S BRI RN R BELR |
PR SR R S AR T R RE A BB R . A
3CE B UK R 5 OB T RSB A A5
i

1 SHBEEBERNSBHENE

2ot JLHAE R W IR 2, 1 1Y S AR 1Y
vl L S S S R N SR R KR
et

(1) a0 B EE . iz B2, HoA
TEAZ RS HP IS i — 2 1 19 S L BEDRE, SEURLRL T 43 1
TEAG I TR UBE B, SRR 1 19 n i TR SR d A%
IERONIE BT HLE . e AR R R Y B
BN R TR £ Y BORHH BN TR
N B, Y IEOR R B — S EH R R B & T

EBE AT £ (1981—) , L, INPEE O, AL ORI Tl IF 5
BT BE A BR A ) i 2 T RR I, 01, 3282 DA AR B 390 7 7 £
BHMEREITAN TAE

E-mail: wtc8185@163. com

HLPERE

(2) BRIE RN HE . S BURPRL T E B A B
I L S A9 DL T AR B AT — B L
RE , 1X % 18 200 FIE A LA o X BRI R G
YR S e SFORDRE 1 B 7, 5 R SFURDRL 1 6] AN BEAH
AL, S BURDRL T H T E a8 2
FUBH AT, {H 4 5 B OB 28 B — GE{EL I, 5/
SEURPRL 1] 4 ) BE 8/ 3 — 8 R, WL 7 AT 25
S H FURLRL 1 B 5 2 BELAS, B AR R JE RN, M
T A B HLAT S H PR RE

(3) LY R L . IZ B I AR S A
P 408 4 5 L BEORERE 5 22 18] 77 75 — 32 1Y LAV
2E, B /N T — E fE I, 5 L SEORDRE - ] [
7 A S EL T R AR R T A B TR R R OB R T
[Ea] 149 FEL 7 1) 30 B0, 2 17 7 AR A A TR B
i

2 HRESHERESBZEFRNA

SR H B R T L OB e R R £F
Y BRANKE AR SRR
2.1 &2

B PBIE R IR P AR A RE, LR H B R
0.5~20.0 Q * cm, H v Z Heor BRI S L R BE 11
FHERRET . MR T RR ) R R
RiAR | HL R B S e SR AR, R
TR FRR R, 8 W) v, e PR AR 25 5 O B H
W, FHERE AT . (H R BRSNS &



476 B Tk

2019425664

AR NI P EOL SRR T B, R I ok SR kAR
o 45 S 7E — s S Rl

R TS AR R RERR S FMSER R RE
Bl e S g iz B

TR A SN S e i L AR R A A R Y
SR PERE U AT TS, 45 R R ARG S i s B
IR, S R R T AR SR O S
W, H R Y T 5 2 T R
201 5, 52 A 14 11 d5e R HL G 5 A B 34 #1033 2
dB; 24 5 L 5 B R 250 ), 5 A AR L R
KF330S e m’',

W B 42 45 5 i A 20~ 3053 ' BEN220
5~ 150y e 28 T A B & 350 o 45 1 S FR AR IS
P A 21 MPall I, 1o T 5 & @& 1
HL R 500 VIS LR IR 5 43 J8 19 i R o B Ak
T HL B A K F500 kQ, 1% TGRS T4 =%
PR I fof 2 R A G il i 46
2.2 WRiTH

T £ 2 S MLEF 2 A4 1R SR b 4 iR sk 1k
il 2%, HLA R T H |5 AR R R R B i 1 RE A
WA HARRMKELL, FESHREMT 24
P HAEAR e b A R A, mT AR 3R A
UFH PR RE R 2 PR RE

FEPHR I g T SRR AT 4 A REAR I B
R i, 405 SR 2 P i 2T o v 4R v e A S ) S el
il 5 BifL R 2T 2 B2 I 38 K, 5 A REAR I 11932 ik 1 (.
W BUE X AR
2.3 BRMNKE

WA K A 2 B2 5 2 )2 A B8 7 46 il i g
(Y, S JCEE AN K GEOIRFE 2 A1, B R
(A5 19 100£5) KK AR 1078 H%) KR
L (400~3 000 m* = g ') M RAFAY R PERE . B
YA ALEAR B T BT /N 32 D8 B O 4 43 4L
0.001~0.01) ")

S I3 2L SRR 5 T BTSN KA I REAR R Y
T PERE, 45 R AR I Rk 9K A 200 1 R FI8
13 Bk 5 LR AR 174 2% 1T FRL BHL I RIS, M B
P 1 5 B A K4S T 2 DA 643 16 K 31 8 003 Bif 3 L AR
JIE 11%) 3% 1T P EL A8 AT I B2 452 /N o

2R IR AT ST T HUTERR 8 KA R Y S
FL 5 0 TR LR R 1 o 2 B PR B, 25 R AR I X ]

e 4 A B, S L R R SO AR 1 0 R 1 ()
S0 80,0225 kKA / e BRI, F i R
SRR MR B U8 (. (BT 25350 K50, 0285
B 20 K A B R 8 5 /0 2 ik BRI, 20T A AR IR
3SR S R 1) R e B SR 41 v L B 1 i
2.4 AE

A S — MR TR BT, RSB JE ARG
S by RS B DR 38 0T LR — N rT A A Sh Y
B, PR A SR e — A R Ak, (A AR
A B, SRR AR 2% |, 520 ORI
TAERE M FRERE . A0 AR 5 HA S e R T
AR AR S 1) 5 LM RE R ) 2 R BB A

RSP AT T 7 SRR SR R
FL 1 T 2 ) 1) BIF 5, 205 2R 3R A o 5 A0 38 Rt ) 3
K, RERR I 1) 5 HL M BB B3t 5 XY 0 B/ A SR
I F B, R AR %) R FH R, B S B Gl BRI, BV A A/
A7 BRI T AR S AR R L R B

BAR 2 APE = 58 LN (EPDM) HHELFE
A1 SRR PR S5 SR B A SR AR A8 B 2 4 R EPDM
9 FHLERE . RIS Ay B A S e SO
I HT, 2 A7 5B P Ry 2~ Sy I T ) 4 00 S B AR IR
HLA R 5 f M RE SR PR RE
2.5 AEE

A1 BRI T P B IR 38 1 sp? e Ak B
T T o5 1 A4 e v R ot A 285 A e A K b ), 2 H
AP B e A R . SR AN KA | AR A5 At i
R HIURAE L, A SRR S p i 2
o5 B PERE : 2 A 8BS H )2 0 B R A
0.335 4 nm, LR ML N2 630 m* = g ', I % &
X H40.77 mg « m”, $i 158 B 7] 15130 GPa, A 5
N3 000~5 000 W+ (m e K) ', L FRATK10°
S em’, B NIT. 7%, L M REM A,

KGR T RA G a2 SR RENE S
oA B0 1 SR A R (A IS T B A0 A, (A 3L
154 B RIS SR R

F RS S o B A BORL, R L A
FIRERR I il 25 T REAR I /40 8805 52 B b RE, S
KT EAEMETERE, 45 RFVET D e A%
I, A MR B ) SR B s X SR
HEGEFN0. 015U I, & A kR AR L B R
A A BB 8 A (B 43450 0. 019,



OISR R AR T AR B SRR T 477

E N
IR

3 BMASHERMEZNSHEERKNNA
3.1 fEFmAR

Az PE RV TG TR R R A LG, TR E S
PF T WA RE S B A N L St B S B R
HLOCE o FEAR I PR 70 5 H SRR 48 () 0 F A
HLBEL RN, AT L 7 b i R

B A TR S BEL I e R R 1 R
] — B TG KT B R B s ik
R 2 1S FH i T R AT AR AR R B L e st
PN I AR S VR S B ) Z R O (4R R L
D T 1 R T 1 [T VR Sl BH T AR, SR T R T
pc BRI RE M I TR M FE 1 Ak B 1 4 iR S e P
R IR T B, X R 52 T 48 iR 1 42 4 P B
i . T T KR AT, A Uy )
FAEPTEA (1) 78 B 1 s s in 5 i 2R
B YRR AR (2) IR gL A ek AE, dn sk
il 25 S H R 4%, 8 i T 1 SRR S I S S R T
R 7 o VI s Bu ¢ <X 1) (aal s B o
BERIFE R T 2 A B a8 AR &, il & 4R
BT AR LSRR .

X R AR 4 T BRSO R, B AR
JBE L I 2 b i A A B FL SRR, AR AR iR A
AN FRAR T B8 1k R TR S Ak B e R R i e 25
M4 B RS br i s e R, fe G i R M
FHAR /N0, 8 X 10° @, AL B f2 /I 410. 6 X 10°
Qe cm,
3.2 EH R

UEAESR H 2536 22 19 L 7 180 4 19 HL 4 6 S AN AL
ST MRS 28 10 IE a8 1T, 3 % A AR fa B 3
SRS o FEL R B A R R 3 A T R R 1 R
SPF AR S0 oK IS ) P, A e DA — 0] 25 i) ) g — {0 25 ]
% T RAROR IS B FL R T 0 o Bk R 5 L3RR
TRV RN T AL/ AR T B v R B e
Tirf A J3 P BB A5 O A5, L AE H % B R AL 1 1
WF9E— 1 HE s R

R AT T R B/ EPDM FL R 57
A2 FERE B LT R e i BT A, 5 LR A /IR
. S A Y S L R BEEC-600ID A S HLPEREIL T
S HL A VX C-72FIBP-2000; Xf TR L H L%
HEEC-600ID7EE G AR 2 I B (H 4 1045 5
M EC-600JD & 204y i, &4 F1RE Y Ha B 5 i

PERE AT o
3.3 HtmA

Bk 7 3 FELIEDRHIE 78 1) 5 AR S 1) H Al 1o Tk
A BA RS IIRE WA AR B H RN AR RN
1 R R, B0 5 R RE L BRI RE
WEMERE B 12 PR RE Y S B AR

SR AT T T B Y S R
e N VN B 2 e 1 N i o2 93| B e 12
(A Ok I T E=7: 15 A

4 HiE
H Rk R R S AR — BRI Tl

RS E R PR i XS P AR T o 1 2 R
BOR MBS AR R 5, Bk R T L OB ] O
MEARREIE 2 2T T 2. AR ARK, R
THEORDR S )R T R OB S R G Y Sl
AR I AR 255, LR TS AR 4 2% 10
PERE , T ) 5 FEARURE 1) o7 P 4503

SE

(1] FEBH. g dc S AUl 4 L 2SR5 (D). bt JE st Tl
K,2016.

[2] Z2ots. S SR 4 B S i REAROTFSEID]. SEPH : ST K
2#,2016.

[3] Medalia A 1. Electrical Conduction in Carbon Black Composites[J].
Rubber Chemistry & Technology, 1986,59 (3) :432-454.

[4] Voet A. Temperature Effect of Electrical Resistivity of Carbon Black
Filled Polymers[J]. Rubber Chemistry & Technology,1981,54 (1) :
42-50.

[5] BWIRK, LR, SR T A PRI, AR, 1991,
19(2) :50-57.

(6] Bk SR G b eti & S TEREDT D] A : rhb sy,
2012.

(7] JEIAERE, feasm, (50 HL Prid s 20 T = S AR T #ER D). T
P8R T, 2003,31(10) :60-61.

(8] 222, A0, sk 55, 45, BB R GRS ILR S W T 5Tt
[J]. 8%4,2005,34 (2) : 7-10.

(91 555, Biate 5, XUREL. 5y S AR FH S v S A9 1o AT 5 0
U], ZRHET,2009,36 (5) :47-48.

[10] ZEfEBL. AR RS M. b A2y Tolk ik, 2004.

(U] 55513, S IR AE 7 HAR M. Jbst: 2 0l Hi ik, 2008.

[12] U, J5 DREL. LA B/ A APAR B S A5 B 3 v P AT HhL 7 i

TERERIBTFEI]. #UKE Tll, 2018, 65 (8) :890-893.
[13] R, . SR EP]. HilE : CN 102363654,2012-12-12.
[14] 32301k, B 2. RAY AL S ORISR (], 1L T3 8



478 B Tk

2019425664

EE,2002,30 (4) :38-40.

[15] SRULHE, B 478, 1500, B PR B AP RHM. JE s L5 T
A Hi R, 2007.

[16] Ze¥7 s, BGAR, S atEl, 5. BREF2E 500 5 HL AR T LSO,
B A BHIRARA T RS2 I]. BERHRHR, 2016, 30 (S2) :440-447.

[17] Baughman R H,Zakhidov A A,Deheer W A. Cabon Nanotubes the
Route toward Applications[J]. Science,2002,297:787-792.

[18] Verdejo R, Lopez-Manchado M A, Valentini L. Carbon Nanotube
Reinforced Rubber Composites[J]. Rubber Nanocomposites :
Preparation Properties and Applications,2010,27:147-168.

[19] Gang S, Zhong W H, Yang X P, et al. Processing and Material
Characteristics of a Carbon-nanotube Reinforced Natural Rubber[J].
Macromolecular Materials and Engineering, 2007, 292 (9) : 1020-
1026.

[20] Perez L D, Zuluaga M A,Kyu T, et al.Preparation Characterization
and Physical Properties of Multiwall Carbon Nanotube/Elastomer
Composites[J].Polymer Engineering & Science,2009,49 (5) : 866—
874.

[21] McClory C, Chin S J, McNally T. Cheminform Abstract: Polymer/
Carbon Nanotube Composites[J].ChemInform,2009,40 (52) :238.

[22] Santos S X, Cavalheiro T G, Christopher M A B. Analytical
Potentialities of Carbon Nanotube/Silicone Rubber Composite
Electrodes : Determination of Propranolol[J]. Electroanalysis, 2010,
22(23) :2776-2783.

[23] TaeMin K, Kim G H. Uncross-linked Polypropylene (PP ) /
Ethylene-Propylene-Diene ( EPDM ) /Multi Walled Carbon
Nanotube ( MWCNT ) and Dynamically Vulcanized PP/
EPDM/MWCNT Nanocomposites[J]. Polymers for Advanced
Technologies, 2011,22 (12) :2273-2278.

[24] Cho B M, Kim G H. Effect of the Processing Parameters on the
Surface Resistivity of Acrylonitrile-Butadiene Rubber/Multiwalled
Carbon Nanotube Nano-composites[J]. Journal of Applied Polymer
Science,2010, 116 (1) :555-561.

(251 BN, VR , 0. BRANK BT S UG AT S8k FE D], 5 1
HIE Tk, 2009,32 (4) :339-344.

[26] skEFaE, milk, SRR AR, A5 MRAKAE AR REAR IS Hh i g FH AR 5[]
FEFR I A, 2016,37 (2) :41-43.

[27] ZRUNER, 250k, 20, 45 B R BUREXS SR UM S 4 5 i PR RE A 3
i [J]. ThREA AL, 2017,48 (8) :08079-08081.

(28] TR L IE R, S AR SRR T 5 B AR LA
FRERTTED]. ey IelFS5H08E, 2015,34(7) :24-27.

[20] #RERF, BV L B . A 88/ 7R B/ EPDM&E G RH PERE R 5T
[J]. #5 Tllz, 2011, 58 (10) :591-595.

[30] JLEWT, 259, Sk E AR, 4F. T ARIRIP]. H1E: CN 103665876,
2015-10-28.

[31] Novoselov K S,Geim A K,Morozov S Vet al. Electric Field Effect
in Atomically Thin Carbon Film[J]. Science,2004,306 (5696) : 666~
669.

[32] Geim A K, Novoselov K S. The Rise of Graphene[J]. Nature

Materials,2007,6 (3) : 183-191.

[33] Terrones M, Martin O, Gonzalez M, et al. Interphases in Graphene
Polymer-based Nanocomposites: Achievements and Challenges[J].
Advanced Materials,2011,23 (44) :5203-5310.

[34] Zhang Y B, Tang T T, Girit C, et al. Direct Observation of a
Widely Tunable Band Gap in Bilayer Graphene[J]. Nature, 2009,
459(7248) : 820-823.

[35] Wang G, Yang J,Park J,et al. Facile Synthesis and Characterization
of Graphene Nanosheets[J]. Journal of Physical Chemistry C,2008,
112:8192-8195.

[36] Lee C, Wei X, Kysar ] W, et al. Measurement of the Elastic
Properties and Intrinsic Strength of Monolayer Graphene[J].
Science,2008,321 (5887) :385-388.

[37] Balandin A A, Ghosh S, Bao W, et al. Superior Thermal
Conductivity of Single Layer Graphene[J]. Nano Letters, 2008,
8(3) :902-907.

[38] Wu J, Wojciech P, Klaus M. Graphenes as Potential Material for
Electronics[J]. Chemical Reviews,2007,107 (3) : 718-747.

[39] Rao C N R, Sood A K, Voggu R, et al. Some Novel Attributes of
Graphenel[J]. The Journal of Physical Chemistry Letters,2010,1(2):
572-580.

[40] Liu P B, Huang Y, Wang L, et al. Hydrothermal Synthesis of
Reduced Graphene Oxide-Co;0, Composites and the Excellent
Microwave Electromagnetic Properties[J]. Materials Letters, 2013,
107:166-169.

(411 EEM, ZehG0K, B, 55, RERUE/ A1 38 G poRH i 4 K e
RERFFE]. 1L B2 e 4l , 2017, 38 (1) :52-54.

[42] #EERR  BRUHE, BRI, 55, A1 8800 /R S R S A RERHI BF
FERERED]. PR T AR, 2017,45(3) :17-27.

(431 SRS, S0, BRI, 45 REAGUR L ABTIOR RO WFT 2 SR D). 3
PEfA,2018,28(3) : 76-81.

[44] T35, SBRRM IS AL PERE OB 5 AN ]. sh AL T 55,
2012,21(11) : 86.

[45] F =2, sRHEOF. SR AF T TECRE 1 L A BORZRIR 1], RHEC S 4
Mk,2016(5) :198.

[46] KL, 5B, AR08 3C. FE A A T 10 FIBOR SRR D], BHE
51,2018 (8) : 118-120.

[47] X RAF, BT, ARIE. BATHURIR TG i 2 0 58 A S
#[P]. H1[H:CN 107987324,2018-05-04.

(48] BRATE, XUIEHE. 5 2 I 7E BY o i 5 A R A I 5 2 JRR L], B4R}
F41%,2009,23 (8) : 14.

[49] WAL, 4R4E, AR, 25, SR/ =0 NI L R B
FERHOPERERTSE 1], ARE Tl 2015, 62 (1) :5-9.

[50] i< S HUAR A B SE £ e g PP i B 0], 42 TRHEE 2016
(8):73.

[51] Thetss, w44, S AU AE v 7 Be g 2 et v i R ). 8
2R TR ,2015,45(6) : 74-77.

WiEE#:2019-02-14



5% 6 OISR R AR T AR B SRR T 479

Research Progress of Conductive Rubber with Carbon-based Conductive Filler

WANG Ting, CHEN Hong,QIN Kai,JIANG Yunping, YU Miao
(Beijing Research and Design Institute of Rubber Industry Co. ,Ltd,Beijing 100143, China)

Abstract: The conductive mechanism of conductive rubber, particularly, conductive path,tunnel effect
and electric field emission theory, was described.The research progress of application of carbon-based
conductive fillers such as carbon black,carbon fiber, carbon nanotube, graphite and graphene in conductive
rubber was introduced.Conductive rubber prepared by single carbon filler or combined use of various carbon
fillers could be used to prepare antistatic material, electromagnetic shielding material, microwave absorbing
material, high voltage cable, optoelectronic device and molecular wire, etc.

Key words: carbon-based conductive filler;conductive rubber;conductive mechanism;electromagnetic

shielding material
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