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Antistatic Properties of Butadiene-Acrylonitrile Rubber
Modified by Lithium Perchlorate

TAN Jinghua, ZHAO Shengqiu, XIONG Yufeng, WANG Wentao, LIU Yiwu, LIU Yuejun
( Key Laboratory of New Materials and Technology for Packaging, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract; The butadiene-acrylonitrile rubber/lithium perchlorate (NBR/LiClO,) antistatic composites have been pre-
pared by melt-compounding method. The effects of LiClO, content on the vulcanization properties, mechanical properties
and electric properties of NBR were studied. The results showed that LiClIO, promoted the vulcanization reaction and
increased the crosslink density of NBR.The mechanical properties of NBR have been improved with the increasing in LiCI10 4
content. The addition of LiClO, reduced the volume resistivity and surface resistivity of NBR, which turned the insulating
materials into antistatic materials. When the content of LiClO, was 40 phr, the volume resistivity and surface resistivity of
NBR were 1.1 x 108 Q-cm and 2.0 x 10° Q, respectively.

Key words. butadiene-acrylonitrile rubber ; lithium perchlorate ; antistatic ; volume resistivity ; surface resistivity

0 515 MRS, HES) TS AR R PRIEUR R, I
BHERARW & B LT S @R AR AR BB 2 i 25O AR — sk

s HHY . 2015-08-26

E®WE : HmAaRHHRIEE R H (2014GK3101, 2015GK3025 ), A H B /T RHAII LG R H (14C0345,
14C0344 ), 19 4 Ko HEIF TP > FAH R S0 TRl B B BT BT H (3208 [2015]269-313 )

YEZ AT « WA (1985-), 2, WIRRRII, WIRE Tk A ubi, 1L, 2R IR PIRL S 35 W [ A i A 5 T
B2 5 P55, E-mail. tanjinghua032@126.com

BIEIEE « XK (1982-), 55, WIRSHRIN, 1R Tl 2=, L, 2 RS RB LB AT R S DI RE / im PERE = 40 744
RGBT T B e 59, E-mail; liuyiwu5615@163.com



55 13 wIHE, 4

o IR B AP T IS AL L PR RE ST 9

U AP L ARE KR SRMORE, N R TS
BTN, ek, sci . @I, L. SR
ZATW AN o o TARBHIAT = e IR SR, ik
HAAYUEME TERE, PIMITE™ fh A B = 22 vh
AL GUIAT T T IZ I o AR H e bR, 7R
SR, FRTER TR SIS RIE
i B S B R 2 el e v, H A 2 o SRR ) A i
HL 2R, & R U oo L AR IR A A
R RO, DT S8 T 25 1 s ot 2 3 B IR 5 [l gl
Dy AR, HE A KRS EURESE, ™
2 T AR AU Y R, AR TR
T B AU Y 02 T L IR R0 e AT e S BE Y
PR RAT T X

THE# I ( nitrile butadiene rubber, NBR ) J&—Ff
SRR . AESS AR EA R, NBRUEE EUEE (—CN)
MR FHUIE B — X s, AT R LA R 45
WS SR E A MEAEN, B R
K EEE, NBR HA— RIS i A rERE,
PESH TR PERE . T EAE R R B PR RE D, R,
NBR H A Hia AR AR 1 i

FIAT, 4 NBR EUHARHY I 2 A 3
g BT BREFAET | BRADKAEY . AR SR G
HUSECRE, BCE BSINPURR R o B, AT—38 0kl
RGN RE, N THRE RN DA
HEORE TG, 5 — R il 1 A FEHY 3T
i EL P RE X R R O P o, O HLL PR R
RE B (s P I 1a] ) S Tt ssss o PRI, WFSE . FiT
LR AR R 0 A BE O A ) K A T PR F NBR
R EA HBE S

DIRGY AR, @ Rew S 5EmE)s
HEG, s RE Y B RBR O A Kk
1= RS S N 03 [EOE S<L 7SR el WOA: DAL L
HAs AL &S SRRt ge i TR R G, Bk
R IRER G H NBR | AL KRB (epoxi-
dized natural rubber, ENR ), SR . R IEEE; &
R4 JmER e, dns R B LiCIO, | LiPF, | LiPF,
LiAsF, % Zhang Q.23 3o 1 W TR 0 4iE BBV
% 7 NBR/ LiCIO, R &4y [ (4 i fige Joi 2, W58 T NBR
thi— CN 5 LiCIO, my ¥ 5t i) £ 2 bE ok Fi fige Joe i A~
PERERYSE M. W. A. Gazotti 271 Fi 4t R R GRmEAR G
5 LICIO,, 4 T RSV, JEUE TIRR PR
A RS A G B BRI ER T N RS W LA BT
g KT e Ry 2 . LiC10, HAT By il 4 Fi 4l
. MARARARAE I A, JAESR G W T4 v i Jot b A
AH)IZWN T, (HRA ] LiCIO, Sk s i vt 541

HHA A WLSCHRGE . LTIk, ASSCHESE NBR O JEA,
WYL, fil4 7 NBR/LICIO, Z5 4k, I
5T LiICIO, X NBR HiPERE . AL ERER )21k RES
s, i NBR/LICIO, &2 & A4 kL P L AILER

1 24§

1.1 SCREH
NBR, N220S, NG RES N 41%, HAJISR
LiClO,, 7p#ral, stz TARRA T
A5 Ak — 2K (dicumyl peroxide,
DCP), ZiifEhy 99%, Hut AR TRHLA T,
1.2 EXEH

PA— € it i) NBRSE Oy 100 453, HoA ) BokR %
FedkAT e , fi 4k 77/ DCP g 154y, LiC10, A48 i ( 0~40
By, 3 ).
1.3 K58 &

HAAKE #4280, XSS-300 54, iR
SRR B A AT PR A 7 5

TekeFaifefl, MDR-2000 %!, |FHEfEA gk
AR

FAEALHL, XLB-400 Y, F#ARRCHLI T ;

HL 7T RBIER AL, CMT4104 8, JRYITT B = Uk
ARG 2 7] 5

AFR A BIRERETE, LX-A RS, RKIPHBRIREG AR
AR T

v LR, ZC36 B, ks R
ar AT R w5

{e B 1H- 7R M 21 A8 3% 4% (Fourier transform infrared
spectrometer, FTIR ), Nicolet 380 7 | SEE#H - JE i
VNN E YN
1.4 RERE

TRHR: ¥ NBRA: e A HAAKE #4022 (R &
Zrp, IR 3 min BEHEEE; #A LICIO,, (R
15 min; SRS MABLALF DCP, JR#k S min, JRIGE LG
IR EEFEHITE 60 CAity, BTy 40 r/min, (R
TETFHEALET B, SR T 24 hs, FIFEILE
YR

fifl « IREECRHE AL EAiAL, BRik S
PENLT0 C x 1o, Jorhr, to) By AL E], min,

il SR SRS R R R T2, AEsn
DCP, 43514445 NBR i1 NBR/LiC10, #£iE 4 ( LiClO,
400y ), FHBVERL, JFET R RERE], 7E PR
BALHL R, SIS EERRIARE, R A5 170 °C x

/L\\#

Zl



10 1 %

1R 20164

togo VMM RIS LB T, &
1.5 tEgEWR

K F G Ak AL, #2288 GB/T 1232.1—2000( £
B AR IR S BT UDRL B A P 58 1340 11
KERE B2 ) sk, DR A AR B AL R

K T T REIE AL, 235l 4% i GB/T 528—2009
CRRAAR RS BB PERR I A 17 g 1 25 R A 0 52 )
I GB/T 529 — 2008 { #i AR e s HIH PEAR G i 24580
JERIE (HETE . EATE AU AR ), Il iR
FERRLAPERE R 2SR B s SR AHAR/R A BUERE T, $%
HE GB/TS531—1999 (R HB/R A BE 0 7 ) H i
ik, MRIRAE R A B

K FHECT 8 v B B, #%28 ASTM D 257 —
2007 {4 2Rl EL I B BT Bk T M RS v IR G T )
Hr i, AR AR R A A R R B 2R R 2 1 i B
K, ORFEERE A | mm,

SR FH RS AR 2T AN TEAN, 5 R Y 4 S
BT AN

2 HR5iITE

2.1 LiC10, AEXE &# #m i e R Mm
170 C4M4 T, NBR/LICIO, R I B AL il 2k I
K1, #1205 NBR/LICIO, IR MR I IR L S 4.
W g RSB R E], ming 7, REH T ARLE AT
], ming g, AR EGALITE], ming M, 51 M, 5355
RS /MR, AN - m; AM(A M=M,~M,) &5
22f6, dN - m; CRI ( CRI=100/(ty,~t,) ) JERRALTEE 15
%, dN - m - min”', CRURAERMGI BRI, CRI
RBEMOR, URBAL R R, S 2 A

30

— ORI

3-2017LiCIO,;
4-30f3LiCIO 5

4
f
X
4

E 20

g

<15 1-04 LiCIO,;
& 2-104LiCIO 5
=]

5-4013LiCIO

1 1
10 . 20 30
time/min

1 FE LiCl0, & & NBR/LiCIO, R ERRL BT B 2%
Fig. 1 Vulcanization curves of NBR/LiClO, compounds
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Table 1 Vulcanization characteristics of NBR/LiClO,
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LiClO, ¢,/ t,/ t M,/ M,/ A M CRI
4/ min min min (dN-m) (dN-m) (dN-m) (dN-m-min")
0 0.430.5710.50 1.13 20.90 19.77 10.07
10 0.541.2010.16 1.06 22.74 21.68 11.16
20 0.551.23 9.30 1.12 24.29 23.17 12.39
30 1.001.33 9.10 1.15 2551 24.36 12.87
40 1.112.01 8.68 1.03 26.02 24.99 15.00

2.2 LiCI0, AEXI E & M2 RN

LiCIO, Fifitx$ NBR/LICIO, & A4k} 100% 5 i1
35 300% SR A1 . IS 1L KSR O S
I 2~3 .

8 110
-4 100%modulus;
—#-300%modulus

100%modulus/MPa
~
T
300%modulus/MPa

|
[ ] N o O

1 1 1
0 10 20 30 40
LiClO, content/f

2 LiCl0, AEXE G #} 100%, 300% TE R 1 KR IE
Fig. 2 Effect of LiClO, content on the 100% modulus and
300% modulus of NBR/LiClO, composites
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Fig. 5 Effect of LiClO, content on the volume resistivity
and surface resistivity of NBR/LiClO, composites
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Fig. 6 FTIR spectra of NBR and NBR/LiClO, composites
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Fig. 7 The ion transfer model along NBR backbone
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