00 HEE T H
2009 FE 7 B

4%, 4

Modern Chemical indusiry + 45 -

R B/ = E et/ AR AL
£ A4 #4 PTC & &

% L Eam?
(1.ZEBAZXFHIRGE AL PO, A% 1S29]T, % B ;
2. KM EMR R FMAHFE TRZ KR, LK 100083)

FE 76 25 ~ 200°CHE [ A, 3¢ AR/ — AL Tk /30 SRR I 2 SR Atk A b OEL R g 2 B2 1) 7 8 TG 994 0, 2 B o I F)3 BE AR O,
(PTC) o BT 80°C , MMk 5 ik &2 A B} (149 A1 19% , T J-A Wy i BTk ) 9 BE e s ek ey , 2 TR O o 7R Y ik vy i 2,
He A F T IR AR 5 50 R B 7 SR BR B 2 6 5 A S B B 2 A, AR R R T B B W Sk, TE— E AR BRI T R A
BRI B, B T X 5 AR RN S B SRR . SRR T 160°C, Rk G B A (24% F1 33% , BT R A&
i SRR ) PR A E R R M A, S PR R R IR AR AR S T BRI R TR ST A FE — B AR RN e T 4 B M 22 e T 5
A PR X L S B ) B R T 5 T R 2 ) L R S A e A SRR D BE M P RS B A A R IR W D B BT A5
TR 28R B Y S AT S R S B R S

KR L APORPTC BN 5 5 M8 5 AR B L

i E 425 : TP391 X ERARIRAG : A X EH S 10253 - 4320(2009)07 — 0045 - 03

PTC effect in carbon black/silica loaded epoxy resin
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Abstract: Electrical resistivity of carbon black (CB)/silica filled epoxy resin composites increases with the increase of
temperature in 25 — 200°C ( Positive Temperature Coefficient, PTC) . At low temperature ( < 80%C), lower CB content of
composites (14% and 19% ,on mass of resin) exhibits better temperature stability in contrast to higher CB loaded composites .
As low CB content aids the nucleophilic addition reaction between epoxy resin and isophorone diisocyanate and subsequently the
development of cross-links which will restrict the mobility of polymer matrix and reduce its detrimental effect on electrical
conducting networks developed by CB. At high temperature ( > 160°C) , higher CB content composites (24% and 33% , on
mass of resin) display better temperature stability , which may result from the thermally activated electron hopping procedure . The
electron hopping counteracts the increase in resistivity resulting from the thermal mismatch between polymer and CB,and this
effect is more prominent in composite with high CB content as the interparticle gaps are smaller.SEM, FT-IR and DSC analyses
evidence for the conclusions.

Key words: composite; PTC effect; carbon black; nucleophilic addition

July 2009

BT REARAR. RER. A5 & FMmA, 2%
TERAITRSYMPKRBRN FRESHEZET
BRBZ R RED 2 AN ETSEE 4RI
BN AR T A -7 X LR R A
RS2 A B S L 0 B — JC B R B ) B & b
b TR 85 % R A0 — 4R Al ek X A ) — G [ AR S
VISR EEMBEBTRER LA TFRIE. MEEH

YrFs B3 :2009 - 04 - 12
E & H - 25 51 BUF ¥ B35 H (2003023024)

B EIATE B K SRR A R T A i R
1 AR AR 4 9 B B R R G R K R R 3R
FIR R TR R RE A P e BB SRR R W
TR B T AR 2 X B R T R R BE R AR R
ey 2, 57— T T O R S A MR e
R — AN EBEEEC M, EHEFMERT RE/
R AGRE /IR G R bR e LR A AR A

EE BT (1976 - ), B, 1 1o, 2 [ B% B K 2 85 B BOR WF 7T B BF 52 51 (Research Fellow) , EZ M F 540 F R E A MR 0 RBICKE R e 5 2
H 45 77 TG B9 F X T4F , 0044 — 1483682298, zhangweileeds @ hotmail . como



- 46 - A, A

EBETH

ROPE DL, LA A il 5 I R A MR BL B R I 2%
1 LWEks

1.1 A5 UF

K2 (Vulcan-P) . & AL 7 (EH5) , Cabot A 7 ;
FEH MR (CG3406) , B E A 7 ; F AR AR (E ) 7
/KB — 5 W (98%) ,2-T AR LR LK LB
(99% ) , Sigma — Aldrich /A 7] $#2 fft, i3 T B 5
(LEO 1530 FEGSEM, %% [E LEO Electron Microscope
Ld ) A R AR EE S RAESA#HRER
(3£ PerkinElmer Jade DSC) X} ¥ & 4 5 ¥ 17 44 ik il
ik o LHMETE I HTTE FT-IR Spectrum BX (32 &
PerkinElmer) 347 . A4 K} i BH 32 R B 52 € 1 55 B
TE# IR 48 o 3517 (CN75CF, 22 [H Genlab Widnes) o
1.2 ZRIRE

BEMBHIH & K55 c AEWIRFEEK
HEB (455K CB,0.78 ~ 1.82 g) & —FAbAE(0.39 ~
0.91 g), m(AE): m(ZFHHEE) =2:1,7E 2-T A&
ZEZMRTEE(T.3~33.4 et®) FHERE, HIMA
5.56 cm® Sp /R 5 MR AR, BEFE 0.5 he RJEH
BEYTETENL (FE Specamill) B 10 ho @it
K-bar(No.6) ¥ # F W %K JE {X (K 202 control coater,
P2 [H R K Print —Coat Instruments Lid. ) ¥l % I E &
AR TH IR JZE B R L 7R 100°C [E 4L 3 min,
ETE 150°CHEML 3 mine FTAMMEZRTHKE24 b
PARR RO AR AR ST o

PR REL SR A U < K 3R T 9 R VT AR 2 100 mm x 12
mm A4 5%, FCHER A 98 B AR BE 3 1 Mitutoyo 0K
#% (0.001 mm) AT &, K E R Slip gauges
(Coventry Gauge & Tool Co.,Lid.,M—-88) #47ll &,
FL BEL B R FH 5 75 I 3% (Robin, AR 6002) #4733,
S5 10 AR R B AP 3 1E .

2 HREITR

2.1 ##8 PTC M

S5 X R [R)  R  BR 6 Rk H BE R IR B
BB BLBEAT T 5 5%, P B R Ay R fL il i
K Ap/po = (p; = po)/po KITH , HH o, REAR
EE TR B RE, oo B7EE IR T (25°C) # K
AR R ME , 45 R LB 1. BEE R B A FHE , R A
of B, BEL 28 f) A8 4k ¥ O TEAEL, BP Bl iR BE /O T , B Rt
F%y L BEL R 7 18 i, A ) e BE 28 R B 3 IE B9 IR U R K
BN o X BLAETHR A IR EM IR G Y 5% R
Z 1) P i 1 22 5 %0 b ) e B R B R A ke AR

o mBREBABEHRY, AR MEKRAKY
H(2~3) x 107°/K, T 3 A5 5 & W) 9 U ik R
%k 60 x 107°/K, BARFEAH R B9 THE &1 T R A&
RIZIK B LR BRI KRR 2, Xf | B BB
W2 8] 6] BE A3 O, 3 BT 8 9 S v 38 B R IR AE
A, S B0k Rk e B R A3 A

60

%0 80 120 160 200
TIC

KEBHATFRAEYERESE:1—14.0% ;2—19.0%;
3—21.5% ;4—24.0% ;5—33.0%

B1 wEEZBEEEMNREHERL

22 REFAEWMBEBERTAUHNEME

Bl EARRBET  AARBRESERES
Y H PR R I R R IR R E AT .
FIRAMET (> 160°C) , & 24% M 33% i & 43 51
REB(ETRESYN R E)RE S AEE B R ER
R R, X EBEEZE G M6 R BRI B K
FHEROMERTEWG . RBES MRS EMAE
FE I8 o o BRIBORLTE B & A B IE LAY 5 HL 38 B R
LI . TEG MR, BT 7R BB Z R Y %
AR 3 o H 7 B B ik ) e B BURL 22 [ Y
ook SEILRY , 38 FT LA & F B AN R 2B, AR
T8 L 37 R S EE, 2k RRABURL 22 [8] 1Y [B] BE 8/, B0k
YRGB, R Z 18] W] LA = A AR AR A L 3, B AR
Gy e[ B JB0RL 22 1) & A BRIE , A5 F M £ B 0 AT
XERFHRZ AN EREMSHE, B TRERS
(>160°C) , BT DA $3 & B H F BRAE 3o 72 6 X 44 19
SHEEFEEREMN. B TREKSEZAMETH
xR BIFORL A 2 BRI BER /N 2(b) FIE 2(c) Y
ANEERFER BB S RES], T LA A E R
FHR, XN —ERELHRE T HTREKERS
REHY EBE R, R Rk & B E A AR B s R
ACAE XS 2%, R — & IR ERE . X KK
SENEESMEN S, B TREBRE B MR,
[ BER R LA 2(a) ], BT FHR AR #F /9 B+ BR AT
BAHE , ThiMEl TAS R KEZREIEDN
Xof 5 FHL 3 [ A A SRV R, IR bt A ek v BEL 3R 3R B T
TR T G 38 38



2009 FE 7 B

EE RE/ CESLE/AERNEBEESTRL PTC W - 47 -

.

-

/ i

.y

.
2ooom <3 aAs jm
oy 10069 X | 2% Brosa o = e 103148

;

(a)9% (L& 4+ %0)CB

(b)14% (i &4 %) CB

(¢)21.5% (g4 40)CB

K2 HHEtAHEERE

B 1 RU I TERIRERMAET (<80C) & 14%
19% 1) 7 7B B2 A b4 Rk v BEL 36 19 1L B2 AR 7 1 4 X 4R
Ho XTI RERZE & M RHE B AL RN (R 2 5 B/l
4 SR AZ N BB ) o i H O B 38 K B A 5 E B
M o B A ZEAR IR S5 T BB R B B BRIEX S
T B B S AR X B, MR R Z R AW 4T
TR SRR K . TG W5 FHE B X Fh 4R 3l A
ol K Y B S BB B A BN A, SR L BE
RN BEE & B B A0, 78 B 4k R BT R
B —EMRE [ m (R B) : m(ZEALEE) =2: 11808
Yo AEAT B o B8 R A 32 B R R 9 FR B R R R i 2
B2 8] BEAR T B Z BRI EREEH RAERER
L B9 F] R 1, BB T A RE R RS BR A R D . TR B
SENEAMETHTRAEYH FHE IR ER
HL B R T B E B, FETHR A 4 Fissi i B B
BET B, W T H N ik BRI LAY S E B Y IR AR
FH R HG ARR Bik 25 2 b R B i o e BHL 2R B IR AR AL
BN,

23 REM_SAEAENZBEENYRE

R AL AN GIE BOR X B et 72 o & AR B R
B RLHEAT T i — 5% . BT RBEXAINEER
BORA B MR BER, SR AR RN A
RERB R B m(KEB) : m(ZEALEE) =2:1 k8
RZEAER i TREM AR ES SR
B, R 5 L 45 R B A, 4
REW HEE AL EE RSN, B R N E T
REH2), S2 Hh R 22 R 14 VR B (DSC) X SR Bk 7=
YT T A Rt e , 25 R LA 3,

M 3 R IL, BT F 35 AR B A W 04 4 w0 1y
WAE 83.5C, MABKEREYHIBMIEEH IR
(119~ 188C) , LEA M AWM R 4+ T R W 5 KB
R E — REERERZ R R A T BN . HH
MR LG A W) 4 F BB AR K, AH L Y Rl R B
WEFFAR. NE 3G ENR, ME KRR
B BE N , 22 3T BR RN J5 BR A 0 4 e el TR 2 T T

208 5:119.79%C ]

PP/ mW

(1.188.02°C
U

24.86 50 100 150 200 250 293
T/C

AR R R /g:1—0.54;2—0.81;3—0.97;4—1.08;
5—1.35;6— 4R EM B R AW

H 3  # k8 DSC Amdh i %

X5 — AU T UE SE TR T 4R H A9 5K T 5 R TR
AR R BE R BE AR R MR B R - R 2 A bR R
RIABRIN, 7 BN A AR o R ROR L Y
ZE [ AR T R BRER 5 B B 5 HF A SR R BT
H AT REYE 3958 T RS TE 3R A i, XA
HE AR 3 e 3 AR BOR B BOR AR, S R
4 L BHL AR BERR T (< 80°C) o

3 &iE

BT AW IR R RBE S T B
e R B, R BB/ EM R B A A R BRI E Y
TR RBCE . (A A, Ak E BH 2 A IR BE AR E TR iE
ZRBHABHEW., REBHEHYEMESERRE
Y1535 3T R 580 I & A S %00 B R L TR i 38 Bk
HERTRENE RS T REW S THEE B B E R
T S B A BIRAE L, S BV RHE IR BT E
REL 22 59 3% fin 5 5 )t (R B, B B e PR R & R 38, Akt
rh o PRSURL Y 18] BE A /N, T i 1R BE X R 1 L
B AR U W AR R, B R B PR T R
PR b o ek v L 56 ) 1 B B 1 R R i R R G O 45
FCFEARIR BT, IR A% BB b k) e BEL 3R Y 1L B A e AT
T 1o L B 1 e PR bE ek i BH 3R A2 VR BE R I A

(TH#% 49 1)



2009 FE 7 B

BRREAE IR-SNENERTOHSRMNREEERR - 49

SRR EX AT R, HE &R EARR
TR A SR, AR AN B R A T IR R
Jibd B 3t R k4

R R SE 5 B R 10 g A 80 mL ZER Z
BE R SR AP, 7E(20 £ 1) C T HEATZE I, 8 R 2
BOF- A A E] 60 mine B EVWEW A, RAERE S
10 YRR A e o b A RE BV e R [ A R
B EERAHERFATHELT, EEFEREL
B, 00 78 B BOAE A

2 #ZR5iTiE

5 YL ¥y B - R URE PN F X R B E B B
A AT LR R B B S R R k. TSR
5 - e 0B Y M TR RN 45 0 BB 4% 4R R R [ TR R
L B A5 R i 2R R Y Y ) 7 4 R B L A 15
BU7100 % WA Herny 2k - #7455 A | Langmuir V-
R | Freundlich - A B A Temkin - 455 7 55
2.1 RiBftsh =

FE(20 = 1) C AR BE LA 6:1 B4 F U, 3%
PLF AN R € BUR ] <5.10,15.20.25.30.35 min, fH &
AVER TU-A FIZBR ZER X A Thi5 Y - i 17 Uk
Jito 5%t A 4 4 7E 2 AR OR R4 5 AR A
Bt 3l 2 G5 R E 1 BTR

< 20.00 +.20.00
m | e =

216.00 :ols.m-(“'m_H
#12.00 17,00

ﬁ 8.00 ﬁ 8.00
ﬁfé 4.00 “fé 4.00
@ 0+ 19T530353055q0 @ O 5 10152025303540
t/min #/min
(a)ER AR TU-A H (b)TEZ B ZEEF

H1 WoERABATU-ARZRLE TN
JB W 30 A 2
Wit 2 FORE A HLEEFIFE (20 £ 1) CH A -4
JI56 A S 36 B4 A 1 A AL SR FE 25 min WVE AT
AR, 3R U RO T A T BAHR AR AR, FT LA
3 i e g B B R o R R — AR R o AR, R
25 80% KI5 YY1 #E 5 min N 15 2 BB, AT AT
£ 30 min Zc 45 LB o AR 95 AR ADUAR 7 R 3L, A 3 AR e
RENPREBRERTZRIE, FEMFEE TR
BEH BB ER T LB,
2.2 ZEBHEEMTEEHESHEHE
T 3N I G Y B I e AR R — A S A
L TE—E MR BETT , 224 Jid Bt ok 2074 e + 33 S0k o
RIS R MU C, S5 HLYE R o B F B Kk B C,
Z [6] B 3R R R Ay ot B A YR AR B

(E#% 47 ®)
S % 3k

[1] Hao X Y, Gai G S, Yang W. Development of the conductive polymer
matrix composite with low concentration of the conductive filler[ J] . Ma-
terials Chemistry and Physics,2008,109(1) :15 - 19.

[2] Ai-Saleh M H, Sundararaj U. Electromagnetic interference ( EMI)
shielding effectiveness of PP/PS polymer blends containing high struc-
ture carbon black[ J] . Macromolecular Materials and Engineering, 2008,
293(7) :621 - 630.

[3] Knite M, Teteris V, Kiploka A, et al. Polyisoprene-carbon black
nanocomposites as tensile strain and pressure sensor materials[ J] . Sen-
sors and Actuators: A . Physical ,2004,110(1/2/3) :142 - 149.

[4] Ding T H, Wang L. H, Wang P. Changes in electrical resistance of car-
bon-black-filled silicone rubber composite during compression[ J] . Jour-
nal of Polymer Science: Part B. Polymer Physics, 2007, 45: 2700 —
2706.

[5] Job A E,Oliveira F A, Alves N, et al . Conductive composites of natural
rubber and carbon black for pressure sensors[J]. Synthetic Metals,
2003,135(1/2/3) :99 - 100.

[6] Wang L. H, Ding T H, Wang P. Effects of conductive phase content on
critical pressure of carbon black filled silicone rubber composite[ J].
Sensors and Actuators: A Physical,2007,135(2) :587 - 592.

[7] Zhang R, Baxendale M, Peijs T. Universal resistivity-strain dependence

of carbon nanotube/polymer composites[ J] . Physical Review: B,2007,
76(19) :195433.

[8] Choi S S,Nah C,Tee S G.Effect of filler-filler interaction on rheological
behaviour of natural rubber compounds filled with both carbon black and
silica[ J] . Polymer International ,2003,52(1) :23 - 28.

[9] Kang S, Hong S, Choe C R, et al . Preparation and characterization of e-
poxy composites filled with functionalized nanosilica particles obtained
via sol-gel process[ J] . Polymer,2001,42(3) : 879 — 887.

[10] Leder G,Ladwig T, Valter V, et al . New effects of fumed silica in mod-
ern coatings J] . Prog Org Coatings,2002,45(2/3) :139 - 144.

[11] Ettlinger M, Ladwig T, Weise A . Surface modified fumed silicas for mod-
ern coatings [ J] . Progress in Organic Coatings, 2000, 40 (1/2/3/4):
31-34.

[12] Zhang W, Blackburn R S, Dehghani-Sanij A A . Electrical conductivity
of epoxy resin-carbon black-silica nanocomposites: Effect of silica con-
centration and analysis of polymer curing reaction by FT-IR[J] . Scripta
Materialia,2007,57(10) :949 — 952.

[13] Dai K,Li Z M, Xu X B. Electrically conductive in situ microfibrillar
composite with a selective carbon black distribution: An unusual resis-
tivity-temperature behavior upon cooling[ J]. Polymer, 2008, 49 (4),
1037 - 1048.

[14] Xu X B,Li Z M, Dai I K. Anomalous attenuation of the positive temper-
ature coefficient of resistivity in a carbon-black-filled polymer composite
with electrically conductive in situ microfibrils[ J] . Applied Physics Let-
ters, 2006,89(3) :032105. 1



