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Effect of Polycarbonate/Poly(vinylidene fluoride)/Multi-walled Carbon

Nanotubes/Carbon Black Composite Co-fillers on the Construction

of Conductive Networks and the Electrical Properties of Materials

LIU Yu-jie, YANG Zhen-hua, NIE Cong, LI Yi-long", ZHENG Hong-juan”
(School of Material Science and Engineering, Henan University of Technology, Zhengzhou 450001, China)

Abstract: In order to investigate the effect of conductive fillers on the construction of conductive network

and the effect of different types and contents of conductive fillers on the electrical properties of conductive

polymer composites (CPCs), multi-walled carbon nanotubes (MWCNTSs) and carbon black (CB) were

selected as conductive fillers, and polycarbonate (PC) and poly(vinylidene fluoride) (PVDF) were selected

as polymer matrix. PC/PVDF blends with double percolation structure were prepared by melt blending.

By

selective etching of PC, it was found that CPCs with co-continuous structure were formed when the

mass ratio of PC/PVDF was 40/60. It was found that MWCNTs and CB fillers were selectively dispersed
in the PVDF phase by thermodynamic calculation and SEM observation. The co-continuous structure and

selective distribution resulted in the electrical percolation threshold of 0.03 wt%. With the same amount

of MWCNTs filler, the electrical properties of CPCs increased with the increase of CB content, because

the

doped CB played a role in bridging the MWCNTs in the conductive network. At the same time, the

distribution of the conductive filler in the matrix was quantitatively analyzed by optical microscope. With

the

increase of CB content, the co-continuous structure did not change, but the aggregate area of the

combined filler showed an increasing trend.
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fil 48 %0 34 g/10min, f# [& MaterialScience AG £ [}
/\ w]; PVDF & 8} Kynar 720, %5 & 75 1.78 g-em,
J%5 Fil 45 %010 g/10min, 7% & Arkema S. A. F [R 2
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1 BINI-0.5 & & 44 KL %1 ih PC A BT J5 W ¢ 2% 1 19
SEM {8 (a) ZI1HHT; (b) ZIim
Figure 1 SEM images of fracture surface before and after

BINI1-0.5 composite etching PC phase: (a) before etching
and (b) after etching

F1 RAEWHMWCNTSs 7E 20 °C I {1 f B
Table 1 Surface energy of polymer and MWCNTs at 20 °C

Material  y (mJ/m?)  p*(mJ/m?)  y® (mI/m’) Ref.
PVDF 30.3 23.3 7
PC 41.65 40.28 1.37 [25]
MWCNTs 453 18.4 26.9
CB 55 51 4 [26]
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2 (a,b) ZIMJS ¥ BIN1-0.5 & & MRS R O S4
fF ) SEM v
Figure 2 (a, b) SEM images of the etched BIN1-0.5 com-

posites under different magnification conditions
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Reff. [FR, T MWCNTs & 218, 4/4, 181K
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DAY PR

20 nm

(11 0.03% I J # B4N1-0.1 ] 0.45%. X % B 7%
NN ] R 5 BOE R B SO . X T A
MWCNTs ~ 0.5 wt% [ 2 &M, A& CBIE
SR A/A, 9 0.53%, 3% B LLE R T 5 63
MWCNTs. &4, #4 MWCNTs/CB [t 5 &5k
HAELEBOR R 4 B IR A1 B, BANT-0.5 (1) 4/
Ay H2.81%, J& BAN1-0.1 1645 . R, & F 221k
MWCNTs/CB (] PVDF A il t6 22 1%, i B K54
FETEA) G B AR b IR FE B iR . CBIERMY
BRI E A MR 25 5 3 N MWCNTs P 3847 7E
(1 2% 8], AT T BB /0N () A 0 150 PR SRR [ B, B

C!B cluster

\
«

200 nm

3 ZIPhAT E AR ZLRIE K SEM K4 (a) BIN1-0.5, (b) B2N1-0.5, (c) B4N1-0.5, (d) B4N1-0.1
Figure 3 SEM images of fracture surface of the composites before etching: (a) BIN1-0.5, (b) B2N1-0.5, (c) B4N1-0.5,

(d) B4N1-0.1

[ CB/MWCNTs=1

CB/MWCNTs=4

=0.02% = 0.02% =0.03% + 0.02% |

MWCNTs-0.1 wt%

CB/MWCNTs=2

MWCNTSs-0.5 wt%

B4 A[F CBMWCNTs L) PC/PVDE/MWCNTs/CB 4 & 444 12 H: A SR AR Ee A/A, F% 3 55 0 1%

Figure 4 Optical microscope images of PC/PVDF/MWCNTs/CB composites with different CB/MWCNTSs ratios and their

aggregate area ratio 4/4,
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PR IR 9K 2 A A R YRR I 52, XT AN A
JERMA ST I H SR T E , w5 B . Bk
PC/PVDE/MWCNTS [f] 14 #1 Hi 5 % [ MWCNTs
f) A5 Ak H 1B S(a) AT %, 46 f PC/PVDF 3L ¥ 9 ()
H 5 K% H5%X107"° S/em; I MWCNTs & & K
0.05 wt% I}, PC/PVDF/MWCNTs & &4 B} H 5
AR INR 21107 S/em. 24 MWCNTSs ¥ i1 &
N E1 0.1 wt% i, B S RIEF2X 107 S/em, H
SREAEMKRZ, RRUCHE - RIFNE
M. 2 )5, B MWCNTs 73 18, 54
MEHA S B B AR B — AT &, UGEHE LR 5
AR E QA B RS, R T FHEM
%, FIHSEBREED, G2 A5 ES R
BIE, B0 HHE AR

o=0,(f- 1) ()

Hr o it —Een 2 5B S 2, g,
NI F, £AMWCNTSs AR R 23 3, 12
BIRBUE, f> fo, t2—RBT S RN 4E501
ZH. i@z gt ARG R B A 15
#|, PC/PVDF/MWCNTs [1] £, 4 0.03 wt%. T8 ¢
itk o312 (WL 5a 4 ), i B 7E CPCs 1 4
BT =4S HML,

TEAHRFFEH, MWCNTs A N AE R A H kR
TV 185 LI 2% 1 A SR}, 72 PC/PVDF/MWCNTS

10°
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0.0 0.5

10716 B

MWCNTSs# H(wt%)

(K11, (0.03 wt%) [I3EAE I, JHH A MWCNTSs &
& 0.1 wtY% (BE s T2 BE ) A1 0.5 wt% (i
TRBERZ ), RIENB RN T RIER, I
7 M FE Al 6 A CB, {# CB 5 MWCNTSs J& i A
[]) Eb 5] () BBk FH 3R &R oo, BT PC/PVDF/
MWCNTs-0.1 wt% () MWCNTs 2 & 1R 35 3 7
BRE, BT DAE R — Fh IETE T B 45 (1) 5 A 4 R
CB FIIN S E 4 B 5 F W 28 AL i AR, A S5 F
IR 28 B B BB [FAE A, AR PE B A 2052 T
ifii PC/PVDF/MWCNTs-0.5 wt% (] MWCNTs % &
HHBRBEAERZ, FTPL CB I ASHE = E &4
B HLE AR (E 5(b))

N T W5t MWCNTs/CB IR & R ik i S
B 4%, fEE A MR I =R F & &1 CB
YE NS — S R, 3% MWCNTs/CB JE & H
A H % B N1:1.2:1M14:1. L5PC/PVDF/
MWCNTs-0.1 £ 4 A B AH b, i\ CB JE I BINI1-
0.1 SR ARK, HECBERMHE—F
B, B2N1-0.1 F1B4N1-0.1 & &8 R S s % 4y
IS T 6X10° M2X 107 Q-cm. X i H|CB
Wiki 25 7 MWCNTs % 4% 38 % (1) M #%.  ifi PC/
PVDF/MWCNTs-0.5 [0k & 5 = 11, 5%
N4AX107 Q-cm, WEHI LI B & BN EEM C
A MWCNTs S T R GFI S N %%, SN
I CB A2 BER S E AWM B S B,

Nt — R R SR AR T N 2% 1) TR RCRT
I3 A, K I DCM 2B PC ALy, WE R L fLE & H
BHA IR TE S, Bl 6(a) F1E 6(b) 43 il A £ L PC/

0

._.
<
8]

it (S em)
3

._.
S
(=)

- MWCNTs-0.1 wt%
-~ MWCNTs-0.5 wt%

10°8

0 1 2 4
CB/MWCNTs (w/w)

5 (a) PC/PVDF/MWCNTs &M A 555 MWCNTs & &1 2% R ; (b) PC/PVDF/MWCNTs/CB & &A1k 7k

S 5 CB/MWCNTSs LU 1156 7

Figure 5 (a) The relationship between the bulk conductivity of PC/PVDF/MWCNTSs composites and the MWCNTs content;
(b) The relationship between the bulk conductivity of PC/PVDF/MWCNTs/CB composites and the ratio of CB/MWCNTs
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A

0.5, (d) B2N1-0.5, (¢) B4N1-0.5, (f) B4N1-0.1

Figure 6 After the etching of PC components by DCM, SEM images of the fracture surface of the composite materials: (a) PC/
PVDF/MWCNTs-0.1, (b) PC/PVDF/MWCNTs-0.5, (¢) BIN1-0.5, (d) B2N1-0.5, (e) B4N1-0.5, (f) B4N1-0.1

PVDF/MWCNTs-0.1 A1 PC/PVDF/MWCNTs-0.5 5 &
MOEFEI B 0 SEME S . MR R B PCEEHL G ik
B [ PVDF 4 73 3 [ f& B A MWCNTs.  B% B 1)
MWCNTs el - /£ PVDF (1) 5+ 1 _E kT 5 H Y
%, 4R, PC/PVDF/MWCNTs-0.5 [t 5 H [% 2% Lt
PC/PVDF/MWCNTs-0.1 & & ¥4 £} 5 1 9 2% 2%
FER, X2 T PC 44y HiE kL& &5, MWCNTs
MPCIiLH# E| PVDF. BxNy-0.5 2 LA KH Wi RE5E
T 43 73 W1 6(c)~6(e) Frzn . 1T LAV 2 A 2, CB
A1 #% B & MWCNTs/CB LUAE 38 hnm 3 hn . -+
BIN1-0.5, CB ik 3 75 ] MWCNTs [ 2% . i
%f T B2N1-0.5 #1B4N1-0.5, ¥ £ [{) CB [ #% 71 4
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