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Fig. 1 Diameter distribution and SEM of PAN fiber of different CNT mass fractions
(a): 0%; (b): 1.0%; (c): 2.0%; (d): 3.0%
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Fig. 2 (a)Conductivity and (b)viscosity of different CNT mass fractions
Tab. 1 Relevant parameters of different spinning samples
w(CNT)/% Conductivity/(ps-cm™) Viscosity/(mPa-s) Fiber diameter/nm Fiber  diameter
standard deviation

0 29.5 297.5 411 0.121
1 66.4 280.1 390 0.111
2 88.5 252.9 383 0.109
3 118.5 220.6 357 0.093
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Fig. 3 (a)Pore volumes and (b)surface areas of different CNT mass fractions
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Fig. 4 Porosity and fiber diameter with different CNT mass

fractions

B Fig.3(a) AT &1, 4 41l 42 35 &b T 3 RS, ) 22
W B AL B 3R B B T 25 R 2 4y 1 2 IR S R AR
F A K L4589 5 SEM JE S R AE —FL . Fig.3(a)
BRI 5 A A 4 I ) S B & S Fig.3(b) R £F 4
JE ) BET Lb 2 [ a3 — 30, /£ ONT B & 77 5
2%, L F T AR AL FL AR Ik B {E . BET HI L%

@

100 ——0CNT
s . CNT
_&% ——2CNT
i w3 CNT
° 80
3
é L
60 56.1%
55.1%
L 8.0%
47.1%
40 1 1 1 1 1 1 1 1 1 1
0 200 400 600 800 1000
t°C

T R i B 2 0 5 W PR 5 43 - T R 1k J0RL A 3R T
TP 0 388 L 2 T AR 2 R, R B S e T AT 4
JEERFLAS , IX SO AR 5 2R 4 B ) 4 4 BLARAH O . 474
HAELHE, B2 KR, KA RMBA M AR
#2248 K, B 2 AH A AR fh a #A . 455 SEM KK
B, ONT Jii & 73 BN 2% B, £F 4 (8] He A ¥ 50, A
EEERMESH T, 68T BRI LA R L
R
2.2 CNT UM%t PAN E G AR HEARTZEMEM
AL

it — 25 W58 CNT A1 PAN 20 45 8] 52 H A5 1 B
A EAEH 0 HgE 4T 7 E A DSC 43 #r . B TG
B (Fig.5(a)) A DA B2 A 34 0 6 B BRI 20 O 3 AN
Bto 5 1M BORROR EF B CE R 2 300 °C), £
ST T B K o R TR K, ANy T B AR R 1
il 24k N 2 B B (300~600 °C) I, T DLF # s
JNT CNT [ 52 4 40 K 21 4 I8 (1) Jc K #h o) i U 5 T
U N 3% 1 CNT J& , & K # o fif i FE N

%41

N

RN,
=}
H] o

(b)

—0 CNT
=] CNT
s==) CNT
s CNT
@)
H
[
90
392°C
398°C
1 1 1 3()I]C L 1 1 1 1
0 200 400 600 800 1000
#C

Fig. 5 (a)TG and (b)DTG curves with different CNT mass fractions



1210

BRI A BRAK A SO SR PRI 9N AT LS ) 25 12 Bk 5

392 °CHET; %2398 °C o 9N K £ 4k JIE 43 fifk 10% 1) il 52
BE CNT & &M & B A&, R CNT 73 fif 10%
[ FE A2 311 °C 5 24 ONT Jii & 23 BN 1%, 7 it il
JE BTN 329 °C, 3 — bR CNT 15l NELE T
PAN [) 57 fift , 21 4 ¥ # A e 38 & . HH Fig.5(b) L 8%
KB, CNT T & 23 0N 1% M1 3%, 300~400 °C A (1)
e K iR 3 AT K 1% min™ s CNT Ji & 2 30 2%
i, i K #2033 F N 0.8% min' , X Ui B CNT fii &
O3> BN 2%, B FE 22 PAN [ 4 fift 38 R, i3k — 25 % 1l
JINCNT G P i e e iR . B3 B
(600~950 °C) = E 2 ik £ i€ Bir B, 77 LLE 2%
CNT J& ff1FE fl 7E 950 °C B Jii & 43 2 R BRI, F B& i
PO 2%, DL IRTE FE 950 °C o AHBR , & B PAN 2 4F
Y 1) B bk R BB A CNT 25 5 (3% n g 389 m 5 24 CNT
Jit B o3 BN 2% AT 3% I, B Bk 2 03 0] R 55.1% A
56.1% ; 4 CNT i & 77 0 A 1% 1), 5% Bk 26 4 48% .
CNT Jii & 73 80 9 3% I, o 7E DMF H 7 JORs R A2 %2
L5 ONT it & 73 09 2% I, 78 PAN 94 K £F 4 | 1)
W B 42001, IR G AE 950 °CI , 2 4 I8 () A% B R 5 30T o
CNT i & 4> 3N 1%, CNT W [ 7£ PAN E &/, &
e i Ak B S AT 4 I TR AR AR A R . X 2
N CNT NN 2 5 PAN 4 78 R A5, A T
PAN 7E /iR N R AE N o [E IS, %8 0 CNT (1) i 2 vh
2 WU 43 PAN 23 O 0 &, {5015 21 4 Ji 1) ik ik %
e FEEASFHRBY B, 5T M I 1 5 0 R 5 A
—CN %25 Jx N oA C=N L[], 5 Ji A (] —C=C & /&
F HE B0 1 T 45 /1, CONT W B 7 PAN 4 1 8%
B BEAG T R I TE m R N R R AT N
TE RS AU, 5T G AR v I o A A R
AR EEUR K PR

45 4 Fig.6 [ DSC #4 & B, 5 CNT ¥ i &= 1
o 4 T A R AR TR TR B R D T A 2R

G, XA EREE L TR SR A AL R AR
LTI AT RE o WER TGRS T 4R b, gt 2 38 Al T
S R £ o R R SR T, A R R A K 2 T
G RER . BERSY TN T CNT &, B4
Frik KRS CNT fE R G b 5 RN IE I
oy ¥ HE A L2 G2, A T A 4G 0, TR 0 ) B AT R
LK, T I 20 T BE AL AR A TR R D, IR
WHERE G, e 28 52 m T 2 MBI I A2 € E g .
1 Tab.3 3% fg & B, B A CNT & & K90, S 12
R RN N AN Ny G B2 S N R
CNT J& PAN 2 2 2 [l (1) F4 R e 1 32 v

Tab. 2 Relevant thermal parameters of different samples

Sample T/ °C T,/°C Carbon yield/%
M, 311 392 47.1
M, 329 391 48.0
M; 331 390 55.1
M, 338 398 56.1

T,: quickest thermal decomposition temperature;
Tw.: temperature at which the substance decomposes 10%

3CNT
309.1°C

2CNT

09.3°C
"W*\(\
309.7°C
'—W\[\
1 1 39 7c 1 1
0 100 200 300 400 500
1/C

Fig. 6 DSC curves with different CNT mass fractions

2.3 CNT %X PAN Kk A4 EIE S 4RI

-—Exo

Tab. 3 Thermal properties for different samples

Sample T./°C T/°C T/°C AHAT g (AHADI(-g'-°C")
M, 282.0 309.5 316.6 567.3 16.4
M 286.5 309.8 318.5 558.1 174
M, 286.3 309.3 318.4 4842 15.1
M, 287.6 309.1 320.0 461.2 14.2

Tc: peak of cyclization temperature ; AH: enthalpy; 7:: starting temperature; 7 termination temperature
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Preparation and Characterization of Carbon
Nanotube-Modified Polyacrylonitrile Nanofiber Membrane

Hefeng Hu, Jin Tao, Mingming Yu, Lin Fang, Wang Xie, Musu Ren, Yinping Tao
(School of Material Science and Engineering, Shanghai University, Shanghai 200444, China)

ABSTRACT: Polyacrylonitrile (PAN) nanofiber paper has the characteristics of high porosity and three- dimensional
connectivity. After carbonization, carbon fiber paper can be used in fuel cell proton exchange membrane. Improving the
performance of PAN nanofibers helps to obtain high-quality carbon fiber paper. In this paper, carbon nanotube (CNT)
was used to reinforce polyacrylonitrile and CNT/PAN nanofiber membranes were prepared by electrospinning. The
effects of CNT on the microstructure, thermal stability and conductivity of the fiber membranes were studied. The SEM
images and thermal stability of the fiber membranes were analyzed. The results show that when the mass fraction of
CNT is 2%, the porosity and specific surface area of the fiber membrane are 86% and 21.1 m’/g, respectively. Compared
with the fiber membrane without CNT,the resistance of the fiber membrane is decreased by 40%, and the maximum
thermal decomposition temperature increases by 6 °C. This study laid a foundation for the preparation of high-
performance carbon fiber paper precursors for batteries.

Keywords: electrospinning; polyacrylonitrile; carbon nanotube; microstructure; thermal stability



