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Fig. 1 SEM images showing the representative morphologies of as-electrospun PAN copolymer nanofiber bundles with gap distances being

(a) 10 em, (b) 13 ecm and (c¢) 17 em of electrospinning process

Xof AN [ WS 4R B 5 B 28 ok RO 22 i 5 T ok 4 1Y)
PAN YK W) A= £F 4 (% H AR #4758 150 (&1 2) m]
WL BE R R g5 22 B R HEAT, WL 9T PAN 40K
) HE 2T 4 1 B AR Y FL 1)/ B AR DX 1) A% 3l , 49 K W
A 21 Y 1) F- 34 A B 2 B0 H S B B RS R 4N
KA A 21 4 1) AR L RN AR /N 1 AR
WCAEBR S Ry 10,13 ,17 em B 99K 21 4E 1 B 72 0 [
435k 379,369,356 nm. FEYLAERE B A 10 cm B,
PR A 2T YR AR H A N R TERE
12X (% 650 nm & 750 nm X [&] ). i Y4 SR B
BERFN 1T em W, 99K W) A 7 2 BAR A H o0 A 9
BEZMERT/NERZX (2300 nm & 400 nm X
6] ) . 6] b6 i v 25 22 o0 B2 00 BEAT , 97 22 WO Ut
2 B AE AR A0 98 K ) A 41 4k 0 AR A P R R
FEXSH B AR 03 A A — o 1 B

K A TRV WSO A B B T 0 K ) A= 21 2 1 - 2 AR
ICR T8 3. B #9722 3 B 10 9647, Wl 9
PAN 9K W) A= 2F 4 1) 7 1 B AR A W/, (B DA
Ak r AT e I FE B AE 12 Al 14 cm {5 HII,
V- HARSEA /N XL T B 10 ~ 12

cm B4R b B o, 90K ) AR 4T 4E T 1 EAR 0/ IR
FERCR. GKA) A 25 2 1) 1 B HARFE AR FE B K
F 14 em J5, X PRI C R TR 90K9) 2E
Y HARR AR AL, IF 2 97 22 o R A RR Y
AR T MR B FEWCERIE B Y 10 em
IF, 4 KA A 25 2 1) 7 34 H AR R 656 nm, S i B
CRAES ML MG, T4 TIRRATE 2. )
GRHTIR T & A KRB (2 84 wi% ) J2 Hnl &
AR RS B A 1) 2 TR T R R 5 4 OK AT dE A
WA M 10 ~17 em Ay B, B A2 M 656 nm
TREZ 353 nm FES ML LA T em BYFEEIN,
SRRy 3.5 A% SR HEAX B B A
WL TR ERE G2y T H i — 2= Es
A R 90 38 7 o o i ) R 1 KR
R AR A 43 5% 1 48 Zh W VR 45 s 02 W L 2 22 (W 2R
BRI BEAE 25°C Aoy, i Il T PAN 2SR W 09 3 5 £k
EEASREE (29 104°C) . ik o d B, i R 97 22 J7 1k 4
TR A 97 22 W AR 3 T 68 1 45 O A0 K 27 4 A2
AR, Xt T PAN/DMF 2 22 1K & | By ifil
1) PAN 44K 4) A5 £F 4 1) B 4238 F 7E 300 nm 42



1392 B4 %R 2012 4F
40
a 700 I 0 m
35t 6501 1 ! i
30+ 600 F I [
< ! !
< 25 g 550 7 g i
= 1<) . M
S £ | | @ |JI; |
é 20 § 500 i i %‘
2 15 £ 450 ! ! 3
= = ! !
10 400} i i
| ]
5 350+ i i o
0 00, .o, h,
400 450 500 550 600 650 700 750 800 10 11 12 13 14 15 16 17

Diameter (nm)
40
35
30

Likelihood (%)
(3]
(=)

350 400 450 500 550 600 650 700
Diameter (nm)

Likelihood (%)

250 300

350 400 450 500 550 600
Diameter (nm)

Fig. 2 Diameter distributions for as-electrospun PAN
copolymer nanofiber bundles with gap distances being (a)
10 em, (b) 13 em and (c¢) 17 em of electrospinning

process
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Fig. 3 The variations of diameter for as-electrospun PAN

copolymer nanofiber bundles in electropinning process
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Fig. 4 The variations of density for as-electrospun and
stretched PAN copolymer nanofiber bundles (a) and the
relative increment of density for as-electrospun and stretched

PAN copolymer nanofiber bundles (b)
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Fig. 5 2D WAXD patterns for as-electrospun PAN copolymer nanofiber bundle with gap distance of 10 em (a), 13 em (b), 17 em (c¢),

and stretched nanofiber bundles with the final length being 2 (d) and 3 (e) times of original lengths of the AS8 bundle
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Fig. 6 1D WAXD curves for as-electropun and stretched PAN copolymer nanofiber bundles (‘a); the variations of crystallinity for as-

electrospun and stretched PAN copolymer nanofiber bundles (b) , the relative increment of crystallinity for as-electrospun and stretched PAN

copolymer nanofiber bundles (¢) and the variations of crystalline size for as-electrospun and stretched PAN copolymer nanofiber bundles (d)
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Fig. 7 Azimuthal-scan profiles for the (100) reflectrions of the as-electrospun and stretched PAN copolymer nanofiber bundles (a), the

variations of Herman’ s orientation for as-electrospun and stretched PAN copolymer nanofiber bundles (b) and the relative increment of
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relativity between the electrospinning process and the
diameter, density, crystallinity and orientation of as-

electrospun PAN copolymer nanofiber bundles
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FORMATION OF THE CRYSTALLINE STRUCTURE AND ORIENTATION
OF POLYACRYLONITRILE ELECTROSPUN NANOFIBERS

Jie Liu, Ying Wang, Sai Ma, Jie-ying Liang
( State Key Laboratory of Organic-Inorganic Composites, Beijing University of Chemical Technology, Beijing 100029 )

Abstract Continuous bundles of aligned electrospun polyacrylonitrile ( PAN) precursor nanofibers of different
stages in electrospinning process were prepared with a flowing water bath collector. Then the as-electrospun
nanofiber bundles were stretched in hot water at 97°C into 2 and 3 times of the original lengths. Subsequently,
characterizations and evaluations were carried out to understand their morphology, diameter, density, crystalline
structure and orientation using SEM, WAXD ezc. The study revealed that; (1) the polymer solution jet was
stretched/elongated during electrospinning process, which formed and improved the crystalline structure and
orientation ; during the electrospinning process,the diameter of as-electrospun nanofiber bundles was decreased
from 664 nm to 353 nm, while the crystallinity and the orientation increased from 42.55% to 47.76% and
37.48% to 43.93% ,respectively, which led to the density increased from 1. 1917 g/cm’ to 1. 1943 g/cm’;
and (2) the improvement of the crystalline structure and orientation was limited when most solvent was
removed during the electrospinning process, and post-spinning stretching could substantially improve the
crystalline structure and orientation. Meanwhile , the improvement of the crystalline structure and orientation of
as-electrospun nanofiber bundles could enhance the post-spinning stretching process.

Keywords Electrospinning, Polyacrylonitrile, Crystalline structure and orientation



