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Abstract

Polyacrylonitrile (PAN) fiber has the advantages of weather resistance, solar resistance and
chemical resistance, but it is difficult to degrade. Therefore, the biodegradable polymer material
polylactic acid (PLA) is introduced to improve the degradability of the PAN fiber by conjugated
electrospinning technology. The PLA/PAN nanocomposite fiber membrane is prepared. Lo(34) or-
thogonal experiment is used to investigate the effects of PLA solution concentration, spinning vol-
tage, spinning rate and inner diameter of the needle on the morphology and diameter of the fiber.
It was found that: when the PLA spinning concentration was 10%; the spinning rate was 0.06
mm/min; the voltage was 8 kV; the inner diameter of the needle was 0.51 mm; and the PLA/PAN
spinning speed ratio was 0.86:1; the prepared composite fiber membrane had the finest diameter
and the best performance. In addition, the composite fiber membrane was tested for its structure,
thermal stability and hydrophilicity. It was found that the PLA/PAN nanocomposite fiber mem-
brane has a lower thermal decomposition temperature and hydrophilicity.
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AR LA A LR IR FLBR R WP SRSl ml, AEAR 20U B BT AT R [1] (2], 105 P90
FPANYIAKLTYEth T BB, o Aisy)—, DRIULRAIER R JI2#SSERe, e s & IR 3].
EIEHEAL 4] V5 KAEF S| E 2 AN GURA AT RIS o H AT 2 QR L YRR T 1A R L T 2235 MR
Gi2eirs, KPRy kN T2 WORGYWIRZ S, /& HATH &R 4ERoRL 1 32 2057
Z—[6]. AR Y2 —F R P AE . S AE, JRIFVILE B RS n] B SRR I & T 4, R —FhT
FER AL YR 7] (AHFIMEZE . 45 SISk IR 7N, IBEAR 2 HE TS JT e T PLA £F4E()
e AR, EERRA S E RS YIE R EGE R R G B & AT 4E8] [9], XFITIAS M PLA 214
Giee M, AR SCR LIS Y1 2275, %% PLA/PAN KB G AF4EME, Jext Hrkredt4T /b, LA
il & P RE LR M S LT AR, i /KAR SR L 2 F oKL B ad AR 4 TURAR (it — R BT A R .

2. SCROERSy
2.1. SEIEFHE

RILBR(PLA): 4032D, %[ NatureWorks; R HENE(PAN): 471 & 70000, 75 ESEIBALA PRA A
TEAF R aral, PEBEZGAEARFIAF; N, N-HIEFRBG: odral, EEEEAk TAE R A
il
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AR i LA ER H 2 22155 4% PLA/PAN 4k 5 A 44, #l& A 1.
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Figure 1. Schematic of preparation of PLA/PAN nano-fiber membrane
& 1. PLA/PAN E &R AHERMNTHI & R EE

2.3. 1IE3ZSCIdgt

FH AT HASE IO 45 A 8 PAN SRR tE T2, Rk, ASSCREE PAN F4ERH & T 2358 Ji iR
JEN 12% J7223 5N 0.07 mm/min. HLJEN 6 kV. 23#51 k(42 0.33 mm). B ES N 20 em. FE0iCHE
FEN 80 rpm. JEIT Lo(3*)IEAZSLIGH 2 A LT 4k PLA 214 (1 S £ 1] 4% T 2 MBS i 4 PLA/PAN
PRE SR BAE L Z S5 . PLA/PAN JUKE G 4E T PLA J7 223Kk EE . g1, Bk
By HENEINE, BitERR, HREZKFILE L.

Table 1. Factors and levels of orthogonal test

F 1. EXEWEZKFR

ESES A (PLA K JE) B (Y748 %) C (L)) D (§FkH45)
KF 1 6% 0.04 mm/min 8kV 0.33 mm
K2 8% 0.06 mm/min 10 kV 0.41 mm
K3 10% 0.08 mm/min 12kV 0.51 mm

2.4. PLA/PAN K E & AHIRMLEH) . TR

I FH 5 Bruke 23] BOH BLIH-#E B 2T AL Vertex 70, 381 ATR Bt 8 & 2 4 ) 45 H AT %
HE; Kbl S A AR W 4, fE HASH A ) S-4800 A3 &k B4 v T S B (FESEM) F Wi 2
JES, M N 10kV, H Image-J BA-SGiiH4F4E 10 B A% .
2.5. ESAHEERMENRK

FIFZEE TA A 5 2R 33 EH(DSC Q0)F# 2k EAL(TGA Q50)W il £ 1) 5 £ 4T 4k ity A Ik ik
HAT T, BRI B FURIFES, 78 N, AN, WETHEAFREZRN 10°C/min 470K FH4F
S JIES AR 25 B K T A JE A Y S AT fih £ (5 ) Kriiss, DSA 308)#E474t
3. BEREVTE
3.1. IEZIRIRER

W B Lo(3Y)IEAZ 9256, A% PLA WK . 95 22538 R | i AT Sk NSS40 % 7 — A5 PLA/PAN
YK E G LT e, K & 2 A LTI R W 4, 78 SEM R E ISR, I B 10 kV, it Image-J
RAEXS LT A LT AT GiiE, B R IFE 20 ik 2 AR B, B B AT LRI, SRiG R
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Table 2. Results of Lo(3%) orthogonal design

2 2. LGHERIRIELE

s A
1 1(6)
2 1
3 1
4 2(8)
5 2
6 2
7 3(10)
8 3
9 3
k1 635.56
k2 839.87
k3 1316.66
kl 211.85
k2 279.96
k3 438.89
R 227.03
K E R
mi TZEHE

B
1(0.04)
2(0.06)
3(0.08)

1
2
3
1
2

3
821.70
991.29
979.10
273.90
330.43
326.37

56.53

C D
1(8) 1(0.33)
2(10) 2(0.41)
3(12) 3(0.51)
2 3
3 1
1 2
3 2
1 3
2 1
998.52 970.00
870.96 843.13
922.61 978.96
332.84 32333
290.32 281.04
307.54 32632
42.52 4528
A>B>D>C
AsB,CiDs

4 B A7 (nm)
211.23
182.95
241.38
239.80
310.56
289.51
370.67
497.78
448.21

2792.09

BT EAR LI E R R T ZN: PLA BIIRIE 10%, 2243 Z% N 0.06 mm/min, HJEN 8 kV, 43k
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Figure 2. SEM and diameter distribution of PLA/PAN nanocomposite fiber membrane prepared by the optimal process
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Figure 3. FT-IR spectra of PLA, PAN and PLA/PAN nano-fiber membrane
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3.3. ERTERIRKEDH

PR HT(TGA)ZFETERR T4 M 0 A 00 R 1 R 2 5 B A R R I — P R T R
FHSRAFE FEA R SRR RN 2H 4y, BB X Sm Ak, (EYD OB R o, 0t o 3 5 T s )
2L, WE 4, 5 PAN F4E1E. PLA ZF4E1E 0L & PLA/PAN KB G4 MW
W, PAN LFHERRI Toso it E R A 310.50°C, PLA £F4EREN) Toso i AAKA 278.03°C, H ALY
Toso it JE N 292.67°C, B HIANK I & AR YL (1 R € PEHL PAN A B FEAK, Toso it B FEAK T 17.83°C.
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Figure 4. TGA curves of PLA, PAN and PLA/PAN nano-fiber membrane
4.PLA. PAN £F4EfEH0 PLA/PAN K8 AT HBERI MK T L

3.4. EEAHER DSC o7

< 5 /& PLA £F4EAN T Z 5 AER PLA/PAN 4K E & 44k DSC #th4k. T PAN RS s 7E 20 fif
BECLE, R AR S 3E TNR . H PLA £F4EE Y DSC # 2k n] WAL B ISR N 54.57°C, B 45
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Figure 5. DSC curves of PLA and PLA/PAN nano-fiber membrane
[ 5. PLA £F4ERRH0 PLA/PAN 42K 8 &4 4ERERY DSC ik

3.5. ERTHERRFKEDH

TRARTE [ R AT RL R b Bzl fy, AT B M RER TRV M RE I S 8. 45 0 < 907, U [i]
R AR LKYER, BVRAR R A, AN, RoRERYERRLE, PR 4R Bk, 8
LA I, EORFE G B — BRI . BT SRR (PLA)RISEK 2, 1M 58 I M 5 (PAN) 15 7K %
FAXTHGF, HBEFE PAN 7E PLA/PAN 0K A G £ 4 5 v 5 5 R RE R 385 0 T B S5 5 )2 s #3 7EAS W ik )~
RVEAE 74P 4Rk, LK 6. MR ALF4EH PLA 5 PAN IR ELEA 0.71:1 B, £F 4 i i R ok
N 78.30°, LLIE 6(a) IS A M1 (126.35°) P& T 48.05°, [FIULFE#E PAN & &I INE & 4 4ERE 5%
KPR RIE, HA SRR,

(a) PLA:PAN=1.5:1 (b)PLA:PAN=1.29: 1 (c) PLA:PAN=1.14:1
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Figure 6. Contact angle of composite fiber membranes prepared with two polymers of different mass ratios (5 s)
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PLA 97223 JE N 10%, 72238 %N 0.06 mm/min, BN 8kV, #13kPN4EN 0.51 mm, PLA/PAN j42iK
FEE Y 0.86:1 B, il PLA/PAN S & 4F 4 BAA A, PEREmAT . @ VEREMNR R, H & 44
JELAH LG ARS8 T PAN A B BRI, Tos%ifm FEFFAI 1 17.83°C; AHEL PLA W45 hldEm 1 9.03°C, M At
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