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L1 R

PCL, i st Be < I BT AL 4R A3, DLBE AR 532
a3 v I H M, = 45000 .M, = 86000. Py, It 5t
RSB A R 7], 0% > 99.9% . A i AL
B (FeCly) |+ he S o B 41 (SDS ) 24 fb 7k

7.

1.2 BGAHEENS&

g 1 s, UE D5 iR Ee il PCL W,
7 VR FE R 0. 16 g/ mL, AH NS il — & Le A3 7Y
Py 1 SDS DI454 2] HL 25 %W, Herh Py A XS T PCL
M E o & sl 0.5%  10% . 15% Fil
20% . fd W L g g B fE I WO K 0.3
mL/h B JE 11.7 kV JZ2IE B 20 em Z504 T LS5
U1 A 4E . ¥ i 45 H 27 R A %1 0. 02 g/mL
FeCly KW AL 24 h, Z J5 HBUH FHZE K sk
3, ER T HA T 24 h 545 H.

Table 1 Composition and properties of polymer solutions for electrospinning

N Chloroform PCL Py Py/PCL SDS Conductivity Surface intension Viscosity
' (mL) (2) (2) (wt%) () (uS/cm) (mN/m) (mPa-s)
1 10 1.6 0 0 0 0.12 25.46 +0. 81 91
2 10 1.6 0.08 5 0.04 0.10 25.72 +0.91 90
3 10 1.6 0.16 10 0.08 0.14 — —
4 10 1.6 0.24 15 0.12 0.12 26.31 +0.40 89
5 10 1.6 0.32 20 0.16 0.11 — —
1.3 R Wt Py 55 R3S A 2l , 12 15K 1 FIREE 7>
13,1 WZiEmbEmpme B SRM DDS- BRI EFHRCR . DL G R AR SR

1TA BRI TR RE TR A PR B i, 3
17K 7 0 5E A DCAT21 3R 1 5K 774 (7% [E] Data
Physics /A F]) - HEAT, 2 FH NDJ-79 B it 2 B
TH( it B s iR A FRA R & .

1.3.2  HLZi I RAR fdi F FTS3000 7441 4
JEREAL (2 [ BIO-RAD 23 5] 4 1, 25 B B 5 064
2 RTELAMGIE 73 A (ATR-FTIR) . 2805 42 J5 , 7
XL-30 AV 44 HL 55 (SEM, fiif 2% Philips A w]) T W
SEHLL LT A TE 50 2 95 ik 0 el 1) 1 1 B i g
FL 2 5 S AU A S B AR A, E JEOL Y53 5 F B8
(TEM, HASHL ) T WLEL LT 4 i oW 25 44 5 Ha
25 R A% 60 mm x 10 mm FE 2%, i B M350-20KN
HLF-i7 J1 #L (3 [ Testometric 23 7] ) Il 5 H A4 i
PERE, PR 5 mm/min, 5 A R 40
mm , {5 AR O EE. ] 2C43 AL BE
(WSS T ) 0o L 27 S 1) PR R R BHLR p
B, A p =R, -S/L, 2 R, ZAE G HIR
FUHLBH, S Rl A, L S RE A 1R

2 GRSt

2.1 RBYFHEEMER
HEL 7T R FEL S 23R 3R T 5K T R R A T
GURMER 1 PR, 3k 1R, HL T I HL

R WA VE AR AL AN K. VS PCL ¥k B R 45
ANAR JASINT — 22 He A7l Py A1 SDS. Py s F 454
15,5 PCL JE 1% BH ¥ M. SDS Sk BH 5 ¥ 78 3% 1f
WA, R R SRERENB AN, KZS
Py UJ—& L 0 i B A B 25, 2
N T AEHR A YR X Py 2 548 2%. thF SDS
Mes T, U soe X7 TRy, IR
AT B0 /N R PRI, 40 VM R P s NAR
b F =R Py 51dERY.
2.2 ATR-FTIR &#7

TEEALT FeCly fEHTT, Py W8 K& A E LA
JFUSR & RS M e Ak Ry PPy A SO A & AT Py Y
PCL ¥ FL 27 I AT HE 5L, 2 Jm 15 HOR A 31— %8
WL FeCly /KW, il Py KRR G K
N XS 20% Py RULT4ERE A 4f PCL H 25 il —
EiHFT ATR-FTIR 43#7, 85 an& 1 foR. X) &
1 P SR T 0, FE 4l PCL L5 (4] 1a) |
(91723 em ™' 4b VBT SRS, SRy PCL L #Y) C
= O fHZadR s e, # LT 5, K 1 (b) 354k Lid
£ 3400 em ™' Ab HBL T X R F N—H {45 R 35 1Y
o 7 S 7E 1610 £ 1650 em ' Ab BT A RE R
| C=C WL IR s g , 37 660 cm ™' Ak H
BT N—H A8 4R 3 ficigs ™. Rt m] LA
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Fig. 1 ATR-FTIR spectra of electrospun membranes of PCL
(a) and PCL/PPy with 20% Py (b)

2.3 WMHIRS T

2 2y PCL/PPy HLZ5IEER) SEM R R Je HiHy
LR A AR A AR AL AR 2 (a ~e) T, Bifi
Py S aEHE N, i3 21 PCL/PPy Hi 521 4 8N
B5) LV AR B N IR, A0
B R4 Py (4l PCL L2547 4k HAR R
HL, P B AR R (730 £341) nm, (724 Py & &1
JINZE 20% 15}, PCL/PPy Hi 25 £F 4 i) K-35 AR T %
(325 +84) nm. (2. 1 F5 4 HF AT 20, A Py
Fl—5E LU B4 SDS 7, FL 20 V5 A0 AL 55 R 1f
sk I FBR AR & A B ARk B DA 4 D H 25 2T
YL SR RE T BEJE Fr T Py A A XTI 55 T
VRN & RE 1 B S 2. &5 R A5 61°C
SEGPER PR T, 3X 23 45 i 25 0 e v 1) W5 S5 20
T LA A S A 45 B s [0 A 37 2 e G ] i, A T A5
F AR Y YE. SRR T IA Py J5, i
TSR 131°C A0 = AR 2, 145 F 27 5 T
(R I E AR T B, T LIS S5 200 37 76 P 25 1
Hh 27 A TR R B B, DRI LG A 1 10 L 25 2T A e 4.
X TS5 AT A A 7 £ 4 AR
BN SRR R T N, N- W IR 2B S N
W TR A R F g R Y

FERE 2(e) b, ] UE B 27 4 22T A 47k
T, LATC R IR 2B 25 7 41 2 35 1. % pE F 1A 2
(e) &k ZH Py M1 SDS (& w2, Hivh SDS ¥
TR, T PPy ANEE T/, BRI o] RAAHE , 3 28 441 /)N
(R 1] BB R SV S TR L) PPy AR B
LF YR T B

K3 73l &A1 20% Py 1y PCL HL 2541 4E %A
fERTJG 9 TEM BE R B 3 (a) 0T LA Y, 27 i 7E
SRR T-3% 5 R3S 1A H BEA S0 P AH

4. P4 R RE S R BV A/ N B R AL 2
T4 N R, 31X AT g A2 5% B AR R 9T 4R 4R N Y
SDS. NI 3 (b) Hral LB i 7 2, A 4L J5 £F 4k %
T EIE R T — 2 B g0 Kok 2 BRI B B 9. S
BRHGE RN, 78 FeCL AR, & SR G A LY
PPy A 4% 50 ~200 nm (4K, FAH B R 4E
A AEAE T PDLLA/ PPy IR R 7.
ASORELRN 25 R 5 AR . 25 b4 Hral 1, A7
A L PPy DK IE X 36 7R FR 2 4 4 1
ML 1 PCL/PPy HLZTEFAERR , 1A IR PCL £
A B IO 24
2.4 S1FkERE

X PCL/PPy Ha 25 i it A1 hr i g 2k g il ik,
JITAS 2 AR AR i | 7 A 5 B R W R K R 81 T
22 h, BURU Y R - AR R AR i Ze an 1 4 Fri.
HZS A, B s Py & & 093 hn, PCL/PPy HL%j
(RS I E DA DY TS I ) I TR < E N
& Py () PCL H 25 [ () o e A o 1 o o 32 53]
#7(25.7 £0.8) MPa f1(2.48 £0.14) MPa, &4
10% Py B H 43538 % (51.1 £3.0) MPa f
(5.30 +£0.62) MPa. i J5kti# Py & it —25
i, HARE AN, & 20% Py 1 PCL/PPy
275 S ) P A S B Az A 5 B2 4300 hy (48.4 £7.6)
MPa F1(5.05 £0.59) MPa. %5 —J7 1, Bf Py & &
38N, 5 PCL AH Eb, HL 277 S 1 Wiy 24 < 323 ¥
TRE, N PCL HLZ5 Y (129 +27) % B 2 & A
20% Py [1(86.2 +9.1)% . PCL/PPy Hi ZjJi5i J1 2%
PERE E %2 PPy 5 PCL B W45 A4 e 72 1Y, Bl
& Py SN, A 43R M E T 2 1) PPy, XF
PCL/PPy HL 25 JEEH7 o AS | o7 A i 55 471 by 4 e 4
g, € 3 (b) Wor, PPy i Z [0 & B 5%
HEFRY, AR X PCL £ 2 A Bf (YO 25 44 1 BSE )
1M PPy #i¥ 5 PCL ZF 4 2 [A] % 43 88 i 2= i 45 PR
BRAFHZE A WA R R 1R . X SR AELT 4k
FMEAIR A PPy J5 1Y J1 2= PERE A bl A —
ﬁjzoj .
Table 2 Mechanical properties of electrospun PCL/PPy membranes

with different Py amounts

Py/PCL. Tensile modulus Tensile strength ~ Elongation at

(wt% ) (MPa) (MPa) break (% )
1 0 25.7+0.8 2.48 + 0. 14 129 +27
2 5 36.7 £6.2 5.19+ 0.37 127 9
3 10 51.1+3.0 5.30 £0.62 122 £27
4 15 41.1£3.7 4.56 + 0.31 82.3+13.8
5 20 48.4+7.6 5.05 +£0.59 86.2+9.1
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Fig. 2 SEM micrographs of electrospun PCL/PPy membranes and histograms of fiber diameters

Py amount: a) 0% ; b) 5% ; c¢) 10% ; d) 15% ; e) 20%
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Fig. 3 TEM images of electrospun PCL/PPy
fibers with 20% Py before ( a) and after

oxidization (b)

Stress (MPa)

Strain

Fig. 4 Typical tensile stress-strain curves of electrospun

PCL/PPy membranes with different Py amounts
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Fig. 5 Volume resistivity changes of electrospun PCL/PPy

membranes with increasing the Py amount

2 ~3 B Y. PCL/PPy HL 2 AR B L B AR 40
WAk, UEWIREE Py 8800, 25 SDS #5328 PPy A
AR FHE. N 2 (e) FNE 3 (b) AT, PPy
TELFAER T BAT L B 22, T PCL/PPy H 25 fi5
JEPIRHIR R, PPy Ki 0 (2 25 (19 PCL 27 4%
i1, A TE PPy & A RSO T, PPy K1 A
B, A B R i B R . XA Tt —
ATT T TAE  ilid 98795 PCL 55 PPy B AHZS
a4 i PCL/PPy HL 2 JIEE ) 5 L.

3 it

¥ Py 5 PCL —EHL 27 AT 4, FHOE Py [
AL PCL/PPy HLZGIR, 4L PPy H5| A X2
I S PERE AN S R P R B2 M. RS A B, P
FE LR PPy LGN KL (1 2B 5 7R 27 4 1T,
Wi Py & AN, Bri3 2 i) PCL/PPy HLZ5£F
Y BARA BT R, B A ZE%E . PCL/PPy BLZGIIRE)
PR 7 oR A L TS BRI R
Wi TR BEE Py & B ROHTIN, PCL/PPy L 25 i rh
PPy (1455 f At AR S8 i, foff AR R B 5 I
i
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PREPARATION AND PROPERTIES OF ELECTROSPUN
POLY (£-CAPROLACTONE ) /POLYPYRROLE MEMBRANES

ZHOU Jianwei, ZHAO Shengling, ZHANG Xuequan, FENG Wei, YUAN Xiaoyan

(School of Materials Science and Engineering, Tianjin Key Laboratory of Composite and Functional Materials ,

Tianjin University, Tianjin  300072)

Abstract Electrospun poly( g-caprolactone) (PCL)/polypyrrole (PPy) membranes were prepared by in situ
polymerization of pyrrole ( Py) wvia oxidization with ferric chloride from PCL/chloroform solutions containing
Py. Sodium dodecyl sulfate was also added in the electrospinning solution for doping PPy. The composition of
the obtained PCL/PPy membranes was verified by Fourier transform infrared spectroscopy, and the fiber
morphology was observed under a scanning electron microscope and a transmission electron microscope. Tensile
mechanical properties and the volume resistivity of the PCL/PPy membranes were also tested. Results exhibited
that the prepared PPy nanoparticles were attached on the electrospun fiber surface. The fiber diameter
decreased gradually from (730 £341) nm to (325 +84) nm and showed narrower distribution with increasing
the Py amount ( mass percentage with respect to PCL) from O to 20% . The tensile modulus and tensile strength
gave rise to an increase tendency,and their values increased from (25.7 0. 8) MPa and (2. 48 +0. 14) MPa
of the PCL membrane to (48.4 +7.6) MPa and (5.05 £0.59) MPa of the PCL/PPy membrane with 20%
Py, respectively. The elongation at break declined from (129 +27)% to (86.2 £9.1)% and the volume
resistivity reduced by 2 ~3 orders. The electrospun PCL/PPy fibrous membranes would be possibly applied as
electroactive materials in biomedical or functional area.

Keywords Polypyrrole, Poly( g-caprolactone) , Electrospun memberane, Electrical conductivity





