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Fig. 1 SEM images of PLLA fibers
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The PLLA concentration was 9 wt% in solvent CH,Cl,/DMF ( V/V) with ratio of (a) 3:1, (b) 4:1, (c) 6:1 and (d) 10/0
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BE3E R O (150 +20) nm, Hop A LA 4 (18] JBAS. OB DU AEAe il I IPE AT, b i As
1b). DCM/DMF 3y 6: LI, 7 2k B fLARII/N, 2> 20, DRI 2R 2k b i FLIUE 27 24k il 64 7 o iz A A2
i BT IR AR (P Le). L DCM LA isn], 2. e R REA = WA IR 4T 4 3R 2 FLAK £ 4 L
PLLA SF4E BOEH  FLIR/N LB (A 1) T 280 T RPEmEg .

FI AT £T 4k, 21 4 1 f L T 2T 4 22 0 KA R £

Table 1 Surface tension, viscosity and fiber formation of PLLA in DCM/DMF

DCM/DMF Surface tension Viscosity Fiber diameter Pore diameter
Contact angle (°)
(v/v) (mN/m) (Pa-s) (pm) (nm)
3:1 35.7 5.1 3.33+£2.0 40 =10 104.7
4:1 35.4 4.3 2.69 +0. 63 150 +20 146.6
6:1 35.1 4.2 2.11 £0.39 87 £25 106. 0
10:0 34.8 3.8 1.30 £0. 12 33 +25 103. 6

PLLA Ji22id B rf , AL DCM B #E 55 DCM/DME FUfi] b TH5) 4 Tk, £LiR A2, A8 PR,
40°CHEZ REMVEE A A, T HATHERAN AR R 2E— B350 o DCM. & g i, 2 4 [ fead i,
i ER e i DCM B 5 ¥ . SURi RISl S mi AL 1A 22 /1. 46 STk i, 25 DCM/DMF <
T 4 FE T AU B DO A, 3 A A BB L 2.3 i, PLLA ZF4 b R iR ofLa 4. 454
FLIA R LR R £ 4 Tt B2 A BRI A 2 0P i ARWIEST, ol LAEE W PLLA 274 2 L 25 i) i S
IKIRBELBNL4E 1. K2 PLLA BT, KRS DOM FE7EfR R RIIKAIOC &

FElfY PLLA VAR 2R , 2K ¥E R JG Wi 7E PLLA 7 2.2 PLLA SRE Y FAER R

4E LB E 7L XA B - R AL PR A 4L py DCM/DME 4: 1, HL [k 18
Wz R T A e E R AL Wi g2z KV EREEES 18 em TR WFSY PLLA YK
HARMARAEF LG IER TET 2 BN XEF4ES AR A . IR 2 Fik 2 o LR
PO IR 107 %5 AQGRIELF 4 L BEAS R 8Ot PLLA SR 4 ELARBERE 27 22 PLLA ¥R JEE (1) 1
ARSI TR AR AR, DA A 2T 4 B fLAR R ORI R, 2 4 HAR M BT ). Gi 2 P R &
/N <100 nm). TR ZROMKEE [F] — AL IR Wk BE LU B/ N S TR BE AR, v o0 1B (9 2 4
H ST LU AL N BOR S  S— Rl R RS, (AR R AR E , ST 4R 4R 2
AR ALYLELR th DCM gt L 5 R 5. 522 BT (i i 5 22 R P s 2E0E
Oy BT Y. XA ALER B R G E RO BB R, S BUE AR [R] HE 37 ) I £ 4E A iE

LT AR VA S DK U S LR ARG, 1 AT 4 AR . R Pt — 2P0 R H)
24 EALAR RN S AN DCM & 11 wt% , R i , RO s Pk R AT, 3 B

K.Y DCM/DMF BBy 3: T IR Z805 k3B 26, PLLA IR A REYT 2.
R A, RN RERGH 35 A, FLIR A /0 s 57 o

Table 2  Surface tension, viscosity and fiber formation in relation to PLLA concentration in solution

Surface tension Viscosity Fiber diameter Pore size
PLLA concentration (wt% )
(mN/m) (Pa-s) (pm) (nm)

7.0 35.1 1.7 0.91 £0. 62 57 £30
8.0 35.4 3.1 1.40 £1.33 70 50
9.0 35.4 4.3 2.69 0. 63 150 £20
10.0 35.6 19.3 2.14 £0.26 43 £20
11.0 36.4 32.1 No fiber formation No fiber formation

ML 2 Figk 2 i8 n] LU Y PLLA ¥R JE R 7% R (E 2b, 2¢). 4 PLLA ¥k B F — 20 3% K 3
B, 274 FAETEAE i AR b (B 2a),  10% B, 274 L2/ B85 (& 2d). fit
4 PLLA ¥R FE3E fin 5] 8% 1 9% B, PLLA £F4E i UERHAEAA [ 2548 T, PLLA ¥ B X 27 4k 1) 2 £L 45
AR B R A LA FLIR A0 AR % AR FLIR A B A RZ . A A 2 R R R B Y 4 24
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Fig. 2 SEM images of PLLA fibers

The PLLA concentration in solvent 4: 1 DCM/DMF was (a) 7 wt% , (b) 8 wt% ,

2.3 BEEKESMNIFERFERILERNZMD
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cm B, PLLA 53R 56 2 h g 21 sk 2o, R i
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WH ALK 3a). BEILEEE N 18 om B, 404 1%
254 1. 85 ~2.29 um, L4 AR A, R Z AL
(#3b); [EMLIEREN 26 cm B, 2F 4545 3 L 5T
SRR, 2 AR/ NS 0. 97 ~2.04 wm, 214k
AL AR BEAR R MBT (E 3e) . FL iR
FECH R/ AR FE B ) BRI (2920 1.5) , - 4k
PR AR B IR B A, R 4% A s ] b, L
T G546 O 25 2 A2 i (8] 3a, d) . HEL 37 58 B 458 /)N
(Z9°80.7) , FLIASE AR 585 (E 3e). HATER
YR EEE S (2920 1..0) A REIE LA K, fLI %
R ZALEF4E (1] 3b) . o7 B 0 2R H R 4 oK 2
Y 9 Z2 FLESF s AR 2
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TRAE RIS PLLA [ 422 fh £ o4 103°. F1HDE
W ICAL (B 1d) A A TR B2 3k MIT Y PLLA
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..
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(¢) 9 wt% and (d) 10 wt%

#)106° {HZ[E 1(b) Hr i PLLA 274k i A4 fish £
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AR, 0 g K Ak 1Y) 22 57 0 % 2 1 PLLA 274
MRIEHS . 8 1(b) Hi PLLA R4 B4
Or AR S B ALAE D (150 £20) wm 1) 2 FLES
Fag, T EL 1 (e ) 27 4 B ARSI H £L A0 (87 +
25) wm, Hofl 25 P4 T 00 £ 42 DG 3 s A i
L A TR R A B (M. 56 A L 4 £ 4R JE S A
AESE = PLLA A i i K Pk 550 A BIF 58 15 3 19
PLLA i 20 2T 4k 8 54 bl 105, B2 W 1204 25
IR fi T DR R N A R T AL i 4T 4
PFRFL Y R 0 5 AR 2R K G R AN K. 85
HAFLIATRIE (UnTE] 4a,b) A REA AR = AR
BLKTE , 2 T LA RN A 15 e — 2B 5T
2.5 Wit
Kl 1(a) ~ (c) Frngitgn) PLLA ZfL45H
AT YRR A ST T, R B AT B W RE ) 5 47
HEM Z LA B OIAOC (B S) . AP 4R LA Bi
MBS PLLA 8 40 £ 48 5 (18] 1a) 59400
WA 5 o/ g (P Sa) R Ii-F- X FLIR K/ 87
nm PIEFHEE (&) Le) BOHL R IM 3 30 ¢/g (1]
S5b). [ 1(b) 11 Al PN A7 A R H 3% 18 44 K FL 4%
Hay, 2T AEREAS I PR ) IR M S, 1.5 min YK
#90 g/g,25 min AT LLIKE] 145 ¢/g (5] Sc¢).
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Fig. 3 SEM images of electrospun PLLA fibers under conditions of (a) u =18 kV, d = 12 em, (b) v = 18 kV,d = 18 ecm, (¢) u =

18kV, d =26 cm and (d) u = 26 kV, d = 18 cm

Fig. 4 SEM images of PLLA fibers cross-section and water contact angle on the PLLA fibrous mat sample of (a) Fig. 1(a);

(b) Fig. 1(b)
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Fig. 5 Oil absorption capability of PLLA fibrous mats
sample of (a) Fig. 1(a); (b) Fig. 1(c¢) and (c)
Fig. 1(b)

PLLA Z2 LA 21 2 2 38 5 5 114 ) B B4 RS
Mor AT RS F M8 45 F rh, PLLA 21 4 fiit
KAEMIHE T BA — 5 5 B BEROIR S,

PEES ORI FEIR E] 90% . — Wi A AL FUZ
R B - FL BT ID , DRI (9 PR 0 22 R PLLA 2
FLEF A X3 ) 25 R4 il W S 30 2 2 R B S
MR S 4y ik T LA 2ok ) 7 3k S g B A R
TR 7 B AU EA 12 B S

3 #Fig

W L 25 224 T PLLA £ L4546 21 4k 1
K FEIR A V] DCM/DMF =4: 1, PLLA ¥R 9
wit% , AR ES A 18 em, LR 18 kV 54T,
A3 EFLI - 34 H AR R 150 nm, FLAE 2 A B AT 1Y
PLLA 214, H 2T 4k N & 0 vhas 09 B 28 FL IR 45 1)
ISR T PLLA SR 4 i ikt , Hig
il £ P 3K 146. 6° 5 [a] I 1% 2T 4 i E R 1 32 3l
W% BFF 54901 90 s Pk E] 90 45,25 min ] L) ik 5
145 f3%.
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FABRICATION OF NANO-POROUS STRUCTURED POLYLACTIDE (PLLA)
FIBERS THROUGH ELECTROSPINNING

CAO Shengguang, HU Binghuan, LIU Haiqing

( College of Chemisiry and Materials Science, Fujian Normal University ,
Key Laboratory of Polymer Materials of Fujian Province, Fuzhou 350007)

Abstract PLLA ultrafine fibers with mesopores of 30 ~ 150 nm were prepared by electrospinning. Their
surface morphology was studied using scanning electron microscopy ( SEM ). The fiber diameter and
morphology could be controlled by adjusting the composition ratio of the dichloromethane ( DCM)/N, N-
dimethylformamide ( DMF) solvent mixture, PLLA concentration and electric filed. Accordingly, fibers with
varied surface structure such as smooth surface, shallow pits, or deep pores were obtained. Under optimal
electrospinning conditions of DCM/DMF 4: 1, PLLA concentration of 9 wt% , electric field 1 kV/c¢cm and
relative humidity of 52% , dense mesoporous PLLA ultrafine fibers with mean pore diameter of 150 nm were
fabricated. Moreover, it showed 3-dimensional inter-connected pore-structure throughout PLLA ultrafine fibers.
Most pores were elongated along the fiber axis due to the stretching in the process of electrospinning. The
characteristic porous PLLA fiber was formed by a combination of thermal induced phase separation ( TIPs)
with water assisted breath figure mechanisms, because of the sharp temperature drop caused by the quick
solvent evaporation in the electrospinning process. The PLLA fibers with shallow pits or pores of <80 nm in
diameter showed water contact angle of 104° , whereas the fibers with deep pores of 150 nm in diameter were
highly hydrophobic with water contact angle up to 146. 6°. The hydrophobic fibrous mats could quickly absorb
0il,90 g/g in 90 s and 145 g/g in 25 min. Their maintaining capacity of oil absorption was 90% .

Keywords Electrospinning, Fibers, Polylactide, Nanopore





