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BRI/ HRAUZTESREFSALENERSET

REZBHFMK. TR EAXMN M B AXF
CGREAEEFLRERRTEERE KAFRESE R IEF R, KK 351300)

FEE ORI (PLLA) RIS R £F 4k R (CA) g RS BT, 75 — 5 W BE R BE 2% 70, R T K 28 500 Bl ik
Yiil# PLLA/CA WesRE A 2L, TRosim RIAh e BB IR A WU L A& W b 5] sk B 3L 1 45 2% 1 b e
WAL R A, LIS R R IR B0  43 AN = 91 %, B LA LA 1. 6711, 34 pm BN E 5. 01+
1.34 pm, BALBR AN SR — &t R, @ BIg i S8 204 HL AN 0. 068, B BRET T B 4
B 1%, fLER I 0. 068 pm, fL ARG FE N 0. 068 pm/% .. REWWEN 1 wilodbnE 6 wido. 5
FLAG FLAR 2 BRAE 3 RS /N B R . IR BEAE 10~50 °C 5 P L BR BT IR BE Xt LI 85 Je AL AR I JE R K, 4l
PLLA #5510k 22 FLI i K 32 fil /1 o (128, 14 2. 4)°, BB K R b CA & B I, 22 LB A0 K 32 il ffy [ A6 24
PLLA/CA=5:50F, Kl ff Ry (50. 21, O ULBAK R b in A — 2 it CA J& » Z LB 35 K M 32 &, 35 K M
2 15 A ) T 40 A R R RS B GRS BRI K

KB KB KA, BRLA4ER; B fl: FKk

T 5 K8 1) L I ELAT VR 22 R 1 A A G b e TR K AL AR 38— T e DML B v 5 L 0 L AE 40
B 3% GBI KBERE A B I BRI kA AR RN S R AR U B A T R RS Y. HRTA AL
WS 3 B 0 e 2 R kB R R A R R A AT L A A e A R R A AR
AR FLAR I 8 Tl 5 Sl o i A7 e TR AL MRS ) 18 P A2 B0 PR . 1994 4F , Widawski™ DL T 5 20 g A i
RE W) 1 =10 B 5T 28 A5 21 w5 0 ) e 3 R 2 AL L 1% 5 VR R R 7K 28 <%0 B 72 8 Breath Figure
% . BJE Srinivasarao ™ il Schatz " S48 Hy T B & W03 W K I 23 I 1O T8 JSCPL B o 7K 76 540 B 15 21
TR,

FI A 7K 28 000 B ok 1 4% 10 e s IR 2 FLIS W32 1 T R 2 AR AR SR RG2S SR 4L e Bk
Z AL T B 2 2 2 3 3 ¥ R VA T I 5 L K 2R ASTE TR W R A B O R AR L A B AN R IR
AL RIE R K AE R & W R A )7 B R i R KRR R 5 BNAS B A P s i s ik 2
FLIE .,

RIAM (PLLA) BA R AL TE Y e B m B iaEm e, e —Fh RIF A 2 TR S8 M
B AT, FRATE M K BRI T PLLA BBk Z ALY L SR PLLA 43155 4 5 /K o 1 W1
PEEE i PLLA Z LA RL 2 B0 WE v g K M AR T AR TR S P i R . Bk, 5 45 ok k)
O A A o L R AR s SR K MR R B O vk ISR 4D ER SNV PLLA S22 EE AL A 1S T HAL
W BB o 2 S K P (5 AT R T 40 B R B R AR BR PR AT 4E R (CA) R KRR & o T A Z Y,
S — P ELA R A 0 A A 2 A W T R A R R OB CA I PLLA vhoa] B g 2035 PLLA A LA M
RE L R o 26Kk . BN, Hou 4517 4 #1257 3k i 46 T PLLA/CA & A 4F 4, 546 PLLA £ 4 LE,
AR R SR E M 0. 402 MPa 3401 %] 0. 750 MPa, W 2L i K F& M 26 % 38 3] 51 % , Fi i 452 &
9.59 MPa %] 29. 00 MPa. ifif 7K 42 fil /1 5 it L 106 /INE 69°, 11 2R F /K 258 <l Bl ik il % PLLA/CA
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W 55 R 5 G 2o AL B A R G STk S

FET UL BB ABESE 43 5 LN S N - i (DMF) & H e . = S0 H e . P s I &0 0K el oy
VS K ZE AR BA £ PLLA/CA #5355 IRE & ZFLIE B IR 28 R G WHE VR & W i %
3 RS U B 6 S5 A o 22 F LTRGBS 5% T 5 LA SR A5 e A BB 5 478

1 Lo

1.1 ###

BEIR 4F 4 R (CA) L E0 3 0+ i 3 X 10", S WEHE % & 39. 8%, I T Sigma-Aldrich 24 &) ; 2 #L 2
(PLLA) , ¥ 5rF i 1 X107, W FIRIDEAEA A R A s N, N-ZH I H B (DMEF) , & H e, =&
6 L PR DO S0k e o 3 7 2 T T I 24 A 2 R0 A R ) 5 A iR A T A 3 B
1.2 RIAR/GBRALZREZTKRESSAENH &

¥ —& By PLLA A1 CA 43 5¥% T DME ., U & Wk irg . — 40 FH e | oA T AR — 520 R e i 510 v T ) i 2R
B WFARWSE T 1 wt% .2 wt % 4 wt Yo H 6wt Y0 5 F5 ST, FF B I T S W B R 80 L fE— 8
T RE R BE SR e B RO 1 S 1) 3 0 Rl - e AR R, L 0 PR % P AR O T R R A R A T ik
M B VR Ak R SR A L S Ak B R R B R AR R A VR A3 0 X R ) R PR S 4376 .56 %6, 75 %0 . 83 %% FlI
91% ., %% P 28 A8 0E T R K V8 v, BRBE TR B E R K I R . RIS R S .50 C A TR
PLLA/CA M8 R I & Z LK. PLLA/CA 85 IRE & Z LM H & & F ik 1 iR, Hod , PLA/CA
WG R B CRTRD

®1 PLLA/CAMERESSILEMHEEMG

Table 1 Preparation condition of PLLLA/CA honeycomb composites porous membranes

) PLLA/CA X I R R
WEIE 51 el
(BL& L) (R.H. %) (wt%) )

DMF ., Y & Wk i, = S 6
1 9:1 91 2 30
I — 5 H e

2 AT 9:1 43.56.75.83.91 2 30

3 B 10:0,9.5:0.5,9:1,7:3.5:5 91 2 30

4 TR 9:1 91 1.2.4.6 30

5 A b 9:1 91 2 10.20.30,40.50
1.3 RIE

A HA JEOL 23 A] JSM-7500F H 41 4iff oL 1~ 8 fold B2 WL 45¢ 8¢ 53 £L B B30 Mo < Ak L W55 < WL AL 30 mAL
IFE] 90 s, 2R HIAX AR A 47 AT Smileview 2.0 ] f 8 53 £L FL AR K/, B 20 D B(EL SRF 9 E. R A
SL2008 1112 fih £ A (L WM A A5 S BHE A BRZA 1D 0048 A5 Al A9 /K 422 g £y 3R 3 O 25 °C

2 #HXR 5k

PLLA F1 CA WY ESEUY M0 20. 1 F 21,2 (J/cm®)"" , AR 305 FH DL AR 25 R 1 2 80RO 1Y
W, 2 2 5 T PLLA R CA 1% WA R, S il 25 R AR A YR EERE R 1 wtl~6 wt
(70 B N, DMEF | DU SR I =58 FH e L PR B A — @ F e S BRI A PLLA A CA B . K 1 ARG Wik
2 w0 REEAIXT IR 01 % AR A 30 CA4F T, il ad K Z A Bh k5 3 PLLA/CA B & ZLIEH
i BT . LA DMF SRiE A, HAEfS 8 R B I (& 1a) . EE T DMF M5k 153 °C L3 s min
FHE S o BE NG, N DA 5 RSV 2R T Y 3K KR 25 /K Z8 R TC VA 7 85 T 3R 1 v W SR 46 I 5 VA I R
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REAT 2 B E . SR T SR P O S g, = S e P I — S PP Be iR 15 ) 1 22 AL A5 4 JHG v I Sk g
AW B AL B 12,5249, 21 pm A1 10. 908, 32 pom, IL R I 59045 B 1 FLAG A1 L FL RN R EY
— o T ELR S B SR T AL ES A (B 1h A 1) o IR B AR AL A5 21 1 0 4 9 FLES 4 o (H AL 45 F A LR (&
I DA S Be M I 2] 7 MR A0 s es L 45 A0 (18T 1), FLELAR N 5. 01 1. 34 pm, 55 HAth PU b %5 541
FALE U BE i i s A 40 CLZE AR ERNRIE S 30 “C B, 1 R #5 & 103 Je bR, m D7 5 J5S 9ik 2 TH P 1 2
0% 1) J3E 2% o PRI F IR 7R 2% A W NS TR T v 6 A B 00 A 9L A [0 3 9% e [R) FE HTT  K  E AR i
Ja TRV RUK R 5 A5 B A ) e s FLAS M . DA 5 R — S TR e i 0 il 46 PLLA/CA SR E
EEZ(N.S

| oo

K2 BAFSHEIM PLLA/CAESSAEA LN

Table 2 Parameter of solvent and pore size of PLLA/CA porous membranes

il W (O 1 (g/mL) WMESE (J/em®!? LAEKAN (pm)
N, N - HT 2 HY gt 153 0. 9445 24. 7 —
Y S 1k 1 66 0.5823 18.5 12.52+9.21
=T 62 1. 4840 18.7 10. 90+38. 32
PR 56 0. 7845 19.7 2.01#+1. 20
AN 40 1.3255 20. 2 5.01+1. 34

v( a)

Pl 1 PLLA/CA MR E G 2L RS [R50 U Ak 00 41 486 v 5 B
(a) DMF, (b) PUZKMT, (o) =M EE, (D) W, (e “H T
Figure 1 SEM images of PLLA/CA honeycomb composites porous membranes
(a) DMF, (b) tetrahydrofuran, (c¢) chloroform, (d) acetone, (e) dichloromethane

TS558 32 R T FIC/K T A AR 19 I i PR ) FLE B O S B e [ 2 A TR BRI A
XF I BE XS B PLLA/CA 55 LB 550 B9 52 Wi, BB AR X B O 4300 f . HURETE il i fLAR o 1. 67 &
0.79 pm AWM ST LEEH AL BEAR . T2 B2 DR D 38 8 IR G K 7 5 B 80 6 T TR Bl A 108 1) /K T A5 A o DR G G
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Y AR e £l . SRS IR BT IR I 2 56 Yo A58 B A2 K 2. 5140. 72 pm WFL A1 EE T A0 X2
BER 43 % FLE A i m ., HE— MM X = 75 % ~01 % 8 E T R e LA . B 2D N
AEX R B 55 LR /N & 28 s AT AT 0, PR B3 B8 A 43 Yo 3 1) 91 %6 . FLAR K/ 1. 67+0. 79 pem 34 10
#) 5.01+1. 34 pm. HALAEK/NSHBRE LA LY R . Zhao "IN ML KN 5 BR JE
FHEWMTRA:

dR,

o CkVGH. Y
K Ry K AR LV, KB EEIRIRF, H, S 258 AH X2 B I b =0T H1K 3 2 72 5 8508 3 R IE L
B3 F . E R 2D A AR R A B A RER N 0. 068, BIVEREE IR BE AR i 1%, FLELAR 34 A0 0. 068 pm,
LERMIE K AN 0.068 pm/ %,
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Kl 2 PLLA/CA ¥5RE G 2 FLIRAS [ AR X W0 22 45 31 09 49 1% i B2 18
(a) 43%,(b) 56%,(c) 75%,(d) 83%,(e) 91%, (D) AAXFEEE 5L K /N2 MK FR
Figure 2 SEM images of PLLA/CA honeycomb composites porous membranes obtained from different relative

humidities: (a) 43%,(b) 56% ,(c) 75%,(d) 83%,(e) 91% ,(I) relationship between relative humidity and pore size

Kl 3 A& PLLA/CA Jfis X I sl e 5 FLIE S 52 i . 46 PLLA £33 KL (L% k) 5 /0L (A B i
Sk AH TE) 0 0 55 AL 45 A, SR Y PLLA/CA=09.5:0.5 I, 15 B L2 K/NAR Y — ik s L 450, T
PLLA/CA 25 9:1.7: 31 5: S 15 B3 MUBE it 53 FLA5 A0 . Oy TR 90 3R & W vk B L A5 0 5 % e g L P
$EL , SR PLLA: CA=9: 1R J5 SL W53 L 141 .

Pl 4 Ry S5 Wk BE X e w3 FLIE S S2 ), Y SRS MR BE 1 w0 B T LT R/INAS B — (10 0 8 L 45
My o RALAFLAR g 12. 5153, 11 pm, 88 20 /NLASFLAR K 3. 4340, 91 pm (K 4a), FEH AR L
Wy BE BARET , K TC IR AE R G W R RS 8 A T FUREHES L 3 K A B BDJE L T ORALES R ek
AH 45 WK TG T /LA e L8 W T BE A /NL XA RALI St . SR GV I E 2 wi
BF R T LR R 5. 01 £ 1. 34 pm A3 — 855 FLA5H (18 4b) . MR — P3N % 4 wi ol , BARWIE
BT e mT FLEE A AR AL B RS I S RIS AL AR N & 6. 37 £2. 34 pm (B 4o, MUKIEH 6 wtXoHT, B
BB FLIY FLAR RIS /N 2 4. 09 40. 94 pm (& 4d), BREWE N 1 wt % B 8y KFL, B &9 E N
1T wtodiinZ 6 wtlo, e LU RO MG wUN . FEFNERE R 1 wilo~4 wi /o mH i, ik
JEETRRATG . Y VR 3R 1T 5 P 22 ) 3 22 A K 7 A VAR 3% T 2R AR 1 7K T I 1 L R RN KO 5 R R T LT 8K
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Kl 3 PLLA/CA #8RE & ZFLIAE PLLA/CA WE M A B 5 A
(a) 10:0,(b) 9.5:0.5,(c) 9:1,(d) 7:3,(e) 5:5
Figure 3 SEM images of PLLA/CA honeycomb composites porous membranes obtained from different ratios of

PLLA/CA: (a) 10:0, (b) 9.5:0.5, () 9:1, (d) 7:3 and (e) 5:5

4 PLLA/CA B8 RE G 2R RS YIRES DM HM G R A
() 1 wt%.(b) 2 wt%.(c) 4 wt%,(d) 6 wt%
Figure 4 SEM images of PLLA/CA honeycomb composites porous membranes obtained from different concentraions:

(a) 1 wt% ., (b) 2 wt%, (¢) 4 wt% and (d) 6 wt%

INFIFL . B BEN 6 wt Yo B Ry B, 1 V3R T 9 0 28 G, KT R TR TR T Y A K A2 B BRI L IR e FL AR I
T/

P 5 S PR T B S I e 5 L A 52 i, PR FR T L R TR FE AR 10~50 °C i Bl PN 3T B T 4 R # 1)
Wews FLAS A . AT AR 95 TA A B 05 L P8 2 W) 9 ) A 47 A R, DT 52 ) 8 590 49 & T 0 WsF 1) o i 2 i e 5 L
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[ FLIE 3 B FLAR K/ L SR T AR SE B8 9 & BILAE 10~50 °C Yl Bl N » #5858 T B8 X FLIE S S L FL A2 9 e K
TSR] T BE VR P AR R EE A 2 we Do) A5 PR R L L U Be S 9 300 7R3 B 10~ 50 “C 3 Bl A, b — 5 |
o 1) 4% R I J6 R RS

L P IETTI  A ET St
K5 PLLA/CA ¥ RE & Z LA IR ES B W H#H B s A

(a) 10 C,(b) 20 C,(c) 30 C,(d) 40 C,(e) 50 C
Figure 5 SEM images of PLLA/CA honeycomb composites porous membranes obtained from different temperatures:

(a) 10 C,(b) 20 C,(c) 30 C,(d) 40 T,(e) 50 C

35 PLLA/CA #sIRE & Z AL Kl f . 26 PLLA #8500k 2 LB /K $2 il /A Oy 128.1°
2. 4% ULEHZ A B SR ER B, SR 7E PLLA Hom A& CA J5 (9. 5:0. 5) . K fil A FEAR = 108, 1°
2.1° BB R R T CA ik 18, 2 FL I 00 7K 422 fik #f1 FEAR . >4 PLLA/CA =5: 58], K 2 fik /1 > 50. 2°
LA ULAR R M A —E & CA J5 . 2L K MR & 2 E R CA E& AT K B 25,
FITUASE KRR o S K T A 4 v A R T 0B e L T ARG B RS B A

H + H

R3 PLLA/CAEBEREASIABRKEME

Table 3 Water contact angle of PLLA/CA honeycomb composite porous membranes

PLLA/CA TR il £ ()
10:0 128.14+2.4
9.5:0.5 108.142.1
9:1 101.442.1
7:3 80.441.6
5:5 50.2+1.4

TCATAT G N 55 AF T o LA G0 o8 oAy B — 5 5], 3 0o 7K 2% S0 Bk sl o il 46 7 PLLA/CA e 85I &
HLILNE. BEE BT AN PLLA/CA ¥ s FLEGFLAR K/ LR MRS I, 0 53 LAY FL AR Bl 25 9k 3 1Y
B2 ISR K JF BN . PLLA KRR i A — & =1 CAL,PLLA/CA 55 L 1% 55 K P 2 5 . 4 F
T 40 0 AE G 22 T ARG B LT A BT A K . PLLA/CA 955 FLA B AL Ry AR A 4H 40 T ST 28 b )
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Fabrication and Control of PLLA/CA Honeycomb Composite
Porous Membrane

ZHAO Jin-yun, MU ]Ji-lin, DING Xiao-hong, XU Jie, HU Jia-peng” , LIN Hao, FU Xing-ping
(Fujian Provincial Key laboratory of Eco-Industrial Green Technology . College of Ecological and
Resources Engineering » Wuyi University s Wuyishan 354300, China)

Abstract: PLLA/CA honeycomb composite porous membranes were prepared via Breath Figure method under certain
humidity and temperature conditions with PLLLA and CA as film materials. The effects of factors, such as solvent, relative
humidity. polymer concentration, the ratio of polymer, and temperature, on the pore patterns and sizes were investigated.
The results show that the pore size of PLLA/CA membranes increases from 1.67 £ 1.34 pm to 5.01 £ 1. 34 pm with
increasing relative humidity from 43% to 91%. The relationship of pore size and the relative humidity is presented first
order liner relationship. Moreover, the slope of straight line is 0. 068, which indicates that for every 1% in relative
humidity, the pore size increases by 0.068 in this system. When the polymer concentration increases from 1 wt% to
6 wt% , the pore size of honeycomb increases first and then decreases. When the temperature is in the range of 10~50 °C,
the ambient temperature has no significant effect on the pore morphology and size. The water contact angle of pure PLLA
honeycomb membrane is 128. 1°+ 2. 4°. With the increase of CA content, the water contact angle of porous membrane
decreases., When PLLLA/CA=5:5, the water contact angle was 50. 2°% 1. 4°, indicating that a certain amount of CA was
added into the system, the hydrophilicity of the porous membrane was improved, which was conducive to the adhesion,
migration, reproduction and growth of cells on its surface.

Key words: Breath figure; Polylactide; Cellulose acetate; Honeycomb; Hydrophilicity
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