FRERTHELRE §LEF L E S22

AL A K SR 1
FEraERLHGHR)

G S I R
% % 5 NSC 97-2221-E-032-005-

#H o7 P OB 1972082 0lpx98&E07Y 3R
HoFH o BRI 28

SR IR

—‘:;,L% 3‘;(_5 2 ﬁ . Eﬁ‘l fr,gr.rﬂ 4_,;1\ xps1@ ﬁ ip—fﬂzﬂ
EﬁJfrzﬂ’***—%Lxﬂ%—Aﬁ LRI
Eﬁ‘l fr,gr.rﬂ 4_,;1\ ix 4w Aﬁ Jfﬁﬂ,"_
FALremy 4 -JiEpm g o Fai#,;gfl
FAAFipmy 4 - iz A R DA 4 B

oA o E D NAREERFICERLZF ARG

¢ooE R R 98#&#107 21 P



FRRATRFFLIE RN BEHFT S

-w'\v

IR

[ ¢ er4FL
e LER R R

S TUE ELEES S nE

P EMIINSC-97T-2221-E-032-005
HEFHEF 2008087 1p 2 2009 77" 31p

g_l.%__l_%ji& ﬁ'F ﬁg—/._
£ a4 A
FESE AR AR o BT R i

*EFL (e IR TR I HFEE R EFRE

=

A B4R ST B 2

(AR I Ay o FR L -

(A A By FNLAAFY C@HFEL - K
.4'@@]“’5?4 R ERL I F ALy - B

TN

-1\

7

AL SR RSP R AR A ABTEIVE S

4 T;lj,]%-qi.:g]z b 1B TR ﬁga
(%2 H i w mEMAR |- #1287 =R 434

= ANPGRS L i N 1 o o S B 1K

v =2 98 =& 10 * 20 p



&

AT A BB AR ESR A if‘%f?ﬁ? MF R 3 0 1% 1,3:2,4-Dibenzylidene
sorbitol(DBS) i¥ & #4x i3 *tstyrencH 48 ¢ > ‘gd JR T A 47 R H 5 - F 8% o W15 4r » Ad R
Benzoyl peroxide (BPO)% = B #|Divinyl benzene (DVB) 424 B & F B & = § &+ » 5 d AFMh
B A 1T E LT & DBS tePolystyrene® £ - 3Dk iS4z 2 f ki 0 B T 30F SN FDBS 7 £ 5
bem B 4e s 4 »DVBiS » DBSP e Xz K S aE VIR %A 4o » DVBRFF 5 3 4e chdd%t ; DVB 2
B 3 2 BB LT 2P AP E - 1% GPCA 177 f\—"ifj? *DBS & = i ehg & F 7 L pcdk
HAH L3 E o d TGA ~ DSC¥ # 5DVBZ DBSk & i3 4o 7% 5 B3 £ 28 B 2 LI #4508 & it
<o d DMA® fofl 4842 [T = g FDVB 2 DBSik & s 4e d & © SBETA 417 v § 4 %5 $%
WA B LG ¢ FDBS2 N BT S A R L HIFAERE Y LA T F A
» DVBFEDBS A §¢i% § icse » DVBPEF4F » F]pt it 4 & ff 4 5 40 »DVB{4 - 2t 4 6 f£ 7 § “%EDVB
FEHAen P FIRGERPFRFEAFIRE S PR M A ‘ﬂ%*ﬁ'?%ﬁfé SR CEUESPENT SRS 8
<o A FDVBER A > HItp T30 GRg2 TR AR ol A g FRICEDVBER A A
T

M4t p o+ % 5% -~ DBS

Abstract:

We describe the preparation of nanostructured polymeric materials by polymerizing a monomer
within a scaffold composed of self-assembled 1,3:2,4-Dibenzylidene sorbitol (DBS) nanofibrils. Here, we
induce DBS nanofibrils in styrene and then thermally initiate the free-radical polymerization of the
monomer. AFM results show that the DBS network consisted of nanofibrils measuring from 10 nm to 100
nm in diameter. The diameter sizes of DBS nanofibrils are slightly thicker at the higher DBS concentration.
However, the sizes of DBS nanofibrils not affected by the addition of DVB. The DBS nanofibrils of PS
samples with DVB are much more closely-packed and entangled than those without DVB.By GPC analysis,
we found that adding DBS in polystyrene (PS) samples can slightly increase the molecular weights. The
thermal and mechanical properties of PS/DVB/DBS are higher than those of the neat PS. The DBS
nanofibrils can also be subsequently extracted from the polymer leaving behind a network of nanoscale
pores. The porosity of the resulting polymer has been characterized by the BET technique. Without the
amounts of DVB, entangled DBS nanofibrils would cause the decrease of the surface areas of samples after
washing. The surface areas of PS samples with DBS by adding DVB are found to increase with the increase
of DVB contents. It is possible that a higher degree of chemical cross-linking may lead to less
interconnected pores and thus gives smaller spaces for the presences of DBS nanofibrils On the other hand,
the higher DBS contents or larger sizes of DBS nanofibrils both could cause the higher surface areas after
washing DBS nanofibrils .

Keywords: self-assembled , DBS, nanofibrils
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Table 1 #: & DMA » 17 4

E’ (MPa) at Tan 6

40°C (C)
PS 0-0 7255 113
PS 1-5 13671 118
PS 2-5 15950 121
PS 3-5 19602 124
PS 1-10 16049 120
PS 1-15 18550 122
PS 1-20 20084 125

3x 1 PS DBS (wt%) -DVB (wt% )

OH
OH
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Abstract—We propose a route to making novel
porous poly(L-lactic acid) (PLLA) membranes by
different  crystallization  conditions such  as
crystallization temperature of PLLA in Poly(ethylene
glycol) (PEG)/PLLA blends. The final porous PLLA
membranes were prepared by the extraction of PEG.
The pore sizes and structures of PLLA membranes
were investigated by scanning electron microscopy
(SEM). When the crystallization temperature of PLLA
was higher, the higher diffusion coefficient D of the
amorphous component in the blend and the lower
spherulitic growth rate G of PLLA would increase the ¢
parameter (the ratio between D and G). Thus, if the
PEG is extracted by solvent, the following sample
could have the larger pore size of PLLA. On the other
hand, the lower crystallization temperature of PLLA
would cause the smaller pore size of PLLA. Porous
structure due to the removal of PEG was found in all
PLLA membrane samples. The shape of the porous

structure was irregular. The sizes of the pores ranged

from 100 nm to 5 pm.

I. INTRODUCTION

Poly(L-lactic acid) (PLLA) is a biodegradable
thermoplastic polyester and has paid a lot of attentions
due to their potential applications as biomedical and
environment-friendly materials. Poly(ethylene glycol)
(PEG) shows hydrophilicity , low toxicity and is a
biocompatible crystalline polymer. Up to now, the

binary blends of a biodegradable polymer, PLLA, with

a biocompatible polymer, PEG, have been reported.
From our previous studies [1], the effect of end groups
of PEG (20H, 10H-1CH; and 2CHj3;) on the miscibility
and crystallization behavior of PEG/PLLA blends was

investigated.

II. EXPERIMENTAL SECTION

Poly(L-lactic acid) (PLLA) used in this study was
obtained from Polysciences Co., and its weight-average
molecular weight was 200000. Poly(ethylene glycol)
methyl ether (PEG) obtained from Aldrich Co. had a
weight-average molecular weight 2000.

Preparation of PEG and PLLA blends was carried
out by solvent-casting method. The blending
components were dissolved in chloroform yielding a
2% (0.4 gram polymer blends / 20 ml solvent) solution.
The solution was subsequently poured onto a glass dish.
A film was obtained after evaporating most chloroform
solvent very slowly under ambient condition at room
temperature. The membrane was then further dried in
vacuum at 80 °C for 24 hours.

The surface microstructure of PEG/PLLA blends was
observed by JEOL JSM-6300 scanning electron
microscope (SEM). PEG and PLLA were dissolved in
chloroform solution according to the desired
composition. Then the solution was dropped on the
glass. When the solvent evaporated, the thin film would
be obtained. The samples were fist melted on a
Linkam THMS 600 hot stage at 180 °C for 3 min. The
samples were quickly cooled to their crystallization

temperature until the PLLA crystals formed completely.



Then the samples were quickly quenched to 25 °C till
the PEG crystals formed completely.

III. RESULTS AND DISCUSSION

Our method to make porous PLLA membranes is

using the different crystallization conditions of

PEG/PLLA blends. Different crystallization conditions
would result in the change of morphology and structure
of PEG/PLLA blends. From our previous work [1],
only PLLA crystallizes and PEG acts as a
non-crystallizable

temperature from 100 to 130°C for PEG/PLLA blends.

component at  crystallization
The variation of PLLA spherulite radius with time is
linear between these temperatures, which mean that the
crystallization environment at the growth front is same
during the crystallization process. This result suggests
that PEG and un-crystallized PLLA could be trapped in
the intra-spherulitic regions. In this work, we choose
two different
PEG/PLLA blends crystallized at 100°C, and the other
is those crystallized at 130°C (only PLLA can

crystallization conditions. One is

crystallize at these temperatures). After the PLLA
crystals form completely at 100 and 130°C, both
samples are quickly quenched to 25°C until the PEG
crystals form completely. Actually, amorphous or
crystalline PEG is not so important in this system
because either PEG would be extracted by the solvent.
Thus, the crystallization conditions of PEG for all
PEG/PLLA blends were at the same crystallization
temperature (25°C) in this system.

The kinetics of spherulitic growth in crystalline
polymers was developed by Keith and Padden[2].
According to Keith and Padden, a parameter of major
significane is the quantity:

s=2 (1)
G

where D is the diffusion coefficient for impurity in
the melt and G represents the radial growth rate of a

spherulite. The quantity J, whose dimension is that of

length, determines the lateral dinensions of the lamellae.

For the semicrystalline polymer blend systems, o

defined the scale of segregation down to the lamellar

dimension. If ¢ is of the order of magnitude of the
interlamellar distance of the pure crystalline polymer,
interlamellar segregation will be expected. For ¢ of the
order of fibril thickness (~0.1 pm), interfibrillar
segregation would occur ; larger ds correspond to
interspherulitic segregation. The higher D or lower G
would cause the increase of the ¢ parameter, and the
non-crystallized components could be excluded much.
In this study, the non-crystallized components are the
melted PEG (totally
non-crystallized PLLA at 100 and 130°C, and it could

amorphous) and the

be trapped in the intra-spherulitic regions. [1] At higher

crystallization temperature (130°C), the higher
temperature and the correspondingly large values of D
generally increase the values of J. On the other hand,
the spherulitic growth rate of PLLA at 130°C was
smaller than those at 100°C [1]. The lower G also
enhances the values of . Therefore, the goal of this
study is to develop a new class of porous structure of
PLLA wusing a simple approach. The higher
crystallization temperature of PLLA could cause the
larger values of ¢. If the melted PEG is extracted by
solvent, the following samples could have larger pore
size of PLLA. On the contrary, as the crystallization
temperature is lowered and the values of J decreases,
the samples which are washed by solvent could induce
the smaller pore size of PLLA.

Figures 1-2 present the SEM micrographs of
extracted PEG from PEG/PLLA 30/70 and 50/50
blends isothermally crystallized at (a) 100°C and (b)
130°C until PLLA crystals completely formed. Then
the samples were quickly quenched to 25 °C till the
PEG crystals formed completely. All the samples have
found the porous structure due to the removal of PEG.
The shape of the porous structure seems like a irregular
shape. It is different from the Reference [3] and [4].
Mostly observed is the circle-like shape. From these
Figures, the width of the porous structure is around 100
nm~5 pm. The pore size of all samples crystallizes at
130°C is larger than that of samples crystallizes at
100°C. The reason is that the higher D and lower G

would increase the values of J, and therefore the more



PEG could be excluded. The final samples would have
a larger size of porous structure by the extraction of

PEG
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Fig. 1. SEM micrographs of extracted PEG from
PEG/PLLA 30/70 blend isothermally crystallized at
different crystallization temperature of PLLA (a) 100°C

and (b) 130°C.

(a)

Fig. 2. SEM micrographs of extracted PEG from
PEG/PLLA 50/50 blend isothermally crystallized at
different crystallization temperature of PLLA (a) 100°C

and (b) 130°C.
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