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Abstract

Blending of poly(L-lactide) and poly(p-lactide) (PLLA, PDLA) results in the forma-
tion of poly(lactide) stereocomplex crystallites (SC). For the preparation method,
numerous reports employed solution mixing and stirring to receive a product with
uniform performance. However, the effect of stirring time during solution mixing
on the subsequent crystallization behavior did not clear yet, and which is impor-
tant for solution crystallization, casting and spinning. In this paper, linear PLLA
and PDLA with various molecular weights were synthesized. The PLLA and PDLA
solutions were mixed together and stirred for different times before casting. Results
revealed that the structures of PLA SC and homochiral crystallites (HC) did not vary
with change in the stirring time. More amount of content of SC with uniform struc-
ture and less amount of content of HC were produced in the specimens stirred for
longer time. When the specimens crystallized either from the melt or from the melt-
quenching, less amount of content of crystallites (total crystallinity of SC and HC)
was produced and the melting temperature of SC and HC depressed in the speci-
mens that were stirred for longer time. With the increase in molecular weights, the
effect of stirring time on the crystallization behaviors declined. This investigation
provides a route to tailor the crystallization behavior of PLLA/PDLA specimens.
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Introduction

Poly(lactide) (PLA) is a biodegradable macromolecule which has been investi-
gated intensively because it is producible from renewable resources and its prod-
uct is non-toxic to human body and the natural environment [1]. As the chiral car-
bon atom exists in the lactyl repeat unit, three isomeric forms of PLA would be
produced, i.e., poly(L-lactide) (PLLA), poly(p-lactide) (PDLA) and poly(racemic
lactide) (PLDA). The PLLA and PDLA could develop crystallites, and their crys-
tallization capacities and melting temperatures reduce rapidly as optical purity
decreases [2—4]. The poly(L, p-lactide) (PLDA), which is an amorphous material,
exhibits a glass transition temperature (Tg), similar to PLLA and PDLA, ~60 °C.

Stereocomplexation could occur among the PLLA and PDLA chains or seg-
ments either in solution [5], in the molten [6] or in the rubbery state [7], and it
results in the formation of stereocomplex crystallites (SC) that are different from
the homochiral crystallites (HC) developed in neat PLLA or PDLA [5]. The SC
have a higher melting temperature (~250 °C) [8, 9] and exhibit more compact
structure than HC [10]; thus, the PLA SC endow materials with higher mechani-
cal performance [11], higher heat deflection temperature [12] and better hydroly-
sis resistance [13] than that of specimens only HC develop. However, both the SC
and HC would form in the PLLA/PDLA blends with higher molecular weights
[6], and the formation of HC reduces the thermal and mechanical performances
of the blends. To make the SC efficiently form in the PLLA/PDLA blends with
higher molecular weights, numerous methods, such as varying chemical structure
[14, 15]; blending at a proper temperature [16—18]; stereocomplexing in super-
critical fluid [19]; low-temperature sintering [20-22]; reactive melting blend
[23]; applying shearing in the PLLA/PDLA melts [24, 25]; and incorporating pol-
yethylene glycol [26], polymethyl methacrylate [27, 28], block copolymers [29,
30] or nucleate agents [31-34] as a third component, etc., have been described.
During the preparation of PLLA/PDLA casted films [35-39] and nanofibers [40,
41], numerous reports employed solution blending, and the stirring is essential
to receive a product with uniform performance. As a matter of fact, the stirring
in solution or in the precipitant could supply a flow field, which could facilitate
the formation of fibrous crystal or shish-kebabs during solution crystallization
[42-45]. However, the effect of stirring the solution on the subsequent crystalliza-
tion behavior and morphology of PLLA/PDLA casted film has not been described
systemically. Tsuji et al. [46] reported that the content of SC reduced apparently
when the PLLA/PDLA precipitate was obtained without stirring. During solution
mixing, the PLLA and PDLA molecular chains would disperse evenly by stir-
ring, which facilities the formation of SC. Notwithstanding, the influence of stir-
ring time on the crystallization behavior and whether the SC have memory effect
after stirring for longer time are still unclear; yet, these issues are important for
the application of solution crystallization, casting and spinning of PLLA/PDLA
blends. In this paper, the PLLA/PDLA blends were prepared by solution casting,
and the effects of stirring time during solution mixing on the subsequent crystal-
lization and melting behaviors of the casted films were investigated.
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Experimental
Materials

The ethyl acetate, toluene, ethanol and dichloromethane were domestic agents with
analytical grade. The ethyl acetate was refluxed under calcium hydride for 24 h
before distillation. The toluene was refluxed under sodium for 24 before distilla-
tion. All other agents were used directly as received. The levorotatory-lactide and
dextrorotatory-lactide (L-LA and D-LA, optical purity >99.5%) were purchased from
Changchun SinoBiomaterials Co., Ltd., China, and were recrystallized in anhy-
drous ethyl acetate for three times before being used. The tin(Il) 2-ethylhexanoate
(Sn(Oct),, > 95%) was bought from Aladdin and used directly as received. The iso-
propanol (>99.5%) was purchased from Shanghai Aladdin Co., Ltd. (China) and
was dehydrated under calcium hydride for 24 h before distillation. All the purified
agents and Sn(Oct), were preserved in inert atmosphere before being used.

The synthesis of PLLA and PDLA

The PLLA and PDLA were synthesized by ring-opening polymerization of L-LA
and D-LA in anhydrous toluene (the weight of LA/volume of toluene is 1/10) at
120 °C for 24 h, respectively, in the presence of Sn(Oct), (0.5 wt%, as the initiator)
and isopropanol (as co-initiator). The molecular weights of PLLA and PDLA were
regulated by the molar ratio of LA/isopropanol [8, 14]. The synthesized PLLA and
PDLA were purified by repeated dissolution and precipitation; dichloromethane was
used as solvent and ethanol as the precipitant. The purified solid products were dried
at 60 °C in vacuum to constant weight before used. The molecular weights and melt-
ing temperatures of PLLA and PDLA are listed in Table 1. The PLLA and PDLA
were abbreviated as L and D separately. The numbers after the L and D were their
number-average molecular weights (M,).

Preparation the PLLA/PDLA cast films

The PLLA and PDLA were separately dissolved in dichloromethane at concentrations
of 10.0 g/l. After the specimens were dissolved completely, the solutions were mixed

e ppceation ol Code  Mygro e/mod  PDI_ T (O
L32 32.0 1.5 175.5
L58 58.1 1.9 172.5
L134 133.8 1.3 172.9
D31 31.2 1.1 171.4
D67 67.4 1.8 177.2
D102 102.2 1.6 179.2

*The melting temperature (7},.) was recorded as the second heating
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together and stirred at room temperature. After stirring for a given time (14, 50 and
100 h), 25 ml mixed solution was taken out and poured into a flat Petri dish. The speci-
mens were obtained by solvent evaporation at room temperature and further vacuum-
dried at 40 °C to constant weight. The weight ratio of PLLA: PDLA was fixed at 1:1
for all the specimens. The PLLA/PDLA blends with different molecular weights were
separately coded as 1.32/D31, L58/D67 and L134/D102, where the numbers after L. or
D were their M,,.

Characterizations

The M, and molecular weight distributions (PDI) of PLLA and PDLA were evaluated
using a gel permeation chromatography (GPC, Waters, USA), which equipped with
two Styragel HR gel columns (HR2 and HR4, Waters). The measurements were carried
out at 35 °C by using chloroform as an elution solvent, and the flow rate of elution was
1 ml/min. Monodispersed polystyrene standards, with molecular weights ranging from
1790 to 6.0x 10° g/mol, were adopted to generate the calibration curve. The crystal-
line structures were characterized by wide-angle X-ray diffraction (WAXD). WAXD
profiles were recorded on D8 Advance X-ray diffractometer (Bruker Co., Germany),
and the reflection mode was employed, the Cu Ka radiation source (1= 0.154 nm) was
adopted, and the operating voltage and current were 40 kV and 25 mA, respectively.
The scanning ranged from 10 to 30° at a scanning speed of 1°/min. Fourier transform
infrared (FTIR) spectra were recorded using a Nicolet 6700 spectrophotometer in KBr
pellets. All spectra were recorded by averaging 32 scans at a resolution of 2 cm™' and
were baseline corrected. The thermal properties were analyzed by differential scan-
ning calorimetry (DSC) with a DSC 200F3 (NETZSCH, Germany) under a 50 ml/min
nitrogen gas flow. For the neat PLLA and PDLA, ~5 mg samples were heated from
the room temperature to 200 °C at a fixed rate of 10 °C/min. After cooling to room
temperature, the second heating curves were recorded. The PLLA/PDLA cast films
(5+0.5 mg) were first heated from room temperature to 255 °C at a rate of 10 °C/min,
and then: (1) the specimens were kept at 255 °C for 1 min, cooled to room temperature
at 5 °C/min to investigate crystallization behavior from the melt, and heated to 250 °C
at a rate of 10 °C/min; or (2) kept at 255 °C for 1 min, quenched in liquid nitrogen for
5 min, then heated to 250 °C at 10 °C/min to observe the crystallization and melting
behaviors from the melt-quenched state; or (3) annealed at 255 °C for 1, 5 and 10 min,
respectively, cooled to room temperature at 5 °C/min, and heated to 250 °C at a rate
of 10 °C/min subsequently. The morphologies of the specimens were characterized by
using scanning electron microscopes (S-3400N SEM from Hitachi), and the specimens
were coated with gold (Au) under vacuum before observation.
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Results and discussion
Original data of the specimens

The WAXD profile of the original cast films are shown in Fig. 1. Where the dif-
fraction peaks locate at 16.9° and 19.1° are attributed to the (200/110) and (203)
planes of HC, respectively, the diffractions at 12.1°, 21.0° and 24.0° are assigned
to (110), (300/030) and (220) planes of SC, respectively [5, 14]. In the L.32/D31
specimen, only diffraction peaks assigned to SC were observed, and the intensity of
these diffraction peaks enhanced as the specimen was stirred for longer times. In the
L58/D67 specimen stirred for 14 h, the diffraction peaks at 12.0°, 16.9°, 19.1° and
21.0° appeared, indicating that both SC and HC developed. Stirred for longer times,

L134/D102

L58/D67

L32/D31

Intensity (a.u.)

10 15 20 25 30
2 theta (°)

Fig. 1 The WAXD of PLLA/PDLA blends with stirred for various times
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the diffraction peaks assigned to SC intensified, while the strength of diffractions
assigned to HC did not change obviously, and the ratio of peak intensity at 12.0°
and 16.9° (I}, oo/I,6) and the crystallinity of SC (X,.) increased with stirring time
(Figure S1 and Table S1). In the case of L134/D102, both diffraction peaks assigned
to SC and HC enhanced, and the 1, ;./I¢ 9. and X, also increased with stirring time
(Figure S1 and Table S1). The WAXD results revealed that the stirring time did
not vary the structures of PLLA/PDLA specimens, only SC formed in the specimen
with low molecular weight, and both SC and HC produced in the specimens with
higher molecular weights. The diffraction peaks assigned to SC intensified as the
specimens were stirred for longer times.

The FT-IR spectra of all the PLLA/PDLA samples are listed in Fig. 2. The
absorbances at 921 cm™! and 909 cm™! are the characteristic absorption bands of
PLA « (o) crystallites (105 helix) and stereocomplex crystallites (3, helix), respec-
tively [37, 47]. In the L32/D31 specimen with different stirring times, only the
absorbance at 909 cm™! were found, which indicated that only SC developed. For the
L58/D67 specimen stirred for 14 h, both the absorbances at 921 cm~! and 909 cm™!
were observed. After the specimen was stirred for longer times, the absorbance at
921 cm™! reduced gradually, while the absorbance at 909 cm~! became more obvi-
ous. In the case of L134/D102 specimen, the variations in vibrational bands were
similar to that of L58/D67 blend.
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Fig.2 The FT-IR spectra of PLLA/PDLA specimens with stirred for various times
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DSC scans of the as-cast specimens are presented in Fig. 3, and the melting
points and enthalpies calculated from DSC are listed in Table S2. For the L.32/D31
specimen stirred for 14 h, two endothermic peaks were found, and the magnitude of
the peak at 227 °C was smaller than that at 244 °C. Combined with the WAXD and
FTIR results above mentioned, the two endothermic peaks should be assigned to the
melting of SC [9, 48]. Stirring for longer times, the temperatures of these two peaks
decreased slightly, and the peak intensity at the lower temperature enhanced, while
the peak at higher temperature reduced. Notwithstanding, the total melting enthalpy
(AH) of these two peaks did not vary obviously (Table S2). In the L58/D67 speci-
men stirred for 14 h, two separate melting peaks appeared at 175 °C and 220 °C.
The signal at 175 °C should be assigned to the melting of HC (7},.) and the peak

L134/D102
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Fig.3 DSC of PLLA/PDLA casted films at various molecular weights
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at 220 °C was the melting of SC (T, [3, 8, 14]; prolonging the stirring time, the
intensity of cold crystallization and the 7, reduced, while the T, became narrower
although AH_, did not vary obviously. These results indicated that SC with more
uniform structure developed as the specimen was stirred for longer times, and fewer
homochiral PLA molecules or segments were incorporated into the HC lattice. The
variation of the L.134/D102 specimen was similar to the L58/D67 specimen. From
the WAXD and FTIR, the signals assigned to SC enhanced, while the DSC results
indicated that the AH,, did not vary obviously with stirring time, which should be
due to the part of SC developed during heating (from the cold crystallization or after
the melting of HC).

In order to observe the structure developed in the specimens, ~3-mg casted films
were soaked in 6 ml dichloromethane for 24 h. After that, the photographs of these
solutions were listed in Figure S2. For the L32/D31 specimen with different stirring
times, the film shape was preserved in all the specimens. For the L58/D67 specimen
stirred for 14 h, the film disintegrated into lots of small pieces. After stirring for
longer time, the disintegrated pieces became larger. The variation of the L134/D102
specimen was similar to that of L58/D67. The unsolved pieces of these specimens
were observed by SEM, and their pictures are presented in Fig. 4. For the L32/D31
specimen stirred for 14 h, pores with a size of 1-3 pm distributed evenly in the spec-
imen. Stirred for longer time, the number of pores reduced, and only a few pores
were detected after the specimens were stirred for 100 h. For the L58/D67 speci-
men stirred for 14 h, number of pores with different sizes was observed, and the

L32/D31 14k

Fig.4 The SEM of PLLA/PDLA specimens with stirred for various times (the unsolved pieces extracted
from the dichloromethane)
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differences of the pore size were great, parts of the pores were not intact. The pore
size reduced after stirred for 50 h. Stirred for 100 h, lots of spherical particles with a
size of 1-2 pm were fulfilled the pores (Figure S3). In the case of L134/D102 speci-
men, the species with uniform size of pores were observed when stirred 14 h. Stirred
for 50 h, the size of pore reduced obviously, and a network was observed. Stirred for
100 h, lots of spherical particles were covered on the network (Figure S3).

Since the formation of SC originates from hydrogen bond interaction between
different isomers, the SC would preferentially develop in the specimens during crys-
tallization from the melt [49-51] and solution [52, 53], irrespective of the composi-
tion and molecular weights. For the formation of HC, it relays on the Van der Waals
force among homochiral chains and segments. When the stirring was exerted on
the PLLA/PDLA solutions, it could facilitate interaction between isomers, and the
SC would produce during the stirring. In the solution, the SC with stable structure
developed at the first stage of stereomcoplexation, which presented as network struc-
ture (Scheme 1) [54]. For the blends with low molecular weights, the SC network
developed sufficiently at a fast rate even stirring for a short time. In addition, the
network structure could restrict the movement of PLLA and PDLA polymers, which
resulted in the formation of SC with microsphere at the second stage, and the spheri-
cal SC had lower melting temperature than that of network. Stirring for longer time,
part of network structure would be destroyed due to the low density of chain entan-
glement in the flow field, and more content of microsphere developed in the speci-
men with lower molecular weights.

For the PLLA/PDLA blends with higher molecular weights, the network devel-
oped at a lower rate, and the network with a larger pore size developed at the first
stage. The size of pores reduced with stirring time. After the network developed
sufficiently, the SC microsphere also developed at the second stage. As the chain
entanglement became obvious and microphase separation occurred between PLLA

PLLA/PDLA with high molecular weight

Stirring for longer times

Scheme 1 The speculated stereocomplex formation model of the PLLA/PDLA blends
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and PDLA molecular chains with higher molecular weights, only parts of segments
participated in the formation of network and microsphere. Thus, the melting tem-
peratures of SC with different structures did not exhibit such obvious differences as
specimens with lower molecular weights. Stirred for longer time, the SC network
and microsphere distributed evenly in the specimen, and these SC melted in a nar-
rower temperature range. Furthermore, the preformed SC had two effects to the for-
mation of HC, i.e., nucleation and restriction [36, 55]. A small amount of SC would
accelerate the formation of HC. As more content of SC developed in the specimens,
the restriction effect became more obvious, and less content of HC developed during
solution evaporation.

The crystallization from the melt

After melted at 255 °C for 1 min, the non-isothermal crystallization DSC curves
are displayed in Fig. 5, and the data are listed in Table S3. In the L32/D31 speci-
men stirred for 14 h, a clear exothermic peak (7,) appeared at 119.1 °C. The T,
and enthalpy of this exothermic peak (AH,) decreased dramatically after the speci-
men was stirred for longer times. In the L58/D67 specimen, both the AH, and T,
decreased gradually with stirring for longer times. In the case of the L134/D102
blend, the 7, and AH_ increased at first and then decreased slightly with the increase
the stirring time, and this could be ascribed to the reason that both SC and HC
formed in the L134/D102 blend when it was stirred for 14 h (the formation of HC
and SC were revealed by the DSC in Fig. 6 and the WAXD in Figure S4), and the
formation of HC and SC would restrict with each other, resulting in the lower 7, and
AH,. Stirred for longer time (50 h), only SC formed which could develop at a higher
temperature (Fig. 6). Further increasing the stirring time, the 7, and AH, reduced.
The second heating of DSC curves (Fig. 6) indicated that the 7. was 201.7 °C
in the L32/D31 specimen stirred for 14 h, and this value was 169.1 °C for L32/
D31 blend which was stirred 100 h. (The structure developed in the L32/D31

Exo--- -

L58/D67

T v T \ T T T .
80 120 160 200 240
Temperature (°C)

Heat flow (W/g)

Fig.5 The non-isothermal DSC profile of the specimens
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Fig.6 The second heating DSC scans after the cooling shown in Fig. 3

blend with different stirring times was attested by the WAXD presented in Figure
S5.) The reduction of T, was 32.5 °C, and the decrement of AH . was 35 J/g. For
the L58/D67 specimen, that depression of T, was 22.0 °C and the decrement of
AH was 21.3 J/g. And these values were 11.0 °C and 9.3 J/g, respectively, for
the L134/D102 specimen. The cooling and second heating DSC curves implied
that the crystallization capacity reduced in the specimens that were stirred for
longer times during solution mixing, and the depression of T, and AH . became
smaller with increasing molecular weights of PLA.

When the SC were melted and kept at a relative low temperature, the PLLA and
PDLA molecular chain couples would preserve their interactions which resulting
in a heterogeneous melt, and this phenomenon was called the “memory effect.”
This heterogeneous melt produced crystallites easily [S6]. However, the heteroge-
neous melt transformed to homogeneous melt gradually at higher temperature or
melted for longer time, and the interactions between PLLA and PDLA segments
are randomly distributed in a homogeneous melt, which could prevent the subse-
quent crystallization. In the specimens with relative low molecular weights, the
“heterogeneous” to “homogeneous” transformation conducted with a higher rate
due to this lower viscosity and chain entanglements. For the blends with higher
molecular weight, this transformation proceeded at a lower rate, which thanks
to the higher viscosity and entanglement density. Consequently, the crystalliza-
tion capacity depressed at a lower rate in the specimens with higher molecular
weights. In the PLLA/PDLA blends stirred for longer times, the SC developed
evenly in the specimens and they were melted at a narrower temperature range
than that of specimens stirred for short time. After melting at the same tempera-
ture, more amount of content of homogeneous melt produced and less “memory
effect” preserved in the specimens stirred for longer time. Thus, the crystalliza-
tion capacity declined with stirring time.
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The crystallization from the melt-quenched specimens

In order to attest the assumption above, the DSC curves of the melt-quenched speci-
mens are presented in Fig. 7, and their data are listed in Table S4. A cold crystalliza-
tion peak appeared at 75 °C (T, in the L32/D31 specimen irrespective of stirring
time, but the enthalpy of cold crystallization (AH,.), the T, and AH_ decreased with
increasing the stirring time. For the L58/D67 specimen, a broad cold crystallization
peak appeared at 93.7 °C, and two separated endothermic peaks were observed at
170.2 and 220.5 °C when the specimen was stirred for 14 h. Based on the WAXD
result exhibited in the Figure S6, the signals at 220 °C was assigned to the melting
of PLA SC, and the peak at 170 °C was assigned to the melting of HC. Stirring
for longer times (50 and 100 h), a narrower cold crystallization peak appeared at
~77 °C, and only one endothermic peak at 215 °C was detected, which indicated
that only SC formed. The crystallization of L134/D102 specimen was similar to that
of variation of the L58/D67. In addition, both the SC and HC appeared in the L.134/
D102 specimen regardless of stirring time, and the 7}, and AH, also reduced with
the increase in the stirring time. Most of the melt-quenched specimens exhibited
similar regularity, i.e., the T, ., AH,  and T,,, AH,, decreased as the specimens were
stirred for longer times. The 7., and AH,, decreased gradually in the L58/D67 and
L134/D102 specimens stirred for longer times, which could be interpreted that both
the HC and SC formed during heating in the specimens stirred for a short time, and
the formation of HC and SC would compete with and impeded each other during
crystallization. Thus, the cold crystallization appeared at a higher temperature. In
the specimens stirred for longer time, mainly SC produced during heating, and it
crystallized at relative lower temperature. The cold crystallization temperature
increased as the molecular weight of PLLA and PDLA increased, which would be
due to the reason that the mobility of chains and segments declined with enlarging
molecular weights.

ia
RN e
4 & L58/D67,
S 1 oon \//Wé
< ] \} \/\
§ : ; 1.32/D31
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o -
=

T T T T T T T
80 120 160 200 240
Temperature (°C)

Fig. 7 The heating DSC curves of the specimens after melt-quenching
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The crystallization and melting behaviors of the quenched PLLA/PDLA speci-
mens with different stirring times were similar to that of melt-crystallization spec-
imens exhibited in Fig. 6. However, the depression of T in the quenched speci-
mens was 2—6 °C, and the decrement of AH, was 0—16 J/g in all the specimens,
which were lower than counterparts of melt-crystallization specimens. Further,
more content of PLA HC developed in the quenched L58/D67 and L134/D102
specimens. These results implied that the content of crystallites produced from
the melted specimens were lower than that of quenched specimens; this diversity
should be due to the specimens experienced different annealing history. For the
melting crystallization, the PLLA and PDLA molecular chain couples kept the
melt state for longer time. Thus, more content of homogenous melt produced and
less “memory effect” preserved, which resulted in lower crystallization capacity.

The crystallization from the melt after annealing at various times

For the L32/D31 specimen which stirred for 50 h, the specimen was melted at
255 °C at first, after annealing at this temperature for different times, the cooling
and second heating DSC curves are displayed in Fig. 8. After melting at 255 °C
for longer time, both the 7, and AH_ declined rapidly during cooling, the T,
increased, while the T, and AH, depressed gradually in the second heating. For
the L58/D67 specimen that annealed at the same history (Figure S7), it presented
similar regularity to L32/D31. Figures 6, 7 and 8 indicated that, the more mem-
ory effect was preserved, and higher crystallization ability was received when the
PLLA/PDLA specimens suffered from shorter melt history.

Heat Flow (W/g)
T

- - - -255°C-10min-1st cooling
- - - -255°C-5min-1st cooling
- - - -255°C-1min-1st cooling
0 —— 255°C-10min-2nd heating
—— 255°C-5min-2nd heating
—— 255°C-1min-2nd heating

-2 T T T T T T T T
50 100 150 200 250
Temperature (°C)

Fig.8 The cooling and second heating of the L32/D31 specimen stirred for 50 h
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Conclusion

In this study, the effect of stirring time during solution mixing on the crystallization
behaviors of PLLA/PDLA casted films was examined. Results revealed that the crys-
tallization behaviors of PLLA/PDLA were strongly depended on the stirring time.
For the original casting films, the content of SC increased, while both the melting
temperature (7},.) and enthalpy (AH,.) of poly(lactide) homochiral crystallites (HC)
depressed gradually as the specimens were stirred for longer time. During crystal-
lization from the melt or melt-quenching, less content of SC and HC were produced,
and the T, and T, depressed in the specimens stirred for longer times. The crystal-
lization capacity was suppressed after the specimens were stirred for longer times
during solution mixing. Higher crystallization ability could be preserved when the
PLLA/PDLA specimens suffer from shorter melting history. More crystallization
capacity preserved with enlarging the molecular weights of PLLA/PDA specimens.
This investigation could provide more bases for the solution crystallization, casting
and spinning.
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