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Abstract

The miscibility and phase structure of binary blends of p@yléctide] (PLA)(M,, = 680, 000) with atactic poly[R,S)-3-hydroxybuty-
rate] (ataPHB) of different molecular weighitd,, = 940Q 21,000 and 140,000) have been investigated by the means of differential scanning
calorimetry (DSC) and optical microscopy. DSC thermograms for the blends of PLA and ataPHBy#h9400 in the range from O to
50 wt.% of ataPHB content showed single glass transition temperature after melting@t 200 the value decreased from 59 t6Q Wvith
an increase in the ataPHB content, indicating that the PLA and low molecular weight atéRHB 9400 are miscible in the melt at 200
within the ataPHB content up to 50 wt.%. In contrast, the binary blends of PLA with high molecular weight atisy #8140, 000 showed
two glass transition temperatures indicating that the binary blend is immiscible in the melt. The radial growth rate of PLA spherulites were
accelerated by the addition of low molecular weight ataPHB components. The solid-state structures of melt-crystallized films for miscible
blend of PLA with low molecular weight ataPHB were characterized by DSC, wide-angle X-ray diffraction, small-angle X-ray scattering and
dynamic mechanical thermal analysis. X-ray crystallinities of PLA components in the melt-crystallized films were increased by the addition
of small amount of ataPHB component, suggesting that the addition of small amount of ataPHB-3 component facilitated the crystallization of
PLA components in the binary blends. The lamellar thickness of PLA crystals decreased slightly with an increase in ataPHB content,
suggesting that ataPHB component was incorporated into the interlamellar region of PLA spherulites. The relaxation phenomena were
detected at two different temperatures in the dynamic mechanical spectra for PLA/ataPHB blends (containing ataPHB contents over
15 wt.%) crystallized at 12€, indicating that the partial phase separation of two components occurs in the amorphous phase during the
isothermal crystallization proces®.2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction Several approaches such as copolymerization [13], blend-
ing and processing [14] have been extensively studied to
Poly[(9-lactide] (PLA) is synthesized from either lactic produce PLA-based materials with a wide range of physical
acid or its cyclic dimer [1-6] and is a biodegradable and properties and improved processability. Blends of PLA with
biocompatible thermoplastic with a melting point around poly(e-caprolactone) [15,16], polyR)-3-hydroxybutyrate]
18C°C. PLA has been investigated as a material for medical [17,18], poly[R)-3-hydroxybutyratezo-(R)-3-hydroxyva-
devices such as controlled drug release matrices [7,8],lerate] [19], poly(ethylene oxide) [20—22], poly(vinyl acet-
degradable sutures [9,10] and implanted for bone fixation ate) [23], and polyg-vinyl phenol) [24] have been
[11]. The degradation of PLA in an aqueous environment is investigated. Many fundamental studies have dealt with
mainly due to non-enzymatic hydrolysis of polymer chains the miscibility of blends in the melt. Since PLA is a semi-
catalyzed by carboxyl end groups of polymers to generate crystalline polymer, the crystallized blends with amorphous
monomer and oligomers of lactic acid, which can be meta- polymers are composed of crystalline and amorphous
bolized by many microorganisms [12]. Therefore, there is phases. The solid-state structures of blends may be strongly
increasing interest in using PLA as an environmentally dependent on the miscibilities at both the mixing and the
degradable plastic material. crystallization temperatures. However, the solid-state struc-
tures for blends of semicrystalline PLA and amorphous
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synthesized by the polymerization of racenfiebutyro-
lactone and is a completely amorphous polymer. It has
been found that ataPHB polymer chains blending with
semicrystalline polymers such as poRjJ{3-hydroxybu-
tyrate], polyge-caprolactone) and PLA are hydrolyzed by
the function of PHB degrading enzyme, while the
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styrene standards with low polydispersity were used to
prepare the calibration curve.

The DSC data were recorded in the temperature range of
—100-200C under a nitrogen flow rate of 30 ml mihon a
Shimadzu DSC-50Q instrument equipped with a cooling
accessory. The solvent-cast films (5 mg) were encapsulated

enzyme hardly hydrolyzes the pure ataPHB, suggestingin aluminum pans and heated from 0 to 20t a heating
that the presence of stable crystalline phase induces therate of 10C min~! (1st scan). Then the melt samples were

enzymatic hydrolysis of amorphous ataPHB chains
[25,26].

In this paper, we investigate the miscibility for binary
blends of PLA with ataPHB of various molecular
weights (M,, = 9406-140,000 in the melt at 200C.
The solid-state structures of melt-crystallized films for
the blends of PLA with ataPHB are characterized, and
the crystallization behavior of PLA component and the
phase separation phenomenon
during the isothermal
discussed.

crystallization process are
2. Experimental
2.1. Materials

Poly[(9-lactide] (PLA;M,, = 778 000, M,,/M,, = 2.3 by

gel permeation chromatography) was purchased from Poly-

science and used as received without further purification.
Poly[(R,S)-3-hydroxybutyrate] (ataPHB-1,, = 140,000
M,/M,, = 1.5, ataPHB-2M,, = 21,000 M,,/M,, = 1.2, and
ataPHB-3; M,, = 940Q M,/M, = 1.6), synthesized as
described previously [25], was found to be atactic’fg
nuclear magnetic resonance spectroscopy.

2.2. Blend preparation

Solvent-cast films of binary blends of PLA with ataPHB
were prepared by dissolving the polymeric binary mixtures

in chloroform and casting on glass plates at room tempera-

maintained at 200@ for 1 min and followed by rapid
quenching at-10C°C. They were then heated from100

to 200C at a heating rate of 2C min * (2nd scan). The
glass transition temperaturg,f was taken as the midpoint
of the heat capacity change. The cold crystallization peak
temperature T, was determined from the DSC exotherm,
whereas the melting temperaturg,f and the enthalpy of
fusion (AH,,) were determined from the DSC endotherm.

in amorphous regionFor the melt-crystallized films, DSC scans were carried out

from —100 to 200C at a heating rate of 2G min~* to
determine thel,, and AH,,.

The morphologies of PLA spherulites were observed with
an optical microscope (Nikon OPTIPHOTO-2) equipped
with crossed polarizers, a Linkam hot stage, a CCD camera
(Ikegami IF-8500) and an image analyzer (OLYMPUS XL-
10). The solvent-cast films were first heated on a hot stage
from room temperature to 200 at a rate of 3G min .

The samples were maintained at 20Gor 1 min, and then
the temperature was rapidly lowered to a given temperature
(To). The samples were crystallized at a givierio monitor

the growth of spherulites as a function of time. The radial
growth rate of PLA spherulitesd) was calculated as the
slope of the line obtained by plotting the spherulite radius
against time with more than ten data points.

The wide angle X-ray diffraction (WAXD) patterns of
melt-crystallized films were recorded at°®50n a Rigaku
RINT 2500 system using nickel-filtered CuaKradiation
(A = 0.154 nm 40 kV; 200 mA) in the 2 range of 6—40
at a scanning speed of 2.@in*. Degree of crystallinity
(Xo) of the blend films was calculated from the diffracted

ture for 1 week, and then dried under reduced pressure. ThdNtensity data according to Vonk's method [27].

films were inserted between two Teflon sheets (0.2 mm

The small angle X-ray scattering (SAXS) patterns of

thickness) with a Teflon sheet (0.2 mm thickness) as a Melt-crystallized films were recorded at %5 on a
spacer and compression-molded on a Mini Test PressRigaku RINT 2500 system using CucKradiation (A =

(Toyoseiki) by heating at 20Q€ for 1 min under a pressure
of 75 kg cm 2 After melting, samples were kept at a given
crystallization temperatureT) and isothermally crystal-
lized for 3 days. The melt-crystallized films were about
0.2 mm in thickness and stored aR0°C until needed.

2.3. Analytical procedures

All molecular weight data were obtained by gel
permeation chromatography at °@) using a Shimadzu
10A system and a 6A refractive index detector with
Shodex K-802 and K-806M columns. Chloroform was
used as an eluent at a flow rate of 0.8 ml Afinand a
sample concentration of 1.5 mg Mlwas applied. Poly-

0.154 nm 40 kV; 200 mA) in the @ range of 0.1-3.0

at a scanning speed of 00%in > Since the SAXS
data are collected in a limited angular range, it must
necessarily be extrapolated to both high and low angular
ranges before Fourier transformation [28,29]. The extra-
polation to high angular range was performed using
Porod’'s law. For low angular extrapolation, the
straight-line relationship between 0 and lower limit of
SAXS measurement was assumed.

Dynamic mechanical spectra of melt-crystallized films
were recorded at a heating rate ofC2nin' and a
frequency of 1 Hz in the temperature range 6f.00—
200°C, using a Seiko Instruments DMS210 dynamic
mechanical thermal analyzer.
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Table 1

Thermal properties of PLA/ataPHB blends

Sample Composition (w/w) TS (°C) Tee> (°C)

PLA/ataPHB-1 100/0 59 138

M,, = 140,000 95/5 5,58 131

My/M, = 1.5 85/15 0,56 123
75125 1,56 115
50/50 1,54 113
0/100 0

PLA/ataPHB-2 100/0 59 138

M,, = 21,000 95/5 55 112

My/M, = 1.2 85/15 48 100
75/25 3,49 99
50/50 2,46 104
0/100 -8

PLA/ataPHB-1 100/0 59 138

M,, = 9400 95/5 53 119

My/M, = 1.6 85/15 41 91
75125 29 84
50/50 10 77
40/60 -2,10 74
0/100 —-16

2 Glass transition temperature measured by DSC (2nd run) @00 to
200°C at a rate of 20C min™*.

P Cold crystallization peak temperature measured by DSC (2nd run).

Endothermal
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3. Results and discussion
3.1. Miscibility of PLA/ataPHB blends in the melt at 2@0

The glass transition temperaturegy)(of binary blends
of PLA with ataPHB were determined by DSC measure-
ments, and the data are summarized in Table 1. Fig. 1
shows the DSC thermograms (2nd scan) for blends of
PLA with ataPHB of different molecular weights. THg
values of PLA with high molecular weight ataPHB
(ataPHB-1; M, = 140,000) were, respectively, 59 and
0°C, and theT, values of both components in the PLA/
ataPHB-1 blends were almost independent of the blend
composition, indicating that the binary blend is immiscible
in the melt at 208C.

DSC thermograms for PLA with low molecular weight
ataPHB (ataPHB-3M,, = 9400 showed single glass tran-
sition temperature within the ataPHB content up to 50 wt.%,
and the value decreased from 59 t6@®vith an increase in
the ataPHB content. The relationship betwdgrvalue of
PLA/ataPHB-3 blends and the blend composition is illu-
strated in Fig. 2. For miscible polymer blends th&jy
value can be expressed by Wood’s equation [30] (Eq. (1))

(b)

PLA/ataPHB-1=95/5

PLA/ataPHB-1=85/15

PLA/ataPHB-1=75/25

Endothermal

PLA/ataPHB-1=50/50

ataPHB-1 (Mw=140,000)

1 1 1 1
0 100
Temperature (°C)

1
200

Fig. 1. DSC thermograms (2nd run) of PLA/ataPHB blends at a rate°@f &0n*: (a) blend of PLA with low molecular weight ataPHB@8l,, = 9400; and
(b) blend of PLA with high molecular weight ataPHBdY,, = 140, 000).
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Fig. 2. Glass transition temperaturg) of the blend of PLA with low
molecular weight ataPHB-3.

with the k parameter treated as an empirical adjustable
parameter
Tg = (Wi Tg + KWoTgo)/(Wy + kwp) (@)

wherew; andw, are, respectively, the weight fractions of
PLA and ataPHB-3, andy, and Ty, are, respectively, the
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showed the two differeriys corresponding to the molecular
relaxations from PLA and ataPHB-2 components, suggest-
ing a biphasic separation in the melt at 200However, the

Ty value arising from PLA component dropped with an
addition of ataPHB-2 component up to 15 wt.%, suggesting
the partial dispersion of ataPHB-2 component in PLA phase.
From these results, we have concluded that the miscibility
for binary blends of PLA with ataPHB is strongly dependent
on the molecular weight of ataPHB component.

The cold crystallization peak temperatufg, of PLA
components was determined from DSC curves (2nd scan).
The results are given in Table 1. THg. values of PLA
component in the blends with ataPHB bw values of
21,000 and 140,000 decreased slightly with an increase in
ataPHB content. In contrast, tfig. values of PLA compo-
nent in the PLA/ataPHB-3 blends decreased remarkably
from 138 to 77C as the ataPHB-3 content was increased
from 0 to 50 wt.%. The depression of thg. values for the
blends of PLA with low molecular weight ataPHB-3 can be
explained, considering that the crystallization process takes
place from the single homogeneous phase.

As described above, the miscibility of PLA with ataPHB
is strongly dependent on both the molecular weight of

glass transition temperatures of PLA and ataPHB-3. The ataPHB component and blend composition. The effect of

experimentall, values of ataPHB-3 content ranging from
0 to 50 wt.% are in good agreement with the curve calcu-
lated by Wood's equation witk value of 1.9. This result
indicates that PLA is miscible with low molecular weight
ataPHB-3 in the melt at 20Q within the ataPHB content up
to 50 wt.%. However, the PLA with 60 wt.% of ataPHB-3
showed the two differentys at 10 and-2°C, suggesting a
biphasic separation in the melt.

The blends of PLA and ataPHB-2M,, = 21,000

400
ataPHB-3 ataPHB-2
(Mw=9,400) (Mw=21,000)
3
I
3 T=200 °C
§ 200 -----------=---\-"-------{-------
[}]
o
§
- T=120°C
1200 --------- Ao o\ m -
0 I
0 25 50 75 100
PLA content (%)

Fig. 3. Spinodal curves for the binary blends of PLA with ataPHB calcu-
lated using the Flory—Huggins equation with the difference in solubility
parameters of 0.58 (J c)*2. The PLA content in amorphous phase of
melt-crystallized films crystallized at 120: PLA/ataPHB-3= 95/5 (w/w)
(H); 85/15 (w/w) @); and 75/25 (w/w) A).

the molecular weight of ataPHB component on the misci-
bility of PLA/ataPHB blends can be understood on the basis
of Flory—Huggins equation [31] (Eq. (2))

AG
= i In ¢ + x1201 2

=2 = P2 2
RTV N, @

1

N, In ¢ +
where AG is the change of free energy by mixing of two
polymers, R the gas constar¥, the volume of mixing
system, ¢, and ¢, are, respectively, the volume fractions
of PLA and ataPHBN; andN, are, respectively, the molar
volumes of PLA and ataPHB, angh, is the Flory interac-
tion parameter. By assuming no specific interaction between
PLA and ataPHB molecules, the interaction paramgteis
expressed by the equation using the solubility parameters(
and 6, of blend components (Eq. (3)).

(31— 8)° _

0
RT

X12 = 3

The difference of the solubility paramete¢8; — 8,), can
be estimated from the spinod@ AG/d¢* = 0) on the basis
of the relationship between the miscibility and the molecu-
lar weight of ataPHB component. PLA is miscible with low
molecular weight ataPHB-3 in the melt at 2@0within the
ataPHB content up to 50 wt.%, while the PLA with 60 wt.%
of ataPHB-3 showed a biphasic separation. Thus, the differ-
ence in the solubility parameters of blend components in the
Flory—Huggins equation was estimated to be 0.58 (3%,
and the spinodal curves for the binary blends of PLA with
ataPHB were established (Fig. 3). As shown in Fig. 3, PLA
is miscible with ataPHB-3 in the range of 0—-50 wt.% at the
temperature (20C) of the melting blends.
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Fig. 4. Optical micrographs of PLA spherulites for: (a) pure PLA; and (b) PLA/ataPHB#?3/25 (w/w) blend crystallized at 130.

3.2. Spherulitic morphologies for PLA/ataPHB blends that the addition of ataPHB-3 induces the periodic torsion of
growing PLA lamellae. Same behavior has already been
Spherulitic morphologies for the binary blends of PLA reported by Scandola et al. [26].
with ataPHB were characterized by a cross-polarized optical  Fig. 5 shows the radial growth rate of PLA spherulit€} (
microscopy. Samples were isothermally crystallized at a for pure PLA and PLA/ataPHB blends at different crystal-
given crystallization temperature after melting at 200 lization temperatures T{). A maximum value
There was no evident slowing of the growth fronts as the (4.2um min™) of G was observed near 13D for pure
spherulites impinge. The spherulite radius increased linearly PLA. The radial growth rate of PLA spherulite§) for
with time. The radial growth rate depended on both the immiscible blends of PLA with ataPHB-1 was dependent
crystallization temperature and the blend composition. on the crystallization temperature, while the rate was inde-
Fig. 4 shows the typical optical micrographs of the PLA pendent of the blend composition. In contrast, the growth
spherulites for pure PLA and PLA/ataPHB=375/25 (w/ rate was accelerated by the addition of ataPHB component
w) crystallized at 13TC. After crystallization at 13@ from for the miscible blends of PLA with ataPHB-3, and a maxi-
the melt at 206C, PLA/ataPHB blends showed the spheru- mumG value of 12.2um min~* was observed near 1°0.
litic morphology of PLA components. For the miscible In most cases of miscible blends of crystallizable/non-
blends of PLA/ataPHB-3, there was no evidence of biphasic crystallizable polymers, the crystal growth rate of crystal-
separation, and the impinging PLA spherulites were lizable component is depressed by the mixing of amorphous
observed. This result indicates that the ataPHB-3 compo-component. The depression of crystal growth is attributed to
nent is trapped into PLA spherulites. PLA spherulites in the the diluent effect of the non-crystallizable component.
PLA/ataPHB-3= 75/25 (w/w) blend showed the obvious However, in this study the growth rate of PLA spherulites
banding morphology. However, the banding texture was was accelerated by the addition of the non-crystallizable
not apparent in the spherulites of pure PLA. It is suggested ataPHB-3 component. The chain mobility of crystallizable

(@) (b)
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Fig. 5. Radial growth rate of PLA spheruliteS)(as a function of crystallization temperatufig)(for: (a) PLA and PLA/ataPHB= 50/50 (w/w) blends and (b)
PLA and PLA/ataPHB= 75/25 (w/w) blends:l) PLA; (®) PLA/ataPHB-1; &) PLA/ataPHB-2; and€¢) PLA/ataPHB-3.
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Table 2
Thermal properties of PLA/ataPHB melt crystallized blend films

Sample Composition (w/w) T.=90°C? T.=120C T.=140C

To°(C)  AHJ-ghH X% Ta(C) AHR(gH X (%) Ta(C) AHn(ghH X (%)

PLA/ataPHB-3  100/0 178 32 42 179 51 52 184 58 64

M,, = 9400 95/5 179 38 47 179 64 69 183 75 78

My/M, = 1.6 85/15 178 41 43 177 56 68 179 74 7
75125 175 37 39 174 55 65 177 67 69

2 Crystallization temperature.

® Melting temperature measured by DSC (1st run) from 0 t®@Qt a rate of 20C min ™.
¢ Enthalpy of fusion measured by DSC (1st run).

4 X-ray crystallinity measured by WAXD.

component also affects the rate of crystal growth owing to 3.3. Solid-state structures of PLA/ataPHB blends

the changes in activation energy to transport the crystalliz-

able polymer segments towards the growing front of lamel-  Melt-crystallized films for miscible blends of PLA with
lar crystals. The viscosity of low molecular weight ataPHB- ataPHB-3 were prepared by isothermally crystallizing at 90,
3 (M,, = 9400 was much lower than that of PLAVI,, = 120 and 148C from the melt at 20T. After crystallization
680 000) in the crystallization process. Therefore, the chain for 3 days, all binary blend films showed the well-developed
mobility of crystallizable PLA component may be increased and volume-filled PLA spherulites.

by the addition of ataPHB-3 component. In the case of Thermal properties of melt-crystallized films for miscible
miscible PLA/ataPHB-3 blend, the acceleration of the blends of PLA with ataPHB-3 were characterized by DSC
growth rate of PLA spherulites may be attributed to the measurements, and the data are listed in Table 2.Tphe
increase in chain mobility of the crystallizable PLA compo- values of PLA crystalline increased with a rise in the crys-
nent by the addition of ataPHB-3 component. tallization temperature from 90 to 14D. TheT,, values of
PLA crystalline in PLA/ataPHB-3 blends crystallized at an
identical crystallization temperature depressed with an
increase in ataPHB-3 composition, suggesting that the
thickness of PLA lamellar crystals decreased by the addition
of ataPHB-3 composition.

The AHp, values of the melt-crystallized films for misci-
30 |- Lo ble PLA/ataPHB-3 blends increased with a rise in crystal-

1 lization temperatureAH,, values of the melt-crystallized
films crystallized at an identical crystallization temperature
B increased by the addition of small amount of ataPHB-3
component, and the maximum values were observed at
ataPHB-3 content of 5 wt.%.

The crystalline structure of melt-crystallized films for
miscible PLA/ataPHB-3 blends was characterized by
WAXD analysis. The diffraction patterns of all samples
showed reflections arising from the crystalline lattice of
PLA crystal. X-ray crystallinitiesX,) of PLA components
in the melt-crystallized films were calculated from the
diffraction patterns, and the data are listed in Table 2. The
X. values of binary blends increased with an increase in
ataPHB-3 content up to 5 wt.% to reach a maximum value
followed by a decrease in the crystallinity. Thg values
showed a similar trend to th&H,, values of melt-crystal-

80 90 100 lized blend films.
PLA content (%) The radial growth rate of PLA spherulites for miscible
PLA/ataPHB-3 blend increased by the addition of ataPHB-3
thicknessl|() of the melt-crystallized PLA/atgPHB-_3 blends as afunf:tion of ;?_T\%%ﬁ;é#;n:?nigewr;?t_(I:r:yisac:;;uzzr;’ ft||hne15C(';’|¥ySst?;||I|?zltey d?ift
PLA content. Symbols: (square) long period, (circle) lamellar thickness, ) . I . )
(triangle) amorphous thickness; (closed) crystallized at@4@®pen) crys- an identical crystallization temperature increased with an
tallized at 126C. increase in ataPHB-3 content. For example, the crystallinity

Thickness (nm)

Fig. 6. Plots of long periodl(), lamellar thicknessly), and amorphous
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crystallized at 12TC. Fig. 7 shows the dynamic storage
modulus of the melt-crystallized films for PLA/ataPHB-3
blends crystallized at 12G. The relaxation phenomenon
associated with the glass transition of amorphous phase
was observed in the dynamic mechanical spectra, evidenced
by the drop of the modulus. The drop of storage modulus
was observed around %G corresponding to the glass tran-
sition of the PLA amorphous region for pure PLA. For PLA/
ataPHB-3=95/5 (w/w) blend, single modulus drop was
shown at around 68 in the dynamic mechanical spectra,
indicating that the PLA component was miscible with the
ataPHB-3 component in the amorphous phase during the
! ! ! ! isothermal crystallization process at 2200n the contrary,
-50 0 50 100 150 200 the relaxation phenomena were detected at two different
Temperature (C) temperature ranges at5 and 60C for PLA/ataPHB-
_ _ _ _ 3=285/15 and 75/25 (w/w) blends, indicating that the partial
Fig. 7. Dynamic mechanical spectra of PLA/ataPHB-3 blend crystallized at

120°C: (a) pure PLA: (b) PLA/ataPHB-3 95/5 (wiw); (c) PLA/ataPHB- phase separation of two components occurs in the amor-

3=85/15 (wiw); (d) PLA/ataPHB-3= 75/25 (wiw). phous phase.
As shown in Fig. 3, the PLA/ataPHB-3 blends of ataPHB-

3 content ranging from 0 to 25 wt.% form a single homo-
of PLA component in melt-crystallized films crystallized at geneous phase af© and over. However, the amorphous
12C°C increased from 52 to 87% as the ataPHB content wasphase in the melt-crystallized films for PLA/ataPHB-
increased from 0 to 25 wt.%. These results suggest that the3 = 85/15 and 75/25 (w/w) exhibited the phase separations,
addition of ataPHB-3 component facilitated the crystalliza- as a result of dynamic mechanical thermal analysis. The
tion of PLA components in the binary blends. PLA components in the binary blends were crystallized at

The lamellar structure of melt-crystallized films for 120°C, and the non-crystallizable ataPHB-3 components
miscible PLA/ataPHB-3 blends was characterized by were concentrated in the amorphous phase. The PLA
SAXS analysis. In general, we can obtain the lamellar thick- content in the amorphous region of the melt-crystallized
ness value from the long period and crystallinity. However, blend films was calculated from the crystallinity of blend
the crystallinity determined from WAXD may be the overall films. The PLA contents in the amorphous region of melt-
value including both lamellar crystals and crystallites. crystallized PLA/ataPHB-3-= 95/5, 85/15 and 75/25 (w/w)
Therefore, in this study, to estimate the long period distance blends crystallized at 12G were 84, 53 and 29 wt.%,
(Lp), lamellar thicknessl§) and amorphous layer thickness respectively. The PLA contents in the amorphous region
(1) of the PLA lamellar stacks in the melt-crystallized blend for PLA/ataPHB-3=85/15 and 75/25 (w/w) blend films
films, the scattering data were analyzed according to thewere less than the PLA content (58 wt.%) limited to form
pseudo two-phase model using one-dimensional correlationthe homogeneous phase at A20Consequently, the partial
function, which can be taken directly as the Fourier trans- phase separation of two components may occur in the amor-
form of the scattering intensity (see Section 2). Fig. 6 shows phous phase during the isothermal crystallization process at
the relationships between the blend composition andithe  120°C for PLA/ataPHB-3= 85/15 and 75/25 (w/w) blends.

Ic andl, values. The , value of PLA crystals decreased by It is concluded that the melt-crystallized films for PLA/
the addition of 5 wt.% of ataPHB-3 component, and then the ataPHB-3= 95/5 (w/w) blend crystallized at 120 formed

L, value increased as the ataPHB-3 composition was the two phases of PLA crystalline phase and homogeneous
increased from 5 to 25 wt.%. THgvalues of PLA crystals  amorphous phase of 84 wt.% PLA content, while the PLA/
decreased slightly with an increase in the ataPHB-3 content,ataPHB-3= 85/15 and 75/25 (w/w) blends formed the three
and this result was in good agreement with the depression ofphases of PLA crystalline phase, amorphous phase with
Tm values of PLA crystalline in PLA/ataPHB-3 blends. The relatively higher PLA content and ataPHB-3 phase.

I, value decreased by the addition of 5 wt.% of ataPHB-3

component, and then thgvalue increased as the ataPHB-3
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