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ABSTRACT: Differential scanning calorimetry (DSC),
wide angle X-ray diffraction (WAXD) and dynamic me-
chanical analysis (DMA) properties of poly(lactic acid)/
poly(butylene adipate-co-terephthalate) (PLA/PBAT) speci-
mens suggest that only small amounts of poor PLA and/
or PBAT crystals are present in their corresponding melt
crystallized specimens. In fact, the percentage crystallinity,
peak melting temperature and onset re-crystallization tem-
perature values of PLA/PBAT specimens reduce gradually
as their PBAT contents increase. However, the glass transi-
tion temperatures of PLA molecules found by DSC and
DMA analysis reduce to the minimum value as the PBAT
contents of PLAxPBATy specimens reach 2.5 wt %. Further
morphological and DMA analysis of PLA/PBAT speci-
mens reveal that PBAT molecules are miscible with PLA

molecules at PBAT contents equal to or less than 2.5 wt %,
since no distinguished phase-separated PBAT droplets
and tan d transitions were found on fracture surfaces and
tan d curves of PLA/PBAT specimens, respectively. In
contrast to PLA, the PBAT specimen exhibits highly de-
formable properties. After blending proper amounts of
PBAT in PLA, the inherent brittle deformation behavior of
PLA was successfully improved. Possible reasons account-
ing for these interesting crystallization, compatible
and tensile properties of PLA/PBAT specimens are pro-
posed. VVC 2009 Wiley Periodicals, Inc. J Appl Polym Sci 116: 680–
687, 2010

Key words: poly(lactic acid); poly(butylene adipate-co-
terephthalate); compatability; crystallization; blend

INTRODUCTION

Poly(lactic acid) (PLA) resins are well known as the
biodegradable, linear aliphatic thermoplastics, which
can be produced from renewable resources. How-
ever, their brittleness, slow crystallization, and hy-
drolysis properties limit their usage in many
applications. In fact, they are difficult for film-blow-
ing or extrusion unless carefully controlling their
moisture contents and processing conditions. On the
other hand, PLA resins were often blended with ali-
phatic amide1 and other inorganics2 such as talc, so-
dium stearate and calcium lactate to improve their
crystallization rates and processability. Joo et al.1

found that the overall crystallization rates of PLA

resins increased significantly with the addition of
N,N-ethylenebis (1,2-hydroxystearamide), because
the additives can serve as a nucleating agent during
the very early crystallization stage of the PLA resins.
Similar nucleating effects were also reported for
those inorganic added PLA resins during their crys-
tallization processes.2

Other than the organic and inorganic additives,
several investigators3–7 found that poly(ethylene gly-
col) (PEG) resin can also serve as an effective poly-
meric plasticizer to facilitate the crystallization rates
of the PLA resins. Lai et al.5 reported that PEG
accelerated the crystallization ability of PLA, while
the cold crystallization temperatures of PLA mole-
cules decreased significantly after the addition of
PEG. Further investigation found that, after addition
of PEG, the spherulite growth rates and nucleation
densities of PLA molecules increased and decreased,
respectively, during the isothermal crystallization at
120�C of PLA/PEG blends.5–7 Another feasible
approach to improve the flexible and toughness
properties of PLA is to incorporate a biocompatible
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flexible polymer into the relatively brittle PLA ma-
trix. As reported in the literatures,8–27 many biode-
gradable flexible resins, such as poly(ethylene oxide)
(PEO),8–12 poly(e-caprolactone) (PCL),13–18 poly(vinyl
acetate) (PVAc),19 poly(hydroxyl butyrate) (PHB),20–24

poly(butylenes succinate) (PBS)25–27 were melt-
blended with PLA to improve the flexibility (e.g.,
elongation at break (ef)) of the PLA blend. For
instance, ef values of PLA/PEO blends increase from
5% to more than 500%, as their PEO contents
increase from 0 to 20 wt %. Similarly, the ef values
of PLA/PVAc blends reach 225% after blending
only 5 wt % of PVAc in PLA. In contrast, no signifi-
cant improvement in ef values and flexibility was
found, when PLA was blended with varying
amounts of PCL, PHB and PBS resins, respectively.
The ef values of PLA/PHB blends reach merely
about 28% even after adding 60 wt % of PHB in
PLA. The ef values of PLA/PCL blends are always
less than 10% when the PCL contents are equal to or
less than 30 wt %. In fact, a phase-separated mor-
phology was identified for all PLA/PCL blends pre-
pared in their study.18 Presumably, the poor
flexibility of these PLA blends is attributed to the
poor compatibility and phase separation of PLA
phases with those of PCL, PHB, and PBS resins,
respectively.15–18,24–27

Poly(tetramethylene adipate-co-terephthalate) (PTAT)28

and Poly(butylene adipate-co-terephthalate) (PBAT)29–31

are biodegradable aliphatic/aromatic copolyesters,
which exhibit higher hydrophilicity and better proc-
essability than other biodegradable polyesters. They
also offer superior adhesion and are compatible with
many other natural polymers,28 wherein the pres-
ence of carbonyl groups in PTAT and PBAT makes
them miscible or partial-miscible with PLA and/or
other natural polymers after melt-blending. How-
ever, as evidenced by dynamic mechanical analy-
sis,32 PTAT is not compatible with PLA molecules
when PTAT contents are equal to or more than 50
wt %, in which the glass transition temperature
peaks of PTAT and PLA present in the PLA/PTAT
solution-casted film are away from each other than
those observed between pure PLA and PBAT speci-
mens. In contrast, PTAT is only partially compatible
with PLA molecules even when PTAT contents
reach about 25 wt %, at which the glass transition
temperature peaks of PBAT and PLA present in the
PLA/PTAT solution-casted film are slightly closer
to each other than those observed between pure
PLA and PTAT specimens. The rf values of PLA/
PTAT specimens reduce significantly from 28.1 to
24.6 MPa although the ef values increase from 19.3
to 97.0%, as their PTAT contents increase from 0 to
25 wt %.

The repeating units of PBAT molecules are longer
and more flexible than those of the PTAT molecules,

wherein PBAT molecules are synthesized from a
longer monoester monomer. Presumably, the molec-
ular structures of PBAT resins are more miscible
with PLA than those of the PTAT molecules during
the melt-blending processes. In fact, the processabil-
ity of PBAT was reported to be comparable to low
density of polyethylene (LDPE) with less ecological
problem when disposed.32 Jiang et al.31 reported
that, the impact strength of PLA/PBAT specimens
increase dramatically from 2.6 to 4.4 GPa although
their tensile strengths reduce from 63 to 47 MPa, af-
ter adding 20 wt % of PBAT in PLA. Further thermal
and morphological studies suggest that PLA and
PBAT molecules are not miscible but phase-sepa-
rated in PLA/PBAT blends with PBAT contents
varying from 5 to 20 wt %. However, possible rea-
sons accounting for the immiscible and/or partial
miscible behavior of PLA/PBAT or PLA/PTAT
blends were not revealed. In this investigation,
varying compositions of PLA/PBAT resins were pre-
pared by melt-blending. The compatible, crystalliza-
tion and tensile properties of PLA/PBAT blends
with varying compositions were investigated. Possi-
ble reasons accounting for the interesting compati-
ble, crystallization and tensile properties of the
PLA/PBAT blends observed in this study were
reported.

EXPERIMENTAL

Materials and sample preparation

The PLA and PBAT resins used in this study were
obtained from Cargill Dow and BASF Corporation,
respectively. The PLA/PBAT blend specimens were
prepared by melt-blending PLA and PBAT resins
using a SU-70 Plasti-Corder Mixer, which was pur-
chased form Suyuan science and Technology Corpo-
ration, Chang Zhou, China. Before melt-blending,
the PLA and PBAT resins were dried in a vacuum
oven at 80�C for 3 h and 30�C for 12 h, respectively.
The dried components of PLA/PBAT at varying
weight ratios were then melt-blended in the Plasti-
Corder Mixer. During each melt-blending process,
the Plasti-Corder Mixer was operated at 190�C and a
screw speed of 250 rpm for 3 min. The compositions
of the melt-blended PLA/PBAT specimens prepared
in this study were summarized in Table I. The hot-
pressed film specimens used for tensile tests,
dynamic mechanical, thermal, morphology and
Wide angle X-ray diffraction analysis were prepared
by hot-pressing the vacuum dried PLA and PLA/
PBAT resins prepared above at 190�C and 10 MPa
for 2 min and then cooled in a refrigerator at �18�C
at a cooling rate of 20�C/s for 10 min.
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Dynamic mechanical analysis

The hot-pressed specimens with 0.2 mm thickness
were then sectioned into a rectangular strip with a
dimension of 9 mm � 22 mm. The rectangular strips
were then used as the specimens for all dynamic
mechanical analysis (DMA) tests. The DMA experi-
ments were operated at a frequency of 1 Hz, a heat-
ing rate of 3�C/min and under flowing N2

atmosphere. The experiments were performed using
a tensile mode and in a temperature range from
�120 to 170�C.

Thermal properties

The isothermal crystallization behavior of PLA/
PBAT specimens was performed using a Perkin-
Elmer Pyris 1 differential scanning calorimetry
(DSC) instrument under flowing nitrogen at a flow
rate of 50 mL/min. The instrument was calibrated
using the pure indium. Samples weighing about 15
and 0.5 mg were hermetically sealed in standard
aluminum sample pans for glass transition and melt-
ing temperature determination of each specimen,
respectively. Samples were first heated from �50�C
to 200�C at a heating rate of 40�C/min and kept at
200�C for 10 min in order to remove any nuclei that
might act as seed crystals. The fully melted samples
were then cooled to �50�C at a cooling rate of
100�C/min and then scanned from �50�C to 200�C
at a heating rate of 40�C/min.

The percentage crystallinity (Xc) values of PLA in
PLA/PBAT specimens were estimated using base-
lines drawn from 95 to 190�C and a perfect heat of
fusion (DH0

m) of PLA of 93 J/g.33 In which, the Xc

values of PLA in PLA/PBAT specimens are eval-
uated as follows:

Xc ð%Þ ¼ DHc

ð1� /ÞDH0
m

� 100

where DHc is the net melting enthalpy of crystal-
lization of PLA/PBAT specimens obtained by
subtracting the enthalpy values of those of the re-

crystallization exthotherms and / is the weight frac-
tion of PBAT in PLA/PBAT specimens.

Tensile properties

The tensile properties of the hot-pressed PLA and
PLA/PBAT specimens were determined using a Shi-
madzu tensile testing machine model AG-10KNA at
25�C and a crosshead speed of 50 mm/min. A
35 mm gauge length was used during each tensile
experiment. The dimensions of the dog-bone shaped
specimens were prepared according to ASTM D638
type IV standard. The values of tensile strength and
elongation at break were obtained based on the aver-
age tensile results of at least five tensile specimens.

Morphology analysis

The morphology of the hot-pressed PLA and PLA/
PBAT specimens were observed using a Hitachi S-
3000N scanning electron microscope (SEM). The
fracture surfaces of the tested tensile specimens
were gold-coated at 15 keV for 10 s before SEM
examinations.

Wide angle X-ray diffraction properties

The wide angle X-ray diffraction (WAXD) properties
of the hot-pressed PLA and PLA/PBAT specimens
were determined using a Rigaku Analytical X-ray
(D/MAX-III) diffractometer equipped with a Ni-fil-
tered CuKa radiation operated at 3 kV. The speci-
men with 1 mm thickness was maintained stationary
at 25�C and scanned in the reflection mode from 2
to 50� at a scanning rate of 5� min�1.

RESULTS AND DISCUSSION

DSC analysis

Typical DSC thermograms of PLA, PBAT and
PLAxPBATy specimens scanned at 40�C/min were
summarized in Figure 1. As shown in Figure 1(a), a
thermal transition at temperatures near 60�C was
observed in the DSC thermograms of PLA specimen,
which is generally recognized as the glass transition
temperature (Tg) of PLA resins.34,35 In addition to
the glass temperature transition, a melting endo-
therm with a peak temperature at 169.8�C was
found on the thermogram of PLA specimen. In con-
trast, one can barely find the melting endotherm on
the thermogram of PBAT specimen in Figure 1(h),
wherein a board but nearly vanished melting endo-
therm with a peak temperature at around 108�C was
found. After blending PBAT in PLA resins, the per-
centage crystallinity (Xc) and melting temperature
(Tm) values of PLAxPBATy specimens reduce

TABLE I
The Compositions of the PLAxPBATy Specimens

Sample
code

PLA
contents
(wt %)

PBAT
contents
(wt %)

PLA 100 0
PLA97.5PBAT2.5 97.5 2.5
PLA95PBAT5 95.0 5.0
PLA92.5PBAT7.5 92.5 7.5
PLA90PBAT10 90 10
PLA85PBAT15 85 15
PLA80PBAT20 80 20
PBAT 0 100
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gradually as their PBAT contents increase (see Fig. 1
and Table II). Moreover, the Tg values of PLA mole-
cules reduce from 62.3 to 58.6�C as the PBAT con-
tents present in PLAxPBATy specimens increase from
0 to 2.5 wt %. However, the Tg values of PLA mole-
cules increase reversely from 58.6 to 60.8 and 61.2�C
as the PBAT contents of PLAxPBATy specimens
increase from 2.5 to 5 and 20 wt %. On the other
hand, it is worth noting that distinguished exotherms
with onset temperatures (Tonset) near 114.5�C and
105–109�C were found on the DSC thermograms of
the PLA and PLAxPBATy specimens, respectively
[Fig. 1(a–g)]. In fact, the onset temperatures of the
exotherms of PLAxPBATy specimens reduce from
109.1 to 105.0�C, as their PBAT contents increase
from 2.5 to 20 wt %. The exotherms observed for
PLA and PLAxPBATy specimens are most likely due
to the re-crystallization of PLA molecules during the
second heat-scanning processes. However, the PBAT
molecules are present mostly as melt state, as the
temperatures are near the Tonset of PLA (c.a. 114.5�C)
during their cooling processes. Instead of facilitating
nucleation of PLA, the phase-seperated PBAT mole-
cules inhibit nucleation crystallization or re-crystalli-
zation of PLA, because they are present as melt state
at temperatures near the Tonset of PLA. Moreover, less
perfect PLA crystals with lower Tm are expected to
grow as the crystallization or re-crystallization tem-
peratures are lower. As a consequence, the values of
Xc, Tm, and Tonset of PLAxPBATy specimens reduce
significantly as their PBAT contents increase.

Morphology analysis

Typical SEM micrographs of the fracture surfaces of
PLA and PLAxPBATy tensile specimens are shown

in Figure 2. As shown in Figure 2(a), relatively brit-
tle and smooth fracture surface morphology was
found on the fracture surface of the PLA specimen.
In contrast, much coarser with significant plastic
deformed debris was found on the fracture surface
of PBAT specimen [Fig. 2(h)]. After blending PBAT
in PLA resins, many demarcated phase-separated
PBAT droplets were found dispersing on the frac-
ture surfaces of the PLAxPBATy specimens, as their
PBAT contents are equal to or more than 5 wt %
[Fig. 2(c–g)]. In fact, the sizes of the phase-separated
PBAT droplets increase significantly with increasing
the PBAT contents. However, a relatively smooth
morphology without visibly phase-separated PBAT
phases was found on the fracture surface of the
PLA97.5PBAT2.5 specimen. These interesting mor-
phological results clearly suggest that PBAT mole-
cules are not miscible and phase-separated with the
PLA molecules after blending equal to or more than
5 wt % of PBAT in PLA resin. However, at PBAT
contents equal to or less than 2.5 wt %, the PBAT
molecules appear to be miscible with PLA molecules
without clearly phase-separated PBAT phases.

Dynamic mechanical analysis (DMA)

Figure 3 exhibits the temperature dependence of the
tan d curves of PLA, PBAT and PLAxPBATy speci-
mens. Two distinct transition peaks at temperatures
near 74�C and �26�C were found on the tan d
curves of PLA and PBAT specimens, respectively
[Fig. 3(a,h)]. Similar to those found in the litera-
tures,33,34 the transition peak near 74�C is recognized
as the dynamic glass transition temperature
(dynamic Tg) of PLA. The transition peak near
�26�C is most likely originated from the glass transi-
tion motions of PBAT molecules. After blending
PBAT in PLA resins, the PLA glass transitions were
always observed on the tan d curves of PLAxPBATy

TABLE II
Glass Transition (Tg), Melting (Tm) Temperatures and
Onset (Tonset,) Temperatures of the Re-crystallization
Exotherms of PLA, PBAT, and PLAxPBATy Specimens

Evaluated from DSC and DMA Measurements

Sample code

DSC DMA

Tg (
�C) Tonset (

�C) Tm (�C) aTg (
�C)

PLA 62.3 114.5 169.8 73.8
PLA97.5PBAT2.5 58.6 109.1 168.5 69.5
PLA95PBAT5 60.8 109.0 168.2 71.9
PLA92.5PBAT7.5 60.9 107.0 167.8 72.3
PLA90PBAT61.0 61.0 106.3 167.1 72.6
PLA85PBAT15 61.2 105.7 166.3 72.7
PLA80PBAT20 61.2 105.0 165.5 72.7
PBAT �15.9 � 108.0 �26.1

a The dynamic glass transition temperature (dynamic
Tg).

Figure 1 DSC thermograms of (a) PLA, (b) PLA97.5

PBAT2.5, (c) PLA95PBAT5, (d) PLA92.5PBAT7.5, (e) PLA90

PBAT10, (f) PLA85PBAT15, (g) PLA80PBAT20 and (h) PBAT
specimens scanned at 40�C/min.
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specimens. However, it is worth noting that the
glass transitions of PBAT disappeared nearly com-
pletely on tan d curves of PLAxPBATy specimens, as
their PBAT contents are equal to 2.5 wt % [Fig. 3(b)].
Only at PBAT contents equal to or higher than 5 wt
%, distinguished glass transitions of PBAT were
observed on the tan d curves of PLAxPBATy speci-
mens, and their magnitudes increase significantly

with the increase in PBAT contents [Fig. 3(c–g)]. On
the other hand, it is interesting to note that the
dynamic Tg values of PLA molecules reduce signifi-
cantly from 73.8 to 69.5�C, as the PBAT contents of
PLAxPBATy specimens increase from 0 to 2.5 wt %.
However, they increase reversely from 69.5 to 71.9
and 72.7�C, as the PBAT contents of PLA of PLAxP-
BATy specimens increase from 2.5 to 5 and 20 wt %,

Figure 3 Tan d curves of (a) PLA, (b) PLA97.5PBAT2.5, (c) PLA95PBAT5, (d) PLA92.5PBAT7.5, (e) PLA90PBAT10, (f) PLA85

PBAT15, (g) PLA80PBAT20, and (h) PBAT specimens scanned at 3�C/min.

Figure 2 SEM micrographs of the fracture surfaces of (a) PLA, (b) PLA97.5PBAT2.5, (c) PLA95PBAT5, (d) PLA92.5PBAT7.5,
(e) PLA90PBAT10, (f) PLA85PBAT15, (g) PLA80PBAT20 and (h) PBAT tensile specimens.
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respectively. In contrast, the dynamic Tg values of
PBAT of PLAxPBATy specimens reduce from �22.4
to �25.1�C, as their PBAT contents increase from 5
to 20 wt %.

Similar to the statement made in the previous sec-
tion, these DMA results support the idea that PBAT
and PLA molecules are miscible in the molecular
level as the PBAT contents present in PLAxPBATy

specimens are equal to or less than 2.5 wt %. Pre-
sumably, the significant reduction in dynamic glass
transition temperatures of PLA with increasing
PBAT contents is attributed to the compatible behav-
ior between PLA and PBAT molecules, since PBAT
molecules with much lower dynamic Tg values can
somewhat reduce the dynamic Tg values of PLA-rich
phases before phase separation at PBAT contents
equal to or more than 5 wt %. On the contrary, the
increase and reduction in dynamic Tg values of PLA
and PBAT with further increasing PBAT contents is
ascribed to the occurrence of phase-separated behav-
ior between PLA and PBAT molecules at PBAT con-
tents higher than 5 wt %, wherein the excess
amounts of PBAT molecules not only invert but also
bring additional PBAT molecules originally present
in the PLA-rich phases into phase-separated PBAT
particles. As a consequence, the dynamic Tg values
of PLA and PBAT increase and reduce significantly,
respectively, as the PBAT contents of PLAxPBATy

specimens increase from 5 to 20 wt %.
The storage moduli (E’) of PLA, PLAxPBATy and

PBAT specimens were summarized in Figure 4. As
shown in Figure 4(a,h), the E’ values of PLA and
PBAT specimens reduce significantly as their tem-
peratures increase from 60 to 80�C and �40 to
�20�C, respectively. The Tg values of glass transi-
tions accompanied by a sharp reduction in E’ of
PLAxPBATy specimens reduce as their PBAT con-
tents increase. Similar to those found in our previous
investigation,36 a significant rise on storage modulus
(E’) was found on the rubbery plateau of the PLA
specimens. The E’ values of PLA specimen increase
by almost 10-folds as the temperatures increase from
98 to 117�C. Similar increase in E’ values on the rub-
bery plateau of PLAxPBATy specimens was observed
after blending varying amounts of PBAT in PLA,
however, the onset temperatures corresponding to
the increase in E’ values shift to lower temperatures
as the PBAT contents of PLAxPBATy specimens
increase from 0 to 20 wt %. Moreover, the magni-
tudes of E’ values arose on the rubbery plateau of
PLAxPBATy specimens reduce significantly as their
PBAT contents increase [Fig. 4(b–g)]. For instance,
the E’ values of PLA80PBAT20 specimen increase by
only 1.4 times as the temperatures increase from 92
to 100�C. As evidenced in DSC analysis section, the
Xc, Tm, and Tonset values of PLAxPBATy specimens
reduce significantly as their PBAT contents increase.

Based on these premises, it is reasonable to infer
that the significant increase in E’ values of PLA and
PLAxPBATy specimens in their rubbery plateau
regions is attributed to the re-crystallization of PLA
crystals during their heat-scanning processes.

Wide angle X-ray diffraction properties

Typical wide angle X-ray diffraction patterns
(WAXD) and peak diffraction angles of hot-pressed
PLA and PLAxPBATy specimens are shown in Fig-
ure 5. A small diffraction peak centered at 2y ¼ 17�

were found on the diffuse amorphous hump of the
WAXD patterns of the PLA specimen [Fig. 5(a)].
These diffraction peaks are very similar to the dif-
fraction patterns of a form PLA crystals reported in
the literatures,37–41 and hence, are ascribed to the a
form PLA crystals formed during the melt crystalli-
zation processes of the PLA specimen. Similar to
those found in the literature,42,43 insignificant diffrac-
tion peaks centered at 2y ¼ 16.4�, 17.8�, 21.7�, 23.3�,
and 25.3� were found on the WAXD patterns of the
PBAT specimen [Fig. 5(h)]. Presumably, these small
diffraction peaks are originated from the formation
of small amounts of poor PBAT crystals during the
melt crystallization processes of the PBAT specimen.
After blending PBAT in PLA resins, the small dif-
fraction peaks originally corresponding to a form
PLA and PBAT crystals centered at 2y ¼ 17� and
21.7�, respectively, were found on the WAXD pat-
terns of all PLAxPBATy specimens. However, it is
worth noting that the magnitude of diffraction peak
centered at 2y ¼ 17� corresponding to a form PLA
crystals reduces gradually as the PBAT contents of
PLAxPBATy specimens increase. In contrast, another
insignificant diffraction peak centered at 23.1� corre-
sponding to PBAT crystals was found on the WAXD

Figure 4 Storage modulus (E0) curves of (a) PLA, (b)
PLA97.5PBAT2.5, (c) PLA95PBAT5, (d) PLA92.5PBAT7.5, (e)
PLA90PBAT10, (f) PLA85PBAT15, (g) PLA80PBAT20, and (h)
PBAT specimens scanned at 3�C/min.
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patterns of PLAxPBATy specimens, as their PBAT
contents are equal to or more than 5 wt % [Fig. 5(c–
g)]. In consistent with those found in DSC thermal
analysis, the insignificant diffraction peaks found on
the WAXD patterns of PLA, PBAT, and PLAxPBATy

specimens reveal that only small amounts of poor
PLA and/or PBAT crystals are present in these melt
crystallized specimens. Moreover, the gradually
diminished diffraction peaks of a form PLA crystals
of PLAxPBATy specimens with increasing PBAT con-
tents further support the idea that the melted PBAT
molecules can inhibit the nucleation and crystalliza-
tion of PLA molecules during their melt-crystalliza-
tion processes.

Tensile properties analysis

The tensile properties of PLAxPBATy specimens are
summarized in Figure 6. The PLA specimen exhibits
relatively high tensile strength (rf) at 58.6 MPa but

low elongation at break (ef) of 4.3%. In contrast, the
PBAT specimen exhibits relatively low tensile
strength (rf) at 11.6 MPa but particular high elonga-
tion at break (ef) of 811%. After blending PBAT in
PLA, the PLAxPBATy specimens revealed substantial
reduction in rf values but increase in ef values as
their PBAT contents increase. For example, the rf

and ef values of PLAxPBATy specimens reduce and
increase from 58.6 to 40.2 and 23.0 MPa and from
4.3 to 9.5 and 266.0%, respectively, as their PBAT
contents increase from 0 to 10 and 20 wt %, respec-
tively. These results clearly suggest that the inherent
brittle deformation behavior of the PLA specimen
was successfully improved after blending proper
amounts of PBAT in PLA resins.

CONCLUSIONS

Distinct glass temperature transition, melting endo-
therms and re-crystallization exotherms were found
on the DSC and DMA thermograms of the PLA
specimen. After blending PBAT in PLA, the Xc, Tm,
and Tonset values of PLAxPBATy specimens reduce
gradually as their PBAT contents increase. In con-
sistent with those found in DSC thermal analysis,
the insignificant diffraction peaks found on the
WAXD patterns of PLA, PBAT and PLAxPBATy

specimens reveal that only small amounts of poor
PLA and/or PBAT crystals are present in their cor-
responding melt crystallized specimens. Neverthe-
less, the magnitudes of the diffraction peaks of a
form PLA crystals of PLAxPBATy specimens reduce
gradually with increasing PBAT contents. On the
other hand, the magnitudes corresponding to the re-
crystallization and increase in E’ values of PLAx

PBATy specimens reduce consistently as their PBAT
contents increase. Further morphological and DMA
analysis reveal that PBAT molecules are miscible

Figure 6 Tensile properties of PLAxPBATy specimens
with varying PBAT contents.

Figure 5 Wide angle X-ray diffraction patterns of hot-pressed (a) PLA, (b) PLA97.5PBAT2.5, (c) PLA95PBAT5, (d) PLA92.5

PBAT7.5, (e) PLA90PBAT10, (f) PLA85PBAT15, (g) PLA80PBAT20, and (h) PBAT specimen.
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with PLA molecules at PBAT contents equal to or
less than 2.5 wt %, since no distinguished phase-sep-
arated PBAT droplets and tan d transitions were
found on the fracture surfaces and tan d curves of
PLAxPBATy specimens, respectively. However, at
PBAT contents higher than 2.5 wt %, distinguished
phase-separated droplets and tan d of PBAT mole-
cules become more clearly on the corresponding
fracture surfaces and tan d curves of PLAxPBATy

specimens, as their PBAT contents increase. In con-
trast, it is worth noting that the Tg values of PLA
molecules found by DSC and DMA analysis reduce
to the minimum value as the PBAT contents of
PLAxPBATy specimens reach 2.5 wt %. The reversely
increase in Tg values of PLA and PBAT with further
increasing PBAT contents is ascribed to the occur-
rence of phase-separated behavior between PLA
and PBAT molecules at PBAT contents higher than
2.5 wt %, wherein the excess amounts of PBAT mol-
ecules not only invert but also bring additional
PBAT molecules originally present in the PLA-rich
phases into phase-separated PBAT particles. In con-
trast to PLA, the PBAT specimen exhibits relatively
low rf but particular high ef value. After blending
proper amounts of PBAT in PLA, the inherent brittle
deformation behavior of the PLA specimen was
successfully improved.
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