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Abstract

The blends of poly(lactic acid) (PLA) and poly(butylene terephthalate) (PBT) were prepared with para-
phenylene diisocyanate (PPDI) through reaction extrusion. The crystallization behavior of the PLA/PBT
blends was investigated by using a differential scanning calorimeter (DSC), a wide angle X-ray diffrac-
tometer (WAXD) and a contact angle goniometer. The biodegradability was evaluated with a buffer solution
containing esterase. The addition of PBT into a PLA polymer matrix induced the cold crystallization of
the PLA phase. The crystallization rate of the PLA phase was accelerated significantly when both PBT and
PPDI reacted with PLA simultaneously. But the chain extension caused by PPDI decreased the crystallinity
of PLA and PBT phases. The phase separation between PLA and PBT in PLA/PBT blends increased the
interfacial area exposed to hydrolysis, resulting in the improved degradability of the PLA phase. In contrast,
the improved interfacial adhesion between PLA and PBT caused by the reaction with PPDI reduced the area
that was exposed to enzyme and the degradation rate of the PLA phase.

© Koninklijke Brill NV, Leiden, 2010
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1. Introduction

Biomass polymers have received much attention recently because they have the pos-
sibility of solving environmental problems, such as the regulation of carbon dioxide
(CO») emissions and the exhaustion of fossil fuel [1-5]. PLA has become an im-
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portant biomass plastic because it is being commercially produced on a large scale
at a reasonable price and possesses high modulus, thermal plasticity, biodegrad-
ability and biocompatibility [1-3]. PLA has been used for grocery packages, waste
composting bags, sutures, bone fracture fixtures and drug delivery systems [2, 3, 6].
But it is not yet suitable for automotive parts or electrical appliances owing to its
disadvantages, such as brittleness, low heat resistance, and poor processability com-
pared with petroleum-based plastics [7]. The heat deflection temperature (HDT) of
molded PLA articles is known to be around the glass transition temperature () of
about 57°C because the crystallinity is very low under practical molding conditions
due to the slow crystallization rate [8, 9]. The poor processability is also attributed
to the slow crystallization rate [8]. In contrast, PBT shows a rapid crystallization
rate, excellent processability, and good mechanical properties [10, 11].

PLA has been blended with many polymers, including polycaprolactone,
poly(vinyl acetate), poly(butylene adipate-co-terephthalate) (PBAT), poly(ethylene
glycol), poly(butylene succinate), hexanoyl chitosan (H-chitosan), polyethylene,
etc. to investigate and improve their various properties [7, 12-21]. Jiang et al. [13]
found that the addition of PBAT accelerated the crystallization rate of PLA but
had little effect on its final degree of crystallinity. Peesan et al. [16] reported that
the crystallinity of a PLA phase in the PLA/H-chitosan blends was monotonically
decreased with H-chitosan content.

Meanwhile, it is well known that the biodegradability of PLA depends on its
crystallinity, molecular structure and morphology significantly [21]. Li and Yang
[2] studied the relationships between the hydrophilicity and biodegradability of
PLA reacted with methylene diphenyl diisocyanate (MDI). It was indicated that the
degradation rate of PLA increases with the hydrophilicity of the specimens because
the hydrolysis of ester bonds occurs on the surface of the specimen. According to
Wang et al. [22], it was revealed that the interfacial adhesion between PLA and
starch phases in PLA/starch blends reacted with MDI was improved by the forma-
tion of block copolymers due to the MDI acting as a coupling agent. Lee and Wang
[23] investigated the effects of lysine-based diisocyanate (LDI) as a coupling agent
on the biodegradability of PLA and bamboo fiber (BF) composites. It was found
that the addition of LDI delayed the enzymatic degradation of the PLA/BF com-
posites because the interfacial adhesion between the PLA and the BF improved by
the coupling effect of the LDI might decrease the area exposed to the hydrolysis of
enzyme.

The effects of PBT having a rapid crystallization rate and PPDI as a chain ex-
tender on the crystallization behavior and biodegradability of PLA in PLA/PBT
blends were investigated in this study. If they accelerate the crystallization rate of
PLA phases in the PLA/PBT blends, the heat resistance of the PLA/PBT blends
will be greatly improved under general molding conditions.
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Figure 1. Chemical structures of PLA, PPDI and PBT used in this study.

2. Experimental
2.1. Materials and Sample Preparation

Commercially available PLA (PLA Polymer 4032D, Natureworks LL.C) and PBT
(TRIBIT 1300, Samyang Co.) resins were used as polymer matrices. The density
of the PLA and the PBT was 1.25 and 1.31 g/cm?, respectively. The number aver-
aged molecular weight, weight averaged molecular weight, and molecular weight
distribution of the PLA were 116300, 206 700 and 1.78, respectively, as estimated
by gel permeation chromatography (GPC, 150C, Waters) with chloroform as a sol-
vent. The intrinsic viscosity of the PBT was 0.70 dl/g and PPDI (BASF Co.) was
used as a chain extender between PLA and PBT. As the chemical structures of PLA,
PPDI, and PBT used in this study, shown in Fig. 1, indicate, the PLA has hydroxyl
and carboxyl end groups. The PBT has hydroxyl and methyl ester end groups be-
cause it was produced by a dimethyl terephthalate-based batch process. Therefore,
it is expected that the isocyanate end groups of the PPDI will react easily with the
hydroxyl and carboxyl end groups to extend or connect the chains of PLA and PBT.

PLA/PBT blends were prepared with PPDI by using a co-rotating twin-screw
extruder (ZSK-25, Werner and Pfleiderer, diameter = 25 mm, length/diameter =
40) at a melt temperature of 230-240°C, a screw speed of 200 rpm, and a feed rate
of 12 kg/h. The extrudate was quenched in a water bath at 20°C and pelletized. The
compositions of the prepared samples are listed in Table 1. The specimens for the
measurement of HDTs and water contact angles were prepared with an injection
molding machine (LGH 100N, LS Cable) at a barrel temperature of 240°C, a mold
temperature of 30°C, and a cycle time of approximately 40 s.

2.2. Characterization

The HDTs of unannealed or annealed PLA were compared by using a HDT Tester
(6M-2, Toyoseiki). The specimens had a dimension of 127 x 12.7 x 6.4 mm?, and
the HDT was measured with a load of 4.6 kgg/cm? at a heating rate of 2°C/min fol-
lowing ASTM D648. The rheological properties were measured at 240°C by using
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Table 1.
Compositions of PLA/PBT blends

Sample Composition (Wt%)
PLA PBT PPDI

PLA 100 - -
PLA/PBT 50 50 -
PBT - 100 -
PLA/PPDI 97 - 3
PLA/PBT/PPDI 48.5 48.5 3
PBT/PPDI - 97 3

a dynamic mechanical rheometer (ARES, Rheometrics) equipped with the parallel-
plate geometry of a diameter of 20 mm in order to evaluate the chain extension of
PLA/PPDI and PBT/PPDI.

The thermal properties of the samples were investigated under nitrogen by us-
ing a DSC (DSC-7, Perkin-Elmer). Two scanning rates of 20 and 10°C/min were
applied to examine the effect of cooling and heating rates on the crystallization be-
haviors of PLA and PBT phases in the PLA/PBT blends. The test samples were
heated from 30 to 250°C at a rate of 20 or 10°C/min and held for 5 min at 250°C
to eliminate any thermal history. They were then cooled to 30°C at a rate of 20 or
10°C/min and held for 5 min at 30°C. Thereafter, they were reheated to 250°C at a
rate of 20 or 10°C/min. The Ty, the crystallization temperature (7¢), and the melting
temperature (7y,) were obtained from the DSC curves.

The crystalline properties were analyzed by using a WAXD (AUX D8 advance
with GADDS, 40 kV, 40 mA, Cu-K, Bruker) at room temperature. The wavelength
was 0.1541 nm, and the scattering angle (26) ranged from 5° to 90° at a scanning
rate of 0.01°/s. The test pellets were annealed at 75°C for 30 min as a precondition
to compare the relative crystallization behaviors at a specific temperature of 75°C.
The pellets were pulverized into powder under liquid nitrogen by using a freezer
mill to prevent the further crystallization of PLA phases in the PLA/PBT blends.
The degree of the relative crystallinity was calculated from the diffracted intensity
data of the powder by area integration method from the following equation [24-26]:

. C
Crystallinity (%) = A5 C
where A is the area under the amorphous region and C is the area corresponding to
the crystalline region.

The surfaces of the PLA/PBT specimens which were annealed at 75°C for 30 min
were observed by using a field emission scanning electron microscope (FE-SEM,
SUPRA 55VP, Carl Zeiss) after they had been fractured at 15°C. For hydrophilic-
ity measurements, the water contact angles of the specimens annealed at 75°C

x 100, (1)
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for 30 min were determined by using a contact angle goniometer (Phoenix 300,
SEO Co.).

Rectangular plates (12 x 7.2 x 1.3 mm?) were prepared by compression mold-
ing at 240°C for biodegradability measurements and quenched in water at 20°C to
prevent the crystallization of PLA phases in the PLA/PBT blends. Thereafter, they
were annealed at 75°C for 30 min to reveal the effects of crystallinity, morphology,
and hydrophilicity on the biodegradability of the PLA phases with the same an-
nealing condition. Each specimen was immersed in 5 ml of pH 8.0 buffer solution
containing esterase (from hog liver, lyophilized, 220 units/mg, Sigma-Aldrich) of
90 units (0.409 mg) at 25°C. The enzyme solution was replenished every 3 days.
At a specific period the specimens were retrieved from the enzyme solution and
washed by sonication in distilled water for 30 min. They were then weighed after
drying in a vacuum oven at 40°C for 24 h.

3. Results and Discussion
3.1. Annealing Effect on the HDT of PLA

Pure PLA is crystallized near 120°C [9, 13, 27]. The HDTs of unannealed PLA and
PLA annealed at 120°C for 1 h were measured to investigate the effect of crystal-
lization on the thermal resistance of the pure PLA as shown in Fig. 2. Since the pure
PLA was considerably crystallized during annealing at 120°C for 1 h, the HDT was
significantly increased from 57.6°C to 132.5°C. Therefore, the crystallization of
PLA can be considered as an important factor influencing the thermal resistivity of
PLA.
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Figure 2. Traces of HDT with a load condition of 4.6 kgf/cm2 at a heating rate of 2°C/min for
unannealed PLA and PLA annealed at 120°C for 1 h.
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3.2. Chain Extending

PBT having a fast crystallization rate and PPDI as a chain extender were introduced
into a PLA/PBT blending system to improve the crystallization rate of a PLA phase.
Figure 3(a) shows the complex viscosities of the PLA and the PBT at 240°C be-
fore and after the reaction with the PPDI. The complex viscosities of PLA/PPDI
and PBT/PPDI were increased as compared with those of the pure PLA and PBT,
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z | \D\u\i —e—PLA
5 : B —m—PBT
& 10 ! So_ ;
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Figure 3. (a) Complex viscosities and (b) storage moduli of the PLA and the PBT at 240°C before
and after the reaction with the PPDI.
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respectively. Moreover, the shear thinning phenomena of the PLA/PPDI and the
PBT/PPDI were observed conspicuously even at low shear rate region. It is well
known that shear thinning behavior dominates when molecular weight distribution
was broad or molecular structure was branched [28]. Therefore, it is considered
that the molecular weights of the PLA and the PBT were increased because the end
groups of their molecules could be extended or connected with each other by the
PPDI during the reaction extrusion. Their molecules might also be branched by an
allophanate reaction caused by incorporating the excess PPDI into the reaction [29,
30]. The PPDI reacted with the PBT more than the PLA in the same extrusion con-
dition because the viscosity of the PBT/PPDI was increased more than that of the
PLA/PPDI. The degree of the reaction may be different due to the factor that the
PBT has more end groups than the PLA in the same weight because the molecular
weight of the PBT is smaller than that of the PLA.

The storage moduli of the pure PLA and PBT were increased and the slopes
were decreased after the reaction with PPDI as shown in Fig. 3(b). Therefore, the
viscous effects of the polymeric melt were diminished, but the elastic effects were
increased due to the increased molecular weight and a chain branching effect. Fig-
ure 4 represents the anticipated reactions of chain extension among PLA, PBT and

0
Il
(a) _C—R—-OH + O=C=N N=C=0
RO
— — —OCN4< >—
RO OR
0 0
b) R—C 0=C=N NCO—R"
9 T
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o} 0
(¢) R"—OgNAQ—Ngo—R" + O=C=N-R"
b i
o) o)
— R"—OgNONgo—R"
b ¢=o
-y
L

Figure 4. Anticipated reactions of chain extension among PLA, PBT and PPDI with the formation of
(a) urethane bonds, (b) amide bonds and (c) allophanate bonds. R is H or CHz, R’ is the repeating unit
of PLA or PBT and R” represents the bonds reacted among PLA, PBT and PPDI.
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PPDI with the formation of urethane bonds, amide bonds and allophanate bonds.
The isocyanate end groups of PPDI can be connected with the hydroxyl end groups
of PLA or PBT molecules through urethane bonds. An excess amount of the iso-
cyanate groups may also form amide bonds or react with urethane bonds by an
allophanate reaction to induce chain branching or cross-linking, which will broaden
the molecular weight distribution of the PLA and the PBT [29, 30].

3.3. Crystallization Behavior

Figure 5(a) shows the crystallization behavior of the PLA/PBT melt obtained by
the DSC at a cooling rate of 20°C/min. The peaks were generated in the range

: PBT/PPDI
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PBT

PLA/PBT
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Figure 5. DSC traces of the PLA/PBT blends during (a) a cooling stage and (b) a reheating stage at a
rate of 20°C/min.
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Table 2.
Thermal properties of the PLA/PBT blends at 20°C/min during a cooling stage

Sample PLA phase PBT phase
Tc (°C) AHc (J/g) T (°C) AHc (J/g)

PLA - - - -
PLA/PBT - - 187.9 23.1

PBT - - 171.3 48.9
PLA/PPDI - - - -
PLA/PBT/PPDI 85.9 3.0 175.9 17.1
PBT/PPDI - - 178.3 353

of 160-200°C by the crystallization of the PBT phase. The crystallization tem-
perature and enthalpy of the PLA/PBT blends during a cooling stage are listed in
Table 2. The incorporation of PLA or PPDI into PBT matrix increased the crystal-
lization temperature of the PBT by about 9°C. The crystallization peak of the PLA
phases was not found except for PLA/PBT/PPDI. The PLA crystallization peak of
the PLA/PBT/PPDI observed near 86°C indicates that the crystallization rate of the
PLA phase was accelerated in the PLA/PBT/PPDL.

Figure 5(b) compares the crystallization and melting properties of the PLA/PBT
blends at a reheating rate of 20°C/min. In the case of pure PLA, only the T was
detected, but there was no melting peak since the crystallization of the PLA did not
take place during the DSC analysis. The melting peaks of PLA and PBT phases
were observed near 165°C and 220°C, respectively. The PBT crystallization peaks
were not detected because the crystallization of the PBT phase had been completed
at a cooling rate of 20°C/min. In the case of PLA/PBT, a melting peak and a shoul-
der in the PLA phase were separated near 165°C and two melting peaks in the
PBT phase were observed near 220°C. This may indicate that a new crystalline
structure was induced by blending PLA and PBT. However, the bimodal melting
peak may also be induced due to the annealing effect occurring during the slow
DSC scan if the less perfect crystals had enough time to melt and be transformed
into more perfect crystals, then remelted at higher temperature [13, 31]. Thus, the
change in the crystalline structure was further investigated through the analysis
of WAXD.

The addition of PBT or PPDI into PLA matrix induced the cold crystallization
of a PLA phase at 114°C, and the cold crystallization peak of the PLA phase in the
PLA/PBT/PPDI was observed at 99°C during the reheating stage. The lower cold
crystallization temperature (7.) in a heating step means that the crystallization
happens earlier in the same condition. Therefore, the crystallization rate of a PLA
phase can be greatly increased when both PBT and PPDI are added simultaneously
into a PLA/PBT blending system, like the DSC results during the cooling stage.
The thermal and crystalline properties of the PLA/PBT blends during the reheating
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Table 3.
Thermal and crystalline properties of the PLA/PBT blends at 20°C/min during a reheating stage

Sample PLA phase PBT phase
Ty Tec AHcc Tm Xec Tm Xc
O °O /g O (%) °O) (%)
PLA 59.2 - - - 0 - -
PLA/PBT 55.8 114.7 12.3 162.4 39.0 215.4 27.9
167.7 2254
PBT - - - - - 224.4 32.5
PLA/PPDI 58.3 113.4 30.8 162.7 36.1 - -
PLA/PBT/PPDI 57.1 98.7 8.1 166.4 36.2 219.1 17.2
PBT/PPDI - - - - - 214.4 244
220.7

stage are summarized in Table 3. The apparent degree of crystallinity (X.) can be
approximated using the following equation:

m,i
. ideal
@i m,i

X (%)= x 100, 2)
where A Hy, ; is the measured heat of fusion of PLA or PBT phases, ¢; is the weight
fraction of PLA or PBT, and AHﬁf’f‘l is the enthalpy of fusion for a crystal having
infinite crystal thickness (93 J/g for PLLA [16, 17, 32], 142 J/g for PBT [25, 33,
34]).

The PLA added into PBT matrix decreased the X, of a PBT phase by about 5%
as PBT and PLA/PBT are compared. The X values of PLA phases in PLA/PPDI
and PLA/PBT/PPDI were smaller than that in the PLA/PBT by about 3%, and the
X values of PBT phases in PBT/PPDI and PLA/PBT/PPDI were also much smaller
than that in the PLA/PBT as well as the pure PBT. Therefore, the chain extension
of PPDI reduces the degree of perfection of crystals in the PLA or PBT phases
because an increase in molecular weight decreases chain mobility [35]. Figure 6
shows the crystallization temperatures of the PLA/PBT and the PLA/PBT/PPDI at
two different rates of 10 and 20°C/min during cooling and reheating stages. The
crystallization peak of a PLA phase in the PLA/PBT/PPDI was also detected near
93°C at arate of 10°C/min like the DSC result at a rate of 20°C/min during the cool-
ing stage. Moreover, the crystallization temperatures of the PLA and PBT phases at
a cooling rate of 10°C/min were higher than those at 20°C/min, and the cold crystal-
lization temperatures of the PLA phases at a reheating rate of 10°C/min were lower
than those at 20°C/min. Consequently, the onset temperatures of the crystallization
of the PLA and PBT phases depend strongly on the variation rate of temperature.

The PLA/PBT blends were annealed at a specific temperature of 75°C for
30 min, and the crystallization behavior was measured by WAXD as shown in
Fig. 7. The crystallized pure PLA exhibits a very strong reflection at 26 = 17.1°
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Figure 6. Comparison of the crystallization temperatures of PLA/PBT and PLA/PBT/PPDI at two
different rates of 10 and 20°C/min during (a) a cooling stage and (b) a reheating stage.

due to diffraction from (200) and/or (110) planes, and another reflection peak oc-
curs at 260 = 19.5° due to diffraction from (203) plane [5, 36]. This profile indicates
that pure PLA crystals are typical orthorhombic crystals [37]. The crystallized pure
PBT shows five strong diffraction peaks at 15.8°,17.1°,20.4°,23.2° and 25.08°
which correspond to the (011), (010), (011), (100) and (111) diffraction planes,
respectively [38, 39].

The crystallization of the PLA phases did not happen in pure PLA and
PLA/PPDI, whereas it occurred in PLA/PBT and PLA/PBT/PPDI whose crys-
tallinity was 6.1% and 4.8%, respectively, in the same annealing conditions as
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Figure 7. WAXD curves of the PLA/PBT blends annealed at 75°C for 30 min.

Table 4.
Degradation rates after 2 weeks and the properties related to the biodegradability of the PLA/PBT
blends

Sample Contact PLA phase
angle (°) . .

Crystallinity by Degradation rate after
WAXD (%) 2 weeks (wt%)

PLA 64.8+0.6 0 0.36

PLA/PBT 63.4£1.1 6.1 0.54

PBT 63.5+0.8 - -

PLA/PPDI 67.4+£04 0 0.36

PLA/PBT/PPDI 64.6+1.3 4.8 0.39

PBT/PPDI 64.6 0.4 - -

shown in Table 4. Moreover, the creation of new peaks or the shift of peaks was not
detected in the PLA/PBT and the PLA/PBT/PPDI. This indicates that the cocrys-
tallization of both PLA and PBT molecules in the same crystalline region did not
occur. The crystallization of each PLA and PBT phase progressed independently,
and the crystallization-induced phase separation occurred to form pure phases sep-
arately [15].

3.4. Morphological Property

Figure 8 shows the SEM images of the fracture surface of PLA, PLA/PPDI,
PLA/PBT, and PLA/PBT/PPDI specimens annealed at 75°C for 30 min in order
to investigate the chain extension effects of PPDI on the morphology of PLA and
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Figure 8. SEM images of the fracture surfaces of (a) PLA, (b) PLA/PPDI, (c) PLA/PBT and
(d) PLA/PBT/PPDI specimens annealed at 75°C for 30 min.
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Figure 8. (Continued.)




Downloaded by [Siauliu University Library] at 06:50 17 February 2013

M. W. Kim et al. / Advanced Composite Materials 19 (2010) 331-348 345

PBT phases. The fracture surface of the PLA/PPDI was rougher than that of the
pure PLA as shown in Fig. 8(a) and 8(b). It was also observed that the chain ex-
tension of PLA caused by the reaction with PPDI was generated uniformly. As two
phases are shown in Fig. 8(c), it is noticed that many PBT granules were pulled out
from the PLA matrix with many voids created by the fracture process because PBT
is much more ductile than PLA. This result implies the poor interfacial adhesion
between the PLA and PBT matrices and the typical morphology of incompatible
polymer blends. In contrast, Fig. 8(d) shows that the PBT phases were torn off or
elongated in the PLA matrix owing to the improved interfacial adhesion between
the PLA and PBT phases through the chemical reaction with the PPDI.

3.5. Enzymatic Degradation

The degradation rates of PLA phases in the PLA/PBT blends annealed at 75°C for
30 min are shown in Fig. 9. The degradation rates of the PLA phases were calculated
by using the following equation:

. Woriginal — Wdegraded
Degradation rate (wt%) = £ g X

100, 3)

@i Woriginal
where Woriginal 18 the original weight of the specimens, wdegraded 18 the degraded
weight of the specimens, and ¢; is the weight fraction of PLA phases. It was ob-
served that the remaining weight of all specimens decreased almost linearly with
elapsing time. The degradation rates of PLA/PBT and PLA/PBT/PPDI were faster
than those of pure PLA and PLA/PPDI. It was more difficult for a PLA/PBT blend
reacted with PPDI to be degraded than that without PPDI as the PLA/PBT and the
PLA/PBT/PPDI were compared. The PBT phase was not degraded at all by the
enzyme used in this study.

0.6 4
—A—PLA/PBT A
0.5 === —A—PLA/PBT/PPDI ~----========== s ooo
—e—PLA
0.4+----- —O—PLA/PPDI

0.3 4

0.2 4

0.1+

Degradation rate of PLA phase (wt%)

0.0 7 T T
0 1 2

Elapsed time (week)

Figure 9. Degradation rates of PLA phases in the PLA/PBT blends annealed at 75°C for 30 min.
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The degradation rates after 2 weeks and the properties related to the biodegrad-
ability of the PLA/PBT blends are listed in Table 4 to compare the effects of
crystallinity, morphology, and hydrophilicity on the biodegradability of the PLA
phases in the same condition. It is noticed that both PLA and PBT, which have sim-
ilar contact angles, are similarly hydrophobic. According to the variation in contact
angles before and after the reaction of PLA, PLA/PBT and PBT with PPDI, their
average contact angles were slightly increased after the reaction. However, it is
shown that all the samples are very similar in their hydrophilicity because their
contact angles were almost the same.

It is known that the biodegradability of PLA decreases with an increase in the
crystallinity because the amorphous phase undergoes hydrolysis preferentially [40].
But the crystallinity of the samples does not seem to influence the biodegradability
of PLA phases in a PLA/PBT blending system. However, the phase separation be-
tween PLA and PBT in PLA/PBT blends can increase the interfacial area exposed to
the hydrolysis of enzyme as shown in Fig. 8(c). In contrast, the improved interfacial
adhesion between the PLA and PBT phases decreased the area which was exposed
to the enzyme, resulting in decreasing the degradation rate of the PLA phase.

4. Conclusions

The rheological properties of PLA/PPDI and PBT/PPDI showed that the end groups
of PLA and PBT molecules were extended by PPDI during the reaction extrusion.
Blending PLA and PBT improved the crystallization rate of each phase but de-
creased the crystallinity of the PBT phase. When PLA, PBT and PPDI were reacted
together, the crystallization rate of PLA was improved due to the synergy effect.
Since the solidification time for the material is a function of the crystallization rate,
the fast crystallization can shorten the cycle time of the injection molding. However,
the crystallinity of both PLA and PBT phases was decreased by the chain extension
of PPDI. The phase separation between PLA and PBT improved the biodegrad-
ability of PLA phases in the PLA/PBT blends, whereas the improved interfacial
adhesion between PLA and PBT induced by the reaction with PPDI decreased the
degradation rate of PLA. The decrease in biodegradability may enhance the long
term durability of the PLA/PBT blends.
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