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Abstract
This work focuses on improve the mechanical properties of poly(lactic acid)/poly(ethylene-co-vinyl alcohol) (PLA/EVOH)
blend and simultaneously remained a high Vicat softening temperature (VST) using appropriate contents of methyl methacry-
late–butadiene–styrene copolymer (MBS) via simple melt blending. The effects of MBS on the heat resistant, mechanical
properties, thermal properties and rheological behavior were examined in detail with various techniques. The VST of neat
PLA significantly increased to 159 °C from 66.8 °C after blending with 50 wt% EVOH. However, the VST was gradually
decreased with increasing MBS content but were still much higher than that of neat PLA. On the basis of the tensile and impact
tests results, PLA/EVOH/MBS blends showed a considerably higher elongation at break and impact strength. For all PLA/
EVOH/MBS blends, the thermal stability was increased compared than that of PLA/EVOH blend without MBS.With increasing
MBS content, the complex viscosity and storage modulus of PLA/EVOH blend increased, especially at low frequencies,
indicating that MBS enhanced the chain entanglement in the PLA/EVOH matrix. In addition, the results Han curves and
Cole–Cole plots indicated that the relaxation time was increased when MBS was added.
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Introduction

Poly(lactic acid) (PLA) is an aliphatic and thermoplastic poly-
ester that has attracted considerable attention because of its
renewability, biodegradability, transparency, and mechanical
properties [1–5]. Therefore, PLA is expected to replace poly-
ethylene (PE), polystyrene (PS), and other traditional
petroleum-based plastics in most applications. PLA has a
broad potential for application in the manufacturing of con-
tainers, packaging materials, fabrics, and medical devices [6,
7]. However, there are some drawbacks, including its brittle-
ness and poor heat resistance when applied to the temperature
above its glass transition temperature. For example, PLA

products fabricated by extrusion, film blowing, or injection
molding processes can only achieve a Vicat softening temper-
ature of about 60 °C [8], and this relatively poor heat resis-
tance restricts the application of PLA [9, 10]. Thus, traditional
PLA is not sufficiently heat resistance for used in the
manufacturing drinking cups for hot liquids, utensils, and oth-
er food-related containers.

Various methods have been explored to improve the heat
resistance temperature (HDT) of PLA. One method is to in-
corporate heat-resistant reinforcing fillers into PLA to increase
the HDT. Additions of wood fiber [11, 12], glass fiber [13],
cellulose fiber [14], wheat straw [15, 16], corn stover and soy
stalks [16] to PLA, were all noted to increase HDT; however,
the improvement in HDT is limited (within 20 °C). Another
method is to add a nucleating agent to increase the crystallinity
and hence improve the heat resistance of PLA. Talc [17],
montmorillonite [18], and bismaleimide [19] were studied as
nucleating agents for PLA, and behaved differently in improv-
ing the HDT of PLA. While addition of 9.1 wt% talc brought
about an increase of 1 °C in the HDT of PLA [17], incorpo-
ration of 8 wt% montmorillonite to PLA resulted in an in-
crease of 28 °C in HDT [18]. A further increment is limited
mainly due to aggregation of the nucleating agents. The third
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method is to blend PLA with highly heat-resistant polymers,
which has proved to be more effective. Polycarbonate (PC)
[20], poly(methyl methacrylate) [21], and poly(acrylonitrile-
co-butadiene-co-styrene) [22] were employed to blend with
PLA to increase its HDT.

EVOH is a semi-crystalline thermoplastic copolymer with
excellent barrier properties, high resistance to oil and higher
Vicat softening temperature. Also, EVOH is a bio-compatible
polymer and easy to process, thus it has attracted interest in
academia and industry as well. EVOH is both hydrophilic and
hydrophobic in nature due to the presence of alcohol groups
and ethylene repeating units respectively. Previous researchers
have used EVOH to improve the HDT of PLA. Liu et al.
reported that the PLA/EVOH/TAIC blends with such a
crosslinked network have dramatically enhanced the HDT
values, as high as 140 °C [23].

In this work, PLA/EVOH blend containing 50 wt% EVOH
is expected to exhibit a high VST. EVOH was purposely se-
lected because it displays a higher VST of 164 °C (measured
in our laboratory). Furthermore, the melting point of EVOH
(around 180 °C) is close to that of PLA, making it suitable for
blending with PLA. In addition, methyl methacrylate–butadi-
ene–styrene copolymer (MBS) had a soft core (butadiene–
styrene copolymer) and a hard shell (PMMA) and it used as
an impact modifier to improve the mechanical properties of
PLA in our previous research [24]. Thus, MBS was added in
order to improve the mechanical properties of PLA/EVOH
blend and simultaneously remained a high VST. The effect
of MBS content on heat resistant, mechanical properties, ther-
mal behavior and rheological properties of the PLA/EVOH
blend were investigated.

Experimental

Materials

PLA (4032D) used in this study comprising around 98% L-
lactide was a commercial product of Natureworks Co. Ltd.,
USA. It had molecular weight (Mw) of 250,000 g/mol and
polydispersity of 1.70 (by GPC analysis). MBS, trademark:
B-625, was purchased from Kaneka Corporation, Japan.
EVOH, trademark: F171B, was purchased from Kuraray
Co., Ltd., Japan.

Sample preparation

The weight ratio of the PLA/EVOH blend was fixed at 50/
50 w/w. Moreover, MBS was added to this blend at various
loadings (5, 9, 13 and 17 phr). All samples were designated
PLA, P-E0, P-E5, P-E9, P-E13 and P-E17, respectively. The
PLA, EVOH and MBS components were first dried in a
vacuum oven at 80 °C for 12 h to remove the moisture

absorbed. Then they were melted and mixed in a Haake
rheomix 600 internal mixer for 5 min. The temperature of
the mixer was maintained at 190 °C, and the roller speed
was 60 rpm. After mixing, all samples were cut into small
pieces and were hot-pressed at 190 °C, a hold pressure of
6 MPa and a hold time of 5 min, followed by quenching to
room temperature between two thick metal blocks kept at
room temperature. A template frame was used to ensure a
constant sheet thickness of 4.0 mm for impact tests and
1.0 mm for tensile tests, and care was taken to ensure the
same thermal history for all sheets.

Characterization

A heat deformation Vicat temperature testing machineWKW-
300 (Institute of Intelligence testing machine, Changchun,
China) was used to obtain the Vicat softening temperature of
all samples with the size of 12 mm× 12 mm× 3.3 mm. The
samples were heated from room temperature in silicon oil
medium under constant load of 1000 g with a heating rate of
2 °C/min according to GB/T1633-2000 (China).

The uniaxial tensile tests were carried out at room temper-
ature on an 1121 testing machine (Instron Corporation, USA).
Specimens (20 mm× 4 mm× 1 mm) were cut from the previ-
ously compression-molded sheet into a dumbbell shape. The
measurements were conducted at a cross-head speed of
10 mm/min at room temperature according to ASTM D638-
2008. At least five runs for each sample were measured, and
the results were averaged.

Notched Izod impact tests were performed at room temper-
ature according to ASTM D256-2010 on an impact testing
machine (Institute of Intelligence testing machine,
Changchun, China). The samples with dimensions 63.2 mm×
12.0 mm× 4.0 mm were obtained from compression-molded
specimens. The notch was milled in having a depth 2.54 mm,
an angle of 45o and a notch radius of 0.25 mm.

Fig. 1 Effects of the MBS content on the VST of PLA/EVOH blend
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Thermal properties of all samples were studied by dif-
ferential scanning calorimetry (DSC) (TA Instruments
Co., DSC, Q20, USA) on the specimens sliced from com-
pression molded samples. Samples (about 5–8 mg) were
placed and sealed in aluminum pans. All samples were
then heated first from 20 up to 220 °C at 10 °C/min (the
first heating scan) and held at 220 °C for 3 min to elim-
inate their previous thermal history. Following that the
samples were cooled to 20 °C at the same rate and then
heated again finally (the second heating scan).

The thermal stability of all samples was measured by ther-
mogravimetric analysis (TGA, Perkin-Elmer TGA-7, USA)
simultaneous thermal analysis instrument. All samples with
weight of 10 ± 0.2 mg were heated from room temperature
to 600 °C at10 oC/min under nitrogen.

PLA/EVOH blend without MBS and PLA/EVOH blend
with 9 phr MBS were subjected to the TGA in a nitrogen
atmosphere. The experiments were conducted at five different
heating rates (5, 10, 20, 30 and 40 °C/min) from room tem-
perature to 600 °C.

Rheological measurements of all samples were con-
ducted with the rheometer (TA Instruments Co., AR
2000ex, USA) at 190 °C. Frequency sweep for all sam-
ples was carried out under nitrogen using 25-mm plate-

plate geometry. The gap distance between the parallel
plates was 0.9 mm for all tests. The sheet samples were
about 1.0 mm in thickness. The angular frequency range
used during testing was 0.1–100 rad/s.

The morphology of the fractured surface which was
prepared under liquid nitrogen was observed using a field
emission scanning electron microscopy (SEM) (XL–30
ESEM FEG,FEI Co., USA). The surface of the samples
was coated with a thin layer of gold prior to the
measurement.

Results and discussion

Vicat softening temperature

Because VST is a key property in the selection of mate-
rials for commercial and industrial applications, improv-
ing a composite’s VST could open up new uses for PLA.
Fig. 1 shows the values of VST for all samples.
Interestingly, an obvious increase of VST was observed
when EVOH was added into PLA. For instance, the VST
of neat PLA increased from 66.8 °C to 159 °C after
blending with 50 wt% EVOH. However, the VST was
gradually decreased with increasing MBS content. For
example, the VST of PLA/EVOH blend with 17 phr
MBS reached the minmum value of 134.3 °C but was still
much higher than that of PLA. In general, there are three
options to increase the heat resistance of a polymer: in-
creasing the Tg, increasing the crystallinity, and reinforc-
ing [25]. For the PLA/EVIOH/MBS blends, the improve-
ment of VST might be due to that the addition of EVOH
and MBS hindered the movements of polymer chains and
therefore delayed the deformation to higher temperature.
In addition, it was noteworthy that the VST of all samples
were higher than the VST of 82 °C typical of polystyrene
that was usually used in the production of plates and cups
for hot food or beverages. Thus, the addition of EVOH
and MBS was significant to enlarge the application field
of PLA materials and easy to be employed in practical
processing.

Fig. 2 Stress-strain curves of all samples

Table 1 Mechanical properties of
neat PLA and PLA/EVOH/MBS
blends

Samples Young’s
Modulus (MPa)

Tensile strength
(MPa)

Elongation
at break (%)

Impact strength
(kJ/m2)

PLA 1504 ± 47 55.1 ± 4.2 5.3 ± 0.3 3.0 ± 0.2

P-E0 1321 ± 17 53.7 ± 3.6 5.9 ± 0.1 4.8 ± 0.3

P-E5 1096 ± 21 48.5 ± 2.0 9.8 ± 0.4 5.6 ± 0.2

P-E9 1042 ± 22 40.3 ± 1.8 8.6 ± 0.2 6.3 ± 0.2

P-E13 971 ± 19 38.4 ± 1.2 19.2 ± 1.2 7.6 ± 0.4

P-E17 951 ± 24 35.3 ± 1.5 24.7 ± 0.9 10.1 ± 0.6
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Mechanical properties

The goal of adding MBS to PLA/EVOH blend is to enhance
plastic elongation and reduce brittleness. The stress-strain
curves of all samples are shown in Fig. 2. It could be seen that
PLA/EVOH blend without MBS content fractured at a lower
tensile strain and no yield point was observed. The blends
presented a yield point before the break and a subsequent
plastic deformation which suggested that the addition of
MBS was an effective means to improve the tensile toughness
of PLA/EVOH blend. The tensile strength, Young's modulus,
and elongation at break for all sample are shown in Table 1. It
could be seen that PLA/EVOH blend without MBS content
exhibited a tensile strength of 53.7 MPa, Young’s modulus of
1321 MPa and an elongation at break of 5.9%. The PLA/
EVOH blend with 17 phr MBS content had a higher value
of elongation at break of 24.7%. However, the tensile strength
and Young’s modulus decreased when MBS was added,
which was due to the elastomeric nature of the PB rubber
phase in MBS. For example, the tensile strength and
Young's modulus decreased to 35.3 MPa and 951 MPa when
the fraction of MBS was 17 phr. The results indicated that the
addition ofMBS improved the ductility of PLA/EVOH blend.

Impact strength is a very important parameter to character-
ize the impact toughness and fracture resistance of materials.
The impact strength of all samples is given in Table 1. The
impact strength of PLA/EVOH blend without MBS content
was about 3.1 kJ/m2, while the PBT/EVOH/MBS blends pos-
sessed a high notched impact strength. As shown in Table 1, it
could be seen that the PLA/EVOH blend with 17 phr MBS
achieved the highest notched impact strength of 10.1 kJ/m2.
This result might be explained by that MBS could act as an
elastomer to absorb the breaking energy during the Izod im-
pact tests.

Thermal behavior

Thermal behavior of neat PLA and PLA/EVOH/MBS blends
were investigated by means of DSC and TGA. Figure 3 shows
the DSC second heating traces of all samples after quenched
from the molten sate. The parameters for thermal behavior
obtained from the heating run are listed in Table 2. As shown
in Fig. 3, it was observed that the PLA/EVOH blend exhibited

Fig. 3 DSC heating curves of all samples with a heating rate of 10 °C/min

Table 2 Thermal properties of neat PLA and PLA/EVOH/MBS blends

Samples Tg Tcc ΔHcc Tm1 Tm2 ΔHf Tonset,PLA Tmax,PLA
(°C) (°C) (J/g) (°C) (°C) (J/g) (°C) (°C)

PLA 61.4 111.4 34.6 163.0 169.7 41.9 348.0 365.5

P-E0 61.6 110.1 20.6 161.9 168.9 24.4 308.1 344.5

P-E5 61.3 111.3 16.1 162.1 169.1 18.9 324.3 344.4

P-E9 61.3 111.6 18.3 162.4 168.9 22.9 331.1 350.7

P-E13 60.4 112.3 15.9 162.4 168.8 19.4 331.5 348.2

P-E17 60.1 111.7 15.0 162.1 168.5 19.4 327.5 349.2

Fig. 4 Effect of MBS on the thermal stability of PLA/EVOH blend: a
TGA and b DTG
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a glass transition at 61.6 °C. The addition of MBS did not
result in a marked change in the glass transition temperature
of PLA. The heating curve of PLA/EVOH and PLA/EVOH/
MBS blends displayed very distinct exothermic peaks and
double melting peaks for cold crystallization temperature
(Tcc) and melting temperature (Tm) respectively. The addition
of MBS had little effect on Tcc and Tm values of PLA/EVOH/
MBS blends when compared with that of PLA/EVOH blend,
as shown in Table 2. Moreover, the melting peak of EVOH
was observed at 180 °C. The heat of cold-crystallization
(ΔHcc) and the heat of melting (ΔHf) for PLA decreased
when MBS added in the PLA/EVOH blend, suggesting that
the addition of MBS decreased the crystallinity of PLA.

The effect of the MBS on the thermal stability of PLA/
EVOH blend were studied by thermogravimetry. The integral
(TGA) and derivative (DTG) thermogravimetric curves pro-
vide information about the nature and extent of degradation
of the polymeric materials. The TGA and DTG traces for all
samples in nitrogen atmosphere are shown in Fig. 4. The ther-
mal degradation behaviors of various samples were compared

using the initial decomposition temperature (Tonset) and the
temperature of maximum rate of weight loss (Tmax) in order
to understand the effects of MBS on the thermal degradation
process of PLA. And the Tonset and Tmax of PLA are illustrated
in Table 2. In Figs. 4(a) and (b), it could be observed that neat
PLA evidenced a one-stage weight loss during thermal decom-
position, while PLA/EVOH and PLA/EVOH/MBS blends ev-
idenced a two-stage weight loss. The first stage belonged to the
degradation of PLA and the second stage was the degradation
of EVOH. Neat PLA started to decompose at 348.0 °C (Tonset).
After that, the weight loss increased quickly, and themaximum
degradation rate occurred at 365.5 °C (Tmax). The Tonset and
Tmax of PLA blended with EVOH alone that is, P-E0, it was
shifted systematically to lower temperatures. However, the
Tonset and Tmax of PLAwas shifted to higher temperature with
the usage of MBS, as shown in Figs. 4(a) and (b). Thereby, the
PLA/EVOH/MBS blends were more stable than PLA/EVOH
blend without MBS.

The dynamic TGAmethod was a promising tool to unravel
the mechanisms of physical and chemical processes that occur
during polymer degradation. Generally, for polymer degrada-
tion, all kinetic studies assume that the isothermal rate of con-
version dα/dt is proportional to the concentration of reacted
material. The rate of conversion can be expressed by the fol-
lowing basic rate equation:

dα
dt

¼ k Tð Þ f αð Þ ð1Þ

where f(a) and k(T) are function of conversion and tempera-
ture, respectively.

Fig. 5 Flynn–Wall–Ozawa plots at the following different weight losses
of a P-E0 and b P-E9

Table 3 Activation energies of P-E0 and P-E9 by Flynn–Wall–Ozawa
method

Samples Conversion α r Eα (kJ/mol) Ēα (kJ/mol)

P-E0 0.1 0.9936 129.5 120.3
0.2 0.9983 118.9

0.3 0.9939 122.9

0.4 0.9934 120.7

0.5 0.9940 116.1

0.6 0.9804 105.6

0.7 0.9681 108.7

0.8 0.9727 140.1

P-E9 0.1 0.9549 115.6 121.8
0.2 0.9859 126.7

0.3 0.9882 123.3

0.4 0.9958 116.1

0.5 0.9737 123.5

0.6 0.9789 107.9

0.7 0.9721 112.4

0.8 0.9786 149.1
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k(T) is oftenmodeled successfully by theArrhenius equation:

k Tð Þ ¼ Aexp −
Eα
RT

� �
ð2Þ

where Eα is the pyrolytic decomposition activation energy, A
the pre-exponential factor and R the gas constant.

f(α) depends on the particular decomposition mechanism.
The simplest and most frequently used model for f(α) in the
analysis of TGA data is:

f αð Þ ¼ 1−αð Þn ð3Þ

where n is the order of reaction.
Insertion of Eqs (2) and (3) into Eq. (1) gives

dα
dt

¼ β
dα
dT

¼ A 1−αð Þne−Eα
RT ð4Þ

Flynn-Wall-Ozawa method [26] Eq. (4) is integrated using
Doyle’s approximation [27], and the result of the integration
after taking logarithms is:

logF αð Þ ¼ log
AEα
R

−logβ−2:315−0:4567
Eα
RT

ð5Þ

Thus, it is used to determine the activation energy for
given values of conversion. The activation energy for dif-
ferent conversion values can be calculated from a logβ
versus 1/T plot.

The thermal degradation kinetic analysis of PLA/EVOH
blend without MBS content and PLA/EVOH blend with 9
phr MBS content were determined with Flynn-Wall-Ozawa
method. The Flynn-Wall-Ozawa plots are shown in Fig. 5.
Figures 5(a) and (b) showed that the fitting lines were straight
lines with a good correlation coefficient r, which indicated the
applicability of Flynn-Wall-Ozawa to the systems in the con-
version range investigated. The Eα of samples are given in

Fig. 6 a Dynamic storage modulus (G′) and b complex viscosity (η∗)
versus angular frequency (ω) for all samples

Fig. 7 Han plots of dynamic storage modulus (G′) versus dynamic loss
modulus (G′) at 190 °C for all samples

Fig. 8 Plots of relaxation time (λ) versus MBS content
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Table 3. Evidently, the Eα of PLA/EVOH blend with 9
phr MBS content was higher than those of PLA/EVOH
blend without MBS content at the same weight loss ex-
cept for weight loss of 10 and 40%. And the Eα of the
P-E9 was higher than that of P-E0. The results indicated
that the usage of MBS made degradation of PLA/EVOH
blend more difficult.

Oscillatory rheological analysis

Figures 6(a) and (b) show the dependence of dynamic storage
modulus (G′) and complex viscosity (η∗) for all samples, re-
spectively. According to Fig. 6(a), with respect to G′ of the
PLA blended with EVOH alone that is, P-E0, it was higher

than that of neat PLA. It was also clearly observed that G′ of
the PLA/EVOH/MBS blend melts gradually increased with
increasing MBS content, especially at low angular frequen-
cies. These were due to the fact that the addition of MBS
enhanced the melt elasticity and made the chain easier to en-
tangle in the matrix. In other words, the entanglement density
and melt elasticity of the PLA/EVOH/MBS blend were higher
than those of the PLA/EVOH blend without MBS. However,
the dependence of low-frequency G′ on ω weakens especially
at high content levels. This indicated that the large scale poly-
mer relaxations were restrained by the presence of MBS
effectively.

As shown in Fig. 6(b), neat PLA and PLA/EVOH blend
without MBS (P-E0) displayed a Newtonian liquid behavior
at low angular frequencies. Moreover, P-E0 also showed a
higher complex viscosity. For the PLA/EVOH/MBS blends,
the low-frequency η∗ increased with increasingMBS content.
The increase in η∗ of PLA/EVOH/MBS blends compared
with PLA/EVOH blend at low angular frequencies range
could be attributed to the increase of the interfacial adhesion
between MBS and PLA, caused by the formation of entangle-
ments between PLA chains and the grafted shell chains of
MBS. The toughening effect (discussed in mechanical prop-
erties) was attributed to the energy dissipation caused by these
tiny core-shell structure MBS particles having strong interfa-
cial adhesion between the shell of MBS and the PLA matrix.
In addition, the η∗ of the PLA/EVOH/MBS blends showed a
slight shear thinning at lower angular frequencies (< 10 rad/s)
and the shear thinning was more significant at higher angular
frequencies (10~100 rad/s), which indicated that the blends
had high melt strength and good processing mobility at higher
angular frequencies.

Fig. 9 Cole–Cole plots of imaginary viscosity (η′′) versus real viscosity
(η′′) for all samples

Fig. 10 SEM micrographs of cryo-fractured surfaces of PLA/EVOH/MBS blends: a P-E0, b P-E5, c P-E9, d P-E13, e P-E17
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The Han and Cole–Cole analysis of rheological
behavior

Figure 7 gives the Han plots of G′ ∼G″ for neat PLA and its
blends. The curves of blends clearly present MBS content de-
pendence. In addition, the reduced slope with the addition of
MBS indicated that the blends became more heterogeneous. It
was notable that the inflection point where the slopewas shifted
to a higher frequency with increasing MBS content. This indi-
cated that much energy was necessary to change the degree of
heterogeneity due to the increased physical association within
the blends at a high content level. Those strong interactions
and/or physical association between MBS and matrix changed
the relaxation behavior of the PLA chain inevitably. The relax-
ation time (λ) can be calculated as follows [28]:

λ ¼ G
0

η* � ω2

The calculated ratio of the relaxation time of all samples
increased gradually with MBS content at the low angular fre-
quency (0.1 rad/s), as shown in Fig. 8. It indicated that the role
of MBS made the polymer chain need longer time for the
relaxation became stronger with increasing loading levels. In
other words, the presence of MBS highly restricted the chain
mobility of PLA matrix.

The Cole–Cole plot is used to exhibit the imaginary
viscosity (η′′) versus the real viscosity (η′), where η′ =G′
′/ω, η′′ =G′/ω [29–32]. It has been reported that the plot
could be used to describe the viscoelasticity of distribu-
tion of relaxation time characteristic of heterogeneous
polymer material and analyze the miscibility of polymer
blend, and the curve could also reflect the existing net-
work structure [33, 34]. The theoretical basis of Cole–
Cole plot is Maxwell model. It is appropriate for describ-
ing the simple system of relaxation laws [29, 35, 36]. A
smooth, semicircular shape of the plotted curves would
suggest good compatibility, i.e., phase homogeneity in
the melt, and any deviation from this shape shows a non-
homogeneous dispersion and phase segregation due to
immiscibility [32, 37, 38].

The Cole–Cole plots of all samples are shown in Fig. 9. As
could be seen in Fig. 9, the differences of all samples were
very clear. For neat PLA and PLA/EVOH blend, the Cole–
Cole plots were close to a semicircle. However, addition of
MBS showed an upward inflection, which might be indicative
of poor compatibility or yield behavior. Moreover, the Cole–
Cole plots of the PLA/EVOH/MBS blends showed more ev-
ident deviation at a high viscosity with increasing MBS con-
tent, indicating the long-term relaxation of those restrained
PLA chains. The results were in agreement with the Han plots
analysis.

Phase behavior

TheMBS also had an obvious effect on the morphology of the
PLA/EVOH blends, as seen from the SEM images in Fig. 10.
A poor interfacial adhesion was illustrated by the distinct in-
terfaces between the matrix (PLA) and the dispersed sphere
phase (EVOH) for the blends without MBS in Fig. 10a. The
incorporation of 5 wt% MBS had evident infuence on the
phase morphology (Fig. 10b) and the surface was smooth.
With increasing of MBS content, a clear phase-separated mor-
phology was obaseved in Fig. 10(c)-(e). This was because
high content of MBS might cause the particles agglomeration.
Similar results has been studied in our previous research [24].

Conclusions

The effect of MBS on the heat resistant, mechanical proper-
ties, thermal properties and rheological behavior of PLA/
EVOH blends were investigated. The VST of neat PLA sig-
nificantly increased from 66.8 °C to 159 °C after blending
with 50 wt% EVOH. However, the VST was gradually de-
creased with increasing MBS content but was still much
higher than that of neat PLA. The mechanical properties of
PLA/EVOH blend was improved by incorporation of MBS.
PLA/EVOH blend with 17 phr MBS showed the higher elon-
gation at break (24.7%) and impact strength (10.1 kJ/m2), as
were improved by 318 and 226%, respectively, when com-
pared to that of PLA/EVOH blend without MBS. However,
the tensile strength and elastic modulus for blends were grad-
ually decreased with increasing MBS content. The TGA re-
sults suggested that PLA/EVOH/MBS blends were more sta-
ble than PLA/EVOH blend without MBS. With increasing
MBS content, the G′ and η* increased at the measured tem-
peratures, especially at low frequencies. The results of Han
and Cole–Cole plots confirmed that chain mobility of PLA
matrix was restricted.
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