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Abstract Glycidyl methacrylate (GMA) functionalized polyolefin elastomers 
(POE) (POE-g-GMA), which was a reactive processing agent, was melt-blended 
with poly(lactic acid) (PLA) and poly(propylene carbonate) (PPC) by twin-screw 
extrusion. The mechanical property results showed that with the addition of POE-g-
GMA, the elongation at break and impact toughness of PLA/PPC blends increased 
while the tensile strength decreased. Dynamic thermomechanical analysis (DMA) 
and scanning electron microscope (SEM) results indicated that PLA/POE-g-GMA/
PPC blends were partly miscible and the addition of POE-g-GMA improved the 
compatibility of blends. The higher Tcs and lower Tms of PLA/POE-g-GMA/PPC 
blends showed a depressed crystalline ability of PLA caused by the decreased chain 
mobility according to the differential scanning calorimetry results and the ther-
mal stability of PLA/POE-g-GMA/PPC blends was enhanced. Rheological results 
revealed that the addition of POE-g-GMA made the storage modulus (G′), loss 
modulus (G″) and complex viscosity of the blends increase, the melt strength also 
improved. These findings contributed to the biodegradable materials application for 
designing and manufacturing PLA film.
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Introduction

Nowadays, people show great interest in the development of commercial products 
made of biodegradable and renewable materials because of the worldwide environ-
mental concern and energy crisis [1, 2]. Poly(lactic acid) (PLA), a bio-based green 
thermoplastic derived from biomass (corn, cassava or sugar beets), can eventually be 
converted to carbon dioxide, water and humus [3, 4]. PLA has high biodegradability 
and good mechanical properties compared to many petroleum-based plastics. Unfor-
tunately, the brittleness and low glass transition temperature of the neat PLA are the 
major drawbacks for its application. And they are also problems for film extrusion 
of neat PLA [5, 6]. Many efforts have been made to improve the toughness of PLA; 
it is a more practical and economical measure to melt and blend PLA with other 
bio-degradable polymers including poly(ε-caprolactone) (PCL) [7], poly(butylenes 
succinate) (PBS) [8], poly(butyl-ene adipate-co-terephthalate) (PBAT) [9], poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) [10] and so on. Poly(propylene car-
bonate) (PPC), derived from carbon dioxide  (CO2) and propylene oxide, is a kind of 
new thermoplastic and biodegradable polymer with excellent physical and chemical 
properties [11–13]. It has been studied that the elongation and toughness of PLA/
PPC blends increased dramatically with the increase of PPC content. However, many 
researchers also find that binary blends of PLA/PPC are partially miscible. Yan et al. 
[14] found that there was no evident phase separation when the content of PPC was 
less than 30% under optical microscope. But when the content of PPC reached 40%, 
phase separation took place. Yu et al. [15] and Zhang’s group [16] reported that the 
PLA/PPC blends clearly indicated two separate Tg between PLA and PPC in the 
differential scanning calorimetry (DSC) results because of the incompatibility. As 
a two-phase system, the incompatibility between PLA and PPC especially at inter-
faces is still an unfavorable factor. It is a useful way to add the compatibilizer to 
improve these shortcomings [17–19]. Some researchers find that random copolymer 
or homopolymer can effectively improve the compatibility of incompatible blends 
and it can manipulate interface properties according to the selective localization of 
compatibilizer at the interface during the melting process [20–22]. Fu et  al. [23] 
investigated the incorporation of maleic anhydride (MA) on the effect of PLA/PPC 
blends. They noted that, at low content such as 0.9% MA, the elongation at break of 
PLA/PPC blends reached 1355% and the strength hardly changed. However, higher 
MA content in the blends led to decrease in strength and further increase in tough-
ness of the PLA/PPC blends indicating an obvious plasticizing effect. Further stud-
ies confirmed that a small amount of homopolymer poly(vinyl acetate) (PVAc) was 
able to enhance the mechanical properties of PLA/PPC blends, significantly improve 
the phase dispersion and increase the interfacial adhesion between PPC and PLA 
phases [24]. It is also considered that commercially available well-defined block or 
graft copolymer can be used as compatibilizer for immiscible polymer blends. How-
ever, to our knowledge, very limited papers have been reported so far to investigate 
the effect of well-defined block or graft copolymer on PLA/PPC blends.

In this paper, PPC was used to impart PLA with high toughness, moder-
ate intensity and melt strength for film extrusion. On the other hand, glycidyl 
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methacrylate (GMA) functionalized polyolefin elastomer (POE) (POE-g-GMA) 
was added to improve the compatibility of PLA/PPC blends and increase the 
interfacial adhesion between the PLA and PPC phase. Scheme 1 shows the pre-
dict reaction of PLA, PPC and the reactive processing agent POE-g-GMA. Then, 
the mechanical properties, miscibility, phase morphology, thermal properties and 
rheology of the polymer blends were investigated.

Experimental

Materials

Poly(lactic acid) (PLA, Mw = 130,000) was supplied by Tong-Jie-Liang Biomate-
rial Co. Ltd (Shanghai, China); poly(propylene carbonate) (PPC, Mw = 150,000) 
was purchased from Zhongke Jinlong Co. Ltd (Jiangsu, China); POE-g-GMA 
(Mw = 240,000, GMA = 1.5%) was purchased from Rizhisheng Co. Ltd (Shanghai, 
China).

Preparation of the PLA/PPC blends

PLA, PPC and the compatibilizer POE-g-GMA were dried at 60 °C for 24 h. Then 
they were mixed in a Leistritz twin-screw extruder (F: 27 mm, L/D: 40, LEISTRITZ: 
Germany), the extrusion temperature is from 155 to 175 °C and the screw speed was 

Scheme 1  The possible reaction of PLA, PPC and POE-g-GMA
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fixed at 130  rpm. The test specimens were prepared from the over-dried extruded 
blends using an injection-molding machine (JETMASTER JN55-E) at 175 °C.

Mechanical properties

Tensile tests were conducted by using a CMT5105 electromechanical universal test-
ing machine (Sans Group Company) adapted to the standard GB/T1040-2006. The 
crosshead speed was 50 mm min−1.

Izod notched impact tests were conducted using a XCJ-50 impact tester (Sans 
Group Company) adapted to the standard ISO GB/T1843-2008. Tests were done on 
specimens of 80 mm × 10 mm × 4 mm and a pendulum of 4 J. Five replicates were 
tested for each sample to get an average value.

Dynamic mechanical properties (DMA)

Dynamic mechanical properties (DMA) were characterized with a TA Instruments 
Q800 dynamic mechanical analyzer (USA) in a film-tension mode at a frequency 
of 1 Hz. The temperature ranged from – 10 to 90 °C at a heating rate of 3 °C min−1. 
And the samples were 60 mm × 10 mm × 2 mm.

Scanning electron microscopy (SEM)

The morphologies of tensile fractured surfaces were observed by an SEM 
(HTTACHI S-2360N) at room temperature. For the tensile fractured specimens, 
they were sputter-coated with a thin layer of gold before examination.

Fourier transform infrared spectroscopy (FTIR)

The samples were compression-molded into films at 180  °C with a thickness of 
50–100  μm, and the extracted samples were further analyzed by FTIR. ATR-IR 
technique was performed on a BRUKER Vertex 70 FTIR spectrometer at a resolu-
tion of 4 cm−1 for 32 scans.

Differential scanning calorimetry (DSC)

The melting and crystallization behaviors of the blends were measured by a Q100 
DSC analyzer (TA, USA) NETZSCH MDSC-Q100 DSC. The samples (about 
3–5 mg) were first heated carried out from 25 to 200 °C at a rate of 20 °C min−1 
in nitrogen atmosphere. Then they were kept at 200 °C for 3 min to eliminate the 
previous heat history. Subsequently, the samples were cooled to 0 °C at the rate of 
20 °C min−1. The second heating processing was carried out from 0 to 220 °C at the 
rate of 10 °C min−1.
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Thermogravimetric analysis (TGA)

Thermogravimetric analysis (TGA) was performed under flowing air (80 ml min−1) 
on a Q100 thermogravimetric analyzer (Tainstsh, USA) at a heating rate of 
20 °C min−1. About 5 mg of samples, placed in a TGA pan, were heated from ambi-
ent temperature to 600 °C.

Advanced rheometric expansion system (ARES)

Rheological properties were implemented with an Advanced Rheometric Expansion 
System (ARES) rheometer (TA, USA) using 25 mm diameter and 1.2 mm thickness 
plates at 175 °C. A dynamic frequency sweep test was performed to determine the 
dynamic properties of blends. The range of dynamic frequency sweep test was from 
0.1 to 300 rad s−1, with 1% strain for the blends and in the region of linear viscoelas-
tic response (LVR).

Results and discussion

Mechanical properties

The mechanical properties of PLA/PPC and PLA/PPC/POE-g-GMA were measured 
by tensile test and impact test at room temperature and are summarized in Table 1. 
Figure 1a shows the stress–strain curves of PLA/PPC blends. It was noted that neat 
PLA exhibited yielding without stress and necking, and fails at a strain around 
3.07%. With the addition of PPC, the binary PLA/PPC blends showed visible stress 
and necking. The strain at break increased from 3.07 to 228.85% with the increas-
ing content of PPC (10–90%); however, the tensile strength decreased from 61.50 

Table 1  Mechanical properties of PLA/PPC and PLA/POE-g-GMA/PPC blends

Sample Impact strength (kJ m−2) Tensile strength (MPa) Elongation at break (%)

PLA 16.60 ± 0.42 61.50 ± 1.46 3.07 ± 0.46
PLA/PPC (90/10) 19.12 ± 0.72 56.83 ± 1.88 4.47 ± 0.21
PLA/PPC (70/30) 16.15 ± 0.78 47.39 ± 2.57 17.70 ± 1.55
PLA/PPC (50/50) 13.72 ± 0.48 37.26 ± 2.82 43.20 ± 3.14
PLA/PPC (30/70) 12.35 ± 1.04 24.34 ± 1.61 174.12 ± 5.72
PLA/PPC (10/90) 10.22 ± 0.92 20.32 ± 2.50 228.85 ± 4.85
PLA/POE-g-GMA/PPC 

(30/1/69)
15.26 ± 0.72 16.60 ± 0.72 173.90 ± 8.56

PLA/POE-g-GMA/PPC 
(30/3/67)

23.47 ± 1.03 17.58 ± 1.03 205.12 ± 6.55

PLA/POE-g-GMA/PPC 
(30/5/65)

29.86 ± 0.86 18.69 ± 1.48 221.02 ± 4.14

PLA/POE-g-GMA/PPC 
(30/7/63)

25.18 ± 1.74 17.35 ± 1.24 212.46 ± 8.22
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to 20.32 MPa. As we know, PLA materials require high toughness, moderate inten-
sity and melt strength for film extrusion, so in this work, PLA/PPC (30/70) blends 
were chosen for further investigation with the addition of POE-g-GMA. As shown 
in Fig. 1b, the elongation at break was obviously improved in the presence of POE-
g-GMA compared to before.

As shown in Fig. 2a, the tensile strength of the PLA/POE-g-GMA/PPC blend 
decreased when 1% POE-g-GMA was added, in comparison with the PLA/PPC 
binary blend. However, the tensile strength can be slightly increased from 16.60 
to 18.69  MPa with the further addition of POE-g-GMA. From the Fig.  2b, we 
can also find that the elongations at break also increased when POE-g-GMA 
increased from 0 to 5%. These results indicated that POE effectively improves the 

Fig. 1  Stress-strain curves for a PLA/PPC blends; b PLA/PPC (30/70 wt%) blends in the presence of 
POE-g-GMA
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toughness of the polymer blends. Further addition of POE-g-GMA (7%) beyond 
the optimum amount (5%) had the opposite effect on tensile strength and ultimate 
strain as embrittlement sets in. This result agreed with that of literature [25].

Fig. 2  a Tensile strength of PLA/PPC/POE-g-GMA blends; b elongation at break of PLA/PPC/POE-g-
GMA blends
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Figure 3 gives the impact toughness of the blends. It is interesting to note that 
the toughness of blends exhibited the same tendency as the elongation at break. The 
impact strength enhanced dramatically from 15.26 to 29.86 kJ m−2 when POE-g-
GMA content increased from 0 to 5%, and decreased to 25.18 kJ m−2 with further 
increasing POE-g-GMA content to 7%. All above results revealed that the compat-
ibility between PLA and PPC was greatly improved by POE-g-GMA, indicating that 
a reaction took place between the epoxy groups of POE-g-GMA and carboxyl or 
hydroxyl groups of PLA/PPC. Thus, excess epoxy groups may lead to cross-linking, 
which brought about saturated and evenly decreased of impact strength. The possi-
ble reaction of PLA, PPC, and POE-g-GMA showed in Scheme 1.

Dynamic mechanical analysis (DMA) properties

Typical tan δ curves for PLA, PPC and PLA/PPC/POE-g-GMA blends are shown in 
Fig. 4. There are two glass transition temperatures (Tg): the lower one correspond-
ing to the PPC phase and the higher one corresponding to the PLA. And Tg1 and 
Tg2 of all samples were summarized in Table 2. The Tg of pure PLA and pure PPC 
presents 75.1 and 26.1 °C, respectively. When 70% PPC was added to PLA, the Tg 
of PLA decreased while Tg of PPC increased. It is also noted that Tg1 of PPC shifts 
from 25.4 to 37.6 °C and Tg2 of PLA shifts from 65.6 to 69.5 °C with the increase of 
POE-g-GMA content (1–7%), respectively. This clearly indicates that POE-g-GMA 
reacted with PLA and PPC as a reactive substance resulting in higher molecular 
segments which limit the movement of the segment. From DMA results, we can 

Fig. 3  Impact strength of PLA/POE-g-GMA/PPC blends
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conclude that the compatibility of PLA/PPC blends was improved with the addition 
of POE-g-GMA.

Morphological analysis by SEM

In order to further prove the enhanced compatibility by adding POE-g-GMA to 
PLA/PPC blends, the phase morphology of PPC/PLA and PLA/PPC/POE-g-GMA 
blends was investigated by SEM. The morphology of tensile specimens is presented 
in Fig. 5. Figure5a clearly revealed that PLA/PPC (30/70) blends showed a kind of 
immiscible, namely, two-phase structure, as well as cavitation caused by de-bond-
ing. This phenomenon indicated that the weak interfacial adhesion is associated with 
the incompatibility in PLA/PPC blends. The weak interface between PLA and PPC 
was also responsible for limited improvement in mechanical properties. For PLA/
PPC/POE-g-GMA (30/65/5) blends, we could find that the phase interface became 
smooth, fuzzy and had no cavitation indicating that the interfacial adhesion between 
PLA and PPC was improved with the addition of POE-g-GMA, as shown in Fig. 5b. 
That was also the fact that the composites exhibited considerable ductile behavior 
and an appropriated improvement in toughness.

Fig. 4  Tan δ as a function of temperature for PLA/POE-g-GMA/PPC blends

Table 2  DMA results of PLA/
POE-g-GMA/PPC blends

PLA PPC 30/70 30/1/69 30/3/67 30/5/65 30/7/63

Tg1 25.4 26.8 28.3 29.5 31.5 37.6
Tg2 73.9 65.6 65.4 66.2 67.4 69.5
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FT‑IR spectra analysis

The possible molecular mechanism for the interactions between the POE-g-GMA 
and the two matrix components (PPC and PLA) was analyzed with ATR-FTIR 
spectra (Fig. 6). The peak around 3400 cm−1 is very negligible due to the stretch-
ing vibration of O–H in end-hydroxyl groups and the peak around 2950  cm−1  is 
attributed to C–H bond stretching vibration. The band at 1748 cm−1 corresponds to 

Fig. 5  Tensile-fractured surface morphology of the blends: a PLA/PPC (30/70); b PLA/POE-g-GMA/
PPC (30/5/65)
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the –C=O group of PLA and 1716 cm−1 corresponds to the –C=O group of PPC, 
respectively. Moreover, the peaks at 1716 cm−1 became weaker with the increase of 
POE-g-GMA, suggesting that POE-g-GMA was likely to react with the two com-
ponents and improve the interaction between PPC and PLA molecules [26]. The 
–O–C–O– stretching modes give rise to intense and complex multiple peaks from 
1000 to 1200 cm−1. These results indicated that the potential molecular mechanisms 
for the enhanced interaction may be the  CH3···O = C interaction between blends and 
the possible reaction of PLA, PPC, and POE-g-GMA.

Thermal analysis by DSC

In this study, as shown in Fig. 7 and Table 3, the melting and crystallization behav-
ior of these blends were investigated. The second heating run was chosen as the 
DSC results for PLA/POE-g-GMA/PPC blends. The exothermic peaks could be 
regarded as the crystallization of PLA because of the amorphous nature of PPC and 
semi-crystalline nature of PLA. Comparing with DSC curves of different sample, 
there were some differences between the presence and absence of POE-g-GMA. 
As shown in Table 3, the incorporation of POE-g-GMA increased cold crystalliza-
tion temperature (Tc) of PLA phase. As we know, the higher Tc of PLA indicated a 
depressed crystalline ability of PLA. The decreased cold crystallization ability of 
PLA phase may be attributed to the strong interaction between POE-g-GMA and 
PLA by hindering the movement and rearrangement of molecular chains. Cor-
respondingly, the lower enthalpy of cold crystallization of the PLA also indicated 
lower degree of crystallization. For example, the △Hc values of the 30/70 PLA/PPC 
blends were 29.3 J g−1, which decreased by about two times compared with that of 
PLA/POE-g-GMA/PPC (30/5/65) blends.

Fig. 6  FTIR spectra of PLA, PPC and the composites
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Furthermore, the PLA/PPC blends with or without POE-g-GMA displayed two 
melting peaks. The reason why two melting peaks originated was that some less per-
fect crystals gained enough time to be melted and reorganized into crystals with higher 
structural perfection at a relatively slow heating rate, and re-melted at higher tempera-
ture [27]. For PLA/POE-g-GMA/PPC blends, we can find that the second melting tem-
perature (Tm2) slightly decreased with the increasing of POE-g-GMA; however, Tm1 
kept almost constant. The results could be explained as above results that the crystalli-
zation of perfect PLA crystalline is hindered by high molecular weight component and 
entangled macromolecules due to the reactions between POE-g-GMA and polymers.

Thermal stability by TGA 

Figure 8 shows the TGA curves and DTG curves for PLA and its composites. From 
the results shown in Fig. 8a, it is found that PLA underwent a one-stage degradation 

Fig. 7  DSC thermograms for PLA/POE-g-GMA/PPC blends during the second heating run

Table 3  DSC results of PLA/
POE-g-GMA/PPC blends

POE-g-
GMA 
content (%)

Tc/°C △Hc (J g−1) Tm1/°C Tm2/°C △Hm (J g−1)

0 107.9 29.3 162.3 168.7 35.8
1 108.3 28.6 162.6 168.2 33.3
3 112.9 19.5 162.7 168.6 29.3
5 111.7 15.9 162.3 167.0 23.6
7 109.8 9.5 162.6 166.8 14.5
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process which started decomposing around 321 °C (T5%) and almost no residue was 
left when heated to 400 °C. The thermal decomposition of PLA is a very compli-
cated process that involves different mechanisms. At low temperatures, PLA deg-
radation is based on the loss of end groups from the main chain (backbiting ester 

Fig. 8  a TGA curves and b DTG curves of PLA, PLA/PPC, PLA/POE-g-GMA/PPC blends under nitro-
gen
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interchange) or ester change in intra- or intermolecular to form oligomers or cyclic 
oligomers. During decomposition, a lot of gaseous products are generated, such as 
cyclic oligomers, lactide, acetaldehyde, carbon monoxide and carbon dioxide. Deg-
radation of plain PPC starts at quite low temperatures but fully decomposed around 
570 °C. The addition of 70% PPC induced a shift of the degradation range of the 
blends to lower temperatures which greatly decreased the onset (T5%) and tempera-
ture at 50% mass loss (T50%) of neat PLA by 49 and 62 °C, respectively. Thermal 
decomposition of PPC occurs via random chain scission with evolution of  CO2 [28]. 
It is likely that the evolved gas interferes with thermal degradation mechanisms of 
PLA in the blends, accelerating it. As the same time, we can find that PLA/PPC 
(30/70) blends show a two-step degradation behavior in Fig. 8b. The first step cor-
responds to almost complete decomposition of the PPC matrix while the second one 
belongs to PLA. Compared to the pristine PLA without residual char, the PLA/PPC 
blends yielded 1.42 wt% char after the experiment. This behavior is mainly due to 
physical and chemical reactions promoted by transesterification of PLA and PPC.

When the POE-g-GMA was added in PLA/PPC blends, the main degradation 
process of the PLA/PPC blends fundamentally did not change but appeared a third 
step belonging to POE-g-GMA. It is interesting to note that after adding 1, 3, 5% 
POE-g-GMA, the onset (T5%) of PLA/PPC blends almost kept the same, however, 
temperature at 50% mass loss (T50%) of PLA/PPC blends increased by 8, 9 and 
23 °C, respectively. When the POE-g-GMA is 7%, the onset (T5%) and temperature 
at 50% mass loss (T50%) of PLA/PPC blends increased by 16 and 29 °C. Compared 
to the PLA/PPC blends with 1.42  wt% residual char, the PLA/POE-g-GMA/PPC 
blends yielded 3.79 wt% char after the experiment. These phenomena demonstrated 
that the addition of POE-g-GMA enhanced thermal stability of PLA/PPC blends 
mainly due to physical and chemical reactions between the PLA and PPC promoted 
by POE-g-GMA (Table 4).

Rheological properties by ARES

As the addition of POE-g-GMA resulted in a finer phase structure (Fig.  5) and 
efficiently improved the mechanical properties of PLA/PPC blends, so ARES was 
carried out to investigate rheological properties of the blends with compatibilizer 
POE-g-GMA.

Figure 9a, b shows the storage modulus (G′) and loss modulus (G″) curves of the 
PLA/POE-g-GMA/PPC blends. With the addition of POE-g-GMA, all the samples 
showed a typical increase in G′ and G″ at nearly all frequencies. The higher abso-
lute values of dynamic moduli indicated the formation of entanglement structures in 
PLA/PPC melts [29]. Now the higher storage modulus (G′) and loss modulus (G″) 
of the melts clearly revealed a further entangled macromolecular chain. This may be 
due to the fact that POE-g-GMA is easy to entangle with PLA and PPC due to its 
long chain by the increase of POE-g-GMA content.

The complex viscosity (η*) of PLA/POE-g-GMA/PPC blends was shown as 
Fig. 9c. It can be clearly seen that all samples displayed a shear-thinning tendency 
indicating a classical liquid-like behavior of the polymer melt. And the addition of 
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POE-g-GMA had a dramatic effect on the complex viscosity of the blends result-
ing in higher η* at nearly all frequencies. The increasing complex viscosity of 
PLA/POE-g-GMA/PPC blends indicated that the reaction between POE-g-GMA 
and the PLA/PPC blends greatly increased the molecular interactions of the blend 
system and remarkably hindered the movement of molecular chains. Furthermore, 
the enhancement in complex viscosity of PLA/POE-g-GMA/PPC blends had been 
largely improved, which could be used in film extrusion.

Conclusions

The blends of PLA/PPC and PLA/PPC with POE-g-GMA as a reactive processing 
agent were successfully prepared by melt extrusion. The effect of POE-g-GMA on 
the mechanical properties, miscibility, phase morphology, crystallization behav-
ior and rheology were investigated. With the addition of POE-g-GMA, the blends 
yielded with stress whitening and necking. And the strain-at-break of the PLA/
POE-g-GMA/PPC blends and impact toughness was dramatically increased with-
out severe loss in tensile strength. DMA results showed that PLA/POE-g-GMA/PPC 
blends were partially miscible. The Tg of PLA and PPC both shifted toward higher 
temperatures at the presence of POE-g-GMA due to the enhanced effect of POE-
g-GMA on PLA/PPC blends. SEM results indicated that PLA/PPC blends trans-
formed from two-phase structure to fuzzy, smooth phase interface revealing better 
miscibility of PLA/PPC blends with the addition of POE-g-GMA. Furthermore, 
the enhanced interfacial adhesion between PLA and PPC phases resulted in ductile 
behavior and the increasing toughness. ATR-FTIR study indicated the occurrence of 
the chemical reaction between PLA, PPC and POE-g-GMA, which accounted for the 
formation of a new copolymer. The higher Tcs and lower Tms of PLA/POE-g-GMA/
PPC blends showed a depressed crystalline ability of PLA caused by the decreased 

Table 4  Results of 
thermogravimetric analysis

a Temperature at 5% mass loss
b Temperature at 50% mass loss
c Temperature at maximum degradation rate
d The experimental value of char residue at 600 °C

Sample T5% (°C)a T50% (°C)b Tmax (°C)c CRd
exp

PLA/POE-
g-GMA/
PPC

Step 1 Step 2 Step 3

PLA 321 378 380 – – –
PPC 271 320 297 – – 1.42
30/0/70 272 328 288 400 – 3.79
30/1/69 274 330 285 402 473 3.71
30/3/67 270 329 285 398 473 3.72
30/5/65 271 340 284 403 476 4.17
30/7/63 288 350 285 405 478 6.01
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Fig. 9  a Storage modulus (G′); 
b loss modulus (G″); c complex 
viscosity (η*) versus frequency 
for PLA/POE-g-GMA/PPC 
blends
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chain mobility. From the TGA results, the POE-g-GMA functions as a reactive agent 
to enhance the thermal stability of PLA/PPC blends. Rheological results revealed 
that the addition of POE-g-GMA made the storage modulus (G′), loss modulus (G″) 
and complex viscosity of the blends increase, and the melt strength also improved.
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