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Abstract 
In this study, we demonstrate the enhancement in thermal stability of po-
lyoxymethylene (POM)-based biopolymer blend materials. Polyoxymethy-
lene (POM)/Polylactic acid (PLA) blends have been used as alternative 
biopolymer materials for supporting environmental problems with thermal 
stability feature. The effects on POM biopolymer blend materials with a 
controlled PLA amount in their compositions under various injection con-
ditions, were investigated by thermogravimetric analysis, dynamic mechan-
ical analysis, and differential scanning calorimetry. The POM/PLA biopo-
lymer blend materials showed POM phase acted as a homogeneous nucleat-
ing site for increasing PLA crystallization, which improves storage modulus 
of the blend materials. The decomposition temperatures of POM/PLA bio-
polymer blends tend to shift around 30˚C - 50˚C lower compared to the 
decomposition temperatures of PLA. Thus, the decomposition temperature 
behavior of POM/PLA blends seems to be closer to POM. The suitable ratio 
in POM70/PLA30 resulted in the high strength of the blend materials. The 
POM/PLA biopolymer blend material was tested at various injection speeds 
and good miscibility was obtained at an injection speed of 100 mm/s. This 
enhancement of thermal stability in POM/PLA blend materials should be 
useful in the development of high-performance bio-based thermoplastic ma-
terials. 
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1. Introduction 

This research focuses on the enhancement in thermal stability of POM bio-
polymer blend materials with controlled components in the compositions 
under varied injection conditions, where polyoxymethylene (POM) is selected 
as the main material. The engineering industry requires materials with high 
strength and durability, which does deform easily, among other properties. 
POM is a semi-crystalline engineering thermoplastic that has reported high 
stiffness, toughness, thermal, and dimensional stability [1] [2] [3]. To over-
come the disadvantages of polymers, blending different polymers is nomi-
nated as a convenient way to develop alternative polymeric materials. The 
polymer blend may have intermediate properties between those of the indi-
vidual components. However, miscibility is unusual in polymer blends, con-
sidering the complexities of the components in the compositions. Many re-
searchers have reported using specific contents of some components with 
great care to obtain the required combination [4] [5]. Miscibility is a favora-
ble feature because it is usually associated with a good level of mechanical 
properties. Thus, it is interesting to study the individual component behaviors 
and mechanical and thermal properties of either miscible or partially miscible 
polymer blends. 

Nowadays, biopolymers have become the most popular material for support-
ing environmental problems. The thermoplastic compositions are required to be 
based on potentially renewable raw materials, at least in part. Polylactic acid 
(PLA) is classified as a biopolymer-based material and has advantageous proper-
ties such as high stiffness and strength but suffers from brittleness and low 
toughness [6] [7] [8]. It is possible to adjust POM-based blend materials by us-
ing properties of PLA content to get the desired performance. The appropriate 
composition of PLA can produce bio-based polymer blend materials. The do-
cumented resources show that PLA has limitations in its applications due to its 
low glass transition temperature (Tg) [9] [10]. At temperatures higher than 56˚C 
as the Tg of PLA [11], only the crystalline phase of PLA can offer excellent me-
chanical and thermal properties. Therefore, the crystalline form is important as 
it increases the temperature resistance and thermal stability of the material. The 
highest degree of crystallinity in the total crystallization was reported to be ap-
proximately 40 wt% PLA [12]. Considering the fabrication process of the blend 
materials, it is well known that the process conditions affect the polymer charac-
teristics and properties. The injection speed is one such process condition that 
was considered for improving the polymer structure after careful speed adjust-
ment. If the injection speed exceeds a certain limit, the materials reach a high 
temperature that may lead to a change in its molecular orientation as well as 
characteristics [13] [14]. 

In this work, the designation of the compositions for the controllable thermal 
stability of PLA in the POM/PLA blends and the effects of injection speeds on 
the thermal properties were evaluated. 
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2. Experimental 
2.1. Materials 

Mitsubishi Engineering-Plastic Co., Ltd. from Japan supplied the POM as copo-
lymer under the trade name Lupital V20-HE. PLA (biopolymer) was supplied by 
Unitika Ltd. from Japan under the trade name TERRAMAC TE-2000. The 
blending technique was used in this study. The melting temperatures of POM 
and PLA are 155˚C and 170˚C, respectively. The densities of POM and PLA are 
1.39 g/cm3 and 1.25 g/cm3, respectively, as per ISO 1183. The melt flow rates of 
POM and PLA are 10 g/10min at a temperature of 190˚C and a load of 2.16 kg, 
according to ISO 1133. 

2.2. Preparation of Specimens 

POM-based and PLA biopolymer pellets were dried in an oven at 80˚C for 16 h 
to remove all moisture. Next, all pellets were blended using a dry blending me-
thod. The compositions of POM/PLA blends are determined in Table 1. The 
dumbbell shaped specimens were fabricated using an injection molding machine 
(PO YUEN UM50) as shown in Figure 1. The injection speeds used were 10 
mm/s, 50 mm/s, 100 mm/s, and 1000 mm/s. The barrel temperatures from the 
hopper to the nozzle were adjusted to 160˚C, 160˚C, 180˚C, 190˚C, and 190˚C. 
The mold temperature and cooling time were set at 30˚C and 20 s, respectively. 
 

 
Figure 1. Photographs of dumbbell shaped spe-
cimens of POM, PLA, and their blends. 

POM100 POM70PLA30 PLA100POM30PLA70
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Table 1. Summary of the specimen compositions of POM/PLA blends and labeling. 

Code POM content (wt%) PLA content (wt%) 

POM100 100 0 

POM70/PLA30 70 30 

POM30/PLA70 30 70 

PLA100 0 100 

2.3. Test Procedures 

Differential scanning calorimetry, (DSC2920) from TA Instruments, can be de-
fined as a technique to analyze the thermal properties of polymers. Specimens 
with weights between 5 - 10 mg were cut from the biopolymer blend materials 
and put into aluminum pans. The ramp type DSC testing method was used. The 
specimens were heated from 25˚C to 200˚C at a heating rate of 10˚C/min. The 
degree of crystallinity (Xc) of the specimens was calculated by the following Eq-
uation (1):  

100

100%m
c

f P

H
X

H W
∆

= ×
∆ ×

                     (1) 

where mH∆  is the enthalpy of melting, 100fH∆  corresponds to the heat of fu-
sion at 100% polymer crystallization ( 100fH∆  of POM and PLA is approximate-
ly 326 [15] and 93.6 [16] J/g, respectively), and WP is the net weight fraction of 
the polymer.  

Dynamic mechanical analysis (DMA) is a technique that monitors the elastic 
and viscous response of a specimen under an oscillating load against time, tem-
perature, or frequency of oscillation [17]. DMA was performed using DMA 2980 
from TA Instruments that was assembled in a double-cantilever mode. The 
thickness, width, and length of the specimens were 3 mm, 10 mm, and 60 mm, 
respectively. The span length was set at 48 mm. The DMA was carried out for 
variant oscillation frequencies of 0.1 Hz, 0.16 Hz, 0.25 Hz, 0.4 Hz, 0.63 Hz, 1 Hz, 
1.6 Hz, 2.5 Hz, 3 Hz, 6.3 Hz, 10 Hz, 15.8 Hz, 25 Hz, 39.8 Hz, 63 Hz, and 100 Hz 
in the temperature range between 30˚C to 100˚C with an incremental tempera-
ture of 5˚C for all specimens. In this study, storage modulus (E'), loss modulus 
(E''), and tan delta were reported as functions of temperature. 

Thermogravimetric analysis (TGA) proceeded on the Discovery TGA equip-
ment using TRIOS software (TA Instruments). Each specimen weighing ap-
proximately 2 - 5 mg was cut from the biopolymer blend materials and put in a 
platinum-HT pan. The specimens were heated from 25˚C to 600˚C at a heating 
rate of 20˚C/min under nitrogen atmosphere. 

3. Results and Discussion 

3.1. Effect of Injection Speeds on the Melting Temperature and  
Degree of Polymer Crystallinity of POM70/PLA30 

As mentioned before, the thermal properties of the blend materials can be im-
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proved by adding PLA content. However, the complexities of the components in 
the compositions are concerning. Specific content from some components has to 
be used carefully [18]. It is necessary to increase the amount of the crystalline form 
of the material in order to increase the temperature resistance. The maximum de-
gree of crystallinity that can be obtained in the fully crystallized state is 40 wt% 
PLA [19]. Namely, to overcome the weakness in thermal properties of the 
POM/PLA blends, POM70/PLA30 seems to be a significantly high-performance 
material due to its suitable composition. Next, the effect of various injection speeds 
on POM70/PLA30 was investigated.  

Figure 2 shows the DSC curves of POM70/PLA30 with various injection 
speeds, 10 mm/s, 50 mm/s, 100 mm/s, and 1000 mm/s. The DSC results of 
POM70/PLA30 were investigated by using the ramp method from room tem-
perature (25˚C) to 200˚C. The melting temperatures (Tm) of the POM phase of 
POM70/PLA30 are approximately 154.12˚C, 154.08˚C, 153.02˚C, and 154.02˚C 
for injection speeds of 10 mm/s, 50 mm/s, 100 mm/s, and 1000 mm/s, respec-
tively. While the Tm values of the PLA phase of POM70/PLA30 are approx-
imately 165.47˚C, 165.59˚C, 165.52˚C, and 165.82˚C for injection speeds of 10 
mm/s, 50 mm/s, 100 mm/s, and 1000 mm/s, respectively. These results indicate 
that the PLA content in POM70/PLA30 has no effect on the shifting of the Tm 
peaks of the blend materials. It can be considered that the results remain un-
changed for the melting temperature of the materials in terms of thermal stabili-
ty when using them in the industrial process. 

Figure 3 shows the degree of crystallinity (Xc) for POM70/PLA30 at various 
injection speeds, 10 mm/s, 50 mm/s, 100 mm/s, and 1000 mm/s. The results 
show that the in Xc of polymer blends is significantly affected by the various in-
jection speeds. Figure 5 illustrates the Xc of POM70/PLA30 at various injection 
speeds, 10 mm/s, 50 mm/s, 100 mm/s, and 1000 mm/s. Moreover, next, the ef-
fect of change in Xc on the polymer structure was considered. This behavior was 
investigated from the corresponding melting behaviors of the POM phase with  
 

 

Figure 2. DSC curves of POM70/PLA30 with various injection speeds. 
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Figure 3. Degree of crystallinity (Xc) of POM70/PLA30 with various 
injection speeds. 

 
the PLA phase in POM70/PLA30. It was noted from the results that homogene-
ous crystallization in the way of partial miscibility of POM70/PLA30 was ob-
tained at the injection speed of 100 mm/s. Hence, the results of change in Xc of 
the POM phase show a small decrease with that with itself at the injection speed 
of 100 mm/s. Further, the Xc result of the PLA phase shows a small increase with 
that with itself at the injection speed of 100 mm/s. It can be assumed that this 
behavior of the POM and PLA phase in POM70/PLA30 is seen at the injection 
speed of 100 mm/s and leads to change in the polymer structure of polymer 
blends. Moreover, the good combination in the blend was also considered with 
the injection speed of 100 mm/s. In contrast, the Xc results at other injection 
speeds do not strongly affect the polymer structure in the blend, considering the 
change in crystallinity.  

3.2. Effect of Content and Injection Speed on the Dynamic  
Mechanical Thermal Property 

Figure 4 demonstrates the dynamic mechanical thermal property of the blends 
and shows that it is related to the composition of the blend. In general, the 
property of good elasticity and good durability can be obtained in materials with 
high storage modulus. From the observation, the variation of DMA results of 
POM, PLA, and their blends were investigated at temperature between 30˚C to 
100˚C at different frequencies (multi-frequency). The results indicated that each 
specimen showed the highest storage modulus for PLA and lowest for POM. For 
each specimen in the frequency sweep mode, the storage modulus increase is 
only marginal from the lower frequency to the higher frequency along the tem-
perature step. It is clear that the storage modulus of POM, PLA, and their blends 
decrease with increasing temperature. At any given temperature, the storage 
modulus increases with increase in PLA content of the blend materials. The ad-
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dition of 70 wt% of POM contents yielded a higher degree of blended PLA crys-
tallinity. It was attributed to the assumption that the POM phase acted as a ho-
mogeneous nucleating site for increasing PLA crystallization, which improves 
the storage modulus of the blend materials. Therefore, the PLA content in the 
blend has been used to improve the dynamic mechanical and thermal properties 
of the blend materials. 

As reported previously, more polymers in the material compositions of each 
specimen have an active role in increasing the storage modulus of polymer 
blends [20] [21]. Figure 5 shows the storage modulus value of POM70/PLA30 at 
a frequency of 100 Hz with various injection speeds, 10 mm/s, 50 mm/s, 100 
mm/s, and 1000 mm/s. Note that the storage modulus at the injection speed of 
10 mm/s and 50 mm/s only show a marginal increase, while the highest value of 
the storage modulus has occurred at the injection speed of 100 mm/s. However, 
when injection speed increases to 1000 mm/s, the value of storage modulus 
drops compared with the value of storage modulus at the previous injection 
speed. 

 

 

Figure 4. Storage modulus curves of polymer blends with different frequencies at the injection speed of 100 mm/s for (a) POM100, 
(b) PLA100, (c) POM70/PLA30, and (d) POM30/PLA70. 
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Figure 5. Storage modulus curves of POM70/PLA30 at a frequency of 
100 Hz with various injection speeds of 10, 50, 100, and 1000 mm/s. 

 
Next, the mechanical properties compared to the temperature dependence 

were studied. The Loss modulus curves of POM70/PLA30 at different frequen-
cies with various injection speeds are exhibited in Figure 6. It was found that the 
loss modulus of POM70/PLA30 increased with increase in the injection speed 
from 10 mm/s to 100 mm/s and then decreased when the injection speed was 
further increased to 1000 mm/s. The result indicates that the loss modulus of 
each specimen showed the highest value at the injection speed of 100 mm/s in 
POM70/PLA30. However, it was observed that the material deforms easily with 
high loss modulus. 

Figure 7 demonstrates the tan delta curves of POM70/PLA30 at different fre-
quencies with various injection speeds. Generally, high strength material was 
obtained from the low tan delta curve. From the results, it was found that the 
blend materials becomes softer when the injection speed increases from 10 mm/s 
to 100 mm/s while it hardens again at the injection speed of 1000 mm/s. Fur-
thermore, it was observed that the tan delta was related to storage modulus and 
loss modulus. Thus, it can be concluded that the official high strength material 
in the blend was specified as POM70/PLA30 at the injection speed of 100 mm/s. 

3.3. Effect of Content on the Thermal Stability and Decomposition  
Results in Thermogravimetric Analysis 

Figure 8 shows the TGA curves of POM, PLA, and their blends. The thermal 
stability and decomposition were estimated by measuring the sample weight 
along the time with change in the temperature [22]. For each specimen, the 
weight loss at the onset point up to 300˚C was ascribed to humid volatilization 
of the specimen. The decomposition onset temperatures in the blend under the 
nitrogen atmosphere were approximately 328.88˚C, 336.90˚C, 340.58˚C, and 
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357.27˚C for POM100, POM70/PLA30, POM30/PLA70, and PLA100, respec-
tively. The decomposition temperatures of POM and their blends tend to shift 
around 30˚C - 50˚C lower compared to the decomposition temperatures of PLA. 
Thus, it can be noted that the decomposition temperature behavior of POM/PLA 
blends seems to be closer to POM. However, shifting at a higher temperature in 
the blend could be seen in POM70/PLA30. The thermal stability of their blends 
shows a small increase with increasing PLA in the blend. 

4. Conclusion 

In this research, the complexities of components in the compositions of blend 
materials on the thermal stability controls were investigated, in addition the in-
fluence of various injection speeds on the thermal properties of POM/PLA 
blends is reported. From the results, it can be concluded that the appropriate ra-
tio was determined to be POM70/PLA30 because it can improve the mechanical 
properties under temperature dependence when compared to the normal prop-
erties of POM and PLA. This research revealed that the POM phase acted as  
 

 

Figure 6. Loss modulus curves of POM70/PLA30 at different frequencies with various injection speeds of; (a) 10 mm/s, (b) 50 
mm/s, (c) 100 mm/s, and (d) 1000 mm/s. 
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Figure 7. Tan delta curves of POM70/PLA30 at different frequencies with various injection speeds of; (a) 10 mm/s, (b) 50 mm/s, 
(c) 100 mm/s, and (d) 1000 mm/s. 

 

 

Figure 8. TGA curves of POM, PLA, and their blends 
at the injection speed of 100 mm/s. 

 
a homogeneous nucleating site for increasing PLA crystallization, which im-
proves storage modulus of the blend materials. Furthermore, considering the ef-
fect of various injection speeds, miscibility was obtained at an injection speed of 
100 mm/s because the crystallinity of POM and PLA phase was demonstrated by 
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the degree of crystallinity at an injection speed of 100 mm/s. It was observed that 
a suitable composition of the blend could increase the dynamic mechanical and 
thermal properties, whereas, POM70/PLA30 with an injection speed of 100 mm/s 
could slightly improve the decomposition temperatures. 
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