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Poly(lactic acid) (PLA) as an environmentally friendly
biodegradable polymer is a promising alternative to petroleum-
based polymers because of its renewability, biodegradability,
compostability and non-toxicity. However, PLA also has the
drawbacks of inherent brittleness and poor toughness, which
limit its large-scale commercial applications. In order to
compete with the low-cost commodity polymers, the blending
of PLA with other biocompatible polymers, i.e. poly(ethylene
oxide) (PEO), is considered as a practical and economical
approach [1-3].
In this work, an attempt was made to prepare blends of
biodegradable PLA with high molecular PEO by hot-melt
extrusion, technique commonly used in plastic industry.
Likewise, in order to elucidate possible interaction of PLA and
PEO in the melt, infrared spectroscopy (FT-IR), differential
scanning calorimetry (DSC) and thermogravimetric analysis
(TG) were utilized.

PEO (Sigma-Aldrich, 100 000 g/mol) and PLA (NatureWorks, 100 000 g/mol) were utilized.
The PLA/PEO blends of different mass fraction of polymers (100/0, 80/20, 60/40, 50/50,
40/60, 20/80 and 0/100) were prepared by extrusion in a laboratory extruder (Dynisco,
Qualitest North America) at 170 °C and screw speed 120 rpm. Fig. 1 represent the extruded
samples used for further characterization.

TG (a) and DTG (b) curves of the
thermal degradation of PLA/PEO blends.

Digital image of the extruded samples
of PLA/PEO blends

The characteristics of thermal degradation
curves of PLA/PEO blends.
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FT-IR spectra of PLA/PEO blends 

Normalized DSC curves of PLA/PEO blends,
glass transition and melting (second heating).

Normalized DSC curves of PLA/PEO blends,
crystallization.
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PLA/PEO
T5%

(oC)

Tonset

(oC)

Tmax

(oC)

Rmax

(%min-1)

mf

(%)

Δm

(%)

First degradation stage

100/0 321 335 365 26,3 0,9 99,1

80/20 301 329 355 24,1 18,4 81,6

60/40 281 296 341 10,2 39,3 60,7

50/50 279 293 344 8,6 47,0 53,0

40/60 268 275 340 5,3 58,7 41,3

20/80 261 240 284 2,2 80,7 19,3

0/100 371 382 403 26,8 4,7 95,3

Second degradation stage

100/0 - - - - - -

80/20 - 389 400 4,8 1,1 17,2

60/40 - 390 405 11,0 2,4 37,0

50/50 - 389 406 13,1 2,6 44,4

40/60 - 389 407 16,2 3,1 55,5

20/80 - 385 403 22,2 3,9 76,9

0/100 - - - - - -

Parameter
PLA/PEO

100/0 80/20 60/40 50/50 40/60 20/80 0/100

Tg

(°C)

Teig 58 -/-52 -/-55 -/-54 -/-56 -/-55 -56

Tmg 63 -/-30 -/-26 -/-46 -/-50 -/-49 -50

Tefg 67 -/-37 -/-35 -/-37 -/-46 -/-44 -47

Δcp

(J g-1 °C-1)
0.35 -/ 0.10 -/    0.14 -/ 0.15 -/ 0.12 -/ 0.01 0.12

Tm

(°C)

Teim 168 169/  - 167/  52 167/ 56 166/ 55 160/ 58 58

Tpm 176 176/  - 174/  63 175/ 65 174/ 66 171/ 66 69

Tefm 188 186/  - 184/  71 184/ 73 182/ 75 177/ 77 82

ΔHm

(J g -1)
48.5 35.3/  -

33.9/ 

47.0

29.8/ 

61.8

23.6/ 

73.9

10.7/ 

109.2
147.1

Tc

(°C)

Teic 106 110/  - 110/  48 112/ 49 114/ 49 117/ 50 50

Tpc 94 102/  - 101/  43 100/ 45 100/ 45 103/ 47 46

Tefc 79 94/    - 94/    34 92/ 36 91/  35 90/  36 31

ΔHc

(J g -1)
21.7 29.8/ -

23.3/ 

39.4

20.5/ 

52.0

16.3/ 

69.2

7.8/ 

103.6
143.2

Thermal transition parameters of PLA/PEO blends
for DSC measurements.

FT-IR spectra presented in Fig. 2. were recorded on Perkin
Elmer Spectrum One FT-IR spectrometer by the HATR
technique (ZnSe, 45° angle, range 4000-650 cm-1, 10
scans at 4 cm-1).
The C=O stretching region that appeared in FT-IR spectra at
1747 cm-1 as a broad asymmetric band is characteristic of
the ester (PLA). Upon PEO addition, the C=O band is shifted
by 12 cm-1 (blend 20/80). In the spectral range of 1000-
1300 cm-1, the crystalline phase of PEO is featured by the
characteristic triplet with the sharp central peak of strong
intensity. The triplet maintains its shape while at the initial
addition of PLA (10-20%) the position of the maximum peak
is shifted from 1090 cm-1 to 1092 and 1096 cm-1,
respectively. The observed shifting is the result of the mild
interaction between the two polymers in solid state; most
likely as a result of dipole–dipole interactions between the
ester groups of PLA and the ether groups of the PEO.

The thermal characteristics were investigated by the DSC (Mettler Toledo DSC 823e) in the nitrogen
(30 cm3min-1). The samples (15 mg) were heated at a rate of 20 °C/min from (-90) to 210 °C, cooled at
the same rate to (-90) °C and reheated to 210 °C. All thermal transition parameters were determined
according to international standards ISO 11357-2 and ISO 11357-3 [4,5]. The DSC heating curves (Fig. 3)
show one Tg, which corresponds to the PEO, and two endothermic peaks, which correspond to the melting
of the PLA and PEO crystal phase, respectively. Likewise, the DSC cooling curves of all blends (Fig. 4) show
also two exothermic peaks which represents crystallization of PLA and PEO, respectively. For the neat PLA in
the blends no crystallization exotherm, as well as glass transition, was observed (overlapped with an
endothermic peak of PEO melting). As the PLA content increased in the blends upon 60% and 80%, the Tmg
of PEO increased toward Tg of PLA by 20-24 °C. Likewise, the changes could be seen in the case of Tm of
the PEO and PLA, while their crystallization temperatures remain almost unchanged in all blends (Table 1).
These results are in agreement with FT-IR results and confirm that the PLA and PEO are partially miscible
at higher PLA or PEO content (80%) in the melt.

TG measurements (PerkinElmer Pyris 1 TGA) were conducted at
the heating rate of 10 °C/min in a temperature range 50-550
°C in nitrogen (20 cm3min-1). To evaluate the thermal stability of
the investigated polymers different criteria were used [6]. The TG
and DTG curves of neat polymers and their blends are presented
in Fig. 5. A one-stage degradation pattern is seen in the case of
PLA and PEO (confirming its superior thermal stability to PLA).
Vice versa, a two-stage degradation pattern is seen in the case of
the PLA/PEO blends. Evidently, the first degradation stage
corresponds to thermal degradation of PLA, while the second one
corresponds to thermal degradation of PEO. The dependence of
the characteristics of TG and DTG curves on the blend
composition is presented in Table 2. From these data it could be
concluded that the degradation of PLA/PEO blends starts at even
lower temperatures than neat PLA and occurs more slowly by
addition of PEO, indicating PEO's apparent destabilizing effect on
PLA.

  


