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ABSTRACT: Miscibility of poly(lactic acid)(PLA) and poly (ethylene oxide) (PEO) was investi-
gated by DSC, FT-IR, and SEM. The PLA/PEO blends had two melting temperatures ; the one
due to the PEO phase decreased as the amount of PLA was increased, while the other due to the
PLA phase did not change much as PEO was added. The change in the position of the stretch-
ing vibration of the carbonyl group was negligible. AB-type diblock and ABA-type triblock
copolymers of PEQ and PLA were synthesized and were used as compatibilizer for PLA/
PEO 60:40 blend. As PLA/PEO blends were compatibilized by either diblock or triblock co-
polymers, the size of the PEO domain of blends was diminished, the tensile strength was in-
creased, and the melting point was depressed. The effect was more pronounced in blends
compatibilized by diblock copolymers than those containing triblock copolymers.

Keywords: poly(lactic acid) (PLA), polx ethylene oxide) (PEO), PLA/PEQ blends, compati-
bilizer, PLA-PEQ block copolymer.
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Table 1. Characteristics of Polymers

lecular Wej
Polymer  Source Molecular Weight T: T X
(M)
PLA KIST 36,000 1478 55 -
PEO  Polyscience Co. 18,500 64.4 - 66.7

X. : Degree of crystallinity (%).
* Trw T, and X; were obtained by DSC at a scan rate of 10 C/min.

Table 2. Compositions of PLA/PEO Blends

PLA/PEO(by wt) Code
100/0 PLA
80/20 PLA-80
60/40 PLA-60
40/60 PLA-40
20/80 PLA-20
0/100 PEO

Kt 9k &4 150 T2 f/AISHH  stannous
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Figure 1. DSC thermograms of PLA/PEO blends.
A : PLA, B:PLA 80, C:PLA 60, D:PLA 40,
E : PLA 20, F : PEO.
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Figure 2. Melting temperatures of PLA/PEO blends.

Table 3. Melting Temperatures of PLA/PEO Blends

Code T» of PLA T.. of PEO
PLA 149.8 -
PLA-80 151.3 58.9
PLA-60 151.2 61.0
PLA-40 150.5 65.8
PLA-20 150.0 67.3
PEO - 67.9
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Figure 3. FT-IR spectra of PLA/PEO blends.
A PLA, B:PLA 80, C:PLA 60, D:PLA 40,
E : PLA 20, F : PEO.
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Figure 4. Scanning electron micrographs of fractured surface of PLA/PEO blends. A : PLA 80, B: PLA 60, C :
PLA 40, D : PLA 20.
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Figure 5. FT-IR spectrum of ABA type PLA-block-
Scheme 2 PEO copolymer.
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Figure 6. FT-IR spectrum of AB type PLA-block-
PEO copolymer.
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Figure 7.'"H NMR spectrum of ABA type PLA-
block-PEO copolymer.
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Figure 9. Scanning electron micrographs showing
etched cryogenic fracture surfaces of 60/40 PLA/
PEO blends compatibilized with ABA type PLA-
block-PEO copolymer.

A : without compatibilizer, B . 1 wt% compatibilizer,
C : 2 wt% compatibilizer.
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Figure 10. Scanning electron micrographs showing
etched cryogenic fracture surfaces of 60/40 PLA/
PEO blends compatibilized with AB type PLA-block-
PEO copolymer.

A : without compatibilizer, B : 1 wt% compatibilizer,
C : 2 wt% compatibilizer.

503



4%4-2

Table 4. Domain Size of 60/40 PLA/PEO Blends

Compatibilizer

Average PLA domain size

None 5.54~6.00 um
Diblock 1 wt% 1.80~4.20 zm
Diblock 2 wt% 2.54~5.28 um
Triblock 1 wt% 2.53~5.60 um
Triblock 2 wt% 2.18~5.08 tm

AR AEH AT

Table 6. Tensile Properties of 60/40 PLA/PEO

Table 5. Depression of Melting Temperature for
60/40 PLA/PEO Blends

Compatibilizer PEO Tn(C) PLA

None 61.0 151.2
Diblock 1 wt% 54.0 143.8
Diblock 2 wt% 51.0 144.2
Triblock 1 wt% 60.6 150.5
Triblock 2 wt% 57.4 149.0
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Blends
. Tensile strength Tensile modulus
Compatibilizer (MPa) (MPa)
None 0.93 192.8
Diblock 1 wt% 2.20 97.8
Diblock 2 wt% 2.32 79.5
Triblock 1 wt% 1.91 98.7
Triblock 2 wt% 1.94 97.9
B 2 Ak % wE&TA Uk,

PLA/PEO Ed=of tidle] HoH £33 24&
F84 PLAS} PEO Ale]o)= hydrogen bonding
interaction®] EA81X] & YU, SEME o] &
3 Bl RERX] BEAA HHF] Bejd F £
Aol EAFE EIsIYTE. 7] triblock &
diblock ZF&A (1 wt%, 2wt%)E FE34 2 A}
83 A%, SEM, DSCRH, 94 B4 24¢ 5
o] 439l domain size7}t ZAEY, £§HE
Zatston, /1Y A= 379 B E A4S B
g 5 Ui

A 212 AFE dFHRATY SHATH
) (94-0900-07-01-3) 2 QIstthstme] d7u) =)
A(19949% )0l ot o] FojF om o]o)) ZA=
d@ych.

1. D. R. Paul, “Polymer Blends”, Vol. 2, Ch. 12, Aca-
demic Press, New York, 1978.

2. H. Younes and D. Cohn, Eur. Polym. J., 24, 765
(1988).

3. A. M. Gairia, V. davé, R. A. Gross, and S. P. Mc-
Carthy, Polymer, 37, 3 (1996).

4. L. Zhang, C. Xiong, and X. Deng, J. Appl. Polym.
Sci., 56, 103 (1995).

5. H. Younes and D. Cohn, J. Biomed. Mater. Res., 25,
909 (1988).

6. J. L. Espareo, I. Rashkov, S. M. Li, N. Manolova,

Polymer(Korea) Vol. 20, No. 3, May 1996



PLA-PEO &% F3%Ao 483 add 3F A+

and M. Vert, Macromolecules, 29, 57 (1996). (1992).
7. Y. J. Du, P. J. Lemstra, A. J. Nijenhuis, H. A. M. 11. S. H. Jeon and T. Ree, J. Polym. Sci., Part A :
Aert, and C. Bastiaansen, Macromolecules, 28, Polym. Chem. Ed., 26, 1419 (1988).
2124 (1993). 12. T. Li, V. A. Topolkaraev, A. Hiltner, E. Baer, X.
8. 0. Olabisi, L. M. Robeson, and M. T. Shaw, “Poly- Z. Ji, and R. P. Quirk, J. Polym. Sci,, Part B
mer-Polymer Miscibility”, Academic Press, New Polym. Phys. Ed., 33, 667 (1995).
York, 1979. 13. J. Noolandi and K. M. Hong, Macromolecules, 15,
9. M. Avella and E. Martuscelli, Polymer, 29, 1731 482 (1982).
(1988). 14. S. H. Anastasiadis, 1. Gancarz, and J. T.
10. F. Gassner and A. J. Owen, Polymer, 33, 2508 Koberstein, Macromolecules, 22, 1449 (1989).

#2io]  A20E A3 1996 59 505



