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Abstract: In order to enhance the poor impact strength and low elongation-at-break of poly(Z-lactic acid) (PLA), PLA/
poly(bisphenol A carbonate) (PC) and PLA/PC/triacetin (TA) blend films were prepared by a melt-blending process.
Thermal and mechanical properties of the blend films were analyzed by using a universal testing machine, impact strength
tester, scanning electron microscope, differential scanning calorimeter, and dynamic mechanical analyzer. Results showed
that there was no miscibility between PLA and PC polymers. The crystallization of PLA in PLA/PC blends become dif-
ferent and the PLA crystals formed were imperfect. Addition of TA to PLA(70)/PC(30) blends made the crystallization
of PLA easier compared to PLA(70)/PC(30) blends. Although the tensile breaking stress of PLA/PC films decreased as
the PC content increased, the elongation-at-break and impact strength of the PLA/PC blend films were not enhanced.
However, both elongation-at-break and impact strength of PLA(70)/PC(30)/TA films increased dramatically with increas-

ing TA content without decreasing tensile breaking stress, indicating that TA acted as an excellent compatibilizer in PLA/
PC blends.

Keywords: poly(ZL-lactic acid) (PLA), polycarbonate (PC), triacetin, compatibilizer.
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Figure 1. DSC heating thermograms of PLA/PC blends. Blend ratio

of PLA/PC (w/w): (a) 0/100 (100% PC); (b) 100/0 (100% PLA); (c)
90/10; (d) 80/20; (e) 70/30.
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Table 1. Glass Transition Temperature (7,), Cold Crystallization Temperature (7)), Melting Temperature (7,), Heat of Cold
Crystallization (AH,.), and Heat of Melting (AH,,) of PLA/PC Blends Obtained from the DSC Curves in Figure 1

Blend ratio of PLA/PC (wt) T,(°C) T.. (°C) AH,. (J/g) T (°C) T,z (°C) AH,, (J/g)
100/0 (100% PLA) 58.1 114.0 25.1 147.8 154.7 27.1
90/10 58.7 115.4 21.9 148.9 155.8 17.4
80/20 58.9 117.9 14.5 149.9 156.0 16.3
70/30 57.6 119.0 11.5 150.0 155.9 12.1
0/100 (100% PC) 153.0 - - - - -
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Figure 2. DMA curves of (a) 100% PLA film; (b) 100% PC film;
(c) PLA(70)/PC(30) (w/w, %) blend film.
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Figure 3. SEM images of the cross-section of PLA/PC blend films.
Blend ratio of PLA/PC (w/w): (a) 0/100 (100% PC); (b) 100/0
(100% PLA); (c) 90/10; (d) 80/20; (e) 70/30.
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Figure 4. Changes in (a) tensile breaking stress; (b) elongation at
break; (c) impact strength of PLA/PC blend films according to PC
content.
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Figure 5. DSC heating thermograms of PLA(70)/PC(30)/TA
blends. TA content in the blend: (a) 0 phr (PLA70/PC30); (b) 10
phr; (¢) 20 phr; (d) 30 phr; (e) 40 phr; (f) 100% PC.
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Figure 6. DMA curves of (a) PLA(70)/PC(30); (b) PLA(70)/
PC(30)/TA(10 phr) blend film.
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Table 2. T,, T, T, AH., and AH,, of PLA(70)/PC(30)/TA Blends with Various TA Contents Obtained from the DSC Curves in

Figure S
TA content T, (°C) T.. (°C) AH, (J/g) T (°C) T2 (°C) AH,, (J/g)
0 phr (PLA70/PC30) 57.6 119.0 11.5 150.0 155.9 12.1
10 phr 47.2 105.5 16.9 142.9 151.7 13.5
20 phr 37.5 94.8 144 134.7 147.9 12.9
30 phr - 78.8 11.2 138.9 149.9 9.4
40 phr - 63.5 5.6 131.0 148.2 2.8
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Figure 7. SEM images of the cross-section of PLA(70)/PC(30)/TA
blend films with various TA contents: (a) 100% PLA; (b) 0 phr
(PLA70/PC30); (c) 10 phr; (d) 20 phr; (e) 30 phr; (f) 40 phr.
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blend films according to TA content.

Polymer(Korea), Vol. 40, No. 6, 2016



984 oA . o]

21+ PLA(70)/PC(30) A1 &< TA
QEQ‘r %—ZPPE} 23 Bol =7 u
THTR= PLA/PC/TA AR Bl
ARt Alo] LH%:‘VJ Pl A 71AATE &

=

a =

CN
Kl

BRI e PLAY A shlest v 32

AR5 ol ch E3A1Z] PLA/PC EIE=S A

o EgE9 masel. ow TAZ 83h2 T7P
= IEES W Axsta

i3 PLA(70)/PC(30)/TA
= =4 o}&l Tt 7E-8—

9] _Luq I EA 9 BA]
252 “oiq'.

PLAS} PC Aololli= &3Pdo] glew, PLAY PC7L £
T=H PLAE 2% 340l ofE9A WA=} Eo1A]
3 BT AR o] Bobd &FEE ok Hopxith
PLA(70)/PC(30)°| TAZ} H71=H A% A/do] golsiAA|vk
THEo17 PLA 242 B¢zt

PLAS} PCE ©3] £33 PLA/PC E31=2] 7% PC &
Fo] F7ITE et 1ol AN T} &
AREe A A E=t PLASE PCE &9 o 3
Mol d2E7NE zh= AR B2 TAS 71sPH PLAS}
PC Alolof| 248418 Hofsit} PLA/PC/TA EH =04 TA
reFo] WolAW It AT Ash= ol AR H&?i, o}
RIE= 100 o1, TA7dE= 5 ol A =

PLAY T3] TAS H7lsltets sfehilwel 3 7-%7(}5—';—
*Wf” I AT PLA/PC/TA 34+ H%ﬂE%OﬂH bk

7

I‘N
o

uN'
T (FR R S

_4

EE

=

9’}' Tﬁ7]—c7]' 24 1:‘1 27'“ %"JB}-E]U% _4.1;;1— _%‘—:E]I

A= O 2tk PLA/PC/TA £3 E—g— A}%g}g:]_ PLA®]
el Ao FAEe) e ZAPEE 3

v I~> r> OSL’

LAl 1 o] AFE AYEPAAY g
(F2UAR/IENBA)S) AQOE Y Or AN
3 10052095) ool ZAF=FU T},

1. 1. Grizzi, H. Garreau, S. Li, and M. Vert, Biomaterials, 16, 305
(1995).

2. J. Dorgan, J. Lehermeier, L. Palade, and J. Cicero, Macromol.
Symp., 175, 55 (2001).

3. H. R. Kricheldorf and I. Kreiser-Saunders, Macromol. Symp.,
103, 85 (1996).

4. H. Tsuji and Y. lkada, Macromol. Chem. Phys., 197, 3483 (1996).

Zan, 41404 A63, 2016\

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

29.

30.

. R. M. Radal, A. V. Jamorkar, and D. E. Hirt, Prog. Polym. Sci.,

35, 338 (2010).

. K. Zhang, Y. Wang, M. A. Hillmyer, and L. F. Francis,

Biomaterials, 25, 2849 (2004).

. E. Fortunati, I. Armentano, and J. M. Kenny, J. Appl. Polym. Sci.,

124, 87 (2012).

. A. P. Mathew, K. Oksman, and M. Sain, J. Appl. Polym. Sci., 97,

2014 (2005).

. L. Li, W. Huang, B. Wang, W. Wei, Q. Gu, and P. Chen, Polymer,

68, 183 (2015).

B. S. Park, J. C. Song, D. H. Park, and K. B. Yoon, J. Appl.
Polym. Sci., 123, 2360 (2012).

N. Zhang, O. Wang, J. Ren, and L. Wang, J. Mater. Sci., 44, 250
(2009).

H. Xiao, W. Lu, and J. T. Yeh, J. Appl. Polym. Sci.,
(2009).

T. W. Yoo, H. G. Yoon, S. J. Choi, M. S. Kim, Y. H. Kim, and W.
N. Kim, Macromol. Res., 18, 583 (2010).

F. Hassouna, J. M. Raquez, F. Addiego, P. Duubois, V. Toniaazzo,
and D. Rush, Eur: Polym. J., 47, 2134 (2011).

K. Sungsanit, N. Kao, and S. N. Bhattacharya, Polym. Eng. Sci.,
52, 108 (2012).

W. D. N. Ayutthaya and S. Poompradub, Macromol. Res., 22, 686
(2014).

J. B. Lee, Y. K. Lee, G. D. Choi, and S. W. Na, Polym. Degrad.
Stabil., 94, 553 (2011)

T. kanzawa and K. Tokumitsu, J. Appl. Polym. Sci.,
(2011).

C. Liu, S. Lin, C. Zhou, and W. Yu, Polym. Korea, 54, 310
(2013).

Y. Wang, S. M. Chiano, T. F. Hung, and S. Y. Yang, J. Appl.
Polym. Sci., 125, 402 (2012).

J. Zhu, X. Li, C. Huang, L. Chen, and L. Li, Carbohydr. Polym.,
94, 874 (2013).

N. Yuksel, M. Baykara, H. Shirinzade, and S. Suzen, Int. J.
Pharm., 404, 102 (2011).

R. Quintana, O. Persenaire, Y. Lemmouchi, L. Bonnaud, and P.
Dubois, Eur. Polym. J., 57, 30 (2013).

D. E. Lopez, J. G Goodwin, D. A. Bruce, and E. Lotero, App!.
Catal,, 4, 295, 97 (2005).

O. Olabisi, L. M. Robeson, and M. T. Shaw, Polymer-Polymer
Mscibility, Chap 3, Academic Press, New York, 1979.

M. Yasuniwa, S. Tsubakihara, Y. Sugimoto, and C. Nakafuku, J.
Polym. Sci., 42, 25 (2004).

Y. T. Shieh and G. L. Liu, J. Polym. Sci., 45, 466 (2007).

M. Murariu, A. Da S. Ferreira, M. Alexandre, and P. Dubois,
Polym. Adv. Technol., 19, 636 (2008).

X. Cao, A. Mohamed, S. H. Gordon, J. L. Willett, and D. J.
Sessa, Thermochim. Acta, 406, 115 (2003).

V. T. Phung, M. B. Coltelli, P. Cinelli, M. Cifelli, S. Verstichel,
and A. Lazzeri, Polymer, 55, 4498 (2014).

112, 3757

121, 2908



