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Abstract: Propylene carbonate (PC) was added to poly(L-lactic acid) (PLA) film in order to improve both low elon-
gation-at-break and low impact strength, and the plasticization effect of PC on PLA was examined. PLA films containing
various amounts of PC were prepared by melt pressing after melt pre-mixing, and their thermal properties were analyzed
with a thermogravimetric analyzer, differential scanning calorimeter, and dynamic mechanical analyzer; mechanical prop-
erties with a universal testing machine and charpy impact testing machine; crystallinity and morphology with a wide
angle X-ray diffractometer and scanning electron microscope. As the PC content in PLA/PC film increased, glass tran-
sition temperature, cold crystallization temperature, and melting temperature of PLA shifted to lower temperature and the
crystallinity decreased, while the crystal form was unchanged. The yield stress, initial modulus, and tensile stress-at-break
of the films decreased but the tensile strain-at-break and impact strength increased dramatically with increasing PC con-
tent. All the results indicated that PC acts as a plasticizer for PLA.

Keywords: poly(L-lactic acid), propylene carbonate, plasticizer, thermal property, mechanical property.
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Figure 1. TGA curves of the PLA/PC films with a PC feed amount
(phr) of (a) 0 (neat PLA); (b) 5; (c) 10; (d) 15; (e) 20; (f) 100 (neat
PO).
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Figure 2. PC content of PLA/PC film determined from the weight
residue (a) at 250 °C; (b) at 280 °C of TGA curve vs. feed amount
of PC. Dashed line: expected PC content calculated from the feed
amount.
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Figure 3. DSC curves of the PLA/PC films with a PC feed amount
(phr) of (a) 0 (neat PLA); (b) 5; (c) 10; (d) 15; (e) 20. (A) First heat-
ing; (B) cooling after melting at 200 °C; (C) re-heating after cooing
to 0 °C.
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Figure 7. Tensile stress-strain curves of the PLA/PC films with a
PC feed amount (phr) of (A) 0 (neat PLA); (B) 5; (C) 10; (D) 15;
(E) 20.
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Figure 9. Changes in (A) toughness; (B) Charpy impact strength of
the PLA/PC films with increasing PC content in the film.
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Figure 10. (A) WAXD curves of the annealed PLA/PC films with
a PC feed amount (phr) of (a) 0 (neat PLA); (b) 5; (¢) 10; (d) 15;
(e) 20; and (f) un-annealed neat PLA film. (B) Change in the peak
intensity corresponding to (110)/(200) crystal plane of PLA with
increasing PC content in the film.

ddstz ¥ ZEZX|0]| 0|X|= & ANE5Ee 443}

3 WAXD =4S o] #4319t ol 98l &85
&5 AEES AxT u WA ] 110 °ColA 1417
St A XA T8 AASAIH T EAHEE SHA] e
2 o5 PLA & % €43t PLA/PC ZEE59] WAXD
’4-& Figure 10(A)° YERIATE o1& HA FA1A <
PLA ZE(N 2740] A9 §l= FAY JelE Vel
Rom, A g3 PLA ZE(a)> 20=16.8°914 (110) &
(200) AR o]gk HA7P"H A eI THE )X
A R 79 A2 mlaEo] YeRaL St PC7F 3R PLA/
PC A FEE2 5% &= PLASH 5U3 20 YoM 3L

o] ERIA T 2 22717} 7Haadn). ol o] Ha 20 9]

=
=

22

o Hi

o Jk ol ot

pu

Zay, Al4338 A15, 20193

2|4 ZlAF0] YERAL Qlof, 7kaAl = 2-g-shes PCY &
A7t PLAS A FEole= 3] dFL vHA gethe A
S & ok

NEgE2 A3l WS (110)/(200) ZA o] Yeh=
16.8°llx¢] B3 A7|2HFE 7202 Attt WAXD
oA et I3 A7) AlEe] ol vlaEsARE 2 A
TFolX WAXDE ZE AIEE AxT o] A 42| AR
2 ARREEA FE FA7) 400 pmE HEE 241507 u)
woll, A= < Afelol] &g 93 A7) ¥ishs AlekA] kil
7V 4= At} Figure 10(By= Figure 10(APIA 3¢ (100)

(200) 24 Hel| oJst 9= A7]E PC ol isir =3
Zoltt. PC 9] 8wi%dd wl 7H= = 717} oz 2

AR, 1 o] FellM = T3 A7 FA] AAs e,
PC & 10 wi% ©]/dollX= 32 A7]7F Ak o]sl= ki
sieith. ol st A= PC o] 8 wi%Hth BolK|H PLA
7t AR LS FAs] 4EE] AHFKI ks RS 9nisled, o]
o wte} Figure 8% 99] Z7|eMd A, Beh-g-8, shhils,
FTAE T BEAE o] T oldolx] FA Wshks A=
e

shA, UTM S0l ofs] gidtel & THEe)
Figure 1191 YERAITH @5 PLA ZE9| vuid
st el E YeRd el vlste] PC7E EEE A

e

=

A shdde] E4 Fe vl Bfo] A
opde] A5 BT PC/F 7K PLA EES AEE A}
St AEOIA T A= DS AEE AMS A=
T2 PLA A ESE ARSS SlZE Az e 13
19Tk &, A AZzgdolA 35 vlyele] PLA dF B
| PCE FUAIZIHA Sl EEIE AZ39Th 2 A3E0]
2 =20 WS Bloju AAI8] AAEkA] = EsAIRE, PCol
oJal] PLA A5 89 o] dojup, Hod EE &
HjZE Zo|z Ak Al Hadt s YepfjHA POt A
Fr Uil EAllshs 2E ERIsIdit 5, A2 2.2 opAE
o|E Aol AHS-El= EjotAElst vRZIAE, PC7F PLA
2] A7 1A (bonding plasticizer)2 2F&-3HS SR1SIIT
PLAY 7}2AlE H7tste] 54 WstE HES oy
=EEL, LA 7HAaAE HeE O =REd vt
A2 G4 9 7AA B4 wskE B4 AHES A
t}. o & E°] Martin?} AvérouseE"? Z& (o2 FEF)
(PEG)Z EAF 2] E PLAY 712Al2 H715 A
PLAS| T8} T, Wolx|al & A7 ZA Feptial 1
a8lar QIth. B3 Baiardo 527 opE Eg]p-HE A EH
o|E dl ojej7kA] #AlRke] PEGE 7HAIR ARSI, F F
R PLAS] T2t T8 W3ed aapaoln Akl
WA, QIR S e AIRE ARt

ol

A

o

I

x

=

=

tE oo

i

O

T 2

=2
=
A
=

=
T

=771

kI of

oy
-
= H



zzg

r\u

ZHA|o|ER 7RshAl]

e —
M) SPS 10 WD ke 1500 ] ] S A0 W50 e

MW] SP=00 WD=50 ik 15.00{m]

(d)

SAth £ Atelr e A7 PLA 7hAaA|Etal HAlE A
22 PCe o534 Hlszs €3 2 V1A BEAE WA

0]o o 3lo]

AeS RIS A, A F
B 7kAs) 2R '?’]‘I‘E- AT

EFolA ALg-E PCE o] 3 7}

AHE ARESHE A =R A

&3} 283 9|, PLA A&
= AT A BES 9 &
e A7 EA=

3 AAE AH A= 2%k
AA HAFES A2 HA(bongingr A =
AHEE 9SS etk

==

A PLA 7}A2 AR 42
7EA] AAE PLA 71RA1E
7} Z1gyE o] git), vhH | 2

1_.

2 E
PCE PLA®] NZ$ 7}AA|Z ARg-31o] PLAS W
Awet FAREE M8k ATE JAsA o
o ghge] pC7t 3 PLA/PC ZE2 xalzd 5 o]59
23 54, 7144 %**, ARsle 9 BEEA] 5 4
of TR 52 AN
PC o] ol 4= PLAY] freldole:, WA sk
T, 8257 WolAn, WARsIE ) &FHol s,
PLA A& 3] oHAA FA% PLA ZHFHE 52
altth. PC ghido] Wolda= PLAPC E59] It A&
o] ZrAalal, SehAR S %ﬁﬂ‘: I 3A =Tt POt
12.5 wt% = :Tl_f:;lﬂ‘ﬂ T Q1 %E';‘—S— HH7E A& v
& 2.7 Ax 7AasA T, A oF [150u), AT

=

=

1o
T
ol=-
= =

ET v

¢

1 e

—_

[T

(b)

121

(c)

W] S0 WSS e

]
W] TP R0 W50 Bgkor 1500 ]

(e)
Figure 11. SEM images of the fractured section of PLA/PC films with a PC feed amount (phr) of (a) 0 (neat PLA); (b) 5; (c) 10; (d) 15; (e) 20.
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