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Abstract — In the study, annealing temperature was optimized by comparing with avrami crystallization rate and con-
stant (k) using non-oriented PLA film as a base film. Crystallization rate constant of PLA film was 1.64, 1.68, and 1.26
at 120 °C, 130 °C, and 140 °C, respectively. Annealing temperature was mainly affected on the surface properties such
as rougnness (Ra) and kinetic friction coefficient (). Roughness of PLA film was 0.006 pm at 80 °C and increased to
0.009 pm, 0.015 um, 0.027 pum, and 0.029 um at 110 °C, 120 °C, 130 °C and 140 °C, respectively. Kinetic friction coef-
ficient decreased 0.45 to 0.43, 0.33, 0.31, 0.27 as annealing temperature was at 80 °C, 110 °C, 120 °C, 130 °C, and
140 °C, respectivly. In addition, rate constant (k) was 0.58, 0.46, and 0.39 with adding 1 wt%, 3 wt%, and 5 wt% talc,
respectively.
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Fig. 1. Preparation of non-oriented PLA film.
Korean Chem. Eng. Res., Vol. 49, No. 5, October, 2011

80 °CY] 7Ax% PLA A8} €35 &
FE37](Rheomix-600P, Haake, Germary)el] €37, 25 220 °C, 2~
357 3HAEE 60 rpm 271N 10 7F TSI o] W B3
1,3, 5 wt%2] 2710 % 911 PLA X8} ZEA 7t £3E 54
2 g& AFste] 7FEAH A2 7] (heating press, MH-15, Ocean
Science, tiF1=n)ell €ar 220 °CO] 2EFAA 5 MPa2] 43S
2 6% 73 5 4009 2z Fdske] A 80+ 5 pm
Sl Azseleh. Alzst g2 2l AYATS ¥
918kl 80~140 °C W 91¢] LT LzollA] o™it
[12,13]. 7+ 25 E ofd® ¥ HE-2 AAFAFIZAI(DSC, 6000/
DSC 6100, Seico Inst., Japan)E ©]-8-3}¢] 25°CellA] 240 °C7HA]
10 °C/min X2 5-2A17]0A deisls dsielch Al 2
A3t STATE A3 SeM REHE o|dYE A5S 13k &
23hA] dREE SASISITE o d¥ Y HEe] TUET(Ra)%}
SR 22 %A (TR240, Timegroup Co., U} 3%
A A8 7] (SEP-H, Seisakusho Co., Y25 o]45}o] S7dslSict. &
A7} Z3E PLA D59 ulchA SEM ARAS AP A1) 7 (SEM,

JSM-6390A, JEOL, U|=yS ARE-&1o] 2519 tt.

FezlolA gAI7F B2k

pu

H=o
= =2

3. Z2u ¥ nE
3-1. o222 pLA LEO| AXS| STAN EHEM

TAE N ABAZ $ 737 dE 2E5s 271 9 54
(quenching)3t 3 &5 W2 ojd™algl o Fig 2= Fvd 53
T4 F ojdyg® IE2] DSC A5 RojFaL Q)

4°coq 338 PLA ZE-2 Fig. 2@)2 20] 165 °CollA &t 7l

2000
1000
0}
=1000 -
—2000 -
-3000 +
—4000 -
-5000
—6000 -
-7000 ¢

-8000
40

(a)

DSC (mW)

80 100 120 140 160 180 200 220
Temp (°C)

€0

2000

(b)
1000

-1000

DSC (mW)

-2000
B

-3000 v
4

0 60 80 100 120 140 160 180 200 220

Temp (°C)

DSC analysis of PLA films with (a) only quenching and (b)
both quenching and annealing.

Fig. 2.



ofdy] 2ol W Fulldk PLA HEe] T22%st Aey ¥AEA el At I 613

o] g-g7nte] gl ot FHiE Fofl 130 °ColA 10% 52t o
Jd5 8 FAE(b)olA= 160 °CY 165 °ColM F 719 &-g-7Fo] w3
= 3ick. o] W 8% PLA HEF9] A3t 3.5%% .2 Park &
[14]2] 2.7%H0} =9k} 87} o] A WAl A% EEelA 7 7
o] §-g7lo] EAsh= A1 ebde} A1 H e (lamellar reorganization)
o7 Aiel 5= gl S-gAE R EASHL 9 PLA 24152 A}
&t(chain segment)©] FYSE FZ2E ZHE F Qe 0 AP O E o
ZAskA gk 7 gl SEsh Algle] RV 7haA B 29}
22 379 Agto g PLA ¥AFE2] AlE ©]54d (chain mobility)©]
S0 Rl Aaolrh4-6]. 12 Fig. 28] BEolX= 7HaAlv 3
AE AHESHA] 7] wiitell 7 71e] §-g7lo] dhEke A 4}
Hop= dzpe] 492 & 4 9t

120~140 °C H2]oA 603 53 X3 ofdH e PLA 52 4
A AYE Fig 37 o] YeRSITh

120 °CellA] ol & sh= A9 7 712 &-84lo] gRlE et 130,
140 °CE 257} S7FshaA] gt 7)) §-g7o] wEw| Q). o]9h 2
& ARHFE 120 °C, 30i22] ofd® oM e HES 2Hs ¢
AsHA AARAIE 7 = A7 35 A0 7 AlRE 302
9] TA3F A7k 4] 120 °CHEF 32 130, 140 °C2) o™ L1ojlA
FEo] AR} sl A A R oz ke ),

Fig. 45 130 °C G107y 25340l 27213t W PLA 25
o] GEA Ay Wl Qi

105, 30% 52t oldH® PLA HEoME F 712 $850] B

2000

1000 |-

-1000

DSC (mW)

-2000

S 120T
— 130T
140C

-3000

—4000 L s L . " " . .
40 60 80 100 120 140 160 180 200 220

Temp (°C)

Fig. 3. DSC analysis of PLA film with annealing temperature at
120 °C, 130 °C, and 140 °C for 60 min.
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Fig. 4. DSC analysis of PLA film with annealing time at 130 °C for
10 min, 30 min, and 120 min.

A5 @ ) ool B
939 BB A5 et F95
A 53 QP etEIgirks 21 eliRick webd B 29l 2%

A5k 5 W) S15te] 1208 o) el

ot 1207 B g o

1l

L

W ol old 5 E
3b7] 91510] 80 °CHE] 140 °C7FA] 10 °C IHA 0.2 F-27dEjol| A &
AslE AEgaigion A3t A= 4 (1) 22> avrami A&
o] g3l A= AT 15].

X.(t) = 1—exp(-kt") o)

371914 X (1), k, m Zt2F §19]9] A3k 0] S ) A7
31w, A3 £, avrami S LERATEH
de]e] ARt X2l sk 2] (2)F ol8sie] Artsisith
dt ¢
b dt
dH ¢
o dt

Xt) = @

A3k ARt 918 PLA 250] 100% A3k 0E W] 8¢
=] (melting enthalpy)= 24 AIXF 52t oY E AA-S AM8-5)
of SR TH16]. ke no] T2 2] (DellA 28 2 3)& o] &8st
o] Akeelct.

log[-In[1-X_(t)]] = log(k) +nlogt 3)

21 3y} o] EHE o d™ e PLA HE2] avrami 2= Fig. 5
o YeRfSiTt.

80~110 °C =4 o d= ¥ HFollM=, ol d™ Alzbd A% s}
T 2JolE Ao #EE 4= gloA Fig. 59 22 avrami 2] 02 UE}
@ = Q1310 120, 130, 140 °C £E0M ofdH e HE0 A3}
LA (K)WHE Fig. 52HE ARSIt 120, 130, 140 °Colld 2
A3k e A3} SRS 1.64, 1.68, 12601901 120,
130 °CollA 2R S35 140 °ColA Wl @2do] w2t
ST 140 °CRE} 1202 130 °CS] %ollX AA 3} S 3=
2 AL o] LML AYEE A 47} Wolsly] wliEo]

0.7

0.6

0.5

04

03

0.2

log[-In{1-Xc(t)}]

0.1 a

logt

Fig. 5. Effects of annealing temperature on isothermal crystalliza-
tion constant (k) of PLA film at 120 °C(4), 130 °C(H), and
140 °C(A).
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