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golalglom L3l o] Bt 2o 7w A2 TDI(toluene diisocyanate) S 371ele] B3t So] 24 3
7 [e]

S Eelatsith 1 A3 =3 PLA 259 49 A ETF 565.25 ke/em®S) A& FlEgl o,
2 o] 0.25 wt% ¥ wWo] AFFETE 624.20 kg/em®Z °F 9.1 % F7FHE 31& FelEH]

A HE3dFo] =4 PLA &) vld] oF 50% #AstE AL gl 1
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Abstract : PLA(polylactic acid), one of biodegradable polymers was blended with various
amounts of wood pulp powder through solution blending technic to verify the effect of reinforcing
pulp amount on the mechanical properties of blend films. Also these blend films were further
modified with TDI(toluene diisocyanate) as crosslinking agent to introduce urethane functions by
reaction of pulp hydroxyl groups and isocyanate. As a result, the tensile strength of blend film
with 0.25 wt% pulp was increased from 565.25 kgi/cm® for PLA film itself to 624.20 kgg/cm?®.
However, elongation of this film was decreased by 50% of that of PLA film itself. Only PLA/pulp
blend film further modified with 500% of TDI/0.25 wt% pulp showed the slightly increased tensile
strength but decreased elongation. Melting point and glass transition temperature of PLA/pulp blend
films were confirmed by using Differential Scanning Calorimeter(DSC). Thermal stability of these
blend films measured by TGA showed only a slight increase at temperature lower than 3007C.

TCorresponding author (E—mail : slee@changwon.ac.kr)

- 305 -



[\
o
+
=
o
o

BRI LR E RS

Keywords - PLA, pulp powder, toluene diisocyanate, tensile strength, elongation.

Ul
o P
)

ot

o

( mlo
>
“

e
2 0

o,
o
o

oz
et o
o,
o
™ X

T
W o

N
T
2=
e g
pizh
fo
Ol
o
ﬂﬂg &
o H
> X0,
o=
o

)
U
¥
i
ol
2
ne
o

AA, vho] emj A E

ohat, EA), AN FE3t

THs A= 7

AAoR wgd e gjolziy
B H

i)
off
2

tlo
£ o
mﬁ@d
O
om0 Rl A oo S oglo Lo Fo mu ) [l A -

X
g 2 g, o

Y
oL Lo ol Mz A2 3O

2 5 3o
~

= Ty
‘0,

)
N
N
Hi
flo
s O
o &
o
N
s}

E T )
N, [0 Mo
—_ N
By

9
.

ol
)
1

[
a)

m
o
2
ol
ul
o
s
M
9
K
>
>

],

o
L
=
A

Py U2 SRRl Al H|B)| Aol Ea,

ZS dAE 7HA AL 9o, ol &
ghks] 78 ¥ ITH 3L
71 o2 Nishino &< PLA| u}e] g% 7)4}
ZE Hrksle, 7S EY JAAAEE &F
PLAKTE 38 H ¥& ZAIAE L4
Oksman 5 optE Hrtete JAAHAEE &5
3 PLAXT 5% U 2 A3E 5], =3
Plackett & jute® H7lsto] %9} 71dAI7F
Wl w2 IGAES AXEY FTUHE]
Shibata & otvrte} opult dAdF-5 o] 830

[

k
=

23l Bax 5% oute} ofnpgt A{-E o] &3
A g 4] 7R 8]. 18] al Liu 58 A
FEES 10 wteR F7ee] A=
0% Z=7YNZAa[9]. =L B, Twatake 5& 7
12202~ YA [10], Kowalczyke] A+
AER e yeAfot 25 7] YA
], 18] 3l Bondeson 52 3|27 HE <
oA YrAF[12], Jiang 5& bt HE
3], Petinakis 52 H¥S #H7tstke] 717414
9 dHELS STHAIAT14].

Aol A= o]gl g PLAS] B43S 913

& of |
S 5

)

A

ft

it
fo
M o X b afy

—
—
—

o0
T ox =

A3z} tolzAlopije| 25 Hkstel $elwt Tt
g B8 /A4 54 2 AH542 sk,

2.2 3
2.1. Ak 4 717]

2.1.1 XN¢F
B Ao AFRH PLAE =W (F)dF2d
o] Ft-AEFo] 4000091 PLAE AF&3lom,
HIZBEwo] AL w= BuckeyeAle] DP 35491
0 54 =2 ARgsllth. 12]al PLAS)
HAZ o 7tuAR AFEE EF9 tjo]aA|opd|o]
E(TDD+ ¢¥ TCIAF AL, PLAY £A42 AL
48 FERIEL A AHEste dFA S

BA glo] = ARg-sh3ltt.

2.1.2 717

PLA/BE EFgZ 59| AdFH =} ArEgS &
o18t7] &l Ul DSTARS]  REEAIE )
(UTM—201)& AH8-8F31aL, Load+= 20 kgr, A1
o] & 15 mm® nAs oM, X1 B Ao
£ 20 mm=E &Qlch il 1A E 54 F
o] g FRlsty] {8l FAAER A
(SEM, JSM—5000, &3 JeolAh)S AH8-8t5lom,
xAe 3ty F2E ] Y8t AL
#71(IR, FT/IR=6300, Y&, Jascorh) & AR}
Ak w3 DA 5EA4S FR1st] S8 AAREA
AFEX 7] (DSC, Q20, "= TA InstrumentA})
oF  GFFEAI|(TGA, Q50, W"F TA
instrumentAh) 2 ©]-&3}3t}. DSCY 75, dol
ik o]Es gloll7] 3kl 0T~250C ¥ =
20C/min £E2 273 3 250C~0TC Wzta}
I A 0C~250C WS 10C/min £E& =
AEF T TGAQ A9-= A47]HF 3lol 80Tl
A 30% B TRAIA Al FES AAZ
% 80C~500C ¥9= 10C/min £=& =43}
At

—_—

2.2. A9l Az
PLA/EE 534259 AxE 9l AA 2=

- 306 -



Vol. 30, No. 2 (2013)

B rﬂ
ge]
—
:>
ol
=
o K
=
o
ol
9
e
e
&

W
_\1
H
>
o
3
=

ab

>
-~
o,
=

o Mo oy
S o Wy

L

2 M
o i
o 1E

e

o&i 32
o i

o

[\

(@]

hul
2 Ao
r

P2 b2 oZi
i)
> of
jg oﬂ 2
ol
ol
=3
-
[N

[ ot M
BN ot [
ol T

ol
—_

ko] 80TCoA 10 1
ke Al A g
wt%® A1, PLA
Aol glE fAakdlo) Zbz) a
300% 2 500% TDIZ #7}3k
of HFEES A=

)
r—{u:ril:L_
mka%fm

A‘lmf
kh
)

o —JESL'
il
ol
ol S

xR

EH 1

S
R

rO(
o F
o o,
Mo
ol
A
z
ol
ol

Table 1. Compositions of PLA/pulp powder
composites films

Sample No. PLA pulp powder
(wt%) (wt %)
PP-1 100 -
PP—2 99.75 0.25
PP-3 99.50 0.50
PP—4 99.90 1.00

Table 2. Compositions of PLA/pulp powder
composites films modified with TDI

Sample PLA pulp TDI
No. (Wt%) (Wt%) (%/pulp)
PTP-1 50
PTP-2 200
—FF 1 19.95 0.05 —
PTP-3 300
PTP—-4 500
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Fig. 1. S—=S curves of PLA/pulp powder
composites; (A) PP—1, (B) PP—2, (C)
PP-3 (D) PP—4.

2

Tensile strength (kgfs'(:ln )

Elongation (%)
Fig. 2. S—=S curves of PLA/pulp powder
composites with various amounts TDI;
(A) PP-2, (B) PTP—1, (C) PTP-2, (D)
PTP-3, (E) PTP—4.
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Table 3. Mechanical properties of PLA/pulp
powder composites crosslinked with

TDI

Sample | Tensile strength | Elongation

No. (Kgi/cm?) (%)
PP—-1 565.25 11.23
PP—-2 624.20 5.41
PP-3 470.32 5.87
PP—4 414.53 4.86
PTP-1 524.70 5.13
PTP-2 526.70 4.57
PTP-3 557.55 5.10
PTP—4 640.43 5.40
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3.3. Surface morphology
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Fig. 3. FT—IR spectra of PLA/pulp powder
composites with various amounts TDI;
(A) PP-2, (B) PTP-1, (C) PTP-2, (D)
PTP-3, (E) PTP—4.

(C) (D)
Fig. 4. SEM images of fractured surface of
PLA/pulp powder composites;(A)

ppP-1, (B) PP-2, (C) PP-3, (D) PP—4.
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Fig. 5. SEM images of fractured surface of

PLA/pulp powder composites
crosslinked with various amounts of
TDI; (A) PTP-1, (B) PTP-2, (C)
PTP-3, (D) PTP—4.
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Fig. 6. DSC thermograms of PLA/pulp powder
composites; (A) PP—1, (B) PP—-2, (C)
PP-3, (D) PP—4.
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Fig. 7. DSC thermograms of PLA (A) and

PLA/pulp composites with(C) or
without(B) crosslinking with 500% of
TDI.
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Fig. 8. Thermogravimetric curves for PLA/pulp

powder composites at a heating rate of
10 C/min in nitrogen.

- 309 -



(o)
o
+
=
o
o

120

100

80 -

60 -

40 -

Weight (%)

20 -

0 160 2|I}0 360 460 sclm 600
Temperature ("C)
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