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2 o BestzzegE (PCL) 7 45579 AES U9 A2sy Zekagy vddvegadyole
£ A& aztzgx)zl PMMA grafted starch (Starch-g PMMA)E& PCL3} BdQg PCL/
Starch-g-PMMA Edl=o] EAS ZAlsl¥ct. PCL/AMAE (0S) Bz, PCL/olHazrE
¥ol AT HE (HACS) Bl=s PCL/%?‘T‘ £ (CS) Ed=nr U 74y B4S By
on, PCL/old2#" (AP) )= PCL/CS B9l fAR 24 Yeilginh 2d=u
AR §aFe] 30% Y o LDPE-’F._" DB ES} AAES el oy ARe] o] 50%9)
o2 E4o] §43] H=Ut. &8 MMAY Fx7 #2455, 18l H,0:DMF(1: 1) &
Feufoll BlEle 53 B& Balle AMREEE o o ¥ PMMA7E AR 2elzyE¢n
T PMMA7} AR 0] o] 2gtZE 2 Starch-g-PMMA9] FE £+ 7Asch PCL/
Starch-g-PMMA Edl== PCL/CS Ed=d H|3ld ¢ ¢35 9373 %, 4388 Jehje
o U= AdEA

ABSTRACT: Biodegradable polycaprolactone (PCL) and four different types of starch were
blended and their properties were examined. The PCL/oxydized starch (OS) and PCL/high-
amylose corn starch (HACS) blends showed higher tensile strength and elongation than the
PCL/corn starch (CS) blends, and the mechanical properties of the PCL/amylopectine (AP)
blends were similar to those of the PCL/CS blends. The tensile strength and percentage elon-
gation of the PCL/starch blends were similar to those of LDPE, as long as the starch content
was around 30%. However, when the starch content was increased to 50%, the mechanical
properties of the PCL/starch blends were sharply decreased. Grafting of MMA onto starch
was enhanced when the MMA concentration was high and water was used as the dispersant.
The higher the grafting percentage of PMMA onto starch, the lower the biodegradability of
PMMA grafted starch (Starch-g-PMMA). Not only the mechanical properties such as the ten-
sile strength and percentage elongation but also the water resistance of the PCL/Starch-g-
PMMA blend was higher than those of the PCL/CS blends.

Keywords: starch, starch graft derivatives, biodegradability, PMMA grafted starch,
polycaprolactone (PCL).
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Figure 1. Mechanism of graft polymerization of
MMA onto starch.
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Table 1. Tensile Properties of the PCL/Starch
Blend Films

blend tensile elongation at
strength (MPa) break (%)
PCL 48.0 800
PCL/CS 93/7 48.0 725
PCL/CS 86/14 36.0 725
PCL/CS 79/21 25.7 665
PCL/CS 70/30 20.0 650
PCL/CS 50/50 5.2 275
PCL/HACS 79/21 28.9 870
PCL/HACS 70/30 223 750
PCL/OS 79/21 285 750
PCL/OS 70/30 210 600
PCL/AP 79/21 245 660
PCL/LDPE 70/30 25.0 760
PCL/LDPE 50/50 12.0 570
LDPE 10.0 800
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Ao} vt s | PCL/CSA: S0 /AEAR
o i e ulE AFATe] AT HA do
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Table 2. Thermal Characteristics of the PCL/Starch Blend Films

g gEAE Bd=

T,(C) T, (C) 4H(]/g) crystallinity (%)
blends . slow . slow . slow . slow
quenching cooling quenching cooling quenching cooling quenching cooling
PCL 100 (as received) -65.0 -67.0 59.9 58.1 76.1 719 54.7 516
PCL 100 (hot pressed) -66.6 -69.0 59.7 58.8 74.3 716 535 515
PCL/CS 79/21 -65.0 -69.5 59.3 58.0 74.6 70.8 53.7 50.9
PCL/HACS 79/ 21 -66.1 -68.8 59.5 58.1 745 70.5 53t 50.6
PCL/0S 79/21 -66.2 -68.8 59.7 587 736 69.1 52.& 49.7
PCL/AP 79/21 -66.1 -69.1 59.8 58.7 74.1 70.3 532 50.5
Table 29} et Ed=le] 243=E= PCL
o] ¥} 100% PCL 224l 889 (1393 J/g) 100+
&7 ol g3le] AT AE FFeL L@ @
EW=9 fEldolemel £§2%7) PCLY fad
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35 1.72 Yeldd (GPCE £4). welx PCL
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Figure 2. TGA thermograms of (a) PCL, (b) PCL/
CS 86/14, (c) PCL/CS 70/30, and (d) PCL/CS 50/50.

Table 3. Water Absorption of the PCL/Starch
Blend Films

time PCL PCL/CS PCL/CS PCL/CS PCL/CS
(day) 93/7 86/14 79/21 70/30
10 0.0% 1.5% 0.9% 2.1% 2.1%
20 00% 20% 3.3% 3.3% 4.5%
30 1.0% 1.9% 4.2% 6.1% 6.3%
40 16% 1.9% 4.3% 5.7% 5.8%
50 16% 2.0% 4.5% 6.0% 6.1%

%o @& azize" PMMAS 2A9} pGE 2z}

753 oot etz Ee] whe-xAg Bald System
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Figure 3. FT-IR spectra of (a) corn starch and (b)
starch-g-PMMA.

Table 4. Yield of Starch-g-PMMA

grafting MMA concentration (mol/L)
condition 0.5 1.0 15 20
system 1 70.9% 70.9% 80.6% 49.7%
system 2 75.4% 86.1% 89.4% 89.1%
system 3 81.0% 87.0% 87.5% 84.2%
*Yield(%) = ¥t of [starch-g-PMMA +PMMAT | 100

wt. of (starch+MMA)

Table 5. Weight of Starch-g-PMMA

grafting MMA concentration {(mol/L)
condition 05 1.0 15 2.0
system 1 08¢g 53¢ 98¢ l44¢g
system 2 22g 94g 162g 25.0g
system 3 30¢g 92¢g 181g 253¢g

1, 2, 3 2% MMAS¢9] o] 718445 O
PMMA Sl BAl9t PG Z7}514ch Table 4~69]
An258E HLO-DMF (1:1)& £z A4 o
Bl B& gdig ARRde 2S¢ #&, astzE"
PMMAS] #A 9 PG F°l d A et
AY aze FEAel Ao WEHEE v)ws}
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Table 6. Percentage Grafting of Starch-g-
PMMA
grafting MMA concentration (mol/L)

condition 05 1.0 15 2.0
system 1 4.4% 26.3% 54.4% 80.0%

system 2 12.2% 52.3% 89.7% 138.7%
system 3 16.6% 52.0% 100.2% 140.3%
—8—-CS
907 | —@—nacs
80 —A— Starch-g-PMMA1
—W— Starch-g-PMMA2 /.
—4— Starch-g-PMMA3
701
<) o
X —
= 607 .._.—I/. _” A
= ./ _ A
@
8 e /A
© v
o) /A v/ *
S e
® /. :/VM *
s8]
o—o—*

15 20 25 30
Time(days)

Figure 4. Biodegradability of starch and Starch-g
PMMA.

7} $18ked 8449\ (activated sludge) dlol| A A
=g =33l Fig. 4o Jepidch H71A
starch-g-PMMA1, starch-g-PMMA2, starch-g
PMMA32 A& @9 g3 0.122, 0.366, 0.523 g2J
PMMA7} ael=gd A8 sgdict. a2ep=Zeg
o] 713 wg} ARAMEE F4TE 2 5 Aok
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starch-g-PMMA3¢} PCL Edl=29] qia7gs 2 Al
182 PCL/CS Bdlc=sl wmslgdul. Starch-g
PMMA3% PCL¥ Bd9% A7 (34 =E 8
= starch-g-PMMA329] 33}o] ©¥& w+= PCL/
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Figure 5. Tensile strength of (a) PCL/CS and (b)
PCL./Starch-gPMMAS3 blend films.
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Figure 6. Percentage elongation at break of (a) PCL/
CS and (b) PCL/starch-g-PMMAS blend films.
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Figure 7. Scanning electron micrographs of (a)
PCL/starch (50/50) and (b) PCL/starch-g-PMMA3
(50/50) blend films.
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Figure 8. Water absorption of (a) PCL./starch (70/30)
and (b) PCL/starch-g-PMMA (70/30) blend films.
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