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2 9}: Polycaprolactone (PCL)3% d7144 A& (thermoplastic starch (TPS))& o] &3l of
8 =AQe] Bdc=g Azsigd. PCL/TPS 24¢ 90/10, 80/20, 70/30, 60/40, 50/50, 40/
60, 30/70, 20/80, 10/902.2 =3 % BA=9| 7|4 B4, 938 54, &54, Hvlspgd 9%
AEHE, 39 4 52 33, 2430 d3A=e) AFES TPS @3e] Z7ige uat 7
A8Q oy, 848 TPSe $ako] 30%7Hx =718t TPSE 23 €2 126 ColA 2719
FAE)LE(T)E vgoy, A9 443 (T,)S UYeE §Y ZHL Bolx] g= Aoz
Ho} driaA dEL 3% nEAYE ¢ # Aok PCL/TPS Bd=9] T8 T, H3j:=
PCL#} TPS Ajole] 44-4L gle Aoz Ueldx|qh Bdc UE9 vdd 48 HofRe A
8o Apde PCLY TPSE Mg Arealrl dojuAwt 7148 4848 des Aoz veig
th 457te] AEs HEM PCLY Aesiss 4% Ax PCL/TPS Ed=9o MRAEE
TPS9] §3o] Z7igel wet AR =7l Z7isiRd.

ABSTRACT: Polycaprolactone (PCL) and thermoplastic starch (TPS) blends were prepared.
Mechanical properties, thermal property, water absorption, biodegradability by composting and
surface morphology of PCL/TPS blends were investigated. The compositions of PCL/TPS
blends were 90/10, 80/20, 70/30, 60/40, 50/50, 40/60, 30/70, 20/80, and 10/90. Strength and
elongation at break decreased as the content of TPS increased, while modulus increased. DSC
thermogram of TPS showed two glass transition temperatures (T,) at 23 C and 126 C. And
TPS proved to be an amorphous polymer because there was no endothermic peak due to the
melting of starch crystal. The unchanged melting temperatures and T,'s of PCL/TPS blends
revealed that PCL and TPS were not miscible. All of the blends were found to be mechani-
cally compatible but phase separated in each other. After 45 days composting, the
biodegradability of PCL was 44% and that of PCL/TPS blends increased as the contents of
TPS increased.

Keywords: polycaprolactone, thermoplastic starch, biodegradability, mechanical properties, mor-
bphology.
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Figure 1. Apparatus for biodegradability measure-
ment.
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Table 1. Test Materials and Theoretical Carbon
Weights for Biodegradability Analysis

. . theoretical carbon
material weight(g) weight (g)
cellulose 30 : 132
PCL 30 189
PT-10 '
(PCL/TPS 90/10) 30 189
PT-30
(PCL/TPS 70/30) 0 171
PT-50
(PCL/TPS 50/50) 30 159
HDPE 30 27.7

Table 2. Condition for Biodegradability Analysis
Experiment

temperature 58+2 €
approximately enough to
air supply make one or two })ubbl&e

per second in

pre-conditioner solution

period 45 days

sampling every 12 hours
agitation shake the vessel every 5
days

method for analysis of  stoichiometric calculation

evolved CO, concentration using CO, analyzer

D AR (%)
(C)t AgAA BEEHE o] Asigtao A9
S22
(C)y ! blanko| Al BE =& olatslgtadAe]
EBAsE

Zn o o

24 4. PCL/TPS |7} 10/90744 = B
7b FFsddrh ol Wrlad Aol E g2 27
o 7ka4 DEANY AMgo] e el Zoh
a2y TPSS] #4el YR o} PCL/TPS H] 0/
100, 10/90, 20/80, 30/70 Edc=e] Q1A EAL
T8k 238l Table 3& PCL#} TPS Edco
AAR B4E dein. TPSe ghae] 27kgl
et SHRRAN ARRE, AFEe] Pastgon,
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Table 3. Tensile Properties of PCL/TPS Blend
Films

composition  tensile .
sample (wt%) strength elor(x;a)tlon n(l;’/[d;h;s

PCL TPS (MPa) 2
PCL 100 0 31 1120 120
PT-10 90 10 25 1020 124
PT-20 80 20 23 890 169
PT-30 70 30 18 730 193
PT-40 60 40 14 11 194
PT-50 ~ 50 50 12 8 196
PT-60 30 70 7 6 173
LDPE® - - 8~31 100~650 170~280

? Values from ref. 13 for low density polyethylene.
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* Figure 2. DSC thermograms of the PCL and TPS.

Table 4. Thermal Properties of PCL/TPS blends

sample TPC]} TTP; 4dH;  aystallinity
¢ % (mal/mg) (%)
{t) (t) (v) ()
PCL 63 58 - - 1306 392
PT-10
(PCL/TPS o/10) 2 %8 - - 128l 43l
PT-30
(PcL/TPS T0/20) 02 B0 - - 938 403
PT-50
(PCL/TPSS0/50) ~ °° 27 126 652 392
PT-70
PT-90 )
(PCL/TPS 10/90) ~ > » 1% 052 156
TPS" - - 281% - :
? Crystallinity = 4 Hyof lerf‘ef
4 H; of 100% crystalline polymer
4 Hyof PCL (100% crystalline) = 33.29 mcal/mg.
Ao g, OE g dunw dRe oy
AR AAngel Helo) el s 370
o WoleEg zHethe Bat Utk Table 4of
Ae BAso ARAS ZAE] o =3 9=
54& B9, PCLY T, TPS9| T,= Ao ¥
so] met A8 Wl Qe Roe e me
A F BT 484 Ae e Aoz Bddol

Aok 22y PCLY T, ZAs: ¥t ww,
TPSe] ko] 70%7xe ¥ W3} %ixl“* TPS
gafo] 90% 9 ol PCL.J me % 3T Pas
W 2R o 5% Fadhs Yoz Hol
TPSe] £at50] PCL 2R3} 4L ux= Ao
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Figure 3. Water absorption of PCL/TPS blend films
in 96% relative humidity chamber at room tempera-
ture.
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Figure 4. Scanning electron micrographs of the fractured surfaces of PCL/TPS composites. (a) PCL/TPS (90/10),
(b) PCL/TPS(50/50), (c) PCL/TPS (30/70), and (d) PCL/TPS (10/90).
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Figure 7. Scanning electron micrographs of the sur-
face of PCL film (a) before and (b) after
biodegradation test.
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Figure 8. Scanning electron micrographs of the sur-
face of PCL/TPS(70/30) composite film (a) before
and (b) after biodegradation test.
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