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2 9f: Polycaprolactone (PCL)# 97144 A& (thermoplastic starch (TPS))& 0] &3}l o
g 249 Bd=E AZsgo. PCL/TPS ®=4& 90/10, 80/20, 70/30, 60/40, 50/50, 40/
60, 30/70, 20/80, 10/900.2 A3 Bd=9] 7AH B4, 84 54, F54, Hvlshgd) o
AEdAE, 59 84 58 33, 2430 3 AFES TPS #o| F7igd oet 2
A8l o}, BHES TPSe ggko] 30%71x Z7siieh. TPS& 23 'CoF 126 CAlA 271¢]
FEHo| 2T (T)E Byon, 239 483 (T)& Helle FE 4L HolA ge 3=
Hol driay AES FAY nEAYS & 4 Aok PCL/TPS Edx=9 T T, #she
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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-
Dbhology.
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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 ()
cellulose 30 13.2
PCL 30 18.9
PT-10
(PCL/TPS 90/10) 50 189
PT-30
(PCL/TPS 70/30) 50 17.1
PT-50
(PCL/TPS 50/50) 159
HDPE 30 217

Table 2. Condition for Biodegradability Analysis
Experiment

temperature 58+2 C
approximately enough to
air supply make one or two bubbles
per second in
pre-conditioner solution
period 45 days
sampling every 12 hours
L shake the vessel every 5
agltation

days
stoichiometric calculation
using CO, analyzer

method for analysis of
evolved CO, concentration
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(C)t AlBANA HE e ol idaietad MY
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(C)yp : blankd| A B2 o] 4tabgtad A
HBrEs

A o 0F
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o] 7t REAAY Aol JHsRe 2o Frh
a2y TPS9] #4e] W& wo} PCL/TPS ®) 0/
100, 10/90, 20/80, 30/70 Ed=9] % BAL
T34 E3qich Table 32 PCL3¥ TPS Ed=e]
71AH B4 el TPSe] jtako] Z7l3td
we sdEgA AR T, NAFe] FAasig o,
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Table 3. Tensile Properties of PCL/TPS Blend
Films
composition  tensile .
sample (W1%) strength elonfatlon modulus
PcL_Tps (Mpa) 0 (MPa)
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 PCL__TPS 4H;  cystallinity”
Yo In Ta T naymg ()
(°C)( t) () (1)
PCL 63 58 - - 1306 392
PT-10
(PCL/TPS go/10) 2 B - - Lol 43l
PT-30
(PCL/TPS 70/30) -62 60 9.38 403
PT-50
(PCL/TPS 50/50) ~ o8 27 126 652 302
PT-70
(PCL/TPS 30/70) ~ O0 27 126 3& 382
PT-90
(PCL/TRS 10jo) © B B 15 082 156
TPS - - 281% - ;
4 Crystallinity = 4 Hy of polymer

A4 H; of 100% crystalline polymer
4 H; of PCL (100% crystalline)=33.29 mcal/mg.
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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 5. Cumulative biodegradability of test materi-
als under controlled aerobic composting conditions.
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Figure 6. Rates of biodegradation of test materials
under controlled aerobic composting conditions.
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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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