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Chain extension effects of para-phenylene diisocyanate on crystallization behavior and
biodegradability of poly(lactic acid)/poly(butylene terephthalate) blends

Myung Wook Kim’, Sung Min Hong~, Doojin Lee’, Kwangseok Park’, and Jae Ryoun Youn™

ABSTRACT

Blends of poly(lactic acid) (PLA) and poly(butylene terephthalate) (PBT) were prepared by reaction extrusion
with para-phenylene diisocyanate (PPDI). The crystallization behavior and biodegradability were investigated by
using a differential scanning calorimeter (DSC), a wide angle X-ray diffractometer (WAXD), a contact angle
goniometer, and a buffer solution containing esterase. The addition of PBT into PLA polymer matrix induced
the cold crystallization of PLA phase, and the crystallization rate of PLA phase was significantly accelerated
when both PBT and PPDI participated in the reaction with PLA simultaneously. But the chain extension caused
by PPDI decreased the crystallinity and hydrophilicity of PLA and PBT phases. The crystallinity and
hydrophilicity did not affect the biodegradability of PLA/PBT blends. However, phase separation between PLA
and PBT in PLA/PBT blends increased the interfacial area exposed to the hydrolysis of enzyme, resulting in
the improved degradability rate of PLA phase. In contrast, the improved interfacial adhesion between PLA and
PBT matrices by the reaction with PPDI reduced the area exposed to the enzyme to decrease the degradation
rate of PLA phase.
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Fig. 1 Chemical structures of PLA, PPDI, and PBT.

Table 1 Compositions of PLA/PBT/PPDI samples

Composition (wt%)

Sample PLA PBT PPDI
PLA 100
PLA/PBT 50 50
PBT - 100
PLA/PPDI 97 - 3
PLA/PBT/PPDI 485 485 3
PBT/PPDI - 97 3
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Fig. 2 Traces of HDT with a load condition of 4.6 kgt#/cm™ at a

heating rate of 2°C/min for unannealed PLA and PLA
annealed at 120°C for 1 hr.
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Fig. 3 (a) Complex viscosity and (b) storage modulus of PLA and

PBT at 240°C before and after the reaction with PPDI.
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Fig. 4 Anticipated reactions of chain extension among PLA, PBT,
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Fig. 5 DSC traces of PLA/PBT/PPDI samples during (a) cooling stage
and (b) reheating stage at a rate of 20°C/min.
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Table 2 Thermal properties of PLA/PBT/PPDI samples at 20°C/min during

the cooling stage
PLA phase PBT phase
Sample
T(C) Hc(J/g) T(C) Hc(J/g)

PLA - - - -
PLA/PBT - - 187.9 231
PBT - - 171.3 48.9

PLA/PPDI - - - -
PLA/PBT/PPDI 85.9 3.0 1759 17.1
PBT/PPDI - - 178.3 353

Table 3 Thermal and crystalline properties of PLA/PBT/PPDI samples
at 20°C/min during the reheating stage

PLA phase
Sample = = =
Tg(°C)  Tee(°C) Hee(Jg) Tm(°C)  X(%)
PLA 59.2 - - - 0
162.4
PLA/PBT 558 114.7 12.3 167.7 39.0
PBT - - - - -
PLA/PPDI  58.3 113.4 30.8 162.7 36.1
PLA/PBT/
PPDI 57.1 98.7 8.1 166.4 36.2
PBT/PPDI - - - - -
PBT phase
Sample
Tm (°C) Xc (%)
PLA - -
215.4
PLA/PBT 27.9
225.4
PBT 224.4 325
PLA/PPDI - -
PLA/PBT/PPDI 219.1 17.2
214.4
PBT/PPDI 220.7 244
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Fig. 6 Comparison of crystallization temperatures for PLA/PBT and PLA/
PBT/PPDI between at two different rates of 10 and 20°C/min
during (a) cooling stage and (b) reheating stage.
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Fig. 7 WAXD curves of PLA/PBT/PPDI samples annealed at 75°C
for 30 min.

Table 4 Degradation rate after 2 weeks and the properties related to

the biodegradability of PLA/PBT/PPDI samples

PLA phase
Sample  Contact angle (°) crystallinity by ~ Degradation rate
WAXD (%) after 2 weeks (wt%)
PLA 64.8 + 0.6 0 0.36
PLA/PBT 634 + 1.1 6.1 0.54
PBT 635 + 0.8 - -
PLA/PPDI 67.4 + 0.4 0 0.36
PLAPBT! o4+ 13 48 0.39
PBT/PPDI 64.6 + 0.4 - -
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Fig. 8 SEM images of the fracture surface of (a) PLA, (b) PLA/PPDI,
(c) PLA/PBT, and (d) PLA/PBT/PPDI specimens annealed at
75°C for 30 min.
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Fig. 9 Degradation rates of the PLA phase in PLA/PBT/PPDI specimens
annealed at 75°C for 30 min.
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