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Abstract: The non-isothermal crystallization behavior of poly(3-hydroxybutyrate-co-4-hydroxybutyrate)(P(3HB-co-
4HB)) was studied. It was found that the non-isothermal crystallization behavior of P(3HB-co-4HB) was affected even
with a small change in the melt processing temperature of 10-20 °C. It can be understood as the effect of low molecular
weight (3HB-co-4HB) formed by the thermal degradation because of inherent low thermal stability of biodegradable
P(3HB-co-4HB) in melt processing. The crystallization temperature and enthalpy decreased with increasing melt pro-
cessing temperature. In addition, it can be seen that the perfectness of crystal formed in the non-isothermal crystallization
of random copolymer also varies depending on the processing temperature. P(3HB-co-4HB) crystals formed under the
rapid solidification were made in the 3HB rich phase regardless of the melt processing temperature. Crystals formed
under the slow solidification were made both in the 3HB and 4HB rich phases and increasing melt processing temperature
makes it difficult to form crystals in the 4HB rich phase. Modified Avrami equation and Avrami-Ozawa equation were
fitted well for the non-isothermal crystallization of P(3HB-co-4HB). It was confirmed that the cooling rate and melt pro-
cessing temperature affect the crystallization rate and the shape of the crystal of P(3HB-co-4HB).

Keywords: poly(3-hydroxybutyrate-co-4-hydroxybutyrate), thermal degradation, non-isothermal crystallization, per-
fectness of crystal.
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Figure 1. Chemical structure of poly(3-hydroxybutylate-co-4-
hydroxybutylate).
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Figure 2. DSC cooling thermograms of P(3HB-co-4HB) with var-
ious melt processing temperature: (a) 180 °C; (b) 190 °C; (c) 200 °C.
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Figure 3. TGA thermograms of P(3HB-co-4HB) with various melt

processing temperature.
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Figure 4. Crystallization behaviors of P(3HB-co-4HB): (a) crystal-
lization temperature; (b) crystallization enthalpy.
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Figure 5. DSC 2™ heating thermograms of P(3HB-co-4HB) with
various melt processing temperature: (a) 180 °C; (b) 190 °C; (c¢) 200
°C.
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Figure 7. Relative crystallinity of P(3HB-co-4HB) as a function of
time with various processing temperature: (a) 180 °C; (b) 190 °C.

A3} A} A 2743} SHME secondary crystallization
o &gk =" v A1 A3t AsS Bt

Figure 89l 21 (3)¢] Jeziorny2] 3 ¥ modified Avrami
modelE AF&-E1 In[(-In(1-X(7))] vs. Inz plotS YERARATH
olmj 718} &)} secondary crystallizationol] 7]191%]& H]Al
g F7-& A28k primary crystallization] A& Z<l 427k vk
S ARSI 7F 88 T mollA] WLl Alke] &
A7} 218 A (correlation coefficient(R?): 0.9963-0.9985)2. =
wQlol| we} Jeziorny’} F3 2] (3)°] P(3HB-co-4HB) H]
T2 ARl & v 2S¢ g ok

Figure 80l ol&2] HH=} 7]187]2 k'9} modified Avrami
model®] 45 nS 7SI 4 (5l 2l81] crystallization half
timeS Al4Fsle] Figure 99 37 YeRASITE 2804 e
uke} Zro] Wzkewrt SrbE ] wit k'gke] S7tske AL
2 Kol AAs} £rt weprls o o Ut S, Figure 6(b)
o] Aol A S1E AR o] FAXT A= 4HB rich
phase®] 274 /o] A% HA A== 3HB rich phase?]
AgE e A A8sE duEs & 5 Stk

1.0
05k Cooling rate ("C/min)
®
20
= | & W
;-». 0.0 % 4
k=1 L]
151 E
* 0.5
& 0.
"
=
ik
= -l0f
&
st &
20 N L L L L
=20 -1.5 -1.0 0.5 (X1} 0.5 1.0 1.5
Int
(a)
1.0
sl Cooling rate (*C/min)
L]
(il L]
= 00 4 30
= * 40
;aa ® 5
L 05F
S
=
&
= -10f
15k
20 L L L L L L
=2.0 -5 -1.0 -0.5 0.0 0.s 1.0 L5
Int
(b)

Figure 8. Modified Avrami plots of P(3HB-co-4HB) with various
melt processing temperature: (a) 180 °C; (b) 190 °C.
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