15
B OERE - LR - S AR

R Y = AT )V OFREIRHEA~ DRI —RRIUIRTR DR

i

b Rk RO e S R

Influence of Supercritical Carbon Dioxide on Thermal Properties of Polyesters

Chikara TSUTSUMI*, Ayaka TOKUMARU* and Nao KUWAOKA*

In order to develop a novel controlled-release material, we previously attempted to impregnate environment-adaptable degradable polymers with useful
compounds, such as repellents and antibacterial agents using supercritical carbon dioxide (scCO,) as the solvent. It is known that thermal properties change by
scCO, processing, and evaluated how many thermal properties of degradable polyesters change before and after processing in this work. The degradable
polyesters were used poly(ethylene succinate) (PES), poly(butylene succinate) (PBS), poly(butylene succinate adipate) (PBSA), poly(butylene succinate lactate)
(PBSL) and poly(butylene adipate terephthalate) (PBAT). The influence of temperature and pressure on the scCO, processing was investigated. The processing
experiment, which investigated the influence of pressure, was conducted in the range of 10 to 20 MPa. The influence of temperature on impregnation was carried
out at 40°C to 100°C. The thermal properties, melting point (Try), heat of fusion (AHy) and glass transition point (T,), were evaluated by a differential scanning
calorimeter. When the polyesters were processed by the scCO,, these thermal characteristics were easy to be influenced by temperature than pressure. As for AH;y,
unlike Tr, or Ty, change was seen for every polyesters. The AHy, of PBS, PBSL, PBSA and PES are became high after processing. Since the T, of PBAT was
high, there was little difference of the AH,,, before and after processing, but PBSA and PES with lower T,,, were able to confirm change of the AH,, to pressure or
temperature. Furthermore, the T,, and the AH,,, of two kinds of polyesters increased with the rise in temperature.
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Table 1. Properties of biodegradable polyesters
Polymer ? M,”  MWM,” T,9 AHLY T
x10% °oC Jg °C
PBS (50/50) 13.2 1.68 112.2 858 -31.2
PBSA (50/40/10) 6.42 1.72 90.7 50.8 -41.2
PBSL (48/50/2) 7.83 2.45 1099 784 -30.3
PBAT (50/26/24) 4.44 2.33 120.3 282  -313
PES (50/50) 9.36 3.40 94.6 55.4 -7.1

a) Composition of polyester was determined by *H NMR. b)
Molecular weight was determined by GPC. c) Thermal property
was determined by DSC.

130
WPBS +PBSA -APBSL -@PBAT -OPES
120 ®© e—eo—o—0—0o oo
ouo | 1 S
e
= 100 |
o o0—o0—0—0—o—0—9
90 | S — " e
80 | | | | | | | |

Before 8 10 12 14 16 18 20 __
Pressure / MPa

Fig. 1 Effect of pressure on T, of degradable polyesters under
scCO; (40°C, 3 h).

21X 8~20 MPa, 40°C, 3 KD scCO, M LAz I3 1T
BLIESE AH, ORROFERE RS, MIAFRIZ LY, &K
YT A7 VD AH, 132k L7z, PBS, PBSA, PBSL, PES ®
m (N TATIC 85.8, 50.8, 78.4, 55.4 /g T - 7=, scCO,
ﬂfi LV ETOENTIEWT, AHL I TET L v 88 L=,
IHHDORY T AT LD8MPallEIT 5 AH, I, 91.5.54.8,
813, 57.8Jg TH VY, MLEiL v b L7z, [EH ERIZE
720, PBS 13X 14 MPa T b EIVME (92.70g) =L, %
UL T, 20 MPa & TlEAMEIR & 72 D | 20 MPa T 85.8 J/g

17
» SRl AR R

IZFE T L7z, PES bIAIERIZ 14 MPa TiebiEi< 63.5 Jig
ICETHIL, 24l B TIEEAEIm 275 L, 20 MPa T 62.0
Jlg TdH-72,PBSA t 12 MPa T\ Ml (59.6 J/g) &7k L7z,
PBSL iX 14 MPa & CII3IMEA TH - 725, ThLl EoE
HTEBDY LIz, UEXY, 25 4BORY = 2T 0345
BIOEIFEFIZI T, AH, M b B < 72 DB 295
Z LN TE, —5, PBAT IZNNTRIIZ 28.2J)g TH - 7203,
scCO, WLFRR1% TIT & A EBALITA SRR Do T,

PEORER XD Ty D&V PBSA, PES, PBSL I scCO,
SLBRIZ K 0 FERMED KR E &R T AHy 13E T DRV T
LT, BN EFICE L RWEIMER Th -7, [
CIRFE CHl: L7384 . scCO, DEEITEH D LFIZE b7
VRN T2 2 02D ARV ED IR COBERTL Y bR E A
bR B BID & BDNIR RN OEELY bESOFE
DREWZENEZLND, —JF. PBAT X T, W@V =D
AEIO G TIEREIEAE Z VI o To7e®d, AH 1T L
IWNET L L oTeb D Bbh 5,

100
0, e
80 - a

70
60 r v * * *
50 -
40 ¢
30 - o
20
10 WPBS -#PBSA APBSL -@PBAT -OPES

0 I I I I I I I I
Before 8 10 12 14 16 18 20

Pressure / MPa
Fig. 2 Effect of pressure on AH,, of degradable polyesters under
scCO, (40°C, 3 h).
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Fig. 3 DSC thermograms of PES processed at different pressure in
first heating.

A I5 DR Y = A7 L% scCOLIZF31 T, 8~20 MPa,

40°C, 3 R[] TN LALER L 7= REDJE S & Ty DBIR % 79, PBS
DINTLRTD Ty1E-31.5°C TH Y | scCO, LBt TiL 16 MPa %
T-31°C Fifg THERE L Tz, LanL, 18 MPall ETix E&-
JHME\ICH Y, 20 MPa CT-26.7°C 1% T LF- L7, PBSL
IXPBS LR L L D ICHEE L, 14 MPa £ TIIZIER UIETH
o723, 16 MPa LLET Tl LR 2MMicdH v, 20 MPa
The b < -29.2°C £ TEF L7, PBSA iR Y = 2T )1
LR EN EFICE B T EEAMERICH D | 18 MPa
T-41.9°C |2 E TIKF L7223, 20 MPa Cl-39.8°C iz L H L 7=,
PBAT % 20 MPa T-30.6°C £ 72> TRV, MHFTLIZE AL
[F U T o/ PESIFMOAR ) =27 L 10 b Ty m <,
ALERRTC-7.1°C TH - 7273, 8 MPa T-6.8°C I[ZH /i L&A
L7zdd, JED) EFIC & b2 WK T 2 A H 1 |
14 MPa T-7.4°C $ KT L7z, LEDOFRID, bR
U A7 W%, LRI T Ty ISR E B IEHR B o
7273, PBS, PBSL. PBAT (%, E/) EFIT & b0 Teldsm
FTLHMMIZH Y, PBSA X PES (X, HDHIESE TIE Ty MK
T OMATH oz, Tyl T & FU & D ICREREEAME
WA ICITEEEZITIC VWEB X DND,

0
o O—O0—o0—o0—0—0—90
-10 +
g) '20 [
i |=|E.=—_—|—ué'é;
40 L . 0—0—0\/
WPBS #-PBSA APBSL -@PBAT -OPES
-50

Before 8 10 12 14 16 18 20
Pressure / MPa

Fig. 4 Effect of pressure on Ty of degradable polyesters under
scCO; (40°C, 3 h).
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Fig. 5 DSC thermograms of PBS in second heating.
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Fig. 6 Effect of temperature on T,, of degradable polyesters under
scCO, (14 MPa, 3 h).
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Fig. 7 Effect of temperature on AH,, of degradable polyesters
under scCO, (14 MPa, 3 h).
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Fig. 9 Effect of temperature on T, of degradable polyesters under
scCO, (14 MPa, 3 h).
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