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2 9f! Polycaprolactone(PCL) 3} poly(butylene terephthalate)(PBT)& 1,4-butane diol
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ABSTRACT: Polycaprolactone (PCL)-poly(butylene terephthalate) (PBT) block copolymers
were effectively synthesized through the transesterification reaction of PCL and PBT in the
presence of 1.4-butane diol (BD) followed by the chain extention reaction with 4,4'-
diphenylmethane diisocyanate (MDI). The modulus of PCL-PBT block copolymer decreased
sharply after the melting of PCL block on heating. As the degree of transesterification reac-
tion was increased, the modulus below the melting temperature was decreased due to the re-
duced crystallinity of PCL block. Whereas, through the transesterification reaction, the modu-
lus above the melting temperature was increased by the fine dispersion of PBT crystalline re-
gion which acts as a physical crosslinker. The shape memory effect of PCL-PBT block
copolymer was increased as the content of PCL block was increased, and as the fine disper-
sion of PBT crystalline region was enhanced properly through transesterification. The shape
fixity was increased as the crystallinity of PCL block was increased.

Keywords: PCL-PBT block copolymer, shape memory effect, transesterification.
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Table 1. Formulation for the Melt Transesteri-
fication of PCL and PBT, and Tensile Properties
After Transesterification

feed by weight

tensile properties
tensile elongation
PCL PBT TBO DGEBA strength at Break

run

number (MPa) %)
P70 70 30 - - 63 120
P70-TBl 70 30 01 - 125 3.7
P70-TB2 70 30 03 - 123 40
P70-TB3 70 30 05 - 93 41
P70-DGI 70 30 - 2 165 70
P70-DG2 70 30 - 4 15.0 6.3
P70-DG3 70 30 - 6 114 44
P70-TDlI 70 30 01 2 145 46
P70-TD2 70 30 01 4 154 5.7
P70-TD3 70 30 01 6 16.0 7.2

Table 2. Formulations for the Synthesis of PCL-
PBT Block Copolymers and Their Intrinsic Viscos-
ities

reaction

run feed by weight s 7]
number  pCcL PBT TBO BD MDI (py (478
C70 0 30 - - - 10 1.45
C70-BDI 70 30 01 02 06 10 1.01
C70-BD2 70 30 01 05 15 10 131
C70-BD3 70 30 01 10 30 10 0.98
C70-DT2 70 30 01 10 30 20 161
C70-DT3 70 30 01 10 30 40 0.50
C40-BD2 40 60 01 05 15 10 0.68
C60-BD2 60 40 01 05 15 10 0.75
C80-BD2 80 20 01 05 15 10 1.10

¢ After MDI feeding.
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Figure 2. FT-IR spectra in 3250~3500 cm™ region
of (a) C70, (b) C70-BD1, (c) C70-BD2, and (d) C70-
BD3.
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Table 3. Thermal Properties of PCL, PBT, and
Copolyesters

Eeldi2Hz £5

TEEA BArdE

Table 4. Mechanical Properties of PCL, PBT, and
Copolyesters

. » Ta AHgr
samples  Tmer, (T) 4 Hae, BT B

(cal/g-PBT) ()  ({cal/g-PBT)

PCL 64.7 188 - -

PBT - - 2255 16.2

C70 60.7 18.6 2238 159
C70-BD1 60.5 164 2215 141
C70-BD2 60.2 13.8 219.2 139
C70-BD3 380 5.6 1717 9.1
C70-DT2 36.4 5.2 170.5 8.8
C70-DT3 - - - -
C40-BD2 53.5 5.5 2178 152
C60-BD2 58.7 10.8 2189 100
C80-BD2 59.5 17.9 219.3 11.4

diHZ LBWSATE A 2 dre moEm
=549 ‘?“;5}—2— vehdich. C709] wls] BDse}
MDIe| o] F7tste A9 72 JEo) Sy 58
dE0l #2¥E & F doH, ol =2 aP
g el 718 Jehdoh &, dxsz mgy
% Azl 7l HRNE SEYD 58] 2
Al Zasted, C70-DT39] A= E3id =25

#3Y 4 9 olde Fwse BD MDIe)
3 dads 3ELE AT BE R dads
2US S AN 29Y 5 YL uoiEc)

9_!7,5} EM. Table 49 PCL, PBT, o~H=
& e T oMY AAE HAES Yeh)
%t C70-BD1& C709) wisl] ZA= gro] =4 =
7HHe 2 4 Ut ole C70e di2Hl2 agite
o] M) B3 £ uEaie] ulgdg BA=AY
W C70-BD1& dl2H =2 m@ulgd o3 2232
T #Adol Fd EFYE RAFET. C70-
BD1, C70-BD2, C70-BD3¢4] BDs} MDIe] &tk
% Z°-7].A]§']L~ 73.‘1’_ =2 Bh‘s!ﬂ)do] 74-/\]5:_'— q];q]:a
o8 Frtele AEE Hojsd W, Ze HIAEA
A FEARE, BB, AE 5 UAde AL B
ola Utk HE, gHEAIZre] Z713el wa} (C70-
BD3, C70-DT2, C70-DT3) s&7%, @A &, 7
= #FA Aol Fudi, AxE C70-DT29A
HAgtg Heloh olaidt AREL daH2 et
ol o3 ESTTEAY Aol

Aes F4=EH, 3235, 84

&2 A2zd A1z 19989 14

10% tensile
secant  shore A
modulus hardness

elongation tensile  vield
samples at break strength sctrength
(%) (MPa) (MPa)

(MPs)
PCL 1508 345 136 54 97
PBT 20 417 -¢ 168 99
C70 12 6.3 -4 60 98

C70-BDI 405 14.0 130 120 95
C70-BD2 677 181 11.9 108 93

C70-BD3 700 148 8.6 70 86
C70-DT2 1079 17.1 6.3 40 79
C70-DT3* - - - - 32

C40-BDZ 533 203 174 127 98
C60-BDZ 600 19.2 132 121 97
C80-BDZ 694 16.4 10.8 102 91

“ No yield point, ® Too weak to measure tensile properties.
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Figure 3. Effect of PCL content on the dynamic me-

chanical properties: (a)tensile storage modulus, (b) tan &.
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