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2 9f: Poly(butylene succinate) (PBS) 2} poly(tetramethylene glycol) (PTMG, M,=2000)&
2338l polyester-polyether segmented block copolymer& #4131 A4 g €3 A%
I 71Ad dAg goprgitl. PBS ddFiAe] §4L 1152 CHoY 70 wt% o] PTMG7L &
ZH=E gHo]l 83.0 TR WEEE 4 & Utk AAFAIERA (DSCY= &HE 4 H;
(heat of fusion)dlA] T+8 AAZRE = ATENIHET]} 5~21%, SIS IHE} 53~67%R
9 g& 2l PBS 9dE§A e 94 =E 37.3MPac|l ey PTMG7T Hrigd w3
2 gastel PTMG#30] 70 wt% <l 35489 4% 240MPaz < 1/33 =7 #asiioh
oo vl& HFAME+ PBS d@dF|A7E 100%, ©] F PTMGHEZ Frld wal ZF7)siod
PTMG#o] 70 wt% % 35 E°] 800% 23 of 8= =7} 3g=gict. 4 dilg= 4
ANZ Fo] EQEANE PTMG 3 40 wt% FF5HE00 vjsl PTMG 3] 70 wt% <l &3
e B8] of 28] A= FII8ch.

ABSTRACT: Polyester-polyether segmented block copolymers of poly(butylene succinate)
(PBS) and poly(tetramethylene glycol) (PTMG, M,=2000) with various compositions were
synthesized. Their thermal and mechanical properties were investigated. The melting point
of PBS control was 115.2 C and the melting point of the copolymer containing 70 wt% of
PTMG was 83.0 C. Crystallinity of soft segment was 5~21% and that of hard segment was
53~67%. Breaking stress of PBS control was 37.3 MPa but decreased with increasing PTMG
content. In the case of the copolymer containing 70 wt% of PTMG, breaking stress was
24.0 MPa. Contrary to the decreasing breaking stress, breaking strain increased from 100% for
PBS control to 800% for the copolymer containing 70 wt% of PTMG. The shape recovery ratio
of the copolymer containing 70 wt% PTMG was almost twice of that of the copolymer con-
taining 40 wt% PTMG.

Keywords: poly(butylene succinate), poly(tetramethylene glycol), polyester-polyether segmented
block copolymer, shape recovery.
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4 H

Al % X|R. Succinic acid (SA), 1,4-
butanediol (1,4-BD)2 Shinyo Chemical®} Junsei
Chemical?] AFEL, polyol2:= FHF Exgo]
20009! poly(tetramethylene glycol) (PTMG, A
Z9 : TERATHANE® 2000, Dupont)$} ¥hg o]
2& titanium isopropoxide (TIP), antimony tri-
oxide (ATO), butyltin hydroxide oxide (BHO) %
9] AldrichAl A F-& 7Y Jal= A3 T
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Succinic Acid 1,4-Butanediol

Esterifieation

BHO
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BHBS

H-OCH,CH,CH;CHJ;OH _.__| 5,,‘,'5:’;.‘,‘;:..‘12:,:,,,,
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Remove most of the 1,4-BD

240°C, 0.SmmHg, 2 hrs

1CH;CH,CH)Q -cﬂzcﬂz-g):];

{(ocn,cn,cn,cn,og-cmcn,- :

PBS-PTMG segmented block copolymer

Scheme 1. Synthesis of PBS-PTMG segmented
block copolymer.
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4X+4mY=d, +d, (protons of -CH,;-CH,- in butylene group)
4(m—1)Y=b (protons of -CH;-O-CH,- in PTMG group)

9% PTMGe] $87 #x30] 2000022 of
o ejstel mg AR T Yol H,

_ 2000—18.02 (H,0)
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Table 1. 'H NMR Chemical Shifts of PBS-PTMG
Copolymer

segment proton symbol chemical shift
(8/ppm)
PBS 0 0
| i c 2.6
-0OC-CH,CH,-CO-
(0]
1 a 4.1
-C-OCH;-
-CH,-CH;- d 1.69
PTMG -CH,-O-CH,- b 34
7
41
-C-0 CH,- 2
-CEz-CHz' d2 1.6
PBS/PTMG (wi%)
cDCL,
70,
40080 ).
&L___It
5050 N
55/45 | A
6040 |
70/30 L .
20 :
S0 |
- -

T T T T T T 1
L] 7 [} ] 4 3 2 1 P

Figure 1. 200 MHz 'H-NMR spectra of PBS-PTMG
copolymers in CDCl;.

CHy-ol 9&)7t 237 (d;, dp) 2 splitEe ¢ F
At FFEEW PTMGE3o] 71845 34
ppm F2¢] 93 HA] o] FI13E NN, 1.6
ppm A splitd dadME PTMGWe] -CH,-
CHp-dl 2§ 44A #lz ()7 Aa Fohsla
1,4-BD9] -CH,-CH;-9ll 23 ¥4da dlzd)E
Azt gadhe & A3 (Fig. 1).

SN 432 B4. Fig. 29 Jelle DSC 23
714348 B9 soft segmento] o3 L83 =9}
hard segmente]] ¢ 8§33, ¥ 79 £§9=7}
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PBS/IPTMG 1182
(wt%)

100/0

Tazs 114.4
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Figure 2. DSC thermograms(2nd heating scans) of
PBS-PTMG copolymers.
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< 4 A% Sloneckidl 98 X3)¥ PBT/PEG
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-32.5 ColiA A== (Fig. 2), o)+ Huangs$)
AFAEA 93A Bud T,=1135 C, T,=-34.0
Toh=" A9 dA&t Sunge) ATFAE 8 B
1" T,=1142~1161%C, T,=73.0 C ="
TE g2 Holx Qlth. 23 71ETAe] 2z} njag B
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i, 80~110 CAAM¢] HaE PBS7E 2 4E& A
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Table 2. Molecular Characteristics of PBS-PTMG

Segmented Block Copolymers
PTMG (wt%)
code feed copolymer LV. M, ‘(’:Z)’ ‘:gz;
('"H NMR)
SG100 0 0 1.62 68900 - 56.1

SG91 10 10.2 155 65000 52 592
SG82 20 21.1 172 74500 102 530
SG73 30 29.5 136 55200 11.0 579
SG64 40 40.7 136 55200 116 576
SG5545 45 473 194 86500 149 619
SG55 50 54.1 1.65 70500 134 674
SG4555 55 56.8 1.88 83200 125 643
SG46 60 60.1 154 64600 122 608
SG37 70 70.2 1.39 56700 21.7 529
LV. . intrinsic viscosity, M, : viscosity-average molecular mass,
Xe.s: crystallinity of soft segment, X,,: crystallinity of hard
segment.
* The calculated percent crystallinity was based on the compo-
sition obtained from 'H NMR.

o] 10wt%olA 70wt% 2 Z7184E T,=1144,
112.1, 110.6, 109.1, 106.6, 99.4, 95.2, 91.4, 83.0 C
2 Za3lo (Fig. 3) o4& =4 9 Hy3
Ql §34743 Edg Held

Soft segmentdl] £]3 &§ ¥+ o|9h= vhE 7
e Holtd), PTMG 9% 30 wt% 9} 40 wt% 2]
7% 131 7C9 141 CE E Aol7l gldleny o] &
55 wt% 7HA E71e W #art Jehge &5
6.6, 0.6, 0 'CE2 7Z}A&%1, 55 wt% A 7T0wt% 2
Z718 g w2 0 codlA 25 C= oA Fr)E
= AL ¢ 5 Utk ol PTMG 55 wt% 23| 744
9] soft segmente} 8-§ A& PBSY| o8 9L
BeTE dAPY. T2t PTMG @3] 55 wid%
dA 70 wt% 2 ZF7}8 "= soft segmente] £-§
A% & PBS9 EAld o3& Ao FgE x| Y=
o} & 5 9o soft segmente] §§ 37} A
2 A0 o|FIAA 2 BYE EIlEHIE ¢
T At

Cooling scan (Fig. 4)dlA8] w3 AWEd,
5G1009] 9Y FA AL WE A3} &2
& 233 F49 7187171 F3am Fo] FL 19
Hz7t Yehy, FE28ENM= PTMG#3] A
A VS F 939 Fo] HoAE FAld @t
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1]

80 '4 Melting perature of hard

Temperature (°C)
.3
o
.

40 _1 Melting pera of soft seg
207 ‘\‘-_.—‘i\-f/.
0 =
1 ¥ T Ll 1 L ) L)
10 20 30 40 50 60 70 80
PTMG Content (wt%)

Figure 3. Melting temperatures of soft and hard seg-
ments of the copolymers vs. PTMG wt%.

100/0
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EX] 90/10

80/20

64.3
V 70.0
121 70/30
\, ﬁ[s.o
9.8 60/40
A
e 55/45
\r 54.4 ]
Pry 50/50

Endo

214 45/55
27.4

40/60

-20.8

249

30/70

PBS/PTMG

(wt%)

-17.5
T T T T T T T T T
60 40 -20 0 20 40 60 80 100 120 140

Temperature (°C)
Figure 4. DSC thermograms (cooling scans) of PBS-
PTMG copolymers.
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29 BAEE A4S Table 29 Yepfict. -

X, y (crystallinty of hard segment)
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4 H; of PBS x wt. fraction of PBS

x100 (3)

X. ; (crystallinty of soft segment)

AdH,

= ZH, of PTMG xwt. fraction of PTMG < 1%°

AR 3=l PTMGY) 5ol IAlqAME 43¢
BEE #& FE g2, soft segmente] A3
E(X. 09 A% SGoldAMe HAZ=E 5.2%,
SG82¢} SG739A e A= 10.2%, 11.0% =
ol FEEA e PTMGEER] 7] W&o soft
segment2] AAYPAY FYo] FolA= FAog Ho
H, ojof njg] PTMGe| 40| W SG379] 3¢
soft segmente] ZA B =7} 21.7% = Ael 2u]e)

2l #2239 A435 19983 74

1000 45
m-
- 40
800 -
T 700 E
. ——
2 L35 S
™ <
£ :
[/, 500 - = 30 g
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£ >
X 400 3
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[++]
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Figure 5. Breaking stress and breaking strain vs.
PTMG wt%.
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Hard segment Q8% (X, p)9 A$ds PTMG
qF 50 wt% 29 SG552} SG4555, SG55454)
A HixQl 67.4% 2 64.3%, 61.9% 2 AAN=S
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A & (134, 125, 149%)& BH o=
PBSe} PTMG9] ko] A9 vlsidl wat 2
B AkeERrt A 2P8Ae) & HE R
22 A7zt e FFHEL] 29 hard seg-
ment A EE 56%9dA 60%Alelel e BHR
3 soft segment 2AsE= 10%4 12% P =9
#F& Jehidd.

QIFEES 2. Fig. 59 Jepd RAal 3o
PTMG #%0] 371848 dd3i=r} 2asan g
A &L Z71319 =, Albertsson & @FaEo] A
33 PES/PTMG copoly(ether-ester) M & o]}
FARE 257t Bag bl op®

SG1009] #A$ ANIA=rst 37.3MPaolgoy
soft segment@Fo] F/IAFE HFab 7Aiadso
SG379|A& 24.0 MPazX o 1/33 &) Z4AE X

tHl, ol hard segment3zfo] ZrAFe] iz}
E83 rtuye] dxx 743 Fxe] Favl 4
W = Aoz A, gdilge 39 SG100
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Figure 6. Toughness (A) and initial modulus (@) of
PBS-PTMG copolymer vs. PTMG wt%.

o] 100%% ey SG463 SG37¢9 AH$ 800% =
soft segment@Fo| F71E+E 8uj7tAe) F7ta
& Jehigit

PTMG## 7ol wel sgtilgo] Frhsh=d)
Hig 27] @& Zass AYE BYe, o=
w3ty PBSe AAo] PTMGe M7tz fdsix)
BA FFEA ] U4 (toughness)o] F71e-L o
o3t} FFHE] 94E S-S curved o) sl
(work of rupture)ollq T3t} 2R QA&
SG100 o] ¢ 245MPacl g SG46 & 1353
MPaco 2 ¢ 5.5v]7} &7}l ) (Fig. 6).
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Hard segment®] A= SG829 7#$ 52.3%
oA 69.1% = 16.8% 71 F71=L o] 2je] RE A
BolA A7 A A7 A4 ad= s 2H=
7} 14~23% %7139} (Fig. 7). SG64:= 56.9%
dA 804% = 22.6%9 HUWFE7E BRI SG37
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o] W3l A9 fidEdl, ol& soft segmentse}
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Figure 8. Change of shape recovery ratio of PBS-
PTMG 60/40 and 30/70 copolymers vs. % extension.
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