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2 <: Butylene succinate 4¥%°] 1~12mol% £&%¥ poly[(butylene succinate)-co-(butyl-
ene terephthalate)] ZFHE FA3ln Ao we 93 AsH 7AR 44e Lolugio)
Poly(butylene succinate) (PBS) ©dZsha9] §74& 115.2 ‘CHo} butylene terephthalate
d&o] F7te wal 2431 butylene terephthalate 12mol% 7} Al §do] 96.7 CT7A 74
T o F AU AAFAEHA (DSC)E FHE 4 H, (heat of fusion)dlA 78 % 2ASIE
& PBS @¥5%#71 56.1% o, butylene terephthalater} #7isld 724317]) A|ZiA bu-
tylene terephthalate 12mol% #7l Al 41.2% 2 743l PBS gdzdsel duzgss
37.3 MPao] 21} butylene terephthalate7} ¥71s]®™ Z7}3}d butylene terephthalate 6 mol%
A A H1gh (47.0MPa)& Jelyoni, o] & za3lg oy PBS Quzgsudgs dugs
7 A=A oo vla] ARNEE PBS @aUZ2§A7 100% Q5 butylene terephthalate 2]
Fol F718hd Ak 7131 butylene terephthalate 12 mol% Al Al 1 380% = oF 4w A
T Ax7t =

ABSTRACT: Poly[ (butylene succinate)- co-(butylene terephthalate)] copolymers ¢ intaining 1
~12 mol% of butylene terephthalate were synthesized. Their thermal and mechanical proper-
ties were investigated. Melting point of poly(butylene succinate) (PBS) homopolymer was
115.2 °C and that of the copolymer containing 12 mol% of butylene terephthalate was 96.7 C.
The crystallinity of the copolymer was decreased from 56.1% (PBS homopolymer) to 41.2%
(the copolymer containing 12 mol% of butylene terephthalate). Breaking stress of PBS homo-
polymer was 37.3 MPa and the value was increased with the addition of butylene terephthal-
ate until it showed the maximum value of 47.0 MPa at the 6 mol% butylene terephthalate
content: The breaking stresses of the other copolymers were also higher than that of the PBS
homopolymer. Breaking strain of the copolymer was increased from 100% for PBS hemopoly-
mer to 380% for a copolymer containing 12 mol% of butylene terephthalate.

Keywords: poly(butylene succinate), poly(butylene terephthalate), Dolyester copolymer, breaking
stress, toughness.
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Ho—g{H,CH;-g—OH
Succinic Acid HO-CH,;CH;CH;CHyOH
2 0 1,4-Butanediol
HCO @ —OCH;
Dimethyl Terephthalate
' Esterification
BHO (or Ca-acetate)

160°190°C . 4 4rs , N,

uocn,cn,m,cn,o-g-oca,cu,cn,cu,m

BHBT

Hocn,cu,ai,cu,o-g-cgcnfg-om,cn:cu_a;,on
BHBS

Polycondensation
$b;0,, THOCH(CHy),),
160°C, Smmiig

Remove most of the 1,4-BD

240°C. 05mmbig. 2 hes

-(-ocnzcn,cu,cn,og@g)(-ocu,cn,cuzcmo-g-cn,cnz-g)-

Poly{(butylene i )-co-(buty terephthal

Scheme 1. Synthesis of poly[(butylene succinate)- co-
(butylene terephthalate)] random copolymer.

oligomer) ¢} &7 frelz Az vr-FRA £s
o ¥R 240 Co| AF (<05 torr) oA 24
A A o] FA 3le] £ butylene tere-
phthalate°] 0, 1, 3,5, 7, 10 mol% ! 670<] poly
[(butylene succinate)-co-(butylene terephthal-
ate)] random copolyesterE %415}%9c} (Scheme
1). ol%, poly[(butylene succinate)-co- ‘butylene
terephthalate)] ¥5¥&& PBS 3% §3o)at o
43l butylene terephthalate 322 terephthal-
ate FFolzt FY3YTt. 2n FEEA YH&
918l FU®"  terephthalater} Q= TZ3fEo
ST100, 5mol%? FFHEL STI5052, =2gx
Yol o]e} fAlshA #7819t

SEEE2 £4.

'H-NMR 5335389 242 AAspy] 93t
o 200 MHz2] '"H-NMR (Varian Co.)& A& 2
THEES 42 5wi% ¥ CDClyoll $83l] =74
3%t} Fig. 19149} o] butylene succinate g}
9] chemical shift= T}&3} gr}; ~-0C(=0)CH,CH,
-C(=0)0- : 2.6 ppm(c), -C(=0)O0CH,- : 4.1 ppm
(by), ~-CH,-CH,- : 1.69 ppm(d,). 22]3 butylene

I

2 A23d A13 19999 19

ol
of
oo
o
o,
oo
ox
o
r O
o
ox
u,
Lo
A
12

Succinate/Terephthalate (mol%)

Figure 1. 200 MHz ‘H-NMR spectra of PBS copoly-
mers in CDCl;.

terephthalate @¢]2] chemical shifts= tjg&n
th; -0C(=0)-C ¢ H ,-C(=0)0-: 8.1 ppm(a),
-C(=0)-0CHy- : 4.4 ppm(b,), -CH,-CH,- : 1.

8 ppm(d,).
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Table 1. Molecular Characteristics of PBS

Random Copolymers

terephthalate(mol%) X,
code copolymer LV. M,

feed ('H NMR) (%)
PBS 0 0 1.62 68900 56.1

homopolymer

ST9901 1 1.7 1.62 68900 50.8
ST9703 3 42 1.96 87000 472
ST9505 5 59 1.46 60500 479
ST9307 7 84 1.66 70900 448

ST9010 10 12.3 1.84 81000 41.2
LV.: Intrinsic viscosity, M, : Viscosity-average molecular mass
converted to the equivalent of PBS homopolymer, X.: % Crys-
tallinity.

* The calculated percent crystallinity was based on the compo-
sition obtained from 'H NMR.

Mo NEE 338 FFge A3t

HEHT 2X2F £%. Table 19 Yoles 3=
H7 2L 0.5, 0.3, 0.1 (g/dL) 2] XA spe-
cific viscosity ({7],,)¢} intrinsic viscosity (I.V,,
(D& T84 4 (1) Mark-Houwink-
Sakurada 4o g3t A At

(7] = KM €9)

7] PBS @dZF@de] BT K=2.44x10",
a=0.790|%, M =F=37¢ ¥AFo|t}. H=ZFF
ol AMg-¥ fulE o-chlorophenol (Junsei Chem.)
o]}, Ubbelohde viscometer (Witeg Co.) & A}8-3}
o 25+0.1 Co F2=oA 53 FF F HERS
A At ok

2 o 2%

'H-NMR 2} 24, PBS F3E o 24y
+ terephthalate ©9] o] Fx F ¥z &
¥ 1} succinate T W] YA F =9 AP
HE o 4oz Adsign, FY A 'H-
NMReo} 2%t FAu]+= Table 19 Yehidch. old
ol £¢¥ terephthalates] #ata 'H-NMRd| 9
& 49 F5HE W9 HA terephthalate §go]
A A} ¢ F A}
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Terephthalate 33 (mol%) = x100 (2)

L : terephthalate ©$| o} YAz} +
I X succinate &9 W9 IA4A F

PBS @dZ§4ie] 3¢ Fig. 19 us} e v}
2o] succinatee] 9% ¢4z} 913 (c:2.61 ppm)
2} butylene 719 %4z 53 (b,: 4.08-4.12 ppm,
d,:1.61-1.71 ppm) & Qs

ST9901 TEHEHHEELS =R terephthal-
ated]] o3 AJ2& YA 932 (a:8.08-8.13 ppm)
74 Uehdr] A1zl 1.6 ppm 23 olAle] At 5
3 (-CH,-CHp-oll o3& 4,3 d,9 2FF/Z, 4.1
ppm THAA Y dAdA H3E b bz HEES
4 = otk F5EE U9 terephthalate o] F
712+ 5 81lppm ¥ 529 1.6ppme 4.1
ppm 24 #ej¥ 73 F terephthalateo] oj%
W3 (b,, dp)7t 718E EAFAT

AN MEe| 4. PBS g} 4 A
o] §37 feldelere DSC 23 7Hd3AdA
dAck(Fig. 2). PBS ©dF#Ae A¢ T,°l
115.2 CAlA, a8l T,7t -325 CoAlA B2
ot o2 dPaEd] o waA uie} gol'2E 2l
Hol2r PBS 9dd5#Ae AL viny g2 2
Aslx o 2o <3 BEEQ, terephthalater}
A7 EEA ATE0} RolAr] wj ol FH F3s)
g ¢ 4 2t} Terephthalate7} 12mol% H71E
FEHA Heols o 80 THZ Ty (cold
crytallization temperature) 7} <3ts 3, tj4le
5.9 CANY Tyee?t F3ol BFHA

DSC 23 7} F4dlA @olX datag Fig. 39
chAl a2 2ol PBS dY4EENe AL T.o
115.2 CAlM vehnt=dl vidld ZFZEAES] 34,
terephthalate §3¥o] 1 mol% A 12mol% 2 Z7}
g2 T,.=110.2, 107.8, 105.8, 102.6, 96.4 C&
Zade AL 5 A oA L oY Y
g AFAA AATA S 345 4L oA
olF A WAE HAFD QT

TEEEY 2 AMe 98A DSC 32
oA 3 FEEA 9 AH, (molar enthalpy of
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Figure 2. DSC thermograms (2nd heating scans) of
PBS copolymers.

fusion)x} PBS<} PBT ©@dZ§Ae] ZAAo] 7z}
100% 4 7359 g9 (JH)ERE e 4 (3)
o o3 Z Age ZAINEE A4k Table 1] 1
ehlliolth. 4 H= group contribution theorydl] 2]
& Al gk (PBS7F 110.4 J/g, PBT7} 149.8 J/g)
€ B3z dgon, ol e dA7AEY H¥XY
£ ta zjo]2 BYT}(PBS7} 200.0 J/g,"® PBT7}
140.8~145.3 J/g').

X.(% crystallinty of the copolymer) =

a1,
AH; ppsxwt. frac. of succinate+ 4 H, gy ¥ wt. frac. of terephthalate

x100(3)

4 H,:the heat of fusion of the copolymer ob-
tained from DSC second heating scan
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Figure 3. Melting temperatures and % crystallinities
of the copolymers vs. terephthalate mol%.
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A3E 98 vl k! Terephthalater} #H7}g
243t Table 1949} o] AT A &
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A PN AZFE F7te] 48e F= 8ol
Ag 71%\- 2~ ol 711(;].

Cooling scan (Fig. 4)d|Ae] slma& ddsd,
SG1009] DU ZgANM = W A3 &5
d 27335 49| 718717} Fala Zo] Fe Favt
et F5#E9A4E terephthalate #afo] A
H FMELE T39 Zo] Yoldud. ol wyd
terephthalate H-£of ofa}| Rz} A}&e] FAE}
"ojx|m o]}t terephthalate F&o] ols] 2AH
ol WalElol FFEY 2AS £t A=
Zolgt Az} olejdt AMde 23 71T A A
Hol& w2 ZAsize} AR A (T A=
A@xo] gL 5 A

IYHZEL| 4. Fig. 59= 24 849 A3
¥ 235 Jehigioh A 28" gajA PBSe)
714 4A& 37 998 butylene succinate$}
poly(tetramethylene glycol)9] FZHoM= Q12
A=7t T A s wale Qg Ee] 7a
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Figure 4. DSC thermograms (cooling scans) of PBS
copolymers.

succinate®} butylene terephthalate& F33sled
A37=9) AX 23S BEE si9ew, PBS @Y
F¥A9 ARA=7t 37.2MPald] 8] tereph-
thalate 1mol% M7} AIRE ARZE7} AAs)
Al Zslo] (40.2 MPa), 6 mol% 37} Al 23HA 9
APZ=E % 47.0MPaz Hughe veplgid. @
¥ o] W] A3 Fig. 39149} o] 2t F7}
e APE BAF o, oFF 1 o|lf-E FHEA
& 23}, o]F terephthalate 38to] ZIlsldx
VFR=e] F7he BEEA Ykoy PBS Tz
A EE 2 @ Bia, ojg fAE e
9 dTASZRY WA F AU

FZ%4 9] initial modulus= terephthalate ¥}t
71 wel 343 4a3te] PBS ddE#Ae] 73
£ 1106 MPagd 2y} terephthalate 12mol% 37}
Al 505 MPa2 Z43ith AFA o 9% S-S
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Figure 6. Toughness (A) and initial modulus (@) of
PBS copolymer vs. terephthalate mol%.

curved| A o] 3t (work of rupture) 2 ¥ Ejlé7
T8 FFEA ] 94 (toughness) & PBS 9§
A7} 24.5 MPao]Ql 3L terephthalate §8F Z7}o] u}
2} 3 113.9 MPa (terephthalate 8 mol% )= ¢}
458 2 QAo Zrt3tdch(Fig. 6).

g £
PBSe] AZF=E Ader] A3 4] tereph-

thalateg FEUsI AFAE 2 AFNE9] 4
AH%E IdE 4 AUtk Terephthalate 6 mol% §
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 TFHH Feed ARRES Huge MY
PBS @dF3AE A32=s} o 26% A
t}. Terephthalate $&Fo] Z7}8to] wal %7] mod-
ulus7} Z43led PBS 95§71 1100 MPagid)
Y3} terephthalate 12mol% 4 BZEE9 #
¥ 505MPaz 1/2¢] Z4sigith. 358 A4
€ terephthalate @3] ZF7l13tdl wa} Z)siy
PBS ©ddZ#A7t 24.5 MPagld] Hlsld, 8 mol%
9] terephthalateg 48 FZ2HE9 2% <o)
113.9MPaz PBS QdF#d Mt} o} 4547 =
7}sldch

Al 22 2 A7E BEHIed 715y B
A AaA ATAHS o] o olFoiyonz
ol ZAHE =@,
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