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ABSTRACT. The quaternary random copolyesters of poly (butylene glutarate-co-adipate-co-succinate-co-
terephthalate) (PBGAST) were synthesized and charaterized by 'H-NMR spectrometry, DSC method, and X-
ray diffractometry. Thus the melting point trends and crystallization behaviors of PBGAST copolyesters were

obviously depended on terephthalate content in copolymers as well as reaction condition.
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Poly(butylene glutarate-co-adipate-co-succinate-co-terephthalate) 25 #12] MGF-F 5l 4494 683
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Scheme 1. Chemical structure of PBGAST copolyester.

1999, Vol. 43, No. 6



684 K -

EERL R Nk~

PBGAST cooligomer £AMA| BF2Y. Fig. lay=
WES-E-S FAFUEE Aol Fig. (b= DMTS}
BDZ uhg-A17]1 13X DBEZ #-37]slo] of| 2|2
uheA1Zl HAAE vfepd Zelth Fig. 1(ays DBES}
DMT, BDE Al 43 F 200°Col|A] o zE]2
SZHESA] DMT gedislol] ohe vhg=g vjephil
Zoleh, HEE 50%olAe] AR AR R-
T3O(DMT 30 mol%) 74, R-TAODMT 40 mol%) 7
2 2 R-TSODMT 50 mol%) §%-2.8 FF Z7t
S-Ae] v~ 93} DMT &lef 3lo] A glo] 4
TZxfol7b HolA| ofshe). 1¥ xRl ukg-A|2t 3 30%-
A AEEFS AAHEE DMT 30 molg%el A

a-kh-AkAA
AAkAk prere Ak hA
o000 0C |
LG nfv“"QCW
O Qg |
— ../0—04%
2
Mt
© !
T !
24
pras
o
-
c
e
x
i
50 120 180
Reaction Time (min.)
(a)
1.6 1
1.2+ i
C .
a :
sl ]
@ !
[0}
14
%5 0.8¢
£
o]
x
u
0.4+
DMT+BD
4 . . R
0.0
0 80 120 180 240 300

Reaction Time (min.)
(b)
Fig. 1. Extent of reaction vs. esterification time on the for-
mation of PBGAST copolymer; (a) oneshot reaction and (b)
partial reaction.
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Fig. 2. 500MHz 'H-NMR spectra of PBGAST copolymers
(solvent: CDCIy); R-T30 (DMT 32.8 mol%), R-T40 (DMT
42.0 mol%) and R-T50 (DMT 52.8 mol%).
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Table 1. Reaction condition, viscosity, and diester content in PBGAST copolyesters

PC PC  Inherent Feed composition Actual composition determined by
Polymer No. Temp. Time viscosity (mol%) 'H-NMR (mol%)

(°C)  (hrs) dL/g DMG DMA DMS DMT DMG DMA DMS DMT
R-T40-250-1 250 | 0.291 37.2 9.0 13.8 40.0 34.8 10.7 12.2 423
R-T40-250-2 250 2 0.301 37.2 9.0 13.8 40.0 342 9.7 12.4 43.6
R-T40-250-3 250 3 0.305 372 9.0 13.8 40.0 35.8 10.2 12.0 420
R-T40-250-4 250 4 0.280 37.2 9.0 13.8 40.0 369 8.5 12.6 42.0
P-T40-250-1 250 1 0.248 37.2 9.0 13.8 40.0 359 10.9 124 40.8
P-T40-250-2 250 2 0.327 372 9.0 13.8 40.0 352 11.0 12.2 41.7
P-T40-250-3 250 3 0.379 372 9.0 13.8 40.0 333 11.7 1.7 433
P-T40-250-4 250 4 0.332 372 9.0 13.8 40.0 352 10.1 11.5 432
R-T40-240-4 240 4 0.264 37.2 9.0 13.8 40.0 34.7 10.0 12.0 433
R-T40-230-4 230 4 0.381 372 9.0 13.8 40.0 36.0 10.6 12.2 412
R-T30-250-4 250 4 0315 434 10.5 16.1 30.0 395 14.1 13.6 328
R-T50-250-4 250 4 0.439 31.0 15 1S 50.0 28.9 8.7 9.5 52.8

*R-T50-250-4
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Fig. 3. Butylene proton peak splitting of 'H-NMR spectrum
in R-T40 copolyester.
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Table 2. Results of sequence distribution calculated from butylene peak of NMR data

DMT Fraction of dyads Molar fractl.on I:"rol')ablllty o.f Average block length Degree of
Polymer content centered on glycol of ester unit finding of unit randomness

mol% fan fanctfaar facar P P Paiar Paat I—:\—I LnAr B
R-T40-250-1 423 0339 0489 0.172 0583 0417 0419 0.587  2.387 1.704 1.006
R-T40-250-2 43.6 0306 0508 0187 0559 0441 0454 0576 2203 1.736 1.030
R-T40-250-3 420 0316 0505 0.179 0569 0431 0444 0585 2252 1.709 1.029
R-T40-250-4 42.0 0335 0480 0.185 0575 0425 0418 0565 2392 1.770 0.983
P-T40-250-1 40.8 0341 0505 0.153 0594 0406 0426 0622 2347 1.608 1.048
P-T40-250-2 417 0330 0498 0.172 0579 0421 0430 0592 232 1.689 1.022
P-T40-250-3 433 0.307 0511 0.182 0562 0438 0455 0584  2.198 1.712 1.039
P-T40-250-4 43.2 0322 0492 0.186 0568 0432 0433 0569 2309 1.757 1.002
R-T40-240-4 433 0316 0499 0.185 0566 0434 0441 0574 2.268 1.742 1.015
R-T40-230-4 41.2 0356 0480 0.164 059 0404 0403 0594 2481 1.684 0.997
R-T30-250-4 328 0457 0436 0.107 0675 0325 0323 0671 3.096 1.490 0.994
R-T50-250-4 52.8 0216 0505 0279 0468 0532 0539 0475 1.855 2.105 1.014
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Fig. 10. X-ray curves of PBGAST with DMT content in
copolyester.
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