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ABSTRACT: Thermal behavior and cyclic oligomer composition of poly(ethylene terephthal-
ate) (PET) copolyesters obtained by introducing comonomers such as 1,4-cyclohexane
dimethanol, neopentyl glycol, xylylene glycol, or 1,6-hexanediol as a diol and 2,6-dimethyl
naphthalate as a diacid ester residue were analyzed. Ester interchange reaction rate between
diol and 1,4-dimethyl terephthalate (DMT) depended on the diol and catalyst type. The
activation energies for the thermal degradation of all copolyesters were similar to or higher
than that of PET. From the results of experiment and theoretical calculation, the content of
individual PET cyclic oligomer in PET copolyesters decreased with the increase of
comonomer unit and more dramatically decreased with the increase of the repeating unit of
cyclic oligomer, regardless of copolymer type. Cyclic trimer (C3) component of copolyester
having 20 mole% comonomeric unit was decreased to half.
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glycol (HOCH,-C (CH;),-CH,OH, NG, m.p. : 127
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1 mmHg), 1,6-hexanedicl (HO-(CH,)¢-OH, HD,
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dimethyl naphthalate (DMN, m.p. : 187 'C), 1g
I zinc acetate®} titanium tetrabutoxide= 19 %
e 53 Mg adz AT o 7hx 24
< & = (Ph),

(TCE), trifluoroacetic acid (TFA), sHIE F9
AFEE UF Aok U2 AT, A% 3
2riEad s (GPC)st 285 A4 azrtE1d
(HPLO)ol| AMg-" m-zeE, 1,4-US4, 3 4
& AldrichAte] HPLC# 55& AMg-slen =22
E dap) 39 ¥ 24 (H-NMR)dle 54
A3 TFAS 222X EE AT

MY ge|DolaH =z Y. s FEAE IV
el 48 gendiadas ¥ d= g He
o B ug 1:222 4ok FFRAE 471 A2
Ay gejad~HZE &7] 9dstd, EGet e o
< "df—?%i CD, NG, XG, &= HDE& =d3l= 3%
2o] 2 4]E 1:228 1AL &2
21Rs OI% tge] g vhro] o8 i 24
Ze ¥ —°—ELT'-°H*EIE g stdct ohe g
714 @912 DMNE =5idte 2= A He9
2HE 11222 _'753} F oldrldl disted
DMNe| gharg whpo} A% geluol2el2g ¥4
stgdch. DMT, EG, 01'5"] 51%01‘4 o]d714, a2
3 ure Zolz DMTe| &t 5.0x10* £9] zinc
acetatel} titanium tetrabutoxideZ 500 mL ¥

1,1,2,2-tetrachloroethane

=
B
OW

ok

rir

7l ¥ dag vher] ke A & gk 1 U&
o] 255 MA3] 200 CE & DMT7 oW u
e A Rale) Whgo] Al EA Nhg FatEQ
oekgo] tper] AlFEg e oo antdel AAE

Polymer(Korea) Vol. 22, No. 2, March 1998



oI 2 olE FFHA €49 AF 4 22l g =4

A3t e &5 & 719 (heat band) & o] &3}
o 110 C2 fAH. d2HzZ a@gts £55
PR HEge] F& AIEE FA8Y doh
Hehgo] o] FAEH v FEN HES
A A8 Yzstd msia ] F 353t ot

CiE ESENet PET 3EEH SEEe Fuiz
zinc acetate® AME-&te] FAE 7t UMY geE|ad~
HZ2& wy Fx|e delE U A2t 734E F§#
el ¥ 60rpme] AL ESE WWSIHEA A 7]
F sl M8 2xF g8A £8AF 250
200 Coll ol2RE& & A UL FAFE MAF
A4AA 108 Fole 0.1mmHgrt =A 3tz z
FerdA 1208 Bt S AT FH2E
= F8A et d2A 2Rkl 25 A
91 PET = 2657, poly(l,4-cyclohexanedime-
thylene terephthalate) (PCT)& 300 C, poly
(hexylene terephthalate) (PHT)+ 250 °C, poly
(xylylene terephthalate) (PXT)+ 280 °C, poly
{neopentylene terephthalate) (PNT)+ 265 C, 2
2] 3L poly(ethylene naphthalate) (PEN)+ 290 °C
2 8x A Ao, PET &% 2 poly(ethylene-
co-1,4-cyclcohexanedimethylene  terephthalate)
(PECT), poly(ethylene-co-neopentylene tereph-
thalate) (PENT), poly(ethylene- co-xylylene tere-
phthalate) (PEXT), poly(ethylene-co-hexylene
terephthalate) (PEHT), 18|31 poly(ethylene 2,
6-naphthalate- co-terephthalate) (PET/EN)&= =
5 265 CAAM L A AF FFEA
o] 2L FFEA ol HAd FEE FLRAY
g3e JIEHs HAoR ERINY. d2A
PECT10& 3v=ai2 CDE 10mole% Yol A%
| no2H 28 2T F FPFP3NE AR F
F Aol rt.

HME BY. 588 28 Ph/TCE (6/4, w/w)
EF 4o o] gt 25:0.02 CTAM LA A
AT E A AHFHAEAEE TS HAEAE &
Aelli= Ubbelohde HAEAE AH2-ldler 24 5%
A 33 ZH3 Aol FFHE Hsgrh

2X2F 2xo HY. B £¥ 5 GPC (Waters
150C) & ol &3l HAAEU} 4 & gujs}
ol R m-AYLE, BHeZE F 719 unver-

®2lo #2224 A2Z 19989 3¢

sal grade p-Styragel HT Zg, 2851 RI (refrac-
tive index) ZA&71E o]&£3dc). ojnf EA2L=
100 ¢, o|EAte] £+ 1.0 mm/minc|]th

'H-NMR. #z}7] 29 23 247} (Sun Unity
300 NMR. spectrometer, VarianA})E o] &5} o]
A FFA ) HAl =4 & Tt Sa2s TFA/
Z22XE (8% wi/v) & A&

ARIAL H2R2 A (DSC). F3he Alsie] 949 54
& AJAFEAL geHtA7] (Perkin- Elmer DSC7) 2
olg3le EFAA}. B o S5y 20
‘C/mino|%l1, 7ZAeExE 10 'C/minolgich.

GEZ M (TGA). FE Are] disd 4
Azt BEAM7] (Perkin-Elmer TGA7)E o]&3}o
2ck. B 2L Fx V1R FEAE 10T/
mino]gith

a2 g2|anel 22| H 24 2Eiel 2F

¥l
F 2] gglan F2& fjsld nEAE A $
S

St dold mal gelmele) wAE 1 oA
azetge a8 (Waters HPLC 150) & o] &34t}
2y pPorasile FEAHES OIS/ (30/70,
VVE olgdigon ot g olgsidnh
7 ;2] gezriel e C39) ARAL TFoz
AR sk UV 22700 slain Ada slause
18 £2amie] A olxd2 Al Jelsin e
12) gelanle] YT olg J1Fez WS

ofg{71x| Cl&2l gk8d 7t /A
DMTe}e] dlxvla mE 9k
A Zbol| mE whg FALER] 8
o] Wb A@EE AT (Fig 1). &0
acetate® AI-SE S W= o g
EG>NG>HD>CD>XGoll e, titanium
tetrabutoxide & AFE-3l9& W= CD>EG>XG>
HD>NGo|it}. Tomita &% DMT$} EG] ¢
262 DA Fajo] FHA & A=
2F BhgAlY) 2ol E sl Ed, 2 dPdMe

& Zojg sdete v&e F7 oetM DMT

295



23 - §AE - FEY - LAY - A

100

5

£

5

=l

[=]

<

S

120
Time (min)
(a)
100

=
k|

5

4

1=

<
3

Time (min)
(b)

Figure 1. Transesterification of DMT by some diols
in the presence of (a) zine acetate and (b) titanium
tetrabutoxide at 200 C.
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Figure 2. Transesterification of DMT/EG/NG in the
presence of zinc acetate at 200 C.
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Figure 3. Relationship between feed composition and
comonomer composition of copolymer determined from
TH-NMR.
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Table 1. Properties of Polyesters Used in This
Study

intrinsic

sample . . m « T 4H AT
viscosity . Pl . .

code (WL/g) (') (c) /gy ()

PET 0.50 260 1.89 2248 587 23.0

PCT 0.80 287 - 278.6 484 23.6

PECTS 0.49 240 - 1779 410 42.3
PECT10 0.57 208 1.77 - - -
PECT15 0.79 - - - - -
PNT 0.60 140 - - - -

PENT5 0.59 242 - 186.1 436 36.0

PENT10 0.47 220 179 1532 176 472
PENT15 0.56 - - - - -
PXT 0.10 - - - - -
PEXTS 0.62 239 - 2036 371 184
PEXT10 0.56 213 159 1753 215 228
PEXT15 0.60 197 - - - -
PHT 0.57 151 - 1192 434 178
PHET10 0.43 218 173 1748 346 659
PHET20 0.51 128 - - - -

PEN 0.47 280 - 2128 418 309
PET/EN5  0.45 252 - 2059 435 275
PET/EN10 043 242 139 1868 409 378
PET/EN15 0.55 230 - 1635 344 518

¢ Polydispersity index.

FRA 58 #@g BT gle
H, PXTY Z$= 012 £853e] A9 Agex
Futt. FEFAEY B9 04~08 HYo w2
IH FAE @& JEAh 338 B 2
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ted GPCE o] g3l ZARIYEY PETH 5—1}
@ EX AFe 1.890]91 PET FH5FAES 1
~1.8 HH2 FEPA S #AF 2A=7] PET
S5 Z39 BAg BAasRt F4 Jehgd. F
Z8A e T,& Table 16]A Xi= ule} o] Fdad
Ao =AQu|7t FrkshAA Zasa ook dwbx e
FEEAY T,& FF Fo3h= g9 3
3 AARve dR3t rhed DAY A Dol
dolid 4 U BEA & éxo:dﬂ} E7bs
G v} olrFelz B s T ada F
Zd =UEUE A FFEA T, Hstdoh &
Aol AR BE FEEAEL THEA o] 244
7} 20 mole % 74#] o]2& % 200 C |4l B T,
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Table 2. TGA Data of the Polyesters Used in This
Study

T, (T-Ty) Tq Ex
sample code .y () (€)  (keal/mole)
PET 3516 916 4554 60.6
PCT 3638 768 4298 96.4
PECTS 3546 1146 4606 631
PECTIO 3699 1619 4566 67.3
PECTI5 3709 - 4490 69.0
PNT 3374 - 4734 67.8
PENTS 377 1157 4534 652
PENTI0O 3607 1407 4606 648
PENTI5 3628 - 4582 622
PXT - - - .
PEXTS 3597 1207 4558 60.4
PEXTI0 3445 1315 4462 55.1
PEXTI5S 3404 1434 4390 595
PHT 3140 163 3944 863
PHETI0 3607 1427 4582 67.4
PHET20 3536 2256  457.2 66.8
PEN 3546 746 4409 62.3
PET/EN5 3546 1026 4530 635
PET/ENIO 3607 1187 4508 69.1
PET/ENI5 3597 1297 4554 635
4
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2 O PECTI1D
A PENTI10
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Figure 4. Arrhenius plots for the thermal degradation
of copolyesters.
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Figure 5. Calculated and measured cyclic trimer con-
tents of copolyesters with the change of comonomer
content.
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Figure 6. Relationship between calculated log K, and
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