Polymer(Korea) Vol. 22, No. 2, pp 251-257(1998)

H& 2-3 =AY HHIZ Aol E S3] PN 3] Ejave) 44

2FA - AL - FFYT - 24 - 3
AL St TR AFGT, AU 3ok
(19974 94 124 H%)

Formation of Cyclic Oligomer During the Polycondensation of
Bis (2-hydroxyethyl) Terephthalate

Jun Shik Cho, Ji Ho Youk, Dong 11 Yoo'*, Suk Won Ko, and Wan Shik Ha

Department of Fiber and Polymer Science, College of Engineering, Seoul National University, Seoul 151- 742, Korea
*Department of Textile Engineering, College of Engineering, Chonnam National University, Kwangju 500- 757, Korea

Ye-mail : diyoo @orion.chonnam.ac.kr
(Received September 12, 1997)

2 9f:H|A (2-3l=EAd ) HF g o] E (BHET) o 23 PET ¢ AolM A" =
£2aME I eRAazeiEa g (HPLCO)A o8 £4stdvth. gl &ejame] 22& 2
2N E A Ldstne FHAIZ wetd Wsrt JdTh Fiel JE] FfEsl 13~144)
A& o 7 1 elavivt AP AIREE 4 ael Eelane] gt R g9 WA
dA F%ew FHE 40 ol dollMe :el Zejue ko] A fAEUT FHE e
el el WAZRE a2 Seinve] FYA HEF Al ol2r] AMs 21 FA4
Zto]l Wads At

oM

9,

ABSTRACT: Cyclic oligomer generated during the polycondensation of bis (2-hydroxyethyl)
terephthalate (BHET) leading to poly(ethylene terephthalate) (PET) was investigated by
using high performance liquid chromatography (HPL.C). The distribution of cyclic oligomer
components was not changed with the polycondensation time except cyclic dimer. It was
found from the relation of the content of individual cyclic oligomer and the reciprocal degree
of polymerization (DP) that cyclic oligomer was generated at DP of about 13~14 and in-
creased to an equilibrium at DP of ca. 40. From the relationship between DP and the content
of cyclic oligomer, it is found that the thermodynamic equilibrium could be reached after a
long time.

Keywords: poly(ethylene terephthalate), polycondensation, cyclic oligomer, cyclization mecha-
nism.
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Figure 1. Intrinsic viscosity vs. polycondensation
time of BHET at 265 C.
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Figure 2. HPLC chromatogram of cyclic oligomer of
PET polymerized at 265 C for 100 min.
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Figure 3. Contents of cyclic oligomer components vs.
polycondensation time of BHET at 265 C: () cyclic
dimer, (@) cyclic trimer, (O) cyclic tetramer, (M) cy-
clic pentamer, (1) cyclic hexamer, (&) cyclic
heptamer, (4) cyclic octamer.
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Figure 4. Molar cyclization constants vS.

polycondensation time of BHET at 265 C : (@) 20 min,
(O) 30 min, (M) 80 min, ((J) 140 min, (A) result of
ref. 7.
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Figure 5. End group content and oligomer content
vs. polycondensation time of BHET at 265 C.
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clic oligomer content: (@) cyclic trimer, (O) cyclic
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1.8
186
o
- O
S o1af
g "
— ..
= .
c ..
2
] 12
g .
g' LG
10 Y
& S
-
1= .
08 L ®
0.6 L L
50 70 a0 110

Polycondensation time (min)

Figure 7. End group concentration of PET prepared
from BHET with 1.0 mole% phenyl benzoate : (@) de-
termined by end group titration, (O) calculated from
number average molecular weight.

Halth 297 sx7b dobdd met 84d€ e
gEunie FEE YopAI e AegRH 1e



224 4%
2.8

§ 26 -

= ' e

]

€ 24

Q

Q ®

e

@

£

= S,

2

°

>

Q 20
1.8 : L L

60 80 100

Polycondensation time (min)

Figure 8. Contents of cyclic oligomer in (@) PET
prepared from BHET and (O) PET from BHET with
1.0 mole% phenyl benzoate.
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Figure 10. DSC thermograms of (a) BHET, (b) cyclic
trimer, and (c) physical mixture of BHET and cyclic
trimer (1/1, w/w).
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