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Abstract : In this study co-and terpolymers of poly(ethylene terephthalate), PET, poly(ethyl-
ene naphthalate), PEN, and poly(1,4-cyclohexane dimethyleneterephthalate), PCT were pre-
pared by two-stage esterification and polycondensation reaction. The co- and terpolymer
compositions were determined by IH-NMR spectroscopy. It was found that copolymer and
terpolymer compositions of PEN repeating unit were nearly same as feed ratios, whereas the
compositions of PCT repeating unit in PET/PCT copolymer and PET/PEN/PCT terpolymer
have somewhat higher values than those of corresponding oligomer feed ratios. Namely, the
compositions of PET repeating unit in PET/PCT copolymer and PET/PEN/PCT terpolymer
were slightly lower than those of feed ratios. The molecular weights of copolymer samples
measured by GPC and intrinsic viscosity were slightly lower than PET homopolymer under
same reaction condition. PET/PEN copolymers showed both higher Tg and T, values than
PET/PCT copolymers. Tg s and T, s of PET/PEN/PCT terpolymers were found between
those of PET/PEN and PET/PCT copolymers.

Keywords : PET/PEN/PCT, copolymer, terpolymer, thermal characteristics.

686 Polymer(Korea) Vol. 18, No. 5, September 1994



PET/PEN/PCT 29 2 39 2%

NoE

E7taA FElzHZEE A4, 95, 871
T FE A3 &3] Hole A2E oAz
»4d B ofi#}t audio/video tape, ZEI|T] A,
flexible print 3|23 (FPC)3} 22 A7), Az
8 283 9% gas barrierd, YA & n}
o3 HPNsRE Fgo| Fugn JUoh?
2,6-Dimethyl naphthalene(DMN)®} ethylene
glycol(EG)E By F3H =
naphthalate), PEN& A&l TeijinAlo] 2J3)
1990 d TeonoxzZt= AAEHoR 19T FELO
2 2Adch¥8 poly(1,4-cyclohexane di-
methylene terephthalate), PCT= Eastman Ko-
dakA}el| &3] 71EE 2] £4] dimethy! terephtha-
late(DMT) 9} cyclohexane dimethanol (CHDM)
2 952 so] YU iRl DR BY 2
% 7)% (surface mounting technology, STM) =
8% AF, WY §7), 28 HAET So &

2 Agdm !

2 A7olM = WE bottled E=|olAHZ %]
9] 7itolgts WA PET/PEN/PCT 29 o
39 FHUAE YASIT ol B QA Sl ojs)
of 24} sisick.

poly(ethylene 2,6-

4 ¥

Materials. 29 2 3% 3353 Zejol2H 29|
¥ 841 dimethy! terephthalate(DMT) = ()47
QIGiAE®, 2,6-dimethyl naphthalate(DMN),
cyclohexane dimethanol(CHDM) = Eastman Ch-
emicalAl, 12] 11 ethylene glycol(EG)L ()3
409 FYE ARE GARC) BT F
3 EFv]2 AL2¥ zinc acetate dihydrate, Sb,0,
2 JokAA 2 ALEE phosphoric acid, trimethyl
phosphate $-& AldrichA}e) Al 2 ALL3}S

olAH =3 ¥kg. PET/PEN #3¢d ¢ PET
/PCT FF8A &30l oA, 5A 194 Bk

Zzif A184 A5% 1994 9¢

BA BY 2 9H ¥

o8] 26-dimethyl naphthalate (DMN) =
dimethyl terephthalate (DMT)$} ethylene gly-
col (EG)E 1:2.22] molH]£ WFEA]AH bis-(2-
hydroxyethyl) terephthalate (BHET) % bis-(2
~hydroxyethyl) naphthalate (BHEN) &2]i™
€ 1223l DMT#} 1,4-cyclohexane dimethanol
(CHDM)-& wukeAl#  bis(2-hydroxy cyclohex-
ane dimethyl) terephthalate (BHCT) &&)1m™
g Ao oy yhg FujZ
Imol®] DMTu DMNej thated 5.9 x 10 mol (¢}
100ppm) &) vlx H7péksdc. 2e)la PET/PEN/
PCT A4 3230 ts)4]= DMT/DMN diac-
id ¥ EG/CHDM diol®] Ev]E dA vl&2 4
3l & WA diacd | diol®] FUWE 1: 223 5}
il ore] FERAY 99 Pol Tl anc ace-
tate FUlE Agste] Yot= ET)un EPES
ATt

WS A=

zinc acetateg

A weﬁﬂol DT & DN}

EG(EE CHDM)E 1L g

$7) ek @A Sl

EREL WVINY LEE 1907 7

of DMNe|t} DMT7} o9 ahe Aztsisict.

ReIPEE 3UE 72U B e
.

7l ¥arE &/ 194 150 ml “ﬂw dU g
TEE FYstoH

i)
oy
}0
mlm
Do
w
<
cs
i
to to gl o of

o8 ol Wl ol A 87
Z¢uk-g. Esterification ¥F-g-oll A 48495 BHET,
BHEN %2 BHCT &Z]udE Q&= 2A48|2
AeFsla ZA B0 fu v ?
¥ £ Sb,0; 200 ppma} FPFAHE <14
329 % 10°mol/200g product (300 ppm)Z
Sttt 2ol oll bath?] =& 240°CE Ar
A EPME SFAI7IAL o 4083t Hz
& B 29l 280CE, 181 e e A
FH of 1-3mmHg7} H=% a3l

B} 9hg AIXRE S5t Sl o3 Frg

Boll ¥

2
2

Y
2

o £ 2 ro oy 4n = -
Hl



o)

M
1

A

ko] )
2 w7

Eoe =23 o],

2 Qlsj

rpmo] = i3

Z) 2L

FEA ¥4 2 &
Infrared(IR) Spectroscopy:Digilab FTS-20/
80 FT-IR& A}&38le] Z3sl9). A= 1,1,1,3,
3,3,~hexafluoro-2-propanolell &&§A):4 casting

sto] filmE A Fsto] Apgsigion] PEN-903}
PEN-1002 Z &a&i5x| gstern g FT-IR mi

croscopy'§ & ARSI

Gel Permeation Chromatography(GPC): &
A 28 FEFAY 23S o-chlorophenol
2 eluent® 3l A8 %% 0.25%, 1.0ml/min®]
Z2HLer 100y 11& GPCHlog &=

o1 calibration& polystyrene standards

3l
o

flow rate,
8k
skt

A% &3 :Intrinsic viscosity (IV)$= o-chloroph-
enolg gulz 25°CollA Ubbelohde BEZAIE A}
g3o] 24313}

Nuclear Magnetic Resonance (NMR) Spec-
Aol 24e el skl de
uterated trifluoroacetic acid (TFA)E fujz
Bruker AM 300 'H-NMR spectrometer (300
MHz) & ARg-stel Z48H4

Differential Scanning Calorimetery (DSC) :
Perkin Elmer DSC-7& A}&3}ed 7}d 4% 20°C/
minZ N, 7|&slollA] ZHstgey. DSC 7714
&x 9 ety Hale lead(Pb) ¥ indium(In)

& Agsjol WA SISiTh

4

=

troscopy: &

CE R R

T5E ZeldlaHlEe A2 Fq9, 29 ¢ 3

A FEFE Fulol 2o 249 12 deuter
688

oX

~ 1
959.08580757.06.56.055 %84.5 40353.0252.0151.00500

(O Lo IO e (D}

b

T 959.085807.57.06.56.05.550454.0353.0252.01.51.0050.0
Fig. 1. 'H-NMR spectrgphéf PET/PEN, PET/PCT,
PET/PEN/PCT copolymers (a : PEN 20, b: PCT
20, ¢ . TP 8 samples shown in Table 1).
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Table 1. Feed Ratio and Co- or Ter-
position Data by NMR Spectroscopy

Feed ratio Composition by NMR
Sample No. (BHET/ (mol% )
BHEN) (BHEN unit)
PEN 05 95/ 5 4
PEN 10 90/10 11
PEN 20 80/20 19
PEN 30 70/30 33
Feed ratio Composition by NMR
Sample No. (BHET/ (mol%)
BHCT) (BHCT unit)
PCT 05 95/ 5 8
PCT 10 90/10 18
PCT 20 80/20 25
PCT 30 70/30 33
Sample Feed ratio Composition by NMR(mol% )
No. (BHET/BHEN/BHCT) BHET umt BHEN unit BHCT unt
TP 80 80/10/10 74 10 16
TP 70 70/15/15 69 14 17
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Table 2. Molecular Weight Characteristics of PET/
PEN, PET/PCT, and PET/PEN/PCT Samples by
Intrinsic Viscosity(IV) and GPC Measurement

Composition GPC PDI IV
Sample
(mol%)
BHET/BHEN M, M. (M./M,) g/dl
PET 100/ 0 31600 67,100 2.1 0.0
PENO5 96/ 4 29,700 62,900 2.1 0.60
PEN 10 89/11 28000 58,500 2.1 059
PEN20  81/19 27,800 58,500 2.1 0.63
PEN 30  67/33 25,600 53,200 2.1 058
. Composition GPC PDI IV
Sample
No, | mol%) R
BHET/BHCT M, M, (MJ/M,) g/dl
PCT05 92/ 8 29,700 62,600 2.1  0.61
PCT10  82/18 25500 56,500 2.2 059
PCT20  75/25 27,500 58,400 2.1 062
PCT 30  67/33 26400 56,600 2.1 0.67
Composition GPC PDI IV
Sample
(mol%)
BHET/BHEN/BHCT M, Al (l\Iu/M) g/dL
TP95  92.1/25/54 29,800 68,000 23  0.60
TP 90 84/ 5/11 30,100 67,300 2.2 061
TP80 74/10/16 27,100 59200 2.2 058
TP70 67/14/17 26,600 56,000 21  0.56
TP80-2 - 31500 75000 24 0.72
TP80-3 - 30,800 74,900 24 071
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Table 3. DSC Measurement Data of PET/PEN
Copolyester

Table 4. DSC Measurement Data of PET/PEN/
PCT Copolyester

Sample No. T(C) T(C) Tu(C) dH.(J/g)

Sample No. T(C) T(C) Ta('C) 4H.(J/g)

PET 77.9 136.8 250.6 40.1
PEN 05 79.7 162.9 243.7 30.9
PEN 10 82.3 171.7 235.7 277
PEN 20 87.2 - 212.7 1.0
PEN 30 89.9 - - -

PET 77.9 136.8 250.6 40.1
TP 95 78.2 174.2 228.8 20.8
TP 90 81.2 - 211.3 3.0
TP 80 84.3 — - -
TP 70 86.3 - - —
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Fig. 2. Effect of PEN repeat unit (mol %) on T,
and T,, of PET/PEN copolymer(Q;T,, @;T,,, dot-
ted line;T;s by Fox equation).

2t Fig. 294 x%& PEN whE0s) gg o
BRi y52 T, £& T, Yehdct.

Fig. 28 %¥| PENo] 3480 PET/PEN
FAQ Ao A B} PET7 FAHR
! PET/PEN FZ@AEch €4 we) 1y
£ 7 Jed o)L acid ¥ diol unite) X ¢
2 2 gol=9] Holo] o3t Ro)etm APzt F
Kot 22lx PET/PEN 338419 T,9 k=
PEN whET]e] A Ao Ax A4l Wils
Uebigliet. PET/PEN/PCT 449 33839 T,
92 T, WH3E ZA}sle] z+2} Table 4, Fig. 30 4
BRI, ®A 2 FEEA oA T,o 5
€ 29 PET/PEN F&=2 797} PEN uh
&9 FFe] 30% FEAA ZRE B T,=90C
Az g Yetyd o PET/PEN/PCT AHd

ofl

2/ A18A A5z 19943 94

95 T T T

T, (O

75+

70 i 1 ]
0 10 20 30 40

Mole fraction of PEN or PCT (%)

Fig. 3. T, vs. mol fraction(%) of PEN, PCT or
PEN/PCT repeat unit(Q;PET/PEN, @;PET/PCT
copolymer, and V¥ ;PET/PEN/PCT terpolymer
shown in Tagle 2 and 3).
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