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2 9F: "2 X4 (terephthalic  acid), Y] 2#|E o] (bisphenol-A)$#} oW 22l F (ethylene
glyco) 2 Az¥ PET/BPA E3HAE 48 434 &8 BE &89 FYAHh o
FEEA gL 24T deves 14 4EAA dY 95& UEA of dAE FEY +&
&, 234, gy, 43, 3934 9 7)Ad B48 2AEEY. F2YA 28 48 2
Egjd Ay sgdol B (PET) T} B4 uehgrl, £3 235 drs divs) di&E
o] Z7le} tlEo] Frisi oy, dALE F71e vl gel A st FEUA &9 AR A=
JAATAEL AAB Z7is} g ZFrleiga, A4LE F7ldl uet zhasigct. Add FE%
A BEL $24L A9} ANEE} ZIEFE B4

ABSTRACT: PET/BPA copolymer of terephthalic acid, bisphencl-A and ethylene glycol was
melt-pressed and quenched in ice water. This copolymer film was drawn by capillary rheo-
meter. Shrinkage, crystallinity, morphology, thermal, dynamic mechanical, and mechanical
properties of these copolymer films were investigated. The PET/BPA copolymer film exhib-
ited T, lower than that of PET film. The crystallinity and density of these drawn copolymer
films increased with draw ratio and draw rate but decreased with draw temperature. The tensile
strength and tensile modulus of the copolymer films increased with draw ratio but dzcreased with
draw temperature. Shrinkage of the drawn copolymer film decreased with draw ratio and draw
rate.

Keywords. PET/BPA copolymer, drawing, thermal properties, mechanical properties.

208 Polymer{Korea) Vol 25, No. 2. March 2001



EFeld 2" 2 FF %M el Fabrication 47 (N)

N E

A ¥R dEgeeN 7ML Bol AMEEHI
e ZeldagaE 19319 w3 DuPont Alg]
Carothers7} A& Az, 2 oo <4=9
Whinfield®} Dicksone] wWak&Hatz z|u& Fel@
2X2E poly(ethylene terephthalate) (PET)& %t
E 5 Adtke AL Ao d43t 7
SArh? 194730 S¥HAL AEY F FIAANE
A ZEHR AL, 1953-1954 A FElE Zaa, M5, o]
gajote] ICI A18AL FolM G2 ICI AL2ZRE &3
ALEAE 20A Terylene® 4487 Alsigdet?

PETE E4o) 58t HiaA2Ae] a840]
Hojvjng MAAA 713 Fol AHIL o|&EHE
R} 2AF ghdeln, A= BE Eet28 44
A9 713 dige] e A4 F s 48 A
o2 7l

DEAE B 49 7|E BAE 7T UL
U, olAe ety 9 By wiez MfEdo &
A 2 AFEE NP eEN TERE A7)
ANze g3& 3 HAdk Aol AzEold 7]
FEgvle} whgxd g e olgsld TR HEE
MAFo N G5 FPNVoRE FFH3] o8&
tiedst B4 9 FE AE7 ok AR MHE
718 2% ol4e] EAE FFYAIMeEM, 11 7]
549 §4¢ AN HE ey FAE F8d
g et =k 22la PET 43
A AN AAF)7] BelE PETY o8 717 43
& 7iuldl7] Yele tiE nEaiele] EH=rt 2
ARE Argoisin’s

B3] nEg Ry dsiME &AL 7HHAl
QA A5t 42,0 nAgE, M F9Ae @
ﬂﬂl&lﬁ g.l i@ﬂ”.lS %‘_QI 9\19_9%, Salem%19»22 kil
Aot} Al e sled PETS wiakoz Q1% AAol
Bz vlAe 9% 9 54& ZABK

71&d A=Y PETHe 4% @& PVC, PS
& AHgsisgton), o] PETHE #8317 #)3iA
e g AAHl e oElgel Yol A
PETHel 24e PETS} #& 832 AMEST e
U PET7} W& 724 BP0z F&80] v¢
gro} A FE Apg-Alel) of2f-go] Bttt

20 A26 A2% 2001 34

£ 479N = PET?L 7HE B4 =% &
AN §HH B2E4E WP 2888 T
71 913t} PET/BPA 335 %4 HE& 283 7}
B2 & dAd, QAEE, dAeEd WE A
& zApEIAL B

¥ B

Al B AgdAM Agg PET/BPA #3884
(F)HZLFAM AxE FA& A3, PET/
BPA #3%# = terephthalic acid, bisphenol-A ¢}
ethylene glycole] FF¥A2A LV. (intrinsic vis-
cosity )&= 0.670)3, Hi=Ho| 245~250 ‘Ceolt}

PET/BPA &g ojgdd EE= ®x. ojdA
HE Azde 1A dAAJEd RAE A8
FE-E& A3 AAs] A3 66 CAA 62T F
ot AF AZ7|NA Azt

ZE Azol AolA hot pressidlA] BE A=A
717} B ER SRS EE 18 W ol W
o] @3t WE ¥4 (0.2mm)E LA3A 3
7] $tgled GFulE @ Aleldl HE A7) B F&
ol Zelojul= HEE BF il 2 Aleld] FF
$AE POl $§52HUY. UE A=A AEE ¢
gxzl a9E AAs7] s 250 T hot press?|
Well A 300 kegf/em?e] Y82 284 33 v &
8le] dEE F9Y F & 4 ARE AMEE
At AzE gL ud $A2 Yl delspd
o] af$A A elE] ol RFEIA A}EBIGET

oAl ERe| ®MIZE. WEY A4 A # #Hevte
B AMg-sled, |dAL5 859 95 C, HAlLE 0.1
0.3 em/minoll A ztz} AAstach g A=
Porter Foll'"'? oja) nag mAdolA Exlfe] vl g
37l ¥ nAGEHE AH-EAT. dave ¢
FollA 20° 2+g c]fE rho|§ AMgIH LN, tiol
9] g9} 7o A Y2 FEA

&4 &Y.

N BN FFEA 7]7)E thermal analysis data
station (TADS)o] RAg A|AFALE %A (Rheom-
etry Scientific, Model DSC-QC)& A&l A
71EEelA 243t DSC 344 ex9 93K
7.2 naphthalene (mp 85.6 C)3 tin (mp 234 C)

200



BeA - ola% - AZYE - B4 - HEF - AFG - NEAF - P EY

& AMgEETh |4 e Y 2 g 30~
270 C ¢x H9YdM 5 45 10 C/minZ 5
2359t AT (% crystallinity)& 4 (1) E
He Fagrh

% Crystallinity = 2‘1”;—: 1)
f

4H 1100% 23 Aaef 84
4H; 1 RE¥Hez AANE A8 §HE

3. 243x 23 X-4 3 £47]) (Wide
Angle X-ray Diffractometer PW3710) &, 34l
CuKe® AME-3l9 d@3igct. vidd HEE 2A
# Heovez A AJAA MNEE MY ¥, 4
A Wgoez FEIAe Fs W] vehie
2 8=5~5591A 0.04°/sec2 %74 (30kV x20mA)
5 4=

UT &M, Agsleb s (CCL) 9 n-heptanes] &
N g AMREl Rayon P U=g 243
Aoy, oju FHLEE 25 Colqltl. &3] AR
o] 71X E &3] AAN] Hsle] EFLA @Y
ANag AF MY F AM-EgeH, Agde 727}
ZHE Ade A7t dess £3 vHEle &8}
Art.

E425 8A. Dynamic storage modulus (E’),
dynamic loss modulus (E”), 8]1 loss tan-
gent (tand)¢] FHH EAFL Orientec (Model
DDV-25FP) & Al&-sldd A4 71§84 F33
th H§ ANE9 FAYY A= FA5E 110
Hz, £&45%% 3 °C/min, $P&=E 30~200 C
HAZ

748 B/Y. AIY B ARAIE7] (Instron
Series IV, Automated Materials Tester, Model
4464)8 AHR-E 1, & ANR9 FHole Scm2 &
Ak FHL LA AFEE 1.0cm/min2 2 8
Ak A G EL BYo) 0.1% PN 29y
Fe 7|&7 25 H FEY I, ARPEE B
A 2 gg gt

THR 8. +%& 5L 85 ColA dAld A
89 ZolE 10cm= 3] By Hellr] APo] 4]
A PYEE 7tz HZ 1.5x1cms] Fo] HolEz A

210

B 13N o] A7lE ABE ¥ YU&

FHo0g P& AANEE 3] A A8 2
o] Moz +&d A AL viAA Y= VE
We 33 (0.0l gol7lx= it o1§A 100°C 28
d4 T3 ez 587 BEE dFEAA A
(2)q)) o3t F&HEE P3Gt

L

Fag =102 100 (%) @)

A7 L: 5% ¥ 2ol

Heiet. Yete PET/BPA 384 4§ 39
¢ uldFx& HitachiAle] SEM (model $-4200)
& AMgsto] BEEAYT ol AlRE EHE gold/
palladiumeo 2 33l FFsix Tt

<R -

%% By, Figure 19 2& 22t PET/BPA 3%
A2l d41&% 013 0.3 ecm/mindjAd GAE UE
9] $4& Jebd Aolth. PET/BPA 5§ njd
A B9 A4 &4 PETEU 30 Cold §340l
#AaEE Bt Florydl o3t 49 #ae ¥
Al BARA sehy YR Zhad sllEg
EF A4 ES S QA S wet 4
o] F7Islded olRe Exe] mujgd sIQE
#golet gt vidd] AALE F1gd w

232

231}
~ 230
£

&
B 220

228t

227

I R S S S-S Sy
Draw ratio

Figure 1. Plots of T, vs. draw ratio for PET/BPA

copolymer films drawn at draw rate 0.1 cm/min and

draw temperatures as indicated.
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Figure 2. Plots of T, vs. draw ratio for PET/BPA
copolymer films drawn at draw rate 0.3 cm/min and
draw temperatures as indicated.
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Figure 3. Plots of crystallinity vs. draw temperature

for PET/BPA copolymer films drawn at draw ratio 5

and draw rates as indicated.
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Figure 4. Plots of density vs. draw ratio for PET/
BPA copolymer films drawn at draw rate 0.1.cm/min
and draw temperatures as indicated.
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Figure 5. Plots of density vs. draw ratio for PET/

BPA copolymer films drawn at draw rate 0.3 cm/min

and draw temperatures as indicated,
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Figure 6. Plots of intensity vs. diffraction angle for
PET/BPA copolymer films drawn at draw rate 0.1
cm/min, draw ratio 5, and draw temperatures as indi-
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Figure 7. Plots of intensity vs. diffraction angle for
PET/BPA copolymer films drawn at draw rate 0.3
cm/min, draw ratio 5, and draw temperatures as indi-

cated.
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Figure 8, Plots of storage modulus (E’) vs. tempera-

ture for PET/BPA copolymer films drawn at draw

rate 0.3 cm/min, draw ratio 5, and draw temperatures

as indicated,

HeZo g o, o|e dilLxe F7l2
Q& wFEY Ao BA Algol ¢aiEe] A4
WEy, 45 Fo] T4 WEoz Qi)
EF BAYLY vEAY B9 FEAEA S wlo]
ag Bk $549 2§ o] BAL FAXHoE ZAa
il HeldHdlM E” 8 Fae FAMg A2WE
BE A5 24 259 ¥ Ao 4gun?
Figure 9% €41&% 03cm/mined A€ o
4l¥} 5¢] PET/BPA #3%d 4§ &4 @48
(E") & dAlex g ©e 2xo §¢z e

Polymer(Korea) Vol. 25, No. 2, March 2001



Fejodl 2d 2 FF YA el Fabrication 47 (V)

5 n - 4
20 40 60 80 100 120 140 160 180 200 220
Temperature (C)

Figure 9. Plots of loss modulus (E”) vs. temperature
for PET/BPA copolymer films drawn at draw rate
0.3 cm/min, draw ratio 5, and draw temperatures as in-
dicated.
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Figure 10. Plots of tan & vs. temperature for PET/

BPA copolymer films drawn at draw rate 0.3 cm/min,

draw ratio 5, and draw temperatures as indicated.
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Figure 11. Plots of tensile strength vs. draw ratio for
PET/BPA copolymer films drawn at draw rate 0.1
cm/min and draw temperatures as indicated.
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Figure 12, Plots of tensile strength vs. draw ratio for
PET/BPA copolymer films drawn at draw rate 0.3

cm/min and draw temperatures as indicated.
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Figure 13. Plots of tensile modulus vs. draw ratio for
PET/BPA copolymer films drawn at draw rate 0.1
cm/min and draw temperatures as indicated.
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Figure 14. Plots of tensile modulus vs. draw ratio for

PET/BPA copolymer films drawn at draw rate 0.3
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Figure 16, Scanning electron micrographs of the sutface of PET/BPA copolymer films drawn at draw temperature
85 °C and draw rate 0.3 cm/min: (a) undrawn, (b) draw ratio 3, (c) draw ratio 5, and (d) draw ratio 7.

Figure 17. Scanning electron micrographs of the surface of PET/BPA copolymer films drawn at draw ratio 5 and
draw temperature 85 °C :(a) draw rate 0.1 cm/min and (b) draw rate 0.3 cm/min.
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