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Abstract: The 1,3—propane diol has been introduced as a co—monomer with ethylene glycol to poly—
merize the poly (ethylene/propylene naphthalate) in order to improve the dimensional stability of poly
(ethylene naphthalate) for a possible flexible substrate material. Based on 'H-NMR results, it was
found that poly (ethylene/propylene naphthalate) has been synthesised successfully. Introducing 1,3—
propane diol resulted in the amorphous state in polyester as well as lowering of glass transition and thermal
degradation temperature. Coexisting relatively longer propylene segment compared with ethylene in
synthesized polyester caused less orientation behavior and reducing thermal expansion coefficient.
This is a promising result for poly (ethylene/propylene naphthalate) to apply a flexible substrate.

Keywords: poly (ethylene/propylene naphthalate), coefficient of thermal expansion, flexible substrate.
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Figure 1. 'H-NMR spectra of synthesized poly (ethylene/pro—
pylene naphthalate).

Ao
©
=

w37} 23 ¢3:22] PD 25 S7MRC wet Sk
2 Kol Zej(da/==2gd Yzee|s) 353l 9499
4 itk

Figure 2] ARg &3 2589 PD 2Adu|of| wp2 Jsrdeo]e
o 711 WA nl(at+a+a”), ool 7|1¥ WA v](b), 123
2] 7]QIE= WA Bl (b'+c)E YERISIT Figure 2(a) ol
A Haz vks} o] PD7F A71EA] 9k &, 55 PENS| 29 Y
gallo] 7|18 He] WAH|7} 53.1% FEE o232 |l 60%°) &
Heks o 5= ok AR 2290 PDO] o] Sl wlet W] 1
© WP 9= & 5 Atk Figure 2(b) oA K= kgl o] of
gallof] 711l 9|3 K5 34.9% % o] BX|HT} Tk whe-S- oF 5= 9l
o PD7} 7kl wel a0 7ags o 5= gtk o]l o]
Eghte] Aok= BGEF PDE NDC2Re] HESA] =jo) 2k #AP7} 9he: A
°F A5} =3 Figure 2(0) &) Z23 ] 71Q1H 33 =3t PD
9] o] S7hel whet b ol&gkat vl FARRE & 5 9l
o} 5, EGEIUR= PDO] HkgA0] F55 & & lth olde] An=
He] Z|(ga/=Z22d o)) 7} PD/EGS] ZAdulel| u}

o)
=




T4 718 22 S5 A% ZE(dd/Z2 89 YT e o)E) 9 Xk A+ 373
X X 40
Chemical Shift (ppm) = 8.6
e 380 = Tg
60 A Total e Td
\//\ 360
9 o
< 40 L
8 o 3200
® 2 . .
s '\././0\' & - o
® [}
[0 Q
& £ 1500
2o l\./-—-\- a
100F \.
o | | | | |
0.0 0.2 0.4 0.6 0.8 5 . . . . .
Propane diol content 0.0 0.2 0.4 0.6 0.8 1.0
(a) Propane diol content
Figure 3. Thermal properties of synthesized poly (ethylene/
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Figure 4. Orientation behavior of synthesized poly (ethylene/
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= ethylene glycol ratio.
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Figure 2. Analysis of 'H-NMR peak area for (a) NDC; (b) EG;
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Figure 5. Dimensional change of synthesized poly (ethylene/
propylene naphthalate) as a function of 1,3—propane diol/
ethylene glycol ratio: (a) unstretched film; (b) stretched film
(DR=1.2).
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Figure 6. Dimensional stability of synthesized unstretched poly
(ethylene/propylene naphthalate) film as a function of 1,3—
propane diol/ethylene glycol ratio: (a) on set expansion tem—
erature; (b) expansion coefficient.

o



e
N
)
B
2
fi
oo

Tk SR 100 T obdell] el ot fdds 7Hde & 5 3
ck of2igh 25 Wy Al &59} I 71 AlZA S Fdt
= Foll SRl DW= A el 4 (D elMe} 2
o] 2Lz Wsle] upE 2|59 tﬂﬁ‘& wekd 4= 2lck Figure 6(b) ol
PDe] 3 wslel] wh W gAGE UERISIE T8l B wiket
o] PD gego] Sl wieh DA ke & o Sk
olefgt Auk= Figure 49] 94 E2joll~E1e) vl dajelln gl
Hte} o] PDE] F7lel] oJste] FEgAe] /el whe o]
e 5 FARES] o] SRl met i om FAREe] #4
el &%011 711€t}. olg]dt Axtg Kol PD7} 40%714] 7ka &
d ETjellEl= PDE A7l dsjo] A8 W 20 AT F
asfiA FAlo HIATE A 5 9l Tr°47P& vl
A A8o] 7hed Ao ke

Figure 5(b)ell 1.2v1% Axld BF] AH3tE VERiSIc
TR Hiz wie} o] 17k STl wet A el st Al
o] Fa7t vehdr tr] A5 o] 7S & 5 vk d
& Alel] oJal iRk AkEe] st el whE A3k A o]
23t AkEels) Aol ekl F 9 EElel el 2k e &
Y 5400 el Ao Wdgo] TrREE & 5 ek

Figure 7 (@)l & €15} 9% 219} S 2520] Misks PDY| ¢
Hle]l w2k ek hoict o ¢hs} 5= PDO 95 nlell =7 9F
WA o= Zl0R Helth 5 9 Eeleliy Aol entt
A A R ol ofeh mjgrdieel] A A YES wes
ok TR ol &8 st A § e @8 AR 2
A Hof| vigto] Ao ® w53 o 5 Qlrk 5, vl <3t
TFAREY] el Qsle] el o3t AR F4 0] v w3k
off we} S Al 257F Al ﬂ%] o el Hgle] 255 &

QI 4= SItk Figure 7(b) ol Axlel B52] SWATE Hehigl
o AAIEA) k2 AEl nisto] DA S o= vhas &
T I 5, el eJsto] el et AaePdAdo] sokle o
e} ol gkl FAREo] WA ok FARE ] Hlsle] 2ol
O3 A At ghstell whe dyjoltt. PDO] e Sl wh
WA F7H= Figure 404 & 4= %0l PD #ge] %
7tell whE i 54 el 9t Aalsle & 5 ek Figure 7(c)
off Axlel AFe] wigel] w2 2|5 e} Y5 vehhgit Z1del
A Bz vkl o] e R AXlElE PDe Fagel] wket xl? ¢
3H AT e & Slok EE (A gl ) o] A3 b
& ke A WskE Kol Wb PD| dife] Skl wet ¢4}
© Ag7E Aobds & 7 olrk = PD| kel whE i 54 2
Zeof) weh AR wijge] FE v webA ghs) Ak A o
Ao °‘T o W = ZE(ellddl vRreeo]B) o] A <t

r=otoll wet vl ke Al Wb A

rlr > rlr o of
¥0

r[m

2 £

2 AT BelelaEle] R4 V1% A HE2 SAsle] B
% A EGS} 37 PDE A7ele] Eel(laaegal Liekeo)
B) BEEAT e o5 R /1 AAzAe) B

& A8 S /=2 Jzgeo|E) 9 AFgy AT 375

200
m  Shrinkage Temp.
180+ ® Expansion Temp.
160+
3
o 1401
2
©
o 120F
o
£ '*-\-\-
= 100+

60
0.0 0.2 0.4 0.6 0.8
Propane diol content
(a)
180
160}
140}

120
100+

80

Thermal expansion coefficient, o.(um/m°C)

40+
20+
O 1 1 1 1 1
0.0 0.2 0.4 0.6 0.8
Propane diol content
(b)

2500
2000

1500

1000

Thermal shrinkage(um)

500[

0.0 02 0.4 06 0.8
Propane diol content
(c)
Figure 7. Dimensional stability of stretched synthesized poly
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