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2 9 AALeE, dAEE, dAE B dAl 279 ulE poly(ethylene 2,6-naphthalate) (PEN)
o] wige HsE ARt JALES B4R A&yt WESE Ao wet & B2
A k& Bo|y FT-IR ATR dichroism 3o 38 o3 SA4: B4 A¥Zdns A
atgich. PEN€ 120 ColM Q4818 S4B AE &8s ()7 QUEE7 MEFS & g8
A9k 141 CollAl AA & vl 2 dAEEs) wWESE B g 2 9ok oled AL A
A5t &9t Al olghE ol WA ZRE Mol sbesith X-4 ¥4 4 2AAZRE PENe
naphthalene ring 727} & H A0 HWsp) WL g HIE 5 YA

ABSTRACT: The effects of uniaxial drawing conditions on the molecular crientation of poly
(ethylene 2,6-naphthalate) (PEN) are investigated. Birefringence measurements show that
the orientation is significantly enhanced at high draw ratio, low drawing temperature, and
fast drawing speed. The characteristics of orientation examined by FTIR-ATR dichroism
method represent almost same results. Amorphous orientation function increases with draw-
ing rate at 120 °C, but it decreases with drawing rate at 141 *C. These behaviors can be ex-
plained with the relation between crystallization and chain relaxation rates. It is observed that
the orientation of PEN film is accompanied by significant alignment of the naphthalene rings
of PEN parallel to the film surface.

Keywords: PEN, orientation function, drawing conditions.

M B Hriste wgoge X-AH A" oF 24 w3
g Z2X3= ¥y HBAvY T Abbe SHAE
FEA6U ET o) N FHA oA B2 ol g% RSP E FHse Wl F UHA
7} wi = n AR FEsEE 24 7A HEE Ath!? 2B AP L D EEE o] EFHE B
e BExarel wigwel e A Uk webA 24 g A 7RE o] B £ o
dAre] YA $ A4, Ao uE B agd e
Hrtshe ol Wasich, A o Exgde An=dn,+ dn;+ dny

Fai A258 455 2001d 9€¥ 699



AWA - ol 45 - ol

dn.= g E2H2 S82%o s d4"E 1A
Algo] v Hbge)] we} BTt dekx]r] o el
A7 AAE dEe EFEL F2 oy B2
ola] Aujdct. oleldt vjd BZ2da vigate AP
<2l A= Hermans orientation functiong ¢]-§

3 7led + AU

=An0

f dn°

= %(3<cos2 a>—1)

Atelel BaaE, dnde Yo FHE0 & AW
£ AUEA Azpgo] HEEE A 71YEH Il
U By 2e Ve oA g Y I e
Eo] Yol g9 1/20 A% zv)e] 71Hez E4
ol g W Arinzg &3 e 524 (form bi-
refringence)olgt B8t} dns= ZF AlEje] Exuj
Fgut= T oAV oAl 2t
&y Wi dEFHA BE FS FAE #
A #elth dnge g Wslgle] 4FHAY 4
g o Aol el e AL 7HFH0 7
Ao zH vehhe THHQ 23T g & 41w
i EkE nEA M= BFAE & Uk

X-¥ 4 E24E &4 Q= EXEgd e
v A AMEEE HRYE S FH 84 o
A& olgshs Wyolth! Ao EHE T3}
W Bl ofH S5 8 Alolo] 34 2FEW
A7 7] YA B Aol FHo| oA Yy
Frdoh. Exte] Aol BAsEY HFA B
WE (dipole moment)7} #3}sl=d ol $ NF3}
€ 452 BHE QHsE Fie] EUE §E
t}. o] EHE (transition moment)s HEIZFo 2
A 27 Yo A7 dEele} 45 wi gAY wt
getx Hold 21§ Yo Fo 4% vt &
o] F4% Af ol A7 o] AV HE E9
HolnWlE He] Mo et AlFe FFEXd v
Eil= S

A=C(M-E)?’=C|M|*| E{*cos* 8

q7lA fe dol RHE HEje Hr)ge] HE L o

700

T Zolth. #9] Ao waR F e Hert U@
3 A% Fe7t doAUAT FHoA Fre AR
oty wWtA AlHe| wigEa YasAY £
FE ol &3t P E TAtE & Uk =T 2
d 997 7Y 999 dAYe] Al FEH
717 B8 AHE o183l 718 & Y3t
W3 g e Hrgz 238 +x qloh

& dexe A2 g0 ¢4 €4 549 74
Al BAoz Adtd PETE tialdte] g4 2
A7171% ofAel &&= e PENE dALx,
&S, AN o 21g 2l dEHIAN 3
g o A xdd wWE B AlE] g Fx
€ FTIR-ATR=} H3¥n|3 $& A3t £33
vt 12j3 dA = oet PENe] 24 & 2
Y Aled HjPgo| ol JYg A=A E HA ¥

EEL-LCS
4 #

ME & d7dA AR 748 PEN AEs
SKCEZHE Alggeten DSCe X-4 EHEE
3l ZAEE A9 FAE =YL el
t}. PEN AlEe] FA= oF 300 umolglen 30 T
oA o-chlorophenole] %<1 PENe I{IHEE
0.5940]%1t}. 9.5%x9.5cme F72 AE BFA H
o & dAHA FXF AHz AE WPoz A
Aer, AXE&T, div] F& uperiel s
o A7l Ael AgRE FAeEdA d9E"
chamber el 4% F<t FAAZT dAe] v
¥ Ale93}e} annealing AHE HA33] 93
F&E WA 3e =7E o] &3] FA] chamber U
A AlgE Aol YHslEt Ztzte] dHANE
71& Table 13 7t}

il

AT &Y A58 UEg A3 olde 4
& o] &3l AABE, X & T3

- {o—p)
(pc”' pa)

C

A71M 0, o= 22t FAY, Y W] Yol

Polymer(Korea) Vol. 25, No. 5, September 2001



ne

Table 1. Uniaxial Drawing Conditions of PEN
Films

drawing temperature  drawing speed

() (mm/sec) draw ratio
120 2

127 8 ) gg
134 32 y 4'5
141 128 ’

t}. PENd| tisiM= 3AIRAS] 5 F/ 2H 7271
Ay A Y=o’ Mencikol] 93} BR1H g forme a
=0.651 nm, b=0.575 nm, ¢=1.32 nm, @=81.33,
A=144, y=100°2] 921444 (unit cell param-
eters) 9} 1.407 gem™3¢) Y& & 7}xl®} Zachmann
2o 98 Bad g forme a=0.926 nm, b=1.559
nm, ¢=1.273 nm, a=121.6, 8=95.57, y=122.52
o} B AT} 1,439 gem o] WEE et &
AYofH AzE A4 HEEL X-4 sHAFAA
B BEel BP0l Ae BEHA k7] W& o
1.407 gem™ & AMS-EHom, o 718 ¢8R
1.325 gem™® k& A3l

FTIR-ATR Dichroism &£X: FTIR-ATR-& A}&-3}
o A% g v E ZABIY T FTIR-ATR
dichroism ¥l = €& 49 A8 HBV g 7
7+ 90°2 HAAHAEoEMN u M9 reflection
spectra (Arg «» Ateyr Ammxe A y) S E3 0
£8& Flournoy$} Schaffersd] 23] =€ o2 2
9 ddEid A el Fe FFE, Al Ay
AE 78

Are. x = @Ay

A« = BA, + 1A,

Arey= aA,

Ay = BAC+ 74,

f A o B y& AlEe ATR crystale] 24
& ¥ Hold Yol QAR off AAHEE ol

=
o, x, y, z& A7 42EAN 2§ AN 4 o
A B AP By, 23 d§e A Bge

Folo A259 A5z 2001 94

% AN Z7d & Poly(ethylene 2,6-naphthalate) v o) #% A3

ougg. A, A, A7 AL dichroic
ratioE ole] A tiYsd A&y w¥YEE
AgHoz Y F= Yy, A& B B T
g & gl

fo=(5=5) (359)

D, cot? a0l et AlEET FF moded] H
o] RHE Alo]9] Ztzojr} FE] HE FHE a
ol duiA oAl 9] Wi dHoz= Ha g
bande] dFHA= af 90°2 Hi wiEEsE A
Agtr}, 248 Digilab FTS-40 FTIR spectrome-
tere} ATR #H1& Ag-3igioh

£23F &3%: MD ¥gy TD #3e B33 &
A2 Nikon Optiphot2-polarizing microscope$}
tilting compensater& o]£3& e MD, TD, ND
4 dske] 24 EL ATAGO Abbe refractometer
E o]l &dted ZA3AY. uigrd 24 nEAe B
AL olgis}l 2L How LN VA X &
ARgE, [ fic @AF ARAANsY WHEEr
(crystalline orientation function)$} FX ¥ A}£ 9]
wl) 334 (amorphous orientation function)& e}

ek,
An = chcA n°c+ (1_-Xc) fadnoa

dn° S} dn°= S35A WG AR FHY 1
2ol 1§ EBEFHEOITh ¥ AHdAM dn° s
dn°E 77 079154 075 3%g Abgdiged,’
dn, X& 48& 35 28tk & 4894 2
A RS fa A4 244 BARe] 0.960] 2k
7443t £3% i gl &4 o3 23
3% dols A8 Foddle AL BE AleE]
Al Lo 2 viEE 7] B ) ol NEE &
Ao, olde) BHAME FHLAL

Wide Angle X-ray Scattering (WAXS): 3z} X-
A 3 AHAYE Rigaku Geigerflex D/Max-3¢c 249
& AHg-Ete A E T

701



2
ok
1z
=
ok
k:o‘:
2
of
o

0.204| —%— 2mm/s

-—o— 8mm/s '?‘

0.16)
[«}}
Q
o
3012
k=
© 0.08
=

0.04

0.0

i L A
1 2 3 4 5
Draw ratio

Figure 1. Birefringence as a function of draw ratio at
120 °C and various drawing rates.
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Figure 2. Birefringence as a function of draw ratio at
various drawing temperatures (drawing rate:32
mrm/s).
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Figure 3. Polarized IR spectra of 2.5 times drawn
PEN at 120 C.
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Figure 4. Dichroic ratio as a function of draw ratio at
120 C and various drawing rates.
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Figure 5. Dichroic ratio as a function of draw ratio at
various drawing temperatures (drawing rate : 32 mm/s).
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Figure 6. Amorphous orientation function as a func-
tion of draw ratio at 120 °C and various drawing rates,
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Figure 7. Amorphous orientation function as a func-
tion of draw ratio at 141 C and various drawing rates.
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Figure 8. Crystallinity as a function of draw ratio at
120 °C and various drawing rates.
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Figure 9. Crystallinity as a function of draw ratio at
141 °C and various drawing rates.
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Figure 10. Wide angle X-ray diffractogram of 4.5
times drawn PEN at various drawing temperatures
(from bottom to top; 120, 127, 134, 141 C).
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Figure 11. Crystallinity versus average refractive
index.

29| = AFEY FFEo] B2 #E AALKEA
Aoz o HA A3, 2 A f, 2 Fo}
A}, o] gell X AHE vie} o] dAxH) wWE £,
o] Wste AleidET, AlsgdsE, 23S,
EAAEY #54 B &HSE T Ef3ez o
&8 e Ao wug.

o oefE 3 BT FWYSE 24 PEN 44
Aoz AdWEFoze] EArle wig Byl ohs)
A& | naphthalene ringo] 3 &4 wj Qs
= 84 A48 Utk dalzded weis PEN
9] naphthalene ringo] 12 A A%de=x X-4 3
HAAEG T3l 2AMEIYCE Figure 102 2@

#Folol A257 A55 2001d 94

€ 22X A AME LA Bolx] el (-1 1
0) o] A=} Foid wel Yehtes AL &
Atk ¢F 26° Fxeo AL Yehs (-1 1
0) & naphthalene rings} Ao Hast Hoa o
(-1 1 0)"e] &2 XA YEllE RE Al
%7} Z7}84E naphthalene ringe] I& F 39|
B stA HEslE o] Holdoe Re AuF
t}. Figure 112 A si5o = A Wate] BF2
HAE, (nytn,+n,)/3 HEE Ho&r}, Cakmak
L %2AIE X HEEHEE 0,8 BAE A
3 3|9 (linear regression)& o|&-3le AYPA oz
SEdldeh® e woz B A9 AE PENg
Azl SE 8 ds d¥3 Al 0.93¢9 A
=g olefo} T HEAE I

Mave = 7.5754 X 1074 % (X,) + 1.6356

2 8

2 dFNAE dAer, dA&E, dalb &
geldte] Az wE PEN9 w3z g =3t
Aot dAemst BesE, dAEnU wWESE,
A7t F5E BFHe & e BYD, FTIR-
ATR dichroism ¥ o8 XAV wgEH T3 B
24 A¥248 AT BFYA e ey
T, LE TE B Za, 120 TN e dAEEs}
BETE B L€ BIUAT 141 CAMNE 94
H27} MESE XL f3g B oA AA3
d 3R] ¥ golle FAY Ay 7}
Al g s, Aledsidn, RS, BRAbe
9 #54 € §¥HSFE B BE¥yos F3e iy
g&oltt. PENE F2 2504 ANTLE (-1 1
0) AR 9% 3de] of Al Y. ole)
A FE L£EAA d4E 9ol naphthalene
ringe] & FWY HIAA IS E Fgo) A
o= g & 4 Utk

LA 2ol =E& 20008hd % <13 Etne)
Aol o3t} J7% & (INHA-21077).

705



A ol E - o3

2 of 8

—

. R ]. Samuels, Polym. Eng. Sci., 28, 257 (1983).

. R. J. Samuels, Polym. Eng. Sci., 28, 852 (1988).

3. A. Misra and R. S, Stein, /. Polym. Sci. Polym. Phys.,
17, 235 (1979).

4, K H. Lee and C. S. P. Sung, Macromolecules, 26, 3289
(1993).

5. H. G. Zachmann and H. A. Stuart, Makromol. Chem.,
49, 131 (1960).

6. P. A. Flournoy and W. J. Schaeffers, Spectrochim.
Acta, 22, 5 (1966).

7. A. Pirnia and C. S. P. Sung, Macromolecules, 21, 699
(1988). N

8. M. Cakmak and J. C. Kim, /. Appl. Polym. 5ci., 40, 729

SV

706

10.

1L

12.

13.

14.

15.

(1997).

. S. K. Sharma and A. Misra, /. Appl. Polym. Sci, 34,

2231 (1987).

K. Nakamae, T. Nishino, and Y. Gotoh, Polymer, 36,
1401 (1995).

K. Nakamae, T. Nishino, and K. Tada, Polymer, 34,
3323 (1993).

M. Ito, K. Honda, and T. Kanamoto, J. Appl. Polym.
Sci., 46, 1013 (1992).

S. Murakami, Y. Nishikawa, M. Tsuji, A. kawaguchi,
S. Kohjiya, and M. Cakmak, Polymer, 36, 201 (1995).

I. Ouchi, M. Hosoi, and S. Shimotsuma, /. Appl. Polym.
Sci., 21, 3445 (1977).

M. Cakmak and ]. L. White, Polym. Eng. Sci., 29, 1534
(1989).

Polymer(Korea) Vol 25, No. 5, September 2001



