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ABSTR \CT: 6-Amino-2-(4-aminophenyl)-4-phenyl quinoline (QDA) as base diamine and
oxydiar iline (ODA) as second diamine were copolymerized with terephthaloyl chloride to
make I otropic aromatic polyamide film. Transparent and amorphous films were prepared
with dijferent QDA/ODA fractions. In order to orient molecular chains of QDA/ODA films,
high tesaperature zone drawing method was applied at 250~400 C. The draw ratio of 4.0
was acieved at a mole fraction of 0.6/0.4 QDA/ODA. Birefringence of the drawn film
showed the value of 0.020~0.034 and the feed mole ratio of QDA/ODA had a marked influ-
ence on the molecular orientation. From the fact that the crystal orientation index of the film
drawn ..t 400 °C was below 0.88, it was supposed that the effect of amorphous orientation is
more piedominant than that of crystal orientation. Tensile properties of the film increased
with an increase in the draw ratio. Also, the maximum tensile modulus of film up to 24 GPa
was acl ieved by drawing QDA/ODA (6/4) film at 400 C. The amount of the fibrillation of
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the film w as relatively lower than that of films hot drawn at the same drawing temperature.

Keywords: QDA/ODA film, high-temperature zone drawing, amorphous orientation, fibrillation.
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Scheme 1. Synthesis of QDA.

HEM. Z89 371xe FEEAE 22 4-8mg
Hsloy A|x}FAI A (Perkin-ElmerAl, DSC-7)
2 AL7F3lAM $24EE 20 C/mino R 3§l
550 T &3t

HME £X., 238988 food blenderol] &1} 3
A Qo B4Etn s 60T IFA
oA &H AXAA FEHETS AT
A 0.125g& 97% Fxto g S3iAA F
A stEeH(0.5 g/dL). o] §4Z Ostwald H=A|
£ o] &3}e) 30+0.05 ‘CollAl T AlHE EHEA
th. 018 IARS 2t S| thH A% (inher-
ent viscosity, 7 )& AlArEAC.

)

=

Polymer(Korea) Vol. 20, No. 2, March 1996



e HxE. FHEE 71 e TS fY
o Bo] mE:)| BF & doctor-knifez TE] &
G A FS IF oA 80 TR 6AT &
oF Az3w 543t B Boll AA3t HF Gofo}
d& AAs (1ES ARG

oA, ehd<] Axd BEE Fig. 17 22 4
A ZA 2 o] g5te] 250 °C, 350 'C € 400 CollA]

22 =X, oy 71 dvlE @ 2ES W

B3&# v (Nikor, Optiphot-Pol 104)& o] &3}
546 nm 7o) WAF S ALgSle] 4o Wol AAS
-3 4l (1)) v st Bz48E Tt

dn=T/d (1)

o dn: B H, I 4ANA, 41 AEY F4.

2t XM 3l 2. P59 3848 Mac Sci-
enceAle] X-ra - diffractometer MXP-188 A3}
o}, 40kV, O0mA2l ZAdA UALHE =33
Cu KeM(4=15405 A)& o] &sto] FAs. ¥
97t wgko g 485 360° FAsHHA @& 3HY
ojze) WAEL- O 2] (2) ti]isled wiREA| S

(orientation ir dex)Z AlAF}RT}
Orientation ir dex=(180°-half width)/180° (2)

QIXAIE. Initron 42012 01%6}01 g J%
B 5 Tal it dAlnE slod A zE ol
4cm, = 5mno %% m/minPJ cross head
&g pEAE 103) QRAEES AAste] de
10709 g¥-8 & F4 5%°lue] ¥y
golxel 7187158 Hastel AFREES oI
t}.

ZEo FH1x AL VEQ FUS HPHVF
(Nikon, Optipiot-Pol 104)& A}&3le] HF sloi)
A wlg 2000 2 AR

o] el = A QDAY FXE 'H-NMR
2oz #¢lsgn (Fig 2), QDA, ODA #

Zolof #2049 #A2% 19963 3¢

Al 1. QDA /ODA /terephthaloyl chloride &2 2 &

L‘W_} Upper jaw
i Specimen
r i mui Band heater
I—_——] Cross  head assembly
o A
Temperature = Weight
controller l

Fig. 1. Schematic representation of zone drawing ap-
paratus.

TPCE& Scheme 28} 2 BExplog ZHFHFAIA
ks Zololn = FERAE FAISACH
ODAE 39 B34 AdS YA 2R F
gFA 2 ol g5Uct. QDA/ODA FF5EA= 37t
2 @k 89 v8e R £75E5(8/2, 7/3 4 6/
2% e ErE oF 35~4.0 A= S Ve

4)

WomH uae PAFS 3 ‘—.:~%r SEENRRE
%S odZT & YA DSCol o F¥A 23
felgol LES} 2EH % 7 Gehtx gm o
450 ¢ ¥TelA Bal7h AkEE RO Hoh 4P
3l e AoleEs 4HE & & ok WA of
BTAA o) FUATLIE AZT $2Y VIS
Felojn)=

Fig. 32 37}%] th2 QDA/ODA ¥4 H]&23E
dodl FFTA BEEE 350 TN WAHRS
o AAsHEel e AAEE e Relch A}
%2] 710l wheh QDA/ODAS) I B17} 6/49)
ol GAvIs) B71%0) & A8 & F U, el

29 A9 A2 S 12 MPa J TR 2A
Loz B8 1 4HH HeAulel 4= ¢
L ol FETAE A F ARF QDA

ES
AT AR PEE HHOEA, oo
Qe DEANEE O o4 BAX L o2 e
glot Ueix] el ODAL ShEThy) gt &

291



- H

rg_n‘
ok
-y
40
(o
>
K

B =7 E A Q7] wWiEel Algo] BAHA
g 7-AE T AAEE X1 o
E 7 A% A dAE geolskl st Q4
Bl9] $7HE 7bA S sUle ODAS gigo] 2 &S
OAE AE & 4 AU HojdAs) 94 ODA
ol dRsHA ¢ EalA, T BH)7} 6/490 H9
7b 49} B2 7HE 2A JEsion, £9) Bl
€ FE% 371 -3¥E £ 5 Aok (Fig. 4).
GAAE PA) = AREAM 228 5 e E 3}
= dALToIt URtE o2 g Zgloint=

S a
s

m LL
T T T T T T
8 7 4 3 2 1

Fig. 2. '"H-NMR sp ctrum of QDA.

JA

6 5

Q

0
PPM

T

YA - sy

kLS

2YEE2EE
TS

" 859 Aot dxlexEr} 250 9} 350 CY

5
A QDA/ODA(6/4)
B QDA/ODA(7/3)
4r A ® QDA/ODA(8/2)
A
A
3 b
2 -
e ]
z 2 A | ]
a .
®
° o
1+ @
L
O L 1 L L L
0 4 8 12 16 20

Drawing stress(MPa)

Fig. 3. Effect of feed mole ratio of QDA/ODA on the
draw ratio of QDA/ODA copolymer film drawn at
350C.

H:N @j O_NH: + HZN—QO—QNHZ + cxco—@— coct

QDA

ot Yo
< 3

)

ODA TPC

NMP/LiCl/Pyridine

/

. NHCO—-—Q—"O};- HNO— O*—Q NHCO—@— co
X

- y

Scheme 2. Polymerization.

292

Polymer(Korea) Vol. 20, No. 2, March 1996



BFE Zilolvl= HE9 1
401 u
2
£ 30f
3
o]
5
5 n
=
= 20f
n
1.0 ' L 1
0.1 0.2 0.3 04 0.5

Feed mole ratio of ODA

Fig. 4. Effect of ‘eed mole ratio of QDA on the maxi-
mum draw ratio of QDA/ODA copolymer film drawn
at 350 C.

5
A 400
7] 350°C
4 =] )
A O 250C
oo
a
=] 3r
«©
—
: I3
a 2@
i ]
] [}
1F (< °
0 1 L i A 1 i

Drawing stress( MPé)

Fig. 5. Drawing temperature dependence of the draw
ratio of QDA/OIDA(6/4) copolymer film.

uf ANAF oA F2E HEE HAE 3l
t}. 400 €Y 7 $&= 350 ‘CET} dAlu)e] Zr}Eo)
ZAou I Zolx AQITh. o]2XE 250 € 350
T AlolollAl a1 gt Algo] BAR]7) 13%6% o™
o] Holemrt EAFE & F AUtk Azxd I
AubAQl wgpz. Zaloin| =} ol AYFAE
3] 7ML A Fe o) a1EAGGel A5t
2 S A EEE A7) wEel o] §ol
14 84S 712 u d4le] 7hssitt

Elpu
r

,u
g rr de l’IO

o
o

flo Az
H
o]

Eao #2074 A2z 19963 3Y

ud Al L QDA/ ODA/ terephthaloyl chloride F&%A 2 &

2.8
2.6
g I
% 24P
5 L
S
2 22r
B
ks
£
D ook ©® QDA/ODA(6/4)
a W QDA/ODA(7/3)
r A QDA/ODA(8/2)
‘.8 P A L L
0 1 2 3 4 5

Draw ratio

Fig. 6. Birefringence of QDA/ODA copolymer film
drawn at 350°C with different draw ratios.

o 47Ed.

Fig. 6& 9410 me 2ajujge) Wsle QDA
9} ODA9) A¥ulo] wet nas}7) Asted 350 C
oA AAT BEe| AAlo] Y BFHUE 8 A
olth. QDAS) 4%l 7b Be TFUH(QDA/
ODA, 8/2)2%8 B48 B89 397 714 B
MIBEE B B ol A4l BE FNEE
Ath QDAL ZAW Aeg olFE Blol7) HE
o ol7e] Wol THE WEUFE FEW A4L A
e ojzigel glout, MmH Mo YNORE F
28 S BAT FAL ) FsEE ¢ 5 3
£ W, ODA 4¥el 4ujHog Bl T¥Y BE

e 323 HEoA WIS Y &

31

%
7S °3_¢_1&E7} B2R ke v A= %%J% ?a}
o} QDA/ODAS] F<iuvl7} 6/4%1
gl AAlnle) thet BFEE Bl Ao eitl%
E el 50 C A= Wl UAgoy B2k
2 zol7} Ui it o] Z8E] 350 ‘TS 400 CTAL
o](DSC 24 Z3} o] A B2 E F2
2ot 2F @& g Aol gste] & Zlelvt
Uehts gAEgedol 2A4%E 38 + U
o}

Fig. 82 «dAlvje] me AFRYES] WHEE
QDA ODA9] AEule] uwel n@g ZHOo=RA,
Fig. 67} 91528t AgE 2ol Yot BAplgo] I

293



e
ox
>
u
e
1
K
™
)
=

3.5
A W 400C
A 350C
&
2 30F
X
bt
g L A
@
&
£
&
® 25f A =
=
4 |
B
2.0 L 2 .
1.0 2.0 3.0 4.0
Draw ratio

Fig. 7. Birefringer ze of QDA/ODA(6/4) copolymer
film drawn at twc different temperatures with differ-
ent draw ratios.

20
[ )
16
:L«? .
S 12f
3
=
o
=]
E 8k
o
‘w
5
& 4t “ ® QDA/ODA(G/1)
W QDA/ODA(7/3)
A QDA/ODA(8/2)
O J 1 bl L
0 1 2 3 4 5

Draw ralio

Fig. 8. Tensile mo: ulus of QDA/ODA copolymer film
drawn at 350 C w th different draw ratios.

2H 43, 2 AP Qg Bl A3
ov] eizl AHZA QDA

IFA 3 Aen

QFRGEQ £ 1715 B9 9 Ho AR E

2 ODAZ} %o| 3 g5ojA & dAnE ¥ £ YA

©d QDA/ODA (1i/4)Q0 A$7} 17GPa FEEA)
7V Zich.

Fig. 9& v wg AFeA g2 Hals a4

294

oy

AW -G o8 7
25 F
A
£ 20
[&]
‘%T
g ®
3 15p
£ A ®
L
§ A
[_' 10 3 . P -
A ® 350T
A 400T
5 L . .
1 2 3 4
Draw ratio

Fig. 9. Tensile modulus of QDA/ODA(6/4) copoly-
mer film drawn at two different temperatures with
different draw ratios.

' B 4

Fig. 10. Polarizing micrographs of the surfaces of
hot-drawn QDA/ODA(6/4) copolymer films at 400 C
. a, drawn ; b, undrawn.

Polymer(Korea)  Vol. 20, No. 2, March 1996



W2 Zajolu|= 3 29 1 WA 1. 6-amino-2-(4-aminophenyl)-4-phenyl quinoline/oxydianiline/terephthaloyl chloride 3583 ¥

Fig. 11. Polarizin 1 micrographs of the surfaces of
zone-drawn QDA /ODA(6/4) copolymer fiims at 400
C having draw r: tios of 1(a), 2(b), and 4(c¢).
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