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Fig. 1. Thermogravimetric curve and DTA cha-
racteristics of an polyester based on ch-
lorohydroquinone and terephthalic acid
modified with 4, 4’-biphenol and isoph-
thalic acid.
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Fig. 2. DSC thermogram of an polyester based
on chlorohydroquinone and terephthalic
acid modified with 4,4’-biphenol and
isophthalic acid.

o}, A5 3ExE d 302 4200C8 B

o= kAsly FEAL T4
9e-sow Azl s, DTAZ zhl 4
U] 78] wsl, shte del iz F57
a3 3 fFgo] gA4E A

T
qr 3 S 8 Ao

=
B
{o
o

2 & AHgsnz fia
A=, welA 300°C

o] H4sE @

o
(S

PR I A
]
e
o

1
~

[o3

o,

o MH
1.
N,

wo
N
[

M

i
l
Pt
—
o
°
(@]

froox mb b
Ho

AuH

2L

=

rlo

Uy

b H

;oé‘

b ol
of¥
e
(o
fu
x

Bl x

2 ogh it

ofo
ofo
o
o,
=

S
:(_3
o 3
—\rl-‘
i
>
i
2
it
2
N
(o

£ o

Bl -
\:Y;:‘l_'
(=3

. 2
!,

o

3
B
rlo

3z DSCY A3 (Fig.2)dAx
altk, 285°Cell 4 312°C7HA] & ]
29 EFgslm olwAE 1 HAe

(semicrystalline state)e)] 4 <13
1515 Aol A8 AdE R3] dge] 27
deez A7 Asdez 4ds 4
= A Gt w2 A Le] T

9 L&A wel A, Ao, FEF
19 WEt Aoz ARAH(EE AR

ox
=,
HU =]
A,

B M H oo 62

t}i

EpH A 84 A 53 19844 10¢

Rk R R

T T TTTTT T T

TEMPERATURE

C
E
- 4
~ 260

'

STRESS dyne/em?
S

SHTAR
[ R | L e n s |

T

10 100 1000
T N Sy | 4 NN y L 403140
SHEAR RATE S7

Fig. 3. Shear stress versus apparent shear rate

[’( 7—;11%) as a function of temperature.

3-2. |ustH 43

2 dTedAE A4 A AFe LEHAE
#ited o4A P w2 FREA A 2l

£
43¢ Fodon FHEFE dASlE 23 AT
Helel dgH 2535t ATH7AAE ZERA
shgl ek,

3-2-1. 88 &%

G 2EAdAE Y SR AAgel $H9
overshoots} shasjgl o FHEuWo) ok s}al =
o] $HEHel folstgieh, 300°C o4 He
Lol A E $# 9 overshootd = 1= =
A AL REH A ggred, Aoz Azt
o WE g8 ¥l Ak elze
celle) =7t BAEeATL 4P o

=
el st e Wge] BHEY] AEoeRE

N

Fig.3¢] Reiner consistency ¥4 29 (z,)
s 8845 =4Q/7R) Y AAE
2 vebi g e

337



nismo] welx g oju] st LEo A=
25 A & yield

stress& 1.9] flow

&
T
index= "4 7 AF v}A] 320°C~340°Cell A &
B

A
e sloi e

ower laws} ulZ3 e},

#MAe AL E 4
3§14 consistency M4F P& (1)
&3t
Capillary ¥ =l o] 4] ¢] true shear rate (7,)= ¥
AT ZH7] AE@=1/T)E T
vield stress& n9ql ML nzgts 7 F
gled o m =z 7,9l I'9] v]4) effective viscosity 2
A Aksk o v (Fig.4).,

300°C wlatefl 4l = A x &
Ao g Frasted Ayl zdxF S5Aa 9
=

E Weissenberg-Rabinowitsch 1 #-g-

o rEAA ASE welHw o) gelAx
r T T T T T 17T
i '\\\
| \\\ .
o raron _
2 \\ \\
i \q\ '\ -
sl
I N ]

VISCOSITY
T
/)
N L]
o w
IS) o
//
I L '

o

L

Fig. 4. Viscosity vs true shear rate as a function

of temperature.

338

<834
HAEwst dedhA g $P S0 ALEE
AR F4&FE FopAE AaE By
3-3-3. 20 m= Beo| W}
AL SHEFE o dlsiy %o wE A
=8 W3S db e 29 Z 2 ey ol o} (Fig.5)
A wee goL& adas

glon 5 gnksl
a3 o 5 Ak

JE2Ed AEE 200°Col A FAE bt
320°Cell Al F &F HAE 340°Coll A t}4] Z7}
gE Aleleh, o AL A g4z o] 3

=1
B9y A2 =94 AEs)
7t b Aoz oldld + glne

< \

i
\

_ 4

i 280 300 320 340

[ ! : ! ! L 2 i
TMPERATURE Oc

Fig. 5. Viscosity vs temperature as a function
of apparent shear rate.

Polymer(Korea) Vol. 8, No. 5, October 1984



4 2¥F Zejdasze Ty 432

3-3-4. Die Swell &3

Die Swelle w832l 22 ¥ HE S
7% b s A st d@Ee] gk ez ¢
Ao, extrudated] AQ& Fste] T 5

z)
shet, <id #A o] she] %ol A & extrudated]
At Fol il o, 2 o] 4ol A 4= filament
¢ drawinge] Qlelvir) ol S746] of & ek
Fig.gl dabd 43 wele 2¥(=x 284
L))ol Al capillarye} extrudates] A 7w 1w
o} akgtsh whelAl die swello)g)r] kvb: area
reduction ratioo] = o] = =3l negative normal
stress differenceq] & ojw]gtr}, T Hxz} o} 47
QeiA die swelle 2770 FAuU $49 =
e olv] ERe] wase geven o oz
5l mechanism-2. o}3 o]d}s = ¢ A},
T Az AAsEE MCHAE
draw downe] = 7] ¢¢ 7 extrudater} ul-8-x4
dojgch o]zl HA4HRY EE Fie)
o, ZgYd o el FHAA o7

extensional viscosity xtlli A=A filament

23

d

2,
i}

RS

|

drawinge] $¢3aA7] AFoz 47349 + 9
oub A FelA B4 A2 ol Fhel e B
FAT A4 A2

Foll 23 =8 rt 3] Yk
£+ a4
4. 1 @

4-1. AlZte] Hg
8] & faldl glo] A stress overshoots} o

T T T T T T T 11 T T T ‘
1.0 1
o |
v e o .. . - . o e !
v v v -
o i
- v '
s 4
08 TEMPERATY RE
- ® IEC
a
L o 8D -
4 230 B
1C0 1000
{ U | 1 | | 1 N

SHEAR RATE ST

Fig. 6. Die swell vs true shear rate as a func-
tion of temperature. L/D=50

Ez|H A 8¢ A 535 1984d 10¥

ERAL ¥ AW g 4B2A o=
AP £ AP 2R S BEag ot o7

o] A}4l& A el wizl entanglement den-
sity7b Zr&stAv 2 S Est 41 S 4

Eoll wlatel F3] webdE el 2
2} Wissbruns 3] A 3}e) 4

<]
Aagetel” SHol Az dirks] anke 4

> 12 e
it

i)

]

rl:[

(3

A% 4 9ok 28 4E5e £5e coupled
o} gleze $He 972 7o) A1} entane
o}

=S
glement density zbo}=A] = =

= | ©}. entan-

glement density¢] 24 laminar flows] w2
AZeEAAA A& FolAl 2 Aol =z die swell

J 23 34Aoz oA £ Yo

NG Aol A IEF yield stresst®0 T 4 7lo|
e A0 FLUE 49 + gk = flow
Qe A %

unit 2717} A=A 72 K 7o wel A}
Hshs] o] of §}7] @ Fo] o},

4-3. 2c0f w2 flow index?| w35}

A E7hA] 23 9| &=-Fulko] thermotropic o & #]

=2

indexel] 3 dF Folns) PEYh L AT
Ade AHYY Foz 2xb wHw flow
index: Z714h8 B ojZoic)

dlE. €9 260°C~340°C7HA] 7 25 o) A ¢
flow indexi= 77 0.1, 0.27, 0.34, 0.42, 0.
57, 0.73, 0.55¢] =, $] A3l 4o A =t
el AbE e dnge iy oud £
At

A AEE 4] 48" A5
dol vahshA sl Fo 5z wel4] FEHaA

9 4Reg olFH ey wMEolvh o]y &



ol4d - H34

8} stress overshoote] z &3l % dalio] gir}

918 A9e 2EA 4Ho] FLdFE 2P
3 o), #E]4-%d insoluble coatingg 3}A &
w flow indexs} soluble coating &wnc} =7}
Teiie AdelE 48" 5 ek, fdFE
#% 7%= filamentizationo] Qoj b= g
$7+e A3 A48-2 # x = 2 insoluble coating
2 B4E B 4 o) AEelEh o
eh4 #¢] systemel] glojd = feldfrte 2k
Azt fluid matrixel] 2] 3} fiber-orienting draga}
ol g wH o] FadAz, o THFL HAdH
Shekol] wtel gelAAl Aol vk

3ts] Fisher 562 2 8 uli}oj 9lo] 4 critical
flow indexel] w}e} wl3l= nzlho)
Z 42, draw resonanced ¢l < ¢] i+ draw
ratios: S7hgE Rastgch oerE 2 A4
oAl A 2= flow indexs] ZtE AT HA6NA
uniform filament & 7 -2 o 7| ]3] 4] die swell9]
FaohibA T34 442 gobEd F ok
4-4. 20| oz Mo HE}
@b o= lyotropic o gAell glof 4] Fmd
< AR FHag A4 A& dEAdgs o
#Huh thermotropic 7%} oﬂ 010& A e 3HA
ol A= 2

o w2 fr ¢

draw ratio:

+ gk,
5.8 B
A s FeldoHas gAstd 1%
£4E zAstdod 2 Asbe ohgst 2o
A, 285°Ce} 312°C7HA) ¢ 24 AT o 2HH
A48 ¥ A fAlt 4EE FalAddd
or b ARl o] £ZRAS] EQo R f

A5 2]
W
<

glge] 2= B Feaoel webpiv

=4, 48 Ao w2l AxEE H4AE B
R.or, flow indexy Frtsle AL w4yt
a3 die swelle odojulz] ko yield

stressy} 2= gl v},

A9 Ay A s v oo A
Aol zdxk27) flow unit® 7Hgshed 24 A
L2 oldsgl D]-

B R ATE s E AAHeE AY

4l Ak 2HAE =8 o
o §

1. A. Cifferi and 1. M. Ward, “Ultra high
modulus polymers” Appl. Sci. Pub. London
(1977).

2. T. Ohta, Polym. Eng. & Sci., 28, 697(1983).

3. W. Wu and W. B. Black, Polym. Eng. &

ci., 13, 1169 (1979)

4. J. Preston, j. Chem. Ed., 58, 935 (1931),

5 A. Cifferri.,, W. R. Krigfaum, and R. B.
Meyer, “Polymer liquid crystal”., Acad
Press, New York (1982).

6. R. E. Jerman and D. G. Baird, J. Rhkeology
25(2), 275 (1981).

7. B. P. Griffin, and M. K. Cox, Br. Polym.
J. 12, 147 (1980).

8. W. J. Jr. Jackson, and H. F. Kuhfuss, J.
Polym. Sci., Polym. Chem., Ed., 14, 2043
(1976).

9. Y. I Mok, H. C. Choi, and S. H. Lee, Po-
Iymer (Korea), 6, 384 (1982).

10. E. B. Bagley, Trans. Soc. Rheol., 5, 355
(1961).

11. B. Rabinowitsch, J. Phys. Chem. A., 145,
1 (1929).

12, S. Antoun, R. W. Lenz, and J. L. Jin, J.
Polym. Sci., Polym. Chem. Ed., 19, 1901
(1981).

13. R. Darby, “Viscoelastic fluids” Marcel
Dekker, New York (1976).

14. L. E. Nielsen, “Polymer Rheology” Marcel

Polymer(Korea) Vol. 8, No. 5, October 1984



15,

16.

17.

18.

19,

20.

A HFSZ o AH 2o

Dekker, New York (1978).

J. A. Brydson, “Flow properties of poly-
mer melts”, The plastic Institute, London
(1970).

K. F. Wissbrun, Br. Polym. ]J.
(1980).

D. G. Baird, /. Rheol, 24, 465 (1980).

D. G. Baird, “Liquid Crystalline Order in
Polymers” Ed. by A. Blumstein, Chap 7,
Acad. Press, New York (1978).

Z. Tadmor and C. G. Gogos, “Principles of

12, 163

Polymer Processing” John Wiley and Sons,
New York (1979).
S. P. Papkov, V. G. Kulichikhin, V. D.

21,

23.

24,

et 44

Kalymykova, and A. Y. Malkin, /. Polym.
Sci., Polym. Chem. Ed., 12, 1953 (1974).
H. Aoki, D. R. Coffin, T. A. Hancock, D.
Harwood, and R. S. Lenk, J. F. Fellers,
and J. C. While, J. Appl. Polym. Sci., 23,
2293 (1979),

A. Cifferi and B. Valenti, “Ultra high
modulus polymers” Ed. by A. Cifferi and
I. M. Ward, Chap. 7, Appl. Sci. Pub.
London (1977).

T. Matsumoto, C. Histori, and S. Ohogis,
Trans. Soc. Rheol. 19, 541 (1975).

R. ]. Fisher, and M. M. Denn, Chem. Eng.
& Sci., 30, 1129 (1975).

Rheologica! Properties of Fully Aromatic Polyesters
Suck Hyun Lee and* Hyung Chun Choi
Dept. of Chenical Engineering, College of Engineering Ajou University, Suwon, Korea
*Central Research Institute, Korea Chemical Company, LTD. Suwon, Korea.

(Received August 1, 1984 ; Accepted September 20, 1984)

Abstract: Anisotropic melt polyester, based on chlorohydroquinone and terephthalic acid modified

with 4,4’-biphenol and isophthalic acid, was prepared by esterification reaction of corresponding diols

and diacids. This polymer showed thermotropic liquid crystal behavior, which was evidenced by DSC

and DTA methods. Rheological properties of this polymer were determined using an Instron capillary

rheometer. The melt viscosity first decreased with increasing temperature but then passed through a

minimum and increased with further increases of temperature at all shear rates considered. The flow

index tended to increase and the yield stress was observed at low shear stress with the onset of liquid

crystalline order. These results were qualitatively interpretated with a rigid flew unit, which was

assumed to be a nearly parallel aggregate of rigid chains.
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