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Liquid Crystal Polymers 4. Aromatic Polyesters
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Table [, Patents on Liquid Crystal Aromatic Polyesters.

Company * Structural Units i References
( X 0 o ( X o (0]
Y Il 1
Du Pont «‘ro@f—o—c—«/ Q}— )»w—»o@0~C— z~c§» 7,8,8
\ Y ! \ Y /

X and Y =-H, —Cl, —Br, —CH,

z- {j}——%ﬁ}{)%@ @@]/ @OCH,CH O ~®@-
Du Pont iOCHﬁHzOc @»—C 0@—-0 - @ C+ 10

XandY =-H, —Cl —CH,

0
Du Pont “I'O*/O —O'C O gj}, ”
PN
26 .

| RNy 9
Du Pont "‘\'O‘/\\C)\/"O-’ c(O)-¢ | TO@CH=CH-~C 12
2 ? ' N
: PSS @ C B 'C},
D oy g W g ~
u Pont i\O \Q j \, [\ZXJ”’(”:/N -0 g) O O 13
! 0 }
(!? /2 ? = 9 - D
Du Pont C O ~0-C- J\y—cwo« N /j {o @.@ \ 14
. ‘{ L_) ﬁ_,/ @\ 0 or o +
. . 0 J
and _fofo\joy "%0 ”L
\ - Or\ @ }
O O‘ { O\\
V=
EastmanKodak C\‘ -Q- C (\ CHZC* A—OHQ/PCJI 15
' | N
Eastman Kodak +-O 4—/\@{}-0 Cc—< KJ »—Cw 16
@] o o' X =Cl, Br, CH, etc.
\./-\ ‘:"
, o Ol\
I l
EastmanKodak C”* O/P-C O—<<)>’0 CV@’OJ X‘{' ’@”Cj’ 17
\} o |
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Celanese «PC @ 0- @J\)‘ﬁi‘( @ I @ 19
Q)
/N P P~ v \ : a
Celanese ‘{Oﬂ@% C}L 7‘\0 &af O,]L J(CA(IOTW f]: j 4\—0—@ / 20
0 o o
o Lo-(T)-L-o \
Celanese 1 J “E(> @L CJ 21
\‘ : I
oLt | (a8
Celanese ‘0*<Q CT —[ \)\@70)_ {'C— O —~C 22
BEps—1
Carborundum -‘LO -/\Q/— (IPIF 23
o) 0} 00 (@]
e N sy i o / Tl i)
Carborundum *O @/ (\\Q/“OW‘L—{C @} C}' TO_ Q CJYC—@C?— 24

(2) #£ES

(D FEH BE Homd A

(4) FHcsh BeRAtE AHEe =€

LiEe TR DY #EE 21 9 S
e &t Mt = g Fa 4 2=
B e Al 37bx] HEEE AHE3 Bige fEEn
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B el 28 2ol Bt = T ks &5}
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By PEE AT KB4k, rheology %9 £= r’}"“l‘
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0
O ¢—om+ e, 40 Q

=8 81 5
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borundumjif %o st FHES 2T 9= o
B HEGREC 2029 AR B3 ol
o] F#= 9l oh(Table 1),

7HE Zegk 2 233 HQe} TA9 Zeq

ALN

£H 2 o}g3} o] o 48 = w3kul-S(trans-
esterification) o 2 &3] 4357
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X+ Cl, Br g CHg5ol v} o) & w5 S
€4 Ft AE vF ol LEABE wEe ok
el 4lelAleh, wl=l =k (TA) ol Al Fikhk:
¢] &) & A2 =24 2t 7} 2 2 4) 2 (cyclohexane
dicarboxylic acid) 5-& A28 % xmalt)

o] Fefol2vl 2 Eo] HALE S w FEHEFHHE

< B FE AL extended chainy-& 23 g
= 5FEe] A3 REE o] F 1 5= domain
o Y 9y WlEoz nm goH, o

domainE-& extrusionz} & slAA BS A
£ F 3 extrusion el 2vls 2 SFEE
(molecular order) & -§x]5tA4] =},

Du Pontjte] #zhe] 2] 3}=l spinning o] o
A& §1R] o1 flow temperature == == v
o} oF 20°C @& BEAA BEEE sy 9F
2 3} modulusy} =ZA ZrsF3stci(Table [), ol &

~

otutk dXe] Pl A EHREAC] HETE
glefl 2Bl 28] SFdme]l Fobelrl w2l A
th d8 R 225 was dhe
% Table ]2 Aot o] &L 25 [HREY
ol A WRIES e e B tenacity
moduluse] 4 FEKEe olrl=ncl ¥ E F =7
B MERe] dvbe Felwh

oA el @itEe HIHCE BHIE BE OSE
% Eeldl 28 29 Gl A4x BB B
E I M) wiel Table Vol 2 S 9 }

of HfrlET v &R Eeld AH 29 W&
e LA A vl FRERELS Bl—“rol pIREE=
sy st AT BEESE  Sd
8] gtod oF Bl B & x]—‘r—(resorcmol),
g} &} (isophthalic acid, IA), m-3¥]= 22w 24l
(m-hydroxybenzoic acid) So] . #3Edysl f

ik N}ﬂ

)

ot
= R

-

o] 2=

Table J. Fibers from Aromatic Polyesters,

inh TEMab
Structure Polymer Final fiber As-spum Heat-treated
r O—
Cﬂ__
//
of ] 3 71 249
SN J— 3.4 4.7/2.1/174  11/2.8/2
/o ~
(Ow\ () \f*O)‘C[/
S
"
L 1 :
) 0
"
/C_—
- r/ .
o/ / 5 meol 5/3.1/189 12/4.7/243
- 7N 5 // - 85 fnsol. /3. 12/4.772
fo— Jojc
L CHj J
-
|0 (/ ,~o/ c- ;/\»~0~f:/ Ty 0.51 1.6 2.6/3.4/142 16/3.3/321
i\ N —
l, Cl

¢Data taken from reference 7 b).

T=tenacity(g/den); E=elongation-to-break(%); M;=initial modulus(g/den).
‘Tensile properties are for fibers that were heated but not hot-drawn.
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Table J. Ultrahigh-Strength/High-Modulus Fibers from Aromatic Polyesters,

v Structure Fiber form T };1;1, bc
—_— TR
Ll 8@ %
{0 2 -0F 4 Oy and f& 3~ 0-CH,-CH, 0~ C}_T Filament 18.0°%.6/423
g \__,\ ) N S Yoo
& Cl ' 0.7 : ¢ 3i
I B O 0, O ) O, 7 ’
o/ ~N Y N SN
+ l‘),,\ \;/0}‘ “C- 0 C)\ and - C\\; =0« O /,I;»fci : Yarn 15.0°2.5/528
U = = = (20.5/5.3/2.46)
Cl 0.7 0.3
] |
) 0O,
TN [ n TS
0~ -'g/ O)« {Cn’\ ;j\\f C} and e J 9 \ ‘ Yo 30.4/4.7/527
—= ; | | - ‘ AC, ‘!’
\ Ci /! “0.7 no
Yoz

Filament 16.0/3.4/483

SN ) Yarmn  20.0/4.4/365
. /‘/ l \_ !
\ CH, / 4 |
L \ 0.7
TN S
i T / It Tarer 129/
\O . S '\,~O ~ >{C ,:\ 0 \)C)> and C;/,«\—I | Filament 12.0/3.9/355
= — PRI
(;Hz \ /0.7 ST (“j !
i CH, O'o3
“Data taken from reference 7 b).
¢T=tenacity(g/den); E=elongation-to-break (%) M;=initial modulus(g/den).
‘Tensile properties are for fibers which were heated but not hot-drawn.
o] o}, lene terephthalate)) = 223 =25 E (ch-

FEE E2|olaH=o] #E - Ak U
Faiknte| BAR

EEEL FEEZ 2N T2, 243
B 245 E0) By Bt Zes)
Sl Z&b4t 22 2-p-s)J ) (poly (chloro-p-pheny-

22| A 54 A 5% 19814 109

lorohydroquinone, CHQ) ¢ 9% o872 &
bisphenolz #}¥ £EBABE &M 2 A
S ZAREA} 9l v2528 w] & McFarlane o
RO W BERd Qo 259 mes
BORETC] 512 X84 B el HEE Zeq)

ZH2E 83 X Fow wasEzr Fz
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Table [y. Monomers Used in the Synthesis of Liquid Crystal Aromatic Polyesters.

" Aromatic Diol
m@—

\

y
(X, Y = halogen or alkyl) .

HO\ —~

“oH

/N /‘,‘\?‘\
w0~ )~ () -on

T

HO—(@ >~ OH
3

Aromatic Dicarboxylic Acid

(X halogen alkyl)

Hydroxyacid

‘ o}
I
HO Coh
~\ I
HO@ COH

X
(X = halogen, alkyl)

QT @f¥ OO
CO

(o] [e)
I l
=Y o HOC‘@ 0—@—@5
X (X = halogen, alkyh)

COH

0
Il
HO @- CH==CHCOH.
Q
il

OH

\
HO\/A\[/OH
TrNYT ” H
O EOC O - CH,COH
\_//
Vs

HO\":)/—Xﬂ /\) “—OH

(X =CH,, C(CH3)», SO,, etc.)

WO j B HOC.
cgey V?
o] \I

o

2 Bl ZE(ula =g4k olg) (poly(ethylene
terephthalate, PET) ¢ f:E &Y HKikkd o
A vz EY i 2 FESE Wz Yo
23] v Agstx d+x ABS o 7t
7Hgch.

poly (chloro-p-phenylene terephthalate) & FREE
2 4te HpE BME TR Kl HEFEHE
R aHiel ol & B opel, o wbF T4
== o] poly(p-phenylene terephthalate) » v} ¥

354

HOC —/\ > OCH,CH,0- < COH

Hoé COH

0
|

A @e 340°C goll H A X WRAEE BT
pe EFEA 3td 2 23S oS HEL

24 [ jR7B) mesophases] sp3te] v 417
mEme 2 5 dozt AEIsl = Eelvh

A48 n] 29 =& bisphenol A(BPA), bis(4-
hydroxyphenyl) methane(BPM), 4, 4’-oxydiph-
enol(ODP), 4, 4'-sulfonyldiphenol(SDP), resor-
sinol(RES), 4, 4’-thiodiphenol(TDP) % 4,4'-
biphenol(BP) ojglex, whel4 (2) AelA X
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2 A s3d x3o) =
SOz, SelAv X7t gle] F s

ZE Ztx glv}, o] w®]As|E  comonomers)
CHQ,] ¥ & ubFel sbwA TAst FEAA
copolyester2 wl=3 (=) BEE4E, wide-angle
X-i% 1i7, small-angle ¥ WiTEE%ES @A)
I, FERIMAREC] A 9] stir-opalescenceE #ZEs) o
& vladlss drbrkx) 2EA7A LELHEY
Bitkel F23d oA eA MEslgedd, =
f&RE Table Vo EEgslglw),

o] Tableo] 4zl fEFel| fkeld wHk
23] s3] gz CHQE wlA47 4+ g
&350 BAEL 2 ik =24 KET
T o —foe s Wl v 23 %o

Table V. Effect of Amount of Bisphenols on

the Properties of Liquid Cryastal

Polyesters Based on Chlorohydroqui-
none and Terephthalic Acid.

(CH3)2) CH21 02:
<717 A3 A

o

=
G
¥

r

@
5

—n ru[o

Maximum Mole ¢
in Copolyester for -

Structure of Retention of Liquid

Bisohenol Crystallinity
3
HO—\ ) OH  (8P5) 40
an '
0
HO— \’4\ s— \ C—OH (SDD) 50
HO—( ()= CH;-{( ) )—O1 (BPAD) 60
\L\_f/ E ’
_</, \\\__ /‘\’ N 4 -
HO @) s#(_ oH (TL: 60
HO O
i@ (k= 60
=
HO- f\‘»‘ﬁo@\}—ou (O N
=/ >~
HO— (C H ~>—0H (0 100

EeH A54 A53% 1981 10¢

-&O@HD‘?_ O/_H_\ {_,/\ iy O_H__<:>_H7\L

271 atelel gle X9 M HE u 2sE A}
A) 4] stereogeometry #{Lol] HALI-& & = 9
oh EHENLE #H3td X9 it roE 2 a2
71 3 Xe Ffol 47 F 379 colinearity
o mtde] HEAES WAl AR e e
ot

X7k vl &8s 7 oelAlae
coplanarity & %ﬁFa%sM BI, wol T BR
A%}ﬂ] ‘5‘}-_77_, 2 277 S5 LESE rodlike
EE W AA AFeln, Y 5T B
B A stz = ordered structures] RS W
Zojrl, HAE2AES 60moley )
A i HEAES W] w2
delxl= FEL (Table V) #@e o) &7 st
o HAM A4z AW Uiy et g
I tim
#

colinearity =

o #
<
87l = o

FEEFA]
ak T Absdl wTHE A AFe el

BiEs sk Rebs FHE BrdEchs

Fig. 1 (a)~(d)= CHQ/BPA copolyester?}
optical birefringener} 7 #E, = BPA Bi{r9
SE Eindl oAEA EKFEIS=/ME R EE
100% CHQ<] homopolyrﬁeroﬂ ARl 70CHQ/30
BPA $tE A7+ 4$ marble texturez} -
=% nematic Txe] S43 HERIEE TH
o] BeF=dl Hksle, 60CHQ/40BPA copoly-
ester= anisotropicgl f5if =} amorphoussl fEisk ¢}
HFse A& FHel £ + gtk BPA E{rd
RS W% #inAA 50CHQ/S50BPA  copoly-
ester® wEER  BRUKEEA A
lightg &3 F3A712 X3, F WaHKE o
A zsb Ao 2L fERE He-Ne lasers
{# /g5t small angle light scattering #f7gel 4 =
g lrh 109CHQ, 60CHQ/40BPA 4l 50CHQ/SQ
BPA %o 28] 29 small angle light scattering
patterng Fig.2(@)~(c)o] A4 & < ¢l o}, Methyl-
hydroquinone/TA<2} bisphenol?] copolyester?]
Wikt bisphenol®] #iE 3 SEdl 52 &
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(a) 100/ CrI Q humpol mer (b) 90CHQ/10BPA copolymer

(c) 70CHQ/306BPA copolymer (d) 60CHQ/40BPA copolyimer

Figure, 1. Photomicrographs of CHQ/TA homoolymer and CHQ/BPA/TA copolyesters (magnification X320)

(a) 100CHQ (b) 60CHQ/40BPA (c) 50CHQ/50BPA

Figure. 2. Small angle light scattering patterns of CHQ/TA hompslymer and CHQ/BPA/TA copolyesters.

e 24
=l 2

Bl
AE, HiE

356

& WESgch TEslE o] WE Nl 58 e (A5 7

4% T MRE #n
2] Wpikell BAsted & obd A Y3 Sle BEE Eolzu 2 186°C L) kel A
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o gk nematic e 2 HFETES WX WMoz Wi
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22 SDP2, mx TAZ o]4=ga(A)e & vt
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ZolM A 54 A1 5% 19814 109

Orio 4@ oD

w & FEAse), (4) TA IAY 50 0 5080 Fell A
* DSCE Teb i8] Bz et 1 Llke)
Ax a8 Fige.
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3ta, 50% Ll kel A & ERE
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para<meta <ortho<SDP <BPA

o X5k Z2|0 26 22| Rheolagy 2!

Morphology

FEH Lo ~6 29 rheologye]
s Tﬁ”ju"‘% T3 & Griffiny} Coxe] BizE R
Al o4 R o el 2o} o
AL 2 o] B HEE Fksia e,
Lyotropic ¥¢ih BEAHE/l BABHE ©54d %
FEERD W BE BRREECE 294 e
olw] XA stgiett, ol el M{UstA thermotorpic
Wik EABE FAUREEA A ApEH oz o Fo
AL HFHFA T HEE o 2o (Fig
5). olM¥ W ML HWREARY FRML
Azeh, = Fighd o2 %

J % uelel DCDPEE L&

=o] ]

pipHAsic /1N
REGION /* o

/
\ S/ ,/
/

400 -
R / \5D_J;_COl'v_1POS‘TION
‘; TEMPERATURE]
ISOTRCPIC
MELT

TEMPERATURE
MIL7T

300~ /

—-d

~

-

TPMPERATURE O

"£~;*L—L—"

/// Iﬁci\ OTROP‘C
200 -;— \_/ ., Tg 4
i 4 7
L i oL,
Ml NS / 4
NG S~/ v <
L Sl e
TA 0 15 50 100
1A 100 85 50 ¢
COMPOSITION
("l
4o 00z scoloy 0 a5 ok Scodo)comrmcoln
0.5 - 0.25 —

TA JEN

Figure. 3. Transition temperatures vs composition
for TA 1A series,
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wolA L rAFEr o Y}AXE lyotropic ¥EE

AR BRES VT EBnAYd BEMEE
R gele] KE =

Al sk
ghep,

W43k FA-

1 1
TA 0 0 15 50 100 120
IA 120100 85 50 o v

{o\)o ) Co 0 )cho Ccho oo}

ESTIMATED MELT DENSITY (kg. m™®)

CO')
0.25
TA 1A

Figure 4. Melt density vs composition for TA :
TA series.

10°

10

104k

103

10%-

MELT VISCOSITY AT 285°C NORMALISED TO IV = 1 dl. g™' (Ns. m™?)

120 TA:

TA v 0 15 50 100
TA 120 100 83 50 . 0 ‘0O IA
COMPOSITION

Figure 5. Melt viscosity vs composition at
various shear rates for TA : IA series,
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25 TAZ v} S o = JE#5 5 glassy texture
Z 34 F9e, TAR 104 #E =3d &
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HAEA Aeleh, TE AR FEE W
T+t g
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orientatione] jufEst Hol=, ool
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Mouldings; 1/167x4 1/2”. Injection Mo-
uldings along(Q) and across (A) flow.
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A WSk g v sk SHEEEE Btk TA
o EEo] ARrS FFESHRe] 2A Minds
¢ F glew, flw Jimez FEEE S5F7
orientations}n] = w2 flow ulgke] flexural

modulusz} &4 ©] & B 4 9},

MEZ2 %S FEK E202HZ2)
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