ausTHERNDTRCPIC LI QU D CRYSTALLI NE POLYESTER COMPCSI TI ONS BACKGROUND

Tefhnical Field This invention relates to novel thernotropic |iquid
cr sta!l|neﬁpolyester conposi tions prgpared from hydroqui none,
4, ' -di hydroxybi phenyl, terephthalic. acid, 2,6-naphthal enedicarbqypigrgd-b
acgd, and 4-hydr.oxybenzoic acid. The conpositions are character|§@%
hagi ng .nelting-points | ess than 365C, breaking el ongati ons greater Wbaﬁ or
eqal to 1.5% and heat distortion temenmtures greater than [err] Thigy
nfention further relaiss tAAKSRIBAS LIGHE CRPSHALLERE thermotropic
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| POLYESTER COMPOSITIONS /

5 Technical Field
This invention relates to novel thermotropic

liquid crystalline polyester compositions prepared
from‘hydroquiqone, 4,4'-dihydroxybiphenyl,
‘terephthalic . acid, '2-6-naphtha1enedicarboxylic acid,

10 =~ and 4-hydroxybenzoic acid. The compositions are-
characterized as having meltlng points less than 365C
breaking elongatlons greater than or equal to 1.5%
and heat distortion temperatures greater than 2odc.

- This invention further relates to novel

15 glass reinforced/filled thermotropic liquid
crystalline polyester compositions prepared from the
same COmpdnents given above and additionally
containing 20 to 40 weight percent of at least one
glass reinforcing/filling agent. These glass

20 reinforced/filled compositions are characterized as

' having melting peints less than 365'C, breaking

elongations greater than or equal to 2.0%, and heat

distortion temperatures greaﬁer than 230°C.

o The thermotropic liquid crystalline

25 ?;7polyestér compositions of the present invention and

the gldss reinforced/filled thermétropic liquid

crystalline polyesters of the present invention are

advantageous because they have melting poiﬂts less

thaﬁ 365'C, which allows them to be manufactured and

. processed without undergoing significant thermal
degradation. ' . '
The thefmotropic liquid qrystalline-
';pélyester compositions of the present invention are
‘further advantageous because they have breaking
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characterized as having nelting‘p%rhts | ess than 365C, breaking

igations greater than.or equal to 2.0% and heat distortion tenperatures

ter than 230C. The thernntroplc I|qU|d crystalllne pol yest er

ositions of t@ >RLESE %Fegvgﬁébggsggd tgh§s§% EREO&&g@/f|IIed

rmtropl%l cry

to be HBE§£§E&ErSQm68§1tlons of the present invention are

further advantageous because they have breaking
5 elongations greafer than or equal to 2.0%. Breaking
- elongation is a measure of the toughness of a
" composition and increasihg values are highly
desirable. Breaking elongations in molded parts
greater than or equal to 1.5% (or greater than or

10 equal to 2.0% for 20 to 40 weight percent glass
reinforced/filled compositions) are rare in liquid
crystalline polyester-éompositions and are very
desirable for many high temperaﬁure end-use
applications. .

15 - The liquidfcrystalline polyester
compositions of the preéent invention are also
advantageous because they have heat distortion
temperatures greater than 200'C; the glass
reinforced/filled liquid crystalline polyester

20 compositions of the presént invention are also
advantageous because they have heat distortion
temperatures greater than 230'C. Such heat distortion
temperatures make both types of compositions useful
for many high temperature end-use applications.

25 Examples of high temperature end-use applications

include, but are not 1imited to, electrical end-use

applications, such as those involving assembly with

high temperature soldering techniques.(such as vapor
phase reflow and infrared soldering) and automotive

end-use applications. o _

The thérmotropic liquid crystalline
polyester compositions of the present invention can be
formed into fibers, films, monofilaments, molded
articles, and shaped articles. The glass:
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"~Irine'pdlyester conpositions prepared fromthe sanme conponents given
e and additionally containing 20 to 40 wei ght percent of at |east one
s reinforcing/filling agent. These glass reinforced/filled conpositions
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5sed wi t hout undergoing significant thermal degradation. The
notropic liquid crystalline polyester conpositions of the present
ntion are further advantageous bgc§Q§e t hey have breaking - 2-
gations greater than or equal to 175% the glass reinforced/filled
notropic liquid crystalline polyester conpositions of the present
ntion are further advantageous because they have breaki ng el ongations

pter than-ofnegapatayeiz10% tBeeRkLR8pic 1iquid crystalline

polyester compositions of tﬁe.present inﬁentidn can be
formed into molded articles or shaped articles. Both
types of‘éompositions are useful in applications where

5 it is desired to use a polymer composition having a
high breaking elongation, a melting point less than
365'C, and a high heat distortion temperature.
Background Art .
U.S. . Patent 4,849,499 discloses wholly aromatic
" 10 polyesters prepared from approximately equimolar |
amounts of ‘a diécid component, which is a mixture of
2,6-naphthalenedicarboxylic acid and terephthalic
acid, and an aromatic diol component comprising
4,4'-dihydroxybiphenyl, and which are modified with
15 10-80 mole percent i-hydroxybenzoid acid. The
reference discloses that minor amounts of additional
modifying dicarboxylic acid units, such as isophthalic
acid and other naphthaienedicarboxylié acids, and/or
aromatic diol monomer units, such as hydroquinone and.
20 resorcinol, may be present in the polyesters disclosed
therein. Howevér, there is no specific example
"provided wherein hydroquinone is used in preparing the
polyesters exemplified therein. Further, there is no
specific teaching that wholly aromatic polyesters
25 prepared from 2,6-naphthalenedicarboxylic acid,
terephthalic acid, 4,4'-dihydroxybiphenyl,
p-hydroxybenzoic acid, and hydroquinone would have
melting points less than 365'C. 1In fact, none of the
polymers prepared in examples 3, 4, and 5 of this
reference had a melting point, as measured by DSC,
less than 400'C. The polymers of Examples 3, 4, and 5
were all prepared from 2,6-naphthalenedicarboxylic.
acid, terephthalic acid, 4,4'-bis-acetoxybiphenyl, and
p—-acetoxybenzoic acid. There is no indication that

-3 -
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ngation is a neasure of the toughness of a conposition and increasing
ués are highly desirable. Breaking elaongations in nolded parts greater

n or equal to 1.5% (or greater tha Q or equal to 2.0%for 20 to 40 wei ght
cent glass reinforced/filled conpositions) are rare in |liquid

stal line polyester conpositions and are very desirable for many high
erature end-use applications The quuid crystalline pol yest er.

ositio f S r ause t hey
 heat arafopfageEbe BF nhBYSRLLABAR Bl R aon TR VTt
nforced/resubb iinqtihs ma}ﬁlagl Pﬁénit}opyfeﬁl@h polymers bemg

less than 3650. Further, there is no teaching provided
in this reference that thé.compositiqns described

5 therein have heaﬁ.distortion temperatures greater than
2oot:and breaking elongatibns greater than or equal to
1.5%. There is also no teaching that glass

~So~0T <D

reinforced/filled compositions having high breaking
elongations, high heat distortion temperatures, and
"~ 10 ‘relatively low melting points can be produced.

U.S. Patent 4,169,933 discloses liquid
crystalline polyesters prépared from terephthalic
acid, 2,6-naphthalenedicarboxylic acid, a diacyl ester
of hydroquinone, anqracyloxybenzoic_acid. There is no

15 teaching of the use of 4,4'-dihydroxybiphenyl in the
polyesters disclosed in this reference. Further, there
is no teaching that the compositions described in this
reference have heat distortion temperatures greater
than 200'C and breaking elongations greater than or

20 equal  to 1.5%. There is further no disclosure in this
reference on how to produce a glass reinforced/filled
compositions haviné a high heat distortion
temperatures, high breaking elongations, and
relatively low melting points.

25 U.s. Patent 4,067,852 discloses aromatic
polyesters cansisting-essentially of recurring units
of I, II, and III wherein
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¥)sitions of the present invention are al so advant ageous because they
‘heat distortion tenperatures greater than [err]. Such heat distortion
eratures make both types of compasistions useful for many high

erature end-use applications. Exanples of high tenperature end-use

i cations include, but are not limted-to, electrical end-use

I cations, such as those involving assenbly with high tenperature

ering teqm)i g4es (such as vapor phase reflow and infrared sol dering)
autonotive end-use applicati ong—The thernotro quuid crystalline
ester conpositions of the pres&nt invention c@gn be formed into fibers,

, monofil anents, nol ded “

5 (II) is
i 4
|
1o —r
[l
—T—C
10 and
(III) is
04
15
] (I) may be 4-hydroxybenzoic acid, (II) may be
2, 6-naphtha1enedlcarboxyl1c acid, and (III) may be
hydroquinone. This reference specxflcally teaches
away from the compositions of the present invention in
20 that at column 4, lines 25-27, it is stated that "It
is essential that moiety II consists of a pair of
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15

%S,

[err],

and shaped articl.es. The gl ass -3-"reinforced/filled

st ropic liquid crystalline polyester conpositions of the present

tion can be forned into nolded articles or shaped articles. Both types

npositions are useful in applicatitbrs where it is desired to use -a

r conposition having a high breaking elongation, a nelting point |ess
and a high heat distortion tenperature. Background Art Patent

, 499 di scl oses whol 'y aromatic

fused benzene rings ... rather than a single divalent
benzene ring." The reference continues by stating, in
column 4, lines 27-34 that "For instance, it has been
found that if one were to substitute single benzene
rings for a substantial portion of the naphthélené
rings of moiety II, the properties of the resulting
wholly aromatlc polyester would be substantially °
different and adversely influenced as évidenced by
substantially higher flow and melt temperatures
resultiﬁg in significant degradation on processing."
Terephthalic acid, which is a major component of the
compositions of the present invention, is an example
of a single divalent benzene ring. -

U.S. Patent 4;118,372 discloses a broad class of
melt-spinnable fiber-forming synthetic anisotropic
polyesters and copolyesters having a flow temperature
of at least 200'C. The compositions of the present
invehtion are not sﬁecifibaily exemplified in this
reference. Fufther, the reference provides no
teaching on how to obtain a liquid crystalline

. polyester composition having a melting boint less than

365'C, a breaking elongation greater than or equal. to
1.5%, and a heat distortion'temberature greater than
200°C. |
. DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to certain
thermotropic liquid crystalline polyester compositions
characterized as having breaking elongations greater
than or equal to 1.5%, heat distortion tempefatures
greater than 200'C, and melting points less than 365'C.

)
Th!S Sheet Has Bee en Re

L 'um'f i i



t ,

| ohal

10

s prepared from approxi mately equi nol ar anounts of a diacid
which is a mxture of 2, 6-naphthal enedi carboxylic acid and
alic acid, and an aronmatic diol conponent conprising

mydr oxybi phenyl , -and which are_npdified with 10-80 nol e percent
t akybenzoi ¢ acid. The reference discloses that mnor anounts of
nodi fyi ng di carboxylic acid units,
B napht hal enedi carboxylic acids, and/or aromatic diol nonomer units,
;S de[,oqu' none anrhe @ﬁ@mlmmhﬁm pEBsentelatédetpol yesters
bsed t herei.n ver he ecific _ex le . p d wherein
Hui none 9 §tlfs’éﬁ 9 exbeajr %°gr‘i%%)1€%f£ étg}%r%oéz'%’ 1Fi iégg?gérel n.

or, t heraxrystald ine polyester comp051t10ns contalnlng 20 to 40

weight percent of at least one glass
reinforcing/filling agent, said compositions

characterized as having breaking elongations greater

than or equal to 2.0%, heat distortion temperatures
greater than 230°C, and melting points-less than 365°C.
Thermotropic liquid crystalline polyester
compositions are known in the art and are described by
various terms, including "liquid crystal" and
“"anisotropic melts". Briefly, thermotropic liquid
crystalline polyester compositions involve a parallel

ordering of molecular chains in the melt. The molten

state wherein molecules .are of such a parallel order
is often referred to as the liquid crystal state.
Liquid crystalline polyesters are prepared from
monomers which are generally long, flat, and fairly
rigid along the axis of the molecule and have chain
extending linkages that are either coaxial or.
parallel. Whether or not a polymer is in a liquid
crystal state can be determined by known procedures
for determining optical anisotropy. Such procedures
are described in U.S. patent no. 4,118,372, column 5,
lines 40~68 and columns 8-9, incorporated herein by
reference. | . |

' Liguid crystalline polyester compositions
are known to have exceptionally high tensile strength
and modulus compared to analogous polymers not having
a liquid crystalline character. However, it continues-
to be'desirous to develop liquid crystalline polyester
compositions with improved propertieé, such as
increased breaking elongation, which is a measure of
toughness. It is further_desirbus to develop liquid
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20

P teaching that wholly aromatic pol yesters prepared from

Nt hal enedi car boxylic acid, terephthalic acid, '
fhydr oxybi phenyl , p- hydroxybenzoic aci d, and hydroqui none woul d have
g points |ess than 365C. In faetg -none of the. polyners prepared in
& 3, 4, and 5 of this reference had a nmelting point, as measured by
€ss than 400C. The polymers of Exanples 3, 4, and 5 were all prepared
P,:6- napht hal enedj carboxylic acid, terephthalic acid,

i 5- acetAARDHEHYE  PAkYESLeE ceoRpOe it HPES a¥i ih TR&RE ive Lo LPMdi cat i on

melting points (such as less than 365C) because the
ease of processability of the comp051tlon‘1ncreases as
the melting point decreases and the potential for
thermal degradation during manufacturing and
processing decreases as manufacturing and processing
temperatures decrease, particularly if they decrease
to below 365°C. L

In the present invention, thermotropic
liquid crystallihe polyester compositions prepared -
from hydroquinone, 4,4'-dihydroxybiphenyl,
terephthalic acid, 2,6-naphthalenedicarboxylic acid,
and 4-hydroxybenzoic acid,- have been developed that
have breaking eiongations greater than_er equal to
1.5%; melting points less than 365C, and heat
distortion temperatures greater than 200°C.

The compositions described in the
immediately preceding paragraph may also contain 20 to
40 weight percent of at least one glass
reinforcing/filling agent. Such glass

" reinforced/filled compositions have breaking

elongations greater than or equal to 2.0%, melting
points less than 365'C, and heat distortion
temperatures greater than 230°C.

I. The Thermotropic Liquid Crystal éolyester-
COmpositions‘and-Glass Reinforced/Filled Versions
Thereof :

Specifically, the thermotropic liquid
crystalline polyester'compositions of the present
invention consist essentially of recurring units
derived from .

//
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" addition of hydrdquinone-to such polyners Mould result in the
§ poi nt- of such polyners being | ess than 365C. Further, there is no

heat distortion tenperatures gred&ter than 200C and breaki ng
ations greater than or equal to 1.5% There is also no teaching that

distortion tenperatures, and relatively low nelting points can be

terephthalic acid, 2,6-naphthal enedicarboxylic acid, a diacyl ester

__00_

5 ‘ :
(b) 4,4'-dihydroxybiphenyl, having structure
(11), ' '
OO
10
' terephthalic a&id, having structure (III),
i I
15 2,6—ﬁaphthalenedicarboxylic acid, having

structure (IV),

and (e) 4-hydroxybenzoic acid, having structure
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ﬂ_g provided in this reference that the conpositions descrlbed therein

reinforced/filled conpositions having high breaking el ongations, high

ced. .Patent @aHGEYQ@Gq@iBQm©seBaV1qu|GttmytuaﬁlKﬁé pol yesters prepared



‘oqui none, and acyloxybenzofc acid. There is no teaching of the use

of - % - di hydr oxybi phenyl in the polyesters disclosed in this reference.

Fur@er, there is no teaching that the conpositions described in this

r.ef @ ence have heat distortion tenperqbures greater than [err] and breaking

el ofations greater than or equal to 1.5% There is further no disclosure

I n Is reference on how to produce a glass reinforced/filled conpositions

havighg a hi gh heat distortion tenperatures, high breaking el ongations, and

rel ively low nmelting points. Patent 4,067,852 discloses aromatic

\ml sters canatein hesseldr atdtiofof e(ly 7 (X)) ubstEron 65:3%,tand |11
erfein

40:60, preferably from 65:35 to 40:60, and most
preferably from 60:40 to 40:60, wherein the molar
5 ratio of (III):(IV) is from 85:15 to 50:50, preferably
from 85:15 to 50:50, and most preferably from 85:15 to
60:40, wherein the molar ratio 6f'the total of (I) and
(II) to the total of (III) and (IV) is substantially
preferably 0.95-1.05:1.00, and further wherein there
10 - are 200 to 600, preferably 200 to 450, and most
preferably 250 to 450 moles of (V) per 100 moles of
(I) plus (II). Use of less than 200 moles of (V) may
Yield a liquid crystalline polyester composition
having the properties described hereln, however, such
15 an amount could be unde51rab1e for economic reasons.
The compositions of the present invention are
characterized as having breaking elongations greater
than or equal to 1.5%, melting points less than 365'C,
_ and heat distortion temperatures greater than 200°C.
20 : : The present invention further relates to the
thermotropic liquid crystalline polyester compositions
. described in the immediately preceding paragraph which
" additionally contain 20 to 40 weight percent,
preferably 20 to 35 weight percent, and most
25 preferably 25 to 35 weight percent, of at least one
glass reinforcing/filling agent, with said weight
percent ranges being based upon the weight of the
liquid crystalline polyester and the glass
reinforcing/£filling agent only. These glass
reinforced/filled thermotropic liquid crystalline
polyester compositions have breaking elongations
greater than or equal to 2.0%, melting points less
- than 365'C, and heat distortion temperatures greater
than 230°C.

-
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is [err] (1) may be 4-hydroxybenzoic acid, (I1) may be

2, 6-@apht hal enedi carboxylic acid, and (I111) may be hydroqui none. This
ref elence specifically teaches away fromthe conpositions of the present
inveggtion in that at colum 4, lines 25427, it is stated that "It is
essegtial that noiety Il consists of a ‘pair of

The components of the thermotropic liquid
crystalline polyester compositions of the present
invention and the components of the glass
reinforced/filled thermotropic liquid crystalline

5 polyester compositions of the present invention (i.e.,
hydroquinone, 4, 41-dihydroxybiphenYl terephthalic
. aciqd, 2, 6—naphthalenedicarboxyl1c acid,
4~-hydroxybenzoic acid, and glass relnforclng/fllllng
agents) are all known in the art and are commercially
10 available or can be prepared by techniques readily
available to those skilled in the art.

- Both the thermotropic liquid crystalline
polyester combositions of the present invention and
the glass reinforced/filled thermotropic ligquid

.15 crystalliﬁe polyester compositions of the present
invention have a flow temperature below 370°c,
preferably below 360'C, and a melt viscosity greater
than 20 Pascal’seconds, preferably greater than 25
Pascal ‘seconds, measured at 350°C and 1000 sec-l'shear

- 20 rate (as meésured in a constant shear rate melt
rheometer using ASTM-D 3835). - |

In addition to the components described
above, the thermotropic liquid crystalline polyester

~ compositions of the present invention and the glass
25 reinférced/filled liquid crystalline polyester
compositions of the present invention can contain
other additives, ingredients, and modifiers known to
be added to liquid crystalline polyester compositions,
such as, but not limited to, fillers (such as calcium
metasilicate, calcium'carbonate, talc, titanium

dioxide, calcined aluminum silicate), catélysts,
nucleating agents, colorants, carbon fiber,
antioxidants, stabilizers, plasticizers, -lubricants,
carbon black, fire retardants, and synergists. '

11 -
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sed benzene rings ... rather than-a single divalent benzene ring."

"ef erence continues by stating, in colum 4, lines 27-34 that "For _
ance, it has been found that if one were to substitute single benzene
s.for a substantial portion of theggaaphthal ene rings of noiety I, the

erties of the resulting wholly aromatic pol yester would be

tantially different and adversely influenced as evi denced by
tantially higher flow and nmelt tenperatures resulting in significant
adat i on Tih. pPoepasabijott derepat hijuid aCrylstahlthei Bodyeaker conponent
he conpositicspesitdendr£adndlasycRéinfortedAPikXaapversions

Thereof _
The liquid crystalline polyester .
5 compositions of the present invention may be prepared

from the appropriate monomers, or precursors thereof,
by standard polycondensation techniques (which can
include either melt, solution, and/or solid phase
polymerization), preferably under anhydrous conditions
.10 and in an inert atmosphere. For example, the -

requisite amounts of acetic anhydride, the diolsj'the
hydroxybenzoic acid (or optionally the
acetate/diacetate derivatives of the
diols/hydroxybenzoié adid), and the diacids, and

15 optionally up to 20”percent excess acetic anhYdride,
are combined in a reaction vessel equipped with a
stirrer, nitrogen inlet tube, and combination
distillation head/cohdenser (to facilitate by-product
removal). The reaction vessel and other equipment are

20 dried and purged with nitrogen prior to use. The
vessel and stirred contents, malntalned under
nitrogen, are heated during which time the ingredients
react and any by-prodﬁét formed (such as, for example,
acetic acid) is removed via thé.distillatipn

25 head/condenser and is collected. When the
polymerization'appears nearly complete, as indicated
by the amount of by-product collected remaining
constant, the molten mass is placed under reduced
pressure (e.g. 10 mm of Hg(abs) or less) and is heated

30 "to a higher temperature, to facilitate removal of any

' remaining by-product and to complete the
polymerizatlon.
The melt may then be removed, cooled, and

allowed to solidify prior to purification and/or

-12- \\' —
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Lt spi nnabl e fiber-forning synthetic anlsotroplc pol yesters and

cop yesters having a flow tenperature of at |east 200C. The comnpositions
of tle present invention are not specifjcally exenplified in this

ref efjence. Further, the reference prOV|3es no teaching on howto obtain a
| i qgulld crystalline polyester conposition having a nelting point |ess than
, a breaking elongation greater than or equal to 1.5% and a heat
rtion tenussequect protessing) AC. a DA t EEORESGRE PR ChheF THE

I ON Thelfq\?ffnér}&./gﬁ.iﬁg ;Sc?iﬁésée{' gﬁgégﬂ?lon with a glass
: relnfor01ng/f1111ng agent, such as in the present

invention, and/or other additives. Melt compounding

5 can be accomplished by any device capable of mixing
the molten liquid crystalline polyester with other
additives, such as glass. A preferred device is an
extruder, either single or twin screw. Twin screw
extruders may be either co-rotating or

10 counter-~rotating. | |

optionally, the molten polymer may be

transferred directly to an appropriate apparatus, such
as a melt extruder and/or injection molding machine or
"spinning unit, for, the preparation of articles, such

15 as molded and/or shaped articles, fibers, films, ‘
monofilaments, and bars. Articles prepared from the
compositions of the present invention may further be
heat treated in aécordancé_with U.S. Patent No. .
4,247,514 (Luise), incorporated herein by reference.

20 By the process described in U.S. 4,247,514, articles
prepared from liquid crystalline polymers are treated .
from above 140'C to below the flow temperature of the
polymer from which it was prepared for a period of
time'snfficien; to increase energflto bfeak in flexure

25 by at least 25% in at least one direction of _
measurement. Further details on this prbcess can be
found in U.S. 4,247,514.

Polymerlzatlon conditiong may be varled

according to, e.q., the reactants employed and the

30 degree of polymerization desired.

- 13 -
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tropic liquid crystalline polyester conpositions characterized as
®ng breaking el ongations greater than or equal to 1.5% heat distortion
)eratures greater than [err], and nelting points |ess than 365C. - -7-
_ThR present invention also relates to certain glass reinforced/filled

thgrnmotropic liquid crystalline polLygster conmposi ti ons containing 20 to 40
wefght percent of at |east one glass reinforcing/filling agent, said

ositions characterized as having breaking el ongati ons greater

EXAMPLES
In the following Examples, there are shown
specific embodiments of the present inveﬁtion, along
with embodiments outside the literal scope of the
5 present invention that are included for comparative
purposes. '
In the Examples below, the following
components were used:
(1) "“HQ" was hydrogquinone,
10 (2) "BP® was 4,4'—dihydfoxybiphenyl,
(3) """ was terephthalic acid,
(4) "2,6N" was 2,6-naphthalenedicarboxylic acid,
(5) "4HBA" was 4-hydroxybenzoic acid, and
(6) "Glass" was a cdmmercially available fiber glass

15 having an average fiber length of 1/8 inch, as
determined by standard rule, calibrated to 1/16
inch.

20 . SYNTHESIS OF LIQUID CRYSTALLINE

POLYESTERS USED IN THE EXAMPLES
Pregafation of the LCP of Control 1

The LCP of Control 1 was prepared as follows: the

reactants were charged, in a nitrqgen atmosphere, into
25 a reaction vessel equipped'with a Vigreux column,

condenser, and a stirrer (stir speed set between 125

and 150 rpm). The reactants initially charged into

the reaction vessel for ﬁhe LCP of Control 1 are

detailed 'in Table I, below. The resultant reaction
_3d mixture was heated to reflux. Reflux began at a'pot.
température_between 150°C and 155°C. The reaction

14 is Sheet Has Been Replaced

||II JAHRRE




equal to [err], heat distortion tenperatures greater than 230C, and
g points -less.than 365C. Thernotropic |iquid crystalline polyester
itions are known in the art "and are described by various terns,

élng "liquid crystal"” and "anisotropic nelts". Briefly, thernntroplc

d crystalline polyester .conposi tikns invol ve a paral | el ordering of
ular chains in the nelt. The nolten state wherein nol ecul es are of:

a parallel order is often referred to as the liquid crystal state.

d crystajllne pol est s are ared fro nopers which are
al Iy | gty wa nﬁe ??? Pgﬁv eﬁlgﬁgaPﬁquxpénB?efheaﬁblecule and
chalnen@msmhm@ temﬁeg38uréat pueingt hbe neaki 4b & 60

minutes, the pot temperature was slowly raised to
about 220'C and by-product acetic acid was removed, at
5 which point vacuum was applied to reduce the pressure
to about 660 mm of Hg(abs). The reaction mixture was
further heated and refluxed under a pressure of about
660 mm of Hg(abs) for approximaﬁely 85 minutes after
vacuum was first applied. During that time, acetic
10 acid by-product was collected and the pot temperature
. was increased to about 363'C. The polymerization
reaction was terminated approximately 3 hours after -
the components were initially charged into the
reaction vessel at which time the reacting mass
15 appeared to freeze-~out.’
" preparation of LCP-3
LCP-3 was prepared as follows: the reactants
were charged, in a nitfogen atmqsphere,'into a
" reaction vessel equipped with a Vigreux column,
20 condenser, and a stirrer (stir speed set between 125
and 150 rpm). The reactants initially charged into
the reaction vessel for LCP-3 are detailed in Table I,
below. The resultant reaction mixture was heated to
reflux. Reflux began at a pot temperature between 150°C
25 and 155'C. The reaction mixture was refluxed between
‘38 and 42 minutes;-at constant teﬁperature. During
the next 40 to 60 minutes, the pot temperature was
slowly raised to about 220°C and by-product acetic acid
was removed, at which point vacuum was applied to
reduce the pressure to about 660 mm of Hg(abs). The
.reectibn mixture was further heated and refluxed under
a pressure of about 660 mm of Hg(abs)'for
approximately 60 to 80 minutes after vacuum was first
applied. During that time,-acetic acid by-product was
- 15 - -
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2| . Whether or- not a polyner is in a I|qU|d crystal state can be

t ned by known procedures for determ ning optical anisotropy.. Such
fjures are described in U S. patent no. 4,118,372,  colum 5, lines
gand col ums 8-9, incorporated heqgin by reference Liquid crystalline
¢t er conpositions are known to have exceptionally high tensile

gth and nodul us -conpared to anal ogous pol yners not having a |iquid

gl line character. However, it continues to be desirous to.devel op

¢ crystabnleetpdl;aﬁtehecpﬁmoﬂémpyratunénwaqwin&nhayeqnxdies such as

dsed DI SaKLRO38LAN0UED. ML &0 L SvRs TERSHT £eBlicb8UB0BE RSt 1S

er desi fous t o .devel
next one and one—half hours to about 1.0 mm of Hg(abs)

while the stirrer speed was gradually reduced to about
5 75 rpm and the pot temperature was increased to about
. 360°C. The polymerization reaction was terminated
approximately 5 hours after the components were
initially charged into the reaction vessel.
~ Preparation of LCP-6
10 LCP-6 was prepared as follows: the readtants
were charged, in a nitrogen atmosphere, into a
reaction vessel'equipped with a Vigreux column,
condenser, and a stirrer (stir speed set between 125
and 150 rpm). The xeactants initially charged into
5 the reaction vessel for LCP-6 are detailed in Table I,
' below. The resultant reaction mixture was heated'to
reflux. Reflux began at a pot temperature between 155'C
and 160°C. The reaction mixture was refluxed between
38 and 42 minutes, at constant temperature. During
20 the next 40 to 60 minutes, the pot temperature was
" slowly raised to about 242'C and by-product acetic acid
was removed, at which point vacuum was applied to
reduce the pressure to about 660 mm of Hg(abs). The
reaction mixture was further heated and refluxed under
a pressure of about 660 mm of Hg (abs) for
approxlmately 20 to 50 minutes after vacuum was first
. applied. During that time, acetic acid by-product was
coliected'and the pot temperature was increased to
between 320'C and 360'C. The pressure was then reduced
over the next one to two hours to about 1.0 mm of
Hg(abs) while the stirrer speed was gradually reduced
to about 20 rpm and the pot temperature was ihcreased
to about 370'C. The polymerization reaction was
terminated approximately 4-5 hours after the

- 16 - /gfﬁ,,,,2/-—**””;”f
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10

components were initially charged into the reaction
vessel.
Preparation of LCP 1, 2, 4, 5, 7-9
and the.LCP of Control 2

_ In the Examples below, ICP 1, 2, 4, 5, 7-9
and the LCP of Control 2 were prepared by
substantially the same method. For each of these LCP
compositions, the reactants were charged, in a
nitrogen atmosphere, into a
reaction vessel equipped with a Vigreux column,

. condenser, and a stirrer (stir speed set at about 50

rpm). The reactants initially charged into the

' reaction vessel for each of these LCP compositions are

detailed in Table I, below. The resultant reaction
mixture was heated to reflux and then was refluxed for
about 60 minutes, during which time the pot
temperature was held constant at about 170'C. During
the next approximately 240 minutes, the pot
temperature was slowly raised to about 370'C and
by-product acetic acid was removed, at which point
vacuum was applied to reduce the pressure to about 200

‘mm of Hg(abs). The pressure was then reduced over the

next approximately 120 minutes to about 5-10 mm of
Hg(abs) while by-product acetic acid was removed and
the stirrer speed was reduced to about 30 rpm and the
pot temperature was maintained at about 370°C. The
polymerization reaction was terminated approximately 7
hours after the components were initially charged into
the reaction vessel. ' '

- 17 - e
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'talllne pol yester conpositions with relatively |low nelting points
5 | ess than [err]) because the ease of processability of the -
: ion increases as the nelting point decreases and the potenti al
degradation during nanufacturing and processing decreases as

turing and processing tenperatures decrease,
e to below [err]. In the present invention, thernotropic liquid
| i ne pol yester conpositions prepared ' : '

f or

particul-arly if they
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to 2. 0%

AN

roqui none, 4, 4'-di hydroxybi phenyl, terephthalic acrdf
and 4- hydroxybenzoi c acid,
ped that have breaking el ongations greater than or equal

g points |less than 365C, and hegt di stortion tenperatures greater
err]. The conpositions describe 8

aph may also contain 20 to 40 wei ght percent of at
rcing/filling agent.
ng elongations greater than or equal
err], and heat distortion tenperatures greater than 230C.

have been
to 1.5%

in the i medi ately preceding

| east one gl ass

nmel ting points |ess
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Thernotropic Liquid Crystal Pol yester Conpositions and d ass
ced/Filled Versions Thereof Specifically, the thernotropic |iquid

| i ne polyester conpositions of the present invention consist.

ally of recurring units derived from -9- (a) hydroqui none, -having
re (1), [err] (b) 4,4 - di hydr oxydi_phenyl, having structure

COMPOUNDING OF THE LCP AND MOLDING TEST BARS

Unless otherwise specified, compounding of
LCP compositiéns'in the Examples below with any other
component, including Glass, was done in a 28 mm Werner
and Pfleiderer twin-screw extruder having a zone with
conventional conveying elements, a zone with kneading
or mixing elements, and a low pressure zone with
Qenting under vacuum of any Qolatiles from the polymer
melt, and a die. As the compounded LCP compositions

exited the die, théy were quenched with a water spray
and cut into pellets with a conventional strand
cutter. The extruder barrel and die temperatures were
maintained at about 290°C-320'C and 300'C-320'C,

respectively. Pripr to molding the pellets, the
pellets were dried overnight for approximately 16

hours in a vacuum oven witﬁ-Né purge at 100-130'C. The

dried polymer pellets were molded into gtandard test:

bars, as required per ASTM D638 for determining
tensile properties’, on either a 1—1/2 oz Arburg
molding machine or a 6 oz HPM molding machine with
barrel temperatures of 330-360'C and injection

pressures of 4000~-6000 psi.
: | TESTS

The LCP compositions of the Examples below were tested

to determine melting point (Th), breaking elohgation,

tensile strength, and heat distortion temperature

.(HDT) .

T was determined using a 25'C/minute heating .
rate with a Du Pont Model 1090 Dual Sample

Differential gcanning Calorimeter by ASTM D2117.
Tensile strength and elongation at break were

determined in accordance with ASTM D638.

. determined in accordance with ASTM D648.

- 19 -
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[err] terephthalic acid, having structure (l111), [err]

haphthalenedicarboxylic acid, having [err] and (e) 4-hydroxybenzo

havi ng structure .10 - wherein the nolar ratio of (I)=(Il)

65: 35 to -40: 60, preferably from 65:35 to 40:60, and nost preferably
60: 40 to 40:60, mhereln t he nolarzo -

.10

20

TEST RESULTS .
The test results for each LCP composition
prepared as described above are detailed in Table 11,
below. The LCP composition of Control 1 was prepared

from HQ, BP, T, 2,6N, and 4HBA, but had an HQ/BP molar

ratio of 75/25. The T for the LCP composition of

‘Ccontrol 1 was Significantly greater than 365°C;

specifically, it was 3g3'c. The breaking elongation
for the LCP composition of Control 1 containing 30%
Glass was only 0.96%.

LCP 1, in contrast, was the same as the LCP
composition of Control 1 except that the molar ratio

of HQ/BP was 60/40. The T for ILCP 1 was less than
365°C; specifiéally. it was 346'C. The breaking

elongation of 1cp 1 composition containing 30% Glass
was 2.7%, which is a significant increase from the
0.96% breaking elongation of the LCP composition of:
Control 1 which also contained 30% Glass. Similarly,
LCP 2.and LCP. 3, which were each.the same as the LCP
composition of Control 1 except that the molar ratlo

of HQ/BP for LCP 2 was 50/50 and the molar ratio of
HQ/BP for LCP 3 was 40/60, each had a T  of 334'C. The
breaking elongation for LCP 2 containing 30% glass was

2.4% and the breaking élongation for Lcp 3 containing
30% Glass was 2.9%.

The T for LCP 4 through LCP 7, each of

which Was prepared from HQ, BP, T, 2,6N, and 4HBA, was

less than 3gs5'c. Further, the breaking elongation for

-each of LCP 4 through LCP 7, all of which contained

30% Glass, was greater than 2.0%. The breaking
elongation for LCP 6 without Glass was 1.5%.

. LCP 8 and LCP 9, each of which was prepared
from HQ, BP, T, 2,6N, and 4HBA and each of which

i C
is

-
- 20 - -
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ratiWlof (111):(1V) is from85:15 to 50:50, preferably from 85:15 to 50: 50,
pst preferably from85:15 to 60:40, wherein the nolar ratio of the

totalf of (1) and (Il) to the total of (Il11) and (IV) is substantially

rably 0.95-1.05:1.00, and further -wherein there are 200 to 600,

rably 200 to 450, and nost preferaBly 250 to 450 noles of (V) per 100

of (1) plus (Il1). Use of less than 200 noles of (V) may yield a

d crystalline polyester conposition having the properties described

n; however. , such .a nt coyld.b ndesirahl e for. econom ¢ reasons.

onposi ti SRE‘tSﬂ“FHeg;?%g%gﬁFSi'ng’Qg'ﬁ g’r’?téalae i’ﬁf?ﬁ‘a’dl%r‘?’]z‘é‘tgaafsl%vi ng

i ng el ongzehtes gheat @r. othan Tire deqralcampok ithoedf icghpedNts | ess

365C, was prepared only from HQ, BP, T, and 4HBA. The LCP
composition of Control 2 did not contain a 2,6N

5 component. As a result, the breaking elongation of
the LCP composition of Control 2, which contained 30% .
Glass, was only 0.8% _

LCP ‘1 through LCP 9, each of which, unless
specified otherwise, contained 30% Glass, further all

10 had heat distortion temperatures greater than 230°C.

' LCP 6, without Glass, had a heat distortion
temperature of 261°C. ' '

. ThiS Sheet Ha
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t ha 5@@50, and heat distortion tenperatures greater than [err]. The
co nents of the thernotropic liquid crystalline polyester conpositions of
t he @resent invention and the conponents of the glass reinforced/filled

tropic liquid crystalline polyester conpositions of the present -

tion (i.e., hydroquinone, 4,4'-dihydroxybiphe ; Lc acid,

apht hal enedi carboxylic acid, 4-hydroxybenzoic anid and gl ass g;
I

orcing/filling agents) are all known in the art "mc”ﬁ'!ﬁ n) s ”*mal

*

CLAIMS
.. 1. A thermotropic liquid crystalline polyester

composition consisting essentially of recurring units
5 of '

(a) structure (I),
O
(b) structure (II),

s (c) structure (III),

10

(d) structure (IV),
20 '

. This Sheet Has Been Reilaced
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avai §bl e or can be prepared by techniques readily available to those.

skild in the art. Both the thernotropic liquid crystalline polyester
itions of the present invention and the glass reinforced/filled

tropic liquid crystalline polyester conpositions of the present

i nverfion have a flow tenperature beloﬁ/§7OC, preferably below [err], and a
nelt Jvi scosity greater than 20 Pascal seconds, preferably—greater than 25

seconds, neasured at [err] and 1000 [err] shear rate (as neasured in

honls oot Lo AR e erReene vl o AT, e IR D ;"

_O‘E_ '

wherein the molar ratio of (I):(II) ranges from 65:35
to 40:60, wherein the ‘molar ratio of (III):(IV) ranges
from 85:15 to 50:50, wherein the molar ratio of the

10 total of (I) and (II) to the total of (III) and (IV)
is substantially 1:1, and. further wherein there are
200 to 600 moles of (V) per 100 moles of (I) plus
(I1). '

' 2. A glass reinforced/filled thermotropic

15 liquid crystalline poiyester'comPOSition consisting

essentially of
(a) 80 to 60 weight percent of a liquid

crystalline polyester component consisting essentially
of recurring units of '

20

structure (I),

—o—~(O)—o—

a5 .

~ This Sheet Has Been Replaced
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conp@ei tions of the present invention and the glass reinforced/filled
liqu crystalline polyester -conpositions of the present invention can
cont @ n other additives, ingredients, and nodifiers known to be added to
| i qu crystal |l ine polyester .conpositions, such as, but not I|n1ted to,
fillgrs (such as calciumnetasilicate,. malci um car bon um
di oxigde, calcined alum numsilicate), catalysts, -nucl Hﬂ“"m"!
col ofjants, carbon fiber, antioxidants, stabilizers, plastqcuzems
f#cants, carbon black, fire retardants, and synergists.

_ structure (II), R

OO
5 structure (III),
structure (IV),
10 '
4
]
and
15
structure (V),
| I
20 o
wherein the molar ratio of (I):(II) ranges from
65:35 to 40:60, wherein the molar ratio of
(III):(IV) ranges from 85:15 to 50:50, wherein
the molar rgtio of the total of (I) and (II) to
25 o theltotal of (III) and (IV) is substantially 1:1,
R —
- 25 ~ ' et Has Been Replaced .

‘\Il\l\\ M



- - Il. Preparation of the Liquid C)ystalline Pol yest er Cbnpositions end
da Rei nforced/ Fill ed Versions Thereof The |iquid crystal ol yester

co sitions of the present invention ray be prepared_fron1 ropria
nond@mers, or. precursors thereof, by standard pol ycondensatl ﬁmﬂmﬂ

(whigch -can include either nelt, solutLogg -and/or solid phase
neri zation), preferably under -anhydr ous conditions and in an inett s r.
sphere. For exanple, the requisite anobunts of acetic anhydride, the

di olfs, the hydroxybenzoic acid (or optionally the acetatel/diacetate
derijvati ves of theand further wherein there are 200 to 600 moles of

(V) per 100 moles of (I) plus (II)
and (b) 20 to 40 weight percent of at least one
glass reinforcing/filling agent component,
5 wherein the weight percents are based upon the weight

-

; of the component (a) and the component (b) ohly.

E 3. The composition of Claims 1 or 2
further comprised of at least one of fillers,
catalysts, nucleating agents, colorants, carbon fiber,

10 antioxidants, stabilizers, plasticizers, lubricants,
carbon black, fire retardants, and synergists.

4. An article formed from the'compositionl
of Claim 1.

_ ' 5. An ;rtlcle of Claim 4 selected from the

15 group consisting of molded articles, shaped artlcles,
films, monofilaments, and fibers.

6. An article of Claim 4 that is heat
treated at a temperature from above 140°C to below the
flow temperature of the polymer from which the shaped

20 article is prepared for a period of time sufficient to
increase energy to break in flexure by at least 25% in
at least one direction of measurement.

7. Shaped or molded artlcles made from the

. composition of Claim 2.

25 8. A shaped or molded article of c1a1m 7
that is heat treated at a temperature from above 140'Cc
to below tlie flow temperature of the polymer from
which the shaped article is prepared for a period of
time suff1c1ent to increase energy to break in flexure

30 by at least 25% in at 1east one direction of
' measurement.
Thls Sheet
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di dl /deroxybenzoic acid), and the diacids, and optionally up to 20

perc excess acetic anhydride, are conbined in a reaction vessel equipped
wi thfa stirrer, nitrogen inlet tube, and conbination distillation -
headjcondenser (to facilitate by-product renoval). The reaction vessel and
~othef equipnment are dried and purged wi bl nitrogen prior to use. The vessel
and $tirred contents, naintained under nitrogen, are heated during which
timeJthe ingredients react and any by-product formed (such as,. for exanplgg
acetfc acid) is renpved via the distillation head/condenser and is

col | gcted. 'Wien the pol ynerizati on app@im&Enear|y conplete, as indicated by

the prount of by-produghyse! HEERHOTROBHLIGUID CRYSTALLINE
‘POLYESTER COMPOSITIONS
AﬁSTRACT OF _THE DISCLOSURE -
5 | This invention relates to thermotropic

liquid crystalline polyester compositions containihg
recurring units derived from hydroquinone,
4-4'-dihydroxybiphényl, terephthalic-aéid,
2,6-naphthalenedicarboxylic acid, and 4-hydroxybenzoic
10 ~ acid which are characterized as having melting péints
less than.36§b, breaking elongations greater than or

equal to 1.5%, and heat distortion temperatures
greater than 200°C. " ' ,
This ingention further relates to the same
15 compositions containing 20 to 40 weight percent of at
least one glass reinforcing/filling agent and which
are characterized as having melting points less than
365'C, breaking elongations greater than or equal to
2.0%, and heat distortion temperatures greater than
20 - 230°C.
_ The compositions are useful as filns,
fibers, and shaped or molded articles. .
_//
Has Been Re‘laced
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constant, the nolten mass is placed under reduged—pressure(e g 10 nm of

Hg(abs) or less) and is heated to a higher te egfﬁﬁféﬁ?EBUﬁﬁbﬁﬁEEﬁse SG
renoval of any remai ning by-product and to conpl QmﬁﬁéﬂwmtynﬁdniamlQ@mdthe

melt may then be renoved, cooled, and al | owed olsGlawishy ppiged foto pagea v

purification and/or - 13 - subsequent proce sﬁd@%msmgh)ap%ﬁELI?u);mgaim”
conpoundi ng the liquid crystalline pol yester condosbtizon mmp@ea”gh@8§ged;;
reinforcing/filling agent, such as in the presgnt
% DATE OF RECEIPT ... """
IITLE

NOVEL THERMOTROPIC LIQUID CRYSTALLINE
POLYESTER COMPOSITIONS

. ) EACKGROUND
Technical Field

This invention relates to novel thermotropic
liquid crystalline polyester compositions prepared
from hydroquinone, 4,4'-dihydroxybiphenyl,
terephthalic acid, 2,6-naphthalenedicarboxylic acid,
and 4-hydroxybenzoic acid. The compositions are
characterized as having melting points less than 36§c,
breaking elongations greater than or equal to 1.5%,
and heat distortion temperatures greater than 200°C.

This invention further relates to novel
glass reinforced/filled thermotropic liquid
crystalline polyester compositions prepared from the
same components given above and additionally
containing 20 to 40 weight percent of at least one
glass reinforcing/filling agent. These glass
reinforced/filled compositions are characterized as
having melting points less than 365'C, breaking
elongations greatef than or equal to 2.0%, and heat
distortion temperatures greater than 230°C.

The thermotropic liquid crystalline
polyester compositions of the present invention and
the glass reinforced/filled thermotropic liquid
crystalline polyesters of the present invention are
advantageous because they have melting points less
than 365'C, which allows them to be manufactured and
processed without undergoing significant thermal
degradation.

The thermotropic liquid crystalline
polyester compositions of the present invention are
further advantageous because they have breaking




I nvention, and/or other additives. Mt conpounding can be acconplished by
any device capable of mxing the nolten liquid crystalline polyester with
ot her additives, such as glass. A preferred device is an extruder, either
single or twin screw. Twin screw extruders nmay be either co-rotating or
counter-rotating. Optionally, the nnlteg Eolyner may be transferred
directly to an appropriate appar at us, ch as a nelt extruder and/or

i nj ection nol ding machine or spinning unit, for the preparation of
articles, such as nol ded and/ or shaped articles, fibers, filns,

nmonof i | anent s, e ity ons Aftd S ﬂ{aip&hefécfﬂélmﬁ&el EXDad lglrﬁss)f t he

present |nvent|é¥L£ﬁ¥ee&yé E¥e&)thermotropic liquid crystalline
polyester compositions of the present invention are
further advantageous because they have breaking
elongations greater than or equal to 2.0%. Breaking
elongation is a measure of the toughness of a
composition and increasing values are highly
desirable. Breaking elongations in molded parts
greater than or equal to 1.5% (or greater than or
equal to 2.0% for 20 to 40_weight percent glass
reinforced/filled compositions) are rare in liquiad
crystalline polyester compositions and are very
desirable for many high temperature end-use
applications.

The liquid cr&stalline polyester
compositions of the present invention are also
advantageous because they have heat distortion
temperatures greater than 200'C; the glass
reinforced/filled liquid crystalline polyester
compositions of the present invention are also
advantageous because they have heat distortion
temperatures greater than 230'C. Such heat distortion
temperatures make both types of compositions useful
for many high temperature end-use applications.
Examples of high temperature end-use applications
include, but are not limited to, electrical end-use
applications, such as those involving assembly with
high temperature soldering techniques (such as vapor
phase reflow and infrared soldering) and automotive
end-use applications. |

The thermotropic liquid crystalline
polyester compositions of the present invention can be
formed into fibers, films, monofilaments, ﬁolded
articles, and shaped articles. The glass

REPLACEMENT SHEET




heat treated in accordance with U S. Patent No. 4,247,514 (Luise),
I ncor.porated herein by reference. By the process described in U S
4,247,514, articles prepared fromliquid crystalline polyners are treated
from above [err] to below the flow tenperature of the polymer fromwhich it
was prepared for a period of tine suftigient to increase energy to break in
flexure by at |least 25%in at |east one direction of nmeasurenent. Further
details on this process can be found in U S. 4,247,514. Pol ynerization
conditions may be varied according to, e.g., the reactants enpl oyed and the
degree of pol yaRhireded) fdaliedefhermotropic 1liquid crystalline

polyester compositions of the present invention can be

formed into molded articles or shaped articles. Both

types of compositions are useful in applications where

it is desired to use a pblymer composition having a

high breaking elongation, a melting point less than

365'C, and a high heat distortion temperature.

Background Art

Patent 4,849,499 discloses wholly aromatic

polyesters prepared from approximately equimolar

amounts of a diacid component, which is a mixture of

2,6-naphthalenedicarboxylic acid and terephthalic

acid, and an aromatic diol component comprising

4,4'-dihydroxybiphenyl, and which are modified with

10-80 mole percent p-hydroxybenzoic acid. The

reference discloses that minor amounts of additional

modifying diCarboxylic acid units, such as isophthalic

acid and other naphthalenedicarboxylic acids, and/or

aromatic diol monomer units, such as hydroquinone and

resorcinol, may be.present in the polyesters disclosed

therein. However, there is no specific example

provided wherein hydroquinone is used in preparing the

polyesters exemplified therein. Further, there is no

specific teaching that wholly aromatic polyesters

prepared from 2,6-naphthalenedicarboxylic acid,

terephthalic acid, 4,4'~-dihydroxybiphenyl,

p-hydroxybenzoic acid, and hydroquinone would have

melting points less than 365'C. In fact, none of the

polymers prepared in examplesls, 4, and 5 of this

reference had a melting point, as measured by DSC,

less than 400°C. The polymers of Examples 3, 4, and 5

were all prepared from 2,6-naphthalenedicarboxylic

acid, terephthalic acid, 4,4'~-bis-acetoxybiphenyl, and

p-acetoxybenzoic acid. There is no indication that
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- 14 - EXAWPLES In the follow ng Exanples, there are shown specific
enbodi ments of the present invention, along wth enmbodinents outside the
literal scope of the present invention that are included for conparative
purposes. In the Exanples bel ow, the follow ng conponents were used: (1)
"HQ' was hydroqui none, (2) "BP" was 4,4'-dihydroxybi phenyl, (3) "T" was
terephthalic acid, -4 -

the addition of hydroquinone to such polymers would
result in the melting point of such polymers being
less than 365C. Further, there is no teaching provided
in this reference that the compositions described
therein have heat distortion temperatures greater than
200°C and breaking elongations greater than or equal to
1.5%. There is also no teaching that glass
reinforced/filled compositions having high breaking
elongations, high heat distortion temperatures, and
relatively low melting points can be produced.

Patent 4,169,933 discloses liquid
crystalline polyesters prepared from terephthalic
acid, 2,6-naphthalenedicarboxylic acid, a diacyl ester
of hydroquinone, and acyloxybenzoic acid. There is no
teaching of the use of 4,4'-dihydroxybiphenyl in the
polyesters disclosed in this reference. Further, there
is no teaching that the compositions described in this
reference have heat distortion temperatures greater
than 200'C and breaking elongations greater than or
equal to 1.5%. There is further no disclosure in this
reference on how to produce a glass reinforced/filled
compositions having a high heat distortion
témperatures, high breaking elongaﬁions, and
relatively low melting points. .

Patent 4,067,852 discloses aromatic
polyesters consisting essentially of recurring units
of I, II, and XIII wherein
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(4) "2,6N' was 2, 6-napht hal enedi carboxylic acid, (5 "4HBA" was

4- hydr oxybenzoi ¢ acid, and (6) "d ass" was a conmercially avail able fiber

gl ass having an average fiber length of 1/8 inch, as determ ned by standard
rule, calibrated to 1/16 inch. SYNTHESI S OF LI QUI D CRYSTALLI NE POLYESTERS
USED IN THE EXAMPLES Preparation of the d CP of Control 1 The LCP of Control
1 was prepared as follows: the reactants were charged, in a nitrogen

at nosphere, into. a reaction vessel equipped with a Vigreux col um,
condenser, and a stirrer (stir speed set between 125 and 150 rpm. The
reactants initygg)lyscharged into '

(II) is
0
il
o] C—1t—
QIO
—7—cC
and
(III) is

(I) may be 4-hydroxybenzoic acid, (II) may be
2,6-naphthalenedicarboxylic acid, and (III) may be
hydroquinone. This reference specifically teaches
away from the compositions of the present invention in
that at column 4, lines 25-27, it is stated that "It
is essential that moiety II consists of a pair of
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the reaction vessel for the LCP of Control 1 are detajiled in Table I,

bel ow. The resultant reaction m xture was heated to reflux. Reflux began at
a pot tenperature between [err] and [err]. The reaction - 15 - mxture
was refluxed between 38 and 42 minutes, at constant tenperature. During the
next 40 to 60 m nutes, the pot tenperature was slowy raised to about [err]
and by-product acetic acid was renoved,- & -whi ch point vacuum was applied
to reduce the pressure to about 660 mm of Hg(abs). The reaction m xture was

fused benzene rings ... rather than a single divalent
benzene ring." The reference continues by stating, in
column 4, lines 27-34 that "For instance, it has been
found that if one were to substitute single benzene
rings for a substantial portion of the naphthalene
rings of moiety II, the properties of the resulting
wholly aromatic polyester would be substantially
different and adversely influenced as evidenced by
substantially higher flow and melt temperatures
resulting in significant degradation on processing."
Terephthalic acid, which is a major component of the
compositions of the present invention, is an example
of a single divalent benzene ring.

Patent 4,118,372 discloses a broad class of
melt-spinnable fiber-forming synthetic anisotrbpic
polyesters and copolyesters having a flow temperature
of at least 200°'C. The compositions of the present
invention are not sbecifically exemplified in this
reference. Further, the reference provides no
teaching on how to obtain a liquid crystalline
polyester composition having a melting point less than
365'C, a breaking elongation greater than or equal to
1.5%, and a heat distortion temperature greater than
200°C.

DETAILED QESCRIP:- ION OF THE INVENTION

The present invention relates to certain
thermotropic liquia cfystalline polyester compositions
characterized as having breaking elongations greater
than or equal to 1.5%, heat distortion temperatures
greater than 200°C, and melting points less than 365°C.




further heated and refluxed under a pressure of about 660 mm of Hg(abs) for
approximately 85 mnutes after vacuumwas first applied. During that tine,
acetic acid by-product was collected and the pot tenperature was increased
to about [err]. The polynerization reaction was term nated approxi mately 3
hours after the conponents were initially charged into the reaction vessel
at which tine the reacting nmass appeareplto freeze-out. Preparation of
LCP-3 LCP-3 was prepared as follows: the reactants were charged, in a
nitrogen atnosphere, into a reaction vessel equipped with a Vigreux col um,
condenser, and a stirrer (stir speed set between 125 '

The present invention also relates to

certain glass reinforced/filled thermotropic liquid
crystalline polyester compositions containing 20 to 40
weight percent of at least one glass
reinforcing/filling agent, said compositions
characterized as having breaking elongations greater
than or equal to 2.0%, heat distortion temperatures
greater than 230°C, and melting points less than 365'C.

Thermotropic liquid crystalline polyester
conmpositions are known in the art and are described by
various terms, including "liquid crystal" and
“"anisotropic melts". Briefly, thermotropic liquid
crystalline polyester compositions involve a parallel
ordering of molecular chains in the melt. The molten
state wherein molecules are of such a parallel order
is often referred to as the liquid crystal state.
Liquid crystalline polyesters are prepared from
monomers which are generally long, flat, and fairly
rigid along the axis of the molecule and have chain
extending linkages that are either coaxial or
parallel. Whether or not a polymer is in a liquid
crystal state can be determined by known procedures
for determining optical anisotropy. Such procedures
are described in U.S. patent no. 4,118,372, column 5,
lines 40-68 and columns 8-9, incorporated herein by
reference. o

Liquid crystalline polyester compositions
are known to have exceptionally high tensile strength
and modulus compared to analogous polymers not having
a liquid crystalline character. However, it continues
to be desirous to develop liquid crystalline polyester
compositions with improved properties, such as
increased breaking elongation, which is a measure of
toughness. It is further desirous to develop liquid
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and 150 rpm. The reactants initially charged into the reaction vessel for
LCP-3 are detailed in Table I, below. The resultant reaction m xture was

heated to reflux. Reflux began at a pot tenperature between 1500C and 155C
The reaction m xture was refluxed between 38 and 42 m nutes, at constant
tenperature. During the next 40 to 60 rg gutes, the pot tenperature was
slowy raised to about 220C and by-product acetic acid was renbved, at

whi ch poi nt vacuum was applied to reduce the pressure to about 660 rmm of
Hg(abs). The reaction m xture was further heated and refl uxed under a

pressure of abm%lkﬁnmfpd—lg(eﬂt@r faompgsdrtobanmtwi th aeliat isely dovwes
after vacuum Wgge e i1 pAHEL I sdd 149 1k tHdlF 3658 | bedahse P¥nEr 0duct

nas ease of processability of the composition increases as
the melting point decreases and the potential for
thermal degradation during manufacturing and
processing decreases as manufacturing and processing
temperatures decrease, particularly if they decrease
to below 365'C.

In the present invention, thermotropic
liquid crystalline polyester compositions prepared
from hydroquinone, 4,4'-dihydroxybiphenyl, '
terephthalic acid, 2,G-naphthalenediCarboxylic aciqg,
and 4-hydroxybenzoic acid, have been developed that
have breaking elongations greater than or equal to
1.5%, melting points less than 365C, and heat
distortion temperatures greater than 200°C.

_ The compositions described in the
'immediately preceding paragraph may also contain 20 to
40 weight percent of at least one glass
reinforcing/filling agent. Such glass
reinforced/filled compositions have breaking
elongations greater than or equal to 2.0%, melting
points less than 365'C, and heat distortion
temperatures greater than 230°C.

I. The Thermotropic Liquid Crystal Polyester
Compositions and Glass Reinforced/Filled Versions
Thereof

Specifically, the thermotropic liquid
crystalline polyester compositions of the present
invention consist essentially of recurring urits
derived from




- 16 - collected and the pot tenperature was increased to about [err]. The
pressure was then reduced over the next one and one-half hours to about 1.0
mm of Hg(abs) while the stirrer speed was gradual ly reduced to about 75 rpm
and the pot tenperature was increased to about 360C. The pol ynerization
reaction was term nated approximately 5 hours after the conponents were
initially charged into the reaction vess®|- Preparation of LCP-6 LCP-6 was
prepared as follows: the reactants

(a) hydroquinone, having structure (I),

(b) 4,4'-dihydroxybiphenyl, having structure

terephthalic acid, having structure (III),

0 0
| I

2,6-naphthalenedicarboxylic acid, having
structure (IV), -

‘Ez_

and (e) 4-hydroxybenzoic acid, having structure




were charged, in a nitrogen atnosphere, into a reaction vessel equipped
with a Vigreux colum, condenser, and a stirrer (stir speed set between 125
and 150 rpn). The reactants initially charged into the reaction vessel for
LCP-6 are detailed in Table I, below The resultant reaction m xture was

heated to reflux. Reflux began at a pot tenperature between 155C and 160C.
The reaction m xture was refluxed betweel038 and 42 m nutes, at constant
tenperature. During the next 40 to 60 m nutes, the pot tenperature was
slowy raised to about 242C and by-product acetic acid was renoved, at

whi ch poi nt vacuum was applied to reduce the pressure to about 660 nmm of

Hg(abs) . The rewalféég{]n n?:ﬁ(é u,ﬂglé"? Sraféja{é héaf &e)a:t(efj”anfjs rteztclnltj Xé? s 38 (Leor
40:60, preferably from 65:35 to 40:60, and most
preferably from 60:40 to 40:60, wherein the molar
ratio of (III):(IV) is from 85:15 to 50:50, preferably
from 85:15 to 50:50, and most preferably from 85:15 to
60:40, wherein the molar ratio of the total of (I) and
(II) to the total of (III) and (IV) is substantially
preferably 0.95-1.05:1.00, and further wherein there
are 200 to 600, preferably 200 to 450, and most
preferably 250 to 450 moles of (V) per 100 moles of
(I) plus (IXI). Use of less than 200 moles of (V) may
vield a liquid crystalline polyester composition
having the properties described herein:; however, such
an amount could be undesirable for economic reasons.
The compositions of the present invention are
characterized as having breaking elongations greater
than or equal to 1.5%, melting points less than 365¢C,
and heat distortion temperatures greater than 200°C.

The present invention further relates to the
thermotropic iiquid crystalline polyester compositions
described in the immediately preceding paragraph which
additionally contain 20 to 40 weight percent,
preferably 20 to 35 weight percent, and most
preferably 25 to 35 weight percent, of at least one
glass reinforcing/filling agent, with said weight
percent ranges being based upon the weight of the
liquid crystalline polyester and the glass
reinforcing/filling agent only. These glass
reinforced/filled thermotropic liquid crystalline
polyester compositions have breaking elongations
greater than or equal to 2.0%, melting points less
than 365'C, and heat distortionltemyeratures greater

-

than 230°C. _; R b
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a pressure of about 660 nmm of Hg(abs) for approximately 20 to 50 m nutes
after vacuumwas first applied. During that tine, acetic acid by-product
was col |l ected and the pot tenperature was increased to between 320C and
360C. The pressure was then reduced over the next one to two hours to about
1.0 mm of Hg(abs) while the stirrer speed was gradually reduced to about 20
rpmand the pot tenperature was increasell +o about 370C. The pol yneri zation
reaction was term nated approxi mately 4-5 hours after the - 17 -

The components of the thermotropic liquid
crystalline polyester compositions of the present
invention and the components of the glass
reinforced/filled thermotropic liquid crystalline
polyester compositions of the present invention (i.e.,
hydroquinone, 4,4'-dihydroxybiphenyl, terephthalic
acid, 2,6-naphthalenedicarboxylic acid,
4-hydroxybenzoic acid, and glass reinforcing/filling
agents) are all known in the art and are commercially
available or can be prepared by techniques readily
available to those skilled in the art.

Both the thermotropic ligquid crystalline
polyester compositions of the present invention and
the glass reinforced/filled thermotropic liquiad
crystalline polyester compositions of the present
invention have a flow temperature below 370°C,
preferably below 360'C, and a melt viscosity greater
than 20 Pascal’seconds, preferably greater than 25
Pascal ‘seconds, measured at 350'C and 1000 sec-1 shear
rate (as measured in a constant shear rate melt
rheometer using ASTM-D 3835).

In addition to the components described
above, the thermotropic liquid crystalline polyester
compositions of the present invention and the glass
reinforced/filled.liquid crystalline polyester
compositions of the present invention can contain
other additives, ingredients, and modifiers known to
be ‘added to liquid crystalline polyester compositions,
such as, but not limited to, fillers (such as calcium
metasilicate, calcium carbonate, talc, titanium
dioxide, calcined aluminum silicate), catalysts,
nucleating agents, colorants, carbon fiber,
antioxidants, stabilizers, plasticizers, .lubricants,
carbon black, fire retardants, and synergists.
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conponents were initially charged into the reaction vessel. Preparation of
LCP 1, 2, 4, 5, 7-9 and the LCP of Control 2 In the Exanples below, LCP 1
2, 4, 5, 7-9 and the LCP of Control 2 were prepared by substantially the
sane nethod. For each of these LCP conpositions, the reactants were
charged, in a nitrogen atnosphere, into a reaction vessel equipped with a
Vi greux colum, condenser, and a stirrer Y&tir speed set at about 50 rpm
The reactants initially charged into the reaction vessel for each of these
LCP conpositions are detailed in Table I, below. The resultant reaction

II. Preparation of the Liquid Crystalline Polyester
Compositions and Glass Reinforced/Filled Versions
Thereof

The liquid crystalline polyester
compositions of the present invention may be prepared
from the appropriate monomers, or precursors thereof,
by standard polycondensation techniques (which can
include either melt, solution, and/or solid phase
polymerization), preferably under anhydrous conditions
and in an inert atmosphere. For example, the
requisite amounts of acetic anhydride, the diols, the
hydroxybenzoic acid (or optionally the
acetate/diacetate derivatives of the
diols/hydroxybenzoic acid), and the diacids, and
optionally up to 20 percent excess acetic anhydride,
are combined in a reaction vessel equipped with a
stirrer, nitrogen inlet tube, and combination
distillation head/condenser (to facilitate by-product
removal). The reaction vessel and other equipment are
dried and purged with nitrogen prior to use. The
vessel and stirred contents, maintained under
nitrogen, are heated during which time the ingredients
react and any by-product formed (such as, for example,
acetic acid) is removed via the distillation
head/condenser and is collected. When the
polymerization appears nearly complete, as indicated
by the amount of by-product collected remaining
constant, the molten mass is placed under reduced
pressure (e.g. 10 mm of Hg(abs) or less) and is heated
to a higher temperaturé, to facilitate removal of any
remaining by-product and to complete the
polymerization.

The melt may then be removed, cooled, and
allowed to solidify prior to purification and/or
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m xture was heated to reflux and then was refluxed for about 60 m nutes,
during which time the pot tenperature was held constant at about 170C.
During the next approximately 240 nminutes, the pot tenperature was slowy
raised to about [err] and by-product acetic acid was renoved, at which
poi nt vacuum was applied to reduce the pressure to about 200 mm of Hg(abs).
The pressure was then reduced over the mndit-approxi mately 120 ninutes to
about 5-10 mm of Hg(abs) while by-product acetic acid was renoved and the
stirrer speed was reduced to about 30 rpmand the pot tenperature mas

' ' n ) rmonate
appr x| nately %Q%%r@eqﬁ PR Al Y R (i o
d crystalline polyester composition with a glass

reinforcing/filllng agent, such as in the present
invention, and/or other additives. Melt compounding
can be accomplished by any device capable of mixing
the molten liquid crystalline polyester with other
additives, such as glass. A preferred device is an
extruder, either single or twin screw. Twin screw
extruders may be either co-rotating or
counter-rotating. '

Optionally, the molten polymer may be
transferred directly to an appropriate apparatus, such
as a melt extruder and/or injection molding machine or
spinning unit, for the preparation of articles, such
as molded and/or shaped articles, fibers, films,
monofilaments, and bars. Articles prepared from the
compositions of the present invention may further be
heat treated in accordance with U.S. Patent No.
4,247,514 (Luise), incorporated herein by reference.
By the process described in U.S. 4,247,514, articles
prepared from liquid'crystalline polymers are treated
from above 140'C to below the flow temperature of the
polymer from which it was prepared for a period of
time sufficient to increase energy to break in flexure
by at least 25% in at least one direction of
measurement. Further details on this process can be
found in U.S. 4,247,514.

Polymerization conditions may be varied
according to, e.g., the reactants employed and the
degree of polymerization desired.
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the reaction vessel. [err] - 19 - COMPOUNDI NG OF THE LCP AND MOLDI NG
TEST BARS Unl ess ot herw se specified, conpounding of LCP conpositions in

t he Exanpl es bel ow with any ot her conponent, including dass, was done in a
28 mm Werner and Pfleiderer tw n-screw extruder having a zone with

- 14 -

EXAMPLES
In the following Examples, there are shown
specific embodiments of the present invention, along
with embodiments outside the literal scope of the
present invention that are included for comparative
purposes.
In the Examples below, the following
components were used:
(1) "HQ" was hydroquinone,
(2) "BP" was 4,4'-dihydroxybiphenyl,
(3) "T" was terephthalic acid,
(4) "2,6N" was 2,6-naphthalenedicarboxylic acid,
(5) "“4HBAY" was 4-hydroxybenzoic acid, and
(6) "“Glass" was a commercially available fiber glass
having an average fiber length of 1/8 inch, as

determined by standard rule, calibrated to 1/16
inch.

SYNTHESIS OF LIQUID CRYSTALLINE
POLYESTERS USED IN THE EXAMPLES

Preparation of the LCP of Control 1
The LCP of Control 1 was prepared as follows: the
reactants were charged, in a nitrogen atmosphere, into.
a reaction vessel equipped with a Vigreux column,
condenser, and a stirrer (stir speed set between 125
and 150 rpm). The reactants initiaily charged into
the reaction vessel for the LCP of Control 1 are
detailed in Table I, below. The resultant reaction
mixture was heated to reflux. Reflux began at a pot
temperature between 150°C and 155°C. The reaction




conventional conveying elenents, a zone wth kneading or m xing el enents,
and a | ow pressure zone wth venting under vacuum of any volatiles fromthe
polymer nelt, and a die. As the conpounded LCP conpositions exited the die,
they were quenched with a water spray and cut into pellets with a
conventional strand cutter. The extruder_barrel and die tenperatures were
mai nt ai ned at about [err] and [err], rééB%Ctively. Prior to nolding the
pellets, the pellets were dried overnight for approxinately 16 hours in a
vacuum oven with [err] purge at [err]. The dried polyner pellets were

mol ded into St@i‘ﬁéﬁﬁetﬁéé ﬁéfiux%& ?gﬂ%éﬁd eeanésw 2938¢EQr, determ ning
tensile properties, on elt
constant temperature. During the next 40 to 60
minutes, the pot temperature was slowly raised to
about 220'C and by-product acetic acid was removed, at
which point vacuum was abplied to reduce the pressure
to about 660 mm of Hg(abs). The reaction mixture was.
further heated and refluxed under a pressure of about
660 mm of Hg(abs) for approximately 85 minutes after
vacuum was first applied. During that time, acetic
acid by-product was collected and the pot temperature
was increased to about 363'C. The polymerization
reaction was terminated approximately 3 hours after
the components were initiélly charged into the
reaction vessel at which time the reacting mass
appeared to freeze-out.
Preparation of LCP=-3

LCP-3 was prepared as follows: the reactants
were charged, in a nitrogen atmosphere, into a
reaction vessel equipped with a Vigreux column,
condenser, and a'stirrer (stir speed set between 125
and 150 rpm). The reactants initially charged into
the reaction vessel for LCP-3 are detailed in Table I,
below. The resultant reaction mixture was heated to
reflux. Reflux began at a pot temperature between 150°C
and 155C. The reaction mixture was refluxed between
38 and 42 minutes, at constant temperature. During
the next 40 to 60 minutes, the pot temperature was
slowly raised to about 220°C and by-product acetic acid
was removed, at which point vacuum was applied to
reduce the pressure to about 660 mm of Hg(abs). The
reaction mixture was further heated and refluxed under
a pressure of about 660 mm of Hg(abs) for
approximately 60 to 80 minutes after vacuum was first
applied. During that time, acetic acid by-product was
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nol di ng machine or a 6 oz HPM nol ding machine with barrel tenperatures of
[err] and injection pressures of 4000-6000 psi. TESTS The LCP conpositions
of the Exanples below were tested to determne nelting point [err],
breaki ng el ongation, tensile strength, and heat distortion tenperature
(HDT). Tm was determ ned using a 25C/ m nute heating rate wwth a Du Pont
Model 1090 Dual Sanple Differential Scandbng Cal ori neter by ASTM D2117
Tensile strength and el ongation at break were determ ned in accordance with
ASTM D638. HDT was determ ned in accordance with ASTM D648.
collected and the pot temperature was increased to
about 345'C. The pressure was then reduced over the
next one and one-half hours to about 1.0 mm of Hg(abs)
while the stirrer speed was gradually reduced to about
75 rpm and the pot temperature was increased to about
360'C. The polymerization reaction was terminated
approximately 5 hours after the components were
initially charged into the reaction vessel.
. Preparation of LCP=6
) ILCP-6 was prepared as follows: the reactants
were'charged, in a nitrogen atmosphere, into a
reaction vessel equipped with a Vigreux column,
condenser, and a stirrer (stir speed set between 125
and 150 rpm). The reactants initially charged into
the reaction vessel for LCP-6 are detailed in Table I,
below. The resultant reaction mixture was heated to
reflux. Reflux began at a pot temperature between 155'C
and 160'C. The reaction mixture was refluxed between
38 and 42 minutes, at constant temperature. During
the next 40 to 60 minutes, the pot temperature was
slowly raised to about 242'C and by-product acetic acid
was removed, at which point vacuum was applied to
reduce the pressure to about 660 mm of Hg(abs). The
reaction mixture was further heated and refluxed under
T . a pressure of about 660 mm of Hg(abs) for
approximately 20 to 50 minutes after vacuum was first
applied. During that time, acetic acid by-product was
collected and the pot temperature was increased to
between 320'C and 360'C. The pressure was then reduced
' over the next one to two hours to about 1.0 mm of
Hg(abs) while the stirrer speed was gradually reduced
to about 20 rpm and the pot temperature was increased
to about 370°C. The polymerization reaction was
terminated approximately 4-5 hours after the
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- 20 - TEST RESULTS The test results for each LCP conposition prepared as
descri bed above are detailed in Table I, below. The LCP conposition of
Control 1 was prepared fromHQ BP, T, 2,6N, and 4HBA, but had an HQ BP
nolar ratio of 75/25. The [err] for the LCP conposition of Control 1 was
significantly greater than 365C, specifically, it was 383C. The breaking

el ongation for the LCP conposition of Copjrol 1 containing 30% d ass was
only 0.96%

components were initially charged into the reaction
vessel.

Preparation of LCP 1, 2, 4, 5, 7-9

—and the LCP of Control 2

In the Examples below, ICP 1, 2, 4, 5, 7-9
and the LCP of Control 2 were prepared by
substantially the same method. For each of these ICP °*
compositions, the reactants were charged, in a
nitrogen atmosphere, into a '
reaction vessel equipped with a Vigreux column,
condenser, and a stirrer (stir speed set at about 50
rpm). The reactants initially charged into the
reaction vessel for each of these LCP compositions are
detailed in Table I, below. The resultant reaction
mixture was heated to reflux and then was refluxed for
about 60 minutes, during which time the pot
temperature was held constant at about 170°C. During
the next approximately 240 minutes, the pot
tenmperature was slowly raised to'about 370°C and
by-product acetic acid was removed, at which point
vacuum was applied to reduce the pressure to about 200
mm of Hg(abs). The pressure was then reduced over the
next approximatel& 120 minutes to about 5-10 mm of
Hg(abs) while by-product acetic acid was removed and
the stirrer speed was reduced to about 30 rpm and the
pot temperature was maintained at about 370°C. The
polymerization reaction was terminated approximately 7

hours after the components were initially charged into
the reaction vessel.
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LCP 1, in contrast, was the sanme as the LCP conposition of Control 1 except
that the nolar ratio of HQ BP was 60/40. The [err] for LCP 1 was |ess than
[err]; specifically, it was 346C. The breaking elongation of LCP 1
conposition containing 30% d ass was 2.7% which is a significant increase
fromthe 0.96% breaki ng el ongation of the LCP conposition of Control 1

whi ch al so contained 30% d ass. Sinmilar}%, LCP 2 and LCP 3, which were each
the sane as the LCP conposition of Control 1 except that the nolar ratio of
HQ BP for LCP 2 was 50/50 and the nolar ratio of HQ BP for LCP 3 was 40/ 60,
each had a [err] of [err]. The breaking elongation for LCP 2 containing 30%
A ass was 2.4% and the breaking elongation for LCP 3 contai ni ng
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30% d ass was 2.9% The [err] for LCP 4 through LCP 7, each of which was

prepared fromHQ BP, T, 2,6N, and 4HBA, was less than [err]. Further, the
br eaki ng el ongation for each of LCP 4 through LCP 7, all of which contained
30% d ass, was greater than 2.0% The breaking elongation for LCP 6 w thout
dass was 1.5% LCP 8 and LCP 9, each of which was prepared fromHQ BP, T,

2, 6N, and 4HBA and each of which - 219~ cont ai ned 30% d ass, both had a
br eaki ng el ongati on

COMPOUNDING OF THE L. CP AND MOLDING TEST BARS

Unless otherwise specified, compounding of
LCP compositions in the Examples below with any other
component, including Glass, was done in a 28 mm Werner
and Pfleiderer twin-screw extruder having a zone with
conventional conveying elements, a zone with kneading
or mixing elements, and a low pressure zone with
venting under vacuum of any volatiles from the polymer
melt, and a die. As the compounded LCP compositions
exited the die, they were quenched with a water spray
and cut into pellets with a conventional strand
cutter. The extruder barrel and die temperatures were
maintained at about 290°C-320'C and 300 C-320'C,

respectively. Prior to molding the Pellets, the
pgllets were dried overnight for approximately 16

hours in a vacuum oven with N2 purge at 100-130'C. The
dried polymer pellets were molded into gtandard test

bars, as required per ASTM D638 for determining
tensile properties, on either a 1-1/2 oz Arburg
molding machine or a 6 oz HPM molding machine with
barrel temperatures of 330-360'C and injection
pressures of 4000-6000 psi.

ITEESTE
The ILCP compositions of the Examples below were tested

to determine melting point (Tm), breaking elongation,
tensile strength, and heat distortion temperature
(HDT) .

T, was determined using a 25'C/minute heating
rate with a Du Pont Model 1090 Dual Sample
Differential gcanning Calorimeter by ASTM D2117.
Tensile strength and elongation at break were
determined in accordance with ASTM D638. HDT was
determined in accordance with ASTM D648.

|
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greater than 2.0% The LCP conposition of Control 2 was prepared only from
HQ BP, T, and 4HBA. The:-LCP conposition of Control 2 did not contain a

2, 6N conponent. As a result, the breaking elongation'of the LCP conposition
of Control 2, which contained 30% G ass, was only 0.8%LCP 1 through LCP 9,
each of which, unless specified otherw se, contained 30% d ass, further al

had heat distortion tenperatures greater an [err]. LCP 6, without {d ass,
had a heat distortion tenperature of [err

TEST RESULTS
The test results for each LCP composition
prepared as described above are detailed in Table I7I,

below. The LCP composition of Control 1 was prepared
~ from HQ, BP, T, 2,6N, and 4HBA, but had an HQ/BP molar

ratio of 75/25. fThe T, for the LCP composition of

Control 1 was Significantly greater than 365°'C;

specifically, it was 3g3°c. The breaking elongation

for the ICP composition of Control 1 containing 30%
Glass was only 0.96%.

ICP 1, in contrast, was the same as the LCP
composition of Control 1 except that the molar ratio
of HQ/BP was 60/40. The T, for LCP 1 was less than

365°'C; specifically, it was 346°'C. The breaking

elongation of rcp 1 composition containing 30% Glass
was 2.7%, which is a significant increase from the
0.96% breaking elongation of the LCP composition of
Control 1 which also contained 30% Glass. Similarly,
LCP 2 and LCP 3, which were each fhe same as the LCP
composition of Control 1 except that the molar ratio
of HQ/BP for LCP 2 was 50/50 and the molar ratio of
HQ/BP for LCP 3 was 40/60, each had a T, of 334°C. The

breaking elongation for LCP 2 containing 30% glass was

2.4% and the breaking elongation for ILcp 3 containing
30% Glass was 2.9%.

The Tn for LCP 4 through ILCP 7, each of

which was prepared from HQ, BP, T, 2,6N, and 4HBA, was

less than 365'c. Further, the breaking elongation for

, each of LCP 4 through LCP 7, all of which contained
30% Glass, was greater than 2.0%. The breaking
elongation for LCP 6 without Glass was 1.5%.

LCP 8 and ICP 9, each of which was prepared
from HQ, BP, T, 2,6N, and 4HBA and each of which




22 [err] - 23 - CLAIMS 1. Athernotropic liquid crystalline polyester

conposition consisting essentially of recurring units of (a) structure (1),
[err] (b) structure (1), [err]

- 21 -

contained 30% Glass, both had a breaking elongation
greater than 2.0%. The LCP composition of Control 2
was prepared only from HQ, BP, T, and 4HBA. The LCP
composition of Control 2 did not contain a 2,6N
cbmponent. As a result, the breaking elongation of
the LCP composition of Control 2, which contained 30%
Glass, was only 0.8%

ICP 1 through ICP 9, each of which, unless
specified otherwise, contained 30% Glass, further all
had heat distortion temperatures greater than 230°C.
LCP 6, without Glass, had a heat distortion
temperature of 261°C.
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I's substantially 1:1, and further wherein there are 200 to 600 noles of (V)
per 100 noles of (1) plus (Il). 2. A glass reinforced/filled thernotropic
liquid crystalline polyester conposition consisting essentially of (a) 80
to 60 weight percent of a liquid crystalline polyester conponent consisting

essental Iy of recurring units of struetyie (1) NN

CLAIMS

1. A thermotropic liquid crystalline polyester
composition consisting essentially of recurring units

of
(a) structure (I),

-

(b) structure (II),

_o'o__

(c) structure (III),

o] 0
| I

(d) structure (IV),
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- 25 - structure (Il), [err] structure (II1), [err] structure (IV), O
[err] and structure (V), [err] wherein the nolar ratio of (1):(Il) ranges

from65:35 to 40: 60, wherein the nolar ratio of (I1I11):(l1V) ranges from
85: 15 to 50:50, wherein

- 24 -

N O

and (e) structure (V),

]

wherein the molar ratio of (I):(II) ranges from 65:35
to 40:60, wherein the molar ratio of (IXII):(IV) ranges
from 85:15 to 50:50, wherein the molar ratio of the
total of (I) and (II) to the total of (III) énd (IV)
is substantially 1:1, and further wherein there are
200 to 600 moles of (V) per 100 moles of (I) plus
(I1).

2. A glass reinforced/filled thermotropic
liquid crystalline polyester composition consisting
essentially of _

(a) 80 to 60 weight percent of a liquid

crystalline polyéstér component consisting essentially
of recurring units of

structure (I),




the nmolar ratio of the total of (I) and (Il1) to the total of (I1l11) and (1V)

I's substantially 1:1, -26- and further wherein there are 200 to 600
mol es of (V) per 100 nmoles of (1) plus (I1) and (b) 20 to 40 wei ght percent
of at |east one glass reinforcing/filling agent conponent, wherein the

Component. (b onty. 3. The composi tIroAbaT G Q?n;f"”""”ﬁllill LN ..
of at least one of fillers,

structure (II),

structure (I1I),
o] 0
_ I
structure (IV),

oo

and

structure (V),

wherein the molar ratio of (I):(II) ranges from
65:35 to 40:60, wherein the molar ratio of
(III):(IV) ranges from 85:15 to 50:50, wherein
the molar ratio of the total of (I) and (II) to
the total of (III) and (IV) is substantially 1:1,
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catal ysts, nucl eating agents, colorants, carbon fiber, antioxidants,
stabilizers, plasticizers, lubricants, carbon black, fire retardants, and
synergists. 4. An article formed fromthe conposition of Clainll 5. An
article of daim4 selected fromthe group consisting of ed articles

shaped articles, films, nonofilanments, agg fibers. 6. An a u,ﬁwtlu ,Hm
that is heat treated at a tenperature fromabove 140C to b ’
tenperature of the polynmer fromwhich the shaped article is prepare for

period of time sufficient to increase energy to break in flexure by at
|l east 25%in at | easindinrtineac Whiredin reeae eYent200 to 600 moles of

(V) per 100 moles of (I) plus (II)

and (b) 20 to 40 weight percent of at least one

glass reinforcing/filling agent component,

- wherein the weight percents are based upon the weight
of the component (a) and the component (b) only.

3. The composition of Claims 1 or 2
further comprised of at least one of fillers,
catalysts, nucleating agents, colorants, carbon fiber,
antioxidants, stabilizers, plasticzzers, lubricants,
carbon black, fire retardants, and synergists.

4. An article formed from the composition
of Claim 1.

5. An article of Claim 4 selected from the
group consisting of molded articles, shaped articles,
films, monofilaments, and fibers.

_ 6. An article of Claim 4 that is heat
treated at a temperature from above 140'C to below the
flow temperature of the polymer from which the shaped
article is prepared for a period of time sufficient to
increase energy to break in flexure by at least 25% in
at least one direction of measurement.

_ 7. Shaped or molded articles made from the
conposition of Claim 2.

8. A shaped or molded article of Claim 7
that is heat treated at a temperature from above 140'C
to below the flow temperature of the polymer from
which the shaped article is prepared for a period of
time sufficient to increase energy to break in flexure

by at least 25% in at least one direction of
measurement.




7. «Shaped or nolded articles nmade fromthe conposition of Claim2. 8 A
shaped or nolded article of daim?7 that is heat treated at a tenperature
-from above [err] to below the flow tenperature of the polymer from which
the shaped article is prepared for a period of time sufficient to increase

energy to break in flexure by at |east 25%in at | east one direction of
measur enent . - 27 -

ZIITLE
NOVEL THERMOTROPIC LIQUID CRYSTALLINE
POLYESTER COMPOSITIONS
ABSTRACT OF THE DISCLOSURE

This invention relates to thermotropic
liquid crystalline polyester compositions containing
recurring units derived from h&droquinone,
4-4*-dihydroxybiphenyl, terephthalic acid,
2,6-naphthalenedicarboxylic acid, and 4-hydroxybenzoic
acid which are characterized as having melting points
less than 365°C, breaking elongatiéns greater than or
equal to 1.5%, and heat distortion temperatures
greater than 200'C. '

This invention further relates to the same
compositions containing 20 to 40 weight percent of at
least one glass reinforcing/£illing agent and which
are characterized as having melting points less than
36§b} breaking elongatiohs greater than or equal to
2.0%, and heat distortion temperatures greater than
230°C.

The compositions are useful as films,
fibers, and shaped or molded articles.




