-1 Tl TLE LI QUI D CRYSTALLI NE POLYMER COVPOSLTL ,, é-JTEET HAS BEEN
| NVENTI ON This invention relates to novel | 1qu1 aI i po vl ABED
coppositions, the nelting points of which vary w deI over

c6rrp05|t|onal range. This characteristic with respect to t
makes t heWsb#4s26802 i ons particularly useful for blending w t%&gﬂ%‘%%a

pal ymers. Liquid cryst alline: polymers ("LCPs" ) I ncl udi ng those made from a
variety of aromatic diols, diacids and hydr. oxyaC| ds, are known in the art.
10 LCPs have varying phyS| cal properties, such as rrel ting point (if any),"
heat defl ection tenperature, tensile | str engtm c.. Dependi ng on these
LIQUID CRYSTALLINE POLYMER COMPOSITIONS
ROUND OF THE INVENTI
This invention relates to novel liquid crystalline polymer
5 compositions, the melting points of which vary widely over the compositional
range. This characteristic with respect to melting point makes the
compositions particularly useful for blending with other polymers.
Liquid crystalline polymers ("LCPs"), including those made from a
variefy of aromatic diols, diacids and hydroxyacids, are known in the art.
10 LCPs have varying physical properties, such as melting point (if any), heat
deflection temperature, tensile strength, etc. Depending on these
properties, LCPs are useful in many applications, such as molding resins,
semipermeable membranes, blending, films, etc. The present invention
_ relates to LCPs made from hydroquinone ("HQ") and/or 4,4'-biphenol
15 ("BP") and/or bis(4-hydroxylphenyl) ether ("POP"), terephthalic acid
("TPA"), 2 6-naphtha'lene dicarboxylic acid ("NPA") and/or 4,4'-bibenzoic
acid ("BB"), 4-hydroxybenzoic acid ("HBA"), -hydroxy-z-naphthmc acid
("HNA"), and optionally an ahphauc diol and another aromatic diacid in
certain proportions. These LCPs are useful in typical LCP thermotropic
20  applications, such as films and molding resins. In addition, these LCPs are
useful for blending with other polymers, due to the mielting point range
mentioned above. | .
_ SUMMARY OF THE INVENTION
This invention relates to compositions comprising a liquid
25 crys;talline polymer comprising the following repeat units:

(D . atleast one repeat unit selected from the group consisting of
' (R),
~0—~0-
(8), and \\
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properties, LCPs are useful in many a'ppl i cations, such as nolding restns; -
sem per nmeabl e nenbranes, blending, filns, etc. The present inv] ntTon
hE

rekdtes to LCPs made from hydroqui none ("HQ') and/or 4,4'-bip 6is §5'FL;TE‘§?'3EtN
("BP") and/ orwgi ézﬁ ydr oxyl phenyl) ether ("POP"), terephthal |I PR
("TPA"), 2,6-n ene dicarboxylic acid ("NPA") and/or 4,4

acid ("BB"), 4-hydroxybenzoic acid ("HBA"), 6- hyd_r%xy- 2-naphthoic acid

("HNA"), and optionally an aliphatic diol and another aromatic diacid in
certain proportions. These LCPs are useful in typical LCP thernotropic 20
applications, such as filns and nol di i Tddition, these LCPs are

useful for blending with other Ng point range .
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THis i'nvention relates to conposi t ions conprising a Iiquid 25 ﬁ;laéfgqﬁ@l,:lri._g@ BEEN
\n\_, |l el ] D] i
(

- pol ymer conprising the follow ng repeat units: (1) ht leagt' o ) Nt
unit selected fromthe group consisting of (B), and -2- [ebr]—lb)Y-Bb—r
Ty “% 91,§6§gt one repeat unit selected fromthe group porressweesy of
. "3°

vy
o]
Il
. C—
" (V); and
5 (VD =
| 0 |
—C—Ar—C—0—R—0—

vh

wherein each Ar is independently a divalent aromatic radical, and each R is
independently an alkylene radical containing 2 to 10 carbon atoms, and |

10  further wherein the molar ratio of (II) to (III) ranges from 25:75 to 90:10;
the molar ratio of (I) to (II) + (III) is substantially 1:1; the molar ratio of (IV)
to (V) ranges from 97:3 to 50:50; the number of moles of (IV) plus (V)
ranges from 100 to 600 per 100 moles of (I); and prov:ded that when .

| | — (V) < 0.05,
15 - (1) + (I) + (M) + (IV) + (V) + (V)
| the number of moles of (V) satisfies the following equation:

number of moles of (V) ¢ 8 + 0.04 [number of mglgs of (IV)]
- 096

and also provided that ' _
20 " 0< (V1) < 040,
@ + () + () + @AV) + (V) + (VD)
~ wherein (I), (II), (TII), (IV), (V) and (VI) are in units of moles. Throughout
this Application the number of moles of (I) is the total moles of (IA) plus
(IB) plus (IC) and the total number of moles of (III) is the total moles of
25 (IHA) plus (IIIB).

DETAILED DESCRIPTION
This invention relates to compositions comprising an LCP which
~ is comprised of the repeat units given above. The molar ratio of repeat units
(IA) to (IB) to (IC) ranges from 0:0:100 to 0:100:0 to 100:0:0. Preferably,
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10°(1'V) [err] 15 -3- [err] . wherein each Ar i$ independenf :
aromatic radical, and each R is independently an al kyljene ra@i SIS SHEET HAS QEEN
containing 2 to 10 carbon™atons, and.further wherein the nol a.. L 'QEQ&L%*:D

1) to (I 1o baags from25:75 to 90: 10; : écr(usgumm
-4- |

repeat units (IA) and (IB) are present, with the molar ratio of (IA) to (IB)
ranging from 1:99 to 99:1. In the more preferred LCP, repeat units (IA) and
(IB) are present, with the molar ratio of (IA) to (IB) rangmg from 75:25 to
25:75.

5 In the prefei’red LCP, _the molar ratio of (I1):(TIT) ranges from
30:70 to 85:15. The preferred range of the molar ratio of (IV):(V) is from
50:50 to 90:10. The preferred range of-the number of moles of (IV) plus
(V), per 100 moles of (I), ranges from 200 to 500. |

_ It is understood by the artisan that in order to readily form high

10 ~ molecular weight LCP, the molar ratio of the diols [i.e., (IA), (IB) and/or

_(IO)] to the diacids [i.e., (I) and (IILA) and/or (IIIB)] present in the
pd]ynierizat_ion of monomers to form an LCP should be about 1:1. Small
deviations from this ratio are not critical, but large deviations are normally

 to be avoided, since it usually prevents or slows polymerization to relatively
- 15 high molecular weight. :
' The number of moles of (V) present in the instant LCPs satlsﬁes
~ the followmg equanon A '

A number of moles of (V) > 8 + 0.04 [number of moles of (IV)]
0.96 :

20
when o
(V) ' < 0.05,
| @ + D + @D + (AV) + (V) + (VI)
_ wherein (1), (IT), (II1), (IV), (V) and (VI) are in units of moles.
25 | - -
' "In the preferred and most preferred LCPS, the number of moles
of (V) satisfies the following equatioﬁs B and C, respectively:
N B. number of moles of (V)> 12 + rof m f (IV)],
- 30 o o - 094

C. number of moles of (V)> 16 + 0,08 (number of moles of (IV)].
' 0.92 }
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tire nolar ratio of (ry to (1) + (1) is substantlall ASBEEN
ratio of (IV) to (V) ranges from97:3 to 50:50; the nurr'oer o] Seg,,gTA?-ty)
plus (V) ranges from 100 to 600 per 100 noles of (1); and pr ’

when [er Jﬁ%s unber of noles of (V) satisfies the foIIovRG‘l@USMGéQ‘r‘on
nunber oworm es of (V)> 8 + 0.04 [nunber of noles of (1V)] 0.96 and al so

provided that [err] wherein (1), (1), (111)<5¢1V), (V) and (VI) are in
units of noles. Throughout this Application the nunber of noles-of (1) is
the total noles of (1A plus (IB) plus (1C) and the total nunber of noles
of (I1l) is the total nol ek isfurther preferred that when .
(VD) < 0.10,
(@) + (0D + ) + (V) + (V) +(VD)

~ the amount of (V) is also controlled by equations A, B, or C.

"_":—____‘__-——

In the above equations, the number of moles of (IV) a1_1d (V)ison
the basis that the total number of moles of (I) + (II) + (III) is 200.

Ih other preferred LCPs,
10 | 0 =. acy -
(1a) + (IB) + (IC)

and/or
= ___(ITIB)
| (II1A) + (IIB)
15 The polymers of this invention may contain units (I)-(V). The
polymers may also contain a repeat unit (VI) formally based on the formula

which can be thought of as the repeat unit of a partially aromatic polyester.
By a "partially aromatic polyester" is meant a polyester based on one or
20 more glycols containing 2 to 10 carbon atoms and an aromatic dicarboxylic
acid (e.g., a diacid in which the carboxyl groups are bound directly to an
aromatic ring). Such glycols include ethylene glycol, 1,4-butanediol, and 1,4-
bis(hydroxymcthyl)cyclohexahe Useful aromatic dicarboxylic acids include
terephthalic acid, isophthalic acnd '4,4'-bibenzoic acid, and 2,6-naphthalene
25 dicarboxylic acid.
_ In preferred partially aromatic polyesters, Ar is 1,4-phenylene and
" Ris ethylene [derived from poly(ethylene terephthalate)], or Ar is 1,4-
phcnylerie and R is 1,4-butylene [derived from poly(butylene
terephthalate)], or Ar is 2,6-naphthalene dicarboxylic acid and R is ethylene
30 [derived from poly(ethylene 2,6-naphthalenedioate)] or Ar is 1,4-butylene
[derived from poly(butyleile terephthalate)]. It is to be understood that once
these units are incorporated in the liquid crystalline polymer of the present
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(FFTA) plus (111B). BRI EF DESCRI PTI ON OF THE DRAW NGS FI G Ln'il é\kgtﬁphlrs Bﬁg—_\‘
representing the results.of a statistical analysis f yarl at ijpns o’Fr ¥R |ali=mg i
poLnts of certain liquid trystaline polymers of the present i T.—_'I-OI‘—’I WEE
vari ati ons 3& ?@5@ fercent amounts of two nononer conponents PETRRSLGEES,
4- hydr oxybe Vas) % d and 6- hydr oxy- 2-naphtoic acid. Fig. 2 is a graph
representing the-results of a statistical anal ysigs of variations of heat
defl ection tenpretures of the sane liquid crystaline polynmers with
vari ations of nole percent anounts of 4-hydroxybenzoic acid and
6- hydr oxy- 2- napht oi ¢ agiéntida; iy AEalmBﬂ a\thihh]g rhayeotineoessarlydiegoined
conposi tions conpri si ng ven
above. The nolar ratiol geﬂvé?épq%@dgﬁfgmhﬁggwg thltclﬁﬁh "tﬁeoﬁﬂﬁldtepﬁshilngé

' polymer. :

‘The amount (in moles) of repeat unit (VI) in the polymer is

5 govemed by the equatlon

0< (VD) < 0.40,
(1) + (1) + (I) + (IV) + (V) + (VD)

10 The amounts of (1), (IT), (III), (Iv), (V) and (VI) are in units of moles. Ina
' preferred hquld crystalline polymer, the amount of (VI) is governed by the
"equation :

0.050 < L (V) < 0.20,
15 o : (I)+,(H)_+(IH)+(IV)+(V)+(VI)

The repeat unit (VI) may be incorporated into the LCP by
methods well known to the artisan. For instance, the partially-aromatic |
polyester from which repeat unit (VI) is formally d_erived may be addedto a

20 polymerization in which the other repeat units are being pblymerized from
the monomers (or suitable derivatives théreof). Alternatively, (VI) may be
incorporated into an already formed LCP by melt transesterification in a

. suitable mixer such as a twin screw extruder. The use of a transesterification
catalyst is preferred. Sufficient transesterification is deemed to have taken

25.-  place when the original melting points (assuming the partially aromatic
polyester has a melting point) of the LCP and partially aromatic polyester

~cannot be detected by Differential Scanning Calorimetry( as measured by
modified ASTM D3418-82, see below).
' The LCPs of the present invention are useful as moldmg resins for

30 molding electrical connectors, films, etc., and are especially useful for

' blending with other po]ymers. Generally speaking, when blending two
polymers together, it is undesirable to greatly exceed the normal processing. -
temperature of the polymer that would be processed at the lower
temperature. For example, with a crystalhne polymer, the normal

- 35 processing temperature thereof would often be 10-30°C above its melting

point. Such a limitation on processing temperature may be necessary, for
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(14A) to(IB) to (1C rangesfromOOlOOtoOlOOOto 100: 26'1—-‘;'5?%71 WBE‘FN ‘i
-4- repeat units (1A and (IB) are present, with the mollar r tTfPtﬂ”:; b{)l? - Ei
(1.B) rangi ng from1:99 to 99:1. In the nore preferred LCP, rlepeat 't et

(I'A) and "'géﬁ present with the nolar ratio of (1A to %sgumng
from75: 2 75 In the preferred LCP, the nolar ratio of

GEDQEED ranges from 30: 70 to 85:15. The pr-&ferred range of the nol ar
ratio of (1V):(V) is from50:50 to 90:10. The preferred range of the nunber
of nol es of (IV) pl us

example, because the high temperature stability of the polymer may be

limited. As shown in Figure 1, compositional variation in the instant LCPs,
particularly variation in the amount of HBA and HNA, gives large changes
in the melting point of the LCP. The melting point range of the present

5 LCPsis generally at 200-300°C, which is a temperature range in which many

' commonly used polymers are processed. Blends of polymer with the instant
LCPs are useful, for example, as molding resins and for films. The instant
LCPs have good physical properties, such as tensile elonganon, tensile
strength, flexural strength, etc.

- 10 The instant LCPs may be made by methods readily avmlable or

~well known to those skilled in the art. For example, acetate esters of the
hydroxyl groups in the starting materials may be condensed with the
carboxylic acids present in the monomers, which is the method used in the
examples herein, or the phenyl esters of the carboxyl groups present in the

15 monomers may be condensed with the hydroxy! groups in the monomers.

The LCPs described above can contain, or can be compounded
with, other addmves, ingredients, and modifiers known to be added to, or
compounded mto, LCPs, such as, but not lnmted to, fillers (such as glass),
carbon fiber, catalysts nucleants, pigments, antioxidants, stabilizers,

20 plasticizers, lubricants, tougheners, minerals, carbon black, synergists, glass
reinforcing agents, calcium metasilicate, calcium carbonate, taic, tltamum
dioxide, and calcined aluminum silicate. )

Films made from the instant LCPs can be made using
conventional methods including siinple extrusion. Particularly good films

.25  are obtained by extrusion using the apparatus described in U.S. Patents

14,963,428 and 4,973,442 (especially Figures 3 and 6), the disclosures of which
are hereby incorporated by reference. Preferred films are those exhibiting
tensile elongations of at least twelve percent in the machine and/or
- transverse directions. In a more preferred embodiment, films exhibiting

30 tensible elongations of at least twelve percent in the machine and/or
transverse directions also exhibit a tensile modulus in the machine and/or
transverse directions of at least 3.45 GPa (500,000 psi) and more prefe.rébly
5.51 GPa (800,000 psi).

The relative overall orientations of the LCP in the film can be

35 wvaried by proper choice of the extrusion conditions (including die variables),

-and films with relatively balanced properties in the machine and transverse
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(Vy, per 100 noles of (I), ranges from 200 to 500. It is unt ef]%s'xEQQ%Fb@}g‘;’h
|

artisan that in order to readily formhigh 10 nolecul ar we L{hﬁ“j T
molar ratio of the diols [t.e., (1A, (IB) and/or (I1Cf] to ﬂ__&:dd:aﬁ b=
[|. ., (I'l') and IIIA) and/ or (IIIB)] present in the polyn'erlzﬁ.lt,ggm 964 :
nononers to W&26892 Cp shoul d be about 1:1 Small deviations fromth Rﬁ

ratio are not critical, but |arge deviations aregwormally to be avoi ded
since it usual l'y prevents or slows polymerization to relatively 15 hlgh
nol ecul ar wei ght. The nunber of noles of (V) present in the instant LCPs

satisfies the follow ”Exréétitﬁiéa?ﬂbe%btﬁned UPfither) noldulfr odfentationcafl be ddjiidfed so
[nunber of ol es of (I }QJI the predommant orientation is.in the machine or transverse Giréion.
| | By "balanced properties” is meant at least two of tensile strength, tensile
modulus and tensile elongation of a particular film are within 20% (relative)
5 of each other in the machine direction and transverse dn'ecuon for each

physxcal property. .
Abbreviations for the various monomers used in the Examples are
s follows: ' ' '
10 = "HQ" = hydroquinone, -
"BP" = 4,4"biphenol,
*TPA" = terephthalic acid,
"NPA” = 2,6-naphthalene dicarboxylic acid,
"HBA” = 4-hydroxybenzoic acid, (which contained 1,000-
15 : 1,600 ppm potassium), and -

"HNA". = 6-hydroxy-2-naphthoic acld

"BB" = 44'-bibenzoic acid
"POP" = bis(4-hydroxylphenyl) ether. - .
20 The amdunt, in relative moles, of each monomer used to make an

LCP in the Examples is given in Table 2, below. Melting points (Tm) were
determined by ASTM D3418-82, at a heating rate of 25°C/min. Tm was
measured on the as-made polymer (first heat). Heat deflection temperature
(HDT) was measured by ASTM D648 at 1.8 MPa.
25 . Acetic anhydnde was present in all polymenzauons in an amount
of 3 to 10% molar excess based on hydroxyl groups present
: MAMBL&EJ_H
- The LCPs in the Examples below were prepared as described
.30 below, wherein the values for X1 through X4 are provided in Table 1, below,
| and wherein the reactants, and amounts thereof, are provided in Table 2,
_ below. The reactants were charged, in a nitrogen atmosphere, into a
reaction vessel equipped with a Vngreaux Column, condenser, and a stirrer
(stir speed set at 125 RPM). The resultant reaction mixture was heated to
35 reflux. Reflux began at a pot temperature of approximately 150°C. The
reaction mixture was refluxed about forty minutes, at constant temperature.
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whén.

_ [err] wherein (1), (11), (111), (1V)==
are tn units of nol.es. 25 In the preferred and nost preier 'E}"\‘E@F%_H;t’ I:
nunber of noles of (V) satisfies the follow ng equations Bjand ,,f*‘_:__:.:________,_n

respectively: B.

(1)1, 3(V094/26802

nunber of moles of (V)> 12 + 0.06 [nurrber?—ﬁz—:——i .........
0.94 C nunber o rmles of

(Y) > 16 + 0.08 [nunber of noles of (IV)]. 0.92

10

15

20

During the next fifty minutes, the pot temperature was slowly raised to about
X1, during which time acetic acid byproduct was removed. Pressure was
then reduced over the next approximately X2 minutes to about 133 Pa (abs),
while the stirrer speed was reduced to 20 RPM and the pot temperature
increased to about X3. The polymerization was terminated approximately
X4 hours after '.charging. of the ingredients. The resultant product was

- removed from the reaction vessel with a scooping tool, rapidly cooled to

room temperature, and ground.
_Cgmmum!i_g_qﬂ_dﬂ_&’lﬂl_ﬁhis_ﬁm

The LCPs of Examples 1-4 were each compounded with glass
fiber. Compounding was done in a 28 mm Werner and Pfleiderer twin screw
extruder having a zone with conventional conveying elements, kneading, or
mixing elements, along with 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, tliey were quenched with a water spray and cut
into pellets with a conventional strand cutter. The extruder barrel and die

h temperatures were maintained at about 290-320°C and 300-320°C

25

30

35

-

respectively.
1di f iti
~ Priorto moldxng, the LCP pellets were dried overnight for about -
16 hours in a vacuum over, with a nitrogen purge, at 100-130°C. The dried
polymer pellets were molded into standard test bars, as required per ASTM
D638 for determining tensile properties, on either a 42.5g Arburg molding
machine or a 170g HPM molding machine, with barrel temperature settings

" of 330-360°C and injection pressures of 27-41 MPa. Examples 1-4 contained

30% glass fiber. Examples 5-14 were neat polymers.
Results
The LCPs were tested for melting point (Tm) on the as made

- polymer and for HDT on molded polymer bars The results are provided in

Table 2, below.
Figures 1 and 2 show the results of statistical analyses of the

melting points and HDT values obtained for Examples 6 to 14. The data
were analyzed and plotted using a program from SYSTAT, Inc., Evanston,
IL, U.S.A. called SYSTAT for Windows, Version 5, and using the contour
plot routine. In Figure 1, the contour lines are constant melting point lines
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-57 It is further preferred that when [err] the anount of (l Esat ST =
controlled by equations A, B, or C5 In the above equatlon T‘t‘ﬁe&*ﬁnﬂié’f‘sé‘?'”
moles of (IV) and (V) is 3h the basis that the total ‘nunben of nBEESABEP(])

| Insaiiviveb Qi

+ (1) + (')wdﬁ.u%% In other preferred LCPs, 10 Pci-,ggwumdlor
[err] 15 The pol yrrers of this invention nmay contain units

(B)-(V). The o -10-

(valued as indicated), while varying the HBA and HNA amounts in the
* LCPs. Figure 2 is similar, except the values used are HDTs (of neat LCP).

- Table1
s _
. X1 - X2 X3 X4
_ Temp. after | Vacuum |
Example ~Reflux - Cycle | Final Temp. | Run Length
1 360 - | 120 360 6
‘ 360 | - .110 360 6.5
3 360 . 120 360 -7
4 360 . 120 360 | 7
5 - | 360 8s 360 43
6 340 240 360 9
7 350 - | 195 | 360 8.7
8 360 170 360 15
9 . 360 95, | 360 53
10 | 30 | 170 | 360 5.6
11 © 360 170 360 5.4
12 360 - 120 360 5
13 360 125 360 - 5
14 360 84 360 . . 4.3
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pol yners may al so contain a repeat unit (V1) formally bised - O #rl| d
[err] which can be thought of as the repeat unit of a g f?ﬁaﬂﬁ;nﬁa§§%$iﬂaﬁ'
pol yester. By a "partially aromatic polyester”.is nmeant aﬂpQLyésigr&-ased*
on one %g, 8#mre gl ycols containing 2 to 10 carbon at opgTARS4/04968r Onati c
dicarbo%&?' 2680t o (e.g., adiacid in which the carboxyl groups are bound
Girectly to an aromatic ring). Such glycol s-inel ude ethyl ene gl ycol,

1, 4-but anedi ol , and 1, 4- bi s(hydroxynethyl)cycl ohexane. Useful aromatic

di carboxylic acids include terephthalic acid, isophthalic acid,,

4,4' -bi benzoic acid, and Z6-napht hal ene 25 di carboxylic acid. In
preferred partially aromatic pol yesters, Gggﬁg%1,4-phenylene and Ris

ethyl ene [derived from poly(ethylene tere ate)], or Ar is 1,4-

Wt %

- Ex. _ - . Glass
No. | HO | BP | TPA| NPA | HBA| HNA| Fiber(1) | Tm | HDT
1 so | so | 8 | 15 | 320 | 100 30 249 | 197
2 | so| so |l so | so | 200] 200 30 197 | 159
3 100] o | 70 | 30 | 320 | 100 30 219 | 184
4 0 ] 100]| 70 | 30 | 320 100 | 30 282 | 226
5 so0-] so | 60 | 40 | 300 | 40 - - | 181
6 | so| so| 70| 30 | 270 ]| s0 - 280 | 160
7 | so ] so ] 70 | 30| 250}| 70 - 231 | 120
8 | s0 | so | 70 | 30 | 230 | 90 - 1230 | 133
9 | 50 50 | 70 30 | 400 | 8 | - | 273 | 135
10 | 50 | so| 70 | 30 {30} 8 | - | 28] 117
11| s0 | s0 ] 70 | 30 | 400 | 40 - | 312 ] -
12 |- 50| so| 70 | 30 | 210§ 1170 - 205 | 138
13 | so| so| 70| 30| 270 ] 50 - 265 | 171
14 | so | so | 70 30 | 200 | 100 - | 207 | 143

(1) based upon the weight of the LCP and glass fiber only. | -

-EXAMPLES 15-19
Films were made from a polymei' having the same composition as
‘that of Example 6 above. The polymer had a melting point of about 266°C
and contained no fillers.
10 Two different dies were used to make the fitms. For Example 15,
. a die similar to that shown in Figure 8 of U.S. Patent No. 4,973,442, and
modified as described for thermotropic LCPs in U.S. Patent No. 4,963,428
('428) at column 9, line 57 to column 10, line 55 was used. The die had the
dimensions given in Table II of ‘428 as the "Xydar Die". Polymer was fed
15 into the die at a rate of 0.6 mL per revolution of the die by a 25 mm -
Berstorff co-rotating twin screw extruder. The heating zones of the extruder
were set (from rear to front) at 260, 271, 279, 274 and 274°C. The die
temperature was set at 279°C. Upon exiting the die, the polymer tube was
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phenyl ene and Ris 1, 4- butyl ene [derived from pol y(butyl ene \LTHIS SP‘:*-T HAS RE.‘:N
terepht hal ate)], or Ar i s 2,6-napht hal ene di carboxylig¢ acid land Ri'?%t’m‘: =0~ ‘

et hyl ene 30 [der| ved from poI y(et hyl ene 2, 6- napht hal’enedi oat&yf—or Ar 15

1, 4- butyl er\g, q,;é yed from pol y(butyl ene terepht hal ate)]. |t pcrnbsv4ioed .
under st ood YRat 2ONte these units are incorporated in the liquid crystalline

pol ymer of the present - 6- -12- 9 JAN19 invention, the
Ar and R portions of the unit may not necessarily be joined together, but
may be randomy distributed through the liquid crystalline polyner.

blown (with air) to a diameter of 20.3 cm. The resulting film tube was slit

and tested in the machine and transverse directions. Additional data
concerning the extrusion conditions are shown in Table 3, and film physical
. properties are shown in Table4.
5 " For Examples 16-19, films were made using a die similar to that
~ shown in Figure 1 of WO 90/15706. Dimensions of Parts 32, 34 and 36 are
as given in Table 2 of '428.
The polymer was fed into the die at a rate of 0.6 mL per
revolutlon of the die by a 25 mm Berstorff co-rotating twin screw extruder.
10 The heatmg zories of the extruder and die were the same as in Example 15.
-Upon exiting the die, the polymer tube was blown (with air) to a diameter of
7.6 cm. The resultmg film tube was slit and tested in the machine and
transvers directions. Additional data concerning the extrusion conditions
are shown in Table 3, and film physical properties are shown in Table 4.
15 - Tensile properties were determined by ASTM D882, using a
~ testing speed of 10% of the initial gage length per minute. The initial gage
length was 7.62 cm, and the width of the sample was 0.508 cm. Properties’
were measured in both the machme direction (MD) and the transverse

dxrectlon (TD).
20
| ~ Table3
Example Die Rotation Takeup Speed Melt Temp.
_No. ____(pm) ____m/min C0)
15 |- 85 29 299
16 ; 80 - 53 311
17 | 8.0 . 104 311
18 | 40 2.5 - 311
19 15 1.0 311
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The anount (in moles) of repeat unit (VI) in the polyner i T%‘*@@%EEEMSO@EEN
|

Int
the equation [err]- 10 The amounts of (1), (11), (111), “(I\V, ( \V)RERSQER )
are in units of noles. In a preferred liquid crystalline pOTyner the
anount of (9{% 2s governed by the equation [err] The repeaCTMS%I/04964) rray
be mcorWQré ¥2into the LCP by met hods well known to the artisan. For
isnstance, the partially aromatic pol yester #d®%m which repeat unit (VI) is
formal Iy derived may be added to a 20 polynerization in which the other
repeat units are being polynmerized fromthe nononers (or suitable
derivatives thereof). Alternatively, (VI) may be

Table 4

_ Film - Tensile Percent
Example | Thickness |  Test Mo'dulu_s Strength | Elongation
No. (mm) | Direction| (GPa) | (MPa) | atBreak

15 - | 0051 MD 820 224 12.5

- TD 7.17 217 128

16 | 0025 MD 172 | 315 _6.1

™D | 648 162 8.0°

17 0018 | MD 407 | 430 14

| TD 227 | 489 9.7

18 0.051 MD 8.68 205 15.0

' TD 661 | 176 13.3

19 0.18 MD 3.58 91.6 19.1

| ' TD 104 247 7.9

5 ' EXQ. MPLE 2 Q"

The polymer used in Example 20 had
HQ/BP/TPA/NPA/HBA/HNA molar ratios of 50/50/70/30/270/50 and
had a melting point of about 276°C. A sample of this polymer was extruded
through a 28 mm Werner & Pfleiderer twin screw extruder equipped with an

10  adjustable slit die that was 25.4 cm wide and the slit of which was adjusted to
give a film about 0.9. mm thick. All of the barrel heating zones were set to
270°C, except for the rear zone which was set to 220°C. The film was drawn
slightly on exiting the die. The resulting film was relatively tough in both the
machine and transverse directions. | |

15_ ' EXAMPLES 21-23 _

- For each of the LCP compositions in Examples 21-23, the
reactants, including the partially aromatic polyester, were charged into a
reaction vessel equipped with a Vigreux column, condenser, and a stirrer
(speed set at 50 rpm). The reactants initially charged are listed in Table 5.

20 The resultant reaction mixture was heated to reflux. Reflux began at a pot
temperature of between 155°C and 160°C. The reaction mixture was
refluxed for about 40 minutes, at a constant pot temperature of about 170°C.
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|rfcorporat ed into an already fornmed LCP by nelt transesteri flﬁ@glgpm-nm;es 39__' EN
suitable m xer such as a twin screw extruder. The use bf a || #EPLACED
transesterification catalyst is preferred. Sufficient t-ransgsﬁe:jﬁ Feattor

s deened tcwgg,;ﬁhfken 25. place when the original nelting pornis$404964
(assumi ng the partrally aromatic polyester has a nelting point) of the LCP

and partially aromatic pol yester cannot be deteclded by D fferential
Scanni ng Calorinetry( as neasured by nodified ASTM D3418-82, see bel ow).
The LCPs of the present invention are useful as nolding resins for .30

mol di ng el ectrical congfestthé Sotafl tefliR mwmplewd the potaempei'ahiew/mmised t6 or
pol yrer's toget her it P8 AR SPRaEHIat DY-rOBRE abltc P egdns Tl Riatlchuhie
_ processi ng tenper at ur €0BHNYIRG tq)mwaqenaamﬂomedememeé@ééws@seém 205 ner
increments at 20 minute intervals, until the temperature had reached 305°C.
5 Avacuum was then apphed to reduce the pressure to about 80 kPa
.(absolute). The pressure was further reduced in 16.7 kPa increments every
10 minutes until a pressure of 16. 7 kPa was reached. Thereafter, in the next
three 10 minute intervals, the pressure was reduced to 6.7 kPa, 2.7 kPa and
finally, to full vacuum (less than 13.3 Pa absolute). As the viscosity '
10  increased, the stirrer speed was reduced to about 30 rpm. The
g polymenzatlon was terminated when the mel]t viscosity was greater than or
equal to 25 Pa-s at 365°C and 1000 sec-1 shear rate. The total reaction time
after the components were mmally charged into the reaction vessel was
approxlmately 7-8 hours. The melting points of the resulting polymers are
15 shownin Table §.

i
i

¢
it

|
{
=

4

Table 5
NE Partially.
Example -} - | Ar.Poly-| -
No. HQ | BP | TPA| NPA | HBA| HNA| ester (g) | Tm
@1 e @E ! 61 6@ C)
e - | 44.0

21 63.1 | 106.8| 1334 | 744 | 427.8| 1079 (PET) | 265
22 | 600 |1015] 1268 70.7 | 4067 102.6| (PET) | 247

B R 1029 | 194,

23 | 535 | 99.0 | 123.6| 69.0 | 396.5]| 100.0| (PEN) | 222

20 PET = poly (ethylene terephthalate)
PEN = poly (ethylene 2,6-naphthalenedioate)
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tenperature. For exanple, with a crystalline polymer, the ) T 4AS BEEN il
‘processi ng tenperature thereof would often be 10-30[err]E &b §  RBEbi ng _'!‘g
poi-nt. Such a limtation on processing tenperature may be mHecessaryecfopmr==="
- 7 - exa ppcause the high tenperature stability of tBCHUSIMOE64RY beE
limted. S own in Figure 1, conpositional variation in the instant LCPs,
particularly variation in the amount of HBA al@-HNA, gives |large changes in
the nelting point of the LCP. The nelting point range of the present 5 LCPs

is generally at 200-300[err]C, which is a tegerature range i n which many

The polymers of Examples 24-26 were made by the same method
used for Examples 21-23. Monomers used for the polymerizations are
shown in Table 6, along with the melting point of the polymers.

Table 6
Ex. .
No.| HQ | BP | TPA |NPA(g)| HBA | HNA | Other | Tm
@® | (& (8 __ g | (g [3) ¢C)
e . 1227 |
24| 635 | 1074 1038 | o | 4779 | 868 | (BB) | 2688
| | 417
25| 1150 | © 1177 | 339 4617 | 1966 | (BB) | 2752
. | 482 '
26 | 525 | 887 | 1385 | 773 4443 | 1121 | (POP) | 245.0
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commnly used pol yners are _processed. Bl ends of pol yrrer vmt*h—:th@«*nstam—‘"f“ B
LCPs are useful, for exarrple as nol ding resins and f.br f|| 8 HISTREEF NBASREEN -

Sirengih fhgy p%y,f;f?'engtﬂlﬂlﬂmlﬂﬁﬂﬁﬂlﬂ e net ant FePeTIESETS J
y

by net hods rea avai |l abl e of wel I" kfow’ to those skilled in the art For
exanpl e, acetate esters of the hydroxyl groups +i{he starting materials
may be condensed with the carboxylic acids present in the nonomers, which
is the nethod used in the exanples herein, or the phenyl esters of the

car boxyl groups preseWm&*rs may be condensed with the

hydr oxyl groups in the nononers. The LCPs descri bed above can contain, or
can be conmpounded with, other additives, ingredients,, ﬂqm)dlflﬁ{ls known

to be added to, or 1. A composition comprising a d crystalline polyester
(LCP) that comprises the following repeat units:

5 (I) at least one repeat unit selected from the group consmtlng of

O~

. (B) and
00~
' (IC;
10 .
| (ITy
. 0O o
-0
-_._c -C—
(1n;
(III) at least one .repgat'nm't selected from the group consisting of

15

oot

(A) and
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conpounded into, LCPs, such as, but not linmited to, fillers
gl ass), carbon fiber, catalysts, nucleants, pignents, anti oxi
stabilizers, 20 plasticizers, lubricants, tougheners m ner
bl ack, synasod/sgsez gl ass reinforcing agents, cal ci um et asi PEEREM/O86Y cj um.
carbonate, talc, titaniumdioxide, and calcined aluminumsilicate. Filns
made fromthe instant LCPs can-be nade using -ddrvent i onal met hods | ncI udi ng
sinpl e extrusion. Particularly good films 25 are obtained b

usi ng the apparatus described in U S. Patents 4,963,428 and 4, 973 442
(especial ly Figures 3 and 6), the disclosures of which armmnmﬂmm“w‘“‘

I ncorporated by reference. ferred filnms are those exhi

el ongations of at |east twelve percent in the mack ne and/br % rdnsver e

directions. In a nore preferred enbodi ment 3@; s Jlexhi bi ting

(V).

‘S\"&@w T HAS BEEN |
\dant SREPLACED

V)

o

(V) and

10 _
(VD) _
1,1
—c—Ar—c—o-—R—o—-
vy - .

. wherein each Ar is independently a divalent aromatic radical, and each R is
15 independently an alkylene radical containing 2 to 10 carbon atoms, and
further wherein the molar ratio of (II) to (III) ranges from 25:75 to 90:10;
the molar ratio of () to (IT) + (TII) is substantially 1:1; the molar ratio of (IV)
to (V) ranges from 97:3 to 50:50; the number of moles of (IV) plus (V)
- ranges from 100 to 600 per 100 moles of (I); and provided that when '
207 (A%0) <005,
| (I)+(II)+(IH)+(IV)+(V)+(VI)
the number of moles of (V) satisfies the following equation:

number of moles of (V)> 8 + 0,04 [number of moles of (IV)]
096 ,
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30 ten5| bl e el ongations of at least twelve percent ip.t hg:;tmﬁf—r’re' ’a’gd Iqr.""; .
transverse directions I | e nodul us Wﬂh\\e Frc| nd/ of
it])

transverse di rectlons of at a (500, 000 ps ananBFé
pre_f erably (80 H l el ative overal It
LCP in the iIm can be per choi ce of the extrusion

conditions (including di e varl abI es), and filns184 th rel atively bal anced

properties in the nachine and transverse -8- direction can be obtai ned.
Further, nolecular orientation can be adjusted so
and also provided that '
- - 0< (VD) < 040,

(I) + (I + () + AV) + (V) + (V)
wherein M, (1), (Im, av), (V) and (VI) are in units of molc;s_.

2. A oomposmon comprising a lnquld crystalline polyester
(LCP) that consists essentially of the following repeat units:

(I) at least one repeat unit selected from the group consisting of

10

15 "y

| (IIT) at least one repeat unit selected from the group consisting of
20 | |

is Sheet Has Been. Replaced.
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_. . ‘ . . —_——'_:_—’__;/-—’/‘f—:/_”"'
tlrat the predoninant orientation is in the nachine or g _g@gamé‘cﬂ\b .
By “bal anced properties" is neant at |east two of tensii ariéy r‘%ﬂg;ptc,EQ ensi

modul us and tensile elongation of a particular film arelw thip-
(relative) 5 of each other in the machine direction and Tr 3y sos84964
directi orWO26882h physi cal property. EXAMPLES Abbreviations for the

various nononers used in the Exanples are as_{@llows: 10 HQ' =
hydr oqui none, " BP" = 4,4 -biphenol, "TPA" = terephthalic acid, "NPA" =
2, 6- napht hal ene di car éoxyl iC achl d ﬁ H!ll“CI"IIILl "IJ' "IISI " |!I|
- oo
I - .
(WA) and
o .0
—C ) '
. (),
s avy

@)

+ s 0
oot

V)
10 -
(V); and
. (VD)
T
" —C—Ar—C—0—R—0—
15 v

wherein each Ar is independently a divalent aromatic radical, and each R is
independently an alkylene radical containing 2 to 10 carbon atoms, and

. This Sheet Has Been Replaced




—‘:::_:/
"HBA" = 4- hydroxybenzm c acid, (which contained 1,000- 15 1QQHLFT HAS BEEN«\
1. .600 ppm pot assi um, nd———l—iNﬁ:“""“‘GTﬁW_oxy 2-naptt (? gm thBBAf‘nD_ ‘

4, 4" - bi benzoic acid "POP" I phenyl ) et hent e
anount, in-relative noles, ‘B‘“«Eﬁﬂ m/g used to nmake an L%ﬂummgg -
Exanpl es is GHMEBR Tab e tows Melttng points (Tm) were determ ned by
ASTM D3418=82, at a heating rate of 25[err] C/ m n20Im was neasured on the as
nmade pol yner (first heat). Heat deflection tenperature (HDT) was measured

by ASTM D648 at 1.8 MPa. 25 - Acetic anhydridewas present in all-
pol yneri zations in an gpHepwhefeid tidmbfifforaib of (T)o(EH) hagestrom 2575 w9Qk10;
groups present the molar ratio of (I) to (I)+ (IIT) is substantially 1:1; the molar ratio of (IV)
to (V) rahges from 97:3 to 50: 50 the number of moles of (IV) plus (V)
: ranges from 100 to 600 per 100 moles of (I); and provided that when
5 . (VD) < 0.05,
(I)+(II)+(IH)+(IV)+(V)+(V1)
the number of moles of (V) satisfies the following equation:

" number of moles of (V)> 8 + 0,04 [number of moles of (IV)]
o 096 - ,

10  and also provided that .
 os v < 040,
D + dD) + dO) + AV) + (V) + (V)

wherein (I), (I), (IIT), (IV), (V) and (YI) are in units of molés._

15 3. The composition of Claim 2 wherein

. (V1) i
(I) + (1) + (IH) + (IV) + (V) + (VI)

20 o (IC) '=0 and
"(1A) + (IB) + (IC) - '

. (ImB) _ =0
(MA) + (B)
25 ) . |
4. The composition of Claim 3 wherein (1A) and (IB) are both
present and the molar ratio of (IA) to (IB) ranges from 99:1 to 1:99.

5. The c&mposition of Claim 4 wherein the molar ratio of (IA) to
30  (IB) ranges from 75:25 to 25:75.

6. The composmon of Claim 3 wherem the molar ratio of (II) to
(III) ranges from 30:70 to 85:15.

35 7. The composmon of Claim 3 wherein the molar ratio of Iv)to
V) ranges from 50:50 to 90:10.
\
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[ Illlll hll Ill i



g

EXA.\IVPLES 1-14 The LCPs in the Exanples bel ow were prepar edvi qé‘§%ﬁﬁérb’é@ %N

below, wherein the val mn through X4 are provided}i Tablm‘&LAQ@ ow,

and wherein the react ant “ereof are provi di ;
bel ow. Thqgégg)r%ﬁgts wer mm“gmn‘mﬂm i trogen at nospher e pCTRIS94/64964
reaction v equi pped wth atVigrdaux Col um, condenser, and a stirrer
(stir speed set at 125 RPM. The resultant rea2t+on mixture was heated to
35 reflux. Reflux began at a pot tenperature of approximately 150[err] C The

reaction mxture was refluxed about forty minutes, at constant tenperature.

8. The compositi,oh of Claim 3 wherein the number of moles of -
(IV) plus (V) is 200 to 500 per 100 moles of ().

s * - 9. The composition of Claim 8 wherein (IA) and (IB) are both .
present and the molar ratio.of (IA) to (IB) ranges from 75:25 to 25:75, the
molar ratio of (IT) to (TIT) ranges from 30:70 to 85:15, and the molar ratio of
(IV) to (V) ranges from 50:50 to 90: 10,

10 10. The composition of Claim 2 wherem the amount of (V)
satisfies the following equation:

" number of moles of (V)> 12 + Q,m [m;mb; 0 mglgs of (IV))
0.94

15 ' 11. The composition of Claim 3 wherein the amount of (V)
satisfies the following equation:

number of moles of (V) > 12 + 0.06 [number gf moles gf( Vi]
- 094

12. The composition of Claim 2 further comprised of at least one
20 of fillers, ¢arbon fiber, catalysts, nucleants, pigments, antioxidants,
stabilizers, plasticisers, lubricants, tougheners, minerals, carbon black,
synergists, glass reinforcing agents, calcium metasilicate, calcium carbonate,
talc, titanium dioxide, and calcined aluminum silicate.

25 13. The composition of Claim 2 wherein the amount of (VI)
present satisfies the following equation:
0.050 < (V) <020
@ + ) + ) + @AV) + (V) + (VD)

30 14. The composition of Claim 2 wherein Ar is selected from 1,4-
phenylene or 2,6-naphthalene and R is selected from ethylene or 1,4-
butylene.

15. The composition of Claim 13 wherein Ar is selected from
35 1,4-phenylene or 2,6-naphthalene and R is selected from ethylene or 14-
butylene.

Thls Sheet Has Been Replaced
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~9- Duri ng the next fifty m nut es, the pot terrperature wa MEEﬁH%QCBEE‘N
about X1, during which tie acetic acid bypr oduct was}re 26 AR Was
then reduced over the. %e'@_,ggp_um—n%tfel—y'—xz mnutes to ab ngaﬁsléz_(-abs%:
Wwhi t e the syb'dsBksgaPeed was reduced t RPM and the pot terfeq)

increased to abou X3.. T m“ﬁ‘mm HB TU was term nated apprOX| matel y X4
hours after charging of “ The regpltant product was renoved
fromthe reaction vessel with a scoopi ng tool, rapidly cooled to room

tenperature, and ground. Conpoundi ng of the LCP Wth dass Fiber 10
The LCPs of Exanples 1 4 were each conmpounded with gl ass fiber. Conmpoundi ng

was-done In a 28 mm Verner ang P b Sohiprising'the &mpdition of Claim 1.

"l.'

17. A film comprising the composition of Claim 2.

18. A film comprising the composition of Claim 3.

10
15

20

30

35
-
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extruder havi ng a zone wi th conventional conveying el enen
m*xi ng el ements, along with a | ow pressure zone with vent
ef- any vol atiles from the polymer nmelt and a die. As the
conpositions exited the die, they were quenched with a watt
into pellets with a conventional strand cutter. The extruder barrel and die
tenperatures were mai ntai ned at about 290-320[err] C and 300-320[err]C,
respectively. Ml ding of LCP Conpositions into Test Bars 20 Pri or
to nolding, the LCP pellets wereads gdroremnicght for about 16 hours in a
vacuum over, with a nitrogen purge, at 100-130[err]C. The dried pol yner
pellets were nolded into standard test bars as required per ASTM D638 for
deterntnmm' : NE P¢ R ¢ ANSHg Arburg nol di ng

This invention relates to liquid cryétalline polymers (LCPs)
derived from (I) hjdroquinone and/of.4,4'-biphenol and/or bis(4-
hydroxyiphenyl) ether, (II) terephathalic acid, (III) 2,6~
naphthalene dicarboxylic acid and/or 4,4’-bibenzoic acid, (IV) .
4-hydroxybenzoic acid, (V) s-hydroky-z-naphthoic acid, and
optionally (VI) an aliphatic diol in specified ratios. In
addition to forming exceptionally tough films, the LCPs are
useful as moldihg resins or for blending with other thermoplastic

polymers.

This Sheet Has Been Re iace
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nelchi ne or a 170g HPM nol di ng machine, with barrel tenper§THL@ satitt ngS BEEN
ofe 330-360[err] C and injection pressures of 27-41 MpPa. gin‘es;slpgACnD

¢cant ai ned 30%) gl ass fiber. Exanples 5-14 were neat pol y el sc-Resutts=Te
LCPs vverg, 4?2% for melting point (Tm) on the as nmade polBORASIAP6Hor HDT
on nol ded polyner bars. The results angzprovided in 30 Table, below
Figures 1 and 2 show the results of statistical analyses of the nelting
poi nts and HDT val ues obtained for Exanples 6 to 14. The data were anal yzed
and plotted using a programfrom SYSTAT, Inc., Evanston, IL, U S. A called
SYSTAT for Wndows, Version 5, and using the contour 35 pl ot routine. In
Figure 1, the contour lines are constfm mel ti nglp0| nt |ines

MELTING POINT
(50/50-70/30//HBA//HNA)

500

i | i 1
: : :
. . .
. .

400

300

Molar Parts of Hydroxybenzoic Acid

200

0 20 40 60 80 100 120
Molar Parts of Ilydroxynaphthoic Acid o

.
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-13- (valued as indicated), while varying the HBA and HNA apou §H? IJ!}%?D _
LC¥s.” Figure 2 is simlar, except the values used are HDts Yof. ne%jp e =) e

Table 1°X1 X2 X3 X4 Tenp. after! aum
Example o gggshyx Cycl e Final Tenp. Run Lengt h RCT/US94/04964 360
120 - 3 6 2 960 .110 360

6.sD -

Figure 2
HEAT DEFLECTION TEMPERATURES
- (50/50-70/30//HBA//HNA)

1

500

T T !

400

-

-

300

Molar Parts of _Hv'drovaenzoic Acid

200 \\ i i
0 20 40 - 60 80 100 120
Molar Parts of Hydroxynaphthoic Acid
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360
360
340
360
360
360
360
360

10

15

20

120 360 74 . 360.
240 360 67 || REPLACERRAT SHEET
8.7 8 360 170 || 38 N 199
95 3.&3. 53 10 Dete :.... '"”._"2.6'“ ........... |
5.6 11 360 170 360
120 360 5 13 360
5 14 360 84 360
: TITLE
LIQUID CRYSTALLINE POLYMER COMPOSITIONS
BACKGROUND OF THE INVENTION

This invention relates to novel liquid crystalline polymer
compositions, the melting points of which vary widely over the compositional

range. This characteristic with respect to melting point makes the

compositions particularly useful for blending with other polymers.

Liquid crystalline polymers ("LCPs"), including those made from a
variety of aromatic diols, diacids and hydroxyacids, are known in the art.
LCPs have varying physical properties, such as melting point (if any), heat
deflection temperature, tensile strength, etc. Depending on these
properties, LCPs are useful in many applications, such as molding resins,
semipermeable membranes, blending, films, etc. The present invention
relates to LCPs made from hydroquinone ("HQ") and/or 4,4'-biphenol

- ("BP") and/or bis(4-hydroxylphenyl) ether ("POP"), terephthalic acid

("TPA"), 2,6-naphthalene dicarboxylic acid ("NPA") and/or 4,4'-bibenzoic
acid ("BB"), 4-hydroxybenzoic acid ("HBA"), 6-hydroxy-2-naphthoic acid -
("HNA"), and optionally an aliphatic diol and another aromatic diacid in
certain proportions. These LCPs are useful in typical LCP thermotropic
applications, such as films and molding resins. In addition, these LCPs are
useful for blending with other polymers, due to the melting point range
mentioned above. | | '

. SUMMARY OF THE INVENTION

This invention relates to compositions comprising a liquid
crystalline polymer comprising the following repeat units: -

@ | at leést_ one repeat unit selected from the 'group consisting of
(W),



-11 - Table 2 W % Ex. _ d ass No.
HO BP TPA NPA HBA HNA Fiber(l) Tm HDT 1 50 50 85 45

320 100 30 249 197 2. 50 - 50 50 g
30 197 1593 100 O 70 30 RCéEACFé N7 35‘2“%?

320 100
184 4 0 100 70 30 320 1082- 30 QZMNB .......
(IC).
419)

am at least onie repeat unit selected from the group consisting of

10 | ),

(V)

15



40

5 50 - 50 60 300 40 181 6 50
28 2580 7030 270 50 280 160 7 50 50 20—
- 231 120 8 50 50 . ‘
90 .. 230 1339 50 _50 70 3$ P;; rE@gﬂTSHggﬁ %
273 135 10 50 50 70 30 -300 80 ! '
50 5070 30 400 40 - 312 - 12 50 50 - !
205 138 13 50 50 70 30 270 50
50 50 70 200 100 207

wei ght of the LCP anEI )gl ass fiber ‘only. 5

10

15

20

OV)and
(VD
T 1
—C—Ar——c—O—R—O—
VD

wherein each Ar is independently a divalent aromatic radical, and each R is
independently an alkylene radical containing 2 to 10 carbon atoms, and
further wherein the molar ratio of (II) to (II) ranges from 25:75 to 90:10;
the molar ratio of (I) to (IT) + (III) is substantially 1:1; the molar ratio of (IV)
to (V) ranges from 97: :3 to 50:50; the number of moles of (IV) plus (V)
ranges from 100 to 600 per 100 moles of (I); and provided that when
(V). <005,

: | 0)+UD+(HD+(“0+(V)+0H)
the number of moles of (V ) satisfies the following equation:

number of moles of (V) ¢ 8 + 0.04 [number of moles of (IV)]
0.96 .

and also provided that .

0< (V) < 040,

(D + (D) + (A + AV) + (V) + (VD)

~ wherein (I), (II), (II), (IV), (V) and (VI) are in units of moles. Throughout
this Application the number of moles of (I) is the total moles of (IA) plus
(IB) plus (IC) and the total number of moles of (III) is the total moles of

(INIA) plus (IIIB).

DETAILED DESCRIPTION .
This invention relates to compositions comprising an LCP whlch

is comprised of the repeat units given above. The molar ratio of repeat units
(1A) to (IB) to (IC) ranges from 0:0:100 to 0:100:0 to 100:0:0. Preferably,

/// |
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Films were made from a pol ymer having the sanme conposition as that of

Exanpl e 6 above. The polymer had a nelting point of ab
contained no fillers. 10 Two different dies EPLRtor sRker tihe
films. For Exanple 15, a die simlar to that shown in figure 8 of U S

Patent No. 4,973,442, and modified as dé3cribed for thirmes ropd o/l n b
U S. Patent No. 4,963,428 ('428) at colum 9, line 57 ?W—W—lﬁ-—-hﬂ'—ﬁ&_55
was used. The die had the dinensions given in Table Il of '428 as the

UL B U ) b e O
The heating zonesfﬂﬁm& ¥ i;ef'é P'E?g?rfi‘gf‘&ro ropegh %\Q@

271, 279, 274 and(n?yh{relpréﬁnt,ﬁﬁ:ﬂcmolanmtmoim)mﬂmmgng&m[ﬁ215@) Upon
exiting the di e, &gsalspolymar tube was

5 . Inthe preferred LCP, the molar ratio of (II):(IIT) ranges from
© 30:70 to 85:15. The preferred range of the molar ratio of (IV):(V) is from
50:50 to 90:10. The preferred range of-the number of moles of (IV) plus
(V), per 100 moles of (I), ranges from 200 to S00. _
It is understood by the artisan that in order to readily form high
10  molecular weight LCP, the molar ratio of the diols [i.e., (IA), (IB) and/or
_(IC)] to the diacids [i.e., (I) and (I[IA) and/or (IIIB)] present in the
polymerization of monomers to-form an LCP should be about 1:1. Small
deviations from this ratio are not critical, but large deviations are normally
to be avoided, since it usually prevents or slows polym'erization to relatively
15  high molecular weight. -

The number of moles of (V) present in the instant u:Ps satisfies
the follomng equation A: - '

A. number of moles of (V) > L.Q%Jnmhemtmglemf.m
| 096 -

20
' when .
' (VD) —— < 0.05,
@ + (D + [T + AVy + (V) + (VI)
wherein (1), (II), (III), (IV), (V) and (VI) are in units of moles.
25 v M .
"In the preferred and most preferred LCPs, the number of noles
- of (V) satisfies the following equations B and C, respectively:
B. numbr of moles of (V) > 12 + 0.06 [number of moles of (IVY],
30 - 0.94

C. number of moles of (V)> 16 + 0.08 [number of moles of (IV)].
_ 0.92 .



-12- bl own (wWwth air) to a dianmeter of 20.3 cm The resulting filmtube was
slit and tested in the nmachine and transverse directions. Additional dat a

concerning the extrusion conditions are shown in Table , _a_n____fl Lm
properties are shown in Table 4. 5 For Exanpl F NG e
made using a die simlar to that shown i [i2F gure 1 of fQUffégﬁg{ﬁxh !
D nensi ons of Parts 32, 34 and 36 are as given in Table .2 0f . 428, J)INe]QQ% i

..........................

p0| yrrer was fed Into the dl e at a rate Of 0 6 rTL per :-.‘.."'.T.:.'_.'..:.'..'."""'I"':..:‘.'Z:T'.'.","_".Z."."_'.Z.’.“;'.1.'.‘::."..".'.":!

It is further preferred that when _
- V) < 0.10,

@ + @) + @) + @AV) + (V) + (V)
- the amount o_f (V) is also controlled by equations A, B, or C. |

In the above equations, the number of moles of (Iv) apd (V)ison
the basis that the total number of moles of (I) + (II) + (IHI) is 200.

~ In other preferred LCPs,
10 0=. | (o N
(1A) + (IB) + (IC)

and/or

0= _(IIIB) __
(IIA) + (MIB)
15 The polymers of this invention may contain units (I)-(V). The
polymers may also contain a repeat unit (VI) formally based on the formula

f 1

- —C—Ar—C~~0—R—0—
VD ’
which can be thought of as the repeat unit of a partially aromatic polyester.
Bya parual]y aromatic polyester" is meant a polyester based on one or
20 more glycols containing 2 to 10 carbon atoms and an aromatic dicarboxylic
acid (e.g., a diacid in which the carboxyl groups are bound directly to an
aromatic ring). Such glycols include ethylene glycol, 1,4-butanediol, and 1,4-
bis(hydroxymethyl)cyclohexane. Useful aromatic dicarboxylic acids include
terephthalic acid, isophthalic acid, 4,4'-bibenzoic acid, and 2,6-naphthalene
25  dicarboxylic acid. '
In preferred partially aromatic polyesters, Ar is 1,4-phenylene and
R is ethylene [derived from poly(ethylene terephthalate)], or Ar is 1,4-
phenylene and R is 1,4-butylene [derived from poly(butylene
terephthalate)}, or Ar is 2,6-naphthalene dicarboxylic acid and R is ethylene
30 [derived from poly(ethylene 2,6-naphthalenedioate)] or Ar is 1,4-butylene
[derived from poly(butylene terephthalate)}. It is to be understood that once
these units are incorporated in the liquid crystalline polymer of the present



revol ution of the die by a 25 nm Berstorff co-rotating twin screw extruder.’

10 The heating zones of the extruder and die were the sane_as in
1_5 Upon exiting the die, the polynmer tube was bl own (w ;\é;@gwaw&m l
diameter of 7.6 cm The resulting filmtybe was slit an %

machi ne and transvers directions. Additi nal data concer 'Hl% T&e M Jon-l*
conditions are shown in Table , and fil m physical proper i‘_él‘s'h:—'é_'ﬁhﬂm—#H*—
Table 4. 15 Tensil e properties were determ ned by ASTM D882,

using a testing speed of "10% of njtia

initial gage | engt‘ﬁ"%@n?'-h?zg%ﬂ?‘& grﬂ”ﬁ‘ﬁ@sﬁ*ﬁ'gﬁﬂ'b‘f §°Q%$F§Fse‘%£§é§%ﬁg cm
Properties were nmao edwnmmbemhdonﬁcdmmmdwughih@mlﬂimﬂﬂﬂﬂe
transverse direct |W1'1D) 20

The amount (in moles) of repeat unit (VI) in the polymer is
S governed by the equation

0s (VD < 040,
@ + (1) + @I) + AV) + (V) + (VD)

10 The amounts of (I), (IT), (IM), (IV), (V) and (VI) are in units of moles. Ina

preferred liquid crystallirie polymer. the amount of (VI) is governed by the
equation

._ 0050 (V) < 020,
5 M + (@) + @D + (V) + (V) + (VD

The repeat unit (VI) may be incorporated into the LCPby
methods well known to the artisan. Forinstance, the partially-aromatic
polyester from which repeat unit (V1) is formally derived may be added to

20 polymerization in which the other repeat units are being polymerized from
the monomers (or suitable derivatives théreof). Alfernatively, (VI) may be
incorporated into an already formed LCP by melt transesterification in a

. suitable mixer such as a twin screw extruder. The use of a transesterification
catalyst is preferred. Sufficient transesterification is deemed to have taken

25. " place when the original melting points (assumting the partially aromatic

- polyesterhasa melting point) of the LCP and partially aromatic polyester
cannot be detected by Differential Scanning Calorimetry( as measured by
modified ASTM D3418-82, see below).’

‘The LCPs of the present invention are useful as molding resins for

30 molding electrical connectors, films, etc., and are especially useful for
blending with other polymers. Generally speaking, when blending two
polymers together, it is undesirable to greatly exceed the normal processing
temperature of the polymer that would be processed at the lower
temperature. For example, with a crystalline polymer, the normal

35 processing temperature thereof would often be 10-30°C above its melting
point. Such a limitation on processing temperature may be necessary, for



Tabl e 3 Exanpl e
(rpm

299 16

10. 4

1.5

Die Rotation Takeup Speed Melt Tenp. No.

m mn [err] 15 : 8.5 29
8.0 5.3 311 17 [Tmr nrcrsesBealee
311 18 4.0 2.5 } REPLACEMENT §§EET
1.0 311 -13--7- | pate = 9. JAN 199?

- 10

15

20

30

35

example, because the high temperature stability of the polymer may be
limited. As shown in Figure 1, compositional variation in the instant LCPs,
particularly variation in the amount of HBA and HNA, gives large changes
in the melting ﬁb'int.of the LCP. The melting point range of the present
LCPs is generally at 200-300°C, which is a temperature range in which many
commonly used polymers are processed. Blends of polymer with the instant
LCPs are useful, for exainple, as molding resins and for films. The instant
LCPs have good physical properties, such as tensile elongatnon, tensile

 strength, flexural strength, etc.

The instant LCPs may be made by methods readily avaxlable or

‘well known to those skilled in the art. For example, acetate esters of the

hydroxyl groups in the starting materials may be condensed with the
carboxylic acids present in the monomers, which is the method used in the
exampleés herein, or the phenyl esters of the carboxyl groups px"eser_xt'in the
monomers may be condensed with the hydroxyl groups in the monomers.

The LCPs described above can contain, or can be compounded
with, other additives, ingredients, and modifiers known to be added to, or
compounded into, LCPs, such &s, but not limited to, fillers (such asglass), -
carbon fiber, catalysts, nucleants, pigments, antioxidants, stabilizers,
plasticizers, lubricants, tougheners, minerals, carbon black, synergists, glass
reinforcing agents, calcium metasilicate, calcium earbonate, tale, tltamum
dioxide, and calcined aluminum silicate. - -

- Films made from the instant LCPs can be made using
conventional methods including siinple extrusion. Particularly good films
are obtained by extrusion using the apparatus described in U.S. Patents

4,963,428 and 4,973,442 (especially Figures 3 and 6), the disclosures of which

are hereby incorporated by reference. Preferred films are those exhibiting
tensile elongations of at least twelve percent in the machine and/or
transverse directions. In a more preferred embodiment, films exhibiting
tensible elongations of at least twelve percent in the machine and/or
transverse directions also exhibit a tensile modulus in the machine and/or
transverse directions of at least 3.45 GPa (500,000 psi) and more preferably
5.51 GPa (800,000 psi).

The relative overall orientations of the LCP in the film can be
varied by proper choice of the extrusion conditions (including die variables),
and films with relatively balanced properties in the machine and transverse



Table 4 Film Tensil e Per cent Exanpl e Thi ckness

Test Modul us Strength El ongation No. (nm Dr —£CPRa)

(MPa) at Break 15 0. 051 MD 8. 20 224 rR""' AQ:;;E:E{EL; oy

7. 17 D210 12.8 16 0. 025 MD 17.2 ” "315 - .1

™ 6. 48 162 8.0 17 -80.018 ND | Dae~ B JAN B

1.4 TD 2.27 48.9 9.7 18 0.051 - VD 8.L@8— 205
15.0 TD 6.61 176 13.3

direction can be obtained. Further, molecular orientation can be adjusted so
that the predominant orientation is in the machine or transverse direction.
By “balanced properties” is meant at least two of tensile strength, tensile
modulus and tensile elongation of a particular film are within 20% (relative)
5 of each other in the machine direction and transverse direction for each
physical property. .
| EXAMPLES

Abbreviations for the variois monomers used in the Examples are
asfollows:
10 *HQ" = hydroquinone, -
"BP" = 44'biphenol,
"TPA" = terephthalicacid, :
"NPA" = 2,6-naphthalene dicarboxylic acid,
*HBA” = 4-hydroxybenzoic acid, (which contained 1,000-
15 _ 1,600 ppm potassium), and
| "HNA" =  6-hydroxy-2-naphthoic acnd
"BB" = 4,4'-bibenzoicacid

“POP" = _bxs(4-hydrpxylphex_1yl) ether.

20 The amount, in relatlve moles, of each monomer used to make an
LCP in the Examples is givén in Table 2, below. Melting points (Tm) were
determined by ASTM D3418-82, at a heating rate of 25°C/min. Tm was
measured on the as-made polymer (first heat). Heat deflectnon temperature
(I-ID'I')wasmeasuredbyASTMD648at1.8MPa. ,

25 . Acetic anhydride was present in all polymerizations i in an amount .
of 3 to 10% molar exeessbased on hydroxyl groups présent

The LCPs in the Examples below were prepared as described

30 below, wherein the values for X1 through X4 are provided in Table 1, below,
and wherein the reactants, and amounts thereof, are provided in Table 2,
below. The reactants were charged, in a nitrogen atmosphere, into a _
reaction vessel equipped with a Vigreaux Column, condenser, and a stirrer
(stir speed set at 125 RPM). The resultant reaction mixture was ‘heated to

35 reflux. Reflux began at a pot temperature of approximately 150°C. The
reaction mixture was refluxed about forty minutes, at constant temperature.



19 0. 18 MD 3.58 91.6 19.1 TD 10.4 247 7.9
5. ‘ : EXAMPLE 20 The pol ymer used in fxasple_20 had
HQ BP/ TPA/ NPA/ HBA/ HNA nol ar ratios of 50/50/70/30/270/ 50, an MA@E%E;;-TW“T
point of about 276[err]C. A sanple of this polynmer was extrygded.t:hrou

28 mm Werner & Pfleiderer twin screw extr~9der equipped with an-a-ﬂeQ.'.'f...g N1 [:
adjustable slit die that was 25.4 cmw de and the slit of ' S !
adjusted to give a filmabout 0.9 mmthick. Al of the barrel heating zones
were set to 270[err]C, except for the rear zone which was set to 220[err]C

The filmwas drawn sDuyingthe nextdifiy minptes, thepas temperaturewasisiayly raised f@sabout

relatively tough in Bat Quiifewhithhirhé adetic dcidbyprodisct wik keabved) Pressure was
: then reduced over the next approximately X2 minutes to about 133 Pa (abs),
while the stirrer speed was reduced to 20 RPM and the pot temperature
S increased to about X3. The polymerization was terminated approximately
X4 hours after charging of the ingredients. The resultant product was
removed from the reaction vessel with a scooping tool, rapidly cooled to
room temperature, and ground.
Compounding of the LCP With Glass Fiber
10 The LCPs of Examples 1:4 were each compounded with glass
fiber. Compounding was done in a 28 mm Werner and Pfleiderer twin screw
extruder having a zone with conventional conveying elements, kneading, or
mixing elements, along with a low pressure zone with venting under vacuum
of any volatiles from the polymer melt and a die. As the compounded LCP
15 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 290-320°C and 300-320°C,
respectively. : o " -
Molding of LCP Compositions into Test Bars
20 ~ Prior to molding, the LCP pellets were dried overnight for about
16 hours in a vacuum over, with a nitrogen purge, at 100-130°C. The dried
polymer pellets. were molded into standard test bars, as required per ASTM
D638 for determining tensile properties, on either a 42.5g Arburg molding
machine or a 170g HPM molding machine, with barrel temperature settings
25 - " of 330-360°C and injection pressures of 27-41 MPa. Examples 1-4 contained
30% glass fiber. Examples 5-14 were neat polymers. |
Results o
. The LCPs were tested for melting point (Tm) on the as made
polymer and for HDT on molded polymer bars. The results are provided in
30 ' Table2, below. :
Figures 1 and 2 show the results of statistical analyses of the
melting points and HDT values obtained for Examples 6 to 14. The data
were analyzed and plotted using a program from SYSTAT, Inc., Evanston,
IL, US.A. called SYSTAT for Windows, Version 5, and using the contour
35 plot routine. In Figure 1, the contour lines are constant melting point lines
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i.n Exanpl es 21-23,
pol yester,
col um,

condenser,

t he reactants,
were charged into a reaction vesse
and a stirrer (speed

initially charged are listed in Table 5.
was heated to refl ux.

equi pped
t at 50 rpm.
0 The result
Ref | ux began at a pot tenperature

EXAMPLES 21. 23 For each of the LCP c
i ncluding the partial Iy

he read
DAt s

et ween

155[err] C and 160[err]C. The reaction m xture was refluxed for about 40

m nut es,

at a constant pot t
(valued as ind

iggggi%&3ﬁEmgﬁné*ﬁgﬁﬂﬂggﬂf¥ﬁi&%unoum&%ﬂihe

LCPs. Figure 2 is similar, except the values used are HDTs (of neat LCP).

- Tablel

X1 X2 X3 X4
Temp. after | Vacuum

Emmgﬂe Fkﬂnx- Cycle Final Temp. | Run Length
1 360 120 360 6
2 - 360 -110 360 65
3 360 120 360 7
4 360 - 120 360 7
5 360 85 360 43
6 340 240 360 9
i 350 195 360 8.7
8 360 170 360 7.5
9 . 360 95, 360 53
10 360 170 360 5.6
11 360 170 360 5.4
12 360 - 120 360 5
13 360 125 _360 - 5

14 360 84 . 360 .43




After the total reflux was conpleted, the pot tenperature was raised to
190[err] C, and renoval of by-product acetic acid began. ter while
continuing to renove acetic acid, the temperature was i QEEQ%M%QLQkﬁ]ﬁ
increments at 20 minute intervals, until %Ee t enper at ur ghad re CWQ@A%?—
305[err]C. 5 A vacuumwas then applled t 0 reduce the priessur.g 80
kPa (absolute). The pressure was further reduced in 16.7 kPa. |ncrenEnts
every 10 mnutes until a pressure of 16.7 kPa was reached. Thereafter, in
the next three 10 minute intervals, the pressure was reduced to 6.7 kPa,

2.7 kPa and finally, to full vacuum(lesm 13.3 Pa absolute). As the
viscosity 10 increased, the stirrer spe reduced to about 30 rpm The

pol yneri zation was termnmi nated when the nelt viscosity was greater than or
equal to 25 Pa at Jgos[erf]C and 10qﬁsec err] [shear " Yo The t ot al
reaction tine .
Ex. , Glass
No. | HQO | BP | TPA| NPA| HBA| HNA| Fiber() | Tm | HDT|
1 | 50| so | 8 | 15 | 320| 100 | 30 | 249 | 197
2 | so| s0 ) s0| so} 200/} 20| 30 ! 197] 159
3 | 10] 0 70 | 30 | 320 | 100 30 219 | 184
4 |- 0 | 100] 70 | 30| 320 | 100 30 282 | 226
5 | s0-|] so | 60 | 40 | 300 | 40 - —~ | 181
6 so { so ! 70| 30| 270 ] 50 - 280 | 160
7 1 s0o] sol 70} 301! 250]| 70 - 231 | 120
8 50 | S0 | 70 { 30 | 230 | .90 - 230 | 133
9o | so ! 50| 70! 30 | 400 80| - | 273] 135
10 |- 50 | s0 | 70 | 30 | 300 { 80 - 248 | 117
11 | s0 | s0 | 70 { 30 | 400 { 40 - 312 | -
12 | so.] so | 70 | 30 | 210 110 —- ] 205 ] 138
13 | S0 | 50| 70 | 30 | 270 | 50 - 265 | 171
14 | 50 | s0o | 70°] 30 | 200 | 100 - 207 | 143

(1) based upon the weight of the LCP and glass fiber only. | -

s -
EXAMPLES 15-19
Films were made from a polymer having the same composition as
that of Example 6 above. The polymer had a melting point of about 266°C
and contained no fillers.
10 Two different dies were used to make the films. For Example 15,

a die similar to that shown in Figure 8 of U.S. Patent No. 4,973,442, and
modified as described for thermotropic LCPs in U.S. Patent No. 4,963,428
('428) at column 9, line 57 to column 10, line S5 was used. The die had the
dimensions given in Table II of ‘428 as the "Xydar Die". Polymer was fed

15 into the die at a rate of 0.6 mL per revolution of the die by a 25 mm .
Berstorff co-rotating twin screw extruder. The heating zones of the extruder
were set (from rear to front) at 260, 271, 279, 274 and 274°C. The die
temperature was set at 279°C. Upon exiting the die, the polymer tube was



after the conmponents were initially charged into the reaction vessel was’

approxi mately 7-8 hours. The nelting points of the resulgirg=p
15 shown in Table 5. Table Partiall y Exanpl e REPLACEMENT SHEET

Ar. Poly- No.

63.1 106.8 133.4 74A 427.8 107.9 (P 265 83.8 22 Dateﬁrd
126.8 707 406.7 102.6 (PET) 247 102.9 194,

10

15

20

HQ BP TPA NPA HBA. HNA ester (g Tm 439&@%%9?

i
3

blown (with air) to a diameter of 20.3 cm. The resulting film tube was slit
and tested in the machine and transverse directions. Additional data
concerning the extrusion conditions are shown in Table 3, and film physical

. properties are shown in Table 4.

For Examples 16-19, films were made using & die similar to that
shown in Figure 1 of WO 90/15706. Dimensions of Parts 32, 34 and 36 are
as given in Table 2 of '428. _

The polymer was fed into the die at.a rate of 0.6 mL per -
revoluuon of the die by a 25 mm Berstorff co-rotating twin screw extruder.
The heating zones of the extruder and die were the same as in Example 15.
Upon exiting the die, the polymer tube was blown (with air) to a diameter of
7.6 cm. The resulting film tube was slit and tested in the machine and

- transvers directions. Additional data concerning the extrusion conditions

are shown in Table 3, and film physical properties are shown in Table 4.

Tensile properties were determined by ASTM D882, using a
testing speed of 10% of the initial gage length per minute. The initial gage
length was 7.62 cm, and the width of the sample was 0.508 &m. Properties
were measured in'bo_tl'l the machine direction (MD) and the transverse
direction (TD). ' '

Table 3

Example Die Rotation | Takeup Speed Melt Temp.
No. (rpm) m/min (C)
15 | 8s 20 | 2% -
16 80" 53 311
17 8.0 S 104 | 31
18 40 2.5 31
19 ' 1.5 10 - 311




23" 58.5 99.0 123.6 69.0 396.5 100.0 (PEN) 222 20 PET = poly

(ethylene terephthal ate) PEN = poly (ethylene 2, 6-naphth
-15- EXAMPLES 24-26 The pol yners of Exanples 24-26 were Jféf’b;y{‘mgﬁ$%
met hod used for Exanples 21-23. Mnoners used for the poliyneri zatlons a

shown in Table 6, along with the nel'ting pdidm of the pol y‘ﬁ‘éfr‘s AN 1093'5
Table 4
Film L | Tensile | Percent
Example | Thicknéss |  Test Modulus | Strength | Elongation.
No. (mm) | Direction| (GPa) | (MPa) | at Break
15 0.051 MD 820 224 12,5
| | TD 7.17 217 12.8
16 | 0025 MD 172 315 6.1
™D | 648 162 8.0
17 0.018 MD 40.7 430 14
TD 227 | 489 9.7
_18 0.051 MD 8.68 205 15.0
‘ _TD 661 | 176 133
19 0.18 MD 3.58 91.6 19.1
| TD 104 | 247 79

The polymer used in Example 20 had
HQ/BP/TPA/NPA/HBA/HNA molar ratios of 50/50/70/30/270/50 and -
had a melting point of about 276°C. A sample of this polymer was extruded
through a 28 mm Werner & Pﬂexderer twin screw extruder equipped with an

10 adjustable slit die that was 25.4 cm wide and the slit of which was adjusted to
give a film about 0.9 mm thick. All of the barrel heating zones were set to
270°C, except for the rear zone which was set to 220°C. The film was drawn
slightly on exiting the die. The resulting film was relatively tough in both the
machine and transverse directions.

15 ' : EXAMPLES 21-23 .

For each of the LCP compositions in Examples 21-23, the
reactants, including the partially aromatic polyester, were charged into a
reaction vessel equipped with a Vigreux column, condenser, and a stirrer
(speed set at S0 rpm). The reactants initially charged are listed in Table 5.

20  The resultant reaction mixture was heated to reflux. Reflux began at a pot
temperature of between 155°C and 160°C. The reaction mixture was
refluxed for about 40 minutes, at a constant pot temperature of about 170°C.



635
115.0
88.7

| S:

HQ
107. 4

0
1385

BP . TPA NPA (g) HBA HNA O her
103. 8 0 477.9 86. 8 ( BB) A@kams%“*-
117. 7 33.9 461.7 196.6 (BB) 2 iﬁk
773 4443 112.1_ (PCP)  245.0 $ ‘%f}j

10

15

20

After the total reflux was completed, the pot temperature was raised to
190°C, and removal of by-product acetic acid began. Thereafter, while
continuing to remove acetic acid, the temperature was increased by 20°C
increments at 20 minute intervals, until the temperature had reached 305°C.
A vacuum was then apjilied to reduce the pressure to about 80 kPa
(absolute). The pressure was further reduced in 16.7 kPa increments every
10 minutes until a pressure of 16.7 kPa was reached. Thereafter, in the next
three 10 minute intervals, the pressure was reduced to 6.7 kPa, 2.7 kPa and
finally, to full vacuum (less than 13.3 Pa absolute). As the viscosity
increased, the stirrer speed was reduced to about 30 rpm. The
polymerization was terminated when the melt viscosity was greater than or

~ equal to 25 Pas at 365°C and 1000 sec-1 shear rate. The total reaction time

after the components were initially charged into the reaction vessel was
approximately 7-8 hours. The melting points of the resulting polymers are
shown in Table §.

. Table§
_ Partially.

Example 1 Ar, Poly-| - -
No. HQ | BP | TPA| NPA | HBA| HNA{ ester(g) | Tm
@!lelelel ol e@ 1o

_ : 440
- 21 63.1 1068 ] 1334 | 744 | 4278] 1079| (PET) 265

_ | | 1 1 | 88
22 _60.0 | 101.5| 126.8] 70.7 . 406.7 | 102.6 (PET) | - 247
R R | 1029 | 194,
23 | 535 | 990 | 1236 69.0 | 396.5| 1000| (PEN) | 222

PET = poly (ethylene terephthalate)
PEN = poly (ethylene 2,6-naphthalenedioate)



1. A conposi tion conprising a liquid crystalline pol yesf;_ef_:@t—eﬁy o ‘,
conprises the followi ng repeat units: 5 () at| lrees pOENENT 'é’ ‘n

unit selected fromthe group consisting of [err] 10 [err] (III) aé jmm
one repeat unit selected fromthe group CD]J§LS'[I ng of 15 |ienatd

EXAMPLES 24-26
The polymers of Examples 24-26 were made by the same method
used for Examples 21-23. Monomers used for the polymerizations are
shown in Table 6, along with the melting point of the polymers.

5.
Table 6
Ex. |
No.| HQ | BP | TPA |NPA(g)| HBA | HNA | Other | Tm
@ 1 @1 @ L - ) @ ) 6 | CC)
24| 635 | 1074] 1038 | o | 4779 | 868 | ®B) | 2688
| | | 417
25| 1150 | o | 1177 339 | 4617 | 1966 | (BB) | 2752
26| 525 |. 887 | 1385 | 773 | 4443 | 1121 | POP)| 2450




(Iv) [err] 5 10 sih each Ar is mdependently a dival ent
aromati c radi cal and eac | ndependently an al epe-r-Faeal

containing 2 to. ’iﬁmg“\and further wherein the ﬁgbﬁAC&MF—NESB‘FET
(1) to (T11) ra 0 90: 10; éhe mol ar ratifp of 9 JANGSSEF+ |\.
(rrr)y is substantlally 1:1; the nolar rat o of (IV) to (\/}-\afeanges frcrm@? <

to 50:50; the nunber of m)les of (1V) plus (V) ranges fram
100 noles of (l); and provided that when '

1. | A composition comprising a liqi:id crystalline polyester
(LCP) that comprises the following repeat units:

5 (T) at least one repeat unit selected from the group consisting of
(),
| (B), and
(IC);
10

(III) at least one repeat unit selected from the group consisting of
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wherein each Ar is independently a divalent aromatic radical, and each R is-

15 independently an alkylene radical containing 2 to 10 carbon atoms, and
further wherein the molar' ratio of (II) to (ITII) ranges from 25:75 to 90:10;
the molar ratio of (I) to (II)+ (IIT) is substantially 1:1; the molar ratio of (IV)
to (V) ranges from 97:3 to 50:50; the number of moles of (IV) plus (V)

ranges from 100 to 600 per 100 moles of (I); and provided that when
20 (V) < 0.05,

(D + @) + () + AV) + (V) + (V)
the number of moles of (V) satisfies the following equation:
number of moles of (V)> 8 + 0.04 [pumber of moles of (IV)]
0.96




2. ‘ Acorrpotha liquid crystalline poly
consi sts essentlall g repeat units: (1)
unit sel ected from B ﬂ 3\ ing of 10 [err] 15

[err] (111) af Ieas
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and also provided that o
0< (VD) < 040,
M + D + () + [AV) + (V) + (V)
wherein (I), (iT), (IIT), (IV), (V) and (V1) are in units of moles.

2. A composition comprising a liquid crystalline polyester
(LCP) that consists essentially of the following repeat units:

(I) at least one repeat unit selected from the group consisting of

0 )
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(III) at least one repeat unit selected from the group consisting.of
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wherein each Ar is independently a divalent aromatic radical, and each R is
independently an alkylene radical containing 2 to 10 carbon atoms, and



-20-. further V\/nerein' —tati o

of
90: 10; the nolar ratio ofﬁ g to (1I)+(1I1) is suﬁsta I:TEQHNCéMé %
t f (I t 97:3 to 50:50; the n er of
L?u!so(sl) Eax)ge m““m\mam \‘ per 100 |l es of (1); .agg}tpr Bgém

.............................

when 5 [err] the*nutrbér &f ol es of (V) &tlsfles theJ_&l:L—mm_eg_eg i1
nunber of noles of (V)> 8 + 0.04 [nunber of noles of (I1V)] 0.96 10 and
al so provi ded t hat

~10

15

20

30

35

further wherein the molar ratio of (II) to (IIT) ranges from 25:75 to 90 10;
the molar ratio of (I) to (II)+ (III) is substantially 1:1; the molar ratio of (IV)
to (V) ranges from 97:3 to 50:50; the number of moles of (IV) plus (V)

ranges from 100 to 600 per 100 moles of (I); and provided that when
' (VD)

< 0.05,
(I)+(H)+(IH)+(IV)+(V)+(V1)

the number of moles of (V) satisfies the following equation:

number of moles of (V)> 8 + 0.04 [number of moles of (TV))
0.96 ,

and also provided that
0< (VD) < 040,
D + ) + (@) + AV) + (V) + (V)
wherein (1), (II), (IT), (AV), (V) and (VI) are in units of moles.

3. The éom_pdsitidn of Claim 2 wherein

ovn___
(I)+(11)+(IID+(W)+(V)+(VI)

ao =0 and
@A) + @B) + (0)

_ (IIIB) =0

4. The eomposition of Claim 3 wherein (1A) and (IB) are both
present and the molar ratio of (IA) to (IB) ranges from 99:1 to 1:99.

S. The composition of Claim 4 wherein the molar ratio of (IA) to
(IB) ranges from 75:25 to 25:75.

6. The composition of Claim 3 wherein the molar ratio of (II) to
(II) ranges from 30:70 to 85:15.

7. The composition of Claim 3 wherein the molar ratio of (IV) to
(V) ranges from 50:50 to 90:10.

(II)to(III) from 25:75 to
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and [err] 254 f daim3 wherein (I uand( B«)W
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The conposition & erein the nolar ratio of f‘rﬁj F=30—HBx
ranges from 75:25 to 25:75. 6. The conposition of Claim3 wherein the nol ar

ratio of (Il) to

8. The composition of Claim 3 wherein the number of moles of -
(IV) plus (V) is 200 to 500 per 100 moles of (I).

5 9. The composition of Claim 8 wherein (IA) and (IB) are both
present and the molar ratio of (IA) to (IB) ranges from 75:25 to 25:75, the
“molar ratio of (II) to (IT) ranges from 30:70 to 85:15, and the molar ratio of
(IV) to (V) ranges from 50:50 to 90:10.

10 10. The composition of Claim 2 wherem the amount of (V)
satisfies the following equation:

" number of moles of (V)> J_Z___Q.m.[nnmhe&m.o_m_(m

15 11. The composition of Claim 3 wherein the amount of (V)
satisfies the following equation:

number of moles of (V)> 12 + 0.06 [number of moles of (IV)]
' A 0.94 .

12. The composition of Claim 2 further comprised of at least one
20  of fillers, carbon fiber, catalysts, nucleants, pigmcﬂts, ahtio:ddants,
stabilizers, plasticisers, lubricants, tougheners, minerals, carbon black,
synergists, glass reinforcing agents, calcium metasilicate, calcium carbonate,
talc, titanium dioxide, and calcined aluminui silicate.

25 13. The composition of Claim 2 wherein the amount of (VI)
present satisfies the following equation:
0.050 < (VD) <0.20.
@ + (D) + () + (IV) + (V) + (VD)

30 14. The comiposition of Claim 2 wherein Ar is selected from 1,4-
phenylene or 2,6-naphthalene and R is selected from ethylene or 1,4-
butylene.

15. The composition of Claim 13 wherein Ar is selected from
35  14-phenylene or 2,6-naphthalene and R is selected from ethylene or 1,4-
butylene.
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16. A film comprising the composition of Claim 1.

17. A film comprising the composition of Claim 2.

5 .
18. A film comprising the composition of Claim 3.
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(V) to (V) ranges from50:50 to 90:10. 10 10. The conposition
of Claim2 wherein the anount of (V) satisfies the follow ng equatlon
nunber of noles of (V)> 12 + 0.06 [nunber..of noles of (IV)
11. The conposition of Claim3 wherein the glrmunt of (V)

foll ow ng equati on: nunber of noles of (V) 12 + 0.06 [ nung
(I'V)] 0.94 12. The conposition of Claim?2 further conprlseﬁ‘ﬂb*at “+-east _
20 of fillers, carbon fiber, catal stsIll ugl eapt s, plgnehhs——~>*”“””'

ant i oxi dants, stablllzers plastlczsérér—+§bgr§a§ts t ougheners, mnerals,
car bon black, :

LIQUID CRYSTALLINE POLYMER COMPOSITIONS

This invention relates to liquid crystalline polymers (LCPs)
derived from (I) hydroquinone ﬁnd/or 4,4’-biphenol and/or bis(4-
hydroxylphenyl) ether, (II) terephthali® adid,_(IIi) 2,6~
naphthalene dicarboxylic acid and/for 4,4'—bibenzoic acid, (IV)
4-hydroxybenzoic acid, (V) s-hydroxy-z-naphthoic acid, and
optionally (VI) an aliphatic diol in specified ratios. In
addition to forming éxceptionallf tough films, the LCPs are
useful as molding resins or for blending with other thermoplastic

polymers.



synergists, glass reinforcing agents, calciumnetasilicate, calciu
; carbonate, talc, titaniumdioxide, and cal ci ned al um ] -
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wherein Ar is selected from 1, 4- phehfd ene or 2,6-na th@len -and’ R
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wherein Ar is selected from 35 1, 4- phenyl ene or 2, 6- naphthalene and Ris
sel ected fromethylene or 1,4- butylene.

Figure 1
~ MELTING POINT
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Figure 2
HEAT DEFLECTION TEMPERATURES
- (50/50-70/30//HBA//HNA)
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v
- wherein each Ar is independently a divalent aromatic radical, and each R is
independently an alkylene radical containing 2 to 10 carbon atoms, and
further wherein the molar ratio of (II) to (ITI) ranges from 25:75 to 90:10;
the molar ratio of (I) to (IT) + (III) is substantially 1:1; the molar ratio of (IV)
to (V) ranges from 97:3 to 50:50; the number of moles of (IV) plus (V)
ranges from 100 to 600 per 100 moles of (I); and provided that when
(V1) < 0.05,
(D + () + (D) + (IV) + (V) + (V])
the number of moles of (V) satisfies the following equation:

number of moles of (V) > 8_+ 0.04 [number of moles of (IV)]
0.96

and also provided that
0< (V1) < 040,
@ + (@) + (I + (AV) + (V) + (V)
wherein (I), (II), (II), (IV), (V) and (VI) are in units of moles. Throughout
this Application the number of moles of (I) is the total moles of (IA) plus
(IB) plus (IC) and the total number of moles of (III) is the total moles of
(IT1A) plus (IIIB).

F _THE DRAWINGS

FIG. 1 is a grach representing the results of a statistical amlysis f variatios of melting
points of certain liquid crystalline polymers of the present invention with variations of mole
peroent arounts of two monaver coporents of the polymers, 4-hydmxybenzoic acid and 6-tydrosy-
2nachtoic acid. ' .

FIG. 2 is a grach representing the results of a statisticsl analysis of variations of heat
deflection tanperabures of the sare liguid arystalline polymers with variations of mole peroent
arants of 4-hydnxybenzoic acid and 6-hydimoky-2-naphtoic acid.

DETAILED DESCRIPTION
This invention relates to compositions comprising an LCP which
is comprised of the repeat units given above. The molar ratio of repeat units
(LA) to (IB) to (IC) ranges from 0:0:100 to 0:100:0 to 100:0:0. Preferably,



