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5 . This invention relates to certain lxquld crystalline polymers
(LCPs) containing alkali metal, magnesium, or calcium, The LCPs have a
use temperature, as judged by heat deflection temperature, that is increased
in comparison to the same LCPs lacking the alkali metal, magnesium, or
 calcium. Tt is well known that LCPs are useful in some of their applications
10 because they can be used at high temperatures, such as 260°C. It has been
discovered that when certain LCPs contain alkali metal, magnesium, or
calcium, their melting points and their heats of melting are increased, while
their use temperature, as judged by the heat deflection temperature (HDT)
when they are filled with glass fiber, is also increased. LCPs that have higher
15  use temperatures are particularly useful in moldings, such as electrical
connectors, mechanical parts, etc., where higher use temperatures than
would be provided by an LCP not containing the alkali metal, calcium, or
magnesium are desired. :
| SUMMARY OF THE INVENTION
20 This invention relates to a composition comprising
| (a) about 15 to about 3,000 parts per million
of an alkali metal or about 50.to about 3000
parts per million of magnesium or calcium and
(b) aliquid crystalline polymer consisting essentially
25 of repeat units of the formulae
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wherein
the molar ratio of (I):(Il) is from 65:35 to 40:60,
the molar ratio of (IIT):(IVa plus IVb) is from 85:1S5 to 50:50,
the molar ratio of the total of (I) and (T1) to the total of (IIT) and
1S (IV) is substantially 1:1, and-
there are 100 to 600 moles of (V) per 100 moles of () plus (II).
ETAILED I ION OF
The present invention relates to compositions comprised of
certain LCPs containing alkali metal, magnesium, or calcium. In these
20 * compositions, in comparison to the same compositions without the alkali
metal, magnesium, or calcium, the melting point of the LCP is increased,
usually by about 5 to 10°C and the heat deflection temperature of a 30%
glass fiber filled LCP composition is increased, typically by about 10 to 30°C,
As a result, the LCP compositions described herein have a higher use
25 temperature, as determined by h;at deflection temperature, than do the
same LCP compositions without the alkali metal, magnesium, or calcium.
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[err 5 10 wherein the nolar ratio of '(I);(II) Is from65:35 to 40: 60,
460 Ofn IVb) is from 85:15 t opE0USH/07ME nol ar
atio t totafrl e\éf?R‘T %§dto the total of (Il11) and 15 (1V) is
i al y
().

/ substant 1:1, 100 to 600 noles of (V) per 100 nol es of
1) plus -3-

Alkali metals are preferred over calcium and magnesium, Alkali
metals, as used herein, are selected from the group consisting of lithium,
sodium, potassium, cesium, and rubidinm metals. Preferred alkali metals
are selected from lithium, sodium, and potassium metals. Potassium metal is

5 the especially preferred alkali metal.

The alkali metals, calcium, and magnesium are added to, and
present in, the LCP in the form of salt(s) The metal 1tself is in the form of
its cation.

Most of the LCPs described herein have been previously disclosed

10  in U.S. Patent 5,110,896 and U.S. Patent Application 07/878,150, filed May
4, 1992, both of which are hereby included by reference. In the instant
LCPs, repeat unit (I) is derived from hydroquinone, (IT) is derived from 4,4'- -
biphenol, (I} is derived from terephthalic acid, (IVa) is derived from 2,6-
naphthalene dicarboxylic acid, (IVb) is derived from 4,4'-bibenzoic acid, and

15 (V) is derived from 4-hydroxybenzoic acid. Herein, when the number of
moles of (IV) is given, it is the total number of moles of (IVa) and (IVb).

Any molar ratio of (IVa) to (IVb) may be used, but in preferred
compositions, the ratio of moles of (IVb) to (IVa) {(TVb)/(TVa)] is 0 to
about 2. In preferred compositions, the molar ratio of (I):(I) is from 60:40

20  to 40:60 and the molar ratio of (IIT):(IV) is from 85:15 to 60:40. When (TVb)
is not present, it is preferred that there are 200 to 600 moles of (V) per 100
moles of (I) plus (IT), more preferably about 200 to 450. When (IVDb) is
present, it is preferred that there are 100 to 400 moles of (V) per 100 moles
of (I) plus (IT), more preferably about 200 to 350.

25 “The LCPs may be made by any method known in the art, but it is
preferred if they are made by converting all starting material hydroxyl
groups to ester groups, particularly acetates, and then condensing the esters
with the carboxyl groups in the starting materials to form the polymer. It is
especially preferred if all the starting materials are combined, reacted with a

30 carboxylic anhydride (especially acetic anhydride) to esterify the hydroxyl
groups present, and then condensed to form the LCP.

The alkali metal, magnesium, or calcium (all in the form of salts)

~ may be added to the LCP by any method that results in a reasonably uniform
mixture; that is, the metal cat_ions (salt) should be very well dispersed in the

35 LCP. Inone preferred method, the molten LCP may be mixed with the salt
by using a mixer such as a twin screw extruder. If the salt is added to the



DETAI LED DESCRI PTI _C]\I OF THE | NVENTI ON The pr esent [ nvent ion relates to
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pai nt of the LCP is incr , by abdut S to 10C and the heat
deflection tenperature of a 30%glass fiber filled LCP conposition is
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det erm ned by heaBO?ﬂJ}.ﬁﬁtré,Qﬂ th& PRt \ehd growpsrard eatboryls e saltiéan also be
compositions wit hggdcé ?c? thaeI ;L(oqglnlneggat?olﬁ ing}ac%gnsl's beforé or ﬁl?lliﬁé tHe
i polymerization, especially before the polymerization is started (see
S  Examples 1-11). If added before or during the polymerization, it is
preferred that the polymerization be done by condensing the ester of the
hydroxyl groups in the monomers with the carboxyl groups in the monomers.
In another method, the alkali metal, magnesium, or calcium (salts) may be
present as "impurities” in one or more of the starting materials. In this case,
10 the final LCP must still contain the minimum amount of alkali metal,
magnesium, or calcium required. |

In addition to the alkali metal, magnesium, and calcium (salts)
present in the LCP, the compositions herein may also contain other
materials, including but not limited to, fillers (such as talc, clay, glass fiber,

1S carbon fiber, and aramid fiber), colorants, antioxidants, etc. Especially
preferred fillers are fibers, such as glass fiber, carbon fiber, and aramid fiber.
Glass fiber is most preferred. Also included in these materials (as for fillers)
are alkali metal, magnesium and calcium salts, as in .S, Patent 4,943,606.

~ The total amount of alkali metal, calcium or magnesium present in the LCP

20 may exceed 3,000 ppin, but it is believed that above 3,000 ppm the effect on
the melting point and HDT is negligible in comparison with the effect at
about 3,000 ppm. Therefore amounts of alkali metal, magnesium, and
calcium above 3,000 ppm are considered herein “fillers”.

If a filler is added that contains an alkali metal, magnesium, or

25  calcium, such metal (cations) are not included in the total of the metal ions
in the polymer unless such metal ions leach from or react with the polymer.
For instance, sodium may be-present in glass fibers. If such sodium cannot
leach from the fibers, it is not included in the metal cations used herein.
However, if enough sodium leaches into the polymer to reach minimum

30 level prescribed herein, it is included within the present invention.

As stated above, the alkali metal, magnesium, and calcium are
added to the LCP in the form of salts. The anion in the salt which is
originally added to the LCP is not critical. Useful salts include, but are not
limited to, bisulfates, sulfates, carbonates, bicarbonates, hydroxides, halides,

35 and carboxylates. Preferred salts are bisulfates, sulfates, carbonates,
bicarbonates and carboxylates. Preferred carboxylates are salts of aliphatic
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In preferred compositions, about 100 parts per million (ppm) by
5  weight to about 2000 ppm of the alkali metal, magnesium or calcium are

present in the LCP composition. The amount of metal present in the

composition can be measured by a variety of analytical techniques. Analyses

used in the Examples herein were performed by Inductively Coupled Plasma

Atomic Absorption, as described below.

10 EXAMPLES

In the following Examples, melting points were measured using
ASTM D3418-82, modified by using a heating rate of 25°C/min. Melting
points were measured on the LCPs without glass fiber. The melting points
reported are from the first heat. HDT was measured by ASTM D648, using

15  aforce of 1.82 MPa, on LCP containing 30% by weight glass fiber. Metals
content was determined by Inductively Coupled Plasma Atomic Absorption.
This analysis was done by weighing about 10 g of the LCP sample into a
large platinum dish and slowly ashing in a muffle furnace at S50°C. After
cooling to room temperature, the residue was wet with water. Then, 2 m} of

20  concentrated HCl and 15-20 drops of concentrated H,SO, were added. The
dish was warmed on a hot plate until a clear solution was obtained. The
solution was cooled and then diluted to 25 ml in a volumetric flask. The
sample was then analyzed by Inductively Coupled Plasma Atomic
Absorption at the appropriate wavelengths for the elements of interest.

25 m iy 1 n -

In Comparative Examples A & B and Examples 1-15, two LCPs
were used. Composition A was 50/50/70/30/320 (molar parts) of
hydroquinone/4,4"-biphenol/terephthalic acid/2,6-naphthalene dicarboxylic
acid/4-hydroxybenzoic acid, respectively. Composition B was

30 50/50/85/15/320 (molar parts) of hydroquinone /4,4'-biphenol/terephthalic
acid/2,6-naphthalene dicarboxylic acid/4-hydroxybenzoic acid, respectively.

Table 1 below lists the salts added to each of compositions at the
beginning of the polymerizations, as well as the melting point of the as made
polymer, and the HDT of the 30% glass filled LCPs. Table 2 lists the metal

35 content of 3 examples as measured by Inductively Coupled Plasma Atomic
Absorption. The metals content of Comparative Example B was also
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bi'phenol, (I11) is derived fromterephthalic acid, (lva) is derived from

2,.6- napht hg&& Wké:ar box I | c aC| d i's derived from 4, 4' per/osswesT A
acid, and 1 I's deri ‘69<yben20| c acid. Herein, when the

Mber of nmoles of (IV) is ll the total nunber of noles of (IVa)
(I'vb). Any nol ar ratio | Vb) gray be used, but in preferred
conpositions, the ratio of m)les of (IVb) to (IVa) [(IVb)/(IVa)] iIs 0to
about 2. In preferred conpositions, the nolar ratio of (I):(I1l) is from
60: 40 20 to 40: 60n@d’aduielae T polymat bpCofapatitive Exavyple B containgd 1es than 80 40.

Wh | Vb 0 nol
of (V) per 100 moPBE Of any kgl h%?%ﬁﬁ%ﬁ%“&?% LA pPhfoltldghdutid, 70! o
When (1Vb) is present i tComppstnsAan B avere peepared as seid OﬂbWrﬁﬁlé‘xs of

(V) per 100 moles, gh}emy&u@xhw Delsie| Thebbdctde vers Bharged 3G 25

The LCPs may be m art, cH \F
5 nxtrogen atmosphere, into a reactton vessel equipp wnth a Vigreaux

Column, condenser, and a stirrer (stir speed set at X1 RPM). The resultant
reaction mixture was heated to reflux. Reflux began at a pot temperature of
approximately 150°C. The reaction mixture was refluxed X2 minutes, at
constant temperatyre. During the next X3 minutes, the pot temperature was -
10 slowly raised to X4, during which time acetic acid byproduct was removed. 4,
Pressure was then?educed over the next X5 minutes to about 133 Pa (abs),
while stirrer speed was reduced to X6 RPM and the pot temperature was
increased to about 4 The polymerization was terminated approximately W
X8 hours after charging of the ingredients. Polymer was removed from the i’
15 reaction vessel with a séoopi_ng' tool and rapidly cooled to room temperature.
Unless otherwise stated, the LCP composition of Examples 1-15
were prepared as described above. The salts added to Examples 1-15 are
provided in Table 1, below.
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e an

- 4- al rea%gfg%gg%gl LCP, it is preferred if at |east about 20%cTRihesabl y

.at | east Yo of nore, of the polynmer end groups are carboxyl. The salt can X
al so be added to the potynerization .ingredients before or during the

.« polynerization, especial for he pol ygerization is started (see 5
M¥xampl es 1-1 1). Isij"scé e 6L Ec%d dur i ngwtahe pol yneri zation, it is
preferred that the 'EIIJ be done by condensing the ester of the
hydr oxyl groups in th thergielpoxyl groups in the nononers.

I n another nethod, the alkali metal, nmagnesium or calcium (salts) may be
present as "inpurities"” in one or nore of the starting materials. In this

case, 10 the final LCP nust still contain the m ni rum anount of al kali
metal, magnesi M O Eahipidm reqfii red.  Metal ' Metal Content, ppm
3 ' K 290
5 ' Mg 275
7 : Li 305
5 | ounding of th nd Moldin

Unless otherwise specified, compounding of LCP compasitions in
the Examples above with any other component, including glass, was
performed in a 28 mm Werner and Pfleiderer twin screw extruder having
zones with conventional conveying elements, kneading or mixing elements,

10  and a low pressure zone with venting under vacuum of any volatiles from the
polymer melt, a second zone of conveying elements, 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 290-330°C

15 and 300-320°C, respectively. Prior to molding, the pellets were dried
overnight for about 16 hours in a vacuum oven with nitrogen purge at
100-130°C. The dried polymer peliets were molded into standard test bars
as required per ASTM D638 for determining tensile properties, on either an
Arburg molding machine equipped with a 42 gram capacity barrel or an

20 HPM molding machine equipped with a 168 gram capacity barrel, with
barrel temperature of 330-360°C and injection pressures of 27.6-41.3 MPa.

25
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addition to the alkali netal, magnesium and calcium (salts) present in
7t he LwB,9412:econposi ti ons herein may al so contai n ot her PABAUSP4/QHTIA
including but not limted to, fillers (such as talc, clay, glass fiber, 15
carbon fiber, and aramid fiber), colorants, antioxidants, etc. Especially
preferredummmuﬂlmwmw such asg g Iass fiber, car bon fiber, and aramd
fi ber preferred Al so i ncl uded i Ia1c=$ (as
for filler$) are al'kal’i net al , magnesi um and cal ci um S WEW

Pat ent 4, 943, 606. The tot al amount 1akkal i nmetal, sr um
present in the LCP 20 gxcee ppm but |t |s bel i eved that above
3,000 ppm the eff et cﬁ'lc‘f‘ﬁéosr‘r'éq“l FOMPLIBPEt and HDT is negligible in
conparison with the ef(hAepctbait 15ouabott NOWD parts pivailidwoamnount s of al kal |

rret al , magnesr um and cal gfggw%(&a%o%?op@%&h%opgﬁhgﬁe d herein

"fillers". If afiller is I contalns  an magnesi um
or 5 million of magnesium or calcium, and

(b) a liquid crystalline polymer consisting essentially
of repeat units of the formulae
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25 calcium such metal (cations) are not included in,the total of the
metal ions woblyeezge! ynmer unl ess such netal ions | each from orPGFESI4/0AT 4N
t he pol yner. For instance, sodium nmay be present in glass fibers. If such
sodi um cannot |each fromthe fibers, it is not included in the netal
€ations used herein. However, if enough sodium | eaches into the pol yner to

reach m ni mum 30 crlbed herein, itgds incl Ud'f"ld |n the
present i nvfuum llﬁﬁﬁh‘lﬁ&@ above, the al kali et al, ma laced
calciumare in the formof salts. Thea ’H

which is originally added to the LCP is not critical. ude
but are not limted to, bisulfates, sul fat gs—car Bonat es bi car bonat es,

hydr oxi des, halides, 35 and car box;d_% S Led salts are bisul fat es,
sul fat es, carbonates, bicarbonates and carYexyfates. Preferred carboxyl ates

are salts of aliphatic

(v)

wherein
5 the molar ratio of (I):(I1) is from 65:35 to 40:60,
the molar ratio of (IIT):(IVa + IVDb) is from 85:15 to 50:50,
the molar ratio of the total of (I) and (II) to the total of (IIT) and
(I'V) is substantially 1:1, and
there are 100 to 600 moles of (V) per 100 moles of (I) plus (IT).
10 2.  The composition of Claim 1 wherein repeat unit (IVDb) is not
present. :
3.  The composition of Claim 2 wherein the molar ratio of
(1):(11) is from 60:40 to 40:60, the molar ratio of (IIT) to (IVa) is from 85:15
to 60:40, and there are 200 to 450 moles of (V) to 100 moles of (I) plus (IT).
15 4. The composition of Claim 1 wherein the molar ratio of
~ (IVDb) to (IVa) is 0 to about 2. |
S.  The composition of Claim 1 wherein about 100 ppm to
about 2000 ppm of said alkali metal, magnesium, or calcium is present.
6. The composition of Claim 1 wherein said alkali metal,
20  magnesium, or calcium is added in the form of a salt selected from sulfate,
bisulfate, carbonate, bicarbonate, hydroxide, halide, and carboxylate salts.
7.  The composition of Claim 1 wherein said alkali metal,
magnesium, or calcium is added before or during polymerization of said
liquid crystalline polymer.
25 8.  The composition of Claim 1 in which said alkali metal is
selected from lithium, sodium, and potassium metals.

30



carboxylic acids containing 2 to 6 carbon atons, and a carboxyl ate salt
7 of any of the carboxylic acids fromwhich the polyneric repeat units are
derived. Especially preferred carboxylates are acetate and

4- hydr oxybenzoate. In preferred conpositions, about 100 parts per mllion

" (ppm by 5 weight to about 2000 ppm of the al ka!;j . etal , magnesi um or

calciumare present in the LCP conposition. The laged esent i n
t he conposition can be neasured by a variety of an i ﬂ i ques.
Anal yses used in the Exanpl es herein were perforng |y Coupl ed
Pl asma At om ¢ Absorption, as described bel ow 10

EXAVPLES ABSTRACT
IMPROVED HEAT RESISTANT LIQUID CRYSTALLINE POLYMERS
The heat resistance of polyester liquid crystalline polymers containing repeat units in selected
ratios derived from hydroquinone, 4,4 -biphenol, terephthalic acid, 4-hydroxybenzoic acid, and

one or both ot 4.4 -bibenzoic acid and 2,6-naphthalene dicarboxylic acid is improved by the

addition thereto of 15 to 3,000 ppm of an alkali metal or 50 to 3,000 ppm magnesium or clcium.

{*5'-



FieFa3-1
XAPhesTs Telsg ng p0| nts were nmeasured using ASTM®es
"Pv\éduﬁ'tﬂgp egq»atl ng rate of 25[err]C/ mn. Melting points

D3418 bmk;
wer e E m gl ass fiber. The nelting points reported
are frnoM YHEYT rsttlmeat”.” KO Jsas 1 mefasur ed by ASTM D648, using 15 a force

?
of 1. 32 ‘W‘“ '{"f_ A 8 a{ .O% ywei ght glass fiber. Metals content was
det er fji y*cf nduB‘fgi”vé'I"y asmalAtomi ¢ Absorption. This analysis

was ddne by wei ghi n aboz 10 g of he LCP sanple into a |large platinum
di sh a@ndl&’l‘to\ﬂ»iil @'ﬂélﬁlﬁ % -muffle furnace at 550C. After cool | ng to room
tenperature, the residue was wet with IRTEBE. Then, .2 m of 20 concentrated

HCl and 15-20 drops of concepypRGVED m's(ﬁgs]grme added. The di sh was
Sooled and then i uted t oLIGUIP ERESALLIEIRLIMERS T, T02 P e et hon
anal yzed by Inductively Coupl ed Pl BAGKGROUND
5 This invention relates to certain liquid crystalline polymers
(LCPs) containing alkali metal, magnesium, or calcium. The LCPs have a
use temperature, as judged by heat deflection temperature, that is increased
in comparison to the same LCPs lacking the alkali metal, magnesium, or
calcium. It is well known that LCPs are useful in some of their applications
10  because they can be used at high temperatures, such as 260°C. It has been
discovered that when certain LCPs contain alkali metal, magnesium, or
calcium, their melting points and their heats of melting are increased, while
their use temperature, as judged by the heat deflection temperature (HDT)
when they are filled with glass fiber, is also increased. LCPs that have higher
15  use temperatures are particularly useful in moldings, such as electrical
connectors, mechanical parts, etc., where higher use temperatures than
would be provided by an LCP not containing the alkali metal, calcium, or
magnesium are desired.
SUMMARY OF THE INVENTJON
20 This invention relates to a composition comprising
(a) about 15 to about 3,000 parts per million
of an alkali metal or about 50.to about 3000
parts per million of magnesium or calcium and
(b) a liquid crystalline polymer consisting essentially
25 of repeat units of the formulae
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Absorption at the appropriate wavel engths for the elenents of interest. 25
. Conpar ati ve Exanples A & B and Exanples 1-15 In Conparative Exanples A & B
and Exanples 1-15, two LCPs were used. Conposition A was 50/50/70/30/320
(ol ar part /4, 4" -bi phenol /terephthalic
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wherein

the molar ratio of (I):(I) is from 65:35 to 40:60,
the molar ratio of (IIT):(IVa plus IVDb) is from 85:15 to 50:50,
the molar ratio of the total of (1) and (IT) to the total of (IIT) and
15 (V) issubstantially 1:1, and
there are 100 to 600 moles of (V) per 100 moles of (1) plus (I1).
DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to compositions comprised of
certain LCPs containing alkali metal, magnesium, or calcium. In these
20 compositions, in comparison to the same compositions without the alkali .
metal, magnesium, or calcium, the melting point of the LCP is increased,
usually by about S to 10°C and the heat deflection temperature of a 30%
glass fiber filled LCP composition is increased, typically by about 10 to 30°C.
As a result, the LCP compositions described herein have a higher use
25 temperature, as determined by heat deflection temperature, than do the
same LCP compositions without the alkali metal, magnesium, or calcium.
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ppm of any al kalji pretat-—25-ppmof| cal cium and 8 ppm of magnesi um
Conpositions A

nd aned as set forth bel ow. X1-X8 val ues are
reported in Tablie 1!30\8&]%%%§ﬂe rgactants were charged, in a5 [

_ _ ni trogen
at nosphere, int reaction vesdel equigped with a Vigreaux Colum,
condenser, and

( stirrer (stir spged set at X1 RPM. The resultant reaction
m xture was heat ux began at a pot tenperature of

constant temer at L?%@wﬂ%@l&%&%‘%ﬁ%ﬁ“ﬁﬁ'ﬁ'@@ﬁ et ure was
metals, as used herein, are selected from the group consxst ng of lelrﬂ?l :
sodium, potassium, cesium, and rubidium metals. Preferred alkali metals
are selected from lithium, sodium, and potassivm metals. Potassium metal is
5 the especially preferred alkali metal.

The alkali metals, calcium, and magnesium are added to, and
present in, the LCP in the form of salt(s). The metal itself is in the form of
its cation.

Most of the LCPs described herein have been previously disclosed

10 in U.S. Patent 5,110,896 and U.S. Patent Application 07/878,150, filed May
4, 1992, ‘both of which are hereby included by reference. In the instant
LCPs, repeat unit (I) is derived from hydroquinone, {I1) is derived from 4,4'-
biphenol, (II1) is derived from terephthalic acid, (TVa) is derived from 2,6-
naphthalene dicarboxylic acid, (IVDb) is derived from 4,4’-bibenzoic acid, and

15 (V) is derived from 4-hydroxybenzoic acid. Herein, when the number of
moles of (IV) is given, it is the total number of moles of (TVa) and (TVb).

Any molar ratio of (IVa) to (TVb) may be used, but in preferred
compositions, the ratio of moles of (IVb) to (IVa) {(TVb)/(TVa)] is 0 to
about 2. In preferred compositions, the molar ratio of (I):(1T) is from 60:40

20  to 40:60 and the molar ratio of (III):(IV) is from 85:15 to 60:40. When (IVD)
is not present, it is preferred that there are 200 to 600 moles of (V) per 100
moles of (I) plus (II), more preferably about 200 to 450. When (VD) is
present, it is preferred that there are 100 to 400 moles of (V) per 100 moles
of (I) plus (1), more preferably about 200 to 350.

25 ‘The LCPs may be made by any method known in the art, but it is
preferred if they are made by converting all starting material hydroxyl
groups to ester groups, particularly acetates, and then condensing the esters
with the carboxyl groups in the starting materials to form the polymer. Ttis
especially preferred if all the starting materials are combined, reacted with a

30 carboxylic anhydride (especially acetic anhydride) to esterify the hydroxyl
groups present, and then condensed to form the LCP.

The alkali metal, magnesium, or calcium (all in the form of salts)
may be added to the LCP by any method that results in a reasonably uniform
mixture; that is, the metal cations (salt) should be very well dispersed in the

35 LCP. In one preferred method, the molten LCP may be mixed with the salt
by using a mixer such as a twin screw extruder. If the salt is added to the




10 slowy raised g which tine acetic acid byproduct was
‘'renoved. Pressure

uce ver the next X5 mnutes to about 133 Pa
(abs), while stirrler} s

ee edquded to X6 RPM and the pot tenperature
was increased to t ﬂ??@ur F?ﬁ
approximately X8 hpufs af

of the ingredients. Polynmer was
renmoved fromthe 1 reaction vessel with -4 scoopi ng tool and rapidly

cooled to roomte e_r..a.Lur—ef-*‘UrTT'é'é"émoft herwi se stated, the LCP conposition of
Al o0 112, ok o) RRHFLER, ARCRHAS I 6as MG iy 1R

50% or more, of the polymer end groups are carboxyl. The salt can also be

added to the polymerization ingredients before or during the

polymerization, especially before the polymerization is started (see

5  Examples 1-11), If added before or during the polymerization, it is

preferred that the polymerization be done by condensing the ester of the

hydroxyl groups in the monomers with the carboxyl groups in the monomers.

In another method, the alkali metal, magnesium, or calcium (salts) may be

present as "impurities” in one or more of the starting materials. In this case,

10  the final LCP must still contain the minimum amount of alkali metal,

magnesium, or calcium required.

_ In addition to the alkali metal, magnesium, and calcium (salts)
present in the LCP, the-compositions herein may also contain other
materials, including but not limited to, fillers (such as talc, clay, glass fiber,

15  carbon fiber, and aramid fiber), colorants, antioxidants, etc. Especially
preferred fillers are fibers, such as glass fiber, carbon fiber, and aramid fiber.
Glass fiber is most preferred. Also included in these materials (as for fillers)
are alkali metal, magnesium and calcium salts, as in U.S. Patent 4,943,606.
The total amount of alkali metal, calcium or magnesium present in the LCP

20  may exceed 3,000 ppm, but it is believed that above 3,000 ppm the effect on
the melting point and HDT is negligible in comparison with the effect at
about 3,000 ppm. Therefore amounts of alkali metal, magnesium, and
calcium above 3,000 ppm are considered herein "fillers”,

If a filler is added that contains an alkali metal; magnesium, or

25  calcium, such metal (cations) are not included in the total of the metal ions
in the polymer unless such metal ions leach from or react with the polymer.
For instance, sodium may be present in glass fibers. If such sodium cannot
leach from the fibers, it is not included in the metal cations nsed herein.
However, if enough sodium leaches into the polymer to reach minimum

30 level prescribed herein, it is included within the present invention.

As stated above, the alkali metal, magnesium, and calcium are
added to the LCP in the form of salts. The anion in the salt which is
originally added to the LCP is not critical. Useful salts include, but are not
limited to, bisulfates, sulfates, carbonates, bicarbonates, hydroxides, halides,

35 and carboxylates. Preferred salts are bisulfates, sulfates, carbonates,
bicarbonates and carboxylates. Preferred carboxylates are salts of aliphatic
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carboxylic acids containing 2 to 6 carbon atoms, and a carboxylate salt of any
of the carboxylic acids from which the polymeric repeat units are derived.
Especially preferred carboxylates are acetate and 4-hydroxybenzoate.

In preferred compositions, about 100 parts per million (ppm) by
weight to about 2000 ppm of the alkali metal, magnesium or calcium are
present in the LCP composition. The amount of metal present in the
composition can be measured by a variety of analytical techniques. Analyses
used in the Examples herein were performed by Inductively Coupled Plasma
Atomic Absorption, as described below.

EXAMPLES

In the following Examiples, melting points were measured using
ASTM D3418-82, modified by using a heating rate of 25°C/min., Melting
points were measured on the LCPs without glass fiber. The melting points
reported are from the first heat. HDT was measured by ASTM D648, using
a force of 1.82 MPa, on LCP containing 30% by weight glass fiber. Metals
content was determined by Inductively Coupled Plasma Atomic Absorption.
This analysis was done by weighing about 10 g of the LCP sample intoa
large platinum dish and slowly ashing in a muffle furnace at S50°C. After
cooling to room temperature, the residue was wet with water. Then, 2 ml of
concentrated HC] and 15-20 drops of concentrated H,SO, were added. The
dish was warmed on a hot plate until a clear solution was obtained. The
solution was cooled and then diluted to 25 m! in a volumetric flask. The
sample was then analyzed by Inductively Coupled Plasma Atomic
Absorption at the appropnate wavelengths for the elements of interest.

In Comparatxve Examples A & B and Exampl&s 1-15, two LCPs
were used. Composition A was 50/50/70/30/320 (molar parts) of
hydroquinone/4,4’-biphenol/terephthalic acid/2,6-naphthalene dicarboxylic
acid/4-hydroxybenzoic acid, respectively. Composition B was
50/50/85/15/320 (molar parts) of hydroquinone/4,4'-biphenol/terephthalic
acid/2,6-naphthalene dicarboxylic acid/4-hydroxybenzoic acid, respectively.

Table 1 below lists the salts added to each of compositions at the
beginning of the polymerizations, as well as the melting point of the as made
polymer, and the HDT of the 30% glass filled LCPs. Table 2 lists the metal
content of 3 examples as measured by Inductively Coupled Plasma Atomic
Absorption. The metals content of Comparative Example B was also

Zﬁﬁﬂ{?@hfm SHEET Met al Met al Content,

[ 305 5 Conmpoundi ng
of the LCPs and M| dj n@ 7TgAN ®97s [Url ess ot herwi se specified, conpoundi ng



perfornmed in a 28 | derer twin screw extruder having zones

‘W th conventi onal eyt etenment sl kneadi ng or m xing elenents, 10 and
a |l ow pressure zonk ‘W upder vacuum of any volatiles fromthe
polynmer nelt, a sego nyeying el ements, and a die. As the

conpounded LCP co , the die, they were quenched with a water
spray and cut intoipellets with a co ventﬂ'émal strand cutter. The extruder
barrel and die te Al nt ai ned at about 290-330[err]C 15 and
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Sitioris A a ta4§rf ow. X1-

ei ther an Arburg nol di ng ne equl ppe am capacity barrel or
an 20 HPM ol di vauassamireported inaable 4 Bﬁloa'- TE8r prastaAnteyvets eharged, ikp, with
5 nitrogen atmosphere, into a reaction vessel equipped with a Vigreaux
Column, condenser, and a stirrer (stir speed set at X1 RPM). The resultant
reaction mixture was heated to reflux. Reflux began at a pot temperature of
approximately 150°C. The reaction mixture was refluxed X2 minutes, at
constant temperature. During the next X3 minutes, the pot temperature was
10  slowly raised to X4°C during which time acetic acid byproduct was removed.
Pressure was then reduced over the next X5 minutes to about 133 Pa (abs),
while stirrer speed was reduced to X6 RPM and the pot temperature was
increased to about X7 ‘C. The polymerization was terminated approximately
X8 hours after charging of the ingredients. Polymer was removed from the
15 = reaction vessel with a scooping tool and rapidly cooled to room temperature.
Unless otherwise stated, the LCP composition of Examples 1-15
were prepared as described above. The salts added to Examples 1-15 are
provided in Table 1, below.
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.ratio of (lI):(Il) is from65:35 to 40: 60,
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Table 2
Example Metal Metal Content, ppm
3 K 290
) Mg 275
7 Li 305

Compounding of the LCPs and Molding Test Bars

Unless otherwise specified, compounding of LCP compositions in
the Examples above with any other component, including glass, was
performed in a 28 mm Werner and Pfleiderer twin screw extruder having
zones with conventional conveying elements, kneading or mixing elements,
and a low pressure zone with venting under vacuum of any volatiles from the
polymer melt, a second zone of conveying elements, 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 290-330°C
and 300-320°C, respectively. Prior to molding, the pellets were dried
overnight' for about 16 hours in a vacuum oven with 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 an
Arburg molding machine equipped with a 42 gram capacity barrel or an
HPM molding machine equipped with a 168 gram capacity barrel, with
barrel temperature of 330-360°C and injection pressures of 27.6-41.3 MPa.
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wherein

the molar ratio of (I):(I) is from 65:35 to 40:60,

the molar ratio of (II):(TVa + TVb) is from 85:15 to 50:50,

the molar ratio of the total of (I) and (IT) to the total of (III) and
(1V) is substantially 1:1, and '

there are 100 to 600 moles of (V) per 100 moles of (I) plus (I1).

2. The composition of Claim 1 wherein repeat unit (IVD) is not
present. '

" 3. The composition of Claim 2 wherein the molar ratio of

(D:(I1) is from 60:40 to 40:60, the molar ratio of (III) to (IVa) is from 85:15
to 60:40, and there are 200 to 450 males of (V) to 100 moles of (I) plus (II).

4. The composition of Claim 1 wherein the molar ratio of
(IVDb) to (IVa) is 0 to about 2.

5. The composition of Claim 1 wherein about 100 ppm to
about 2000 ppm of said alkali metal, magnesium, or calcium is present,

6. The composition of Claim 1 wherein said alkali metal,

magnesium, or calcium is added in the form of a salt selected from sulfate,
bisulfate, carbonate, bicarbonate, hydroxide, halide, and carboxylate salts.

7. The composition of Claim 1 wherein said alkali metal,
magnesium, or calcium is added before or during polymerization of said
liquid crystalline polymer.

8. The composition of Claim 1 in which said alkali metal is
selected from lithium, sodium, and potassium metals.
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ABSTRACT

IMPROVED HEAT RESISTANT LIQUID CRYSTALLINE POLYMERS

The heat resistance of polyester liquid crystailine polymers containing repeat units in selected
ratios derived from hydrogquinone, 4.47-biphenol. terephthalic acid. 4-hydroxybenzoic acid, and
one or both of 4.4 -bibenzoic acid and 2.6-naphthalene dicarhoxylic acid is improved by the

addition thereto of 15 to 3,000 ppm of an alkali metal or 50 to 3,000 ppm magnesium or calcium.



