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TLTLE L1 QUI DCRYSTALLI NE POLYMER BLENDS W TH TBRFED WEAR ERTwEs Q?@S h
REFERENCE TO RELATED APPLI CATI ON 5 TET® appl ijcat i br=Fs=—=a j
conti nuat i WR-MAME_rt of U S. patent application serial nunbePCTBSWATEEAL9
filed May 28, 1993 and entitled Liquid Crystalline Polynmer Blends Wth
| nproved Wear Properties. FIELD OF THE | NVENTION This invention relates to
a blend of a tetrafluoroethylene polyner and-4-10 liquid crystalline
pol ymer (LCP), said LCP having a glass transition tenperature (Tg) or about
140C or nore. Such a blend has inproved wear properties. TECHNI CAL
BACKGROUND It is well known that adding a tEIYEE| uor oet hyl ene pol ymer,

particularly LIQUID CRYSTALLINE POLYMER BLENDS WITH
IMPROVED WEAR PROPERTIES
CROSS REFERENCE TO RELATED APPLICATION
5 This applicatién is a continuation-in-part of U.S. patent application
serial number 08/067,249 filed May 28, 1993 and entitled Liquid Crystalline
Polymer Blends With Improved Wear Properties.
FIELD OF THE INVENTION

This invention relates to a blend of a tetrafluoroethylene polymer and 2

10  liquid crystalline polymer (LCP), said LCP having a glass transition temperature

(Tg) of about 140°C or more, Such a blend has improved wear properties.
- TECHNICAL BACKGROUND
It is well Known that adding a tetrafluoroethylene polymer, particularly
polytetrafluoroethyiene (PTFE), to other polymers to form a blend often improves

15 the wear properties of such other polymers. This characteristic is believed true of
thermotropic LCPs, which by themselves are generally thought to have relatively
poor wear properties. However, even when blended with tetrafluoroethyiene
po!ymeré, the wear properties of LCPs could still be improved further. It has been
found that when an LCP having a relatively high Tg (i.c., greater than about

20  140°C) is blended with a tetrafluoroethylene polymer, the resultant blend has
superior wear éhafactétistics as compared to a blend made from an LCP having a
lower Tg. It has further been found that the higher the Tg of the LCP in the
biend, the higher the use :emi)eralure of the blend and the better the wear
properties obtained by the blend, even under heavy frictional load.

25 U.S. Patents 4,417,020 and 4,429,078 describe blends of LCPs with
tetraﬂuéroethylene polymers. No specific mention is made in these references of .
the importance of the Tg.of the LCP in these blends.

. G.S. O'Brien et al., Compalloy 91, Proceedings of the Fourth
International Congress on Compatibilizers and Reactive Polymer Alloying, New
30  Orleans, Jan. 30-Feb. 1, 1991, p. 131-148, describes the wear properties of PTFE-
LCP blends. The Tgs of the LCPs are not mentioned therein.
" SUMMARY OF THE INVENTION
The present i’m}emi_oh relates to a blend comprising (2) about 3 to
about 50% by weight of a tetrafluoroethylene polymer and (b) about 50 to about
35 . 97%by weight of an LCP having a Tg of about 140°C or more, wherein the
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pol yt etrafl uoroet hyl ene (PTFE), to other polynmers to forma blend often

i nproves 15 wd $4pseRar properties of such other pol ynmer's. Thi
charatteristic is believed true of thernotropic LCPs, which h@qmg?%s

are generally thought to have rel atively poor wear properti !-'E Ver—
when bl ended with tetrafl uoroethyl ene pol ymers,-2he wear pr % HﬁE:FBiEN
could still be inproved firther. It has been found that whenid 5‘91590

arelatively high Tg (i.e, greater than about 20 1 40C) is blended wth a

tetrafl uoroet hyl ene peoleigheperciédiegivasabovaaie basednpoh e teapeeightr ofwemponents (2)

characteristics as co ﬂ’ﬁ p 0 a blend nade foman LCP having a | ower Tg.
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It fias further been at the higher the Tg ofthe LCP in the blend,
the higher the use tenperature of twﬁ.ﬂﬂm&ﬂthe wear
properties obtained by the blgp res%xﬁﬂvéhﬂdﬁfem&qa\ﬂbie’naw{d&grtahﬂuea&myﬁens
U S. Patents 4,417,020 and 4,4 Ogg %scrhs_[o? 34‘#& S Wth

tetrafl uoroet hyl en® p8Piymer and RyanhCR hayins adg B‘Pf’"i ¥ % hese

ref erences of . The component () tetrafluoroethylene polymer is a polymer wherein
about 90% or more of the repeat units therein are derived from
‘ tetrafluoroethylene, i.e. have the structure -CF,CF,-. It is preferred that any other

comonomer in the tetrafluoroethylene polymer be perfluorinated. An especially
10 preferred tetrafluoroethylene polymer is the homopolymer of tetrafluoroethylene
(i.e., polytetrafluoroethylene (PTFE)).

The tetrafluoroethylene polymer useful herein is commercially available
in various grades. The tetrafluoroethylene polymer can be in the form of
micropowder, granules, or fibers. Ifused in the form of fibers, it is preferred that

15  the fiber length be small, preferably 0.4 mm or less, and the fiber is less than 10
denier/filament. If the tetrafluoroethylene polynger is PTFE, various grades, such
as granular and powder, may be used. Powder is preferred. Manufacturers of

- PTFE have particular grades that are recommended for use in blends where wear
resistance is important and these grades are suitable for use herem

20 The tetmﬂuoroethylene polymer component compnses about 3% to
about 50%, preferably about 10% to about 40%, more preferably about 20% to
about 35%, by weight of the total of the tetrafluoroethylene polymer plus the
LCP. '

The component (b) LCP is any thermotropic LCP that has a Tg of

25 about 140°C or more and that can be melt processed below its decomposition
icmperature. 1t is preferred that the Tg of the LCP be about 150°C or more, more
preferably about 160°C or more. One preferred type of LCP is an aromatic
polyester, wherein the repeat units are denved from aromatic diacids, aromatic
diols, and/or aromatic hydroxyacids. By “aromatic" in the prcvnous sentence is

30  meant that all carboxyl and hydroxyl groups are bound directly to an aromatic
ring. o

LCPs useful herein include, but are not limited to, the LCPs described
in U.S. Patents 4,746,566; 4,664,972; 4,301,966; 4,762,907; 4,816,555,
4,728,714; 4,727,13); and 4,727,129;-and Japanese Patent 4-66259; the

35  disclosures of each of which are incorporated herein by reference. These patents
describe various polymers, including polymers containing ester, urea, amide
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the i rrpbrtanceof the Tg of theLCP in these blends. G S. OBri TE&'S% T W47 BEEN
on

Conpal.l oy ' 91, Proceedings of the Fourth International Congr EVLASED ]

Conpat'i bi | W88 Reactive Polyer Alloying. New 30 O | e®OT{USIG08645
30-Feb. ‘1, 1991, p. 131-148, describes the wearproperties of PTFE- LCP

bl ends. The Tgs of the LCPs are not nentioned_therein. SUMVARY OF THE

| NVENTI ON The present invention relates to a-Blend conprising (a) about 3
to about 50% by wei ght of a tetrafluoroethyl ene polyner and (b) about 50 to

agglrjéi ﬁSt h697% P)zl \_Aaenldgor}tim%e ﬁ%{?aglégp ng;/ tl:onn aix?in; g:bgtfant?a glltsz)unltf 8 regcrat mi;se’
derived from the group consisting of phenylterephthalic acid, phenylhydroquinone,
t-butylhydroquinone, and t-butylhydroxybenzoic acid are preferred herein. LCPs
containing repeat units derived from the group cousisting of t-butylhydroquinone
5  and phenylhydroquinone are more preferred.

The blends of the present invention are prepared by mixing the
tetrafluoroethylene polymer and the LCP described herein to form an intimate
blend, this blend eventually being a “solid" piece containing both the LCP and
tetrafluoroethylene polymer. The blends most commonly are formed by melt

10  blending the components. Since the LCP is melt processible, it can be melted to
form the melt blend. While PTFE is not melt processible, and therefore will not
melt and flow during melt processing, most copolymers of tetrafluoroethylene are
melt processible. The tetrafluoroethylene polymer may or may not be melted
during melt blending. Melt blending is well known to the artisan and can be

15  carried out using a variety of equipment, such as, for example, a twin screw
extruder. The resulting blend may be melt formed into useful parts, such as
gaskets, bearings, guides, slides, etc., particularly in those applications where wear
resistance is important. Melt forming may be accomplished by using an iﬁjcction
molding machine.

20 As used herein, Tg is measured by Dynamic Mechanical Analysis
(DMA). A TA Instruments 9900 Thermal Analysis Station with a DMA-983
module was used to determine Tg in the Examples below. Test bars 0.32 cm
thick were tested in the flex mode. Multi-frequency measurements were made in
order to assist in assignment of peaks as the glass trausition point. Maxima in the

25  dissipation factor (Tan deita = E"/E') at 1 Hz were chosen as Tgs. The highest Tg
is used and reported herein.

In another preferred mode of the invention, the blend of LCP and
tetrafluoroethylene polymer, afier being formed in a "final" shaped article, is heat
strengthened as described in U.S. Patent 4,247,514, which is hereby incorporated

30 byreference. Heat strengthening results in shaped articles that have improved
wear properties, as, for instance, Examples 7 and 8, below.

EXAMPLES

The LCPs used in the Examples and Comparative Examples are
described below. In the Examples below, melting point was determined by

35  differential scanning calorimetry at 25°C/min and was reported on the first melt.
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wei ght* percents %aven above are based upon the total i ght o
(a) and (b) BS#2888TAI LS OF THE TNVENTI ON The present’ i nvent |p@ﬁq{j59&,@§6e§ to
a blénd of(a) a tetrafl uor oet hyl ene 5 pol ymer and (b) an LCP having a Tg
of aboyt 140[err]C or nore. The conponent (a) teyrafluoroethylene polyner
s a polynmer wherein about 90% or nore of the repeat units therein are
derived fromtetrafluoroethylene, i.e. have the structure [err]. It is

f d that th
et cones SIS LPE SR B TS BkR o,

t he honopol yner of t ethxamp éxmysenemmsn@an&rbwy&!wﬁmvmv%ﬂhyl ene
(PTFE)). The tetrafl U%i;ﬂ.eh&mé Tﬂﬁhml APy Slybbnz0R' sRid in! m&m&%n&b&mon ﬁ"

avail abl e in various gr e tetrafl] uoroéthyl ene polyner can be in
form of gngu?nch hada Tg of175'l" Y oty
5 LCPT: LCP T was & polymer of

hydroquinone/phenylhydroquinone/terephthalic acid, in a molar ratio 15/85/100,
and which had a Tg of 160°C and a melting point of 325°C.
'LCP U: LCP U was a commercial product, Vectra® A900, available
from Hoechst-Celanese, Summit, NJ, which has been described as a copolymer of
10  73/27 (mole) 4-hydroxybenzoic acid/6-h§droxy-2-napthoic acid. Tt had a Tg of
about 100°C and a melting point of 280°C. .
LCP V: LCP V was a polymer as described in U.S. Patent 5,110,896,
Example LCP-4, having a composition of hydroquinone/4,4'-biphenol/terephthalic
acid/2,6-naphthalenedicarboxylic acid/4-hydroxybenzoic acid, in a molar ratio
15  50/50/70/30/320. It had a Tg of about 100°C and a melting point of 336°C.
LCP W: LCP W was a poly(ester-imide) containing the repeat unit

CH3
Hac—c-cna3

tob-ot 8"

20

LCP W wns prepared using the method that follows.
Two hundred grams of trimellitic anhydride and 145 g of p-aminobenzoic

acid and 1 fiter of N,N-dimethylformamide ("DMF*") were added to a 2 liter, four-
25  neck, round bottom flask. A condenser, mechanical stirrer, and thermometer were

attached to the flask and the flask contents were stirred and heated by an electric

heating mantle. The conle:n_ts were stirred and heated for 4.5 hours and then the

solution was allowed to cool to room temperature. One liter of methanol was

then added with stirring, which was continued for 5 minutes. The resulting
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m cropowder, granules. or fibers. If used in the formof fi berjAL, St??":gETHAS BEEN
preferred t ‘the fiber Iength be small, preferabl)} O 4 iaub-of RAGED
and the fiber 1§ l'ess than 10 denier/filament. 1f the tetraf PEHVEMI¢ASene

pol yner -is PTFE, various grades, such as granul ar and powder, nay be used.
Powder is preferred. Manufacturers of PTFE hayg particular grades that are
recomended for use in blends where wear resistance is inportant and these
grades are. suitable for use herein. 20 The tetrafl uoroethyl ene

| t 3% | 0% t
oot 400 Tore pr of BEARTYE B et g B8 %’digﬁ’q‘@%ﬁr‘ﬁ% Hiefting0 o F
the tetrafl uoroet hyl Bv@nprdhwﬁ!aranﬂlﬂwdl&&atmﬁ withd @wrthanp), T_\ﬁPllleg any

thermot ropi ¢ LCP t hagisiirg vﬁte]:gvé?é 1hér heat@PeWoilihg i £5 lxiepb&kmdqh@-msﬂeh%h@ an

be nelt processed bel ow 0si f.ion te referred that
the Tq of the LoP beviAded wHb SO CobES et Emippador S min. The rebiling iire
5  was then filtered using a Buchner funnel and again the solid was washed with 1
liter of methanol. The solid product ("Monomer A") having the structure

I

o 10) /cozﬂ

0]

10
was dried in a vacuum oven with a nitrogen bleed at about 170°C for about 18
hrs. | _ o '
Three hundred fifty-two grams of Monomer A, 238.3 g of acefic
anhydride and 188.4 g of t-butyl-hydroquinone were added to a resin kettle which
15  was equipped witha stlrrer and was heated by a liquid metal bath under nitrogen,.
The bath was heated to reflux at about 170°C. - The reflux was done for one hour,
after which acetic acid was distilled offas the temperature of the metal bath was
gradually raised to about 3109C over a period of approximately 2.5 hrs. The
temperature was rasied to 350°C to 360°C and the pressure was then slowly
20 lowered over a period of 1 to 2 hrs until it reached about 133-1330 Pa. While the
pressure was lowered the metal bath was held at 3500C to 360°C. The
temperature was maintained at low pressure until the desired viscosity (measured
by the current draw of the stirrer motor) was reached. This took up to 4 hrs.
Afterwards, stirring was stopped and the polymer was removed from the resin
25  kettle.
LCP X: LCP X was 2 poly(ester-imide) containing the repeat unit

30 This Sheet Has Been Replaced
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preferably about 160[err]C or nore. One preferred type of L | S arREPLACED

aromatic po|¥e%k§r wherein the. repeat units are deritved fromaFromtise ==
di aci ds, ar i ol s, and/or aromatic hydroxyaci ds. By " aFER&ISP#564%, t he
previ ous sentence is 30 meant that all carboxyl and hydroxl groups are

bound directly to an aromatic ring. LCPs useful_herein include, but are not
limted to, the LCPs described in U S. Patents’§7746,566; 4,664, 972,

4,391, 966; 4,762,907; 4,816,555; 4,728,714; 4,727,131; and 4,727,129, and
Japanese Patent 4-66259; the 35 disclosures of each of which are

I ncorporated herein by reference. These patents describe various po'?ners,

I ncl udi ng pol ynmers contai ning ester, urea, am de o HyC—C—CH,

Cl;i _THIS SHEET HAS BEEN

LCP X was prepared using the method that follows.

5 " Two hundred ninety-nine grams of trimellitic anhydride were dissolved
in 500 mi of DMF in a four-neck, round bottom flask equipped with a calcium
sulfate drying tower, mechanical stirrer, thermometer, reflux condenser, and a
graduated addition funnel. The anhydride solution was heated to S0°C. A
solution of 4-aminophenylether (150 g) in 350 m! of DMF was added dropwise

10 for about 1 hr to the anhydride solution via an addition funnel. Afterwards, the
resulting solution was heated to reflux for 3 hrs, then allowed to cool to room
temperature. One liter of methanol was added to the reaction contents and the
product was recovered by filtration under reduced pressure. The recovered
yellow solid was stirred in 2 liters of Boiling water for several minutes, filtered

15  under reduced pressure, and v\:r_ashed again with 1 liter of methanol. The solid
product ("Monomer B") having the structure

20

was dried in a vacuum oven with a nitrogen purge at about 1000C for about 24
hrs. : ) ‘ '
Pclymerization was carried out in the same manner as described for

25 LCP W using 686.8 g of Monomer B, 263.6 g of acetic anhydride and 208.3 g of

t-butyl-hydroquinone. [
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-3 -~ and/or inide linkages. LCPs containing substantial anount TB‘I!SP %BHAS BEEN
units derived fromthe group consisting of phenylterephtjhalic s LACED
phenyt hydr‘%‘ﬁa‘f’?‘ﬁ?ﬁe, t - but yl hydr oqui none, and t - butyl hydr ox\#3vkSsumseas |
preferred herein. LCPs containing repeat units derived fromthe group
consi sting of t-butyl hydroqui none 5 and phenyl hydr oqui none are nore
preferred. The bl ends of the present invention-are prepared by m xing the
tetrafl uoroet hyl ene polynmer and the LCP described herein to form an
intimate blend, this blend_eventually being a "soljd" piece containing both
the LCP and tetraf | uor oet hyhetirafeproptbylencpelymar gsedin thekixamplasand y ar e
formed by nelt lo C&hmﬂimh@leeeaamt&ﬂommﬂmpmd&mmome

processible, Lt STl ofe ol PoR s S s o e Y i
processi ng, nost cqpdigeszsofZ0 mtstanaﬁhdjmoamhl}deé fier habrication and wear resistance
5  purposes. It is hercinafter referred to as MP1500.
Comparative Examples A-E and Examples 1-12
The procedure below, which was followed for Examples 1-3, was
typically followed in preparing all of the LCP-PTFE blends described below.
Dried pelletized Polymer S was blended with MP1500 to obtain a
10  blend containing 70 weight percent Polymer S and 30 weight percent MP1500.
The examples below, along with the comparative examples, each contained 70
weight percent LCP and 30 weight percent MP1500. The blend was melt mixed
in a Werner-Pfleiderer 28 mm twin screw extruder equipped with standard mixing
screws, a vactium adapter attached to the mixing zone, and a 4.8 mm diameter
15 circular die. The barrel and die temperatures were set at 330°C, the screws at 150
rpm, and the blend was extruded at a rate of 5.8 kg/br. The blend was pelietized,
dried, and then injection molded on a 170 g injection molding machine using a
barrel temperature setting of 310°C and a mold temperature setting of 100°C.
The blends were molded into flex bars, 3.2 mm thick, per ASTM D790. Flex bars
20 {rom the biends of other LCPs were made in similar ways, the main difference
being extrusion and injection temperatures to compensate for the diﬂ‘eﬁng

processing temperatures of the LCPs.
For wear testing (and measuring the coefficient of friction), "pins",
6.35 mm square (by 3.2 mm thick), were cut from the center edge of the flex bar.
25  Three pins were mounted, on a 3.18 cm outer diameter circular holder, spaced
120° apart, with the original longitudinal axis of the flex bar oriented tangentially
to the 2.38 cm mean diameter mounting circle. The pins were loaded axially at
pressure P against a 3.18 cm outer diameter and 1.59 cm inner diameter steel
washer made of American Iron and Steel Institute 1018 carbon steel and finished
30 toa0.40 mm (AA) roughness. The washer was rotated at velocity V, measured
at the mean diameter {2.38 cm) of the washer. The temperature of the washer
could be measured and this temperature was considered to be the temperature of
the surface of the LCP-PTFE blend.
Wear data is summarized in Table 1, below. The higher the pressure
35  (P)and/or velocity (V) and/or the temperature, the more severe the test and the
wear are likely to be. K is volumetric wear rate divided by PV and is reported
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Table 2 summanzcs the Heat Deflection Temperature (H-Ir)hre) in °C,
measured by ASTM D648 at 1.8 MPa, of both the LCP alone and in the blend,
and the Tg and meltiné point {Tm) of the LCPs. It is clear when comparing the
data in Tables 1 and 2 that the best wear properties are shown by those blends
made from LCPs having a Tg of about 140°C or more and that such properties do
not correlate with either melting point or HDT.

Melt blending is well
such as,

gui des, slides, etc.,
resistance is inportant
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i s. used and reported herein.
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REPLACEMENT SHEET 4 - LCP.S: LCP S was a pol ymer as de§cribed
Pat ent 4, 664wBedrsdgsanpl e 2C, having a conposition of SO4T050aE
t - but'yl hydr oqui none/ 4, 4' - bi phenol /terepht hal i c acid/4-hydrox§ggn20|c acid,
in amlar ratio 80/201100/100, and which had a Tg of 1 75C. 5

LCP T: LCP T was a polynmer of hydroqui none/ phenyghydroqui none/terephthalic
acid, in a nolar ratio |5/85/100, and which had a Tg of 160C and a nelting
poi nt of 325C. LCP U LCP U was a commrercial product, Vectra[err] A900,
avai | abl e from Hoechst - Cel anese, Summ t, NJ, which has been described as a
copol ynmer of 10 73/ 27 (nole) 4-hydroxybenzoic,. aci d/ 6-hydroxy-2-napthoic

acid. It had a Tg of about 100[err]C and a ne poi nt of 280[err]C
HDT

LCP LCP Blend Tm Tg

S 169.4 173.5 None' 175

T 262.0 260.4 325 160

| U 151.3 170.0 280 100

\' 232.9 227.0 336 - 100

W — - 328 220

X - — 316 197
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T
LCPV." LCP V was a pol ymer as described in U S Patent 5, 110{13 %Sw BEEN
LCP-4, having a conposition of hydroqui none/ 4, 4'-bi phenth er

ac'rdf'z, 6- Wps288@9%enedi car boxyl i c..aci d/4- hydr oxybenzoi ¢ aci #CT{US40S64f0| ar
ratio 15  50/50170/ 30/ 320 It had a Tg of about 100[err]C and a nelting
poi nt of 336[err]C. m“/ﬂ pol y( ter-imde) containing the
repeat unit 20 LCP W g the- thod that follows. Two
hundred grans of tri meTlltlc anhydrl de and 145 g of p-am nobenzoic acid and
1 liter of N, 14-dinethylformam de ("DWVF") ded to a 2 liter four- 25
neck. round bottom fl ask. A condenser, nec ¥ stirrer, and thernoneter
were attached to the flaski. anﬂlﬂdndcbinpﬁiedcnﬁ(ﬁ)ahemMmbomtsnmigmaauent@ﬁaed

4”5 hour o andt hon BV s PARBeE HAELIRALSS o ol ST bR 6 | O
One liter of net hamqmdwwtallme polymer having a glass transition temperature of about 140°C or
5 more, wherein said weight percents are based upon the total weight of
components (a) and (b) only.
2. Theblend of Claim 1 wherein the glass transition temperature of
the liquid crystalline polymer is about 150°C or more.
3. The blend of Claim 1 wherein the glass transition temperature of
10 the liquid crystalline polymer is about 160°C or more.
4. The blend of Claim 1 wherein said tetrafluoroethylene polymer is
a copolymer having perfluorinated comonomer.
5. 'The blend of Claim 1 wherein said tetrafluorocthylene polymer is
a homopolymer.
15 6. The blend of Claim 1 wherein the liquid crystalline polymer is
' selected from an aromatic polyester, a poly(ester-imide) or a poly(ester-amide).
7. The blend of Claim 6 wherein the liquid crystalline polymer is a
poly(ester-imide).
8. The blend of Claim 6 wherein the liquid crystalline polymer is an
20  aromatic polyester. _
9. The blend of Claim 6 wherein the liquid crystalline polymer is &
poly(ester-amide).
10. The blend of Claim 6 wherein the liquid crystalline polymer is a
poly(ester-imide).. o
25 11. The blend of Claim 6 wherein the tetrafluoroethylene polymer is a
homopolymer. :

12. The blend of Claim 1 wherein the liquid crystalline polymer
contains repeat units derived from the group consisting of phenylterephthalic acid,
phenythydroquinone, t-butylhydroquinone, and t-butylhydroxybenzoic acid.

30 13. The biend of Claim 1 wherein said liquid crystalline polymer
contains repeat units derived from the group consssung of phenylhydroquinone
and t-butylhydroqumone

14. The blend of Claim 1 wherein the tetrafluoroethylene polymer is
about 10% to about 40% by weight of the total weight of the tetrafluoroethylene

35  polymer plus the liquid crystalline polymer.

15. The blend of Claim 1 which is a heat treated shaped article.
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then added with stirring, which was continued for 5 minutes. [T .rﬁ?é”‘il'
preckpitate, which was a m xture of solid and liquid, was thﬂn]ﬂ?llsl Ef ?\égBEEN

usi ng a Buchner funnel, and the solid was washed with | lite

<

Two [iters of distilled water were then heated to boiling in a 4 liter
beaker and the washed solid was added with stirring, which was continued
for 5 mn. The resulting mxture 5 was then filtered using a Buchner
funnel, and again the solid was washed with | liter of nethanol. The solid
product ("Mnoner A") having the structure 0 10 was dried in a vacuum oven
with a nitrogen bleed at about 1700C for about 18

ABSTRACT

LIQUID CRYSTALLINE POLYMER BLENDS WITH IMPROVED
WEAR PROPERTIES '

This invention relates to liquid crystalline polymers, having a glass transition temperature of

greater than 140°C, blended with tetrafluoroethylene polymers, said blends having improved

wear properties.
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hrs. Three hundred fifty-two granms of Mononmer A, 238.3 g of c%ﬁﬁw LSLLIINT SHERT
anhydride and 188.4 g oft-butyl-hydroqui none were added to al reS|nnéSaﬁA§
which 15 was equipped with a stirrer and was heated by a ||qmrd AR 1997
bath under nitrogen. The bath was heated to reflux at about =Fo0C=Fhe====-—,
reflux was done for one hour. after which acefjc acid was distilled off as

the tenperature of the netal bath was gradually raised to about 310C over a
period of approxitely 2.5 hrs. The tenperature was rasied to 3500C to 3600C

and the pressure was then slowy 20 | oner egrquer a period of 1 to 2 hrs

Tetal bath vas held at éééoéﬁﬁuﬁmﬁwﬁiﬁﬁ@&%@?@@ Cined at
| ow pressure until the desired vi sSCMPIROQVEDAWEARPROPERTIES current draw of
the stirrer notor) was reackqthsd R Fd RELA APPLFENFIER, Stirring
was stopped and the pol ynmer T . .
This application is a continuation-in-part of U.S. patent application
' serial number 08/067,249 filed May 28, 1993 and entitled Liquid Crystalline
Polymer Blends With Improved Wear Properties. '
FIELD OF THE INVENTION
Tliis invention relates to a blend of a tetrafluoroethylene polymer and a
10 liquid crystalline polymer (LCP), said LCP having a glass transition temperature
(Tg) of about 140°C or more. Such a blend has improved wear properties.
TECHNICAL BACKGROUND
1t is well known that adding a tetrafluoroethylene polymer, particularly
polytetrafluorocthylene (PTFE), to other polymers to form a blend often improves
15  the wear probenies of such other polymers. This characteristic is believed true of
thermotropic LCPs, which by themselves are generally thought to have relatively
poor wear propertics. However, even when blended with tetrafluoroethyiene
polymcré. the wear properties of LCPs could still be improved further. It has been
found that when'an LCP having a relatively high Tg (i.c., greater than about
20  140°C)is blended with a tetrafluoroethylene polymer, the resultant blend has
superior wear charactenstia as compared to a blend made from an LCP having a
lower Tg. It has further been found that the higher the Tg of the LCP in the
blend, the higher the use temi:cmure of the blend and the better the wear
properties obtained by the blend, even under heavy frictional load.
25 - U.S. Patents 4,417,020 and 4,429,078 describe blends of LCPs with
tetmﬂuoroethylene polymers. No speaﬁc mention is made in these references of .
the tmponance of the Tg of the LCP in these blends.
G.S. O'Brien et L., Coriwpalioy 91, Proceedings of the Fourth
International Congrcss on compat‘blhws and Reactive Polymer Alloying, New
30  Orleans, Jan. 30-Feb. 1, 1991, p. 131-148, describes the wear properties of PTFE-
LCP blends The Tgs of the LCPs are not mentioned therem
SUMMA R\' OF TIIE INVENTION
The present mvcnuon relates to a bléend comprising (a) about 3 10
about 50% by weight of a tetrafluoroethylene polymer and (b) about 50 to about
35 97% by weight 6f an LCP having & Tg of about 140°C or more, wherein the
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25  kettle. LCP X LCP X was a poly(ester-inde) cont a| ni ng | hErrﬁpeat T :;-f:,r_"r
unit 30 -6 - CH3 [err] LCP X was prepared using t he' net hod| t hat I
5 Two hundred ninety-nine granms of trinellitic anH mpde&%ef‘ﬂg&ﬁm?

di ssolved i'n 500 m of DWF in a four-neck, round bottom fl ask=—egwpped—wth—=
a calciumsulfate drying tower, nechani cal sti rR2er, thermonmeter, refl ux
condenser, and a

weight percents given above are based upon the total weight of components (a)

and (b) only.

DETAILS OF THE INVENTION
The present invention relates to a blend of (a) a tetrafluoroethylene
S polymer and (b) an LCP having a Tg of about 140°C or more.
The oomponcnt {a) tclraﬂuoroethylcne polymer is a polymer wherein
about 90% or more of the repeat units therein are derived from
‘ tetrafluoroethylene, i.e. have the structure -CF,CF,-. It is preferred that any other
comonomer in the tetrafiuoroethylene polymer be perfluorinated. An especially
10  preferred tetrafluoroethylene polymer is the homopolymer of tetrafluoroethylene
(i.c., polytetrafluoroethylene (PTFE)).

The tetrafluoroethylene polymer useful herein is commercially available
in various grades. The tetrafluoroethylene polymer can be in the form of
micropowder, granules, or fibers. Ifused in the form of fibers, it is preferred that

15 the fiber length be small, preferably 0.4 mm or less, and the fiber is less than 10
denier/filament. If the tetrafluorocthylene polymer is PTFE, various grades, such
as granular and powder, may be used. Powder is preferred. Manufacturers of

- PTFE have particular grades that are recommun&ed for use in blends where wear
resistance is important and these grades are suitable for use hercm

20 The tetraﬂuoroe(hylene polymer component comprises about 3% to
about 50%, preferably about 10% to about 40%, more preferably about 20% to
about 35%, l_iy.weight of the total of the tetrafluoroethylene polymer plus the
LCP.

The component (b) LCP is any thermotropic LCP that has a Tg of
25  about 140°C or more and that can be melt processed below its decomposition
temperature. Jt is preferred that the Tg of the LCP be about 150°C or more, more
preferably about 160°C or more. One prefetred type of LCP is an aromatic
polyester, wherein the.repeat units are denved from aromatic diacids, aromatic
diols, andlor aromatic hydroxyacids. By “aromatic” in the previous sentence is
30  meant that all carboxyl and hydroxyl groups are bound directly to an aromatic
ring.
LCPs -useﬁxi_ herein include, but are not fimited to, the LCPs described
in U.S. Patents 4,746,566; 4,664,972; 4,391,966; 4,762,907; 4,816,555;
4,728,714; 4,727,131; and 4,727,129;and Japanese Patent 4-66259; the
35  disclosures of each of which are incorporated herein by reference. These patents
describe various polymers, including polymers cominitig ester, urea, amide



graduat ed addition funnel. The anhydride sol ution was heat ed @EEQE\eEﬁ}:_QTSA E—.T

sol ution of 4-am nophenylether (150 g) in 350 m of DWW was ded drd)gvp]ﬁ
10 for about | hi to the anhydride solution via an additi or}| Damnel¥ 3. AR !QQ?
Afterwards, the resulting solution was heated to reflux for 3=S=thcH

allowed to cool to roomtenperature. One literg of nethanol was added to the
reaction contents and the product was recovered by filtration under reduced
pressure. The recovered yellow solid was stirred in 2 liters of boiling

wat er fO{ Sever ?l ma]B&YB?it?ludé l..}ﬁ.g&ﬁ@cb% comumg&uﬂsttaqmeﬂkomesﬁu &t umid Wafﬂed

again wi iter of _nmethan e SQ uc no avin e
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at about 100C for albutyllidérdqnuimone, and t-butylhydroxybenzoic acid are preferred herein. LCPs
containing repeat units derived from the group consisting of t-butylhydroquinone

s  and phenylhydroquinone are more preferred.

The blends of the present invention are prepeared by mixing the
tetrafluoroethylene polymer and the LCP described herein to form an intimate
blend, this blend eventually being a "solid" piece containing both the LCP and
tctrafluoroethylene polymer. The blends most commonly are formed by melt

10 blending the components. Since the LCP is melt processible, it can be melted 10
form the melt blend. While PTFE is not melt processible, and therefore wilf not
melt and fiow during melt processing, most copolymers of tetrafluoroethylene are
melt processible. The tetrafluorocthylene polymer may or may not be meited
during melt blending. Melt blending is well known to the artisan and can be

15 carried out using a varicty of equipment, such as, for example, & twin screw
extruder. The resulting blend may be melt formed into useful parts, such as
gaskets, bearings, guides, slides, etc., particularly in those applications where wear
resistance is importanl. Melt forming may be accomplished by using an iijcction
molding machine. -

20 As used herein, Tg is measured by Dynamic Mechanical Analysis
(DMA). A TA Instruments 9900 Thermai Analysis Station with s DMA-983
module was used to determine Tg in the Examples below. Test bars 0.32 cm
thick were tested in the flex mode Multl-ﬁ'equcncy measurements were made in
order to assist in assignment of peaks as the glass transition point. Maxima in the

25 . dissipation factor (Tan delta= E"IE') at 1 Hz were chosen as Tgs. The highest Tg
is used and reported herein.

In another preferred mode of the invention, the blend of LCP and
tetrafluoroethylene polymer, afier being formed in a "final® shaped article, is heat
strengthened as described in U.S. Patent 4,247,514, which is hereby incorporated

30 byreference. Heat strengthening results in shaped articles that have improved
wear properties, as, for instance, Examples 7 and 8, below.

EXAMPLES

The LCPs used in the Examples and Comparative Examples are
described below. Iu the Examples below, melting point was determined by

35 differential scanning calorimetry at 25°C/min and was reported on the first melt.



Pol yrmeri zation was carried out in the sane manner as descri [JeBEPIOACZBENT BEBET

Wusing 686.8 g of Mononer B, 263.6 g of acetic anhydride aid 208.)16 Mé
t - but yl - hydr oqui none. REPLACEMENT SHEET -7- The tetraf | udlrathyll S8R, . 1997...

pol ymer used in the Exanples and Conparative Exgnpl es bel ow-was—Tet+on
m cropowder MPI 500 PTFE (available fromE. 1. du Pont de Nenours and
Conpany) having an average particle size of 20 mcrons and recommended for

Lgbvplcg})ioon and wear resistangp 3. PUEP SR a polynie? ad WisGived il 61s. PRk 4 664,972,
Example 2C, having a composition of t-butylhydroquinone/4,4'-
biphenol/terephthalic acid/4-hydroxybenzoic acid, in a molar ratio 80/20/100/100,
and which had a Tg of 175°C.

5 LCP T: LCP T was & polymer of
hydroquinone/phenylhydroquinone/terephthalic acid, in a molar ratio 15/85/100,
and which had a Tg of 160°C and a melting point of 325°C.

'LCP U: LCP U was a commercial product, Vectra® A900, available
from Hoeciast-Cclanese, Summit, NJ, which has been described as a copolymer of
10  73/27 (mole) 4-hydroxybenzoic acidl6-h9droxy-2-nap!hoic acid. It had a Tg of
about 100°C and a melting point of 280°C.
LCP V: LCP V was a polymer as described in U.S. Pateat 5,110,896,
Example LCP-4, having a composition of hydroquinone/4,4"-biphenol/terephthalic
acid/2,6-naphthalenedicarboxylic acid/4-hydroxybenzoic acid, in a. molar ratio
15  50/50/70/30/320. It had a Tg of about 100°C and a melting point of 336°C.
LCPW: LCPWwasa poly(cste;-imide) containing the repeat unit

20

LCP W wn=s prepared using the method that follows.
Two hundred grams of trimelfitic anhydride and 145 g of p-aminobenzoic

acid and 1 liter of N,N-dimethylformamide ("DMF*") were added to a 2 fiter, four-
25 neck, round bottom ll:a,sk. A condenser, mechanical stirrer, and thermometer were

attached to the flask and the flask contents were stirred and heated by an electric

heating mantle._ The contéms were stirred and heated for 4.5 hours and then the

solution was allowed to cool to room temperature. One liter of methanol was

then added with stirring, which was continued for S minutes. The resulting



Lo

Conmpar ati ve Exanpl es A-E and Exanpl es 1-12 The procedure bel :g/,ﬁsﬁﬂ%ﬁi%%@"%iﬂ

fol | owed for Exampl es 1-3, was typically followed in preparing all ﬁi& R 1997
LCP- PTFE bl ends descri-bed bel ow. Dried pelletized Polymer S w DA effded ™. Y.
with MP 1500 to obtain a 10 bl'end containing 70 wei ght percent—Polymer S

and 30 weight percent MPI 500. The exanples belsow, along with the

conpar ati ve exanpl es, each contained 70 wei ght percent LCP and 30 wei ght
percent MP1500. The ‘blend was nelt mxed in a Werner-Pfleiderer 28 mmtw n

TS o A AU A A A

attached to the m xi

, | ter " 1:
barrel and di e tenpeBachneefinpgl, anddbe solid "@36‘[‘3\‘!’]‘“@1‘ It Iter of methpgols (Twioshyess
and the bl end was exwuistiftdidvalér vert ttich hedtedtodboklipg firi a 4 Ffee béakernghdwhswashed solid

pelletized. dried, and_t e tiong?ﬂ I3 ect | | ng

machi ne using a bar r & f@%é’f@tsﬁ?@%g | %&n@%gﬁ%'aﬂﬁnﬁhﬁ’ g m”ig%rug% ure

setting of 100[ er$] Cwas then filtered using a Buchner funnel, and again the solid was wash with 1
liter of methanol. The solid product ("Monomer A") having the structure

0

HOLC /02“

l

10
was dried in 2 vacuum oven with a nitrogen bleed at about 170°C for about 18
hrs. | _ o :
Three hundred fifty-two grams of Monomer A, 238.3 g of acetic
anhydride and 188.4 g of t-butyl-hydroquinone were added to a resin kettle which
15  was equipped with a stirrer and was heated by a liquid metal bath under nitrogen,.
The bath was heated to reflux at sbout 170°C. : The reflux was done for one hour,
afier which acetic acid was distilled off as the temperature of the metal bath was
gradually raised to about 310°C over a period of approximately 2.5 hrs. The
temperature was rasied to 350°C to 360°C and the pressure was then slowly
20 lowered over a period of 1 to 2 hrs until it reached about 133-1330 Pa. While the
pressure was lowered the metal bath was held at 350°C to 360°C. The
temperature was maintained at low pressure until the desired viscosity (measured
by the current draw of the stirrer motor) was reached. This took up to 4 hrs.
Afterwards, stirring was stopped and the polymer was removed from the resin
25  kettle.
LCP X: LCP X was a poly(ester-imide) containing the repeat unit

30



|

The bl ends were nolded into flex bars, 3.2 nmthick, per ASENREFAGE EAHFRELSHEET
bars 2 o fromthe blends of other LCPs were made in'sinildr_waysg 5IMAR 1997
mai n di fference being extrusion and injection tenperatures _oD‘i',‘%fmensat'ew"“""
for the differing processing tenperatures of the LCPs. For wear testing

(and neasuring the coefficient of friction), "pins", 6.35 nmsquare (by 3.2
mmthick), were cut fromthe center edge of the flex bar. 25 Three pins
were nmounted, on a 3.18 cmouter dianmeter circular hol der, spaced 120

apart, with the original longitudinal axis of the flex bar orientegy,
tangentially to the 2.38 cm nean di anmeter nounting circle. The ping were

| oaded axially at pressure P against a 3.18 cmouteg diameter e g—5Hxcm

i nner di aneter steel wgsher mage of Anmerican Iron apd Steel tyte 1018
carbon steel and finisi v ~
rotated at velocity V. 4
washer. The tenperature of

LCP X was prepared using the method that follows.

s - Two hundred ninety-nine grams of trimellitic anhydride were dissolved
in 500 m! of DMF in a four-neck, round bottom flask equipped with a calcium
sulfate drying tower, mechanica! stirrer, thermometer, reflux condenser, and a
graduated addition funnel. The anhydride solution was heated to 500C. A
solution of 4-aminophenylether (150 g) in 350 ml of DMF was added dropwise

10 for about 1 hr to the anhydride solution via an addition funnel. Afterwards, the
resulting solution was heated to reflux for 3 hrs, then allowed to cool to room
temperature. One liter of methanol was added to the reaction contents and the
produtt was recovered by filtration under reduced pressure. The recovered
yellow solid was stirred in 2 liters of Boiling water for several minutes, filtered

15  under reduced pressyre, and washed again with 1 fiter of methanol. The solid
product (*"Monomer B*) having the structure

20

was dried in a vacuum oven with a nitrogen purge &t sbout 100°C for about 24
hrs. : . .
Pclymerization was carried out in the same manner as described for
25 LCP W using 686.8 g of Monomer B, 263.6 g of acetic anhydride and 208.3 g of
t-butyl-hydroquinone. '



coul d be neasured and this tenperature was considered to bel tHEPLUAREMENT SHEET I
of the surface of the LCP-PTFE blend. War data is sunmarizgd in lﬁﬁ‘@l

bel ow. The hi gher the pressure 3 5 (P) and/or velocity ( ﬂ\ 1937
tenperature, the nore severe the test and the wear are |ike
volunetric wear rate divided by PV and is repg’rted -8 - herein in unlts
of (cnferr]/kg) x [err]. The |ower the val ue K, the better is the

wearing of the blend; Also shown in Table | is the coefficient of friction

(Co. F), both StatiOnary(S)T’%ﬁg‘rgﬂ'OWgW&BéPdt he \A@dsm%cé’g% rat&lre (W.

Tenp.) in C and where appl e
: Comparative [Zxamplcs below was Teﬂon@ mlcropowder MP1500 PTFE

(available from E. [. du Pont de Nemours and Company) having an average
particle size of 20 microns and recommended for lubrication and wear resistance
5  purposes. It is hercinafier referred to as MP1500.
Comparative Examples A-E and Examples 1-12
The procedure below, which was followed for Examples 1-3, was
typically followed in preparing all of the LCP-PTFE blends described below.
Dried pelletizéd Polymer S was blended with MP1500 to obtain a
10 blend containing 70 weight percent Polymer S and 30 weight percent MP1500.
The examples below, along with the comparative examples, each contained 70
weight percent LCP and 30 weight percent MP1500. The blend was melt mixed
in 2 Wemner-Pfleiderer 28 mm twin screw extruder equipped with standard mixing
screws, a vacuum adapter attached to the mixing zone, and a 4.8 mm diameter
15 circular die. The barrel and die temperatures were set at 330°C, the screws at 150
rpm, and the blend was extruded at a rate of 5.8 kg/hr. The blend was pelletized,
dried, and then injection molded on a 170 g injection molding machine using a
barrel temperature setting of 310°C and & mold temperature setting of 100°C.
The blends were molded into flex bars, 3.2 mm thick, per ASTM D790. Flex bars
20 from the blends of other LCPs were made in similar ways, the main difference
being extrusion and injection temperatures to compensate for the differing
processing temperatures of the LCPs. '
For wear testing (and measuring the coefficient of friction), “pins",
6.35 mm square (by 3.2 mm thick), were cut from the center edge of the flex bar.
25  Three pins were mounted, 'on a 3.18 cm outer diamefer circular holder, spaced
120° apart, with the original longitudinal axis of the flex bar oriented tangentially
1o the 2.38 cm mean diameter mounting circle. The pins were loaded axially at
pressure P against a 3.18 cm outer diameter and 1.59 cm inner diameter steel
washer made of American Iron and Steel Institute 1018 carbon steel and finished
30 toa0.40 mm (AA) roughness. The washer was rotated at velocity V, measured
at the mean diameter (2.38 cm) of the washer. The temperature of the washer
could be measured and this temperature was considered to be the temperature of
the surface of the LCP-PTFE blend.
Wear data is summarized in Table 1, below. The higher the pressure
35  (P)and/or velocity (V) and/or the temperature, the more severe the test and the
wear are likely to be. K is volumetric wear rate divided by PV and is reported
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5 Tabl e 2 sunmarizes the Heat Deflection Tenper | (AEPLARBMENTSHEET
[err]C, measured- by ASTM D648 at 1.8 MPa, of both the LCP one a%w}?t l?gg?
blend, and the Tg and nelting point (Tm) of the LCPs. It i s| di&g:whent:. ..

conparing the data in Tables | and 2 that the best wear propertres are
shown by those bl ends made from LCPs having a i8-of about 140C or nore and
that such properties do 10 not correlate with either nelting point or
HDT. 15 20 25 30 35

herein in units of (cm?/kg) x 10%. The lower the value of K, the better is the

wearing of the biend: Also shown in Table 1 is the cocfficient of friction (Co. F),
both stationary (s) and moving (d), the washer temperature (W. Temp.) in °C, and
where applicable, the heat treatment.

5 Table 2 summarizes the Heat Deflection Temperature (HDT) in °C,
measured by ASTM D648 at 1.8 MPa, of both the LCP alonc and in the blend,
and the Tg and meltin{; point (Tm) of the LCPs. Tt is clear when comparing the
data in Tables | and 2 that the best wear properties are shown by those blends
made from LCPs having a Tg of about 140°C or more and that such properties do

10 not correlate with either melting point or HDT.

15

20

25

30

35
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U 151. 3 170. 0 280 100 V REPLAGSAZ@T SHEET

227.0 336 ~ 100 W ; 3
220 X ‘ 316 197 Daxe:A.%.ﬁm;..@QZ.._

conprised of (a) about 3 to about 50 weight percent of a tetr

pol ymer and (b) about 50 to about 97 wei ght pgﬁ§gnt of aliquid crystalline
pol ymer having a glass transition tenperature of about 140C or 5 nore,
wherein said weight percents are based upon the total weight of conponents
(a) and (b) only. 2. The blend of Caiml wherein the glass transition

t enper ature of

Table 2
HDT
Lce - LCP Blend Tm Tg
S 169.4 173.5 None 175
T 262.0 2604 325 160
U 151.3 170.0 280 100
\' 2329 227.0 336 - 100
W —— -— 328 220
X — — 316 197
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crystal | i ne polymer—i-s--about- 166€-or nor| drate 1&&1&(3'&199?

said tet rafl uor iIs a copol yrrer havi ng perfl
conononer . ﬂ!HﬂHilﬂTlﬁMl wher ei n saip-tetrafl uoroethyl ene pol yner
S ahormpolyrrer * * The blend of Claim1 wherein the liquid
crystalline polyner is selected froman aromatic pol yester, a

pol y(ester-imde) or a poly(ester-am de). TLAWMSDbl end of Caim6 wherein

the liquid crystalline pol ynerg I
Claim6 wherein the |i ﬂw dwcrysi’é?wrﬁéf&@iﬂom 9&)3’8& 5°Wg%*g{’g&g"‘%a
pol yest er. tetrafluoroethylene polymer an )about 50 to about 97 weight percent of a

liquid crystalline polymer having a glass transition temperature of about 140°C or
S  more, wherein said weight percents are based upon the total weight of
components (a) and (b) only.

2. Theblend of Claim 1 wherein the glass transition temperature of
the liquid crystalfine polymer is sbout 150°C or more.

3. The blend of Claim 1 wherein the glass transmon temperature of

10  the liquid crys(allme polymer is about 160°C or more. '

4. The blend of Claim 1 wherein said tetrafluoroethylene polymer is
a copolymer having perfluorinated comonomer. _

5. The blend of Claim 1 wherein said tetnﬂuoroethylcne polymer is
a homopolymer.

15 6. The blend of Claim 1 wherein the liquid crystalline polymer is
selected from an aromatic polyester, a poly(ester-imide) or a poly(ester-amide).

7. The blend of Claim 6 wherein the liquid crystalline polymeris a
poly(ester-imide). .

8. Theblend of Claim 6 wherein the liquid crystalline polymer is an

20 aromatic polyester. ’

9. The blend of Claim 6 wherein the hqutd aystalhne polymerissa
poly(ester-amide). ;

10. The blend of Clalm 6 wherein the liquid ctysta!hne polymer is a
poly(ester-imide)..

25 11. The blend of Claim 6 wherein the tetrafluoroethylene polymeris a
homopolymer.

12. The blend of Claim 1 wherein the liquid crystalline polymer
contains repeat units derived from the group consisting of phenylterephthalic acid,
phenylhydroquinone, t-butylhydroquinone, and t-butythydroxybenzoic acid.

30 13. The blend of Claim 1 wherein said liquid crystalline polymer
contains repeat units derived from the group consisting ofphwylhydroqumone
and t-butylhydroquinone.

14. The blend of Claim 1 wherein the tetrafluoroethylene polymer is
about 10% to about 40% by weight of the total weight of the tetrafluorocthylene

35 polymer plus the liquid crystalline polymer.

15. The blend of Claim 1 which is a heat treated shaped article.
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9. Thé blend of Claim6 wherein the Iiquid crystalline pol ymir REBLACEMENT SHEET .
pol y(ester-anide). 10. The blend of Caim6 wherein the |iquild crysta%bhp? 3
polynmer is a poly(esterimde).. 25 11. The bl end {oba@l: 4]l 1991 |
wherein the tetrafl uoroethylene polyner is a honopol yner. 12.
Claim1 wherein the liquid crystalline polynmer contains repeat units
derived fromthe group consisting of phenylterephthalic acid,
phenyl hydr oqui none, t-butyl hydroqui none, and t-butyl droxybenzoic acid 30
13. The blend of Caiml wherein said liquid crystalline polyner contains

repeat units derived fromthe group cogpgqhhqgrof phenyl hydr oqui none and
t - but yl hydr oqui none. 14. Thc bl end of i erein the

t et af | uor oét hyl ene pol yner is

LIQUID CRYSTALLINE POLYMER BLENDS WITH IMPROVED
WEAR PROPERTIES

This invention relates to liquid crystalline polymers, having a glass transition temperature of
greater than 140°C, blended with tetrafluoroethylene polymers, said blends having improved

wear properties.
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about 10%to about 40% by weight of the total weight of theé RePLACEMAENT SHIZET
tetrafl uoroethyl ene 35 polymer plus the liquid crystalline pol y{wgr. GI %997
The bl end of Jaiml which i's a heat treated shaped articl & Date: AU
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CLAIMS

1. Ablend comprised of (8) 3 10 50 weight percent of 2
tetrafluoroethylene polymer and (b) 50 (0 97 weight percent of 2
liquid crystalline polymer having a glass transition temperature of 140°C or
more, wherein said weight percents are based upon the total weight of
components (a) and (b} only.

2. Theblend of Claim 1 wherein the glass transition temperature of
the liquid crystalline polymer is. 150°C or more.

3. Theblend of Claim 1 wherein the glass transition temperature of
the liquid crystalline polymer is 160°C or more.

4. Theblend of Claim | wherein said tetrafluoroethylene polymer is
a copolymer having perfluorinated comonomer.

5. The blend of Claim 1 wherein said tetrafluoroethylene polymer is
a homopolymer. '

6. The blend of Claim I wherein the liquid crystaliine polymer is
selected from an aromatic polyester, a poly(ester-imide) or a poly(ester-amide).

7. The blend of Claim 6 wherein the liquid crystalline polymer is a
poly(ester-imide).

8. Theblend of Claim 6 wherein the liquid crystalline polymer is an
aromatic polyester,

9. The blend of Claim 6 wherein the liquid crystalline polymer is a
poly(ester-amide).

10. The blend of Claim 6 wherein the liquid crystalline polymer is a
poly(ester-imide).

11. The blend of Claim 6 wherein the tetrafluoroethylene polymer is a
homopolymer.

12. The blend of Claim 1 wherein the liquid crystalfine polymer
contains repeat units derived from the group consisting of phenylterephthalic acid,
phenylhydroquinone, t-butylhydroquinone, and t-butythydroxybenzoic acid.

13. The blend of Claim 1 wherein said liquid crystalline polymer
contains repeat units derived from the group consisting of phenylhydroquinone
and t-butylhydroquinone. .

14. The blend of Claim 1 wherein the tetrafluorocthylenc polymer is
10% to 40% by weight of the total weight of the tetrafluoroethylenc
polymer plus the liguid crystalline polymer.

15. The blend of Claim 1 which is a heat treated shaped article.



