TI TLE THERMOPLASTI C POLYMER BUSHI NGS Thi s appl i cation
clains the benefit of U S. Provisional Application No.
W@09BL3089, filed July 26, 2007. FI ELD OF THBEPCT/US2008/071093
I NVENTI ON A t hernopl astic polynmer part with
circunferentially oriented continuous high tensile
nmodul us fibers is useful as a part for punps, such as
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i s st at Thsapylica@bt ehimsrihs behadgaf 4l.8. Bbpuitsioonlakpplmations
are b j e t and the surfaces may gal
5eaﬁh'é?ﬁéggﬁg%%ﬁggﬁ%gééﬁhﬁces must often be tight or
small, to avoid | eakage of gas and/or liquids fromthe

punp. Rubber or other t% pes of seals nay sonetines be
used, but especial | ¥lER KM%EEMEEWVENWWDNtenperature

eV L Ol SRR St R M}ggﬁ geﬁ%netgﬂc 0,388 S0 ffifious
MuBigh Benst1o a@dbma ibe i§ Gécld) a @udﬂi&is albuskiab s
are used. However as nentione above t ese have a
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20  many instances the seals must be load bearing (rigid), so metal to metal seals are

used. However as mentioned above these have a tendency to wear and/or gall,
especially when a pump runs dry for some period, or is allowed to run dry. Other
types of apparatus having similar needs for such bushings include compressors,
and hydraulic transmissions.

25 An improved type of seal is a thermoplastic seal, or bushing, containing a
chopped high modulus fiber randomly oriented in a plane, the plane being

perpendicular to the rotation of the shaft being sealed, see for instance DuPont ™

Vespel ® CR-6100 Application and Installation Guide for Centrifugal Pump
Stationary Wear Parts, E. 1. DuPont de Nemours & Co., Inc., Wilmington,

30  Delaware, USA, March 2007. However fabrication of such parts is complicated
and expensive, and cheaper ways of fabricating parts for such uses are desired, see
for instance US 5470409 and 5427731. The bushings made from thermoplastic
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for instance US 5470409 and 542773 1. The bushi ngs

made from thernopl asti cpol yners preferably have good
woe@p/opBeperti es and | ow coefficients of frictPCRUSZD$071093

the surfaces that nove with respect to the bushings.

Conposite tubes containing a thernoplastic such as a

fluoropolynmer and a circunferentially oriented
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modul us fiber. Also disclosed is an apparatus,
copgrtirepidy wharefin losier pralial thasmalt ¢asificaprtiof expapsion is desiable.
second part, and in between and contacting said first
and said second parts a bushing conprising a
t her nopl asti ¢ pol WiEVIVARIY ©F THE IBNENTEON yor i ent ed
conti nuous hi h tensil e nodulus fiber. BRIEF
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15fron@n@haammn@mImsamnm&HMD¢Mupﬁbvlde a seal agai nst
liquid and/or gas. At |east one surface, the outer or
inner surface, is cylindrical and it is preferred that
the inner and grifgr DESCRIEEONOFCYHETRAPANGSFach of
the inner and outer surfaces of the bushing are in
cont act Figutehl @howsmrlobwhapmr Seshongs- part
eoPeCt LU o LB ThaRR AR SIS S IR conriga
20 papiirapshapes, such as bushi ngs are shown in Figures
IA- ID. Also useful are split bushings, wherein the
bushing part is split into two or nore pieces (usually

2 pieces CUtpRETATLED DESCRIPTION OF THE INVENTION

éald second

Herein certain terms are used and some of them are defined below.
By a “bushing” or “function as a bushing” is meant a cylindrical

25  lining designed to restrict or restrain the motion of a rotating part, which may also
reduce friction and/or wear, and/or provide a seal against liquid and/or gas. At
least one surface, the outer or inner surface, is cylindrical and it is preferred that
the inner and outer surfaces be cylindrical. Each of the inner and outer surfaces of
the bushing are in contact with a first part and second part, respectively, and the

30  first and second parts may rotate with respect to one another. Useful parts/shapes,

such as bushings are shown in Figures 1A-1D. Also useful are split bushings,



t hrough a diameter) when it cannot be slipped down the
i nner shaft. By a "high tensile nodulus fiber" (HTM)

WO 2000083302 f | bers having a tensile nodul us of abCUUSZ08/071093
GPa or nore, preferably about 50 GPa or nore, nore
preferably about 70 GPa or nore, when neasured in
accordance with ASTM net hod D885-85. If the fiber is
I nwhieird the budfin@pdralsrsplit iato tiwaver rhdre pieepsuseal yolpikeks cut
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that the fiber is oriented approximately parallel to

10 t hin the ftglmauahelH bMEspresang (s HT M emndgiondd M ey barce

of ,thbgbushing. It need not be perpendicular to the
ceRter axis of the circular inner or outer surf ace,
but may beBata “eontangh€’ fifedis mxanypiber faving alpngthhelabaut 3 cm

Wth respect to tpat agxis. The fiber .is pot. considered
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with” I's nmeant that the two surfaces are I n contact

15 wi atptleach thetdoerposite. | atstll afdhefibdr it e dompesitdieed be
bet.vvecrelzr:%a ﬁil cul.ar d’(nner surface of the bushing part
ant GUFTRHUMR OIS within that surface there may be

sonme snal | BglgpEmeRnEalY Baéntédres sahtthiBNe fiBédt Briented
within the bushing. This is considered to be "in

cofpraeximafalhparalelde thefcitchmfercnes of ataiicplas jnnay grfouger surface of
RO DS G Ly Tk Dt o
20 a eybt fieface, Lok gANIbE apal P, feroddamiphd fogming a helix with respect to
that axis. The fiber is not considered circumferentially oriented if it is oriented 0°
with respect to the axis of the cylinder.
By “in contact with” is meant that the two surfaces are in contact with
cach other at least some of the time. Thus between a circular inner surface of the
25  bushing part and a circular shaft within that surface there may be some small
clearance so that the shaft may rotate within the bushing. This is considered to be
“in contact with”, even if there is a thin film of a liquid or gas between the two
surfaces. This thin film may act as a lubricant.
By a “fluoropolymer” is meant a synthetic organic polymer containing

30 fluorine, preferably at least about 5 weight percent fluorine and which is a

thermoplastic.



fluorine, preferably at |east about 5 weight percent
fluorine and which is a thernoplastic.By a

WO ehvenspl astic' is nmeant a pol yner which nmay BPET/US2008/071093
reformed by nelting the thernoplastic and then cooling
it belowits nelting point and/or glass transition
tenperature. Such polyners are not crosslinked. They
have a nelBbmgﬂﬁmmnpbﬁnﬂhgﬁm@ha33ﬂﬁhaﬂﬁhbhﬁmyberdbnnedby
tenp rature above 3Q0 preferaply above 1000C, n
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is useful as a part for punps and conpressors and
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flrst and second surfaces in tact Wt bushi ng
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expansion at the n use tenperaturée bushing of '
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t hegeehtripr operties of the thernoplastic fromwhich it

is made. If the bushing is to be used over a w de

t enper aPipfaablyege onbethiof die firaapd scernidudeigceaa3n cpntagievith the
oef fiicient xpansi on shoul d be neasured at about

23]8hqu%% g“?ﬁnge does not include 230C, that range

20 shoul d hes se@prefeablathadt e HigldRakitd modulihfibéraagea thermal

coefficient of expansion at the normal use temperature bushing of less than about
1x10” cm/cm/°C, more preferably less than about 1x10° cm/cm/°C. The service
temperature of a busing disclosed herein will depend greatly on the thermal
properties of the thermoplastic from which it is made. If the bushing is to be used
25 over a wide temperature range and that range includes 23°C, the coefficient of
expansion should be measured at about 23°C. If that range does not include 23°C,
that range should be measured at the midpoint of the range.
Useful fibers include carbon fibers, aramid fibers, metal fibers (wire),
glass fibers, and ceramic fibers. The fibers may be sized to improve their
30 adhesion to the thermoplastic polymer. Essentially fibers which are very long

(over 1 meter) are preferred in at least fabrication of the preform for the bushing,



Useful fibers include carbon fibers, aramd fibers,

nmetal fibers (wre), glass fibers, and ceramc fi bers.
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the thernoplastic polyner. Essentially fibers which

are very long (over 1 neter) are preferred in at |east

fabrication of the preformfor the bushing, although

t heltfdupR tis fiers methé finallbubhiafinty, mepart, baskatehed berause they are

short ened because. the re cut during final formation

of CHRHNAGna “B?tl%%/h“ghlﬁ&aslbb’ machiiRg-erred that the

cont i nUQYS, ARGH L RATHd @OnI ] géﬂs%%l{:féﬂﬁﬂenrﬂe uf %&%%ﬁ?%s fibers

which are circunferentially oriéented be abou
abwbichadg cinmngerpnilér atdnyedaipoaboul ) tocbabolft, néle peferatly
per.cen of. the total ther astic pol r.

5 CoMbR P ibour i Byl it U6 bttt sobarer o
UScdifddh. | ncorporated herein by reference, which
describes a filament w nding-Iike process using

fibers, Thedushinggaprbrmadens thssribed m B8 402 gnaowaratesiv
T

WoiHd thdidy MRV fgmpP6 DiggisgratedIowrr andiR, @t faeh fohiaktance
90 or O to the axis of the cylinder, thereby formng a

10 hef fube frome therlFMFamd e Togenolymer. tThe fibicp dowiog uippgimagsbe
t . 4 d oaxi
BRI 575 RS S Y RRolhetfd 0t S 1l o
nmotyindgr, tlaretyafgrminlgdi hegixi Mhapredertblelaayle foathbdidet is about 35°

| aced arqund shape, .the bag is evacuated, placed.in
gntﬂa?ﬁaoabff ng@ome%éa&%g?oué 4% 18828 ¥y 9h oRnre dippythen be
apRlds6FddQ W@o@{e%‘icﬁﬁn&;}fdiﬁé? Sla Bagholdfld i%raﬂ%hto‘é_i%:vx (@ﬁ%g is

the inpregndted fiber is wound aroundin the filanen
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| nEPSBRAT Satrap e Sl OREHe EBER - e Bamptivchupy e
MR REANBHNS G whidf S8R BAhE fikfent FHdIXREBES itBhay be
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polkymer or f1uQropol r|. emyl Shon_or suspensi on,
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20 wet W t Imgrapih 8¢ DRb@] fos USHRFIS b impRanasd tdwg nidtie, obedigked by,
then drying the tow. . This may give the final bushing,
bufordnsinsciedng Bigsmimprsewitediovhiyaughjaghgrmoplastic polymer or

fluoropolymer latex emulsion or suspension, coagulating (as by freezing) the
polymer after the tow wet with emulsion or suspension leaves the bath, and then
drying the tow.

25 This may give the final bushing, but since these bushings often have tight
size tolerances, and/or are irregularly shaped, a tube like preform may be formed
by the compression molding, and the preform is then machined into one or more
bushings. These machining processes are well known for composites made from
fluoropolymer and HTMF, see for instance Vespel ® CR-6100 & 6200, General

30  Machining Guide, E. 1. DuPont de Nemours & Co., Inc., Wilmington Delaware,
USA, 2003. For instance these materials can be shaped by sawing, drilling,

turning, milling and grinding.



size tolerances, and/or are irregularly shaped, a tube
i ke preformmy be fornmed by the conpression nol di ng,
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bushi ngs. These nmachi ni ng processes are well known for
conposites nmade from fl uoropol ymer and HTMF, see for
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pothatmidpoihbdfethe agnsition, and both are measured on the second heat. If more
than one melting point is present the melting point of the polymer is taken as the
25  highest of the melting points.

Other useful fluoropolymers include polyvinylidene fluoride, a copolymer
of ethylene and vinyl fluoride, a copolymer of ethylene and tetrafluoroethylene,
and poly(chlorotrifluoroethylene). It is preferred that the fluoropolymer contain at
least about 45 weight percent fluorine.

30 The bushings are useful in many types of equipment especially where

there are rotating shafts, and where there is an interface between those shafts and



the m dpoint of the transition, and both are neasured

on the second heat. |If nore than one nelting point is
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the highest of the nelting points. O her useful
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When mounted in the apparatus it is preferred that the bushings are
mounted in compression. Thus the part may be compressionally force fit into the

part of the apparatus around the outer surface of the bushing.

25



When nounted in the apparatus it is preferred that the
bushi ngs are nounted in conpression. Thus the part nay
wheoogonpsessi onal ly force fit into the part of P€NES2008/071093
apparatus around the outer surface of the bushi ng. WHAT

IS CLAIMED | S: 1. A bushing, said bushing conprising,
a thernoplastic polyner and circunferentially-oriented
conti nuous high tensile nodulus fiber. 2. The bushing
as recited in_ claim1 wherein said continuous high
tensi | eNRRAGISLIAIMED A3 5 | engt h of about 10 cm or
nore. 3. Thejbushinggs rs%?d ELﬁﬁlﬂ r?:oﬁi st La lerrBoplastic
wherei n said thernnplasglc poly a [ uorop qynEr.
4. The wsmﬁnglch@rqueﬁcmemallyﬂormmyedmwtlmﬁowIhaghnsnsnteorn@dulus
wherei n.said high tensile nodulus fiber is carbon

> fiber, Qﬁgh1d fiber, nmetal fiber, glass fiber or

ceramc fibep. 5. TH@suéh |sHEciRd ih Qﬁirhqclwﬂdﬂelﬁ@éﬁd%ﬁﬁtuﬁfous
clains 1to 4 wherein sai conti nuous hlgh tensi l

modul ushightensily srodblyg fibeohase lalngmtof eﬂopw P @rfeorgmr@e nt

of said bUShg N9 Phe bus%ln%assge(?l 437 ¢ 3 fh or% wh reln%al(an
of clains 1t0 5 er el ernop ast1 ¢ polyner

a perfl tera@abyireolynier 4\ flapRpbBhits, conprising, a
first part rotatlng with respect to a second part, and
10jn between atd cohb&beshig @d?@teﬁlméﬁy anfofshns d et grigherein

part s @ SEnRHIBIAG o AER ookl AlcMafurh fher Sncidfifer,

apparatus as recited I n C
conpresghss@Mxhwd@ammaﬁmeansn1ssion. 9. The apparatus
as recited ip claj Hé bu w;neraeslrgc1‘cs Inq ar?pgr?ero c glrnlssl to 4 wherein
centrifugal punp. g y
said continuous high tensile modulus fiber is about 10 to about 70 volume
15 percent of said bushing.
6. The bushing as recited in any one of claims 1 to 5 wherein
said thermoplastic polymer is a perfluoropolymer.
7. An apparatus, comprising, a first part rotating with respect
to a second part, and in between and contacting said first and said second
20 parts is a bushing of any one of claim 1 to 6.
8. The apparatus as recited in claim 7 which is a pump,
compressor or hydraulic transmission.
9. The apparatus as recited in claim 7 wherein said apparatus
is a centrifugal pump.
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