TI TLE FLUOROPOLYMER BUSHI NGS Thi s application clains
the benefit of U S. Provisional Application No.
weMWeL3M 11, filed July 26, 2007. FlIELD OF THECT/US2008/071092
| NVENTI ON A fl uoropol ynmer thernoplastic bushing with
circunferentially oriented continuous high tensile
nmodul us fibers is useful as a part for punps, such as
a bushing, especially centrhﬁyggl punps and ot her
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fabricating parts for such uses are desired, see
20  many instances the seals must be load bearing (rigid), so metal to metal seals are

or

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



for instance US 5470409 and 542773 1. The bushi ngs
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pump.

DETAILED DESCRIPTION OF THE INVENTION

Herein certain terms are used and some of them are defined below.
25 By a “bushing” or “function as a bushing” is meant a cylindrical
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
30  the bushing are in contact with a first part and second part, respectively, and the
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,
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such as bushings are shown in Figures A~ ID Al so
useful are split bushings,wherein the bushing part is
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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
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
fluorine, preferably at least about 5 weight percent fluorine and which is a

thermoplastic.



By a "fluoropolynmer"” is neant a synthetic organic
pol ynmer containing fluorine, preferably at |east about
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metal. It is also preferable that the high tensile
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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 fluoropolymer thermoplastic. Essentially fibers which are very

long (over 1 meter) are preferred in at least fabrication of the preform for the
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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 tubelike 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
fluoropolymers 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.



This may give the final bushing, but since these
bushi ngs often have tight size tol erances, and/or are
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and poly(chlorotrifluoroethylene). It is preferred that the fluoropolymer contain at
least about 45 weight percent fluorine.
The bushings are useful in many types of equipment especially where
25  there are rotating shafts, and where there is an interface between those shafts and
another piece of the equipment that must be sealed against leakage of liquid
and/or gas.
Thus one preferred type of equipment which may comprise the bushing is
pumps, especially centrifugal pumps. These bushings are useful in centrifugal
30 pumps as stationary wear rings and throat bushings in overhung and vertical inline
pumps and single stage between bearing pumps, as stationary wear rings, throat

bushings, inter-stage bushings and pressure-reducing bushings in multi-stage
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and poly(chlorotrifluoroethylene). It is preferred
that the fluoropolynmer contain at |east about 45

waowedoglts3per cent fluorine. The bushings are usePCil/UB2008/071092
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many types of equi pnent especially where there are
rotating shafts, and where there is an interface

bet ween those shafts and anot her piece of the
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hydraul i c transm ssi ons. Wen nounted in the apparatus
it is preferred that the bushings are nounted in
conpression. Thus the part nay be conpressionally
force fit into the part of the apparatus around the
outer surface of the bushing. WHAT IS CLAIMED IS: 1. A
bushi ng, said bushing conprising, a fluoropolyner

t hernopl astic and circunferentially-oriented

conti nuous high tensile



nmodul us fiber. 2. The bushing as recited in claim
Iwherein said high tensile nodulus fiber carbon fiber,
W@e@oath30f i ber, netal fiber, glass fiber or ceP@mMUB82008/071092
fiber. 3. The bushing as recited in claiml or 2
wherein said high tensile nodulus fibers are about 20
to about 60 volunme percent of said bushing. 4. The
buSHIAG IS IAddIERASi n any one of clains 1 to 3 wherein
said fluoropol yner. .has a nelting pai.nt of about 2000C
or more. 5. ¥ baﬂgwﬁ@laa%wlv@% COBBIHAL dnpcopRogher
clai ms thebR éa%ﬁ%& 'cﬁcﬁﬁfeﬁjenftﬂaﬂ -rOQiBQIJeM @@ﬁt_iﬂu_%u@high tensile
perfluoropo? nmer. 6. An apparatus, conprising, a first
part rotatlilngfibet h respect to a second part, and in

bet ween and tactjng said first. and,sai.d seco .
S parte a bushEnCCORPIEE A5 1 QBiop gl s R tensil
t her mophRghiug fiBBCashIrCritd: S @ld, &bty nftd] €Bte %lass fiber or
continuous high tensile nmodulus fiber. 7. The
appar at e&amfc igdcsi m 5 which is a centrifugal punp. 8.
:]-he appar at us fix ruesﬁllnt]g%% rdcite§ krgclzlarlri]nf 19F2 zvh\é'pe% SGala&] hls'g%I t(ejnsile
i gh tensil e modulls Fi'befr carbon Tiber, aranid,
fiber, meHalusfib&ghre HPoas30 fd LRt 60 valemaPetecht dfegaid Bushing.
The apparatus as recited in any one of clains 6 to 8 .
10 wher ei n sai d4hfhgrbushingiap eccipdi i} Ay anewd claimgs & tp glereppsaid
to abou | j Ng. . The
appar at [LORRTHF AP ERR: Bl SPA AN nS:
wher ei n sai d5fThedrshiokysescited irmanyasiel afiotadpoll yoré mwharedn said

has a nﬁltin poi nt of _about 2000C or nore.
uoropdlymer 1s a perfluoropolymer.

6. An apparatus, comprising, a first part rotating with respect to a
15 second part, and in between and contacting said first and said second parts
a bushing comprising a fluoropolymer thermoplastic and
circumferentially-oriented continuous high tensile modulus fiber.

7. The apparatus of claim 5 which is a centrifugal pump.

8. The apparatus as recited in claim 6 or 7 wherein said high tensile

20 modulus fiber carbon fiber, aramid, fiber, metal fiber, glass fiber or
ceramic fiber.

9. The apparatus as recited in any one of claims 6 to 8 wherein said
high tensile modulus fibers are about 20 to about 60 volume percent of
said bushing.

25 10. The apparatus as recited in any one of claims 6 to 9 wherein

said fluoropolymer is a perfluoropolymer and has a melting point of about

200°C or more.



