WO 2006/026564 PCT/U52005/0307,05 LOW FRICTION COATINGS
FOR LOAD BEARING SURFACES Cross-Reference to Related
Application This application claims priority to provisional application
VBO/B0G 2764 filed 5 August 27, 2004. Field of the Invention Plaa/FrRzeetieHa705
relates generally to low friction coatings formed on load bearing surfaces
that slidingly engage each other, such as a gate and seat ring of a gate
valve for a wellhead assembly. 10 Background of the Invention Gate
valves g AR WRRINGHABINIIE ¢ HRY SIS UNETIHBACKS
restriction are required. When the valve is wide open, the gate is drawn

into the opposite end of the valve cavity. The gate has an opening for flow

_thr@g@ Igefglaggee gg) %?ag:e% ize}aségge pipe in which the valve is
ins ; structed passageway when fully
open. It is best suited for main fluid supply lines and for pump lines, and
is often udeds BPRIFAHRT A BRoRRRE NIV REYEPrask srIIpFHYN 18§ filed
5 50Q0080;0000asi. Previous versions of gate valves have featured a
coating on the exterior surface of the valve's gate and seats for reducing
fricliid a$ thellmyendienduce 20 corrosion and improve wear resistance.
Some previous versions have utilized layers of hard facing, such as

tungsten gabiganupandhe suireaptihew alve snaaig:apd seats oPIBe bearing

previous versions have utilized a vapor deposition process or a chemical
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Pridsrer twgditeatdgasnily. on liquid lubrication to minimize the adhesive
forces 25 between these materials. Liquid lubricants, such as

Backenosnd of thedmwyeniipied greases, decrease in both viscosity and
surface tension as their temperature is increased, thereby minimizing the
protectivechnsiRdnis layenibe ywabiek tertiemighty filvadetisyifageSminimum flow

Addiionally, only very expelve greases are stable o lamperaluies, o

opposite end of the valve cavity. The gate has an opening for flow through the valve

the same size as the pipe in which the valve is installed. The valve provides an

15  unobstructed passageway when fully open. It is best suited for main fluid supply lines
and for pump lines, and is often used for oil and gas production where pressures may
range from 5000 to 30,000 psi.

Previous versions of gate valves have featured a coating on the exterior

surface of the valve's gate and seats for reducing friction, as well as to reduce

20  corrosion and improve wear resistance. Some previous versions have utilized layers
of hard facing, such as tungsten carbide, upon the surface of the valve's gate and seats.
Other previous versions have utilized a vapor deposition process or a chemical vapor

deposition to coat the exterior surface of the valve's gate and seats.

Prior art gate valves rely on liquid lubrication to minimize the adhesive forces

25  between these materials. Liquid lubricants, such as hydrocarbon and silicone based
greases, decrease in both viscosity and surface tension as their temperature is
increased, thereby minimizing the protective boundary layer they offer to the highly

loaded surfaces. Additionally, only very expensive greases are stable to temperatures



above 400 F and may lose some of their mass and lubricating properties.
The loss of lubrication at high temperatures leads to significant increases

in valve torques and may lead to the galling of the mating surfaces.
POIPmer266@itings have been used on sliding load bearing suPlzID@S2095/030705
general, 5 including on ball valves. Some polymer type coatings have

been used on gate valves as well, but suffer from insufficient load bearing
capacity and ductility especially at elevated temperatures. A
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the coating and the removal of the coating to its mated surface. Summary
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Also, in one 20 embodiment, the surface containing the coating has a
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preferably applied by spray dispersion at room temperature. Brief

Deggﬁlﬁﬁ%h ﬁé‘ﬁé\ﬁi‘ﬁdvés é%fﬁéf{gwfaffs a vertical sectional view of a

gate yalye hiaving a polymer coating on at least one of the interfaces

betwee gate and seats in accordance with the invention. _Z_\V(r)

2006/026564 PCT/US2005/030705 Figure 2 is a schematic enlarged
sectional %Wﬁf%"@ﬂ&@’ SPtARPILAS chrF?g\_Nell has first and second components,

15  each having a metal engaging surface that engages the other in a load bearing sliding
contact. A polymer coating is formed on at least one of the surfaces. Preferably, the
polymer coating contains a quantity of stiffening particulates having average

diameters less than 0.5 microns, such as nanotubes.

The polymer coating is preferably a thermoplastic material. Also, in one

20  embodiment, the surface containing the coating has a hardened layer under the
coating. The hardened layer might be formed by nitriding, nickel aluminiding,
boronizing, or carburizing. The coating is preferably applied by spray dispersion at

room temperature.

Brief Description of the Drawings

25 Figure 1 is a vertical sectional view of a gate valve having a polymer coating
on at least one of the interfaces between the gate and seats in accordance with the

invention.



1, illustrating a hardened layer and a polymer coating, as sprayed onto

gate and prior to heating. Figure 3 is a schematic enlarged sectional view

of the gate as shown in Fig. 2, 5 but after heat processing the polymer
wantingobdguare 4 is a schematic enlarged sectional view of the-gaieas03070s
shown in Fig. 3, but showing an alternate embodiment of the polymer

coating.. Detailed Description of the Invention Referring to Figure 1, gate

valve 11 has a body 13 and a flow passage 15 that 10 extends
transverseRigimeoli dhabotisnidic\éalwe &l shatmaaf) adevl dfilithgatholetiOvalve of Fig.
theretk - Gat ' ' iHon. :
cho e e A oS AL end i
altefﬂéﬁ?rw-be a rising-stem type valve. Also shown in Figure 1 are ring-
shaped valve segts 21, which hayve holes 23 that register with the flow .
passage 1561 the V4 v @ﬁt%c\?%?g SRy BWH%E tges%ﬁ‘iegaﬁt@}%% m Fig. 2,
having afver Separatesstalgshbutiyceutsalternatively be a single slab type.
When gate 17 is in the open position, the hole 19 of the gate 17 registers
with flow pasdsdhis 5 Shaeia kgt nerdenrhiiaring e walsratighrein Fig. 3,
valveut\8thendib en gatenia clasedithahdisd Bommlepgsnirggisters with the

flow passage 15. The gate 17 20 has an engaging face 25 on each side

that Retailed desoitivtiontsf 2he Wietigate 17 is closed, typically pressure in

the flow passages 15 creates a substantial load on one of the faces 25

against ong Gtthesseats:dh 1Viemepant of gate: b 49 05 i thew!esgdee 15 that

1&losition causes one of the faces 25 to slide against one of the seats 21

hil EEAS GO BTIES R AOFEBER iPBRe bFflowAbEsddgBe 1% BlindrKithha hole 19
preshurethichelgatGavalVe it ikfwatowisiogeigpoeifids. aTaaward agtirglgaiown in
valvg, ?ea'i'qg that gate 17 moves down.t u‘%'%%ee ey a}'}’emé\'teﬁg{‘e%ﬁ'é’t‘?v'%ly be a
the vaive could be a reverse actirg gate valve by reposnlonln}é e
locakionbsiane yacevalenitioChawy EVE Bikebl argtite-1shapgstatdvalsiiats 21, which

made, fORGOSEOBIaN EaRiRiaRt iRl @t@)bas%u% 25 e Ot R folldngive 11 is

Inconel (a nickel-chrome allqy of steel); high uality low alloy steel;
L3tai s ted; itk MEJBAR Matdyestea b arS tApteoRd aliematively be o

single slab type.

When gate 17 is in the open position, the hole 19 of the gate 17 registers with

flow passage 15 of the valve 11, thereby allowing flow through the valve., When the

gate is closed, the hole 19 no longer registers with the flow passage 15. The gate 17

20  has an engaging face 25 on each side that interfaces with seats 21. While gate 17 is
closed, typically pressure in the flow passages 15 creates a substantial load on one of

the faces 25 against one of the seats 21. Movement of gate 17 to or from the closed
position causes one of the faces 25 to slide against one of the seats 21 while exerting
contact forces, if one of flow passages 15 is under high pressure. The gate valve 11

25  shown in Figure 1 is a forward acting gate valve meaning that gate 17 moves down to
close the valve. Alternatively, the valve could be a reverse acting gate valve by

repositioning the location of the gate opening,

Gate valve slab or gate 17 is preferably made from corrosion resistant steel
alloys such as one of the following: Inconel (a nickel-chrome alloy of steel); high

30 quality low alloy steel; stainless steel; nickel-cobalt alloy steel; or another suitable
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'WO 2006/026564 PCT/US2005/030705 metal material. Inconel 625
typically has a Rockwell Hardness Number (HRN) in the C scale between
28 and 33. Inconel 718 typically has a Rockwell Hardness Number (HRN)
wdheo@osewale between 35 and 40. Material properties can bepatiaieshé®doszoros
the heat treatment process. Seats 21 may be formed of the same types of
material. 5 Referring to Figure 2, in one embodiment, each gate face 25 is
subjected to an optional hardening process to create a hardened layer 27

befanetappiyérigl a hownéticon eoatiygha® » Roekiost ening @iORSSHBRAVRN) in the
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Thebnitro en most effectively reacts with titanium, chromium, or other
suitabie™ él}%’eor{tgérigo%zhr?ﬁiding or Plasma Assisted CVD nitriding maybe
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similar grocedure whereby aluminum™ 20 an , respectively, are

introdtieet brRlifareil alivnbydhekipetanareisl pi yapitbsHawerature in contact

aluminidingprecedusesutherRvapRiatesalmiom ftraduced e that.  Nitriding
chambﬁr rg@cts maQst effecﬂy%&( with nickel. In boronizing procedures, the
bordAHAGHRIAEEiIMG B chamiar &0 %s?‘éff@cﬁ%%wmarg’r‘?.&?ﬁeer”‘ The
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Aluminiding and boronizing follow a similar procedure whereby aluminum

20  and boron, respectively, are introduced to the part at elevated temperatures. In vapor-
phase aluminiding procedures, the evaporate aluminum introduced into the chamber
reacts most effectively with nickel. In boronizing procedures, the boron introduced

into the chamber reacts most effectively with iron. After the nitriding, aluminiding,
boronizing, or other hardening procedure is performed on faces 25 of gate 17, the

25  hardened layer 27 generally extends into the faces 25 of gate 17 for a depth in the
range of .0005 inches to .003 inches. Coating 29 preferably has a thickness of about

0.001 or more.

Before the low friction coating 29 is applied, the surface is preferably textured
slightly to create better adhesion for coating 29. The texturing procedure may occur
30  before creating hardened layer 27 or after. The texturing procedure may be performed

in a variety of ways, and is performed in one technique by a combination of sand

A



30 before creating hardened layer 27 or after. The texturing procedure

may be performed in a variety of ways, and is performed in one technique

by a combination of sand -4 WO 2006/026564 PCT/I1IS2005/030705
waigoaerdisanding or lapping. For example, face 25 may bedi@est05/030705
blasted with 60 grit beads, then. sanded with 400 grit sandpaper. The

purpose of sanding or lapping is to lower the peaks creating by the bead
blasting step. Ideally, the average depths from valley to peak after
sanbiping sk sestng an Mg khessefpie, fabsdg ueaY lowbSatibtisted with 60
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techniques. Alternately, a porous nickel coating or a thermal spray
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(Polyeartad mate) r&tlAg( Rothhithalaidide )Rt ke @id be applied.
(Polyetherketoneketone); TPI (Thermoplastic Polyitnide); PAI
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thermoplastic is defined herein as a polymer that can be repeatedly

heatCGHB HOHtNY poRHEPERAKYIE AR TR TSP EXarkble, ivorinated  othylene
therpiopiasii; Mmﬂn}'&ﬁfm&fﬁﬂ%ﬁ@)y eV gapaileiodne fluoride);
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|oad‘|h@jyphenylene Sulfide); PC (Polycarbonate) PPA (Polphthalamide); PEKK
20  (Polyetherketoneketone); TPI (Thermoplastic Polyimide); PAI (polyamide-imid); PI
(polyimide) or others. Preferably, the polymer is a thermoplastic, but a thermoset
plastic could also be employed. A thermoplastic is defined herein as a polymer that
can be repeatedly heated to its melting point. PEEK is therefore, for example, a
thermoplastic and PAT is not. The preferred polymers are capable of withsfanding

25  temperatures up to 450 degrees °F without degradation.

Also, the preferred polymers have a high strength under compressive loading.

For example, some gates 17 must be capable of withstanding up to 60,000 psi of
bearing stress between the seat and gate. If coating 29 has a compressive strength
below that amount, it will tend to creep or become semi-liquid under high pressure.

30  The tendency to creep is promoted as the operating temperature increases. If

sufficient creep occurs, the textured subsurface of coating 29 will penetrate the top

5.



For example, some gates 17 must be capable of withstanding up to

60,000 psi of bearing stress between the seat and gate. If coating 29 has

a compressive strength below that amount, it will tend to creep or become
wonddéduidander high pressure. 30 The tendency to creep is@rarsmiechasos
the operating temperature increases. If sufficient creep occurs, the

textured subsurface of coating 29 will penetrate the top -5 WO

2006/026564 PCT/US2005/030705 coating leading to the scratching of
thecordtiggleadifer &g tbsuitintgtimaredribrenstiip dvidtion, asvulirgdserinincrease in

coatingeR! i3 INEEeRSEWRROIRRYA |Rakage ISR, Proferably,

coefficient of friction of coating 29 remains below 0.03, without
supPlefefigietytidTifbinatiofrp¥inear fo a3 BylqEstfurtihout supplemental
tenpridtiredextiemés ta &b Bor &ybighefoRsafesabhiathe conpiessiveso F or
strepgth is 0 i at room temperature mea under the tes
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particulates in the polymer 33, such as nanag-sized single or multi-wall
nanotube$84. BERIBGH 9r WRGH Hifiess e CRSRIRESRS D APtithAapalymer of
includeinang-sizeddiberguandtmicraitsizag fibeiasuehiashepdomdib®ssuch as
The ermpnangzsized s ssdereindo mean bers or pariculates e ot
whether fubularor soligl, aving a iameter of AbGUL 0.5 MICTONS OF 1655,
10NasbBiEReg et rige segadso mneaisidedt fheysnaay iménsstsided thbers such as
molgesdassgtthe polymer, 15 thereby imparting properties not possible
with other additives. Property improvements may include increases in

creep resistaneencarnpressiveistienyttréansilen sinefigis, wyanriesisianoetether
abr%%%rreosrlségﬁgef tfv%gre% I%%pn%%re)égl%%%ﬁ %%Cong r%%sss.lgrn less. Nano-sized
reS|sta_nce; elonga’uon to Tallure, and an increase in tlﬁe coatlngs glgass
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small size, the nano-sized particulates do not significantly affect the
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nanp-fibers are availa%ble in size ranges aRRroxi ately 10 times .

ecompiession resistance, elongation™to faiiure, and an mcrease m the coatings glass

transition temperature. Their small size allows them to be sprayed with conventional

20  dispersion coating systems. Moreover, because of the small size, the nano-sized

particulates do not significantly affect the surface finish of coating 29. Single and

mulit-wall carbon nanotubes have diameters much smaller than 0.5 micron, such as

.015 micron. Other nano-fibers are available in size ranges approximately 10 times

larger in diameter than carbon nanotubes. Nanoceramic particulates are generally

25  spherical and may have diameters of approximately .05 microns.

The term "micron-sized" as used herein refers to particulates, whether fibers or
granules, having diameters greater than 0.5 microns. For example, a carbon fiber
might have a diameter of 8 microns. Coating 29 in the embodiment of Figures 2 and
3 contains a quantity of carbon nanotubes 31 as well as some micron-sized carbon

30  fibers 35, while coating 29' in Figure 4 does not contain micron-sized carbon fibers



larger in diameter than carbon nanotubes. Nanoceramic particulates are
generally 25 spherical and may have diameters of approximately .05

microns. The term "micron-sized" as used herein refers to particulates,
whethenfsers or granules, having diameters greater than OPE TSNS )30705
For example, a carbon fiber might have a diameter of 8 microns. Coating

29 in the embodiment of Figures 2 and 3 contains a quantity of carbon
nanotubes 31 as well as some micron-sized carbon 30 fibers 35, while

coalihg LathorFijgors 4 8desaneteetmtéingthictbansiked aatborfiberstubeWe; for
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lengths than the lengths of nanotubes 31; for example 150 microns

versus about 2@ aberersiforcatb dibriandiphesiBiled tistadshinehitiaito prior to

add |ubricating additives tg.the coating mixture prior to application to. .
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Preferred lubricants may_ include particulates of polf/tetrafluoro_eth lene,
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pair]ft spray gun}.sc quantity of nanotubes 31 or nano-sized particulates
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reduced into grar]ules 37 (Fig. 2) of sufficiently small size to be applied as
a cGaREPHYNY BRI s pbr S HY tAERFINTEPTaY RS BE8edzed particulates
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one embodiment,. grapules 37_have. diameters of about 12 microns. .
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mixed with granules 37 to form a dispersion. 20 Additives for lubrication

enh@RBHRER RS A RN FrefEiapieramietiify Sh-BiduitiBblcagsix peroent
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preferred range is from six to thirty percent by volume.

A surfactant and water are mixed with granules 37 to form a dispersion.

20  Additives for lubrication enhancement may be added to the disperéion. Micron—sized
fibers 35, such as carbon fibers, may optionally be added to the dispersion. If so,
preferably the quantity of micron-sized fibers 35 by volume to nano-sized fibers 31, is
about one to ten. The dispersion mixture is sprayed onto face 25 at room temperature.

Then gate 17 is placed in a furnace and heated to a temperature of about 725 degrees

25 F. The temperature is sufficient to melt polymer 31 but is below the first
transformation temperature of the steel alloy gate 17, thus does not affect the
hardness, whether or not a hardened layer 27 is used. Once cooled, coating 29
becomes solid, durable, and bonded to gate face 25. The longer micron-sized fibers

35, if used, act as reinforcing strands that bind the thermoplastic granules 37,

30 themselves filled with nano-sized fibers 31, together.



preferably the quantity of micron-sized fibers 35 by volume to nano-sized
fibers 31, is about one to ten. The dispersion mixture is sprayed onto face
25 at room temperature. Then gate 17 is placed in a furnace and heated
teoetesmpesature of about 725 degrees 25 F. The temperatuneds/ssiféigientos
to melt polymer 31 but is below the first transformation temperature of the
steel alloy gate 17, thus does not affect the hardness, whether or not a
hardened layer 27 is used. Once cooled, coating 29 becomes solid,

durable, andshacdedttogafefpigeng thd texippgerapigtanisizee dieershaalf spray

used, act asreinforcing strands that bind the ther lastic granules 37 .
50 PR S e RS R SO A MRS (Pt B e i
200616864 POivUgsnBio 30 bsicars e lmetndtbot apislyingogabon fibers 35.
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thermoplastic granules 37, filled or not, are mixed with other solid
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Thisfievideconiixtgiie dgritieh sprayed through a gun that melts the mixture
before or as 5 it is sprayed onto the part. The part therefore does not need
to be thern¥allyprthes saelodfetotnbacgmifyiPapptiemivatasmtseply the powder

methogiis:te chapas aishyRader Mitdre.and ARl ibaipawsel ©aat%nd bind

to the part electrostatically. The part is subsequently heated to melt and
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properties. For “examp yer with micron-Ssize
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particulates magébe applied to obtain low frictional properties, While the

use BfhpH %%ﬂ&f%%}%%ﬂg@éalﬁé/?sm’a%m,%W%Wrﬁ‘&ﬁféal properties.
methods described herein.are applicable for use with thermoset materials,

In particuImgl%?n?a%-%%%%%oﬁgtbco@r#esrg %ldcgln -3 Br%%tgls%é%aﬂ of the
15 sotatibndsf desstabegr Seteiantradyitliesbisarfiohevaed dedhiotlashioss angiggals. In

rang{%ﬂfeﬂ[&?‘ﬁ@i?ﬁnﬁ@ﬁ%@?ﬁ&lﬁs@ﬂ%ﬁkﬁé@tﬁ!@éﬁ%%@ge@ew& a solution of

solution to improve coatin% propeérties. If dried at a low temperature, the

=) ATthﬂWﬂé’rrsi@Y@ﬁjf-pré\‘}lFH geﬁ)p@d&)m to achieve a wide range of properties.

Nanotubes or nanofibers may be added to the solution to improve coating properties.
If dried at a low temperature, the PAI binder system provides for a good low
20  temperature coating. When heated to about 500 F, the PAI reacts to form a polyimide
material thereby greatly improving the thermal properties of the polymer in the

coating.

Coating 29 may also be applied to the faces of seats 21 in the same manner as

\ described in connection with gate face 25. Coating 29 could be omitted from gate
25  face 25, or both seat 21 and gate face 25 could have a coating 29. No hydrocarbon-
based liquid lubricant or grease is required in conjunction with gate face 25 and seat

21, The addition of a liquid lubricant, however, can reduce the start up friction of the

valve system.

When moving the gate 17 across the seat face 21, low friction coating 29

30 provides for a reduced coefficient of friction, reduced wear, and galling prevention.



20 temperature coating. When heated to about 500 F, the PAI reacts to

form a polyamide material thereby greatly improving the thermal

properties of the polymer in the coating. Coating 29 may also be applied
waheotaesssof seats 21 in the same manner as described ingGeRHPE&IIRMA30705
with gate face 25, Coating 29 could be omitted from gate 25 face 25, or
both seat 21 and gate face 25 could have a coating 29. No hydrocarbon
based liquid lubricant or grease is required in conjunction with gate face

25 ang sgatoRimdtbevatitiensaf arligyd dubricadic RAVWENE6LCAN IBOMRE range of

the start up fricti f the yalve system. When moving. the gate 17 acrqss.

the SEEPERRES0 T i LS EAe POt SHSAHES T Sero el Couthgient of
coefliciéon vidictivrioragusadiwsantat allirthpeavenidenr :8:84/@c substantially
2000485564 B1e HHERAAD0IERLELS AAIRIRALEyricated or dry

coefficient of friction is in the range of approximately 0.01 to 0.03 even
Safter numeRediscaycles ofdiseeddrgylaincaefficterdirddctiopgeducese gate valve

torque requirements tq cycle the gate. Wear rates are suhstantiall :
redt%a%gﬁynﬁﬁg?gsy% \%Cﬁto%oera YOS %&I\I}irfat?es%?sthé) 88 Fﬁg?’%’s and. higher
Reduefvareheatingk witbeyy ded usrgufe sennied goropedaterthegatpsating rolling

effegtivelyextonds lowneoRl BRRsHSIGRLE T AeSIgN 0. AIRRLSIZeR. 800 contact

higher pressure ratings without the use of complex gear reducers or

expEeives ranthroidrdht Herieed VRariFransS: ePHs ghivdacggases the
1ettesivdthstridi e MiapkratiesSESndABHREONIAGES fesiPARIOYESbWEMe gate valve to

resistance..The. invention also increases the 1 lye's opgratin .
oL B A o e S0 (e vt A epipage vl
for mghvedeenspanificars ratings] sedhrasdS0adegnees FySuohvaoiuantagess in the
will provide a significant cost and performance advantage over previous
versions in the art. In addition to applying coatings as described to

components ef@tgateovalyBinkTtacrgase etharrRanicaliapsaaastictiobte valve,
in cgnnection with oil and gas well surface equipment. For example,

e ARG R GH o AR B LS e CBRoH b B o el e g sorfce
this eptegomstinErdeduoifs, ubeddo dabigh kedtissefoffstyorenthillingeh a coating.

Fasteners of this category include bolis used to fasten sections of offshore drilling
riser together. Coatings of the type described could also be used on ball valves and

tensioners for tensioning offshore riser strings.

20 Although some embodiments of the present invention have been described in
detail, it should be understood that various changes, substitutions, and alterations can
be made hereupon without departing from the principle and scope of the invention.
Accordingly, the scope of the present invention should be determined by the

following claims and their appropriate legal equivalents.



riser together. Coatings of the type described could also be used on ball

valves and tensioners for tensioning offshore riser strings. 20 Although LLOYD WISE

some embodiments of the present invention have been described in
vdeeaile/irskauld be understood that various changes, substituanEs2apgi030705

alterations can be made hereupon without departing from the principle

and scope of the invention. Accordingly, the scope of the present

invention should be determined by the following claims and their

appiepriste legal equivalents. -9 LLOYD WISE WO 2006/026564

PCT/U52005/030705 Claims: 1. An apparatus for a well, comprising: first

and second components, each having a metal engaging surface that

endadesdimathefomaididdeansgsliding contact, at least one of the

engaging surfaces 5 being textured and thereby defining a textured

engaging ¥ canRiL YBRAAEN SRR S BIP SRS b e el it

engagipg sw taeesinthedaelysaahcorlingcamaningacrniityhekatifigningrfaces

particulates having an average diameter less than 0.5 microns. 2. The
5 PR D A E5 B D e Lo SBrfae. ahd

thermoplgaspkdymgted@ln@@ﬁ ?mhasa@pamﬁthls tasmcdinggaghfigimrﬂa,cmmére.pvlymer
the gy t'c@Xn?ljﬁ&fEﬂ[%%ﬁﬁ?'&P&ﬁ&?e%iH} &%ﬁeisteﬁw%%smﬁatg@@amr less

percent By weight. 4. The apparatus according to claim 1, wherein the
stiffediifgd pakefedtates comprise nanotubes, 5. The apparatus according to
claim 1, wherein the stiffening particulates further 15 comprise a quantity =
of floeFanaagiayareridinminaleis larybereyaiho PPhBrs5826ne fse thermoplastic
apRasatys according to claim 1, wherein the stiffening particulates

comprise carbon nanotubes having average diameters less than 0.5

microns and carbon fibers having average diameters greater than 0.5

1oMicionsand Jengths goaater (henilangtRaelithaARRIMYRSE stiffening particulates

in the polymer comprises at least six percent by weight.

4, The apparatus according to claim 1, wherein the stiffening particulates comprise

nanotubes.

5. The apparatus according to claim 1, wherein the stiffening particulates further

15  comprise a quantity of fibers having average diameters larger than 0.5 microns.

6. The apparatus according to claim 1, wherein the stiffening particulates comprise
carbon nanotubes having average diameters less than 0.5 microns and carbon fibers
having average diameters greater than 0.5 microns and lengths greater than lengths of

the nanotubes.

20 7. The apparatus according to claim 6, wherein the quantity by volume of the carbon

nanotubes exceeds the quantity by volume of the carbon fibers.

-10-



20 7. The apparatus according to claim 6, wherein the quantity by volume

of the carbon nanotubes exceeds the quantity by volume of the carbon || oyp wiSE
fibers. 10 LLOYD WISE WO 2006/026564 PCT/US20051030705 8. The
appavaussaccording to claim 1, wherein the textured engagingsusa6£030705
containing the coating has a hardened layer under the coating. 9. The

apparatus according to claim .8, wherein the hardened layer comprises

one of the following: a nitrided layer, a nickel aluminided layer, a

borinizede kayarank actoaHpuizesddayerntdid he anparales Acerdingie
claim %..Whe{ﬁin the first an%s cond com ocpe ts comprise a gate and a
contdint zrrﬁ ﬁ) [

Jate VA %?Sﬂ &SP pRrdtRSEE T GRS claim 1, wherein

seat ring of-a gate vake
the coating has a thickness that is at least one thousandth of an inch. 10

12. paratus for controlling.well fluids, comprising: a gate valve .
e Rl e et IR, e B P R Bl oneof

thetbaitliosingat ringidsdulansg, te thekbodpmintisdnteyssctidroominedfloyer, or a
spassaggiaddhe. cavity, the seat ring having an engaging face formed of

a steel alloy; 15 a gate in the cavity and having an engaging face formed

of a steel alloy that slidingly engages the face of the seat ring while being

moygd betwesharenRBfkiflgsetinasitionsAliieaRt ane ehine&RQAtRG onents

faces of the seat ring and the gate being textured and thereby defining a
texfFRRFER A SRR GRS oHTYE YR ERAGHIEYSe coating on at least one of the
textured engaging faces. 13. The apparatus according to claim 12, further
comprising a quantity of stiffening 20 particulates in the coating, the

stiffehind p aBEREEACHdIRG BnciiBrdgehsisindhs jeddnghng o higkeesribat is at

14.13he pparaiusiaceOsdip@io claim 12, further comprising a quantity of
nanotubes contained in the coating. -l

10 12. An apparatus for controlling well fluids, comprising:

a gate valve having a body, the body having a cavity and a flow passage

intersecting the cavity;

a seat ring mounted to the body at the intersection of the flow passage and the
cavity, the seat ring having an engaging face formed of a steel alloy;

15 a gate in the cavity and having an engaging face formed of a steel alloy that
slidingly engages the face of the seat ring while being moved between open and closed
positions, at least one of the engaging faces of the seat ring and the gate being textured
and thereby defining a textured engaging face; and

a thermoplastic coating on at least one of the textured engaging faces.

13. The apparatus according to claim 12, further comprising a quantity of stiffening
20 particulates in the coating, the stiffening particulates having an average diameter less

than 0.5 microns.

14. The apparatus according to claim 12, further comprising a quantity of nanotubes

contained in the coating.

-11-



LLOYD WISE. WO 2006/026564 PCT/US2005/030705 15. The -
apparatus according to claim 12, wherein the coating contains a qua\thQYD WISk
of fibers having diameters less than 0.5 microns and a quantity of fibers
waringoasssrage diameters larger than 0.5 microns, 16. The Ep¥jE$2008030705
according to claim 12, wherein the textured engaging face 5 containing
the coating has a hardened layer under the coating. 17. The apparatus
according to claim 16, wherein the hardened layer comprises one of the
follpsvimge appitrices dayediagnickdlialurjnidectiaytes, cobiing vioeditayequentity of

a carby ﬂé%%%acﬁ%rn&%ﬁ@s% ARRA3tSAssoring AR FrMReeI D Gverage

polymer coa

g has a 10 compressive load yield strength that is at least

25 doogisisdereerhas ferieipes- 19. A method of forming a coating on a
metal load bearing surface, comprising: (a) texturing the load bearing
surface to create a textured surface finish; (b) mixing with a polymer a
quatity Ik sihiferitg pendidingteseltia $Bffehimeipartceittess hagdagg face

savergga dRMRAIRIAN A AUGTES et 48 (Slanping the

polymer to

surface finish to create a coating.. 20. The method

according to claim 19, wherein step (b) comprises: compounding the

stiffening, pagiclilate sWiiihe BAMMENT 60 L AISdAHX PG baligkises one
with the granules and spraying the mijxture onto t?g textured surfac%

finih 15 R RS HEH S Fentka e REF S halFné POIgRES thgep o @
coolipgifieslalyeeto cause the polymer to solidify into the coating. 21. The
method according to claim 19, further comprising hardening the load

bearing surface prior to step (b). -12

10

15

20

18. The apparatus according to claim 12, wherein the polymer coating has a

compressive load yield strength that is at least 25,000 psi at room temperature.

19. A method of forming a coating on a metal load bearing surface, comprising:
(a) texturing the load bearing surface to create a textured surface finish;

(b) mixing with a polymer a quantity of stiffening particulates,

the stiffening particulates having average diameters less than 0.5 microns; then

(c) applying the polymer to the surface finish to create a coating..

20. The method according to claim 19, wherein step (b) comprises:
compounding the stiffening particulates with the polymer to form granules;

mixing a liquid with the granules and spraying the mixture onto the textured

surface finish to create a layer; then
heating the layer to melt the polymer; then

cooling the layer to cause the polymer to solidify into the coating.

21. The method according to claim 19, further comprising hardening the load bearing

surface prior to step (b).
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