LOW FRICTION COATINGS FOR DYNAMICALLY ENGAGING LOAD BEARING SURFACES Related
Applications [0001] This continuation-in-part patent application claims the benefit of co-pending,
provisional patent application United States Serial No. 11/214,433, filed August 29, 2005, which
claimed the benefit of then co-pending, provisional patent application United States Serial No.
60/605,176, filed August 27, 2004, which are both hereby incorporated by reference in their entireties.
BACKGROUND OF THE INVENTION I. Field of the Invention [0002] The invention 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 vadNVIOF RIGAMAN LTS FOR DYNAMICALLY

ENGAGING LOAD BEARING SURFACES
Related Applications

[0001] This continuation-in-part patent application claims the benefit of co-pending,
provisional patent application United States Serial No. 11/214,433, filed August 29,
2005, which claimed the benefit of then co-pending, provisional patent application
United States Serial No. 60/605,176, filed August 27, 2004, which are both hereby

incorporated by reference in their entireties.
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0002] The invention 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 fora

wellhead assembly.
2. Background of the Invention

[0003] Gate valves are used when a straight-line flow of fluid and minimum flow
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 through the valve the same size
as the pipe in which the valve is installed. The valve provides an 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.

[0004] 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 corrosion and



2. Background of the Invention [0003] Gate valves are used when a straight-line flow of fluid and
minimum flow 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 through the valve the same size as
the pipe in which the valve is installed. The valve provides an 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. improve wear resistance. Some
previous versions have utilized layers of hard facing, such as tungsten carbide, upon the surface of the
valve's gateimpipseatsarQtbisiapre\iome\eesions Yrvensthedus Negsor rkip ofibiond frooessioh a chemical

vapor depogiion-eaal Mextesior s faga.QL tae AlVE:5.91%,R00:582L8, {008l F RL AR, gate valves

rely on liquid lubrication to minimize the adhesive forces between these materials. Liquid lubricants,
such as hydYeisipbhaan dired rievensedegrs BEUS PERSEpe 85t iphsBYsalisapaitylenesi doRfE 0% nsion as

their temperglureds; IR riRe reiv-RimFiaghe, 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

temperaturg9 o3y PR signisias\ReCRFESINIUAINE YGiRPANE Mainead e theheallingafdhe mating
surfaces. [0806] Polygner coatings have heen used on slidingeg@d beﬁgring syrfaces in general,
including orPBaHESAVBES SR 5 sk g o RUSATY s HEV e BRI IRSBEPER §ate VHRIBE 85HI, but

suffer from insutiisjertioad hebsihg bapsacityansuelactlity sspecialicicalpyatac tenpeeatades A

thermoplastﬁ:1 é?rfl mer coatin t%nds to creep.,and élow lImder tlﬂi%g § tact sHesl% %qd e[‘(ljeavgaed

temperatures. PR R d 5t BB%/er?fé‘Fecgé)t‘i‘ﬁga&%e%yr%t SO V\t/"l’iht?er%ﬁera re as does a

thermoplastimy et s ukfdd sitneriyp ootydeectil iy pensie propensity ttabér dogregterandhe simvedpecially at
clevated terangraliies These Ppperics sensialiresilln eracks nhe Reaipg. aadiRg moval o

the coating to its mated surtace.
high temperatures leads to significant increases in valve torques and may lead to the

galling of the mating surfaces.

[0006] Polymer coatings have been used on sliding load bearing surfaces in general,
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 thermoplastic polymer coating tends to creep and flow under high
contact stress and elevated temperatures. A thermoset type of polymer coating does not
soften with temperature as does a thermoplastic, but suffers from poor ductility and a
propensity toward greater adhesion especially at elevated temperatures. These properties
generally result in cracks in the coating and the removal of the coating to its mated

surface.
SUMMARY OF THE INVENTION

[0007] In this invention, an apparatus for a well has first and second components, 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.



[0007] In this invention, an apparatus for a well has first and second components, 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. [0008] The polymer
coating is preferably a thermoplastic material. Also, in one 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. [0009] An apparatus for controlling well fluids, includes a gate valve having a body.

The_ body h?{_ﬁ)@S‘}a‘ﬁﬁé ashanllpwpassage ﬁ%ﬂﬂ%% thceavashcSafieing. isaneuntedie the body at
the intersection of the flow passage and the cavity. The seat ring has an engeégrcl}%face formed of a
i

steel alloy. ARpadinac.tHhe suRgF RN RO G9RHRG Rasbrstedraysteidatd)artaetngingly
engages thgfiacrapfdinel Seaéringenthie BaingdnayeshabucencRpen @nthidpee hPRSIINNS. o
friction-resistant (;o,atinj is on at least ane of the Iaces.a%OOlO In the ap?aratus the at least one of the

engaging fatBLUBHNE: JRRCRALIERE BECIERG ERRITAVY SMAYAIRRSISARET 1208 CARF IS n-resistant

coating can be on the hardened outer layer. The friction-resistant coating can include molybdenum

disulfide. TQr icfign-resistant coatin n incl tyngsten disulfide. The friction-resistant coating can
inoludo 2 A DA RANE (S TP  DETER | Es A e A& Bt in =
range of betwdehaoctvamei abitow paviage mseleetiinr tionepssiptaAntevod atiggsoanunéadta thardness of

tl t ab t; i iction-resi i in th
ot about 900 oo B B TR ot
coating has facedrumedsrbn atdeadiarbdugBodsan the aitkeradbatcaraenagitiifran derordiodat 500 to
about 5000 &Q&hﬁaé@%{%ﬁﬁﬁ@y!%&Q&@?H@%&‘d@&h%igéiﬁ%gm@ GORENGFRA RRNGEAD

unlubricated coefficient of friction in @ range between about 0.03"and about 0.15 and a lubricated
coefficient oPHER-BBA GHseAdgE iDRtwb SicHBBUE S L bERATARS i O 8610 21% 1 the fpFaratus according,
the engaging face that has the friction-resistant coating can have a hardened layer under the coating.

The hardened layer can include one of the following: a nitrided layer, a nickel aluminided layer, a
boronized | 6@()&1 %%wmfﬁ%dhﬁﬁé}?a“ one of the engaging faces of the gate and the seat ring

can have a hardened outer layer. The friction-resistant coating can be on the hardened
outer layer. The friction-resistant coating can include molybdenum disulfide. The
friction-resistant coating can include tungsten disulfide. The friction-resistant coating can
include a carbon or diamond- like material. The friction-resistant coating can have a
thickness in a range of between about 2 and about 8 microns. The friction-resistant
coating can have a hardness of at least about 900 on the Vickers scale. The friction-
resistant coating can have a hardness in the range of about 900 to about 5000 on the
Vickers scale. In the preferred embodiment, the friction-resistant coating has a hardness
of at least about 500 on the Vickers scale, and in the range of about 500 to about 5000 on
the Vickers scale. In the apparatus, the friction-resistant coating can have an unlubricated
coefficient of friction in a range between about 0.03 and about 0.15 and a lubricated

coefficient of friction in a range between about 0.01 and about 0.15.

f0011] In the apparatus according, the engaging face that has the friction-resistant coating
can have a hardened layer under the coating. The hardened layer can include one of the
following: a nitrided layer, a nickel aluminided layer, a boronized layer, and a carburized

layer.



[0012] Another aspect of the invention includes a method of forming a coating on a metal load bearing
surface. The method includes the step of providing a gate valve assembly having a valve body with a
cavity and a flow passage intersecting the cavity. A seat ring is mounted to the body at the intersection
of the flow passage and the cavity. The seat ring has an engaging face formed of a steel alloy. A gate
is in the cavity and has 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. The method also includes the step of
hardening at least one of the engaging faces. The method also includes the step of applying a
friction-resistant coating to the hardened engaging face. [0013] The hardening step can include

hardening thg pRORGIREFASEIAUED AuRRRESS.SSIRAts ShEmmuitridingn aWrdinidingn Riskehaluminiding,

boronizing, and Carburizing. The application steg can include that the friction-resistant coating is

applied thrdgath bepiibecssiaete dteri HIPH svHiSoH e g5 S S BEim vV e 88 HRS osition.
[0014] Anotﬂﬁiﬁgrﬁﬂgl\%‘ thaynventicadnsluges asathasmathndeidanming aweating«an @metal load

bearing surface. The method includes the step of providing a gate valve assemhly hﬁ%/in a valve body
with a cavitjSdRAUARePPES LA MhahedrtirepeHancalithe AQE AT B RY $BVTRe 88y H the
intersectiongighpdlan aassagefand theme\itya Thelssiiying hae a9 engagisgfaeaddiment of a steel
alloy. A gate is in the cavity and has an engaging c%%ormed of g steel allgy that slidingly. engages
the face of (FREQHLE RS m%g?r?gsﬁ%\?gg%%&%@l e %&eél&s%t@%eo%t:%%é? ﬁlélgnvggzlgd also
includes thenstep mbhatdeningmbleasiehaakthesitgagiibhkaceshdhelsnatiedutiedshéntipdes the step
of applying a coating selected from.a.group consistin molybdenum disykfi tyngsgen disulfide
to the hardefg}r?‘é(geglr]il aatin% sccénﬁn ﬁt e 83%? lagniaécggtﬁlfc enéxsest%?\da%%g%%ti)@tgvs:{e}% a%%?ﬂ(EZ microns
and about Sapyibings {00IG]-Festhsrdening tstép: bardmetlidegtigmhiactening the engaging face through
a process selected from nitridmg, aluminiding, nickel aluminiding, boronizing, and carburizing. The

application of the coating step can include that the coating is applied
[0013] The hardening step can include hardening the engaging face through a process

selected from nitriding, aluminiding, nickel aluminiding, boronizing, and carburizing.
The application step can include that the friction-resistant coating is applied through a

process selected from physical vapor deposition and chemical vapor deposition.

[0014] Another aspect of the invention includes another method of forming a coating on a
metal load bearing surface. The method includes the step of providing a gate valve
assembly having a valve body with 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 has an engaging face formed of a steel alloy. A gate is in the cavity and has 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. The method also includes the step of
hardening at Ieast one of the engaging faces. The method also includes the step of
applying a coating selected from a group consisting of molybdenum disulfide and
tungsten disulfide to the hardened engaging face until the coating has a thickness in a

range between about 2 microns and about 8 microns.

[0015] The hardening step can include that hardening the engaging face through a

process selected from nitridmg, aluminiding, nickel aluminiding, boronizing, and



through a process selected from physical vapor deposition and chemical vapor deposition. [0016] The
method can also include the step of applying a lubricant to the coating after the coating is applied to
the hardened engaging face. Prior to the hardening step, the method can include the step of texturing
the engaging surface being hardened to create a textured surface finish. The application of the coating
step can also include that the coating is applied to the textured and hardened engaging face with the
textured surface enhancing the application of the coating to the hardened engaging face. BRIEF
DESCRIPTION OF THE DRAWINGS [0017] Figure 1 is a vertical sectional view of a gate valve having
a polymer ceatingzorgaillensppiicaidithed e doingevean thdusistehahthecaptingdecmmlidce with the

nvention. (AL UG- @iaG0e Al RN SRR ClgRRl iR aLal e Aaie ahi MBS F1o- |

illustrating a hardened layer and a polymer coating, as sprayed onto gate and prior to heating, . [0019]
Figure 3 is a schematic enlarged sectional view of the gate as shown in Fig. 2, but after heat

processing {8 ey menearingmQRZChEIEend 5 sehppIgiie aniasaesherrtRnad gy idhe gate as
shown in FI% 3, but showing an alternate embodiment of the polymer coating,

the coating 1s applied to the hardened engaging face. Prior to the hardening step, the

method can include the step of texturing the engaging surface being hardened to create a

textured surface finish. The application of the coating step can also include that the

coating is applied to the textured and hardened engaging face with the textured surface

enhancing the application of the coating to the hardened engaging face.
BRIEF DESCRIPTION OF THE DRAWINGS

[0017] 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.

[0018] Figure 2 is a schematic enlarged sectional view of the gate of the valve of Fig. 1,
illustrating a hardened layer and a polymer coating, as sprayed onto gate and prior to

heating, .

[0019] Figure 3 is a schematic enlarged sectional view of the gate as shown in Fig. 2, but

after heat processing the polymer coating.

[0020] Figure 4 is a schematic enlarged sectional view of the gate as shown in Fig. 3, but

showing an alternate embodiment of the polymer coating.

[0021] Figure 5 is a schematic enlarged sectional view of an alternate embodiment of the

gate of the valve of Fig. 1, illustrating a hardened layer and a low friction coating.

[0022] Figure 6 is a schematic enlarged sectional view of an additional alternate
embodiment of the gate of the valve of Fig. 1, illustrating an intermediate coating and a

low friction coating.



[0021] Figure 5 is a schematic enlarged sectional view of an alternate embodiment of the gate of the
valve of Fig. 1, illustrating a hardened layer and a low friction coating. [0022] Figure 6 is a schematic
enlarged sectional view of an additional alternate embodiment of the gate of the valve of Fig. I.
illustrating an intermediate coating and a low friction coating. [0023] Figure 7 is a photograph of a
textured surface used to improve tribological performance. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT [0024] Referring to Figure 1, gate valve 11 has a body 13 and a flow
passage 15 that extends transversely through body 13. Valve 11 has a gate 17 with a hole 19
therethrough. Gate 17 is shown in the open position. The gate valve 11 shown in Figure 1 is a

ponjrising-s[t@@y}/@@%{@vq, R-UBtBﬁoY@éYé’gllr]ofn_Q-Ytéﬁﬁf@@fb‘{&ﬂé%e@eﬁsiﬂagiﬁﬁ%”lzéll%ﬁb%‘g‘?ca?\'50 shown
in Figure | are ring- shaped valve seats 21, which have holes 23 that register with the flow passage 15
of the valvePEERIEGERFe 11 is shown as a split gate type having two separate slabs, but it could

alternatively be a single slab type. [0025] When gate 17 is in the open position, the hole 19 of the gate

17 registers_with flow éassa%e 15 of the valve 11. thereby allowing flow through the valve. When the
gate s closBtf I HER D8 SERIFIION QR LB BRAERBREDEMBOBIMEN Tote 17 has an engaging

face 25 on each side that interfaces with seats 21. While gate 17 is closed, typically pressure in the

flow passag eates a substantial load on o f the faces. 25 against one of the seats 21.
Movement @%g%ae% eflf)n(r)’gftr?)mI uéecﬁ)gg% 6’82‘( |(;]r? c?gﬁs%g %% e 1ojf né] a%%év o %(S)agﬁ(?e?&g%?nst one of
the seats 2kvuhitis exentivgrsebntaobigicesydi ohg. oVilbw pasdarges 1gnis uridevithigh pgralssdfe. The gate

valve L1 shiy BTk foyat aeina gaisyammarning R sie L mavenaun (o dose

the valve. Alternative e valve could be a reverse acting gate valve by repositionin ocation of
the gate opéhingon-rising-stem type valve, but the valve 11 may alternatively be a rising-stem type

valve. Also shown in Figure I are ring- shaped valve seats 21, which have holes 23 that
register with the flow passage 15 of the valve. Gate valve 11 is shown as a split gate type

having two separate slabs, but it could alternatively be a single slab type.

[0025] 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 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 shown in Figure 1isa
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.

[0026] 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 quality low
alloy steel; stainless steel; nickel-cobalt alloy steel; or another suitable 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) in the C scale



[0026] 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 quality low alloy steel; stainless steel,
nickel-cobalt alloy steel; or another suitable 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) in the C scale between 35 and 40. Material properties can be altered by the
heat treatment process. Seats 21 may be formed of the same types of material. [0027] Referring to
Figure 2, in one embodiment, each gate face 25 i sus)jectedt an optional hardening process to
create a haPgEHRsd F‘a}%‘?WbMBﬁ%‘ﬁ RRAGESI6W fifct {ﬁ{%{;‘&){ﬁ?j@@? TS HTY RGO o68Ss may
include varipumsyfacerhaddsmingstaahyispses aradiffuision processes such as nitriding, aluminiding or
nickel aluminiding, boronizing, or carburizing. [0028] Nitriding is a case-hardening process whereby
nitrogen is introduced into the surface of a solid metal alloy by holding the metal at a suitable
temperatur¢lit2@omitefetririthta Airogehausosabstdndersucheashapamdaiz A6 nitroggecedhisalt. Nitriding
includes placing t te .17 within a.chamber or vat a %he ing the gate, 1.7. The liquid.or gas type
niriding tergp L e B SR H e e e e
nitrogen migeateg idfo The haedahmgdrresessaxiomeditsveritin shefanetardiopgdddmoagasermic

compound gfilride ﬂ&%s@&r%g@t‘i‘ 0ost-REECUMEMGRSARE Yrth Hianiim:; REaM NG AlI&S suitable

elements. lon nitriding or Plasma Assisted VD nitriding may be carried out at lower temperatures.
[0029] Alunfigfielifigiagd boronizing follow a similar procedure whereby aluminum 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 pPOSELIAVEEIIRE BofofrRStRIEREREIRIRRS CHbFRERT PASRESHISstEraRes P DitH ron. After

the nitridingsatdpaigidings RPFI R0 PLOtheiiar den netir ecadiiRals PemtgrmackomfasameS of gate
17, the hardened layer 27 generally extends into the faces 25 of gate 17 for a d .pthi}r;#hf range of
0005 inche¥' DOSRRHEES ST L Fret ABHILS ST (ERAELSISR a8t TR HIBE: [0030]

Before the lplactrgtian gaatimg wihis appiechdhersuifaad iscariigrablydexidrethe liquid or gas
type nitriding temperature for steels is between 495 and 565°C (925 and 1050°F). At high
temperatures, the nitrogen migrates into the metal and reacts to elements within the metal
alloy to form a ceramic compound of nitride. The nitrogen most effectively reacts with
titanium, chromium, or other suitable elements. lon nitriding or Plasma Assisted CVD

nitriding may be carried out at lower temperatures.

[0029] Aluminiding and boronizing follow a similar procedure whereby aluminum 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 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.

[0030] 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

before creating hardened layer 27 or after. The texturing procedure may be performed in



slightly to create better adhesion for coating 29. The texturing procedure may occur 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 blasting and sanding or lapping. For example,
face 25 may be bead 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 sanding will be less than the thickness of the subsequent low friction coating

29 so that the peaks would be covered by coating 29. Optionally, the sanding or lapping step could be
followed by atBtAgr St bF BB doReE G CBUF S B et B BRI PN (N bead

blasting stepnd a3dihA vamplien dierteaaglbliastny and sending oldappinghtiae gritfbesdef gate face
25 could be texture creating a poraus surface. This coyld be.done by direct licatign of a laser
0 the meta B OT e taaL B T SRS TR URERE AHERGHAI B ts L e T be used
to texture thesusrfacsiag wethadeaddriatyngf etemieal etéhing engélideptechoiguedicAlte prately, a
porous nickeycoaing,or.aNermal sRTey,e9alng. Sush e WG((e Y3/ sMueRuIchhg Arplisd: [0052)
Preferably low Triction oa{mg comprises a high temperatur pofymer sUch as one ot the following:
PEEK (polyétitefstinerketonel] PEKo(Ruid e dwtone P PAtPraydhsakosyls PTREping step
(polytetraflugraatgylensl. ik (Huarinaled StivansHrayIsnakite f nBRlyshiospiiiyorgethylene);

PVDF (polyvinylidene fluoride); PA (Polyamide); PE (Polyethylene); TPU (Thermoplastic Elastomer);
PPS (Polyphithg|&fi affiblajtipgstEvlycarbonate); PPA (Polphthalamide); PEKK
(Polyetherketoneketone); TP1 (Thermoplastic Polyimide); PAI (polyamide-imid); PI (polyimide) or
others. Preferably, the polymer is a thermoplastic, but a thermoset plastic could also be employed. A

thermoplasti€]3 'derimatieraste & bepdRiasipapdeandiesrapRiviag, Heaudes RE IS point. PEEK
is therefore cipnexampiarea thetnapiasipandPodsnThid keueiersedan)yaness agicarable of
withstanding gemperatuaes up Eo 450 degreefs DFE without degracfation, . X

of a laser to the metal alloy of gate face 25 to create small cavities. Additionally, micro-

jets of water can be used to texture the surface as well as a variety of chemical etching or

milling techniques. Alternately, a porous nickel coating or a thermal spray coating, such

as a WC/Co system, could be applied.

[0032] Preferably low friction coating 29 comprises a high temperature polymer such as
one of the following: PEEK (polvetheretherketone); PEK (Poletherketone); PFA
(Perfluoroalkoxy); PTFE (polytetrafluoroethylene); FEP  (fluorinated ethylene
propyiene); CTFE (polychlorotrifluoroethylene); PVDF (polyvinylidene fluoride); PA
(Polyamide); PE (Polyethylene); TPU (Thermoplastic Elastomer); PPS (Polyphenylene
Sulfide); PC (Polycarbonate); PPA (Polphthalamide); PEKK (Polyetherketoneketone);
TP1 (Thermoplastic Polyimide); PAI (polyamide-imid); Pl (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 PAI is not. The
preferred polymers are capable of withstanding temperatures up to 450 degrees DF

without degradation.

[0033] 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



[0033] 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. 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
coating leading to the scratching of the mating surface, resulting in an increase in friction, an increase
in coating wear, and an increase in g%t%%triﬁlaleakage. Preferabl%i;[he coefficienboff iction of coating

I

29 remains HEBWEHERWRRGESAD FARKAE rem iR RO TR SIS sTE8! yl%?(g%“fht%ﬁgh
temperaturemstienes i ¥bd b orcbiohciefraterabiyidhiel codpregsiyeestieadiihdaend P fesi at room
temperature measured under the test ASTM D695, 10% deflecti?ﬂs&%(l)gélpne technicgu&%o impart

stiffness anﬁ"%%é?ﬁré)%tg &t %r?é’%%}%%é?%?%%%ﬁﬁé“ﬁ@e?g% mix a quantlctg%% gﬁ?flerning particulates
in the polymett33dsubbuataearoesizag Sthgta! grenetisie weadltnprotutngs Gidliof carthersanrtobran nitride.
Other stiffeni articulates include_ nano-sized fibers and micron:sj fihe C Blaon fibers.
10035) The B A e et S e T SR CR eSS o
having a diametereshalioyot:btiaidueksasy Bsderianohizesgfidieniatbdrareosodnsabtihatihey may

interact with {6, MOlGFIIES 95 e BRIYMET JRGIGRY MR TGHRIRSIICR, N9l RAREIBI Vi ether

additives. Property improvements may include increases in creep resistance, compressive strength,
tensile strertbtpughdampssisesnesirapradibhXbEisrltebenddicfesbinnbe, CORNERVECREBEBrBssion

resistance, SOREATQNRIRNIRRRAAL INGERSL IR e GRINES BlasSeYanRitPRdREBRSKAture. Their
small size allows them to be sprayed with conventional dispersion coating systems. Moreover,

because of the small size, the nano-sized particulates do not significantly affect the surface finish of

coating 29. Ringie ond @ulitaialicarpan sarmtvbesdavepdiamelrts tHURL soialler dTardigmicron,
such as .015 micron. Other nano-fibers are available in size ranges approximately 10 times larger in

diameter thad EaiBARHABIBLEY, N SHbEaMeRAT S HRIGR R 6 B YEMET alry §Bﬁ%ﬁﬁaﬂa§ﬂ"(flﬁ?§y have
diameters ofiapRrexinuiclya)n4nig®as 31 of carbon or boron nitride. Other stiffening particulates

include nano-sized fibers and micron-sized fibers such as carbon fibers.

[0035] The term "nano-sized" is used herein to mean fibers or particulates, whether
tubular or solid, having a diameter of about 0.5 microns or less. Nano-sized particulates
are so small that they may interact with the molecules of the polymer, thereby imparting
properties not possible with other additives. Property improvements may include
increases in creep resistance, compressive strength, tensile strength, wear resistance,
abrasion resistance, tear resistance, explosive decompression resistance, elongation to
failure, and an increase in the coatings glass transition temperature, Their small size
allows them to be sprayed with conventional 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 spherical and may have diameters of

approximately .05 microns.



[0036] 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 fibers 35, while coating 29' in Figure 4 does not contain
micron-sized carbon fibers 35. Carbon fibers 35 have greater lengths than the lengths of nanotubes
31; for example 150 microns versus about 20 microns for carbon nanotubes 3 I. [0037] It is also

beneficial tq add lubricating additives tq the coating mixture prior to application to reduce friction. The
negative cotSE8lemEe SPadBNTuBACANES 45k ﬁ% erﬁ{%rgfgéba%‘éﬁﬁfﬁcév Bethiss ﬁhﬁ‘ifn%r system.
This furtherdrgrgiasamihe:nbadderdhecarecpaesitaneestiffesingaddityesabthefibyentigin. Preferred

lubricants may include particylates of polytetrafluoroethylene, molybdenum disulfide, graphite,
tungeten b SHETE G BOSRG AR T G AeLh HRRHEEL DSy e Aot oy 00361
Coating 29 isquesfanabfjcagholiedtiytebeispie psiorellechniguetivongizad ombentitat Bainvkieay gun. A
guantity of nanotu 31-0r nanorsized particulates are compounded wijth th r The

com poundeg)?ﬁlggeﬁ is rlegélﬁ%é(% antsong0 racrg)lﬂteaénﬁ lff—%.s eg; Qsaﬂﬁf?&gﬁftffs%aﬁﬁggﬁﬁeé ngsplied as a
coating by dievtrestatiic idigphydion cheHengibs sopregnpidessbsiaa raniels 37haveranemsgitiameters

less than aba%‘dh??@rﬂ?'&%%‘%xj@a?@&%?&@@%eﬂt: granules 37 have diameters of about 12 microns.

Preferably, nanotubes 31 make up at least six percent by volume of each granule 37 to provide the
desired stiffness to coating 29. One preferred range is from six to thirty percent by volume. [0039] A

surfactant ang yyatgriaraRixgd nith gramen R ciafernaiepessinn Halthivessdarduhsisation
enhancement may be added to the dispersion. Micron-sized fibers 35, such as carbon fibers, may

optionally b@rRdidatei eHE MeH BsHA. IF Ao PR ENSE Sirs it nailBrce e & 4B EF4USS by volume

to nano-sizeffiErRep 3dsidtiiontt REHANAR sTRSHISRSIRHAHS % s aYRADIIO (RCEp at room
temperature Then gate 17 is placed jn a furnace and heate\(:?to a teén rature of about 7§§?degrees F.
t

The temperSEHFERESUTHE N B gl‘f‘ﬁﬁyrﬂfer%i BOYSRISBov HHETR SRSV 8% (St ature of the
steel alloy gatecuTattaustogas neiafiesbtieyhardnessiybdwetihar eisidfidchagagned,layercRizhds used.
Once coole?f C%P%ngOZQ becpmes sol%dadUﬁable and onded to a}te facnedZS.ﬁZII'uhe I%‘Eggr micron-sized
fibers 35, if G584 et 35 FéfH OPc(:)llhogf1 JitanGs AT InG e { ré?r%?%’%ag |8’§rarﬁﬁes §r70 émselves filled
with nano-sized fibers 31, together. [0040] Another method of applying the coating to a part is by the
use a therm ocess. In this process.the. thermoplasti n ill re mixed with
oter soid 2 s S O SR s A R T SRS e
mixture is thennspragedihrdughaatgmefmanmebss the enixtoediesid rmoicakicigspraygwnieithe part.

The part thegefpr ApESAeF 5§eeHO ReANGIBNRIRAGS REfeATELtRG SQRINGLS APRNRI2) of
sufficiently small size to be applied as a coating by electrrostatic dispersion or thermal
spray processes. Granules 37 have average diameters less than about 200 microns. In one
embodiment, granules 37 have diameters of about 12 microns. Preferably, nanotubes 31
make up at least six percent by volume of each granule 37 to provide the desired stiffness

to coating 29. One preferred range is from six to thirty percent by volume.

[0039] A surfactant and water are mixed with granules 37 to form a dispersion. Additives
for lubrication enhancement may be added to the dispersion. 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 F. The temperature is

sufficient to melt polymer 31 but is below the first transformation temperature of the steel
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[0041] Yet another method is to charge a dry powder mixture and apply the powder coating to the part
electrostatically. The part is subsequently heated to melt and bind the particulates. This process is
normally used for thick polymer coatings [0042] Multiple coatings may be applied to the part to impart
unique properties. For example a first layer with micron-sized fibers, as well as other nano-sized
particulates, may be applied to increase creep resistance and compression strength. A top coat
without the fibers and particulates may be applied to obtain low frictional properties. [0043] While the
use of a thermoplastic is discussed in sgpme detail, many of the methods %(_;:-);fribed herein are

applicable fHWs&Gith/tHibHhJS8t ARtraisss T HaRE S YISHISHAEEShAERASE B¥BIyhdt that can
be processggkin asiulipnef waikizarspienicLddityes-asie, ki dddedetoraghievia Widgrange of

properties. Nanotubes or nangfibers may he added to the solution.to improye cpating properties. If
Crine at a IO RS BIRTA A0 B birer Ly e Gvitiest TP S50 TR o et P clting. when
heated to abeuinopRftictpeniidsiFacietodbnm fljedlyitidenaiecthlitieesclly weediby.improving the
thermal properties of the polymer in the coating. [0044] 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 frorf0gate faoeiRs, rorthatrieapBingridgatetiage2sd patld havba wsatitige@9aiNpray
hydrocarbopRaseclignic lbiicent on B8RRI MIRL B LaniunGioR L daiedacRqpd seal 21
The addition ot a liquid Tubricant, however, can reduce the start up friction of the valve system. [0045]

When movirgitheaytira e crehsathiubegtfscant] lawer ffibgsn suedting oorhnoithesfép a Fiduced
coefficient %J%@P%isﬁmcg%ﬁ%@% qrilingrreyention- M appiaximAte Lplubsicatad;or dry
e of ap

coefficient of friction is in the ran proximately 0.01 to 0.03 even after numerous cycles of use.
The low coemi@sist @ftﬂﬁﬁ&@%@géﬁﬁ&&{r@?&ﬂ%ﬁ@ﬁ&eﬁbt@ﬁ@éhﬁ{é’@%)fé?rW%SéFﬁlét%%‘”é‘?%
substantiallyé(ggggg:gchﬁmgag gate valve 17 operations by virtue of the coating. [0046] Reducing the
work energy and torque required to operate the gate valve effectively extends low-cost non-rising stem
designs to larger sizes and higher pressure ratings without the use of complex gear reducers or

expensive rofigag elesmnanbeieyicRthothi ifvehtigr enabiengdte vaivesdtaheuspiwithstppadentact
stresses, and rovide%for imr%[?fved vv,ealr ref'stance. Thg inventio al%o increﬂggsél'#e valve's
operating te?‘ﬂgté’?gtf?ré.eéi’ﬁﬁ g Sa in e AR S ABPSE R YR AT UER O U &R H‘rdhﬁgfﬁer
temperaturepratitgaesLChiaprd&B e areamify wedfadhiaitpgbsnaklbpatrige a significant cost and
performance advantage over previous versions in the art.

[0042] Multiple coatings may be applied to the part to impart unique properties. For

example a first layer with micron-sized fibers, as well as other nano-sized particulates,

may be applied to increase creep resistance and compression strength. A top coat without

the fibers and particulates may be applied to obtain low frictional properties.

[0043] While the use of a thermoplastic is discussed in some detail, many of the methods
described herein are applicable for use with thermoset materials. In particular,
polyamide-imid (PAI) is a polymer that can be processed in a solution of water or
solvent. Additives can be added 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 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.
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[0047] In addition to applying coatings as described to components of a gate valve, there are other
applications, particularly in connection with oil and gas well surface equipment. For example, threads
of high load fasteners may contain such a coating. Fasteners of this category include bolts 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. [0048] In an alternative embodiment
shown in Figures 5 and 6, an exterior portion of face 25' is subjected to an optional a hardening
process to create a hardened layer 27' before applé]i%%a low rictior%or,fri@tion-resistant coating 29'.

The hardeniffficcedinhzy Mek. s BriGaRl S Sth g Fathnlgle Do P URFLLIAN S Sesses such
as nitriding Jeldrtsiding:onigkeionl witinigirgtabe rohiZiogiaE Qarbouid e gmisielisfroasedialiaee herein, or
through thermal spraying, 2 dding, or electroplating, Examples, of materials that can be applied
through a tr‘f2 rrﬁélgs(’gga@gﬁtr ?e%@&%@fﬁo%%fﬁsgsfgﬁpgga}?%‘(gealr? %a%%gl?m% ri{>1<3,’ or St @8?%%32 ide in a
cobalt matrixqi@D 49 Badore ireamvisftiefidred datingi28tinappiibdatade@5 IsaprefesalBly. tEixtured
slightly to create better anjhe ign,. for coating 29'. One method, of texturing. face 25.is.th 3 laser may
be utilized o‘@‘?%ﬁ}?‘e"’f‘a%g 1%3ir%dqelzr}f}ljrrlll‘Flagij \’/aehr(fl\gserﬁ% ggr\l/itrlg(gugit%}]edlsr%&as r%%?tni%{e% Si‘, Oeigiln%hes into
the face 25'spftgate valve 17. The laser application can be used with both lubricated surfaces or
non-lubricated surfaces, and can be performed either before or after the hardening process. [0050]
After the exterior face 25 is hardened as in Figure 5, low friction coating 29" is apr%!?ied thereupon. The
low friction ¢@RdHgdernsnampliethe gaisal’ sepsyshassapercbdenidricunyatne RIS deposition

(CVD), or algrnativelycby RetheiRinderieRasR A QReSTekOVitcianisoating&Rida. primarily made
from carbon or diamond-like material, molybdenum disulfide, tungsten disulfide, or another suitable

material. LOWRFRiBIREoHIHBsetd prdherapRiinirnt-al fHgth dp fRokmTatethiaresedmaieifange of 2

microns to & micipnsriedldeewiigiRnceating 2BulernsaibarddasiesooTetimasmhadirgsa hardness
greater than the hardened layer 27'. The hardness of low frictiog coatir@%vzg ma gbg—?'in the vicinity of

900 to 5000 FHOHABHEIRENDI AR o He SBB5 2 PR ARl S ATS AR A Rrsed SUEL%023B plying low
friction coatingvéq'7 @p@ations by virtue of the coating.

[0046] Reducing the work energy and torque required to operate the gate valve
effectively extends low-cost non-rising stem designs to larger sizes and higher pressure
ratings without the use of complex gear reducers or expensive roliing element devices.
The invention enables gate valves to better withstand contact stresses, and provides for
improved wear resistance. The invention also increases the valve's operating temperature.
Eliminating liquid lubricants enables the gate valve to qualify for higher temperature
ratings, such as 450 degrees F. Such advantages will provide a significant cost and

performance advantage over previous versions in the art.

[0047] In addition to applying coatings as described to components of a gate valve, there
are other applications, particularly in connection with oil and gas well surface equipment.
For example, threads of high load fasteners may contain such a coating. Fasteners of this
category include bolts 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.
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technique, described in US Patents 4,987,007 and 5,098,737, creates amorphous diamond coatings.
In this process, ions are extracted from a laser ablation plume in a vacuum environment at room
temperature. The ions are accelerated through a nozzle for deposit on a substrate. Other processes
utilize various Chemical Vapor Deposition processes such as plasma assisted CVD. [0053] In
operation, when moving the gate 17 across the seat face 21, the hardened surface and the low friction
coating 29' provide for a reduced coefficient of friction, reduced wear, and galling prevention. The
approximate unlubricated or dry coefficient of friction is in the range of approximately 0.Q3 to 0.15, and

the approxif&S i AR AHEANAERIERIMUPILIAYE i fHEWSN 9Bt 6:61 t58 T PRELY A dfients of

friction and yseqy Jps Ries WASpRbRIYrashdeath 8 wing gaie Malve 4 Reparatiniedyrvistierof the

hardened face 25' coupled with the low friction coating 29'. Textured surfaces of the mating parts
further red BB RIEEOR LHH FSLIPBy HHIRIOTHE oS CPRLEIE Pabl by ERRARE AT SRy of the
lubricant filna¢tudeippodiihedefact Aardprge tieliniquae\orodiffieitu rpdcustacaii sisowitrididgigure 7.

[0054] An al ernatlg{ig‘ é)TrocEg[ug? to. the diffusion grocesse%descnbedsaégove IS aa%%l qgelrarilnmtermedlate

. 1 1C IMINILn OroniZing, or carburinzing, as giscussed € »
coating 47, WitH6U fOrminG the AfoPementiored ndat reatment hardening process. The

intermediaterchatingh 47evwmai | dppey apep bl dinth e extericiiate 2 3 ofmtipé: g aterkifsrafte thehieh the low
friction coatjng 29. Id be applied f int ' | 7. 1n thi r..the
RORST o
intermediaté egdope{% fwevé Or%%%/ as%%éﬁ%gp fgfﬁggéﬁgsr&%@dﬁ%ﬁe&?é?%ﬁdg é%f%ct(lt‘%? or alterhgtively the
intermediatei Gotinepebidmmyasaitizgdrin conjunction with hardened layer 27'. The intermediate
coating 47 is typically made from such hardened materials such as titanium nitride (TiN), Chromium
Nitride (CrN), Titanium Aluminide (TiAl), or other sufficiently hardened material. The intermediate

coating 47 98¢ U Refuatheldetrolisdios: eabns-dEpissierl ShdsatingisTre i derateoating 47
is generally dp %%Q%me&m&@%m@ﬁ O RHELRICIR R P onay Rera much as
50 microns. [0055] The invention has several important advantages. The low friction coatings reduce
a laser’ may be utilized on the face 25" for defining very small cavities extending
approximately 0.001 inches into the face 25' of gate valve 17. The laser application can
be used with both lubricated surfaces or non-lubricated surfaces, and can be performed

either before or after the hardening process.

[0050] After the exterior face 25' is hardened as in Figure 5, low friction coating 29' is
applied thereupon. The low friction coating 29" is applied by way of physical vapor
deposition (PVD), chemical vapor deposition (CVD), or alternatively by another
binderless spray process. Low friction coating 29" is primarily made from carbon or
diamond-like material, molybdenum disuifide, tungsten disulfide, or another suitable
material. Low friction coating 29' is preferably thin, having an approximate thickness in

the range of 2 microns to 8 microns.

[0051] Low friction coating 29' forms a hard layer, sometimes having a hardness greater
than the hardened layer 27'. The hardness of low friction coating 29' may be in the

vicinity of 900 to 5000 or more on the Vickers scale.
[0052] There are various known processes for applying low friction coating 29'. One

technique, described in US Patents 4,987,007 and 5,098,737, creates amorphous diamond

coatings. In this process, ions are extracted from a laser ablation plume in a vacuum
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the valve work and torque by minimizing the frictional sliding forces at the gate to seat interface and at
the stem to drive bushing interface. Reducing the work energy and torque required to operate the gate
valve effectively extends low-cost non-rising stem designs to larger sizes and higher pressure ratings
without the use of complex gear reducers or expensive rolling element devices. The invention enables
gate valves to better withstand contact stresses, and provides for improved wear resistance. The
invention may also increase the valve operating temperature. Such advantages will provide a

significant cost and performance advantage over previous versigns in the art. [0056] Although some
embodimer&dPHBB AP TVERRET Hifve' B‘éé‘?ﬁﬁé&%ﬁ%ﬁ%‘&%r@ﬁ?ﬂg&hﬁaﬂf&‘[‘gﬁ TR dsRabd that

various chamgesubsthbldithaspocssdtaraliansaein ehaaiialeipoDepaiitionbereastngittom the
principle and STO e of the i émon. Accordingly, the scope of the present invention should be
determinedaﬁyp ﬁé’%ﬁ%ﬁﬁﬁ%§ laims and their appropriate legal equivalents. THAT CLAIMED IS:

[0053] In operation, when moving the gate 17 across the seat face 21, the hardened
surface and the low friction coating 29" provide for a reduced coefficient of friction,
reduced wear, and galling prevention. The approximate uniubricated or dry coefficient of
friction is in the range of approximately 0.03 to 0.15, and the approximate lubricated
coefficient of friction is in the range of 0.01 to 0.1. These coefficients of friction and
wear rates are substantially reduced during gate valve 17 operations by virtue of the
hardened face 25’ coupled with the low friction coating 29'. Textured surfaces of the
mating parts further reduce friction and wear by minimizing solid surface contact by
enhancing the ability of the lubricant film to support the load. A representative view of a

textured surface is shown in Figure 7.

[0054] An alternative procedure to the diffusion processes described above is applying an
intermediate coating 47, without performing the aforementioned heat treatment hardening
process. The intermediate coating 47 would be applied to the exterior face 25' of the gate
17, after which the low friction coating 29' would be applied on top of the intermediate
coating 47. In this manner, the intermediate coating 47 may substitute for the hardened
layer 27' of the gate 17, or alternatively the intermediate coating 47 may be utilized in
conjunction with hardened layer 27'. The intermediate coating 47 is typically made from
such hardened materials such as titanium nitride (TiN), Chromium Nitride (CiN),
Titanium Aluminide (TiAl), or other sufficiently hardened material. The intermediate
coating 47 may also be an electroless or electro-deposited type coating. The intermediate
coating 47 is generally in the approximate range of 2 microns to 8 microns in thickness,

but may be as much as 50 microns.
[0053] The invention has several important advantages. The low friction coatings reduce

the valve work and torque by minimizing the frictional sliding forces at the gate to seat

interface and at the stem to drive bushing interface. Reducing the work energy and torque
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1. 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; 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; a hardened outer layer formed on at
least one of the engaging faces of the gate and seat ring; and a friction-resistant coating on the
hardened outer layer. 2. The apparatus according to claim 1, wherein the hardened outer layer is

nonporous WiHIE{HRRREE % rats MRINe eHRIE B eR RIS Ip R rSaTE oL IR SR SRS Wherein the

hardened oyigelayiesssapolyipefaesand isimpemgablatie gas witbouptee yae ofdusaalant. 4. The
num disulfide.
a;

apparatus according to claim I, wherein the_friction-resistant coating comprises mol
5. The appafattis s, 58#3&?9@8’3?3%531",]%?19@%’ﬂ\’gnf%rt'igﬁ?nié%?s%ﬁe? ‘é@ﬁ%&o%ﬁﬁeﬁréﬁﬁﬁgsten
disulfide. 6cdimscappesaitsaadcprakidedofctaimpilowtherenn thwiftotien-Tasistamtcoatingycelsiprises a

carbon or diamond-like material. 7. The ap aratys according to clq'm 1 Wherein tpe fricté)(gp-resistant
. mncrease t %V%Ve Ogeratm temé) I‘fli) ur?w UC aéavan 25 Wi L !‘OVé ¢ a signiticant ¢
coating comprises a thickness in a range of between about n ut 8 microns.

and performance advantage over previous versions in the art.

[0056] 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.
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8. The apparatus according to claim 1, wherein the engaging face containing the friction-resistant
coating has a hardened layer under the coating, the hardened layer comprising one of the following: a
nitrided layer, a nickel aluminided layer, a boronized layer, and a carburized layer. 9. The apparatus
according to claim 1, wherein the friction-resistant coating has a hardness of at least about 500 on the
Vickers scale. 10. The apparatus according to claim 1, wherein the friction-resistant coating has a
hardness in the range of about 500 to about 5000 on the Vickers scale. 11. The apparatus according
to claim 1, wherein the friction-resistant coating has an unlubricated coefficient of friction in a range
between abbHAIStMMEEBUSH. 15 and a lubricated coefficient of friction in a range between about
0.01 and about 0.15. 12. A method of forming a coating on a metal load bearing surface, comprising:

1. 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; 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; a hardened outer layer formed on at least one of the
engaging faces of the gate and seat ring; and a friction-resistant coating on the hardened

outer layer.

2. The apparatus according to claim 1, wherein the hardened outer layer is nonporous

with a thickness that is at least 2 mils.

3. The apparatus according to claim 1, wherein the hardened outer layer is polymer-free

and is impermeable to gas without the use of a sealant.

4, The apparatus according to claim 1, wherein the friction-resistant coating comprises

molybdenum disulfide.

5. The apparatus according to claim 1, wherein the friction-resistant coating comprises

tungsten disulfide.

6. The apparatus according to claim 1, wherein the friction-resistant coating comprises a

carbon or diamond-like material.

7. The apparatus according to claim 1, wherein the friction-resistant coating comprises a

thickness in a range of between about 2 and about 8 microns.

8. The apparatus according to claim 1, wherein the engaging face containing the friction-

resistant coating has a hardened layer under the coating, the hardened layer comprising
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(a) providing a gate valve assembly having a valve body with 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, and 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: (b) hardening at least one of the engaging faces; and (c)
applying a friction-resistant coating to the hardened engaging face. 13. The method according to claim
12, wherein step (b) comprises hardening the engaging face through a process selected from
diffusion, therfmel Sisr&inyirgaddivgdeddar depdish wHgeh Ry Biechoispinrg 124 Fitbmethod
according tg&ﬁlﬁkgd?la\ya._erein step (c) wherein the friction-resistant coating is applied through a
process selected from physical vapor deposition and chemical vapor deposition. 15. A method of
forming a coating on a metal load bearing surface, comprising:

9. The apparatus according to claim I, wherein the friction-resistant coating has a

hardness of at least about 500 on the Vickers scale.

10. The apparatus according to claim 1, wherein the friction-resistant coating has a

hardness in the range of about 500 to about 5000 on the Vickers scale.

11. The apparatus according to claim 1 , wherein the friction-resistant coating has an
unlubricated coefficient of friction in a range between about 0.03 and about 0.15 and a

lubricated coefticient of friction in a range between about 0.01 and about 0.15.

12. A method of forming a coating on a metal load bearing surface, comprising:

(a) providing a gate valve assembly having a valve body with 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, and
a gate in the cavity and having an engaging face formed of a steel alloy that siidingly
engages the face of the seat ring while being moved between open and closed positions;
{(b) hardening at least one of the engaging faces; and

{c) applying a friction-resistant coating to the hardened engaging face.

13. The method according to claim 12, wherein step (b) comprises hardening the

engaging face through a process selected from diffusion, thermal spraying, cladding

vapor deposition coating, and electroplating.
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(a) providing a gate valve assembly having a valve body with 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, and 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; (b) hardening at least one of the engaging faces; and (c)
applying a coating selected from a group consisting of molybdenum disulfide and tungsten disulfide to
the hardened en agl ace until the coating has a thlckness a ran e bet een about 2 mlcrons and
about 8 micténd! elg‘e%? AH’%&Q,O‘P Wy fctiirers, We {b}h(? FRLRLSEHning the
engaging faﬁﬁtﬁhgou@m@péaceﬁs@ieﬁtqﬂd‘wm Rédciad), iaiﬂmlphgmgﬂ niclek aliepusiddng aixdronizing,
carburizing, thermal s ray, claddlng and electroplating. 17. The method according to claim 15,
wherein ste f(’E}’C 5 [’i?gq{)é é&lng is applied through a process selected from physical vapor
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(a) providing a gate valve assembly having a valve body with 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, and
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;
(b) hardening at least one of the engaging faces; and

(c) applying a coating selected from a group consisting of molybdenum disulfide and
tungsten disulfide to the hardened engaging face until the coating has a thickness in a

range between about 2 microns and about 8 microns.

16. The method according to claim 15, wherein step (b) comprises hardening the
engaging face through a process selected from nitriding, aluminiding, nickel aluminiding,

boronizing, carburizing, thermal spraying, cladding, and electroplating.

17. The method according to claim 15, wherein step (c) wherein the coating is applied

through a process selected from physical vapor deposition and chemical vapor deposition.

18. The method according to claim 135, further comprising (d) applying a lubricant io the

coating after the coating is applied to the hardened engaging face.
19. The method according to claim 15, further comprising the step of texturing the

engaging surface being hardened in step (b) prior to step (b) to create a textured surface

finish, and wherein in step (c), the coating is applied to the textured and hardened
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engaging surface being hardened in step (b) prior to step (b) to create a textured surface finish, and
wherein in step (c), the coating is applied to the textured and hardened engaging face with the
textured surface enhancing the application of the coating to the hardened engaging face. 20. The
method according to claim 15, wherein step (b) comprises hardening the engaging face through
thermal spraying a polymer-free material onto the at least engaging faces.

engaging face with the textured surface enhancing the application of the coating to the

hardened engaging face.

20. The method according to claim 15, wherein step (b) comprises hardening the
engaging face through thermal spraying a polymer-free material onto the at least

engaging faces.
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