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provi si onal application 60/605,176, filed August 27,

2004. Field of the Invention The invention rel ates

generally to low friction coatings forned on | oad

such as a SO ERICTION COMINGERERIBVE Ty

wel | head assenBNGAGINGLOMNBEARING SURPACES Gat e

val ves are used when a straight-line flow of fluid and

ntnlnunthOM/restrlctlon aare required. Wen the valve
psclRefgpen Related AppH Awn into the opposite end

of the val ve cavity. The gate has an opening for flow

t hr ough. t he sape. S|ze as. t he

t he Va{f“\}/n apgaYl?lhtS(%% 1&1?.1%‘1& ‘8 y tgl ]3;8\/16}061\9 g%@wghon %/6%%,176, filed

UAQRSSt RUC2@E. passageway mhen fully open. It is best

suited for main fluid supply lines and for punp lines,

apgtid of Ald@engsfl for oil and gas producti on where

pressures may range from 5000 to 30,000 psi. Previous

versi ons of gate valves have featured a coating on the

ext eri Ghe Quneﬁ@meretﬁteﬂgmemawﬁelcwv Gatienanatingsdosnddom load bearing

to reduc

S5 00 ab S editoedt BBh e Paof 8RR ERLIeBRuTR a0 Bate vatve

ufdllalvz@meh@ygeﬁlbgf hard faci ng, such as tungsten
car bi de, upon the surface of the valve's gate and

SBaAtSoroThAST tId BMeRkSn VEr Si ons have utilized a vapor
dwgrﬂ_ma chem cal vapor deposition to

coat the exterior surface of the valve's gate and

seats. Gatd walvew sregmbd wimhvee straightylirenflowqeli fluid and minimum flow

lubrication to.m,niy ze t he adhesi.ye forc
ettt BF ety | Wapa e Edneude shch B8 eae 15 Gawn into the

hb/ﬂfd%ﬁ@ eR@Bf ARV afel da@ﬁ? e TB@?% Hak %ﬁ%ﬁt‘imng €61 8P Brbfigh the valve
h viscosity and surface tension as their

téﬂﬂp@m sire ap sh¢ pipeciaswlichtthervisbie isi mstradlczd ndhehealve provides an
Py Otbe rhclzt\e/ gs%ggne%ry)(&fhet yﬁetﬁy to{)]gry I?Esfbeerst stuci)tegl I2’or mat%rﬁtgd 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
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
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
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The |l oss of lubrication at high tenperatures |eads to
significant increases in valve torques and may lead to
the galling of the mating surfaces. Polynmer coatings

have b used on slidin oad bear | surfaces i.n
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0 t e : :
O B P Hrobdfid Mol BRRS poslll ShPba Y .t coating and.the
psnidvalibfthe sodtag tn dts avesdgpefade.anet ers | ess than 0.5

m crons, such as nanotubes. The polyner coating is

psem@aR! vy a thernoplastic material. Al so, in one

enbodi ment, the surface containing the coating has a
hardened | ayer under the coating. The hardened | ayer

ni ght Bethibinksation s epnamteyform wiel hag) fingt Ardiisprpnd components,
b 2 L . o nr o
it ol SEEAMY e oY EnEBE e ALY ik liding
Desttact.ptAl pelymier toeinriaddrmgd ohi oy lsast dnd of the yerfades.alPreferably, the
sectional view of a gate valve_having a pol ymer .

CBRIVIIRY ORtiAg Foains oneugptity hef i shifiepinge partisklalise Hayipg average
JRhficRRCIc8eAR ol RCER! JRANSE itdbne, | ovent ) on. F gur e

IS a SC enatlcgn sectional view of the gate
of theTHéalp\é?yn%r @agmg 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.

Brief Description of the Drawings

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.
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coating, as sprayed onto gate and prior to heating.
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gate as shown in Fig. 2, but after heat processing the
pol ynmer coating. Figure 4 is a schematic enl arged
sectional view of the gate as shown in Fig. 3, but

show ng. an al.t ernat e .enbodi nent . of

coat | ndigtip R it pelinisE R faeonc et 1E% b BRiG af the valve of Fig.
Raf Blukiriténgt Ohdrdentidlafer eglataepdmh&ecohﬁngae s?r@@d)()nﬂ&%ﬁé‘ énd prior
a flow passage 15 that extends transversely throug

béueatige. Val ve 11 has a gate 17 with a hole 19

t heret hrough. Gate 17 is shown in the open position.

The gafFewaBisa mmeatamimmnlalgdéi sgetiamall view @& the gate as shown in Fig. 2,

non-rj si ng- stem.t Ive but the valve 11 may
Pteé?ff?ah‘?%éﬂr?/ceﬁ%ng %er§p%§1ﬁg ype valve. Al so shovvn

|n Figure 1 are ring-. shaped val ve, seats 21, whic

have hélg&e 43s ¢ ﬁf&temag.eg%aé%edwpﬁtwn@h‘éle?v| va%ggfsag éh%n in Fig. 3,

Ohuf ﬁ‘ﬁgg ¥ant R el’ﬁﬁb?ﬁﬁlei'lﬂ fbtﬁe ﬁglgf%r BGatfh §sp| it gate

type g two separate sla It could

a E[ t é BE: ﬁabtype When gate 17 is
elqi ﬁlbesgl‘l tlgﬁo?tl% gtlﬁ le 19 of the gate 17

reg| sters with flow passage 15 of the valve 11,

t her ebReﬂdm@gvtmElght@w daby w11 has ¥y BdWe13 When flobﬁp@@ztge 15 that
is closed, the hole 19 no | onger registers with t

fﬁé‘iﬁ}l‘éﬁaﬁ@%ﬁ’éfsfh’ thrﬁ'égbg Redy 11? hX&lvenTbhgact sater e é?V1§5 a hole 19
1i}le?é%ﬁ1'au .eg?a&? Y ik @*@Ifﬁ eh%o%ﬁ%ﬁl ftl%e MR 9B Shown in

I'S C| ypica pressure ‘i n passages
1higmredtissa ao&-uﬂsnigenﬁémab/pé galce,obutothe valvet he nhacelerd&ively be a

agai nst one of . the seats 21._.Movenent, of _gat 7 to
?lawsrsrﬁ‘@ bPgsalyep st fﬁawe&lféegegﬁée HRet cﬁ%ége %tst%l which
Shh@ehcﬁgﬁgmﬁat Qegstef wtltlﬂeché %tnspa%ségew bpﬂl%&%wes n@ate valve 11 is

contact forces, Tt one of flow passages 15 is under
hilgwip asegsphEgat&'hEp@ha\eng/ tvw ecphbiats klabw buh iFcqud eltd¢rmagvely be a

fo acting gate valve neaning that gate 17 noves
fev%rbdtm%e the valve. Alternatively, the valve

could be a reverse acting gate valve. b osi ti n| ng
the | od@NEOE7 38 ¢ bapléenowﬁ}qlagthe@é%Y%af 5 g,/ prglsters with

g fﬂgg]l phésdgs 1BTSHRE ADVY 1TB8Ereby AT G R ARV Bloh SR ANe. 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 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

quality low alloy steel; stainless steel; nickel-cobalt alloy steel; or another suitable

3.
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anot her suitablenetal material. Inconel 625 typically
has a Rockwel | Hardness Nunmber (HRN) in the C scale
between 28 and 33. Inconel 718 typically has a

Rock nb th | e _bet wee .
e sty RGP BRI P R0 B Rers Ve G in the
headcald ek EBNis ﬂf@@?sﬁlco%aﬂ% t?pl@alﬁaﬂasbﬁRB%ﬁﬁﬁH‘ﬁfdnE&eNumber

same types of material. Referring to Figure 2, in one
e(ﬂﬂBN)nnmhe Ceaaln hytweenf Hcand240.i Materisl eoepetiesocanrbe altered by the

[ h rdenln ess to crea te.a hardened Ia

ey SRt B e SRl R HoCEPORT R S Bres phaeFal
har deni pr ocC .includ arious surface '
har den:Rﬁge mﬁ&a@ dR ong Fmgg%awnb ceregie be 2sis swjected to an
Niphfidhil r}ﬁrde%iﬂrén%@cgésnﬂ) Bfcald E%d@ﬁ%&'% A B NBefore applying a low

boromzmg, 0 burizing. Nitrid |ng|sa
c fisdionaccdiing 2§. pFlc bademhg rpedaesh maryagelludc yariowy sctlfw;e chardemng

t he su ce of a solid netal l.0 hol di
- RBpiofits & S PlocfeshS pieed R int oy i dilfiniding,
nbglroggﬁ,q%)%cﬁgaﬁlﬁgce such as ammonia or nitrogen rich
salt. Nitriding includes placing the gate 17 within a
chanbe
ety DiEHdintets PORe ARG dri6esd Whreb T niillien!is Btk e into the
498 fared 5661 (28 aling by%mﬁ)g thatmdtalgh atseriggde wmnpewﬂre in contact
the, nitr.ogen m tes the met al and react
 Pa AL EHE P GifiSie: SRodq Bpen of MuoGas kih (3t  Nitiding
C HBRRIER Pl Rinditer do4€ 17 WighiR 2t EiRadRr BPYht SAd ﬁeattin\geﬂh}é gate 17. The
reacts with titanium chromum or other suitab

e ligwdrrsgas fype mifridin gliempersturpifersyieelsis Hetvesn @Smnd 565°C (925 and

U 6 ol O B g e
WBRARA it ATt HRe D 8l P toORrm RQSReEit lc\ziﬁlbﬁundibﬁmmde The nitrogen

introduced to the part at elevated tenperatures,
VE:100) sffa@é/eb{ Eaeclsi Withditarigee ehrassinm, 108 aherpetitble elements Ion

LT HERAY SIS AL a TRALs g
bor on N@{lgdﬁpg %nlflr}@(ﬁ)ortn%l?ﬁgc ﬁrrber g Caasr?]cge%ure whereby aluminum

ef f ect

abhdYb6iod] fé@pecﬂ%l? Narg iiM8odudéd @)tths paﬂ@ af eleViteteRipReR/EEE € In vapor-
is perforned on faces 25 of gate 17, the hardened

| alase ﬂm@&eg araopderes, eth@l sviperge phuninameintroguest gk the chamber
17 f a.d t e t

ﬁ%aﬁ o%oe?{é Vel)é gwgm % gllnoo 0199 gg pﬁ&e@n eeg,s%gfb%g%n 1r%troduced

into the chamber reacts most effectlvely Wlth 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.

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

4
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texturing procedure may occur before creating hardened
| ayer 27 or after. The texturing procedure may be
perfornmed in a variety of ways, and is perforned in

R oR SR nda5000 BaLhehast BREORUAL felaget vins o
bbasb&ds Whéds@Hedwith 400388 sarldpepers A eRrpdst B $HAiG ditlapping is
sandpaper. The purpose of sanding or [ap |n%§| s to

i

| twlorver Hee prekikereatingshy thg begd blastingesiep. ddl ayerage depths from
deal |y, the average depths.fromvall P

SRR po o S8 RO b A Pl Rt Wb Hquent tow

s eiaRAURElng DIV tHat thHeGRakPAbiIdDbe2DvERd yadoatig 2 P.e @psionally, the

woul d be covered by coating 29. Optionall

h

s andiHoTolaPPiag sicn goulddrs odawed by aﬂ@ﬂhpb%éw%éyéaéﬁ&ﬁﬂi@rg, but using
oo . . . f

oo el AR IR b B o B 26 “ae o

13t QR LSO SR ok RIS o e

afReNBUukdbd REfredby sreaftl 8 pbRud eiaddy Tiis e6ild be done by direct
application of a laser to the netal all ozsof gate face

28pplisatioeafe tsen fo hevimeiab pllonddi gatedadel 45 toriciease jspl cavities.
of r . pe. us r .
AR Bpy BRI b B R 5 b ler A BB i R varicty
Abf ehigmaicell stchiag po hallBgrechoidues.oatltengately, a pbioas midkel coating or a
spray coating, such as a Co syste coul d be

afisrnaleprar eRERSSIGh Aol WG/ Cosy SRl ey Rg2Yiedonpr i ses

a high_tenperature FOl ymer such as  one_of the

f ol | owPreferablyERw(fistigme copsingt2eqorprispey highpgrmperature polymer such

(Pol et her.ketone): R or . .
(BoPGt OF FAT TRy b G ARERIE) PR Bytetherketone): PFA
p(Rafthenekox W] FETEFEO! (pelitarafludidetiylinelt MBHEFENEfluoritdidd  ethylene
(pol yvi nyl idene fluori de_z]; PA ( Pol yam de%); PE . . .
( PEIYSnRY; | € HEE : (pelvehlongie Haerppthlene): EPALR fpelyvinghdene fluoride);
(Baly ene Sul fi : P ar i PP :
() FERRRPLE0E P elfriel p g PRaRplenty ™ Plggjomen: PP
( hedypimplyat i Sufaley,i H@ eBolRArbdnate)y afi Ale(Potpbithalaklide); PEKK
(polyimde) aor others. Preferably, the, po r.s N
{ PBrhoneteiiay Bk (aerusesp Eatyipgado bRE toptigmfe-imia) P1
o = ti . _
SIRIPKEE), & SRETIRCRTING, 18 IDHIPE " HoRDpRRIE but & thermoset
pplastic cRE&KIsoshet draplofat eA thenmagiastipliedefined 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 °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.
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-
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pol ymers have a high strength under conpressive
| oadi ng. For exanple, sone gates 17 nust be capabl e of
W t hstandi ng up to 60,000 psi of bearing stress
bet ween the seat and gate. |f cgating 29 has a . . .
CEiedetdbts I arGrricas oh e meoakotiEce | FoRine i dnerease in
! BiGOREH RrdASC R vohd, G4 &h HRASEe H a3 53MAE. Preferably,

The tendency to creep is pronoted as the operating
t thepeeficied dfnictars of cohtings 29 fremains thebrve 3o vdthout suppdemental

text.yred.subsurfa of atiing.29 wll penetrate th

B Rh GEPEfor A el 2L EellyelpBBAES it o 450 F or
Shiich&C e Pré®fdbly,i A8 dofpébsivRCtRASe i1 251000t AsPht 18Bm temperature
increase in coating wear, and an increase in potenti al

| Bighaged urlep thertet IAD TN RRO98 o B pideflegtionof friction of

coating 29 remains bel ow 0.03, w thout suppl enental

| i qui dOnabetlaquicotm, ithpart atiffhesssand? Oftep yrebistandeh ta diggh polymer of

temperature extrenes .to 450..F.or hi. . .Preferably,

{ R o da it SR ol POt iy oiiales i e G OmeY 33, such as
t gAmRedi A R gl 8S whAElwaNdBinohiiRs tBS bf Aerbvh D89BerohOfftride.  Other
defl ection. One technique to inpart stiffness and

cyidEming pegicatites insludnenasotsjzedr fibgrscaouk inHeropgized fibers such as
1.X. antity of stiffening particulates in the

B%F9§%ﬁg§§; such as nano-sized single or multi-wal

nanotubes 3 1, of carbpn or horon nitride. O her .

stiff efﬁﬁ_ﬁ FrParrediat es yaed e ﬁ%ﬂ@é&ﬂ%&s P1 BgrgUIgiey whether

MGLRP-§ 3684,f hB8ES SUthas 6ardet 0. 9ahRronkN8r ti&sMNano-sized

"nano-si zed" 'is used herein to nean fibers or

pparticwlateatass so wmell Hbat thewh mlagrinteracs ovitld thehaoleayles of the polymer,

dianet er. of about 0.5 mcrons or |ess. no- sj zed

PP e ey Frasean 1ot AT Ry ooy F XMLV ¢ h Property

t figproDémentt By dclidiEin@hss i crebi edsihct,MPaipréssTe strength, tensile

properties not possible with other additives. Property )

| spnstheetieas niggisianed, uRbTISIRY edessianch, ciegp resistance,  explosive

rgec‘c'oﬁ‘!p?&%l in rEQIREES &lok atr:'otnrt%rfgflvttﬁ‘e 51%12?1% kn%resa'éé ﬁpﬂlttetboatings glass

wear resistance, abrasron resistahce, tear resistance,

eteplsitbinvignpe o Thsir gmall @idesillane ehere k@ bgapraget with conventional
failure, and an increase in the coatings gl ass, .

t disPRIPiOn gipatiegnseriamer Momeyrs bepalise ofi e spalbgigest thermano-sized
¢ ) . | . . _
IS0t S AN RLOREIBSORERAN GRS Sinle
naniit-siad edrbon 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.

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



particul ates do not significantly affect the surface

finish of coating 29. Single and nulit-wall carbon
woawenedses have di ameters much smal | er than 0.BCTUS20051030705

such as .015 mcron. OQher nano-fibers are avail able

in size ranges approximately 10 tinmes larger in

di aneter than carbon nanot ubes. Nanoceranic

particul ates ar eneral |y spherical .an ve )
RSt BPen dTocip 85 SRR @l (BB LHE PR o totubes 31 for
" B &h S8 130 2bron@Ferd &M oI EhirbRS BF SarbOn RAJHhed|3at es,

whet her fibers or granules, having dianeters greater

than Og5, M &rRNSHCEIb 8% m&tix&%a(?cﬁﬁp&q feh 88 a1tk HWhikture prior to
have a di aneter of 8 m crons. at1ng 28 ' the
enfpdithtiemto eddube drictem. 2Tlandeghtive rbasensermeqfamidintgylubficants is to
car,bon _nanot ubes 31 wel | . as sone mi.cron-si.zed

5 CHER T GerLTesstanc 1 B° COuNEry S TS A dgicasgpthe need for

NAe GR& AsthtdHce 'sAfefing BHdRRELSD td RRERM. BRIBPE [ubricants may

fibers 35 have greater lengths than the | engths of _
nancbitdeb psrtittates oot epodytptkaflubEtinglenep nmolybdemsn adisalfidg,0 graphite,

1 crons f.or..carpon nanotubes 31. It is also.beneficial
* bagan dBHAGS: PRGF Ade: PPoEsniBie iRl S Re Urgb fene, and
Phédluctdall@Rp! | cation to reduce friction. The negative
consequence of adding lubricants is to reduce the

10 Creep rogfisd ares ?r?fe%l}p %@h&g Y @pesitisS tEhnldi8" through a

i ncreases the nee or the creep resistance stiffening
adaliviehtiesal phirt lspraiy guentA quanti®y ef eamadgbds (Hrdramnb ssized particulates

S SHbPH oo S BoRt AL st
befanGleRC3 A, (FROT DN ofi duficikéhtlyf ke | f2d @8 ©3 RYPbBAE as a coating by

propyl ene, and perfluoroal koxy. Coating 29 1s
peletieroatatiy digparsien @1y thermpks spragi processehniSganelash 6 uggiycaaverage

s SRERRL R o08. Ahud BB AYEVIER RS 37 e

Paiayi¥ksrs 3Baboli @2 esibFak NERdrABly efidnatubes 31 esikeash dt Méagt six percent
granul es 37 (Fig. % of sufficiently small size to, be
applvobne of gadtoaranplg by toepisrideobe sicpieedypiefiesss ite goging 29. One

gp%&régfégrlgﬁgeaﬁé RELERIS rt¥%rgglﬂlb§rsvo:ﬂmgave aver age

ess than abou m’crons. | h one

enbodi nent ranul.es 37 have djangters of ut. 12 .. .
i cr onds SEEPRay aE Atk doeel T ERen Al fle dispersion.

20 SAXARRES st lubicatioh YiRaeEmeAGhaPh&Bdded t3 thd Qispdrsivh d@ficron-sized
the desired stiffness to coating 29. One@fre erred

r fheye 35 sneloas sakon dibetsi may qusiosalhy beyadded tmihe 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.
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M cron-si zed fibers 35, such as carbon fibers, my
optionally be added to the dispersion. If so,
preferably the quantity of mcron-sized fibers 35 by

vol ume to hano- SI ed f ber is about qne to te
The di dpethsr srethdaetiane lyag @39&39%& O AT if® th U 4 el spray
t

hEaReg o A s IEEs O MchiopiBol B560ch 37 0AN BAR, Anixed with
t ethee lse]ndJ particslags fshdicashbricantsrehd lapgdryfivers, Such imutarben fibers 35.
b%lélgﬁ p (%6%{1%131%%115& qlss]:por nﬁfﬁ]!ggggl%g g%lfaté (%{e ts ﬁtée muSure before or as
hayid @ﬁ%?ed Wﬂ@ ttﬂ@ ar® 'TH3 g)tartaeha@fdiig 868 AANEEd B/hd ﬁleﬂﬁaﬁgﬂ processed
Once cool ed coa ing 29 becones solid, durable, and
b@ﬁdtethepoatg@tle applted. 25. The | onger micron-sized fibers
35, if used, act as reinforcing strands that bind the
t her mop eaahbhhelgmathnﬂ és tBdhargd e niee powderf mixted antdtapply the powder

nano-si zed fibers 31, et her. Anot her et h
aﬁB‘"I‘thht@ i pirg plsprongiticn THE paftes ByPeraenEooLo ipisliand bind
arﬁéﬂ%sc' ST hJ's Protc@éssis REPEAESusbd forthRk PBRMAS th&tings.

gra les 37, or not, are mxed with other solid
t
hch Z?I@é?%o%ﬂ?ﬁ% Aoy YORAERALS (O fhrl ¥ Bfart A propertics. For

sekaypld atfirsilagdr vatlgmitréhaizediibes, dsheslmsdtheraahefsied particulates,
as it_is sprayed onto the part. part therefor?1

d&&Y brofPRisdforgcngase; %é?Rrﬁ‘?SFWP @egsf@éaﬂ%ﬁw@rstﬁeﬁgt A top coat
c %fﬂoﬁmél'e $ib2RRnd ?qmcﬁgkes "ﬂi‘ﬁ; l%eé#gﬁgg %%thﬁ 1b® FbRSGe %)ﬁ)g erties.

dry powder m xture and appl er coating to

part el\;@ﬁﬁg (af x % | gta% tﬁ%rrrﬂli%‘l}asﬁ % d'm% %lé@siﬁ%#ﬁﬁt éléfall mansy of the

heated to nme ‘“Curates prdce
[ mdﬁlﬂ)"dsaﬂésynbl&ﬁdlefeﬁl{ atré‘ll@bhcuﬂlgl fer wealith g&eme;let inpdterials. In
CO&tIﬂ%? may be applied to the pari to inpart

pPapistianaolyapide api (I AD 4 ¢ ppb{;mqra‘r @rcawherprocesgerg i & solution of
m\xgalié}noﬁécﬁ%}ltf IR&([I ves éaéqlwlﬁéé gd&'éd B} D&ficNARAnRlb28hge of properties.

parti cul at es, to Increase creep
r deinstubpc er mmbﬁbms"pn@slse addedtto dimgsdiutioh toampwseet coating properties.

Lt ho the fibers and l.ates may be a dto
ol AREY B0 A0V CEBRTEy Dioe PAT dan SRl meo\iles B & z00d tow
t hgnpe Qh?esédaﬁn%svﬂieﬁ%@§t§§% hBbu$ 90@ FO@e@ AT o6 @ﬁntar}fblylmlde
nmet hods descri bed herein are appl icable for use with
t netterid ehenvhy egreailys improvipgr thiectieamal probgrting oé-thei pplymer in the
(PAI} is a polyner that can be processed in a solution

of0at
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
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

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



wat er or solvent. Additives can be added to achieve a

w de range of properties. Nanotubes or nanofi bers nay
wheooadziad t o the solution to inprove coating PCT/US2005/030705

properties. If dried at a | ow tenperature, the PAI

bi nder system provides for a good | ow tenperature

coating. Wien heated to about 500 F, the PAI reacts to

¢ RB meRorirals: bEmbroacel of dmetorahgitul of ieker dodi fig, Tnge of
%rbﬂ%ma?e? R 18053 &Ren aRe ﬁlﬁﬂ%rt)lgs Les a8, he WEéefﬁment of

I the SAme manner as descri i'n connection wt
gﬁ‘tcmlohaeéuczs tor@oat@qmgeﬂ;@ntsdulaychethe rgatet eWeEar mtesga:teesubstantlally

A EeEB T TR A TN RLTE, B st isGR DA OtEA G 0T | cant o

grease IS reqwred i n conj unctlon vvlth ate face

5 and seBedyoing the wodhicnprsy #d formpedeapiredbio epgrate fre gate valve
h h f s0 I
SRRy R RanE I Cojt RorF kbl Y BTISPR Prghy S oA pigher
2firessupev rhtingst withowtottei nge 29 conmpléxd gsarf mxdueers etuegmnsive rolling
coef fi Ci ent of |ct|on reduced wear, and %t?lll

p?lsl{}]éﬂft gHCshe B5pIERR jem engbles  gate ~alves oy b § withstand contact

CapdsbdsChad bro‘i"fdeg rfblcltrﬁﬁi’@védswéd} b2 @NG8e Yvention also increases the
approxi mately 0.0 03 even after nunerous cycles

10 ovaluse opdrhteng tmp@rﬂétirm ﬁlmnnatufg liquii¢ luboicante ¢nades therggieevalve to

requi.r ts to clet ate ates

(R T Behe Pultbie sifdobhn S0 $255 ©ien adspsages wil
byrowidet M&gﬁfﬁcﬁﬂtecdéﬂaﬁdl @grfoﬁ%iiﬁ@laﬂﬁaﬂtig% Wlpr&fi@t!iéweraﬂﬁs in the
torque required to operate the gate valve effectively

e¥ttends | owcost non-rising stemdesigns to |arger
sizes and higher pressure ratings wthout the use of
conpl ek gddition bapByisg eoaEngsensicseiled| ti cogipehenteof 2 gate valve,

dev Th t b t
15\ REHCES ol oos B TE fy ShGA e YR s b b gl surface
i@l SEoE&BmplE) Sarbddd &THi £N0AH TR téRE] BBF %ﬁnﬂaﬁf-‘such a coating.
ve's operating tenperature. Elimnating |iq

| Etﬂtm@a‘hp thim ategerytineludgabelty apsdetar &Styuaﬁeptﬂqpsmfroffshore drilling
hi, gehetg%étg = cgaté éﬂg f ?He' tg%éc' g%ssé§% ggulé%?soq%eeg T&q> on, | ba I valves and

I'Cant” Ccost

PRhEiehH S eeeaibiant aﬂﬁlo@e/ﬁéerrstrmglsous versions in the
art. In addition to applying coatings as described to

20 conponamhsug sdndahBoMAleUR 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.



there are other applications, particularly in
connection with oil and gas well surface equi pnent.

Wo-omweex@npl e, threads of high | oad fasteners negI/US2005/030705
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contain such a coating. Fasteners of this category

i nclude bolts used to fasten sections of offshore
drilling riser together. Coatings of the type

descri bed coul d al so be used on ball val ves and

t edimshers for tensioning offshore riser strings.

Al t hough sonme enbodi ments of the present invention
have been described in detail, it should be understood

t h.agnva%glggg f6NARER Soonfpdfidet t Uti ons, and al terations
can be made hereupon w't hout departing fromthe

princi d [ N, | Pafepd di ce tha
scope gkﬁt%g ?Jer%ggcg%to H{pﬁggﬁf’i %ﬁsﬁ%‘ﬁlﬁ% be giel?ééﬂrégmé%gd&%% !
t eiezazed thewilregircd kiadbeantg dideig conpget;cpdi at e | egal

equi valents.Clains: 1. An apparatus for a well,

conpri ai ;idyméi k6itingnen stcrast swpONBat sirfaeas thégpalygen coating
nmet al_ engagi ng, surface .that engages the other ip a

| eemiaipig: 3 ﬁ@anglrw af plyferdng perticulatey having) %‘iﬁf%éﬂm@t% fess than
a Sugﬁﬁﬁmone of the surfaces, the polyner coating
containing a quantity of stiffening particul ates

havi ng an average di aneter |less than 0.5 mcrons. 2.

The apparatus according to claim1, wherein the. )
pd! {fire mppavaits aggoidngito dainrbpylaseindhepelamientoatiyg isth thermoplastic
agpgra us according to claiml1, wherein the quantity

of'8{f eni ng particulates in the pol ymer conprises at

| east six percent by weight. 4. The apparatus

according to claim1, wherein the stiffening

Par tTihe Wppiratis @6dHRding €o bRINAIY kdSreid theuantypeTstffesing particulates
according to claim1, wherein the stiffening

p& the oglyanes sompreeset leasaby Parsent by sigRtt y of fi bers

havi ng average di aneters |arger than 0.5 mcrons. 6.

The apparatus according to claim1, wherein the

Syl f"flfénég@graﬁﬁrédcéﬂdhx‘?% RScIZNR! heref {HROM fRANMR plRESulates comprise
havi ng erage dianeters less than 0.5 mcrons and
caamwbelsi ber s havi ng average di aneters greater than

0.5 mcrons and | engths greater than | engths of

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

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.

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-



t he nanotubes. 7. The apparatus according to claim®6,
wherein the quantity by volune of the carbon nanotubes

wexwesses he quantity by vol une of the carbon PCDHESHNB030705
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The apparatus according to claim1, wherein the
surface containing the coating has a hardened | ayer
under the coating. 9. The apparatus according to claim

1, wherein the hardened | ayer, conprises one of .th )
TN LBspRyratys :;lﬁcf)y{l%’@ gt wléerﬁpgﬁ%;;ur%ca SOnRmLE the coating has

#ﬁﬁﬁﬁmﬁﬁl ARa&GHe LeRE, ©Or a carburized layer. 10.

e apparatus according'to claiml, wherein the first
and second conponents conprise a gate and a seat ring

of a gate valve. 11. The apparatus accordin% to claim
19. Wherpparatuh ecepsding ey cliirg 1a vihieraik Hwshardangd layer gomprises one of

cBRouP s SRR e Mol umbac ByBR PGB Erch Yoyer, or o

heatbirdzed 18Rely, the body having a cavity and a flow
passage intersecting the cavity; a seat ring nounted
to the body at the intersection of the flow passage

and the cavity, the, seat rjng having an_.engaqgi ng face

£ B e pparatsasEorsingo p, olaimy dy eFR e G50y Ssiepd Components
hayi ' : f a steel alloy that
SWE#‘%&%W {4t fiRe ?g a{l: gétg%ﬁve. y

engages the of the seat ring while
bei ng noved between open and cl osed positions; and a
t hernopl astic coating on at |east one of the faces. ,
181. Theapapainsraserdieg tor elring 1+ wherpiaj the ¢oating has gdhickness that is at

c rising a guaptity, of stiffening particulates in
tﬁ%ﬁ@ggtﬂ?cﬁl&nﬁlﬁgf@ﬂnﬁgem ng particul ates havi ng an
average dianeter less than 0.5 mcrons. 14. The
apparatus according to claim 12, further conprising a
quanAintappahtus fraoutreling evdliafluidg comptikiegcoat i ng. 15. The
apparatus according to claim 12, wherein the coating

cont ai pSate Galad@thalingof bbiyehs Yodyilnging aravey sndesflow passage
than 0.5 mcrons ang a quantity of fibers having
anseragsing itheasveyss | arger than 0.5 nicrons.

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; and

a thermoplastic coating on at least one of the faces.

13. The apparatus according to claim 12, further comprising a quantity of stiffening
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-



16. The apparatus according to claim 12, wherein the
face containing the coating has a hardened | ayer under

W0 b@ooo@#Ebd ng. 17. The apparatus accordi ng to cPeEi/ms265/030705
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wherei n the hardened | ayer conprises one of the
following: a nitrided [ayer, a nickel alum nided
| ayer, a boronized | ayer, or a carburized | ayer. 18.

The &Epar atus according to claim12, wherein the, .
pdPy her 2BRAMIR GCTALIng te Gipields Wherqib e SRaHNg coptauigh Auantity of
t [ : i -

By AR, B o0 IRy i v
s didmsters largenthars0.gnicfamp. t ext uri ng the | oad bearing

surface to create a textured surface finish; (b)

m xing with a polynmer a quantity of stiffening

particul ates with a. lyper,. .the stiffenin . . )
3ot (e Ep @R sl Blar iR 4 dhelll bR ptpining t coating has
MaGfabfied lheMudder tiRRPuNNANY t he pol yner to the surface
finish to create a coating.. 20. The nethod according

to claim 19, wherein step (b) conprises: conpoundi ng

the stiffening particulates with the po r to form |
gridnuihesaprasaisgeardinggiei daim 14 wheeetg Fﬁ%hgrggn%inlayer comprises one

SRIFRYL RiftobSy: 8 ok O, tyf 586 $4ef, 3F Borohl¥ed Nayer,

to ?Pr{éegc?g a ayer ; e?hlggérhgg{ﬂ%ﬁg%g ] ayeelweto rs}%lfot the > o ?
pebspueized kian cool ing the [ ayer to cause the pol yner

to solidify into the coating. 21. The nethod according

to claim19, further conprising hardening the |oad
b%@.ﬂ D[%eséjﬂpfafaa A %crzclzo%intgotosglgﬁn(@, "“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 with a polymer,

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 (d).

-12-



