; e3eNE~@aAt CALCxD6DTNEXb >2 8 JU 2003 _ , , THERVAL SPRAY waihﬂﬁ Fﬁﬁa
GATES AND SEATS FI ELD OF THE | NVENTI ON The invention relates to ﬁé |

-spr-ay powder 5 conposition, a coatirg made using a powder of this
conposition, and a process for applying the coating. The invention al so
relates to application of the coating to the wear surfaces of gate or bal
val ves and aircraft |anding gear and to the surfaces of other 10 conponents
requiring wear resistance. BACKGROUND OF.THE INVENTION This invention is
related to the problem of providing wear }esistant, |l ow-friction surfaces
on 15 conponents operating under high stress and frequently in corrosive
conditions. A varietyl® nEPRAY COREINGSENR | @A TES Y SSEATSat i sfy these
requi renents including: the hardening of steel surfaces by heat treatnent,
carburizing, nitriding, or ion 20 inplantation; the use of solid ceram c or
cernet conponents; the applicatipnp obr coat i ngSENT Dotwced by t hermal spray,
chemi cal vapor deposithOninpbysisrl rdepesst t&Na €heehs DPEREAPIpowder
(particularly with chromum; and other techni ques. Depending on the 25
appl i cation,5 gbmpofs ithiese @pﬁﬁ@ééﬁ@&nﬁéﬁeqﬁhﬁ%zﬂj9§W§ﬁﬁAoﬁhﬁ§NéUIarly

difficult applicatiqn.is that, of hi r r e Vv es. ! pen or
cl ose at highc gpg@ﬁFﬁoﬁﬁ F%g %ip g%%s%ag§%$5§E%$ﬁ§ﬁ'?k%h§¥¥§3gfﬁother

application tlrae iisvenftfionulall stoo redtaitefsy tios a3@ ltika tdeat iofg tdfe ai rcraft

| andi ng gear conpaonents where, in addition to the pro

I of . wear and
friction, theSP&iG%e tohdFecEATs UL 35S d ISt Pt gaﬂé vgplves

and aircraft landing gear and to the surfaces of other

10 components requiring wear resistance.

T BACKGROUND OF THE TNVENTION

*G00002* This invention is related to the problem of

providing wear resistant, low-friction surfaces on

15 components operating under high stress and frequently
in corrosive conditions. A variety of means have been
used in attempts to satisfy these requirements
including: the hardening of steel surfaces by heat
treatment, carburizing, nitriding, or ion

20 implantation; the use of solid ceramic or cermet
components; the application of coatings produced by
thermal spray, chemical vapor deposition, physical
deposition, electroplating (particularly with
chromium); and other techniques. Depending on the

25 application, all of these approaches have limitations.
A particularly difficult application is that of high
pressure gate valves that open or close at high
velocity in the o0il and gas production industry.
Another application that is difficult to satisfy is

30 the coating of aircraft landing gear components where,
in addition to the problems of wear and friction, the

fatigue characteristics of the substrate are of

LT

*166166*



Z 8 JU 2003 - 2 particular concern. It is the intent of this invention to
provide thermal spray coatings that can satisfy these and a mﬁd?ﬂ?%[i y of
the other problens. 5 Gate val ves consist of a valve body which™li g ted
axially in piping or tubing through which the fluid to be controlled fl ows.
Wthin the valve body is a "gate" which is a solid, usually netallic,
rectilinear plate conponent with a circular hole 10 through it. The gate
slides between two "seats" which are cirgq%qf annul us netallic, ceramc, or
cernet conmponents with an inside dianeter approximately equal to the
diameter of the hole in the gate. The seats are coaxially aligned with and
directly or ingerééchjarscancathed 16 thetRadsnbent Hef pipeSor tubing within

whi ch the val ve_j ted. ALk h [ -' i gne ith the
ol cs i n-the seRvERCERE EF,PHOFRab. CrPRhl AT AR B AR e ol
in the gate isspalitifgl kyese andphevedy washttgnefl vhe hosleats 20 the fluid
flowis inpeded or interrupted; i.e., the valve is partially or fully

cl osed. To avoPdoPé8Rége of the fluid, it is essential that the surfaces in
contact betwgen the gajf AR e RS fie drely vaRet boand whgld tisght |y
together. Valves may have springs or 25 other devices within themto hold

t he seats firnﬂycagaﬁnsﬁiathgénepiD%@@ ohetying threygredhichethe uid
pressure on the,upstream.si al S gai nst

t he seat on do§%8?§e§§1g?d88582§%1€§|ggéwgfe Egﬁg{fy§§%é§£?%%q%§d l'i di ng
the 30 gate betgean"gheeSeahschHsiBgaasohtdyatsuahiyacdiealict he gate with a
rod or shaft called.a "stent. Lbigg a naQual act uat or es:%$f in a

rel atively sl oweghtdineargphgteoppirongn n%%%%e%t?lﬁp%gﬂ¥ ¢ actuator
results in a,mreohgRi dt9at enEOYSEENE1i A0S Be PELNBELS Bstaigd orunsarl |y
results in a very rapid gate novenent. The actuator nust be able to exert
enough force tereveisongarhangusnatnetahidynaefanici ce¥ ope¥eees bet ween

the seats and th T, riction. for i f i he e
R e A e T L
This friction torcRecdhahetoepeoéxthenrbye highthbematde fThe dseaessure
becones 10 verg high. Adg sive, wear, of the gegts anﬂéor thq%gate hat can
occur when the3V&l {83742 E@né laﬁadebEQdaE n %f%ﬁt & ptd E%?% becone
excessive undepthbghpgessutReCOAdst b8NEhe APipEdbE | O npokephigl problemis
that of corrosion. The oil and gas from many wells 15 may contain very
corrosi ve consvhigbntbe ThAd¥e iorlesapedel |¥her hehedhoks hustheedabele of
corrosion resistant. rj , rii arly e S wher e
corrosion of t % g%%agégshgkgcggga%égg%héﬁmgég %§%€%Ti€$?o%f%$%blens. 20
For manual |y opépatedrealyeshabubhwheessuve, ickenede shieké Heatise and
gates nmay be sufgiclent to,cggbat t he mfa ggd friction prqﬁéens. For
pneuratic and A§ Faufi RaV5Ld YabPThFgHe e%?_ s%&%%%l$mﬁﬁrﬁ& %%?Bﬁeq
coatings, sughtas FUQRgat eNonalbi dRpeieghspM w2 2BusBER) de. basedtgoatings on
both the gate and seat surfaces may be suffjcient. Three of the best
coatings of thValVBelarearhéadévonat fohlyualededi ngbo UonR dwWwaskaget ungst en
car bi de- cobal t z¢hrqpi cqat i pg; JUCAR e :
carbide-nickel9ch?o%}ggygg’c%gt%ﬁg, angy%%%ﬁﬁi%yggﬁéag%ﬂ$%%$%n%%arbide +
ni ckel chrom unconathgbeEeeenotheapptecandotise $det sisiee ofeny sahoditicobal t
base all oy, Stgkhl glg %5g§t1§°Eo§Q§her. Valves may have springs or
25 other devices within them to hold the seats firmly

against the gate. When the valve is closed, the fluid

pressure on the upstream side of the valve also

presses the gate against the seat on downstream side.

Gate valves are usually operated by sliding the

30 gate between the seats using an actuator attached to

the gate with a rod or shaft called a "stem". Using a

manual actuator results in a relatively slow gate



28J Ul 2003 - 4 seats with a hardened steel gate nmay be ad;guate. O her
approaches have included | aser or plasma transfer arc overl ays fJUE 28031 i t e
6 and spray and fused alloys. 5 As wells becane deeper, the pressures

i ncreased and the nethods descri bed above becane i nadequate. Two new
coatings were devel oped that have becone the benchmarks of the industry.
One is UCAR LW 26, a tungsten carbide based coating, |0 described nore
fully in U S Patent 4,173,685. This coating_is usually applied by plasm
spray followed by a heat treatnent. It has 6u§sfanding per f or mance
characteristics, but is relatively expensive to produce. The other is UCAR
LW 45, a tungstenmoaehieds, 18 byldakuliler ostuatost saaviléds dinacoatenganith a
uni que mcrostructure which is ab 0 L f,ithe harsh
condi tions of pre88hf aneng%anakéaé ﬁ@%%@gEgkmgggP?Qggo%%P%%lgre drilled
even deeper and thespressunes keegneagudnghitghebveaean .t hehe bemncbmark 20
coatings can not satisfy the requirenents for these extrene conditions, and
there is no ot her M§tubroRPARatraBiEtoGRPUIES LK CEOACI RYSTRATE BBCused for

vear resistance 0¢GRIRODAR! SyhlAk Are 1 KEiXnSERTELLY BekRckal kAl AR 25
exanple is the cylinder in an“airrcraft landing gear cylinder. Any coating
t hat woul d crack andethehgatensi Taestfrésséoni fpoysedior 2 tfhactybnndér tiee to

a bendi ng nonent duti ng ,operatio ul rogpaga i .t.he _cylinder and
cause a fatigue fgﬁﬁﬁfedS l?ﬁea§§ %@Fi%82Few9?h%§Fs§ggﬁgu§nrégﬁlPépeThe
present coating opheheteyl vadee iis eleetkuopl ared shard celivanremcewWabgh has a

negative effect on fatigue that nust be ~ ~JU Q03 - 5 conpensated for
with an excessi vePgCcoRecRXEFEMSdYr Dagll WheRe t8Rr dhldM PLESSHESr BREOREEI nst
an al um numni ckigl 48Egnze JRAuShi aegaygeagh?g £5enankenenl acaneat char JLie
chrom um pl ati ng nus ave good mating a8 esive wear) characteristics
with this materialthas wehl ocknradtien ahe ayveoasi ngemast ahdvelgsed can
abrasi on resistanc$ in the evegé sanddOé other hard particles Becgge
trapped in the bedrfRgPeTRePFPEIER: P UEEGORAr GHFGRCANEEPSEFafé9Ps only to
mar gi nal | y adequapgeskuirgsheshdiglisashe nat eddihabneliegbrephakingreblem
chrom um has very undesirabl e environnmental characteristics, and it woul d
be advant ageous t 65r 8pP&ceLi £OFROSRAPE -andh6t Rér aPPI PEst FERE. MARY wells

alternative 10 fsNaaRr esalb fyskeq Bbriasdvlatdnceatiagean  haugyl kpger
I soft b f eto

runni ng against a réelatively ushing or bearing surface woul

have both surfacemapyawedleit tha WNaddesoatstgbeThiadespst emrwoalidnr esi st
abrasi on, but the coatgd &;rf%ces qust al so hgve a Igw fri&tion and, be
resistant to 2o adf&rvETwelf “Whéf Fﬂnﬁ?ﬁglgﬁ PR&Y ERENSSEREr 2NFh82tSt i gue
effects of a coatiwvhgrbBaverebkesnbegnthel ahedatest BraskibBaekotheatkuie

(STF) of the coatin%; i.e., the extent to which a coating can be stretched
wi t hout cracking. 2BRFER4StiPR pAPPleBSen

20 For manually operated valves at low pressure,
hardened steel seats and gates may be sufficient to
combat the wear and friction problems. For pneumatic
and hydraulic valves at higher pressures, thermally
sprayed coatings, such as tungsten carbide or chromium

25 carbide based coatings on both the gate and seat
surfaces may be sufficient. Three of the best
coatings of this type are the detonation gun coatings
UCAR LW-15, a tungsten carbide-cobalt-chromium
coating, UCAR LW-5, a tungsten carbide-nickel-chromium

30 coating, and UCAR LC-1C, a chromium carbide + nickel-
chromium coating. For some applications, the use of a

solid cobalt base alloy, Stellite 3 or 6, for the



25 related to the residual stress in a coating. Residual tenmle{ggmpﬂmys
reduce the added external tensile stress that nust be inposed on t

coating to crack it, while residual conpressive stresses increase the added
tensile stress that nust be inposed on the 30 coating to crack it.
Typically, the higher the STF of the coating, the | ess of a negative effect
the coating will have on the fatigue characteristics of the 2 B Jul 2003
- 6 substrate. This is true because a crack in a wellbonded coating nay
propagate into the substrate, initiating a ?afigue crack and ultimately a
fatigue failure. Unfortunately, nost thermal spray coatings 5 have very
limted STF, evematf whel arhanddeedfspaeé getaIEaMhbehadgqudtﬁornalIy be
expected to be y ductile aS|I ti,call o] rat her than
crack. Ther mal 9§L§§ gBREPAG eBr avgeé gﬁ?ﬁe 3F%¥ gn%g%?a e particle

vel ocities dur'ﬂgaﬁgﬁéﬁlht@nob¥9&§9b|thSVQlathSBdHﬂﬁ spnay| engdtress which
can lead to cracking or spalling of the coating if it becomes excessive.
Resi dual tensiléu§€8e§éé§Yélso usually lead to a reduction in the fatigue
properties 150f theago % sCBIBORENLL DX L PAUGL NG LR RIE ohchbascgal i ng.
Some coati ngs nade W partlc e v ?00|t|es parti cul arfy det onati on
gun and Super Dé&nd tbatmaghodﬁtdeserybbdghbpaetbetemeehnequestdur|ng
deposition can have noderate to hlﬂh| co sjve 25 res dual SLfesses.
This is especi af'y PPUe 8P “tHAGst'EA® cé? gg § t%an FVRgRECRI"Gh

conpressi ve Str§§§6§msénsb@@eth§I@hHMsaiyectoheelgautgHeLwhasacaerlstlcs of
t he coated conponent. H gh conpressive stresses can, however, lead to

chi ppi ng of 25 EHBIEEAPI AgriakeER PRYEAgCPBLtEBEr sharp edges or sinilar
geomet ric ShaBesesIhufelingan BaSYl thoyl! st ophaker adyanbaggsol thee

superi or phy5|caF properties suc s hardness ensity, and wear resistance
of the detonatlonagmngamd SapaﬂlD-épplmedtbygplahma spaayn@oBmowedhby
configurations. ﬁ 5003 SUBQAEY OF THF hbM/ according to
the present inv@nPFB tesa PRBS - ar 8%i guhs ﬁﬁ?lggtP§F§ofﬂ NGBar and
corrosion 5 reStﬁbaa@eeE@guhegneah@ i@rrgmaylaepyl@ﬁpeﬂssvenebudlng, but
not limted to the exanples just described gate and ball val ve conponents
and aircraft | apd8PAgcgear ThOnpEREHL 5 UﬁAﬁdirFén gotWegrtandcesridsion
resi stance, the L t I d Str d high
STF 1o have IPCEPRoar RAZrTHR <SHoPREPE, bane bebear Vathor FReu88a e
conponents and mocnakérhttposswbhehtmspabﬂacéothecﬁocmaWEhg31anmosb coat
conpl ex shapes. Th resent invention is_based o he discovery |5 that a
Chermml 1y apr ayeh £o8: Ragohr CAMEREAGRst 35 PERGSPEn Es BhetbanarE-chr omi um
material and a wetaklic gehakbral beywpLovi des thellew tvest tespapdasdperi or

wear and corrosion resistance required for gate valves operating at very
hi gh pressure wbf EéeﬁﬁéﬁﬁﬁtPECQE?USVSPshlEB?ral?E?ﬁthPéﬁdPﬁﬁcﬁﬁéFk

cylinders, ang pBoy; ;Eeaaapﬂbtcegt99§g the 98&&&9g§e9690§b£eéhayét not

only have excel | ent Iction, wear corrosion aracteristics, they
must have a vergxhighebonddstiengt hand aheaei ésynof ohbeal sotusiubstrat es

available today.
Often coatings must be used for wear resistance
on components that are very sensitive to fatigue. An
25 example is the cylinder in an aircraft landing gear
cylinder. Any coating that would crack under the
tensile stresses imposed on the cylinder due to a
bending moment during operation could propagate intd
the cylinder and cause a fatigue failure of the
30 cylinder with disastrous results. The present coating
on the cylinder is electroplated hard chromium, which

has a negative effect on fatique that must be



25 and nust have a relatively |ow residual stress. Any thermal spray
deposition process that generates adequate particle velocities .% ;MﬂdMﬂ .a
wel-d- b. ondAd, dense coating can to used. The coatings of this invention are
produced by 30 thermal spray deposition. It is well known that when
materials are thermally sprayed they are rapidly quenched on the substrate.
This may result in the Z 8 JU 2003 8 formation of netastable
crystal |l ographi c phases or even anorphous materials in sonme cases. For
exanpl e, an al pha alum na powder is usually conpletely nelted during the

spraying process and then is deposited as a m xture of. gapma, al pha, and
ot her phaseé?onmerﬂfraﬁfﬂp’;%Wtho | 3T R e® Tkl %Iébl%]écwl%ﬂ?‘?ﬁg t he ther nmal
spray process s, a MeSUhr S dRasTd OThgM flih Yasesin st the £nvhiQarent or the

thermal spray gases or as a result of differential evaporation of one of

the 10 constriiaientsouinzdidonsit brg abr bedaglrgpr ayedan¥bsep bicemerhe reaction
is one of oxidation fromexposure.to air r I i if a fuel gas is
used as in cﬁﬁ%nﬁﬁ?(ﬁpfﬁﬂ¥' ed%g?Y}%% %ﬁs%?%%&€e$%%#$@£%§€gfueI deposi tion.

A nore conpl eidh &k Seaissé 9R) ofhihespatidbispraytdeposs tnaneeaal besfound in
the follow ng publications: Thermal Spray Coatings, R C Tucker, Jr., in
Handbook of si tTmnedeEhihenogiey ot FRY MBUahdNesat A8S, Second Editi on,

R F. Bunsh - i cati pgs, , 1 39, Jher mal 20
Spray Ooat i ga TR o YRy L e R B G co L R AdRT Pandbook

Vol unme 5, 199«rtixSM$ nbecoati bnappeppindOiietbesddngM LTh&hor pe, Journal of
Ther mal Spr%¥ Techgglogg, Vb%une.l, 1@92 $§l ﬁGl.to 171. 25 One of the
primary const¥ETRRESY of SEReChbaliihsebeCtRPRIZRGehti SR Ys tungsten car bi de.
Most tUng%beﬂaﬁ%&?hﬂ?ypQM@§ﬁ§té$9dIEthéBEa”Bhs@pBQYnatédethB@f .WC or a
conbi nati on of and WC. O her phases may be present. The tungsten

carbi des arechestrepiehiBo eénbhretiih bas PoRderNARFAT3BAE amount of
cobalt to fagh iggﬁﬁegggilPgagggaégi?ggcggggghgﬁfsgégggtgeto t he coati ngs.

Qccasionally chromumis also a g _ corrosion
resi stance oadotheagpunposesrepiaerampl és, thhe eobabther cobalt plus

chrom um may be.sinply conbined with the carbide in a spra ri ed and
intered pouBBPLRFERiHBE: ofh RALEEBAFE V6, CRobiF PRFASTE SNFURMMtar !
present assmetAhkhCEoathaY BRY tAkseyhenaarbi-nadiwgt BghhRaseagbi de in a cast
and crushed powder with sonme of the cobalt or cobalt "plus chrom umreacted

with the carbpdativén shékmbuispisgr ayeliearhage swateciealsursly bse teeposi t ed
e Lo o Bl LRCSATERR LA BReRTVILA LoRERNR oL Ased hereln
conposi ti onakykaemswohluurgstien edthisden, Thatt ehws coangst emrdardeisde cobal t,
must also have a low friction and be resistant to
20 adhesive wear when running against each other.
The fatigue effects of a coating have often been
related to the strain-to-fracture (STF) of the
coating; 1i.e., the extent to which a coating can be
stretched without cracking. STF has, in part, been
25 related to the residual stress in a coating. Residual
tensile stresses reduce the added external tensile
stress that must be imposed on the coating to crack
it, while residual compressive stresses increase the
added tensile stress that must be imposed on the
30 coating to crack it. Typically, the higher the STF of
the coating, the less of a negative effect the coating

will have on the fatigue characteristics of the



tungsten carbi de-cobal t-chromum WCCo or WC-Co-Cr 15 shall nean any of
the crystall ographic or conpositional forns of the conbinatiomiggg@pﬂm§ten
carbide with cobalt or cobalt plus chromium Another of the constituents of
the coatings of this invention is a cobalt alloy. As used herein, the term
cobalt 20 alloy shall include any of the crystallographic fornms of any
cobalt alloy. DESCRI PTI ON OF PREFERRED EMBODI MENTS The chem cal conposition
of the powders of the 25 invention conprige_ a blend of a tungsten carbide
cobalt-chromum material and a netallic cobalt alloy. Note that all
conpositions herein are in meight Fercent not incIudLnﬁ unavoj dabl e trace
Ags £chit

cont ani nant s. SPPEFEREBly THeSt BR P&rdvde- 2 obhft ofi %Pt 80 materi al

conprises tun CabhtdgySnby BPopehate BRE.Othe d2psbFQpEUM nDSt
preferably ab%é%agdt26§3 cgbglg énaﬁoeor 9 toolo chromum The netallic
alloy is 2 8nithiaf008 a fAtipneferabkyamdcebhimatelpyawfabhigueonposition

whi ch conprises,in_weight .percen 7t 2 hr on to 9 fu ten, 0.8
to 1.2 carbon?aéharsalaﬂegggéBQF%egﬁftwgﬁ a???r%?gpé?g%% ?%a%}c%%alt al | oy
having the % HQﬂEnﬁbrFOMEﬁ§téHOBTEQn§véﬁiDg_ﬂD@@lér€8m3@éO@fLﬁﬁfktungsten-l

carbon (nomnally Stellite 6); or, a conposition which conprises in weight
percent 25 tom8taksl yhdehunpuid porpallkrBei 6¥Pedted 5OsPEi ¥BRY | ess t han

0.08 car bon, eﬁétE@EaQﬁﬁ 889§hgi?lgéﬁiEgﬂi?fg%féﬁTp£§E§éfe@h£§ a cobal t

al I oy having the nom nal conpo I on cobal nmol ybdenum 17 chrom um 3
silicon-1ess thankQ.08 carbon (nominally Tribaball oy 800). Preferably the

bl end conprises 5 35 tallic cobalt alloy, st.preferably 10 to 30
nmetallic cobalt 15&§FF8§Ee§ﬁ£aYuﬁ8§Eéﬂg3a?ﬁ?%%gggbgf?bc% dnium material is
pref erably joegedbyatbepaasti casdvelysht pewdenr tRgudasbsfthignt echni que when

the chrom um content is approximately zero and by a sintering process when
the chroni um EYREEALLYshaveoalsesTRRa ket @PFite cobapEs 20nAFP oy Rs preferably

produced by V@sga”k89£kgegiaadogngﬁalgﬁﬁga&?ﬂ%ﬁénsoatina gﬁtPQation gun

deposition process I1s to be dse 0 prodlce the coating; e tungsten
car bi de- cobal beponder esheabdvpr ef Beabtiyabetensetiet otresses hahs325 U. S

standard Scregguggig iégd to a reduction in the fatigue properties

15 of the coated component by reducing the STF of the
coating. Some coatings made with high particle
velocities, particularly detonation gun and Super D-
Gun coatings with very high particle velocities during
deposition can have moderate to highly compressive

20 residual stresses. This is especially true of
tungsten carbide based coatings. High compressive
stresses can beneficially affect the fatigue
characteristics of the coated component. High
compressive stresses can, however, lead to chipping of

25 the coating when trying to coat sharp edges or similar
geometric shapes. Thus it can be difficult to take
advantage of the superior physical properties such as
hardness, density, and wear resistance of the
detonation gun and Super D-Gun coatings when coating

30 such configurations.



'25 mcroneters) and the netallic cobalt alloy sized to |l ess thepi7gresh
(60 mcroneters), but greater than 325 nesh (44 m croneter by “screening I|f
ot her thermal spray deposition techniques are to be used, the powders
shoul d be sized appropriately. 30 The invention further is a process for
producing a low friction, wear and corrosion resistant coating conprising
t he steps: 2 8 JU 2003 - 11 a) form ng powder feed conposition
conprising a blend of a tungsten carbide-cqﬁalt material and a netallic
cobalt alloy; and b) thermally depositing, preferably with a 5 particle
vel ocity greater than 500 msec, said powder feed of step a) onto a
conponent formng a coating co ¢ N i de-cobalt bl ended
with a netallic cobalt alloy. Blending of the Wo-Co-Cr naterial and the
cobalt 10 alloy is usually done in the powder formprior to loading it into
t he powder dispenserNef, thecdheimpl tsptiy peposnt | mvaysiam ddavhygs
however, be done by using a separate, gyder diggenser for each of the

constituents amf$deERPHIeAcHat SHtLPhY obhs T 279 15° TP St M eve t he
desired composifionsid,the £oaiidfentd £ snaRy hoshi Scassshs t he powders may

be injected into the thermal "spray device upstream of the nozzle, through
the nozzle or imoludbnef fheemo tdowisitedntof theeerwezles POstny t her mal

2zl e or 3 % .
(Gentral Ty or eAlBYCT HARE abtte SO0S et oF sJ 3o Lont Ta ShnY S0 a1 = Fonded

dense coating ni&f@bhg ugear ecompdnents gh Tohesd el si remgidacaande used to
produce the coatings 25 of this invention. The preferred thern%%ﬁggray
techni que i s t HePHERDhAR | B HRHRPFRCesRETF oF 02K e, MRt kTP inU

S.. Patents 2y ¥d@_re9PIudN0sPredd 2and g §1r e P ivE! Bivel OCHE Yngr eat er
t han about 750 m's, and nost preferably t%e Super D-gun process (for 30

exanpl e, as desefféed om LS fPaigme HrQORr5B9y ol the acpalfedcle velocity

greater than about 1000 m's. ,The |ater.proce oduce 0 denser,
better 28 JUrhRRIEned A e RS PIBSER il P e dhEE BENER  engeh

that i s snoot heto&s:tlgposhd eto t bodt t bempbp Dexreshageod h produce coatings with
very hi gh bond strengﬁhs and greater than 98 percent density, neasured
met al | ographi cal | y. BPQUREPTREF vE YRR RURR bF RIRede®™ shray  HepodetY on may

i nclude pl asyn gps@ays deposhd i PP, spt ey SEOLE iy By Td8b1edddohigh vel ocity
air-fuel processes. The invention also conprises conponents having a wear

resi stant coatifiep@tteni carnidert tapel hefhabmiim e teximbtandmted to, gate
or ball valves &é&gtﬁfg é£§%lt alloy provides the low friction and

superior wear and corrosion resistance required for
gate valves operating at very high pressure with

20 pneumatic actuators, for aircraft landing gear
cylinders, and many other applications. The coatings
deposited must not only have excellent friction, wear,
and corrosion characteristics, they must have a very
high bond strength on a variety of metallic substrates

25 and must have a relatively low residual stress. Any
thermal spray deposition process that generates
adequate particle velocities to yield a well-bonded,
dense coating can to used.

The coatings of this invention are produced by

30 thermal spray deposition. It is well known that when

materials are thermally sprayed they are rapidly

quenched on the substrate. This may result in the



seats and/or the ball or gate sealing surfaces are coated and aircraf@

| andi ng gear conponents in which the cylinders or their mating 28 JUHE
(bushings or bearings) are at least partially coated, said coating 15 being
a lowfriction, wear, and corrosion resistant coating conprising a blend of
a tungsten carbi decobalt-chromummmaterial and a netallic cobalt alloy. The
foll ow ng exanples are provided to further 20 describe the invention. The
exanpl es are intended to be illustrative ingnature and is not to be
construed as limting the scope of the invention. Exanple 1 25 A | aboratory
wear test has been devel oped to evaluate materials for use in gate val ves
as seat or gateIfREMALignsodr nesasita§de CrrshrALPITARELFSPABSEE 252 nm | ong,

76 mm wide, andol3,MIbhRaELSCREseIL s IR 88ke. cIBESS PFBE Lhghoate about

6.35 mmin dianeter present the seats. Either the plate or e pins
may be nade of theadahe sdhmdnaapewdal tthatssedly endpdatedywoaldeBe nmade
of or they may ge Coatgg on_thelr - 13 nating surfaces éa.z6ﬁ152 nm f ace
of the plate or WPHEPE &N eefBE 2EAPhBYBFRET. 2 He "BFRs18r SSRBFPHCFA a5t Pxt ure
that insures tshalxeneecend ghm@achapbRal Sahel dthgai pahskbe phaher—~. n an
annular array with a dianeter 5 of about 75 mmw th equal pressure of

112. 47MPa (16, 360Mp9ois) tdanadcFhgngesTRaY! pkear BCFETt RBAIBYcENPat ed t hrough

an arc of about 4,00,d50Laesy Beasass all aw:Lbg eabeubghien,ar,the vel ool ty

of the pins and the coe namc friction. to oscillationis
consi dered a cygkeesThe pheseandrphatetape eheal theedapespodiycgbbgsdari ng

the test. The test duration i.s typicall 5 cycles, .The eval uati.opn_of wear
resistance is u§6a?|§e58ﬁg agapﬁ¥§FF§EF§aineY%PgrﬁgéPnbg e8n8nofhgh8eneral
appearance ofjot BengeatuseassokStae hatbribe Bensgapgrhbedpl agstA nunerica
value is obtained for the dynamic coefficient of friction, but it is

consi dered a rePaftPRethal Heacspedi iscons PAi 8xE@3tioThéror| BEPPFUEE the
pins relative t@PtBQrpbét%SEB%Eib%tagg'§¥eg gﬂe&hgaEGEE hgﬁé“agnghcat'on of

the 20 friction torce and general roughnes ue t0 wear. us the higher
t he vel ocity acHeévedtibhe ghoweepbkeétiipncbrohifbrvelandtgnosyhénelhe

surfaces remain., A correl ati gn bet ween ha ora&ogxﬁtest rgsg#ts aTd
S

performance i n S6PG&F tpPBductt B9ESr CPMBLECHsE PSUS81RBCE P A" usi ng such

a test to scrgespialetiepbsitabnf cehdbeseounbeipether mBNTEwOhgcast Stellite
3 seats running agal x~s.t gqa.tes coated with LTCPR LW4.5 i s well

est abl i shed i n PREIiFaktdonshi s TReEPRILn§PRaY, CORELBESY eR- beenTUSEET as a

benchmark in thg,l abogat test. p kbhonakyh Kl : of
UCAR LW 45 coatiﬁgé on bg%ﬁdggg p?ns éﬁagggggplagé, §Pﬁ§g8%hFé§cggg#an IS
consi dered to benth€oetiingst BecchdaEKibfion, R. F. Bunshah, ed.,

Noyes Publications, 1994, pp. 591 to 639; Thermal

20 Spray Coatings, R. C. Tucker, Jr., in Surface
Engineering ASM Handbook Volume 5, 1994, ASM
International, pp. 497 to 509; M. L. Thorpe, Journal
of Thermal Spray Technology, Volume 1, 1992, pp. 161
to 171.

25 One of the primary constituents of the coatings
of this invention is tungsten carbide. Most tungsten
carbide powders used in thermal spray are either WC or
a combination of WC and W,C. Other phases may be
present. The tungsten carbides are most often

30 combined in the powder with some amount of cobalt to
facilitate melting and to add cohesive strength to the

coatings. Occasionally chromium is also added for



z a ~u~ zoo3 - 14 the industry in service. A nunber of steel ngm{szmre
coated with the detonation gun coating UCAR LW45, then ground "a apped
to-thickness of 100 to 200 microneters (0.004 5 to 0.008 inch) and a
surface roughness of less than 8 mcroneters Ra. A nunber of steel pins
were coated wth UCAR LW95, UCAR LC-1C, a Super D-Gun coating of Stellite
6 alloy (SDG Stellite 6), and a Super D-Qun coating of this invention
designated SDG A herein. to Tl--~e speciprsfqnpositions of these materials
were as follows: Stellite 3 casting Co- 30.5 Cr- 12.5 WUCAR LW 45

WC- | OCo-5Cr UCAR LC-1C Chromi um car bi de-20(Ni -20Cr) 15 SDG Stellite 6

Co- 28Cr - 8W 1C SIYG 7% SAQID (i S SENGR JBCR G\ GUIRRS Coat ity SXAPRYRS pi ns and

the cast Stell '%1’?908‘5409%4% wer el g)c WU d g hapRed, e %i@@ﬂtﬁ} ng thickness

of 100 to 200 ( 00. 008 1 nc m croneters and a 20 surface roughness
of less than 8 aundriomet evistiRathéThma tlaiydy ditroryy sty whisledurengsi ng t hese pin
materi al s against the plates coated wth RLW95 wth the results shown
in the fol | owi my-1EH powder ~"1']Jlj-1(-:h Hest of tl'f—ericcot%laol\rll% i q@%aelr &%l oci ty
Val ue Wear 5 CastSinelun t3 1002 Rasel d Nenetiderad 100k Baseld e be

- Moder at eUCARLW 45180' 1. 8Basel i ne1601. 9Basel i neSDGSt el | 61502, 1Si m | ar

t oBasel i nel0 UGKRIG-ES) 704N Bt | HESAID B IBeile( 3Ttk -Crushed powder

sl i ght 200*0. 5*Basg| i g; j *t£E§H e%fMgggq?%ﬂyydgngH idpthis tria
15 The velocity neasgt}?neerr?nft jS}{ise in t];gsec. Both the vel ocI{Ht%g/l measur enent and
rel ati ve dynammeaoedd ivitEnttlof darlideon Wiare Stewelily tdprawdd.e are

approxi mat e average val ues, for the 12 through the 25 cycles, representing
the stabilized PRIt e Warbezdie@&f‘dgceE& "% % ']cF(eicr?{ Yhat the Super

D-Gun Stel | ite SR tibmerdad red, del trigldan ¢ e hasel ime weating in this
test. However, the new coating of this invention, SDG A perforned far
better than botlEiHe bddd i HEHEURE 19N CaFsif iHgHC Bhall mean

any of the crystallographic or compositional forms of
tungsten carbide. The terms tungsten carbide cobalt,
tungsten carbide-cobalt-chromium, WC-Co or WC-Co-Cr

15 shall mean any of the crystallographic or
compositional forms of the combinations of tungsten
carbide with cobalt or cobalt plus chromium. Another
of the constituents of the coatings of this invention
is a cobalt alloy. As used herein, the term cobalt

20 alloy shall include any of the crystallographic forms
of any cobalt alloy.

DESCRIPTION OF PREFERRED EMBODIMENTS

The chemical composition of the powders of the

25 invention comprise a blend of a tungsten carbide-
cobalt-chromium material and a metallic cobalt alloy.
Note that all compositions herein are in weight
percent not including unavoidable trace contaminants.
Preferably the tungsten carbide—cbbalt—chromium

30 material comprises tungsten carbide-5 to 20 cobalt and
0 to 12 chromium, most preferably about 8 to 13 cobalt

and 0 or 4 to 10 chromium. The metallic alloy is



Exanmple 2 A conmmon test for the corrosion re5|stance of materials is a salt
spray test defined by a standard ~of the :~merican ' Society fp8Jieddlng and
Materials, 30 ASTM B 117. In this test the sanples are exposed to a salt
spray fog for a period of 30 days at a tenperature of 33.3 to 36.7 C (92 to
97 F). The performance of a coating of this invention, SDGA Z 8 JU 2003
- 16 described in Exanple 1, was eval uated by coating Al SI 4140 steel
sanple that was 76 nm w de, 127 nm | ong, and .5 mMmthick on nost of one
76 x 127 mm face. A portion of the face was |I'eft uncoated to sinulate the 5

cut-off or masking |ine Eresent on nani val ve gates hi cknes
coatings were appPFeder?ReYc8afPrRgd twérdoVhtat eél@ﬂmﬁgﬁﬁ%lSH @Ebﬁp based

seal ant . F'na"y,cgﬁ§r99@%'QQSWWQbﬁtg?@yeénE02a tBi oknessonf uRli, t hego180 to
130 microneters, reptesenting the ypi cal thickness on a new part, or to

a thickness of 250uhgs286,nidcBofret ér g, creppraseaniingathacehcokadéss-on a

ked . Th Pl b d h he 30
oy expostr e, t hoSaANBPULSHaTSUFRNER aRT SxaRPAsl HGVe a8e 8ot donce

of 15 general, pi hbhRBalOkckbe¥iteoBOrbABroBial tbBat@akBnghrbmicmrsr ast,
the uncoated areas of the steel were heavili corroded, as was to be
expected. Wiile tﬁén§§§§§dﬂn&a§§PP dPPRYNE&SY PESVérFeuséfuPTindscreeni ng

materials for many fALLoshye %ﬂleﬂpbbﬁa&;geg lhtwegaﬁtnggragﬁgugsekx 31

represent those S|tu tirons where a sighificant anmount hydrochl oric acid
is present. |n thaséybdeunatn,odd, tbhéOCobabmlbaselatboﬁ gdédcon, SD&sA may be

attacked. A better. choice_.in _these sit.u ons M a coatin ar to

SDG A 25 but i ¢ FREHeOREe ChFARBY | 2PInBALATEE EELRRSI GaBos toeuTaPer or

coating conpri siongr¥€eCeed it 35cE6Da28Mal 76%- BSving. @8€) nokiaapl e 3 30 The

abrasive wear resistance of materials is freguentli7character|zed using a
t

dry sand "rubber" copeesitden SSPRLE-E8- B2lyhArsuRsdy FRIQBEREr3in
silicon-less than 0.08 carbon (nominally Tribaballoy

800). Preferably the blend comprises 5 to 35 metallic
cobalt alloy, most preferably 10 to 30 metallic cobalt

15 alloy. The tungsten carbide-cobalt-chromium material
is preferably made by the cast and crush powder
manufacturing technique when the chromium content is
approxXximately zero and by a sintering process when the
chromium content is 2 to 12. The metallic cobalt

20 alloy is preferably produced by vacuum melting and
inert gas atomizing. If a detonation gun deposition
process is to be used to produce the coating, the
tungsten carbide-cobalt powder should preferably be
sized to less than 325 U.S. standard screen mesh (44

25 micrometers) and the metallic cobalt alloy sized to
less then 270 mesh (60 micrometers), but greater than
325 mesh (44 micrometers) by screening. If other
thermal spray deposition techniques are to be used,
the powders should be sized appropriately.

30 The invention further is a process for producing
a low friction, wear and corrosion resistant coating

comprising the steps:



ZB,! Ul 2003 - 17 relatively ranking materials for their reﬁb;‘gﬁgm to
abrasi ve wear in applications such as seals or bearings where &

particles may becone enbedded in the seal or bearing surface. Thus the
results of 5 the test may be useful in selecting materials for aircraft

| andi ng gear cylinders where sand or other hard particles may be entrapped
in the bron2e bearing surface. Six detonation gun coatings of this
invention were applied to AISI 1018 steelcifsg sanples 10 using a single
powder with a conposition of WC-9Co + 25( 28Cr-8W1C). The

m crostructures and nechani cal properties of the coatings were varied
somewhat by varyi ng at)he Hrapoin g | VIR aﬁﬁﬁ%r@mpﬁﬁé@&d} |Cri§‘§31ilée‘3r3é‘%e%| gnat ed

SDG B, C, D, E, F, (1 Ci 199
m mn under a | oad r%) cﬁ#q(% ! i L%étfe% %%é’ol revo h}da[t\ﬂit(’j)lnsa&o ﬁ% a\t/% whi ch
had a pol yur et hane m&'ﬁllmeiobanltcczrﬂtlam vdrtch t he coated test sarrpl e.
Otawa silica sand with a nonla éflze of. 212 m croneters ,(Q.0083 inch) was

fed to the 20 nip béthwedm e SRAR{ HHWY 1t & Ly Viear scars

were neasureds by weightt{05s vf1dde £opiat sata m@fr/tﬁi:t%ami ume | oss;
and reported as an average | oss per 1000 revol utions. ? 8 JUG 2003 - 18

Coating Scar Vol. SHGWISDEeedS TG 9P SDHC T VDG FBHONEYCAR 1S 3JCAR

485 496 460 15 POESS PE T 4 COAUST THat IHE BT ngs of (his

invention have an alylsided weitth resestaice: tdudalts ssldlst.antial |y 15 greater

than that of electroplated hard chromium Thus they shou be excel | ent
repl acements, on t hllgleﬁ?%‘i%g Qorths TS é?Ptt?a?th‘lcr‘?FBquinﬁ Gpbalt

appl i cations;guch &g w%mw%@ Gy e suddy addred qa‘xtldlartca ng gear if
other constraints are net his test the 20 coat gﬁgs of this invention

have | ess wear ¥exligtanke imem thﬁatpq}qumejmmﬁ dive Mﬁmﬁgl UCAR

'lt_\lj\;ggt eﬁu:::a'; B?Ejs&)rsa t%%%%%&sb@ ur prl SI n 'y H%‘ﬂ%’;erﬁfave su%s‘{ aﬁ%: glnl Sf

greater 25 resiwiiange tdhepetdiee ppasier shirsped anadag eafcHJCAR 485, They are
conparabl e in wear reS|stance o t he detonati on gun chronlquc a. rbl de

coating U-A. R'ﬁQ§%_ qu&ﬁmﬂ (feeding each at an appropriate rat
15 to achieve the desired composition in the coating. If

this method is used, the powders may be injected into
the thermal spray device upstream of the nozzle,
through the nozzle or into the effluent downstream of
the nozzle.

20 Any thermal spray deposition process that
generates a sufficient powder velocity (generally
greater than about 500 meters/second) to achieve a
well bonded, dense coating microstructure with a high
cohesive strength can be used to produce the coatings

25 of this invention. The preferred thermal spray
technique is the detonation gun process (for example,
as described in U.S. Patents 2,714,563 and 2,972,550)
with a particle velocity greater than about 750 m/s,
and most preferably the Super D-gun process (for

30 example, as described in U.S. Patent 4,902,539), with
a particle velocity greater than about 1000 m/s. The

later process produces a somewhat denser, better



30 The residual stress characteristics of the coatings of this inventio
described in Exanple 3 were assessed and compared with other coafignii &
coating 2 8 JUL 2003 - 19 Alnen strips and neasuring their deflections.
The test is a nodification of that described in the US Mlitary
Specification for shot peening M| F-13165B. A positive deflection
indicates a tensile residual 5 stress in the coating, while a negative

val ue indicates a conpressive stress. The men test sanples were nade of
Al SI 1070 steel heat treated to a hardness of HRA 72.5 to 76 They were 76.2
x 19.05 x 0,79 mm (3 x 0,75 x 0.031 inches) coated on one 76.2 x 10 19.05
mm face with absoatdchgaicug 300 mmitdiiask . CoRs iste & trangtty ddiafr 6 Y STF) of

the coatings were assessed coat | | SI.\9 I g 1.27 x
0.635 cm (10 x SFoS GG 7 i#%oesg)%ehd;g‘tﬁ% &a %?‘%‘g&eﬁvﬁc %t}n%%r?gd 4 x 1.27
cmface to a thigdkness oit300eky Migromimt s wrehdtdren dehdjrgtddie bars in a
four point bend test fixture. The initiation of fracture was detected with

a soni c sensor @amdfedarEate 45051 tihe TSRS Y d MEF a1 AEERMIGfe Wepor t ed

in mls/inch ot Qfe RSN tHerthaVs SRRt NG 1B, SDG
B+1.0SDG G 7 525705 "SDE B 2. 590G Fe 0. é%gge 9, 0SDG We- |y§00-

29. 5SDG WC- | OCa-ndGLuslk0 [a@ma \WpdaSCelepb s tiq) hiiidhs VeI ciiy ¥4y 3.7 5.4

5.7 4.6 5.9 5.8 6.,2.8 2.8 First .consider. t I def] ection data as an

i ndi cation of reSqudRdit hs.veiltoqqgcyapaplarr—zkﬁieﬁ [E#Ct%segerse'si dual stresses in
the coatings of thisrhkd iinmartiican aArs qionper il ajwhponerdiss ahanged & rom
very slightly tensile to sonmewhat conpressive by changi ng the deposition
paraneters, at WeddstrafHetald feadiper I3 & egb@antiioh Maldifsdii es t hat

coating. compl@p.ahanes 1suah P shardy eiges whotl vk nals be, auprablem and 2-

that thick coatings ca osited w thout cracking or spalling. Next
consi der the SEeals andrich tile drlindixaadre cfealiqefdfugtfiaasfs tdre coati ng on

the fatigue propertiges of t.he substrate; i.e.,_ a high SIF i.s neral ly an
i cat | ont hal R SR A haaaE aveded i SMEATF il WG DU
properties of tie hisinddre Notthdimmatiend-Q@uraled SCustnaigngphas a | ow
STF (even though it, has a very | ow conpressive residual stress) and is

known to have ¢ esalrglﬁlqﬁ)czfrﬁe cf_é:trliei?e‘stﬁ Hardiddy GPatrd f S3gLEIFIRT ties of
steel, 30 al wwrﬂva]adﬂdl&wimm&ﬂbwﬁt,esandT%é@ﬁrorD@&svt%rltOCO
coating has a sonmewhat higher conpressive residual stress, but no better
STF. The Super daEIMINCATECH ot iandp dead @ Ssiggriivrigsdren cavilgide— STF and i s

cobalt-chromium material and a metallic cobalt

alloy.

The following examples are provided to further
20 describe the invention. The examples are intended to

be illustrative in nature and is not to be construed

as limiting the scope of the invention.

Example 1
25 A laboratory wear test has been developed to

evaluate materials for use in gate valves as seat or
gate materials orx coétings. A plate that is about 152
mm long, 76 mm wide, and 13 mm thick represents the
gate. Three pins that are about 6.35 mm in diameter

30 represent the seats. Either the plate or the pins may
be made of the same solid material that seats and

gates would be made of or they may be coated on their



Z g ~U 2003 - 21 known to have very little or no effect oniﬂﬁﬁgW@uﬂpe
properties of steel, alumnum or titanium substrate. However, IsIs
achieved only with a very high conpressive residual stress, which nmakes
coating 5 conplex shapes or thick coatings difficult. In contrast, the
coatings of this invention can be deposited under conditions that yield
coatings with a high STF and relatively | ow residual conpressive stress.
Thi s suggests that the coatings will have to little effect on the fatigue
properties of the substrate and still be-abPe~to be applied to conpl ex
shapes and quite thick without difficulty. These attributes should nmake

t hem very usef uhabingospofieoes $endbxife mo faté que Shehrbastaiorriaie

| andi ng gear 15_copponents, Various other, nodificatians, of. the disclosed
embodi ment s, asf&EFPeﬁgso?ﬂeFﬁﬁanﬁf nt SBfP e ﬁﬁﬁgﬁ?%%n%nvﬁll be
apparent to thogexskikl edatnihibgrast thponofief &ience dack hbsn desatdpdion, or

may be made 20 without departing fromthe sg%éit and scope of the invention
defined in the appéndedteeaphdte ip anjgpny arpgy it M5 et er ¢l ai ned

is: 1, Ather S p gd%; osLL1 L Si Pl engoof a tungsten
carbide-cobal??éﬁrg%?%51ﬁaterigﬁggn%héé?gpggggg#%H?ﬂﬁg¥cént of a cobalt
alloy. 2. The powmdgBocopppsi t boneethi pid. whBhei Hiisttherd| endtloampri ses

tungst en carbi de-cobal t-chrom um and 10 to_30 wei percent of the cobalt
alloy. 3. The pBﬁﬂéEf@Bﬁ%ogpf?Bako?nc?ﬁ?n?ﬁ %?%?ﬂﬁQh SIUTY3t en _
car bi de- cobal t - §BReALYMIBLRT ERE €91BGIL €50 UAPStIRd €I didey &t tend3 wei ght
percent cobalt and 4 to 10 wei ght percent chromum 4. The powder

conposi tion of piapnendwabeeracfhbCtobhl of aflyR3mEdrpFicesonn Wea@ht percent
25 5o T SIS0 8 05, 800G B JO POl OPOBAl Ol ol
to 11 tungsten, abeSevaldabedapbpnodndabay atceinpbiie . t&st TheTpowest
CTPOSLL 1O, Of S, "ET B, LUF 5OURI L, LY DT Lis, L0, e gbt percen
carbon, and bal gage e@baktance is usually done qualitatively in this
test based on the general appearance of the wear scars
15 on both the pins and the plate. A numerical value is
obtained for the dynamic coefficient of friction, but
it is considered a relative value, specific to this
test. The velocity of the pins relative to the plate
that is achieved in the test is an indication of the
20 friction force and general roughness due to wear.
Thus the higher the velocity achieved, the lower the
friction force and smoother the surfaces remain.
A correlation between laboratory test results and
performance in actual production or field use is
25 necessary in using such a test to screen materials for
field use. The performance of cast Stellite 3 seats
running against gates coated with UCAR LW-45 is well
established in the field. This coupling has,
therefore, been used as a benchmark in the laboratory
30 test. An additional benchmark is that of UCAR LW-45
coatings on both the pins and the plate, since this

coupling is considered to be the current benchmark of



7. A process for producing coatings conprising the steps: ﬂ ﬁ@g
23 (A formng a powder feed conposition conprising a blend of B JBL ten

car bi de-cobaltchromum material and 5 to 35 wei ght percent of a cobalt
alloy; and, (B) thermally depositing said powder feed conposition onto a
conponent formng a coating conprising a tungsten carbi de-cobal t-chrom um
material blended wwth a netallic cobalt alloy. 8. The process of claim?7

wherein particle velocity during thernmal deposition is greater than 500

m sec. 9. The process of claim?7 wher ei n 1 e t'ungst en

car bi de-cobal t-chrom um material and the cobalt alloy powders are bl ended
bef ore bei ng pIabedlnduatpMmmarSdrgpeﬁser for thermal spray deposition. 10.
The process of clal reln th n n_c id It -chrom um
material and the cobaIP F5y°f aﬁg%f gig%pfag g §O§g§§rgﬁégpgmﬁer

di spensers for ﬁéebﬁatléﬁrgundepQShthUCARAEWA$§,AtAQE ArbuAdSInAY. A AF. A
A.AA . A A, .AlF. A (e. A5% Ay. A5. A@ b

TLE|{qugb]X]ca¥éEP€§] 8]E§}€5T€éfcafcéPeaF€aF YaPésrenptsrea)faPli] ca] calc
2l cal cal cal ¢’ g] eJabegbsal gk ahach oahe b OEb 1oRREIE) xem ol Leghoa] ool ca
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cafca]ca ] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca! 89DHLMReTers Ra. A number of steel pins were coated

HOP R!IDb"d" o"u,I# q gqc ] cal caU] cal.cal ca calca ca]ca]c
NPT T RLRRL FELTE EopORbEopCapRoFRaERkS
3%9?]Pg]?i{é?kﬁ$t£€11ti%3 ggfoﬁgESiiOgﬁeiliLa?tb]i&itahtaﬁgakca}gahca]ca]ca

] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca].ca] ca] ca] caéca]ca cal] ca] ca] ca] ca]
cal } 1~111118292928b¢28 225 258h3338%¥8RE58R6865 7988 888) xSRFdAZPFealca] ca] ca] ¢

a] ca] ca] ca] cabcﬁgalsls@lﬁaleal:saﬂ:sgle%ﬁel sel EF}LS@] gaalésﬁls%cam] gal caJcal ¢
ajcaljcalcal88~99:N.:Z:::::;;0
BBlEZEzupkfa\VVﬁa}baWaa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] cal] ca] cal] ca] ca] cal.ca cal] chal 2E0E7F8E;,FAFDEEFHEL FUFFEFF#GSGN Go
Gk%?GLBH?LHHLKLE{L$L4h&xr#ﬁ%l%ﬁ %qfcaféﬁfcaESa]gg]? qFEa]Eg] a] ca] cal ¢
a]caLﬂca]ca]ca]ca]ca]ca]ca¢Aa]nm}¢a]caV]waMioa&}saﬂ]ca]ca]ca]ca ]NUNBT

TWW! VAW, VCV~WKXXXXEXNXYYZ %%(\a\\\\\\|mwnhc]kaa\ L%

a] ca] ca] ca] ca] ca] ca] c”a] ¢ % 1 EaT 4] ca] cChreR} BRathE aﬁe( i¥iakeerta)lcavic

a] caV] ca] ca] ga] ca] ¢, a] ca] 8\ §£bDEEE£ 9096502 HBKKERSI ¢ el 4n;
o&p(p. plp3p: ppppqu|mq|ga\V%fa\VVca]ca]cAa]ca]ca]cAa]caLﬂca]caLﬂca]ca]ca]ca]
ca]caU]ca]ca]cAa]ca]ca]ca$E@]hAa]ca]c a] @ajeapcal 2afcoakgaiecaw-1C)

h ~~9 | ga\ Vkf \
Loa] cal ool oY o] oLy bdt s brn e b A o 0, KA o AT ERL T B LR Ll ca
]ca >UTcB D@ were also ground and lapped to a coating thickness of
100 to 200 (0.004 to00.008 inch) micrometers and a

20 surface roughness of less than 8 micrometers Ra.

The laboratory test was run using these pin
materials against the plates coated with UCAR LW-45

with the results shown in the following table.
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5 Cast Stellite 3 100 2.3 Baseline - Moderate
100 2.1 Baseline - Moderate
UCAR LW-45 180 1.8 Baseline
160 1.9 Baseline
SDG Stell 6 150 2.1 Similar to Baseline
10 UCAR LC-1C 170 2.1 Baseline
SDG A 160 1.3 <<Baseline - slight

200* 0.5* <<Baseline - slight
*the plate was somewhat smoother in this trial

15 The velocity measurement is in ft/sec. Both the
velocity measurement and relative dynamic coefficient
of friction value shown in the table are approximate
average values for the 12 through the 25 cycles,
representing the stabilized behavior of the wear

20 couple. It is evident that the Super D-Gun Stellite 6
coating performed better than the baseline coating in
this test. However, the new coating of this
invention, SDG A, performed far better than both the
baseline and Stellite 6 coatings.

25

Example 2
A common test for the corrosion resistance of
materials is a salt spray test defined by a standard
'of the American Society for Testing and Materials,

30 ASTM B 117. In this test the samples are exposed to a
salt spray fog for a period of 30 days at a
temperature of 33.3 to 36.7 C (92 to 97 F). The

performance of a coating of this invention, SDG A
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4140 steel sample that was 76 mm wide, 127 mm long,
and 12.5 mm thick on most of one 76 x 127 mm face. A
portion of the face was left uncoated to simulate the

5 cut-off or masking line present on many valve gates.
Two thickness' of coatings were applied. The coatings
were then sealed using an epoxy based sealant.
Finally, the coatings were ground to a thickness of
either 100 to 130 micrometers, representing the

10 typical thickness on a new part, or to a thickness of
250 to 280 micrometers, representing the thickness on
a reworked part. The samples were then submitted to
the test. After the 30 day exposure, the samples were
cleaned and examined. There was no evidence of

15 general, pitting, or crevice corrosion of the coating.
In contrast, the uncoated areas of the steel were
heavily corroded, as was to be expected.

While the preceding salt spray test is very

useful in screening materials for many corrosive

20 applications, it does not adequately represent those
situations where a significant amount of hydrochloric
acid is present. In these situations, the cobalt base
alloy used in SDG A may be attacked. A better choice
in these situations may be a coating similar to SDG A,

25 but with the WC-Co material modified to include 4 to
12 Cr or a coating comprising WC-Co-Cr + 25(Co-28Mo-
17Cr-38i-<0.08C).

Example 3
30 The abrasive wear resistance of materials is
frequently characterized using a dry sand "rubber"

wheel test ASTM G 65-94. This test is useful in



T&I0% & ()-'hs 109%& ()-3'hs 10% & ()-3 2 8 JUL 2003
L10% & () -z88H9~99: N: } "?MLT! v710% & ()- 410% & ()-z
3TI0% & ()-!-109%& ()-mM<-10% & ()-m10% & ()-N::::::::;b@!'v!h
10\ & ()--2MLO%<& ()-#10%& ()- 10 10 10 ;t10% & ()- s9910% & () -;
<=>?2@AWU3b@! ' g 10%e& ()--2'v 10% ) & ()--21h 10%\\\ & ()--2!c
109MWEE' () --2'v 10% <) <& ()--2'h 10% <\ <& ()--2&A" A(A) AGA=AAABUSIT!) ;
10%Nv&f()--2!)10%Nv&f()--2!$10%ﬂq&f()--ZLNQP%W&T()- % 10%V&' () -G 10ee 1l0ee
10eeBCDEF[ G G GMJE1T!); 1033 -
1033! q10983&' () --2! h10%&' ()--2!cl09B88& ()--2! h10%& ()--2!.10%BMB& ()--2] G"
GKG GGCDHHVI r P. MeRatively ranking materials for thelr resistance to
abrasive wear in applications such as seals or
bearings where abrasive particles may become embedded
in the seal or bearing surface. Thus the results of
5 the test may be useful in selecting materials for
aircraft landing gear cylinders where sand or other
hard particles may be entrapped in the bronze bearing
surface. Six detonation gun coatings of this
invention were applied to AISI 1018 steel test samples
10 using a single powder with a composition of WC-9Co +
25(Co-28Cr-8W-1C). The microstructures and mechanical
properties of the coatings were varied somewhat by
varying the deposition parameters. The coatings were
designated SDG B, C, D, E, F, and G. The wear tests
15 were run at a velocity of 144 m/min under a load of
130 N (30 1lb) for 3000 revolutions of the wheel which
had a polyurethane outer layer in contact with the
coated test sample. Ottawa silica sand with a nominal
size of 212 micrometers (0.0083 inch) was fed to the
20 nip between the wheel and the test sample. The wear
scars were measured by weight loss of the coated
sample converted to volume losc and reported as an

average loss per 1000 revolutions.
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1s10% K: K& ()-m Coating Scar Vol., mm3/1000 rev.
SDG B 3.61
SDG C 3.69
SDG D 4.83
5 SDG E 4.85
SDG F 4.96
SDG G 4.69
UCAR LW-45 1.5
UCAR LC-1C 3.88
10 Plasma Sprayed WC-Co 5.6
Electroplated Cr 8 to 10

It is evident that the coatings of this invention
have an abrasive wear resistance that is substantially
15 greater than that of electroplated hard chromium.
Thus they should be excellent replacements, on this
basis, for electroplated hard chromium in applications
such as the coatings on cylinders in aircraft landing
gear if other constraints are met. 1In this test the
20 coatings of this invention have less wear resistance
than that of the detonation gun coating UCAR LW-45,
but that is to be expected because of the higher
volume fraction of tungsten carbide in the UCAR LW-45:
Surprisingly, they have substantially greater
25 resistance than the plasma sprayed analog of UCAR LW-
45. They are comparable in wear resistance to the

detonation gun chromium caxbide coating UCAR LC-1C.

Example 4
30 The residual stress characteristics of the
coatings of this invention described in Example 3 were

assessed and compared with other coatings by coating
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y109& ()-* . yl%%%pl%é we?e made of AISI 1070 steel heat treated to a
hardness of HRA 72.5 to 76 They were 76.2 x 19.05 x

0,79 mm {3 x 0,75 x 0.031 inches) coated on one 76.2 x

10 19.05 mm face with a coating about 300 mm thick. The
strain-to-fracture (STF) of the coatings were assessed
by coating AISI 4140 steel bars 25.4 x 1.27 x 0.635
cm (10 x 0.5 x 0.25 inches) heat treated to HRC 40 on
one 25.4 x 1.27 cm face to a thickness of 300

15 micrometers and then bending the bars in a four point
bend test fixture. The initiation of fracture was
detected with a sonic sensor attached to the bar. The

STF is a unit-less value reported in mils/inch or

tenths of a percent.
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First consider the Almen deflection data as an
indication of residual stress. It is apparent that
the residual stresses in the coatings of this

15 invention are quite low and can be changed from very
slightly tensile to somewhat compressive by changing
the deposition parameters, at least when using Super
D-Gun deposition. This implies that coating complex
shapes such as sharp edges should not be a problem and

20 that thick coatings can be deposited without cracking
or spalling. Next consider the STF data which is an
indicator of the effect of the coating on the fatigue
properties of the substrate; i.e., a high STF is
generally an indication that the coating will have

25 little effect on the fatigue properties of the
substrate. Note that the D-Gun WC-15Co coating has a
low STF (even though it has a very low compressive
residual stress) and is known to have a significant
detrimental effect on the fatigue properties of steel,

30 aluminum, and titanium substrates. The Super D-Gun
WC-10Co cecating has a somewhat higher compressive
residual stress, but no better STF. The Super D-Gun

WC-15Co coating has a significantly higher STF and is
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known to have very little or no effect on the fatigue
properties of steel, aluminum, or titanium substrate.
However, this is achieved only with a very high
compressive residual stress, which makes coating

5 complex shapes or thick coatings difficult. 1In
contrast, the coatings of this invention can be
deposited under conditions that yield coatings with a
high STF and relatively low residual compressive
stress. This suggests that the coatings will have

10 little effect on the fatigue properties of the
substrate and still be able to be applied to complex
shapes and quite thick without difficulty. These
attributes should make them very useful on components
sensitive to fatigue such as aircraft landing gear

15 components.

Various other modifications of the disclosed
embodiments, as well as other embodiments of the
invention, will be apparent to those skilled in the
art upon reference to this description, or may be made

20 without departing from the spirit and scope of the

invention defined in the appended claims.
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CLAIMS
What is claimed is:
1. A thermal spray powder composition comprising

a blend of a tungsten carbide-cobalt-chromium material

and 5 to 35 weight percent of a cobalt alloy.

2. The powder composition claim 1 wherein the
blend comprises tungsten carbide-cobalt-chromium and 10

to 30 weight percent of the cobalt alloy.

3. The powder composition of claim 1 wherein the
tungsten carbide-cobalt-chromium material comprises
tungsten carbide, 8 to 13 weight percent cobalt and 4

to 10 weight percent chromium.

4. The powder composition of claim 1 wherein the
cobalt alloy comprises in weight percent 25 to 31

chromium and 0.5 to 1.5 carbon.

5. The powder composition of claim 1 wherein the
cobalt alloy comprises in weight percent 25 to 31
chromium, 5 to 11 tunygsten, 0.5 to 1.5 carbon and

balance cobalt.

6. The powder composition of claim 1 wherein the
cobalt alloy comprises in weight percent 25 to 31
molybdenum, 14 to 20 chromium, 1 to 5 silicon, less

than 0.08 carbon, and balance cobalt.

7. A process for producing coatings comprising

the steps:
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blended with a metallic cobalt alloy.

8. The process of claim 7 wherein particle
velocity during thermal deposition is greater than 500

m/sec.

9. The process of claim 7 wherein the tungsten
carbide-cobalt-chromium material and the cobalt alloy
powders are blended before being placed in a powder

dispenser for thermal spray deposition.

10. The process of claim 7 wherein the tungsten
carbide-cobalt-chromium material and the cobalt alloy
powders are placed in separate powder dispensers for

thermal spray deposition.



