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coating. As disclosed in EP-A- 0 313 176 acetylene is considered to be the
best cobdemplibitbl e fuel for detonation gun operations since it produces bot h

tenperatures and pressures greater than those obtai nabI e from an ot her
sat ur at ed Tea gasaeys tfual-exidagt 'HWT%Q?&I'P%?H’FWW" rséﬂl’ﬂb%<§ ?‘W&"
r eactd onvepion#n¢ Bamplg Propess Buyrbarserding e ¢ BQP? ab gg’%u ly

added t@nde Fcuve ‘teFPeatb*aH a'a‘ﬁte Pa °f Ht“'iz‘@ °e°° \%j"?

I OVVf,‘I’I lrt%;‘;\t;g m ;j‘
partic Et 3 cu )a ;ﬁthe fe cgasg f inute
propyl eﬂ fu l- i oI per an Qﬁe Ltbrﬂ' ot F&ng@r‘? Ua? dn reeaGE"SGS
wi thang T Y per Wl GocPinto KDY ol REENG g W e t Nt
I s hi gh e |d: gaé & fgél %ﬁ&dﬁf fixtdfe. THS d%ﬁHétiU@btﬁmastﬂmtaﬁ ralel ot @bdut 8 iR ier

di | ut edse@&ﬁ ahh Qr%ecdam%wdm X el Rtondtion g@t wak BiphEsH érRsTR Sfedlt subsirateashile in the

acet yl eg8ireR ¥%396 tdith la' JOBRNadhbréhtWoting Sf shfbldamierdscopic REves itiydking @ndseedaping
combyst hifhl dactiatfer. OXygen m xture, the gaseous m xture containing the second
conbust i birge @asingVrdduceal usiay the\Samblel Pricess ¥ is pstatied fir assample Colting Atand the coating

acet y| eproduosdy gsing-the Sarle Rropdsk tBUis geferfed! th s (Saingle [Gogfing B. HhecSamnpieeCosting A was

i NCr easfeandpa hdve alnetrik@vtinen amorpblod phasetof atHeast2Hrmer—ceit iz véluma while thetSemple Casting e

hi gh enBwg$founms terhewer ametivaritht dncampemhoysaihess of jess e Heparesat byOrolma iaf determinad
subses abyeusinhitransmission bleciros; mictaseapicyandlysist he nol ten state, but not
significantly superheated. The gaseous fuel - oxidant m xture when using

det onati on gun techni ques coul d havelablatlo of atonic oxygen to carbon of

from about 0.9 mb fégﬂﬁhﬁ# 1 The
tungst en: chrom% %‘ég%'rll ‘t%{ snhould con5|s essentl ally

of fPbm about 55 to about 80 wei ght percent tungsten, from about 12 to
about 26 wei ght percent chromum fromabout 3 to 55 about 8 ##&icght
percent carbon and from about 3 to about 10 wei ght per.cent nickel. -
Preferably tBamplengsRdes®a®ld be T about SRAPMS at 75 BTt percent,
the ghrom unpiésupsaboUuiraéé t 0 aboutrakd wei ghtuj’.meﬂm the CRatien from4 to’
8 wei ght percent, nickel from ?)})ut 4tt3 bou we gsfcent. The
tungsten chroni um car %8 nj ck 883t 8 of thi @ nvéntl:br? are ideally
suited for coating substrates nade of 4 EP0430618B1 materials such as,
for exanple, titanium ,3peel, alqiniugy nickel, igronge cogpery gpbalt,

al ] oys thereof and the |ike. The powders of the coating material for use in
obtaining the cdated | 3#8r of tH-@ invdhtion 3P e3fr2fidnly pdutfers nade by
the sintered and crushed process.” In this process, the constituents of the
powders are 5 sintered at high tenperature and the resultant sinter
product is crushed and sized. Exanple 1 The gaseous fuel -oxi dant m xture of
t he dﬁnﬁﬂgﬂi’ﬁf&i—shom as Sarrpl e Pr ocess A according to the 10 invention
and Sanpl

i nt rodug g-h? 52" "93%95%25 gr g& g %?"&Igigpk?&g Qéim;'l-q‘gldg‘z% w%%%énﬁa\“ ng

gxi a urhtlxturﬁglai ég t mﬁ el?sgé‘bl e

the comf8&3 FAHeTy 3 o Yrid @ mrlss

per cent cr(g ' at qﬁec@&grsq,g,{, 4o wei ght percent
ni ckel was a ) fed I'n o tonation gun. The flow rate of each gaseous
fuel - ox?g\gr)\tbgagb,g(}ége was 5 2 to 6.1 [err]/sec (11 to 13 cubic feet per

m nut e feed rate of each coating powder was 140 grans per

m nute 15 vo(160@Me coblifys IskS8kidncd W hordidhing LibRsib) ASTMUGEonIEnGenjraciicd] Gtesewaat o1 ¢
rati @s OfoliéWed.OR hid Rsts e ReMing & abRA6d by @ Gkl Wiichis PR againss thewatihg by abbtating. The
coat i ngrbsgihélpowder was fed into the detonating gun at the sanme tine as

t he gaseospedifically; ®50-rhaméshsilivd sandwasTUsed tdethe gétt Thenukparwheslsvak madelofhlonbutdt e of
about 8rubberth peluroseo haldrassdAbsHE0. Woesl spegd pas\Bl9rrpinThelheelenap frsced @gainplithowas

-1 npinged onto a steel substrate while in the nolten state to forma dense,
adherent coating of shaped m croscopig |eaves interlocking and overl apping
20 with each other. The coating produced using the Sanple Process Ais
referred to as Sanple Coating A and the coating



produced using the Sanple Process Bis referred to as Sanple Coating B. The
~Sanple Coating A was found to have a matrix with an anmorphous phase of at

| east 25 percent by vol une whi I%‘BP@S@ 4e Coating B was found to have a
matri x with an anorphous phase Of an 15 percent by vol une as
determned 25 by using transm ssion electron mcroscopic analysis. Table 1

Nomi natoafitgQdAacE HitR 856 kg (30 Ib) Io%ﬁ Rdr o diredoBorsORbEr Was Abhslir8d by thgﬂfépbﬁoaﬂng Powder

Feed material per 1000 réWliutions. Gaseous Fuel - Atom c 35

Process Rat e Rat e M xture Rati o

(gpn) Erosuon Te[sErr] [err] [err] A 140 6.1 . 13
1.05 40 B 140 5.2 11 35 32.5

'32. 5 0 Erosi!m De3isthbee dfidhedevating wae d4std Hydollasingl A eecomineridae pactinb iGalfs Invibis e
measur test, seid pagtictes RRyakalerhina) gigpeirdined incd gal éargdn)dietsand impinge againgt the sfatingesudace

har dnegswallyest tapgles gth¥ * R AWt Ithehbariznntal Frasies isrmedsyred by desst di codding feercenitatt ¢ he
coat i neeresSASTM St andard Met hod E-18. Superficial hardness scal e 45N was
used® Thdhe/psragp darrages)fardsabasion 3pd, ergiendagarg ghowsip Jable; @ dqrjsgyprah coatipgs of

coat i n%@“ P‘?"I'g deardy arprle; Costiag \f predyced by IamplesPracsss 4 andpSamala, PIogRss . B sand
Abr asi § To test the coatings for resistance to scratching abrasion,
ASTM recommended practice G 65 was 55 followed. In this test, the coating
is qpraded by a grit which is presgeg ;agig nst the coating by a rotating
rubber wheel. Specifically, a 50-7 ilica sand was used for the grit.
The rubber ghfplevasHindnest cHardnessy! Sandabrasiom dBresien hardness
A58- 60. V\he I eed rp eel was forced against the 5 EP O
430 618 Bl‘g%%ﬁf-ﬂ% Mﬂw mg (Z0TBT0ad f 6T G000

reved utions. \Veear vvaskvémaded K SMe Ios@ﬂéfr i5RY vat ¥ M) per 1000
revol utions. Erosion Test 5 Erosion resistance of the cosggnozgms tested by
fol | owi ng ASTM r econmended practice G76. In this test, solid particles (27
[err] alumina) are entrained in a gas (argon) jet and irrpi nge agai nst the
coating surfacg usuallygge angles7&f [err] or [l@] to thE0Mo2Zzontal.

Ero%i on i s neagured by s of co ng per unit parti 0 The
aver age hardneSs, sandlhgﬁasi on a er osi on datlaq{are shoS\in'P?nz able 2 for
several coatings of Sanple Coating A and Sanple Coating B produced by

Sanpl e Process A and Sanple process B, respectively. 15

Tabl e S rdness Har dness Sand Abr asi on

Er o8 e kers Rockwel |

( kg/ [ err )ASTM recommer(»d%‘ actlce E-562 WQ &g‘g EVolame éa%ﬂ@ J;@a hromlum-nch 998

75 particles (approximate cont nt by energ copy 10~ W 70- %— i) present 72

1.4 in both Sampl nipj actice

E- §,,2 VaSres! mt;ﬁ)bgﬁe dg},@g,r e voI urre f ractl on of arge chrom umrich

parti cl eg-568BEy:A6s BBheAudrBbIR| dobrfling MBThE WhidhYstRIBREIG YoshheiAQRS IokRheHRBIth 0P & COPY

10 20 WistinGlisheId mickbstaldtuyal BonSREAT whidh i Bidcabd v tRe (Shidlel fRgtion o the clhamRimeickoat i ng
Thepesticparti cl es are one of the nost distinguishing

The data obtained using the E-562 test procedure for several samples of each type of coating are given
. 40 in Table 3.

Iable 3

45

Sample Average Vol. & High Vol. % Low Vol. %

Coating
% A 7.7 13 5.5
B 3.1 4.3 1.8
56 This data shows that the coating with the higher volume of chromium-rich particles (Sample Coating A)

had better abrasion and erosion resistance characteristics than the coating with the lower volume of
chromium-rich particles (Sample Coating B) as can be seen from the data presented-in Table 2.



35 features present In both mcrostructures. 562 descri bes a manual

poi nt counting method which stati sti cal ly esti mat es the volune fraction of
a di stinguishable m crostructuraépgﬁgbs bigBENt which in this case was the
vol une fraction of the chrom umTich particles. The data obtained using the
E-562 test procedure for several sanples of each type of coating are given
40 in TaRkAoss Tkiabl € 3 Vol une Fraction of Chrom-um Ri ch Particles 45 Sampl e
Average Vol. %  High Vol. % ‘Low Vol . % Coating 50 A

77 ASTM G-77 procedure Wds used to determine the wkarSod8 of the coating. Wear lossés. dere

4.3 determined by medsufingSthe loss of THiick odérigamatdtialig. granai thé imieitrcalastar rog crevitds in the

hi gher sielacenbeastired i amiandninchash anplathe perbant of( idlonb bepi€da therayrfatd ak deterdniinet by .

abr asi onsingrit mocedire pf ASTM E$62nSpecilidaliy, aeatedringst warespredsedhagalngt 202kalymigiumblp¢ist he

| ower vuittuarfsragfof 4@ kori90 k) idad HThe dingsi weire totated A 0Pt 4P romyutians. & dubrigaat deen
f rom t h@%dEendeme} Bdid fradamerk for plplricant mpde by [EiF. Goughton @nds Campapy-ip. waige wasred ¢
ASTM G- tetwesn dheding prd thpblogks g dets obfaiped-a5e shewp Rdable4r | oss of the coating. -
Wear ? osses were determ ned by neasuri ng the loss of block or ring material
in grans, the width of scar or creyj csi n the 5 surface neasured in cm
(and inches) and the percent of pul e ¢ pits in the surface as

determ ned Bamplieng Blogk @zadure of ASTM Rixfy. SpemRimgaISqr:fmt ed rings
wer e presseq _against 2 um ni um bl i h force g (90 Ib)
| oad. PThe rg TR e rgﬁg‘&i at 180 rp(r}ﬁ(or%o((@r evol utlons %‘ ubri cant
of 9% Tanderml R-91 @mtademanm-for a lubricant nmade by E. F. Houghton and

Conpany) in waker Was gf q{wn the rj g |k t he bl ock. Thep gt a obt ai ned
are shown in Table 4 10 Tab Sarrpl e Qek Scar

Ri ng 20 BRlng3SL9r°face'11 FQ Wdth 9.1

w ., | oss (9) % Pul | out rrm in. A 4.06 . 1599

1 X [err] 2.5 20 B 3.80 . 1497

2 X [err]The results of the ASTM G-77 testGlemorftrate that thet aoating with dhe DN \GlupTp negqg@t of
denonst ehiereium-iclt parfrtes ded ldss yeighttless and fower ity (Ppigent pulloplal thamthe gpating with the

chr o ulesser vaime-perqepy ch shramiymirigl partigles gFus fhg saromismeich aiigle eoating of Hisripventon

pul | out ggsmqqgﬁet{ehgdhe%\ggtweﬁrdewtqnﬁe the 25 |esser volume percent of

chrom u r|c art1lcl Thus the chromumrich particle coating of this

i nventi Lo tter adheS| ve wear resistance. Stra| n-to- Fracture Test

osi nd® at i i Rihil %‘tu°§“ I“f i dtéamlfn ETTAE oMl e
) asﬁei%MEauP% Lm ros ¥130 ated it
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Mt er i afng Qo n& b %ﬁf ! shes)wmgc . s ot T AR 6 ook o). 50
i nch) Waflfis céhtorsel 2 ch§d) Gt oRéIsuBStrath. THY dodiing 'tHiURﬁB%S}st}pwa@ 0.0B8€e
coat izf g el @5 ifch)l alth udhr'fhe( £bpﬁ&bmt9 féhthe B¢t 13 Pot2aectéd tyGthd BeatiSthicknasddn it raget er ed
al ong t b.e253504.0508 Erh0.010C1) 0.020N6Kh ARf acbisc Fansaucsmis eattachike tC thatsample ulihg Kness
i S typi edupliy HghO@Buid greass, @l BikkingNiape) Thebtdostic ransdoesr dp plezcelatiiié, idhy heé at he
test i sfrevpbnegidspaibe banld widthhat 90-640 kHa Jrhb ranskuvessis attachedhea paarglifi@) Witk B fixed@ai@. 0508
cm ( 0. 08040t dB. OThé) 2@plifiercik jttacked ta@ozesntéravhich awnthtbe number gft tinas Hkedsigne!l extesds amp
usi nge atheasgid valve dfi1ghillivalic endheutputsaes woltagenpionerional taythe dgtab countse Ingadditian; F@'Q"ﬂ
t r ans duereporfosal ig e pesk @mplityde of anryen iealsy récededienc response band wi dt h of
T R M S
of 40 dB™ r er of
times t 9’1’9 9 Niechgam. ‘”hlﬁ)thf’ qé’ ‘\f/ F g 6-9594m izlagdp%es)gr&g; uts a
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coating is on the convex side of the bar; i.e., the coating is placed in tension. During bending the
deformation of the sample is monitored by either a load cell attached to the universal test machine or a
strain gage attached to the sample. If the load is measured, engineering beam theory is used. to calculate
s0 the strain in the coating. During bending, the acoustic counts and peak amplitude are also recorded. The
data are simultaneously collected with a three pen chart recorder and a computer. When cracking of the
coating occurs, it is accompanied by acoustic emission. The. signature of acoustic emission associated with
through-thickness cracking includes about 10* counts per event and a peak amplitude of 100 dB relative to
1 millivolt at the transducer. The strain present when cracking begins is recorded as the strain-to-fracture of
86 the coating.
The strain-to-fracture of the optimum coating with the larger volume percent chiromium-rich particles
was 0.35% while the strain-to-fracture of the coating with the smaller amount of chromium-rich particles was
0.25%.
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proportional. to the peak anplitude of an event is also recorded. The coated
beamis placed in a four point bending fixture with the coating in tension.
The bending fixture is desi gneg to‘#g%agé]lhe beamin four point bending. The
outer |oading points are 20. 32 gr% ches) apart on one side of the beam
while the mddle points of loading are 6.985 cm (2 3/4 inches) of the

coat ed 4%ne fRATBOVE cIGarlY Bhdwalthat SLHifdSSn Sréthibm cArbide-hidi@l Sdating! IRSihg BReiumeict s used
to di Sﬁhﬁlﬁﬁ oft {19eabVDs Séhinte SircehiCamd iaBatBOlithtadn arRlphbus\thadef @pledst 08 baéent by

r €5l tyolgel Had brewsdi g @Al thédorb apdates asmition at at sneothesitiade; supatorsahgsive wear bent
SO t hadharafiristiAsupaibr isandodibrisioe charantapistics; shperdf etoien lemistande. a.90° 1 énd supaor ng 1 S
pl aee Cstrain-td-feaatatesharadleristias ghdnentdingstgn tthremidmfcarbiganickah cesting: irpving arvyl"ee percent

moni t ouf erotblymeich haticles of asithered.b percent erfvicaimatix wiheanamombipesahatecd fessitheh2he or a
strai reegragdy geltehed to the sanple. If the load is neasured, engineering
beam theory is used to calculate 50 the strain in the coating. During

‘bendi f¥AMPEE2ac0oustic counts and peak anpli tude are al so recorded The data

ar e’%j nuI t aneously coll ect ed WI t h h ee p C art recorder
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t hr ou 'gﬁ% We@ 'ycerdgle astf;jih? e5$°'3 rE)Utto[eé rﬁ%‘ounf'gse %setﬁ % Ef peak
yfﬁf)‘) 1 BTve to m Ilivolt at the transducer The strain

anmpl |t
present when cr acki ng begr ns is recorded as_the strain-to-fracture of 55
the coating. The strain-to-fracture of tW%Et?rrum coating with the |arger
vol ume percent chrom umrich parti CL%W t he
strain-to-fracture of the coating the s ler a nt of chrom umrich
pard cl es was OFEappicdes pp o 430 ¥18 B1 Thekdata ab®®e clearly shows that
a tungsten chrom umgar bi de-ni ckel ¢®ating hiwlag chr@m@umrich particles
of at least 4.5 vol Lg/re per cent and rrg‘?rrx # % san agRgphous phase of at

| east 25 percent by "vol une had fewer S an erefore greater retention
of a smooth surface;Csuperior adhes35/-eGQvear 3%afhct er PsdPcs; superior sand

abr#si on characteri s?ll Cs; superior pyogpon regighancegas 90; and superior 5
strain-to-fracture characteristics than a tungsten chrom um carbr de nrckeI

coating havtlgn a vo une ercent f c rom u |c e l%h )
po cony, 0 By o o g{g 2 ar%:gi £

¥ S| rosco C anal s:s doe allow d ontupw % en
e A rﬁf % il S5 copi

yzer on a scanni ng on m Croscope ny SI m ar appearl ng
part | cé)@mpyggge anal yzed and the results were conbined to establish the
range of—conposi tion of four identifiable types of particles as shown in
- Table 5. cdatodTaNRlide word PFoadali 28Yin \ERAnPM 1 2Md the roughness of the’ &d’o&b@ ls@rfacd\ was
90+  measured. Samgld Coating A prodéted bjBSample Process A has a surface rdighid3s range.of 38116585
0-5 C x 10~5cm (150 to 200 microinchds)y RDwhile SampleXpatiig B produced bf)-Sakdpi@ Process B had a
. D surface roughness range of 762 tal@B92010~¢cm (300 t6 B6® icroinches) R -Thuslthe saating with the
i dent i Higheatalmnespeageat ofothrombaraticht particlad @aselout $0% pweatheb itan tSample GeelingtB. dmall
typ®s agifiitigna Sernple Geating) Atwas firee ofmeddesapesestimadiamgledloating & Eurthgyy after ipighinggthe
part i cloatingsiey @ining; Sample Spasing: shawed owerrie or RuliitsipanBampla Seatipg Bwed. 30 Ener gy
di sper si Voo Wpestan, ey cabiderniohel soatipaoef Rist invartihyis deaslbi ARG 4r gife o ?“8'%
at omi cSURBRgRes Brainegiiades. motdh, wof Q:SH"U?S?F“SA!? ’g'ﬁ WF"P?‘PQ'I"&S I°é'°'§‘°" ol o
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Claims

1. A coated article which comprises a subsirate coated with a tungsten chromium carbide-nickel coating
consisting essentially of chromium-rich particles, wherein the weight of chromium in the chromium-tich
86 particles is at least 3.5 times greater than the weight of tungsten in the chromium-rich particles and
wherein the chromium-rich particles consist essentially of at least about 4.5 volume percent of the

coating. .



Thus the coating with the higher vol unme percent of chromumrich particl es

was about 50% snoot her than Sanple Coating B. In 434”“”““(“" ‘HMH Iie
Coating A was free of nodul egpy £30e6¥s B Sanpl e Co after

fini shing the coatings by grinding, Sanple Coating A*showdd f'lewdr pits or
pul l outs than Sanple Coating B. The tungsten chrom um car bi de-ni ckel

Jcoat i rigge gitatahove gleade shawsrihat g tungsiah ichromiyint eagbidedickel seating hevinghchemign-rict es as

t ur barlilesisf 4tjleast 4feyolumeporcrntragd 2raaty Wiheanssmagohous phase pi a8 dessts?Srrgresntcbycal ender
r ol valumey Pa‘béﬁ!@!‘ Pitragh dherefore &ﬁ@t%ﬁﬁeﬁl%sﬂf |acs'T“1’q"ITF“'f?E% hRPrioR [adhesive grear, g| ves
andcharasteristiess suption sand cabesiop charagteristics;. gypprior ¢ %loﬂgemg? ah#Q":jagd gjé‘??é?’al ly

ga ggt‘;g‘r to.é:’?’%? cgﬁﬁ?f%%"’fs T%%g‘j’“ P?ﬂb.% R‘a‘"bl’“@%%? 5’8?’9“‘1“?%66?"%"0250 254 nm

(2 g yn\'ﬂ]“g)e thick. Wile the exanpl es above use detonation gun means to
appBéA Bl Foatings, coatings of this invention may be produced using other
ay technol ogi es, including, but not linted to, plasma spray,

hi gh ki8¢ bitidiePWers fohRl Jcegpapﬂﬁbtal'ngﬁ 1 &AGhdIMREMRABINK ks ARy SMaiMYd ushy 44 @i NB 1.
A comtdyddishelsive! SettdbloBicCanbipiel DRSa BcaRhifs bloctioR Mied5RPe. idnk similaki REiselafiy
Chr pdHidy) weré Rhdlrrediafk te ROMNsI il COMBINGH loNébtaBhaRd raabé Yof eém;sbb.uam,umrr i ch
par idestiigifa typdsesr Particidsiae sk @htabefs.chroni um in the chronmiumrich 55 _
particles is at least 3.5 tinmes greater than the weight of tungsten in the
chromumrich particles and wherein theagpgogi umrich particles consi st
essentially of at |east about 4.5 vol une percent of the coating. 8 The
data above clearly shows that a t bi de- ni ckel coating
havi ng chrom ﬁg}rﬁetj_egartlcl es ofwat |eastgg. 5 vol ugg percent and a matrix
# th an anor phous phase of at ai%ZS peri g by VSJ ﬁ‘re had fewer pits and
therefore greater Argtention of a ot h surfacle; or adhesi ve wear
characteristics; guperl or sand abresB8On chaba@Beri stli~Ss; superior erosion
resistance at 90 and superi or 5sgf,al n- 5% roact Ui ﬂcd1ar acteristics than
tungsten chrom Em car bi de- ni ckeT” coati ng”having a vol une percent of
chromumrich parDicles of |ess tmn2@8.5 p@Pcd®® an®-P natrix with an
anor phous phase of |ess than 25 percent by vol une. EXAMPLE 2 10 Coated
ar ti CclegseigdnBricRiidns Wtitbt Adarit o RYIABRItR dosabifity toh 8akitohd® tyPos bOSdHCIHs ! Blk @R Wer e
eX afAape shdlshidiiy 6l theSd RO ped iof Pevlictos WareSRGE EdnISteR [iHréugRduiing ARhy Sr8asdviewednni Ng
@ eEihdrgydispesive Spaepescopidusinglysis todsat alipw dateinigitiredt iowCatasic weipit ebi@hty 3a#t and t he
I esa ¢agonesshavorib iTalkel5, (Rarticles Bliobntaimnfrénn 8.5 ta91Q) tmex mare nipasiuti tican taigstbrour
identifiable types of particles as shown in Table 5. 15 TABLE 5 percent by
V\BIMa Particl es Cr

Ni 90+ - 1-10 ' 0-2 B
Tﬁ) 80 Coated artlclgg_wgg produced ag).in; Example 1 and the roughness of theygs-gggted surface was. g

1measured. Sample Coating A produced Ipy Sample Process A has a surface rppghpess range of 381@) EiN
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may be produced using other thermal spray technologies, including, but not limited to, plasma spray, high
velocity oxy-fusl deposition, and hypersonic flame spray

50
Claims

1. A coated article which comprises a substrate coated with a tungsten chromium carbide-nickel coating

consisting essentially of chromium-rich particles, wherein the weight of chromium in the chromium-rich

55 particles is at least 3.5 times greater than the weight of tungsten in the chromium-rich particles and

wherein the chromium-rich particles consist essentially of at least about 4.5 volume percent of the
coating.
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introducing the powder consisting essentially of tungsten, chromrum. carbon and nickel in amounts as
defined in Claim 13 into the detonation gun to provide a mixture of the powders with the detonatable
mixture and wherein step (b) comprises detonating the fuel-oxidant mixture to |mpmge the powders
onto the substrate while the powders are substanhally in the molten state.

55 -15. A process according to claim 13 or 14, wherein the steps (a), (b)_and-(c) are repeated at least twice to
produce a desired thickness of the coating on the substrate.
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Goucht  anshisoipharbierd ofihaped |

%898l HuieRet ens 3, 5mal gr8Ber al s das
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chronrgi gh@Richtfidd MABudK MR AREHIch BNBB dorS aéFi UMEREG 8RNe Matriwamitt eiber\@rorghertle s
Cberzuge:phggsst,ﬁheabsteassoae,mrmmbretet es WerkstOck nach Anspruch 1, bei demdie
chronrei chen Teil chen i mwesentlichen aus 25 m ndestens etwa 5 Vol % des
-hekez UTy € BedehislitatbscWerkaUck Baerc binani tier t ABspritde K SisUe; koehdenh dekrilbprzur im wesentlinher? bel
dem das aGsibid B0 Ghes% @fotiams 12 bis 28:Gevch Chremaind B bis 9TGewl % Kehlenstoth sqyiies3 E@h‘hl

grol er alceweNickebhesehlt an Wl fram In den chronreichen Teil chen ist. 30 4.
Beschi cht et es Wer kst Uck nach Anspruch 3, bei dem das Gew cht an Chrom in
den chioBpeshighietes Werkstiskerpck Agsasech 71 GRiasiemy derl Gherzug i wegentichan; aup (60 his; 75

Vol #or ans Gow%d Welframy Hhbie |23 1RoW. % Shiop 4 bis & Gow.8e Kehanstff uprt &bis9 (gw-Reshickek nach
eI nem dePostei&pr Uche 1 bis 4, bei dem der Cberzug eine Matrix nmit 35

I ner anor hen Phase von ndestens Vi |s5 teasu%hﬁ cnhts%tdes
ot B Py Batonl et i °heﬁ§; pesal 55,
AT T fimebott e bl
Wes ont *d‘c IpTe V] Wg%ﬁic?(rnaépghpermugé? Q\ngprd%hé 1 Bis OB dgrﬁ W%rkgg&rﬂéglvélfg mit

grﬂ Substrat aus Stahl ist.

11. Beschichistes Werkstlick nach Anspruch 10, bei dem die Uberzugsdlcke von 0,0254 bis 0,508 mm (1
65 bis 20 mils) betrégt.

12. Beschichtetes Werkstlick nach einem der Ansprliche 1 bis 9, bei dem das Werkstlck eine Schaufel
oder seine mechanische Dichtung ist.
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‘Cemi seh i reikree it wesshiichesaes mindestenOR5 dbist 200abmeir tGbfomuaiel Wolfram rhestehen ‘und bei
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2. Atticle revétu suivant la revendication 1, dans lequel les particules riches en chrome constituent
essentiellement au moins environ 5 pour cent en volume du revétement.

3. Article revétu suivant la revendication 1 ou 2, dans lequel le poids de chrome dans les particules riches
55 en chrome est 3,5 & 20 fois supérieur au poids du tungsténe dans les particules riches en chrome.

4. Article rev8tu suivant la revendication 3, dans lequel le poids de chrome dans les particules riches en
chrome est 3,5 fois & 10 fois supérieur au poids de tungsiéne dans les particules riches en chrome.
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ces partlcules riches en chronme constituent essentlellenent au noi ns
eNnVi I ofg. fro8sdé suivant I'une quelconque des revendications 13 2 15, dans laquel le mélange combustible-
comburant apte & détoner est essentiellement constitué d'un comburant et d'un mélange de combusti-
bles formé d'au moins deux gaz combustibles choisis entre des hydrocarbures saturés et non saturés.

55
17. Procédé suivant la revendication 16, dans lequel le mélange de combustibles est essentlellement
constitué d'acétyléne et de propyléne. :
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pour cent en. volunme du rev8tenent. y 40 14. Proced6-suivant |a

revendi cation 13, dans |oquel un canon A detonation il S

| equel |'etape (a) conprend |’ iTEﬁBQH&H‘#)& de gaz chf,ﬂ',ﬁﬂﬂﬂEMrant
d6si res dans un canon a detonafion pour ftforner un nelange aptes toner,
| "introduction de | a poudre essentiellenment constitute de tungstbne, de

~chrome, 1glepsabd AR lund Quoltbidl6 leLravénbiddlibis £35a 12 deRSeqiiita alldredAs Iél@B a)l a
revendi catdspessdnteldmBit combtithéo de 55 & 80Vpdur Sontl 6 Példel deOtingSi@he, dp N2 d (26 pBurlbdntranl ange
des poudr gside\de hrbrie, b B arsgButdehtn Hoidedcrafioneét de 3ras10lpedtieent eh paitisegeanidkél)
conprend | a detonation du nel ange conbusti bl e-conburant pour que |es
poudres 19.i Rronded suitastiluhe gudloendie ltie¢ reséndicatioos $3 & U8.cdahe étape (¢)rduguedjes particules
princi pal eivhest enachrdmst sunt ésserdellemdrg comdtitpéadcitbusdinsah® 2129 feie plundé ckromeauelB ou .
14, dans |tenga@éhe ¢telensiipauekles pafjcules figheeen ¢hsgmeseonstituenrytrering Sopeuhesinhen wWiyme

deux fois quseMBtepenidui re une 6pai sseur desiree du revQenment sur le
substrat. 16. Proc~d6 suivant |'une quel conque des revendications 13 a 15,
dans Pequel | e m-l ange conbusti bl e- conburant apte a ddtoner est
essentiellement constitud d' un conburant et d' un m-l ange de conbusti- bles
formb d' au noins deux gaz conbustibles choisis entre des hydrocarbures
saturds et non satures. 55 17. Proc~d6 suivant |a revendication 16, dans
lequgl | e m-lange de combustibles est essentlellenment constitue d' acetylene
et de propyl bne. 12 18. Proced6 suivant |'une quel conque des

revendi cations 13 a 17, dans |equel |a poudre dans |'6tape (a) est
essentiell enent constitute de 55 a 80 pour cent en poids de tungstbne, de
12 a 26 pour cent en poids de chrone, de 3 & 9 pour cent en poids de
carbepe et de 3 & 10 pour cent en poids de nickel. s 19. Proced6 suivant

t.” une quel conque des revendications 13 A 18, dans |'6tape (c). duquel les

particules riches en chrome sont essentiellenment constitu6es d' au moins 3,5

& 20 fois plus de chrome que | e tungstene et dans | equel les particules
riches en chrone constituent au nmoins 5 pour cent en volunme du revQenent.
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