EP 0 331 499 Bl Description The invention relates to Inproved tungsten
carbi de-cobalt coatings for various substrates In which the coated articles
exhi bit inproved fatigue charactEpioasid@ssBver simlar articles coated with
a comercial 6 tungsten carbide-cobalt coati ng. Flame plating by nmeans of
detonation using a detonating gun (D-Gun) has been used In industry to
pr oduce RegefiRtABs of vari ous conpositions for over a quarter of a century
Basi caIIy, the detonatlon un cons ists of a flujd-cooled barrel
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of the compéeshveRtin irRaGE disdNelSECt @R Mipfovbradnt Mla prdtadd ofl e pldicy WIlNEHeRhation gun
t enper atwhich.comprises the step of introducing desired fuel and oxidant gases into the detonation gun to form a
45 detonatable mixture, introducing.a comminuted. coating material into said detonatable mixture within the
gun, and dstonating the fuel-oxidant mixture to impinge the coating material onto an article to be coated
and in which the improvement comprises using a detonatable fuel-oxidant mixture of an oxidant and a fuel
mixture of at least two combustible gases selected from the group of saturated and unsaturated hydrocar-
bons. The detonation gun could consist of a mixing chamber and a barrel portion so that the destonatable
50 fuel-oxidant mixture could be introduced into the mixing and ignition chamber while a comminuted coating
‘material is introduced into the barrel. The ignition of the fuel-oxidant mixture would then produce detonation
waves which travel down the barrel of the gun whereupon. the commmuted coating material is heated and
propelled onto a substrate. The oxidant dlsclosed is one selected from oxygén, nitrous oxide and mixtures
thereof and the like and the combustub!e fuel mixture is at least.two gases selected from acetylene (C2Hz),
55 propylene (CsHs), methane (CH:), ethylene (G2Hs), methyl acetylene {CaH4), propane (CsHs), ethane
{Cz2Hs), butadienes (CaHg), butylenes (CaHs), butanes (Cs H1o) .cyclopropane (CaHs), propadiene (CsHa),
cyclobutane (Cs+Hg) and ethylene oxide (CzH:,O) The preferred fuel muxture recited is acetylene gas along
with at least one other. combustible gas such as. propylene C
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Im EP-A- 0313176 (priority: 21.10.87; publication date: 26.04.89), a novel
fuel -oxidant mxture for use with an apparatus for flame plating using
detonation nmeans. is disclosed. SEpoidM@8dBY, that Specification discloses
t hat the fuel -oxidant mi xture for use in detonation.gun applications should
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subj ect edttlgste%%g b‘dg -cobal goa'ﬂﬁbs of this invention are |deally suited for coating substrates made of materials
such as, for example, titanium, stesl, aluminium, nicksl, cobalt, alloys thereof and the like.
The tungsten carbide-cobalt coating material for the invention may include chromium in an amount from
a minimum up to 8 weight percent, more preferably from about 3 to about 5 weight percent and most
45 preferably about 4 weight percent. The addltlon of chromuum is to improve the corrosion characteristics of
the coating.

: Preferably the thickness of the tungsten carblde cobalt layer is from about 0.0127 to about 2.54 mm
{about 0.0005 to 0.1 inch), more preferably from about 0.0254 to. about 0.508 mm (about 0.001 to about
0.02 inch).

50 The powders of the coating material for use in obtaining the coated layer are preferably powders made
-by the cast and crushed process. in.this process, the constttuents of the powders are melted and cast into
a shell-shaped ingot. Subsequently, this ingot is crushed to obtam the desired particle size distribution.
The resulting powder particles contain. ‘angular carbides of varying size. Varying amounts of metallic
phase are associated with each particle. This morphology ‘causes the individual particles to have non-
55 uniform melting characteristics. ‘In fact, under some coating condmons some of the particles containing
some of the larger angular carbides may not meIt at all.. ’
The preferred powder produces a coating having a pohshed metallographic appearance consisting of
approximately 2-20% angular WC parhcles, generally in the 1-25 um (micron) size range, distributed in a
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at* stresses having a maxi num val ue |l ess than the tensile strength of the
materials. Fatigue can generally culmnate in fracture after a sufficient
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and/ or at |ower |oads than woul d be expected, Its net effect has been to
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The test equipment includes a rotating grit blast nozzle mounted on a plate which can travel vertically

and in one direction horizontally. The grit blast nozzle is made by S.S. White of Piscataway, New Jersey,
s0 and has an inner diameter of 0.660 mm (0.026 inch) and an outer diameter of 1.920 mm (0.076 inch). The
nozzle is offset from its centre of rotation, so the result is a trepanned hole of diameter 2.438 mm (0.096
inch). The sample to be drilled is placed in the cabinet, and the strain gauge is centered under the rotating
nozzle. Positioning of the part is accomplished by rotating the nozzle with no flow of either abrasive media
or air, and manually adjusting the I0catien of the sample so that the nozzle rotation is concentric with the
55 mask. The standoff between the nozzle and.the part is set at 0.508 mm (0.020 inch). The location of the
plate is marked by stops. The abrasive used to drill the holes is. 27 pm (micron) alumina, carried in air at
413.7 kPa (60 psi). The erodent or- abrasrve media is used at a rate of 25 grams per minute (gpm). The
abrasive is dispensed by a conventronal powder dispenser. The hole is drilled for 30 seconds, at which time
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Preferably thé thickness of the tungsten carbide-cobalt |ayer is from about

0.0127 to about 2.54 mm (about 0.0005 to 0.1 inch), nore preferably from
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15 transd'ﬂ@é’PW‘geﬁan@oel ectric, and has a frequency response band wi dth of
90- 640 kHz. The transducer .is- attached to a-preanplifier with a fixed gain
of 40 dB whi ch passes ghe si.gnal- to an-anplifier with its gain set at 30
dB. Ths the totalg %ﬁﬁgﬁa& is 70 dB. The anplifier i 6@@t2hched to a
counter which count% the Bunber: of times the signal exceeds a threshold
value of 1 mllivolt, and outputs a voltage proportional to the total

dedint s. HAusa thai shrbdd My st?alrﬂvﬂa\atj:an 1B QB&B& bbE et c%attng GrabiE<is AR tb'@qﬁe houdl of
event oS redldadl shds 8F S48 present in the coating.

Additional information on the blind hole test for measuring residual stress can be found in the
publication titled Residual Stress in Design, Process and Materials Selection, published by ASM Interna-
tional, Metals Park, Ohio. This publication contains an article given by L.C. Cox at the ASM Conference of

_ the same title on April 27-29, 1987 in Cincinnati, Ohio.

45 In the examples, the fatigue life of tungsten carbide-cobalt based coated titanium substrates were
determined. Test bars of cylindrical section were made from Ti-8Al-4V. The bars were about 8.89 cm (3.5
inches) long and threaded at both ends for about 20.32 mm (0.8 inch). The threaded lengths had a diameter
of about 16.00 mm (0.63 inch). Each gauge section was 6.35 mm (0.250 inch) diameter by 19.05mm (0.75
inch) long. 2.54 cm (one inch) radius transition sections connected both ends of each gauge section to the

50 threaded ends. The entire gauge section of each bar was coated with a tungsten-carbide based coating
along with a portion of the transition sections adjacent to the gauge section.

Fatigue testing was conducted.at room temperature by applymg a cyclic tensile stress axially with ratio
of the minimum to maximum stress of 0.1. In this testing, an individual bar is loaded with a cyclic tensile
stress until either the bar breaks or 107 cycles are completed. Different bars are loaded to different stress

55 values until several sets of data are obtained. Some bars with high stress levels break before 107 cycles
and other bars with low stress levels do not break before 107 cycles. A plot of the stress versus the number
of cycles to failure was constructed by drawing a line through the data points. The point on the line at 107
cycles is defined as the run out stress and indicates the maximum stress that the test bar can withstand
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20 The codated*beamis placed in a bending fixture. The bending fixture
Is designed to | oad the beamin four point bending. The outer | oading
ppints are 20.32 cm (8 inches) &per8310499@€ si de of the beam while the

m ddl e points of |oading are 6.985 cm (2-3/4 inches) apart on the opposite
side of the substrate. This test geonetry places the mddle 6.985. cm
(2-3/ 4 adcHbenpurgpt 1R evdsSat ed beamin a uniform stress state. A universal
test nmachiTheePpsent javeption yillnow be fuctaeridageribegiorith eafarense to by isiimep MeMeriigitediodhs ve to
each ot ﬁ@"‘"gr%@ﬂP‘Pﬁ rity 1197 EXemploriPaTtnos retenmadecusing hpvfsfieming: awder eaERpsiions The
sah'p’l e fevhiadabied that the coat i ng is convex, i.e., the coating is placed
in ténsion. During bending the deforﬁ@%?n of the sanple is nonitored by
either a Ioad ceII attached to the u sal. test machine or a strain gauge
attache 3 - : c

used to

counts 4 REmPIE PEwdRFp! | tude afoe,pgg"ﬁp_vyteporded - he dat a po@&é?sﬁbmﬂ tanedusly
collected with at

~eeofter—30—grt—ea—ecot - cki ng
of the ( difpani| RIS Yaq By Mesg‘m"é%‘i%m Miiize

si gnat uf ). 1 :1096: 41josedmaiagit1 0% leskhassmigroas ki ng
I ncl udegB a0 & Cnihbd|10aeiTa S to 012 evax]Batl{983611piui 32 @bs thals dibrong| at i ve
O e Bk ael sG] raaaﬁqqggp%tas JDGovef patrtazopgai—gﬂ%_—r—?&é OWRFICT aCKT g Degi ns

T \.)Tll AR T T

strain-to- fracture of the coatlng The residual stress of the coatings in
the exanpl es was determ ned using a blind hole test. The specific 35
pkgcedu MFLE] nodified version of ASTM St andard E- 387. SpeC|f|caIIy, a
st rafh gag e [osette ty st

used is gas§ rm adﬁgﬁtﬁeéﬁgreh om@gﬁ:ﬂg §to i tla ﬁl"nc ra |o r%:ﬁﬂl?% %UQE
No. FRegg el %ﬁﬁ?ﬁ moot,e Eft W) sl 225
degr ees ﬁf e s%f % ((ZJ'&)’SL ﬁ% ﬁn‘ﬁtu Q:fm) Jﬂﬁt eﬂ&J &eaach
di Mg} efoafily eergayg;se drafnsopet .,msl B2 ¥ ausawawteepaé t rd e 5 MM
(0.059 ét&ﬁlg)ratload?@xﬁdaﬁ 16) BdriskR f¥H &hb céaﬁn de mﬁma( stowm il Pébld) 2. ﬂtb%oﬂiﬁ@@ eto
attach pdu@ertWas fo@SM6 R bidtorald G| tke bmedimé egwskagl fieRoxdaht! Mbdufe. Bnel 27- 9
publ i shastonbion \am sk frod Bt £ rafel @ @hout BEimes [RitsBdofd andNBé bhutikgABoRerNd the AlefoRdtiod MaSK
i s gl uegunossk Gmpidyad siits aiselgshbigrate tte fole la Rlefe Sadhéren cbdiisy bichapea imidrdseopid lamef
dri | be nigterictkiag areikerlapyingawith @aachiokhar. -.geonet ry,. having an outer di aneter equal
to 9.703 fthe (@cBBBy weiglt)of tharcobaltrped catbamie tther coatgd) kelyertverelded@atinedral¢r®. wiBGhe nch) ,
and a t herdnRsscat thoppating. THe harfness OHBGst phihd FoatinDraxamplessik Table Hwerp meaayeed usicg be
concent ¢ iReckell [superfisiak hardneps dasior@ad Radovally hardesse inwrglesy) wergt cogyerted \inim Vickerg s
center eEF'd"assdt"B‘Be'&fThﬁﬁ 'bs‘tp ;B?’F'é’&s QPth?qﬂ“Rl‘H s PaTASTH stadard mehog| Fy
fixi #y 1Ghanerhrdness s meaguiod ofjgsmopt %fr“é—? watmé*ae" peslied mw't'ea tical
si gnal ?ﬁ‘ud’i‘hlsf'ﬁﬁg R°€\'/Pﬁ° a"B'Pe ‘%giﬁ "t‘ﬂu X ckass r'L?fsr "}’i’ers t 0
oCkw

- osig
z;g{t i n |th dad §J' I%I%E\l e?| rLae er%ﬂerafgiF ‘h rdngqjigaﬁg n?n It]ge
whi chy Ca” The to Xmﬁ:ﬂ dsﬂua?f«?esgbaﬁl%‘s‘%r‘arbblaﬂéd 2O Gby athDs‘n
bl ast” nggz lﬁanteé Tin aén @ G, QVRY coalifgd priidscife c:%@ace Jtas an
i nner dbfartsqir&emqtve&oﬁmcmﬂbs@a% 4 Salido-RaRfrdoditn trigh 4.8%18EshEler O (RohPeP MM
(0.076 inéylapd vitke’s R&Hdrebe of Grodddr | thedt 876 HMG). | AliSor @RNUKRteR fcarbiab-adnkal® Boatifge wene
resul t éiflairbd tusiag ah oRidank @hc a Giflel ehibdutee biedt 1dasttivd dob(sULIO Yase IHC b . detbhstios gl e t 0
be dwd | preshss.s pl aced in the cabinet, and the strain gauge is centered under
the rotating nozzle. Positioning of the part is acconpl i shed by rotating
the nozzle with no flow of either abrasive nedia or air, and rranually
adjusting the |ocation of the sanple so that the nozzle rotation is
concentric with the 55 nask. The standoff between the nozzle and the part
is s at 0.508 nm (0.020 Inch). The location .of the
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pl'ate is markéd by stops. The abrasive used. to drill the holes is. 27 um
(micron) alumna, carried in air at 413.7 kPa (60 psi). The erodent or
ahrasive nmedia is used at a rate &P ®331049981 per minute (gpm. The abrasive
i s di spensed by a conventional powder dispenser. The hole is drilled for 30
seconds, at which tine 4 EP 0 331 499 B1 the flow of the abrasive and
air is stopped. The ngzzle is noved away fromthe part. The positions of
the top of the str anuge and the bottom of the hole are nmeasured with a
por\rjabl e focusing g I‘-OSCOpe and the difference recorded. The depth Is the
nce mnus thia |ckrte t&\eﬁsarm? ﬁa:?gf °‘T‘.he“‘szr§ ? gegeased
ar ound the hole is dec_at ed e signaf ditiohel's hé val ues
are al so recorded. :I' efog sanpl e |s not noved during the recording of the
data, so the nozzl &t aﬁ e‘br'mgh! Yatkit Rt wMtrat JtAreiAg=pyi nt and
the test continued.@ est Ts"rep2ated Untit The Rofe"d8pfh™i S Breater
than the thickness & 3”9 coatlng at which tinme the test is term n@at ed.
The strain released in®an.increnental |ayer at a.given hole depth I
related to the stres |n t et~ [eR\ere 8NP ré Gal & yq wiseng dabanfeoem a
calibration sagple aof Lid "St"eéf + caded tD % Kmown StTedststated 20§From
this data the g#esid s ress is fled e i ned, Jhe saLrelqtdon begwged the
strai n o- fracg é‘ e'd ebilufiln 3 résé Sfdascohad idogi £ assfélkofs. Wen
a material Isgln a conbined set of |oads, the stresses " and stainé from
each of the Idi g’ opdi ti ons may be cal cuI ated, and the total str®ss and
strain map maEfle deflein n&@ DB K118 @cﬁn&gﬁt&eﬁsﬁr%ﬁeﬁ FRBURtEng from
each | gad. Ap[ﬂgi ngglEs fact to toatd ms = e 7 esitiial= st ress ¥t fag
coati ng rrus:( @2ladd to 15 the stress applied during the four poinl dend
test to det@rMige (& actual stress state of the coating at the ti ‘ﬁhat
fracture ocdurB& TRe®f our m)ld'lt... Rerf 4 st IS & W SUche thhad 1L he .r;qat ng I's

pl aced in tensdsn. us, usirg= ke act= t-hat St+4 ess+ ahd~ st rdi- ar€ Eel at ed

ihe°t<tal stress in a coating at failure is actuallygggven
by 20 al = 4 + ar (eq.1l) et t ot al stress E = coating el a t'§c
nodul us ff

strayn-tQ-fracture from four Nt bend test 25, r
coating residils sse(inmas:ueed. f;ro:m I..I n,d %% tresd £ lﬁ/ rCQﬂVrentl an
conpressi ve st are négdt ive valués)” I'h ‘gehet af ,

tthe" coat i ‘hg® I
crack at a cofStant -l of eSter @S9, « @ G @6Se o hetdey -th-atest. anme
T & t.

by a cgpstant, g
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about as a result offlyesydeat G*?r"ap'pl"'ﬁ &l St $S€ & B Tohid natg an Df
two. A coating withgiegfven conpressive residual stress nust be sub E ed
S
g
]
|
g

to an equal anount | Re@ Ceffsid § Cx ol “he" 3‘0 "t t‘?
pl aced in tension. ne n‘g“eer o S
functi & of residual

"29

Sample

Coating

EXAMPLE 2

The gaseous fuel-oxidant mixture of the compositions shown in Table 3 were each introduced into a
detonation gun at a flow rate, powder feed rate, and an atomic ratio of oxygen to carbon as shown in Table
3. The coating powder was Sample A. As in Example 1, the Vickers hardness, strain-to-fracture and residual
stress data were determined and these data are shown in Table 3. The hardnesses of the coatings of lines
50 1 and 7 to 16 in Table 3 were measured directly oni a Vickers hardness tester. The Vickers hardness

method employed is substantially per ASTM standard method E-384, with the exception that only one

diagonal of the square indentation was measured rather than measunng and averaging the lengths of both
diagonals. A load of 0.3 kgf was used {HVyp3).
The detonation gun process in this example used mtrogen as a diluent gas. Using the conventional
55 detonation process with an amount of nitrogen of 46 volume percent or less at a conventional flow rate of
0.31 to 0.38 cubic metres per. minute (11 to 13.5 cubic feet per minute-cfm) and powder feed rate of 53.3
grams per minute (gpm) did not produce a tungsten carbide-cobalt coating having a strain-to-fracture value
greater than 4.3x10™3 cm per cm (inch per inch). However when the nitrogen was increased to above 45
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stress, it is apparent that an increased conpressive stress, in a coating
W ll result in an increased strain-to- fracture of the coating. 35

(err) Thus, the stress or strai FER#B31499B1 be applied before the coating
fractures is affected by the anpunt of 40 residual stress or strain present
in the coatln Addi tional information on the blind hole est for rreasurlng
resi dual’°‘§'l°r ‘"se’“c °b€‘°f‘t9ff?ﬂ5 e 'f‘fl *:Flf "?' i'°8ﬁ'°‘t'| fungpteR tccr

Desj gn, ‘M"S "I?)B[ °"a 3) Eh"éhtﬂ'}g% <§ ‘ﬂﬁ %nal
N@ exp sn Ble ?%S[ % IB? % %\ Ora U OWO{/%OW Br ?_d f es

hse Kg 68""?’3‘#’%%‘1' neo8 tef prEe on Apr|I 27-29, 1987 in C nC| nnatl,
Chi o. In the exarrpl es, the fatl gue life of tungsten carbi de-cobalt
based coat ed titaniungsubstrates were determ ned. Test bars of cylindrical
section were nade g Ti - 6Al -4V. The bars-were about 8.89 cm (3.5 inches)
| ong and t hreaded 3tk oth en o} bou 2 0.8 h). The threaded
| engtyds had a di ang g of abﬁtrl'% gO'mtﬁ (?% .%32Irrgtc% &g %auge section
was 6.35 mm (0. 250 |nc$1) dianeter by 19.05mm-(0. 75 |nch) |l ong. 2.54 cm (one
i nch) radius transg Joﬁ Sl<sect| ons connect ed both ends of each gauge section
to the 50 thr eadedg The wihbidemgauge S8t kom of wachabar was coated
with a tungsten- caetuﬂeias'ed" cfoa'c'lng"al"brfg wt‘h-'a"po‘rt"l'on of the

trangéti on section@ ent to the gauge section. Fatigue testing was
conducted at roomtenp rature by applying a cyclic tensile strgess axially
with ratio of the m i mum t& wexi 8UA st keSS Wf nlnln ld) s hesst @sting, an

i ndi vidual bar is | deo: ief m ari cyyCii & FerSidemsr esst Mt | meig her the bar
breaks or 107 cycl eﬁ are conpl et ed leferent bars are | oadedw o different
stredd 55 values urfli| &evBralisBtg & g azale 0F & ned; Sode bars with
hi gh stress @ evel & eak"b ore-‘lﬁ?“cy'cl"es‘ and~othet bars~wr't fg | ow stress

| evel s do n brema before 107 cycles. A plot of the stress veérsus the
nunmber of cygles t P | ur € igSe CONSL pUE €&l &ycdga\g & hr ough t he
dat a ,poi nt s} The p‘gl & on gteGISnﬁ 8t & 28183 §gf¢ r%d %Mthe run out
stress and | di cats9 t"he e Tim stress "that the test bar canghithstand 5
EP 0 331 49 1 and &till endure at 107 cycles. The present irgention wll
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Co c " Fe O her W  %thru Mesh* Max. %of Mn. size A
Cast & Crushed 9.0 to 10.0 4.3 to0 4.8 1.5 nmax 0.3 max Bal. 95% thru 325
10% | ess than 5 mcrons B Cast & EPWsIHAIoaBIto 12 3.9%to 4.3 2.0 nax 0.2
max Bal. 98% thru 325 10% Il ess than 5 mcrons 7 U. S. Standard Mesh size -
325 corrgagpnds to a sieve opening of 0.043 mm (0.0017 In). EXAMPLE 1 20
The gase MPLER- oxi dant ni xtures of the conpositions shown In Table 2 mere

gg&gelnnt (r)od Ceggﬂ%”éff?g?ﬁ d;F)n?tl on’ u to form t)deto Ie g%ﬁt"l“@;g%\'ﬂhgﬁg

w rate me s mu © 5 cu eet ﬁrr min

onation
vasal 30 Jetlobil E ﬁ.@&n ofo b e s ol Tl € e comr
f el - oxi her htCm Sr?u Faduniy és&gg afém 155 4P°"
m nut e- 1'%, 3@ kJr@ n‘a tur&Q }eEi&:aPQMseF«erW%&e
m nute (gci% are sf G}n HPRBRUS A end% Mrtﬁ‘e dafh, Nl 7B gRRbsShkturdWin b @uc@tu%lt&\
rati o of QiH@RBoditoRREIRNInG Ho dafHOl sEaRiolHaGIE BRLDME tith e 3R Bm Ipdr chBhch pdr
The coat i ihgh) FRIPViekeRNaFREss \OP§redié Ghah BYHHV ) SFofl Blampie] the Jaseiud mddurdsitont@isingeCly e
as the gas@oms diduret producs & whgaten)chride coblin coati@tod atinvertiogun was fired at a rate
of about 8 tinmes per second and the coating powder in the detonation gun
was i npinged onto a steel substirate to forma dense, adherent coating of
shaped m croscopic | eaves 30 interlocking and overlapping with each other.
The perscent by wei ght of the cobalt and carbon in the coated | ayer were
determ ned along with the hardness of the coating. The hardnesses of nopst
of the coating exanples in Table 2 were measured using a Rockwel |
superficial hardness tester and Rockwel | hardness nunbers were converted
i o Vickers hardness nunbers. The Rockwel | superficial hardness nethod
enpl oy#d I's per ASTM standard nethod E- 35 18. The hardness is neasured on
a smooth arid flat surface of the coating itself deposited on a hardened
steel substrate. The Rockwel| hardness nunbers were converted into Vickers
har dness nunbers by the followi ng fornula: HV0.3 = -1774 + 37.433 HR45N
where BMO. 3 designates a Vickers hardness obtained with 0.3 kgf |oad and
HR45N desi gnat es the Rockwel | superficial hardness obtained on the N scale
with a dianond penetrator and a 45 kgf |oad. 40 The strain-to-fracture
val ues and the residual stress val ues. were obtained as described above and
t he data obtained are shown in Table 2. As evident fromthis data, all the
coatings provided the characteristics of the present invention which is
expressed in a strain-to-fracture greater than.4.3x10-3 cm per cm (inch per
i nch) and Vi ckers hardness of greater than 875 HVo.3. Al of the tungsten
car bi de-cobalt coatings were-obtai ned using an oxidant and a fuel mxture

of at least two conbustible gases in the detonation gun 45 process. 50 55
35

40

55



EP 0 331 499 B1 (err) (err) 10 (err) . (err) 20 25 5 EXAMPLE 2 45 The
gaseous fuel -oxidant m xture of the conpositions shown in Table 3 were each
introduced into a detonation gunERmb 381 eeBirate, powder feed rate, and an
atomc ratio of oxygen to carbon as shown in Table 3. The coati ng powder
was Sanple A. As in Exanple 1, the Vickers hardness, strain-to-fracture and
residual stress data were determ ned and these data are shown in Table 3.
The _hardnesses of the atings of lines 50 1 and 7 to 16 in Table 3 were
rre red directly org g8i12Vi cker,s Bardnessat est.ern The Vi ckers hardness net hod
ed is. substanﬁ&ﬂy perg ASTM st anda shod E-38d.@witly tehe
excep ion that onl y n d| agonaT' of the qua e'l ndent at! oh wad nfeasured
rat her than measuring a averagl ng the | engths of both diagonals. A |oad
of 0.3 kgf was used . The detonation gun process in this exanple
used nitrogen as a h gas. ;Using t Qe fogvegntional _5%d.et anad i-on
procegs wth an am) n| t,:;ogen of 4% Wbl HNB percents o8 Kess @t a
conventional flow reﬂe'bf 0 31 to 0.38 cubic netres per: mnute- (11 to
13.5 cubic feet per “hf" e cfm and wder feed rate,of 53.3 ams per
m nute (gpm did not pfod ®ceeastungsd el CarBi &e co It"‘c %g aving a
strain-to-fracture vabkbe dJfledPe? than 473X1073"cm pé' cm |nc per inch).
However when the nitre en was i ncreased to above 45 7 EP 0 331 499 B1
vol ume percent and/ or g . ovxde:;. feed|ra eewasesuf fidii enthy~l eweyed, a
tungsten car bi de- coba |&g~haV| tehenrgqgj red trgai;a Lo macture
val ue of above 4.3x1CP per tm (i nch per inch) was obtained. This was

urexpect ed 55’3 ce ni t:q in excess of 45 voI uge perce nd/ f o
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e #g'zs é EP 0 331 499 B1 EXAMPLE 3 The gaseous
fuel - oxi dant ni xtures of the% Sitions shown in Table 4 were each

i ntroduced into a detonation gu ate,

a%lewyrage of O, E&ocu«blc nmetres per

mnute (13.5 cubic feet per te),.td”f‘brma‘S det ghatalst e m xture having
an atomic ratio of oxygen to c bon as also shown in Table 4. The coating
powder was Sanple A and the fug >gdq_pt m_xtures and powder feed rates are
as also shown in Table 4. As IQ loB ..1 'tlp Vi ckegE ag]lness

s}'ra n-to-fracture and resi duaf stfess WBr2 determ nad and these data are
shetn in Table 4. evi denced,[tyjom t he data, not all the gaseous m xtures

wi |1 pfPoduce tungstEh carbi dg §olfalt ©agi ggg having thg defined
strain-to-fracture greatei"thﬁ‘n 4. 310-3 &mper cm (8ngh,per 10 inch)
with a Vickers hardfess of g= t&r than 875 HVo s. For exarrpl e, the gaseous
m Xt ures contai ni nge or 04 §jfio did not produce a tungsten carbi de-cobalt
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56 EXAMPLE 4

The gaseous fuel-oxidant mixtures of the compositions shown in Table 5 were each introduced into a
detonation gun to form a detonatable mixture having an atomic ratio of oxygen to carbon as also shown in
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Table 5. The coating powder was sam'pl'e B and the fuel-oxidant mixture is as also shown in Table 5. The
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* ‘ A~~~ neé6in in4 . E, | C 30

C, ~~~~~~~ 0 60 ~ ~ " The gaseous fuel -oxidant m xtures of the

conposi tions shown in Tabl e 5wer eEP®c331igey Baduced into a detonation gun to

forma detonatable. nixture having an atonic ratio of oxygen to carbon as

al so shown in .2 ~ -4 -4 w. 4 - - -1 EP O

331 499 H¥AMEHER 5. The coating powder was sanple B and the fuel -oxi dant

m xture is as also shown in Table 5.. The gas flow rate was 0.38 cubic

mefres per Moy fughaxidan M"ﬁur?se‘gt‘hepcé’f’"p?ﬁ“ﬁﬂﬁ howy I‘?)TaB'?@é’r?(e 935} infreduggdinto a
Rixtyey of qeygen e a'FRJIs'PH’é'“f eed

(r:gtel n S]gfm“ gy defon g onie Fie s
mm§%£ﬁ%wﬁﬂﬁ% w@%ﬁQQNijﬁ gl

these dat ﬁﬁ% . °%ﬁ&&bn
COAL i NGS yrod Risb BetbHrtel Gy Mo .tagediﬁeae o i e o
procespn eRFPLEALIFastBatodWithathd samBfd pow ;ge m xt ure of at east ustl bI e

gases to Yi mlakedond @atlof Bindtn ibeg, the Bdrg Bdidte béing doaed Wer pédhod! & éthhﬂénelﬁtB&Fty than

4. 3x10- 3 ganas[eafinedlin the ISAB Mafual o SHd) Padhing) AMS\2486 eridSMID 3181685 The\pabrid@ citedarat er

t han 875 vidkéoihéh subjectédtorthe shme Dfpe 3Dcydlic éisiid strets. Thddala fdr the rulBut(tress bt 1P Lydisk

EXAVPLE SorBecungesmebetatell bat amadpiedrdd icoawddiatsragssshown ib Teble®Nposi t i ons shown in

Tabl e & wer Eheedatd in ithleo @Lshev thah tiro ogly derhe istanaes ogal tunggierf carbivepcobiat caatiriga ltiee

m Xt ure reeduerg havingthe defined: siyein-tp-fretturegyagton tham4.3x101em res cm i(inah pehiochh albig with a
Vickers hardness of greater than 875 HVy3. In addition, the peening of the bar prior to coating resulted in a
higher run-out stress at 107 cycles over the unpeened coated bar. As evident from the data, as the strain-

&\_/.’ to-fracture increases, the run-out stress also increases with sample coating 4 exhibiting run-out stresses
' 20 comparable to those of the uncoated bars, peened and unpeened, respectively.
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5° Table 6. The coating powder was Sanple A for Sanple Coatings 1 to 4 and

Sanple B for Sanple Coating 5. The gas flow rate in cubic netres per mnute

(eubic feet per mnute-cfn) and EP@E33489 Bte I n grans per minute (gpn) are

shown in Table 6. As in Exanple 1, the Vickers hardness, strain-to-fracture

and residual stress were determ ned and these data are shown in Table 8. In

addi tion, the run-out Sere & at 107 cycles was al so determ ned using the

procedure descri bed aﬁogé:’ & which 8.89 cm (3.5 Inch) long cylindrical bar

10~0of TI-6Al-4V was copkerd¥®i th tde sanpl e powderst In a second set of

cy]“i’ drical bars, the 5r5 bef ore bei ng coated were peened to an Al nen

Intensity of 3A as outlli’Med in the SAE Manual on Shot Peeni ng, AMS 2430 and

ML S-13165. The peene&.c ted bars were then subjected to the sanme type of

cyclic tensile stress. fl:ge @ata for the run-out stress at 107 cycles for

t he unpeened coat ed barg d peengd caat eq bargs arge shown In Table 6. 15

The gata in Table 6 sho ﬁt in only “some i nstances can tungst en

car bi de-cobalt coatingsg produced having the defined strain-to-fracture

greater than 4.3x10-3 cm | pe& cm (inch per Inch) along with a Vickers

har dness of greater than¥ § HVo. 3. In add|t| on, the peening of the bar

prior to coating resulteg n a hifher 'runfout ""’stre'ss at 107 cycles over the

unpeé&ned coated bar. As %gnt fromthe data, as th@ strain- to-fracture

i ncreases, the run-out str gl so increases with sagple coating 4

exhi biting run-out stresg 5@\ ¢bnpafiabl € to % hoge the uncoated bars,
peened and unpeened, resg ivgly. 30 35 40 46 50°55§- 13 EP 0331 499 B1
5/ gerT) 20 40 Clainms 55 1. coated article

:#\n th a ﬁungﬁtenN-carlﬂ d
racture greater tha
ar.-dness of ggreat er h

-cobalt based | ayer,
.3 x 10-3 CM per cm
n about 875 HvVo.3. 14
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Claims
65
1. A coated article comprising a substrate coated with a tungsten carbide-cobalt based layer, said layer
having a strain-to-fracture greater than 4.3 x 10~3 cm per cm (inch per inch) and a Vickers hardness of
greater than about 875 HV, 3. -
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*C L M S (err) (err) 15 20 (err) 35 (err)
5 EP 0 331 499 Bi11 (err) C T ™M S* 2. Acoated
article according to claim1, wherein the tungsten cardi has
a strain-to-fracture from4.5 EPDOB33 498810 x 10-3 cm pe mm“lﬂl“lm“ﬁm
and a Vickers hardness of greater than about 900 HV0.3. & & A chbat®ed*

article according to claim1 or 2, wherein the tungsten carbi de-cobalt
- layer has a strain- to-'L%ture greater than 6.3 x 10-3 cm per cm (I nch per

I nch) and a Vickers s of great er than about 1000 HVo.3. 4. A coated
article according tosgah claigs 1'to & wWgreih the tungsten

carbi de-cobal t | ayer s|§..f om 10 0.0127 to 2.54 mm 0.0005 to 0.1 i nch)
thick. 5. A coated ariiclyg according to claim4, wherein the tungsten

carbi de-cobait layer T _ fJom 0.0254 to 0.508mm (0 001 to 0.02 inch) thick.
is 6. Acoated articl®s %ordl ng to any of clainms 1 to 5, wherein the

t ungst en car bi de- cobalﬁu has a gobald cagiterg of from7 to 20 wei ght
perssent, a carbon cont:as rom 0.5 to 5 weight percent and tungsten content
of from75 to 92.5 wei@ktd percent. 7. A coated article according to claim
6, wherein the cobalt cgn 3nt is from8 to-18 wei ght percent, the 20
carbon content is from3.dkto 44) wei,ght ~per gent .and the tungsten content
s from78 to 90 wei ght cent.’ 8. A codted artitle, according to claim 86,
whefein the cobalt conté is.9 to 15 wei ght percent§ the carbon content is
2.5 to 4.0 wei ght perceﬁ the tungsten content i'gs 81 to 88.5 wei ght
percent. 25 9. A coat ed.. Bi :@e accordi ng. to..any of £lains 1 to 8, wherein
the | ayer contains up tg gvve'Eght per cent g

20 a
™

£

2Ce 2C
13.2

.5 3.5
16.6 3.4
14,1

12.2 3.5

Vickers(')

Coating __Gaseous fuel-Minture Gas Tlow -A_xzai.::lim Eeed Rate Hardness Chemistry.
0.98
0.98
1.00
1.08
0.98

(kg/m?)
1080¢
1070
1000
1210
12500

T

30

MADE fROM POWDCR A or B

Powder
(gpm)
3.3
53.3
33.3
3
?

$3.

35

" Total
'(f!alnln)
(5)
1.0
n.o
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13.5
11.0
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otherwise indicated with an asterisk (*)
(2) Run-out stress for uncoated and unpeened bar was 89 KsI

(3) Run-out stress for uncoated and peened bar was 93 KSI
(4) KSI1-1000 square inches - equivalent to .0.645 n’

. . . 46, e
(1) Measured as nockwell superficial hardness and converted to Vickers

(5) 13.5 £t3/min = 0.38 m>/min; 11.0 £t3/min = 0.31 m’/min

Sample

§0

Claims
55
- 1. A coated article comprising a substrate coated with a tungsten carbide-cobalt based layer, said layer
having a strain-to-fracture greater than 4.3 x 10™3 cm per cm (inch per inch) and a Vickers hardness of
greater than about 875 HV,3.
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chrom um 10. ‘A coated article according to claim7, wherein said tayer
contains from3 to 5 weight percent chromum 30 11. A
acgcording to claim8, wherein theEBP#y/381499®1ai ns about mﬂﬂlﬂmimm\! ‘"I
chromum 12. A coated article according to any of clains* 1¢otlln erel n
the substrate Is selected fromtitaniu steel, alum nium nickel, cobalt
and al | oy% 1”1‘@?‘8‘6?"“"@5""3@'“& Qlairp d wherain the ingsten sardidergobelh leyar fps,s sirsin-torfractug
the subst ratfrﬁ @d’é"{ P 1o 1R LMD SR ea 2 (ngh Per Mpheatd £AqkpTS bprdness of grester than about
{/hlcht et &0 enstand, der ein Substrat aufvvel st, das mt einer Schicht
EELC\A\?LT, r éog{eg aﬁglg 3 1ordm%%7$l§| rem t E ﬁu @é tﬁ?i‘ @Quas a s{;'aun-to-
Vi cker s- H|r ﬁot ret S etwa ) % tha'éﬁ%"f’%md
nach Anspruch 1, Bel dem die W)Ifrarrkar b| d Kobalt Schi cht el ne Br uch 45

for mAnder 4ng\ aeida 4rtite hBsorkingi 15 arPof Likims £ 15 3 WhérbiR ¢/ thrigsBn catbigb-QblElayer is from

Vi cker sg HAr tp@127a6 28% i 620085 BlovandaP@ickVo*. hat. 3. Beschichteter genst and
nach Anspruch 1 oder 2, bei demdie VWl f r amkar bi d- Kobal t - Schi cht ei ne

Br uchf or n®\ndecdateq artiol dctsedingStocldim 1) wBeraittemufgstan ltarbide-bobat Rlercit mom 0.0254 to

Vi cker s- HAr t0608nam (08 to Gx)2dnob} thiek. 50 1000 HVO, 3 hat. 4. Beschichteter
CGegenst and nach einem der Ansprlche 1 bis 3, bei demdie

Wl f r ark af-biAdcosteth atticle asgordingHe apwpf @eirgst 2 70 Bi BheEiFBﬁe roten GOUR-cobalt iaver hdsrrch)
di ck ist. B55obal copent of frem t7clp 20 ve@gbmqeahe ageken cmt@bfrmwmo Sowsglghl gercent and
Wl f rarkar blt‘d‘gﬂﬂlfo?l“?“t%ﬁ‘ﬂ"t?ﬁt°\%ﬂwe‘9'625'&°’¥)l s 0, 508 rrm (0 001 bis 0,02 i nch)
d| ck ist.

15 11 | I
\_/ T_ oate ,artl e %I”'h@ d.':oHtngHs Yvem@
bis 5, hei & "qf°8‘%'r" P@%ﬂd W R o S P "%(Eﬁ%

bis 20 Gew 8 tsprozent ei nen Kohl enstoffgehalt von 0,5 bis 5

Gewl cht s pg 026004 Bilci hdd6lind ¥ didicR SORRRI e Gibalf GonlRhtS J?ée%%%%&
hat. 5 7. ik fisk5yotngsat @ R ARl e o i "
Kobal t gehalt von 8 bis 18 Gew chtsprozent, der Kohl enstofgf gehalt von 2,0

bis 4,0 GwaCkhled baas Bécottig t6ledy o RlairsanB@NRhdreiv M8 1agst dahtBindGh foBNeight Sercent
prozent bet cAghium3. Beschi cht et er Gegenstand nach Anspruch 6, bei dem der

Kobal tgehalt 9 bis 15 Gew chtsprozent, der 10 Kohl enstoffgehalt 2,5 bis
4,0 CGew ct moatzdarticleiardordiay to\Ckind T, ahereih adid last cintains$8m3 1635 weiglit iperpent zieorbium.
30

11. A coated article according to claim 8, wherein the layer contains about 4 weight percent chromium.
9 . . .
12. A coated article according to any of claims 1 to 11, wherein the substrate is selected from titanium,
steel, aluminium, nickel, cobalt and alloys thereof.
35 .
13. A coated article according to claim 12, wherein the substrate is a titanium based alloy.

L Patentanspriiche

40 1. Beschichteter Gegenstand, der" ein Substrat aufweist, das mit einer Schicht auf Wolframkarbid-Kobalt-
Basis Uberzogen ist, wobel die Schicht eine Bruchformﬁnderung von (ber 4,3+10™2 cm/cm (mch/' nch)
und eine Vickers-Hirte von mehr als etwa 875 HV, 5 hat. .

2. Beschichteter Gegenstand nach Anspruch 1, bei dem die Wolframkarbid- Kobalt-Schicht eine Bruch-
45 forménderung von 4,5+10™2 bis 10+10~2 cm/cm (inch/inch) und eme Vickers-Hérte von mehr als stwa
900 HVy hat.

3. Beschichteter Gegenstand nach Anspruch 1 oder 2, bei dem die Wolframkarbid-Kobalt-Schicht eine
Bruchform&nderung von {ber 5,3 10~2 cm/cm (inchfinch) und eine Vickers-Hérte von mehr als etwa
50 1000 Hana hat.

4. Beschichtet.er' Gogenstand nach einem der Ansprliche 1 bis 3, bei dem die Wolframkarbid-Kobalt-
Schicht von 0,0127 bis 2,54 mm (0,0005 bis 0,1 inch) dick ist.

56 5. Beschichteter Gegenstand nach Anspruch 4, bei dem die Wolframkarbid-Kobalt-Schicht von 0,0254 bis
0,508 mm {0,001 bis 0,02 inch) dick ist.

15



bétragt. 9. Beschichteter Gegenstand nach el nem der Ansprtche—t+bis—8—be
dem di e Schicht bis zu 6 Gewi chtsprozent Chromenthilt

Beschi cht et er Gegenstand nach ArER0 8xhvgd;Bbe! dem die ﬂmﬁ 'HIMHMEJH"I

Gewi cht sprozent Chrom.enth~lt. v 11. Beschichteter gensia

Anspruch 8, bei demdie Schicht etwa 4 Gew chtsprozent chrom 20

ent hai t 8 1‘5‘2’5"“8@@@?1 Cegpngiand, nach givera den 4nspeishe &ibige ‘lﬁe#en}\ﬁ§#\ﬁ’%4wa@'dﬂﬁ°§8“11

bel dem d pnep eﬁ°b%119§ha'h"9& big 20 Gewichisprazent, (9inpn [plignstorigehaltovant 0.8 his 5
Lerer unge “’&? PRrefeped S'U%'b‘gmgf’hq"é‘?" 75his 921%G°V'B’€!§E'Pﬁe€"rﬂaht er Gegenst and nach

An rucp ec‘cﬁ md sn %uq‘s}\rat neI T|t , |e
Reze?ﬂl gat ef)é'cﬁ\le o 'g a‘t : |8 4§2€ w}é :g'%;z:tltﬁbgﬁia“tlgl F_laén ao%ﬁ? tat

couche ayant une |forrrat|on a la rupture supdrieure a 4 3 x 10- 3 cm par cm

(i nch par debéhithtelt GolaRsthe MBEHEANYpELHES, %e.sdéﬁ dek REY, gﬁgs&al@é‘&b "8 GaMénisp IJEM? or

ArtiGé e padohiansiofryehall 2)8 Oic 1P Mewitktspiaddht dnd def WM h\ﬁ%l‘ 81 bk sk Bewi nt | a
couche de wemigeur e de tungstene-cobalt possbde une d6formation a a rupture

de 4,5 x 10-3 a 10 x 10-3 cmpar cm (inch par 35 i nch) et une durete

Vi cker s8.s UBaEchichtatee Gagenstard oath 9éam] d&fQansPrilchr 1 ibid 8, P& T ded tie USchicRtY 6i eAregt

sul vant | LewishieprokectBhroprenthdtbu 2, dans | equel | a couche a base de carbure K>
de t ®hgst bne-cobalt possede une deformation a |la rupture. superieure a 5,3
x 10- 3 #nBesghichiatey Gpaenstgngdrnaph dngprusk 7ubel dewr de Gchight R ebiss5 ﬁgplelntsm;m Chraanvi r on
1000 HVO, 3nthdt 4. Artlcl e portant un rev8tenent suivant |'une quel conque
gﬁgrevendlcatlons dans | equel |a couche de carbure de

st ehk B@%‘gﬁ“‘f’“”pﬁg@éﬂﬂ‘duﬁ?&“ d‘ﬁ%?r%@uPe'd@"bd'e 1Sshichy epwas 4 Gewicpigprepgischionp | 1

|nch bele portant un rev8tenent suivant |la revendl cation 4, dans

'd:qa%ztf o s A L L

, n au
sui vant une que conqu Ions dans | equel |a couche de

car byy 913;i BebdhictsbedatstRdhdch Rﬁ&ﬁﬁﬁi %2, %&%elt:\%g@wrbsﬂ? eiﬁ&h@hﬁasnggglgmr@ %0 pour

cent en poids, une teneur en carbone de O, S pour cent en S et une
t eneur Révehd@ibdiphene de 75 a 92,5 pour cent en poids. 50 7. Artlcl e portant
un revAtement suivant |a revendi cation 6, dans loquel |a teneur en cobalt
est Conpr iAsteleCkurtant Rl rBRMeR] tanpidard vd siBsHBOITENE BOke EJDCHIOA Base dedcarRREEY €n
car bene esinggiywpbbaitcladita Rsuchd ayabiauny défordatitd 3a plredsupérip@rda 4N10~CEm paridds et
| a teneur (ech faungy biame dasté Vickarpsupdeurarepviloh BTRI®GY.al | e de 78 a 90 pour cent
en polds. 55 8. Article portant un rev~tenent.suivant |a revendi cation 6,

dans | éfudyticleapartaneuy revsteraent shivant da revensisationct, dans lequel la couche de carbure de
tungsténe-cobalt posséde une déformation 2 la rupture de 4,5 x 1072 & 10 x 10~2 ¢m par cm (inch par

35 inch) et une dureté Vickers supérieure & environ 900 HVyg. =

3. Article portant un revéteméni sulvant la revendication 1 ou 2, dans lequel la couche & base de carbure
W, de tungsténe-cobalt possdde une déformation 3 la rupture. supérieure & 5,3 x 10™3 cm par cm (inch par
' inch) et une dureté Vickers supérieure & environ 1000 HV, .
40
4. Article portant un revétement suivant I'une gueiconque des revendications 1 & 3, dans lequsl la couche
de carbure de tungstdne-cobalt posséde une épaisseur de 0,0127 & 2,54 mm (0,0005 & 0,1 inch).

5. Article portant un revBtement suivant -la revendication 4, dans lequel la couche de carbure de
45 tungsténe-cobalt posséde une épa_isseur de 0,0254 & 0,508 mm (0,001 & 0,02 inch).

6. Article portant un revétement suivant l'une quelconque des revendications 1 & 5, dans leque! la couche
de carbure de tungsténe-cobalt posséde une teneur en cobalt de 7 & 20 pour cent en poids, une teneur
en carbone de 0,5 & 5 pour cent en poids et une teneur en tungsténe de 75 & 92,5 pour cent en poids.

60

7. Article portant un rev8tement suivant la revendication 6, dans lequsl la teneur en cobalit est comprise
dans l'intervalle de 8 2 18 pour cent en poids, la teneur en carbone est comprise dans l'intervalle de
2,0 & 4,0 pour cent en poids et la teneur en tungsténe est comprise dans Iintervalle de 78 & 90 pour
cent en poids.

55 .. e . .
8. Article portant un revétement suivant la revendication 6, dans lequel la teneur en cobalt est comprise
dans l'intervalle de 9 & 15 pour cent en poids, la teneur en carbone est comprise dans l'intervalle de

2,5 2 4,0 pour cent en poids st la teneur en tungsténe est comprise dans lintervalle de 81 2 88,5 pour



dans |'intervalle de 9 & 15 pour - cent en polds, |a teneur en carbone eat
conprise dans lintervalte del 2,5 a.4,0 pour cent en poids et la teneur331
tungst bne est conprise dans i nt &P 0281 4981B181 a 88, 5 mﬂ
499 Bl : I _ 11111121 121,11 11112 IH”I““' l“““ Il
cent en poids, * 9. Article portant un revetenent Suivant I¥ une
quel conque Pakon P& ndi cations 1 a 8 dans | equel la couche K-
eyt onert ”§fﬁﬁ 1 o sl ne cwe%m SRR et A e SR TS 5
po f cent en° 5 3 pOHr °"p3'is hemer e portant un revtenent suivant |a
reﬁvgglolldgag | Rl §porgm.ﬁ G sT.@anﬁg h@%ﬁ cGRR'7, BBE 1oGIRY  Oncl R 3 £ 8 oour caf ="

h
guel conque des revgr:dl catl ons 1 & 11, dans quuel | e substrat est choi si
entre | e 1\.i Afidportantam ir@Stembnt RLivent ﬂ'ré#@hdldaﬂmrﬂ 8408 loqudl fa oM@ cbntiBit ohvirdh & pour
al | i ages. 1&nt ehPoidé\dé tHednee, port ant un revitenent sulvant |a revendication
12, dans |l equel le substrat est un alliage & base de titane. 20 25 30 35 40

45 50 65127Article portant un revétement suivant F'une duelconque des revendications 1 & 11, dans lequel le
substrat est choisi entre le tltane. I‘acler. l'alumlmum, le nickel, |e cobalt et leurs alliages.

75 13. Article portant un revétemsnt suivant la revendication 12, dans lequel le substrat est un alliage & base
de titane.
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