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10 The present invention relates to a method for etching composite materia

substrates and other substrates, and also is directed to a method for applying wear-
resistant and other coatings to composite material substrates and other substrates. The
present invention also relates to composite material substrates, which are comprised of
particles of a hard constituent phase in a binder material phase that binds together the
15  hard constituent particles, having wear-resistant and other coatings. The present
invention finds application in any field in which it is advantageous to enhance the
adhesion of a wear-resistant and other types of coatings to substrates. Examples of
fields of application of the present invention include the manufacture and treatment of
dies used in metal stamping, punching, threading, and blanking, and the manufacture
20  and treatment of metal cutting inserts used in milling, turning, drilling, boring, and

other metal removal operations.

BACKGROUND OF THE INVENTION

Composite materials comprised of particles of a hard constituent phase and a

25  binder phase binding the particles together are common and are referred to as



conposed of a hard particulate material such as, for exanple, particles of
one or nore 5 of tungsten carbide (WO, titaniumcarbide (TiC, titanium

carboni t i, §%okerssSN) . tantal um carbide (TaC), tantal um nitrpgpysdifiseo
ni obi um carbide (NbC), niobium nitride (NoN), zirconium carbide (ZrQ,

it f d Hf
 emont bt Sglhfe Rk ﬂﬁ‘iﬁgnﬁlﬁ]aﬁi‘gl{bﬁﬁ&?tef 80 Sa O R 15T of T
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of cemented carbide cutting inserts it is possible to increase the
wear - r esi staatabiem ofrbided TaG} dartglum nitvslet(Tall )y enchiym cabidciNbig, nobiwghness.
Commonly used wear-resi stant cenented carbide insert coatings include, 20

For exanpl giridd @bN) NrcohiNcarditi (AAC) Jircorieh niveide (2:29] hdfaiim cabidengs reduce
the - erosion and corrosion of the inserts' binder material. The utility of
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10 Metal cutting inserts fabricated from composite materials are commonly used

in chip cutting machining of metals in the metal machining industry. Metal cutting
inserts are commonly fabricated from particles of metal carbide, usually tungsten
carbide with the addition of carbides of other metals such as, for example, niobium,
titanium, tantalum, and a metallic binder phase of cobalt or nickel. The carbide
15  materials provide high strength but still may wear quickly when used in, for example,
milling and other metal machining operations. By depositing a thin layer of wear-
resistant material on the working surfaces of cemented carbide cutting inserts it is
possible to increase the wear-resistance of the inserts without adversely affecting
toughness. Commonly used wear-resistant cemented carbide insert coatings include,
20  for example, TiC, TiN, TiCN, and Al,O,. Such wear-resistant coatings reduce the
erosion and corrosion of the inserts’ binder material.
The utility of coated composite materials such as coated cemented carbides is

limited by the strength of adhesion of the wear-resistant coating to the composite



inserts' service life. The presence of cobalt at the inserts' surfaces al so
i ncreases the tendency of the coatings and substrates to experience
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subst rat e atlhesing of eartesisianticastiegs toRosfpesighingterinlse Mare bnehd0 ilgusuliieone or
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of bi nder Waﬁfa%@éus&@ chiohet SRR Of wéarRbagent@batitsanf otihefREBf X = 3-9

and y = 2-6), also referred to herein as an rl (eta) phase, on the
substrate. 3 WO 00/ 76783 PCT| LS99 T nt gas used in the

pr esent mef$5GE chogg)ogl%/m%g gggnc{:%tﬁ%ﬁﬁ%ﬁsioggu%#&ggases that will suitable
renove the desired portion of the binder phase fromthe substrate during
the etching step. Possible etchant gases include hydrogen chloride

10 SUMMARY OF THE INVENTION

The present invention provides a method for removing a portion of the binder
phase from a substrate that is composed of at least particles of a first phase
joined together by the binder phase. The present method includes the step of
etching at least a portion of a surface of the substrate by contacting the surface
15 with a gas flow that is composed of at least an etchant gas and a second gas for
a time period that will allow for removal of the desired amount of binder
phase. The second gas comprises one or more gases that will not react with
the substrate or the removed binder material and that will not alter the
oxidation state of the substrate during the etching step. Preferably, the second
20 gas is one or more gases that will not react with the substrate or the removed
portion of binder material to form deposits of a phase of W, Co,C (wherein x =

3-9 and y = 2-6), also referred to herein as an 1 (eta) phase, on the substrate.



gas, H2F2 gas, and gaseous forns of any of the Goup VIIA elenents. O her
possible 5 etchant gases useful in the present nethod will be apparent to
t hose hayj jnary skill once apprised of the present i i The
second ggggﬁﬁaﬁg%, for exanple, one or nore gases selectéﬁyﬁﬂ%hﬁﬁﬁProgen
gas, heliumgas, argon gas, and neon gas. Preferably the gas flowis
applied to the 'Eltﬁa%tﬁngaé’f gasdysedl iythepeesehignethgd sraydetspy spner esufunatipnoft | ow of
the etchant gas concurrently with a flow of the second gas into a 10
chanber cogused thangill beitablidbsinat ¢hadesaeppasion b€ thertdndee phesedtath ¢he and for a
time, that wll result in renoval of the desired portion of the binder

phase. In s‘h‘B@traQ@HEﬁﬁglhé][elthﬁPg%t%ﬁ?af’&s@f%l@étcﬁéﬁ?gﬁe?ﬁﬁmderfﬁrh n chidgggas flow

consi sts of concurrent ows 0 hydrogen chforide gas and nitrogen gas.

Preferably ring the etchi st bi nder., ph i§ renov from.a surface
of * 151 nedas et ani aieos BtwS of Pech e orBRo R LA e & Cthes PaRRle 15
mcrons, and nore preferably to a depth of between about 4 microns to
about 6 mi deloans gasprusafelindbe presant mothadswilltbel appaneni torihepedemglsirgingy appl i ed
to substrates conposed of a conposite material conprising particles of a
hard constkilenée apptised &f the pfiseredntcdgen NThe cond Pasdey baEbeEiaalple, branpl es
of such conposite materials include 20 cenented carbi des and cernets.

of su | i enrent e and cerriet
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iron, elenments within Goup VI]I of th eriodi c tabl e, copper, tungsten,
zinc, andPiekamblythe gsdlovalsmppligdioghe f‘ﬁ’égaétdépp% theretqiRe $FR8%nt i nventi on,
one of ordinary 4 WD 00/76783 PCT/US99/ 13569 skill in the substrate

coat i ng anohtodecihgre diowaosfttbe eichdnt ganponeheentlyasdh t iflomadf thosgposd ges infag er i al s
to which the present invention may be applied.

10  chamber containing the substrate at a pressure and temperature, and for a time, that
will result in removal of the desired portion of the binder phase. In one particular
application of the present method, the gas flow consists of concurrent flows of
hydrogen chloride gas and nitrogen gas.

Preferably, during the etching step binder phase is removed from a surface of

15  the substrate to a depth of between about 3 microns to about 15 microns, and more
preferably to a depth of between about 4 microns to about 6 microns.

The method of the present invention preferably is applied to substrates
composed of a composite material comprising particles of a hard constituent material
joined together by a binder material. Examples of such composite materials include

20  cemented carbides and cermets. Examples of the binder material of such composite

- materials include materials composed of one or more materials selected from cobalt,

nickel, iron, elements within Group VIII of the periodic table, copper, tungsten, zinc,

and rhenium. Once apprised of the details of the present invention, one of ordinary



The present invention also is directed to a nmethod for applying a coating
to at least a portion of the surface of a substrate, preferably a

conposi t%é%ﬁﬁg{sﬁte that 5 includes hard constituent materpaluRey/isséd €S
j oi ned together by a binder. The nethod is <carried out by renoving a

portion of .t.he hinder from.a surface o he. subst rat ... contacting the
o f ace wi BHilgn feduPey frRiRaanh g odmeBt ehtnil aPraR edbiuioRr pios, | o
period of tine that will renove the desired portion of binder. The surface
etching effaeialsdp wiieh tepresant iguentionagaydessapphicét ched surface on the

substrate, and the etched 10 surface will include voids produced as the

bi nder is et cheGhapegedtiovenkiohwiens didected to@aEthdd &rtapplgity £éwsing Ihet second
gas is one or nore gases that will not react with the substrate or the

portion of ' RMES : jol+..sn0t  change
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Preferaply, th second.gas w |l not. react duri he.  et.chi rocess to
form erh HEueaheR onEiEcy srtiend gasiciaanrhtiendi bnepidee. DRBRREEE |1 a
subsequent step of the nethod, a coating is applied to at |east a portion
of the et chauliedonfbyremoning @pertion op thetbiader dfont haurbasarf thy substraiebosi t ed
within at |least a portion of voids on the etched surface created by

removal . Thgsactidpethebeificagvitt £astiow hriydiesandtchidny g4 dndn: ¥BYndgasFoeseded or
foll owed by one or nore additional steps, including, for exanple, the step

of depositin i . t . r feac f e produced
by the- ot cReel ofGRE Ul wittRaffhe 8 g el BA R (rBRIE ThOSRISRRES P DCY
surface of the substrate that have been produced by renov of _bi.nder

|
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substrate i s enhanced. Preferably, the coating is one that enhances the
wear 5100 QOrfAceA8idl iRCInid G884 ARd6&ed asabé binderde ewhed eaysiiwathetwveen Haud it al so
may be sel ected from any ot her conventi onal _
constituent particles. The second gas is one or more gases that will not react with the
substrate or the portion of the binder removed from the substrate, and that will not
change the oxidation state of the substrate during the etching process. Preferably, the
second gas will not react during the etching process to form eta phase within the voids
15  etched in the substrate’s surface. In a subsequent step of the method, a coating is
applied to at least a portion of the etched surface. At least a portion of the coating is
deposited within at least a portion of voids on the etched surface created by removal.
Thus, the etching step of the present invention may be preceded or followed by
one or more additional steps, including, for example, the step of depositing a coating
20  on the etched surface of the substrate produced by the etching step. Because the
coating infiltrates voids in the etched surface of the substrate that have been produced

by removal of binder material during the etching step, the adhesion of the coating to

the substrate is enhanced. Preferably, the coating is one that enhances the wear



substrate coating. Possible wear-resistant coatings that may be applied in
the coating step of the present nethod include those conposed of, for

exanpl e, yohgogdore of TiC TiN TiCN dianmond, A1203, MicfiddojiBssecoat i ng
(described in detail below, 5 TIAIN, HN, H CN, HC ZrN, ZrC, ZrCN, '

Ti 2B, MS, Cr3C21 X CN, and _CN. The presepnt invention is .also directed
to subst rarﬁggtale%&?tﬁ'wg%snbuaﬁ%may B§~; sdleqted Fremiy o eT CARVERFiaRa Nt

invention. For exanple, such substrates within the scope of the invention
may have ambsitathechtingr Paswublp medrrtastbtany codtimgs thabge g applidd indhseapingand 10
al so may have a coating, wear-resistant or otherw se, which at |east

partial ly diéf bt the E&@;@m Y@hStBinBIude UeRE comipddee of UBEExaaie, ons Wk hitgeoby the
etching step of the invention. In particular, the present invention is

directed t that F-a ' ' I: { ng
particles @@ﬂ*ﬁf@gﬁ@?ﬁgﬁgﬂm Te@flgﬁggﬁagingetgle%ﬁé?d irrrla eédrlplgél&girhe
substrate includes an etched surface portion having voids thereon produced
by 15 Penolidl, HINoR{GnHS:. 4rhe 265 ar%gE’él?lchth?Ef’rgjrr » 6MNpG T A™Mct i ng t he
surface portion wth concurrent flows of at |east a suitable etchant gas

and a seco@N.gas. The second gas nust be incapable of reacting with the
substrate or the renoved binder material or changing the oxidation state

of the substrat @héj?rre.b&ﬁl ifleffib'S Mo dift8tcRitd dsiraBt Biat Bhve Hien pRAfUCEDbYRY be
adhered to at least a portion of the etched surface portion of the 20

substrate, ,and at. |l east a portion of the coating IS deposi:t W thip at
enst | a poberisinetof frerSeR ity e anon s ek Rt SepP o
Exanpl es of applications of the nethod of the present invention include the
manuf act ur theamention aaygnve an eighed surfase progrecddut the foyegeing etchingdieps angunches,
and other 6 WD 00/76783 PCT/ US99/ 13569

10  also may have a coating, wear-resistant or otherwise, which at least partially infiltrates
voids produced in the substrate’s surface by the etching step of the invention. In
particular, the present invention is directed to a substrate composed of a composite
material including particles of a hard constituent material and a binder material. The
substrate includes an etched surface portion having voids thereon produced by

15  removing a portion of the binder material therefrom by contacting the surface portion
with concurrent flows of at least a suitable etchant gas and a second gas. The second
gas must be incapable of reacting with the substrate or the removed binder material or
changing the oxidation state of the substrate during etching of the binder material. A
coating may be adhered to at least a portion of the etched surface portion of the

20  substrate, and at least a portion of the coating is deposited within at least a portion of
the voids provided in the etched surface portion.

Examples of applications of the method of the present invention include the

manufacture and treatment of wear resistant cutting inserts, dies, punches, and other



el ements used in applications such as: netal stanping, punching, threading,
bl anking, mlling, turning, drilling, boring, and other netal renoval

operations, mning and oil drilling, including fabricati r i ng
m ni ng aS(gOa&]{‘{J’% ng bits used in long wall and coal bori %‘?{Pﬁ%@?&‘
tricone, percussive and rooftop drilling bits, road planing and 5 other

li ke appl i esmrpts gsedimapplieations sicHs| met plamping, n@mthmgaguwgmg,@émkng,or
treating bits and bl ades used in sawi ng, planing, routing, shaping, and
ot her woodmiltikgtgrniagplrillieg, borisg, add attien ehetdl eadovid operatoizaakniay ahdsilon,
including the fabrication and treatnent of punches and dies used in such

appl i cat i ofgHing e fikilrg fﬁ@xliéa?ihg%f'gem Min®Q SRS EBY 1A : wal! exanpl e

of a specific application o he present Invention 10 Is in e manufacture
and treatnmeni of,itens.nmade.fromtungsten-based alloys. containing jron,

o ckel - coBRSORL AR i i on Rk s AL paaTINGY Sas SRpIRE ey af
wei ghts, electrical contact points, and electrodes. The reader will

appr eciat eothhelikoanpdisatiansdeped workinglappdicamensgwsluging fabrigatimgentreating/ent i on,
as well as others, upon consideration of the follow ng detailed description

15 of the biwadbledes ubbein QRGe, phin&y, FRIingOsMpRIREMH SHewasihdrkiapal details
and advantages of the present i1nvention upon practicing the invention.

BRI EF DES : U—ﬁ W e gﬁ%r%&l ‘{ t he
present in éﬁi%%%ﬁs%&a beobe 1egfcﬁg§9§%%§ﬁ£sti{%§m y }é?%tﬁ%g& %Q dne
acconpanying figures, in which: Figure 1 is a photom crograph of a prepared
section of Tatmepbe! RuBChssRdidiesaised lw%ag@&asﬁn%m%mﬁhfoéga gld highted with
wear-resistant MI-mlling (noderate tenperature mlling and turning)
coat i ng by ceérhesiore¢hamdnofentsh dpexaspid ofi aspecific applicativod he PBFBARt invention
PCT/ US99/ 13569
10  1sin the manufacture and treatment of items made from tungsten-based alloys
containing iron, nickel, copper and/or cobalt. Such items include, for example,
aircraft weights, electrical contact points, and electrodes.
The reader will appreciate the foregoing details and advantages of the present
invention, as well as others, upon consideration of the following detailed description

15  ofthe invention. The reader also may comprehend such additional details and

advantages of the present invention upon practicing the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The features and advantages of the present invention may be better
20  understood by reference to the accompanying figures, in which:
Figure 1 is a photomicrograph of a prepared section of a metal cutting insert
composed of SD-5 material coated with wear-resistant MT-milling (moderate

temperature milling and turning) coating by the method of the present invention;



Fi gures 2a-2c and 3a-3c are photom crographs showi ng the condition of an
edge surface of each of three netal cutting inserts, conposed of SD-5

materi al 3§goséepted wWith an MI-milling coating by the netgegyefobEm
i nvention, a?ter 10 and 18 mlling passes, respectively; 5 Figures 4a-4c

and 5a-5c are phqtom crogra how t he condition of an  edge_.surface of
each of three un Eﬁﬂrﬁ%iang(f %‘PJ%U?‘E?Iﬁﬁﬂgtﬁgg?rf’gfapg%%@g’é%th&co ﬁi‘-%@g fdlerial,
after 10 and 18 milling passes, respectively; Figures 6a-6c¢c are

phot on cr oggephisfacheidanly of Heeweidl ¢utorg werdy cepesed of rfRdemattrizitande net al
cutting inserts, conposed of T-14 material and coated with an 10

MI-m | | i ngcepat with ah WM T el dvatn®by tHeenéthov®of the inveafibgrafdr 1o hhd 1g) passes;
Fi gures 7a-7c are photom crographs showi ng the condition of an edge

surface of Hﬁmﬁggtag%gegg?%gﬁ%éwg inserts conposed of T-14 material, each

i nsert bot ncoated, after 4 nmilling passes; Figure 8 is a
phot om crograph of a tal cufting insert. conposed aof H 91 15 terial and
coated With an -I%HfPﬁ*ﬁgc E’Efg%‘?hﬁgrﬁf PWEPW@%BS g?o"flﬂ%&t?rc@é‘gwpn AYenti on;
Figures 9 is a photom crograph showi ng the condition of a netal cutting

insert, co aoé of6@h ofrttires undoatgd dnata) autsthgwisehts aaoniibsed bf 31D coati ng by
the nethod of the invention, after one mlling pass; 20 Figure 10 is a

phot omi cr ogfaadh] e 0 and P nElRE iphised) rédpedtivef;al cutting insert, conposed
of H91 material and coated with an MI-mlling coating of TiNTi CNVTiN

'm."ilyﬂ > totaling 319%59896'3?&%'@/ potSh & Qo ts MBI AnE Yorkaidn oAl &fge OM€
g pass; an
surface of three metal cutting inserts, composed of T-14 material and coated with an
10  MT-milling coating by the method of the invention, after 4 milling passes;

Figures 7a-7c are photomicrographs showing the condition of an edge
surface of three metal cutting inserts composed of T-14 material, each insert both
unetched and uncoated, after 4 milling passes;

Figure 8 is a photomicrograph of a metal cutting insert composed of H-91

15  material and coated with an MT-milling coating by the method of the present
mnvention;

Figures 9 is a photomicrograph showing the condition of a metal cutting
insert, composed of H-91 material and coated with an MT-milling coating by the
method of the invention, after one milling pass;

20 Figure 10 is a photomicrograph showing the condition of a metal cutting
insert, composed of H-91 material and coated with an MT-milling coating of

TiN/TiCN/TiN layers totaling approximately 5 microns (applied by CVD), after one

milling pass; and



WO 00/ 76783 PCTI US99/ 13569 Figures 11 a-11 d are photom crographs of a
prepared section of a heavy netal part containing tungsten netal particles
(about 90 i percent of the part's total weight) susp i
iron/nickgﬁF(gﬁ;ér (about 10 wei ght percent of the part's ?@ﬂ?ﬁ”bﬁﬁgght)

t hat was etchedlgnd C%E;if with an MI-mlling coating by the nmethod of the
5 present i nventil8Hes { p1S PbRISERFIORTAPRE of PrepareliveERtPRa adisars st of t he
present invention is directed to a nethod for applying a 10 coati ng,

pr ef er abl y partweataimieg hwigatet nuata tpariig]est(abaut O0 meigtit percent @thaparsulbahr at e. The
conposite material substrate includes a phase of a hard constituent and

al so i ncl udgggh) s@FWd iRRASRnide! biRder @HETI 103 bk p%ﬂ:%gp%fhtﬁpfjﬁtgftotﬁpbal t,

ni ckel , and iron. present inventors have di scovere at "the nethod of

t he i nvention ances e. adherence of e.coati t.0 the conposjte

material su %%ﬁtzp‘ea‘t gﬁﬁle%cgﬁcll %I?(f%oafleglvgﬁ?% on 188 5P "X Sfl?fi’i}borg)eliﬁ € present
invention also is directed to etched and etched/ coated substrates prepared
by the Ret HEeseBt INVRRIP: esent invention. It is believed that in relation to
t he known conposite material substrate coating nethods, the present nethod
i nproves adhesi on between conposite material substrates and wear-resistant
coatings by allowing the coatings to infiltrate the surface 20 of the

substrate. To acconpl i §ETiAl 8D BEECRIPABNOETIEE M@fj‘l@ﬂ?se of a surface

region of the conposite materral substrate s renoved—by a novel etching

procedure, preferably to a depth in.the ran of about 3 tq about 15

m crons (i ncl usi&)"?p%}ﬁ’tﬁge p’feé’go)ﬂ;i%"g?nfl%ls H%gé?@metﬂéﬂéln@r ARRlYNgles in t he
surface region substantially intact. War- resistant coatings applied to
conposilfe meptng,aprefandidy pateesrasistant bealimgbloercoatmoliteimaterial substrate. The

composite material substrate includes a phase of a hard constituent and also includes a
binder phase that is predominantly one or more of cobalt, nickel, and iron. The
present inventors have discovered that the method of the invention enhances the
adherence of the coating to the composite material substrate and inhibits delamination

15  of'the coating. The present invention also is directed to etched and etched/coated
substrates prepared by the method of the present invention.

It is believed that in relation to the known composite material substrate coating
methods, the present method improves adhesion between composite material
substrates and wear-resistant coatings by allowing the coatings to infiltrate the surface

20  of the substrate. To accomplish this, a portion of the binder phase of a surface region
of the composite material substrate is removed by a novel etching procedure,
preferably to a depth in the range of about 3 to about 15 microns (inclusive), while
leaving the hard constituent particles in the surface region substantially intact. Wear-

resistant coatings applied to composite material substrates that have been etched by



WO 00/ 76783 PCTI US99/ 13569 the present nethod infiltrate the voids in the
surface region created by renoval of the binder phase. The infiltration of

the coati %({Oﬁgﬁ“g' ieved to increase the adhesive strength Pgrr)rg%%){%% ]
u the

coating a onposite material substrate. It has been

enhanced adhesi on between_coatings and conposite material substrates 5
achi eved biPcimesept weked miaitmisdhe eide asthgisprteseapgien cragtedpyrramiovabasditsi on

between the substrates and coatings, inproves the coatings' resistance to
def or mat i ohindenplrasa.s €ke infd@itiongp fitkacoatiag iisharee] toancreasedhie adheksive occurrence
of thermal cracking. As used herein, "conposite material" refers to a

material, ke bétMeth ;Hel%hﬁ%g' A M8 8SmPbsileGRSEri N RbtatE St Bs l?eleﬂ?ﬁ_g‘tﬁ of a

hard constituent material and a phase of a 10 binder materia bi nds
together the hard,constifuent, particles. The conposite npterjal may be, for
exanple, ¢ ﬁleee&‘h%‘é"reﬁi%%@ loa{hl?f%é'g%(’taﬁpgsﬁ{‘g Cl?ln}ﬂrég GW&{%@I?F %‘I%S%‘%es t he present
conposite material may include one or a conbination of nore than one of
cobal t, 5 ni efdpveddviipe preseirdngtheshredpepssdiderencss in heapdgxpansiinchesiveerctbpper |
and/or iron, the binder material may include other elenments and conpounds

as are knowtibstrates gd asdtingd Smpusles thd@atifgs® m@istace e defdenatiod) irk¥casgl e, t hose
within Goup VIIl of the periodic table (elenents having atom c nunbers

26-28, 44- %Qatix&r\geaZ%SYsaance,t Hﬂ%&lﬁ:@s t}?ei ({?:Eurré}ﬁg of gl{%gr{slgl%ﬁck}- : particles of

the hard constituent nay be, for exanple, parti conposed of: one or
nore carbide materials selected fromtungsten carbide (WD, _ 20 titanium
carbide (TiC, tAérﬂsaﬁli E?ﬁetslar%ﬂna%osttm@}e,ﬂ | SHTIR aclal@ﬁrlabgr( derm. $ahadi um
carbide (VC), chrom um carbide (Cr3C2), nolybdenum carbide (MC), and iron
car bi de ( Fe@®ludes@t least particles of a phase of a hard constituent material and a phase of a

10 binder material that binds together the hard constituent particles. The composite
material may be, for example, cemented carbides and cermets. The binder material of
the present composite material may include one or a combination of more than one of
cobalt, nickel, copper, and iron. In addition to cobalt, nickel, copper, and/or iron, the
binder material may include other elemeﬁts and compounds as are known in the art.

15 Such other elements include, for example, those within Group VIII of the periodic
table (elements having atomic numbers 26-28, 44-46, and 76-78), tungsten, zinc, and
rhenium. The particles of the hard constituent may be, for example, particles
composed of:

¢ one or more carbide materials selected from tungsten carbide (WC),

20 titanium carbide (TiC), tantalum carbide (TaC), niobium carbide (NbC),

vanadium carbide (VC), chromium carbide (Cr,C, ), molybdenum carbide

(MoC), and iron carbide (FeC);

10



WO 00/ 76783 PCT/ US99/ 13569 one or nore carbonitrides and/or nitrides of
one or nore of the refractory netals, including carbonitrides of one or

nore of ' , Nb, V, &, M, and Fe; one or nore oxj Lar

bori des §¥0§W3”g? nore of alum num zirconium 5 and nagn%gﬁﬁﬁ%%gﬂg one
or nore of tungsten, nolybdenum based materials, and tungsten-based

materi al s. As u$ednREF lohe carpenitriseprand/er pifredes of onepringete ofgheradratoryret al s
having an extrenely high nelting point, for exanple, W M, Ta, Nb, Cr, V,
Re, Ti , Pt, and Znetalslidcludingdditoniidéstofenb anaiongof We TRANE IOV, OF,

wear -resi stant coatings to the foregoing conposite materials, it is
bel i eved that the yygthQdkof the present invention also may be used to
enhance t he adhesion’ of wear-resistant and other types of coatings to

ot her types of materials, ingluding, far exanple, heavy netals, sjalons,

Si 3N4, and conPo<IPEET Bare AFIGES andyplibo %Oéonﬁﬁ’é%@ ﬁgF UFEYWBZIEOBREY by t he
present nethod. The 15 identities of such other materials may be readily
det er mined by t hoswdheagnagjumg dichary skill in the substrate coating arts.
Mor eover, al though the follow ng exanples are directed to the application

of wear-resistagt &ﬁ@ﬁhﬁlﬂéof@n@ﬁ@iﬂ%l&@deﬁ&ﬁu%dsé&nﬁ%a%E!&ftun?é%@xﬁbﬁéhes, it
w Il be understood that the present nethod al so nay be used to better

adhere ot her type%ngj.égatings to such substrates. Such other coatings
i ncl ude 20 coati ngs th “inpart desirable properties to the substrate
surface, such as, for exanple, coatings that enhance the substrate's

resi stance to césrsed berein; therterst Heirestoryanstaly’ refers te migtalyhayingn a particul ar
surface appearance to the substrate. The identities of other coatings that
may be appéitesinglyg hiph mélengpoingdondxatripée, W adenTa,iNty €t VoRe Il [Pt @drAzzadi | y

10 In addition to enhancing the adhesion of wear-resistant coatings to the
foregoing composite materials, it is believed that the method of the present invention
also may be used to enhance the adhesion of wear-resistant and other types of coatings
to other types of materials, including, for example, heavy metals, sialons, Si,N,, and
composite ceramics, that have a phase that may be etched by the present method. The

15  identities of such other materials may be readily determined by those having ordinary
skill in the substrate coating arts. Moreover, although the following examples are
directed to the application of wear-resistant coatings to composite material and other
substrates, it will be understood that the present method also may be used to better
adhere other types of coatings to such substrates. Such other coatings include

20  coatings that impart desirable properties to the substrate surface, such as, for example,
coatings that enhance the substrate’s resistance to corrosion, including oxidation, or
that provide a particular surface appearance to the substrate. The identities of other

coatings that may be applied using the method of the present invention will be readily

11



11 WO 00/ 76783 PCTI US99/ 13569 apparent to those having ordinary skill in
the substrate coating arts once apprised of the invention. In one

enbodi nenyo@b7éRRe nethod of the present invention, the netpefluseansdeal |y
includes at least the following steps: 5 1. Place a conposite nateri al

Fur nace. - 20 g TSEpingo AR BT oo BRER, Sint R ue TRAAY s ace

region of the conposite material substrate to a depth of about 3 m crons
to about 1HCRYEHGAs by contacting the surface region with a mixture
conprising an 10 etchant gas and an inert gas such as nitrogen gas. (The
et chant gas nmayn bee embatitmedt dfitbermefhod of Xeengrkeent pasetius thedetagén chl ori de,
gaseous H2F21 or the gaseous formof any of the Goup VIIA elenents. O her

sui tabl e eLghafiy BRRASs Wikdst BR BRGAMERIeps0 those of ordinary skill in the
art or may be determ ned by such persons w thout undue 15 experinentation,

and it wll be ynderstood that the jdentity of such, suitable alternative
et chantéMgases vvilirl dep®fid C(S’Hlpf)ﬁelblﬁiepﬁfgw;bg#ate Lool?ﬁ)‘i??fe[di%ﬁcgf‘msﬁeogﬁat eri al
that is to be etched. The gaseous mixture is applied to the surface of the

material to be et cheghemivel vapondenosiion fumaee.-for a time suitable to renove
t he desired anmount of binder phase 20 fromthe material.: Such conditions

and times may be.r eadittlyaw@sdibst fpsieion ofdhebinder phagnid b e@ificee¥dien bt at i on,
by those having ordinary skill in the substrate coating arts.)
composite material substrate to a depth of about 3 microns to about 15
microns by contacting the surface region with a mixture comprising an
10 etchant gas and an inert gas such as nitrogen gas. (The etchant gas
may be selected from, for example, gaseous hydrogen chioride,
gaseous H,F,, or the gaseous form of any of the Group VIIA elements.
Other suitable etchant gases will be apparent to those of ordinary skill
in the art or may be determined by such persons without undue
15 experimentation, and it will be understood that the identity of such
suitable alternative etchant gases will depend on the particular
composition of the material that is to be etched. The gaseous mixture
is applied to the surface of the material to be etched under conditions
and for a time suitable to remove the desired amount of binder phase
20 from the material. Such conditions and times may be readily

ascertained, without significant experimentation, by those having

ordinary skill in the substrate coating arts.)

12



12 WO 00/ 76783 PCTI US99/ 13569 3. Purge the chanber with a flow of an inert
gas ("inert" meaning that it will not react with the binder material) such
as, for exa nitrogen, argon, or heliumgas. 4. Coat regi on
of the COWBE’E”?@"’ material substrate with at |least 5 one |§€§fr”§%%9ﬂ§99
wear-resistant naterial by introducing a reactive gaseous formof the
wear - r esi st ant Aat er PHree the shanher sHéndhBew oh ge incglogad i(finghsmearting that itl  resul t
in the deposition of the wear-resistant naterial on the etched region.
(Such conditions, whiwih ngereactabiltly therbinded enasartal) suplabg fet xampds niteaeh) ve gas
flow rates, chanber gas pressure, chanber 10 and/or substrate tenperature,
and reaction time) may,Hefgaidh] ¥as. ascertained by those having ordinary

skill in the substrate coat i ng arts once apprised of the present

i nvention. Al thqugh t of .the.invention is disclosed ve as bei ng
carried out i naa chggﬁe{{’eﬁf" d&%?ﬁ%%t © GapBestgapienalsEhstegs i) aﬁ) Alce, it
w Il be understood that 15 the etching step nay be carri ed out |n any

chanberSthat is seal odelayenof hwearesisionimaterially introduciig xteagtivd gasemfs t he
gases may be introduced. An advantage of carrying out the process in a CVD

furnace is that the gbehoNgie wiidf-Sisitéant aatbria0Rité 1 chamBasun¥eY chfditiais’ | ed out
sequentially in the furnace chanber without the need to nove the corrposi te

materials fromone chapher résglltqgﬂ{ef}f‘egogu gthtgkkgegp{u ?s‘?ﬁﬁmat%}}é?bn h{%ﬁe VD

met hod of the invention ete cyc
furnace and acconplished in one run. This f ure of the i nvention
provi des a di stinct eéﬁh‘\?&ﬁ‘tgé‘@}b @\‘}%lﬂ Wﬁuwgsh\gﬁ%?rét hhinglude si¢ty sol ut i on
etchant is used to renove binder

parameters as reactive gas flow rates, chamber gas pressure, chamber

10 and/or substrate temperature, and reaction time) may be readily
ascertained by those having ordinary skill in the substrate coating arts
once apprised of the present invention.

Although the method of the invention is disclosed above as being carried out
in a chamber of a chemical vapor deposition (CVD) furnace, it will be understood that

15  the etching step may be carried out in any chamber that is sealed from the

environment and into which a flow of the gases may be introduced. An advantage of
carrying out the process in a CVD furnace is that the etching, purging, and coating
steps may be carried out sequentially in the furnace chamber without the need to move
the composite materials from one chamber to another during the process. Thus, the

20  method of the invention may be programmed as a complete cycle in the CVD furnace

and accomplished in one run. This feature of the invention provides a distinct
advantage over procedures wherein a liquid solution etchant 1s used to remove binder

phase material because such liquid solutions cannot be introduced into the same

13



phase material because such liquid solutions cannot be introduced into the
sane 13 WO 00/ 76783 PCTI US99/ 13569 chanber enployed to coat the substrate
by a CVD or PVD process. Also, it has been found that the ??&%E"W%% may be
kept cl eaNQ4F@3t he depth of etching may be better contrd usi ng
a gaseous etchant as opposed to a liquid etchant. The step of etching

bi nder phaskanibes gmpleyed dorpeat thesupsirate br (S of PYLEpmcess e s has el d

renove binder material to a depth of about 3 to about 15 microns and nore
pref er abl y fainduhat4hd subatvare indy beikepocisaner atidthe depthidigtohirigemaybé Beteer TOO
shal | ow an etching depth does not provide a significant enhancenent in

coating a 120 - whEQ Qs B etk Bl 48 FBSetiig sur face of the
substrate.gﬂtﬁﬁﬁéng[ ti rsreg(raf‘;%/asﬁdehsva@iae%gt%ﬁaccount Izi‘?or (Haﬁerences in the
susceptibility the particylar 10 binder, phase to be r ved by the

et chant gases. %Sgggpﬁgﬁchglggp@eﬁg §° I?Fh‘-‘icr?nm?élt‘e T?E’taf 8'¥%Gating arts
may readily determ ne the etching tinme necessary to provide a desired
depth of epuiferaplyfshould rpmpve bindenmatenalite ardepth i ebeuiiBstorahoet tSempeonst ur e at
which the etching step should be carried out to renove the desired anmount

of binder gRY alor@pref@hifP abbiltl4 HABENG WMRVGhs! fito Heaubates si@fackhBobi nder, but
may be readily determ ned. 15 Deposits of a phase of WKCoyC (wherein x =

3 moand Y Safi) ap Sk ARl B4 Bk RIS e R ot S ace o
carbon-deficient phase that may easily fracture and mpay be produced when
et chi ng sulBdhesine sl qorgreatianctahang dspHywedsns thesyeface ofithe edstrte. EitEngr esence

of eta phase significantly degrades the properties of conposite naterial
subst r at es tingatlay he 2ricdatb @ccaint fozripifebndes irethe suseeplitnlty afithe pariigylat hr eadi ng,
boring, etc.) applications and, therefore, the generation of eta phase
preferafly pphRpbease o BY RInttRAd BY thd @ chdhe g€ MTRAGe having ordinary skill in the
substrate coating arts may readily determine the etching time necessary to provide a
desired depth of etching for a particular substrate. The substrate temperature at which
the etching step should be carried out to remove the desired amount of binder material
also will depend upon the character of the binder, but may be readily determined.
15 Deposits of a phase of W,Co,C (wherein x = 3-9 and y = 2-6), also known as 7
(eta) phase, may form on the surface of composite material substrates. Eta phase is a
hard and brittle carbon-deficient phase that may easily fracture and may be produced
when etching substrates that include tungsten, carbon, and cobalt. The presence of eta
phase significantly degrades the properties of composite material substrates used in
20  material removal (i.e., cutting, drilling, threading, boring, etc.) applications and,
therefore, the generation of eta phase preferably should be avoided during the etching

and coating of composite material substrates and other substrates by appropriately

adjusting the etching and coating conditions. For example, relative to composite

14



and coating of conposite material substrates and other substrates by
appropriately adjusting the etching and coating conditions. For exanple,
rel ative 4@ o6 site 14 WD 00/ 76783 PCT/ US99/ 13569 mat erp@f/usesastdoat es

i ncl udi ng ni ckel binder, conposite material substrates having cobalt

bi nder shoul d .b t ched. | ower bstrate tenperatyres in qrder to inhibit
Che" °f or nePGHAGE oS SpRE el Pedry SErostruendissiafs Tt | nvent ors
al so have deternmned that if hydrogen gas is present during an etching
step enpl osabalj bindga sleanld b clshedwidewen sybstrajelteampsatingy Icerddi teanipitithany
carbon present as WC and any cobalt wthin the substrate material and w |
t her eby makembfien ¥¥eta phaseiodnhe suifacabbmie substrasdll THerigvémofsalsodfaven of an et a
phase. One possible reaction representative of fornmation of an eta phase
is as foll gus: . : : “Ph : ) 10
The eta phgse dg‘:é&s&ﬁ%?}lggrr?égg Fﬁs?%p%g%ltzq?mgg)a{lseﬁp g‘% %%%%?Nl\gh ;g)\?c‘él?ur sor

elements of _the eta_phase to | eave the suhstrate sur e as a s. The
i nvent or s ﬁ&@@tﬁeﬁg}"ﬁggﬁl mg), sempige yiih By B oé‘tpéesﬁﬂ%&se&]?ganéii *’&Pﬁ“f’g@?ﬁnt ly

i nhi bited when using nitrogen or certain other gases in substitution for
hydr ogen gwéthinstbed sibstreteripatadaliand will ttherelyychalie thg ¥4C dglieienigntchdbost chi ng st ep.
A representation of a possible reaction occurring during 15 etching of a

cobal t - contBhifinBen ERHRAASH bEarT8th phik! Ong pdsiivdIregatn edpréschagvebehant gas,
and wherein the etchant gas is not applied to the material in conbination

W th hydrg&gﬁgﬁaé%a%ﬁgsie%%df&lg“}&e as follows: Co (S) + HO (g) -- CoCil2
s d

(g) + H2 ( gaseous product that is swept fromthe coating
furnace during the 20 gurgi ng st ep.
3WC + 4H,, + 3Coy, — 2CH,q, + W,CoC

10  The eta phase does not convert to CoCl,, as is required for the precursor elements of
the eta phase to leave the substrate surface as a gas. The inventors have concluded
that formation of eta phase is significantly inhibited when using nitrogen or certain
other gases in substitution for hydrogen gas used in conjunction with etchant gas
during the etching step. A representation of a possible reaction occurring during

15  etching of a cobalt-containing composite material by a hydrogen chioride etchant gas,
and wherein the etchant gas is not applied to the material in combination with
hydrogen gas, is believed to be as follows:

Coy + HCly — CoClhy + Hygy
The CoCl, is a gaseous product that is swept from the coating furnace during the

20  purging step.

Accordingly, the inventors have discovered that the step of etching a substrate
including tungsten, carbon, and a binder phase including cobalt will not be

satisfactorily accomplished if the gaseous etchant mixture includes hydrogen gas.

15



Accordingly, the inventors have discovered that the step of etching a
substrate including tungsten, carbon, and a bi nder phase including cobalt

will not jsfactorily acconplished if the gaseous et X ure
i ncl udes ‘ﬁ%?@%% gas. 15 WD 00/ 76783 PCT/ US99/ 13569 For ggg&r’%?@,-”éé%en
et chi ng binder phase froma conposite material cutting insert conposed of
t ungst en cHPHFHEeMhen| etahingbindey nhaes fremremngsite Bdtamiaheting insért cobal t

usi ng a gaseous etchant m xture of hydrogen chloride and hydrogen gases,

cobalt r esémipesed efmingstehatbide pavticlss intainderkeompyossl ridoninaas) €Mcodalbi de
particles and the 5 undesirable eta phase may form significantly reducing

substrate hapgagﬁﬁe@us IQﬁalgin;ll\érﬁﬂé gf;rgyrdg P B dFGbiﬁtEﬁ BOC0. B MY be

advant ageous trtute n gas to prev ormation of eta
phase. More broadly, to_better ensure renoval of etched bjnder material so
b Lo avol ESHBFREmISR e deids sihed befivesh 23 Hagsen exibig paticleg 488 hat my
be substituted for hydrogen gas in the gaseous mi xture used 10 in the
substral e enddsiralestaephaseimiay diernt, stgselieoily cedadingrsobstotetooghmess.eTld  ni t r ogen
gas and other gases that do not react with the substrate or renoved bi nder

and that dewvegtors EV@TeEnd thet wirb e RSBl R KlvahtabdtRisSLRBttakd forSuch ot her
gases are believed to include, for exanple, helium argon, and neon gases.

etchi ng 150 EREAIB T AIORTyBiol FAA BRRS, MU RN, KLY ¢ eacti on
The. | nvent FEROVEAS! BFbE TG TBBVE SoRhE Suh Raia of HaphHa TIEbUS | t e
etching step of the nethod of the present invention nmay be any gas that
wi | | suit albiinfaceergases thitemalelss subdtituthdpbhhpdrogennghsiin filtaaecous naxtue fisede r egi on
of the conposite material substrate that is
10 in the substrate etching step include those selected from one or more of nitrogen gas
and other gases that do not react with the substrate or removed binder and that do not
change the oxidation state of the substrate. Such other gases are believed to include,
for example, helium, argon, and neon gases.
The foregoing representations of reactions that may occur during the etching
15  process are provided only to better illustrate possible reaction mechanisms, and should
not be considered to in any way limit the scope of the invention.
As discussed above, the etchant gas that may be used in the etching step of the
method of the present invention may be any gas that will suitably remove the desired
depth of binder phase in a surface region of the composite material substrate that is
20  being etched. Such etchant gases include, for example, HCI gas, H, F, gas, and the
gaseous form of any of the Group VIIA elements in the periodic table of the elements.

The purging step occurring subsequent to the etching step is necessary to

remove any products of the etching reaction and any etchant remaining in the

16



20 being etched. Such etchant gases include, for exanple, HO gas, H2 F2
gas, and the gaseous formof any of the Goup VIIA elenents in the

periodi cy b R7ef the elements. The purging step occurri ngHyeAesent to
the etching step is necessary to renove any products of the etching

reaction and anv et.chant remaining in t 16 WO 00/ 76783 PCT/ US99/ 13569
chanber . ot Bl i et SRS o Pk A sl SRmbiAER RERAREE i of
gases that w | suitably renove the reactant products and remaini ng

et chant ga¥dbsutaal eaovaithg reagtent preducts apdirpmeinangsitelat sepes had thapwill i cl e
constituents of the conposite material may be used as the purging gas.

Sui t abl e phstgeany witsts bindet oiderd particexangiteentosfthe toriiposite rhatefialthdy ogen,

hel ium and argon gases. Once etched, the substrate may then be coated with
a wear-resj t I oat [ ' osite
Substr at o Qont s T QRUEE o83t BB ses MoiBY AR P br B b
pl asma arc, .and supey. lattjce processes. Still other conposite materi al
coating pr SERHGRES hgh ’ﬂgt? %ﬁg¥§&apparent to those of 10 ordinary skil

in the substrate coating arts. Al such other suitable coating processes
may be used in Omee picheb the swbstnaie mayihenghegvatedovitthe wgarsresistant oigotherocedur e.
Any coating process used to deposit wear-resistant material on a conposite

material  sodilpmAdteriAths g cBifventibndllcofPBsitesuBbtrdtd Codting peetessreitpd i s
carried out under conditions by which the wear-resistant nmaterial nay at

| east partially Inpfilitr 1 (of I C i gt erial created
by renoval pgofze%/sﬁéeﬂﬁmﬁ%’eﬁ% r%)é‘;rgirﬁf’gi(?\.] ﬁcﬁgﬁo*’ ﬁs%lrggfchg%%% Faltﬂ&rréﬁgéeg%e&i |y
determ ne such conditiagns w thout undue exper| ntﬁi'on. On a_basic |evel,
the presenttflpiishcoBrosiiegpatedal goating Bacsdyres Witkheggadiyrapparesliortgossi Hder
material froma region of a conposite material, and the inventive

10  ordinary skill in the substrate coating arts. All such other suitable coating processes

may be used in the present method subsequent to the gas etching procedure. Any
coating process used to deposit wear-resistant material on a composite material
substrate etched by the procedure of the present method is carried out under
conditions by which the wear-resistant material may at least partially infiltrate the

15  voids in the composite material created by removal of the binder material. One of
ordinary skill may readily determine such conditions without undue experimentation.

On a basic level, the present invention also is directed to a method for

removing binder material from a region of a composite material, and the inventive
method need not include the subsequent coating step. A composite substrate having a

20  roughened surface may be produced by such a method. Roughened composite
substrates may be used in a variety of known applications, including, for example, ball
point pen balls, wherein a roughened surface provides enhanced traction.

Additionally, substrates may be etched by the present method and then coated at some

17



met hod need not include the subsequent coating step. A conposite substrate
having a 20 roughened surface may be produced by such a nethod. Roughened

conposi t ewgastisadt €s may be used in a variety of known apppcgakoPidseo
including, for exanple, ball point pen balls, wherein a roughened surface

or osent  molRad Y Ach s R LR e s BpoBite cRuBHdBRe 1 ot or

time and/or at a different facility, rather than in a single procedure in
whi ch the clshigiang casfingcsiensiangcunkiped. aPae exammlpetia caiimgdkatmivebeof a coati ng
that may be applied in a procedure renoved in tinme fromthe etching
procedur e apwliedrin atprasedturatmot atinl tirhy from the dichitigpeodarte angd/or at thedwi Ng ar e
actual exanples illustrating enbodi nents of the nmethod of the present

i nvention. Ehayhiol kawdad ex@p! es are illustrative exanples only, and
should not be considered to1n any way limt the scope of the present

i nventipn. Exanple 1. A Bernex 250 coatin ur.nace S pr r by

i ntroduting int Oﬁ‘iﬁlqgl“?ée 8%3%%%6“8%%5&%% %Héo‘inﬁ‘faﬂtﬁ(‘?% rﬁ@gg‘ﬂf’ﬁ&’e
(liters/mnute) flow of hydrogen gas to establish a 200 nbar hydrogen gas
pressure wprdsen inyaationadbe follonHeg exranmies arpalinstratiesexamiesconly; agdohauld A

cenented carbi de substrate conposed of H 91 grade material available from

Stellram haMsy @igiderbdno &s s@ewayEmitthas@e on tHeliredeneipasidbn. f ur nace chanber
and the chanber atnosphere was heated to 850. H 91 grade 15 material is

conposed of 88.5 wei ght percent tun rbide, 11.0 wei ght percent
cobalt, and 0.5 wei ght percent of ag‘é)Ea 123 of TiC, TaC, and NbC. The

{nri ;ﬁ gi,glr s eei(nip'? Iu'; Z gﬁh grﬁ%{gg 330 %TVIE)3 Ec?()a7tinlg;flFf){?\fnac:l'e4 \'ngso pr I/)e?rgd g§ ri]nstigd%/léingrill(ljtoa
10  the coating chamber of the furnace a 10 I/min (liters/minute) flow of hydrogen gas to
establish a 200 mbar hydrogen gas pressure within the chamber. The chamber was
then heated to 850=C. A cemented carbide substrate composed of H-91 grade
| material available from Stellram, LaVergne, Tennessee, was placed in the prepared
furnace chamber and the chamber atmosphere was heated to 850°. H-91 grade
15 material is composed of 88.5 weight percent tungsten carbide, 11.0 weight percent
cobalt, and 0.5 weight percent of a mixture of TiC, TaC, and NbC. The material
exhibits a hardness of 89.7 HRA, 14.40 g/cc density, and a transverse rupture strength
of approximately 389,000 psi.
The flow of hydrogen gas was then stopped, and a concurrent flow of 20 I/min
20  nitrogen gas and 1 I/min hydrogen chloride gas was introduced into the chamber to
provide a chamber pressure of 800 mbar. Binder was etched to a depth of

approximately 5 microns into the substrate’s surface by the running the concurrent

N,/HCI gas flow into the chamber for 25 minutes, and then discontinuing the flow of
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of approxi mately 389,000 psi. The flow of hydrogen gas was then stopped,
and a concurrent flow of 20 1/mn 20 nitrogen gas and 1 1/ m n hydrogen
chl ori de yg3go4@ss | ntroduced into the chanber to provide gpEhesdasser essure
of 800 nbar. Binder was etched to a depth of approximately 5 mcrons into

t he substr nni the onc [ HCL asflowmto
t he chanbelrQ&F o %%1@%13 nl?éllmngnlaer ‘%hta(ranr? egiﬂé%o TR flét%ﬁp hglefc?‘ alSSIh

00/ 76783 PCTI US99/ 13569 HC g{ VWi | e mai nt a| ning the chanber at nosphere
at 850C, tMEEehigHbe mipgiss by eon lwggtéawé/mn@om *fNe2ns philesstaphghingat he
201/ mn flow of N2 gas while establishing a 60 nbar chanber pressure.

After pur ghgbaishanibanpressurand W t hout renoving the etched substrate from
5 the chanber, the etched substrate was coated with a noderate tenperature

mlling and tUAﬂbﬂg,trgﬂ%tthé“&aﬁr{b%f &hf Se ot ReloRid: tﬁée M mﬂstrht@%o%?at' ng"),
which is a nulti- ayer insert coatlng con5|st|ng of two Ti N layers of

apprOX| mat ayer appr.oxi matel rons

di spose ti‘t&}éaéﬂbftr ﬂtev%(’h??ﬁaﬁ’%ﬂ?ter‘gas Gl%ged odprs EBIQFglaMetﬂﬁmﬁeposi t ed
on the substrate by introducing into the fur nace 10 chanber flows of gases
that will @dodusee eesding fegberesd toihpreimasCYI Tamdfingoatimg N, whishdhamultor der, as
follows. Before the coating procedure began, the chanber atnobsphere was

heat ed to lag§aQféeriacudtihf eorsistifp @i tyws TRS lyerswispposithattly 1h6Qrobaith aAf t er t hat
pressure was established, a first TiN |layer was provided on the substrate

by initiat ‘11‘1@\1 ?ay%léf(}t rakimely 991‘?6}819@&5%}9 %t'u{céfﬁ %%%v%%iféﬁﬁyé}é’dtﬂ en gas

flowto 141/ mn, an nitrati'ng a oW 0 gas
concurrent of the thr es wer wed to . .
Mf"lj-m\{ﬁmg coatthng was (Feposc{tea on the su%strate %y 1ntrocﬁlcmg into the furnace

10  chamber flows of gases that will produce coatings of TiN, TiCN, and then TiN, in that
order, as follows.

Before the coating procedure began, the chamber atmosphere was heated to
920=C and the chamber pressure was reset to 160 mbar. After that pressure was
established, a first TiN layer was provided on the substrate by initiating a 9 1/min

15  nitrogen gas flow, increasing the hydrogen gas flow to 14 I/min, and initiating a 2.1
ml/min flow of TiCl, gas. The concurrent flows of the three gases were allowed to
proceed for 60 minutes while the chamber pressure was maintained at approximately
160 millibars. During the 60-minute period, the furnace temperature was lowered 5-
10=C every fifteen minutes so as to be at approximately 895=C at the end of the

20  period.

The interposed TiCN coating was produced by lowering the nitrogen gas flow
to 8 1/min, and then resetting chamber pressure to 60 mbar. The TiCl, gas flow was

then raised to 2.4 ml/min. Once all flows were constant, a flow of CH,CN gas
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proceed for 60 mnutes while the chanber pressure was naintai ned at
approximately 160 mllibars. During the 60-m nute period, the furnace

t enper at ur owered 5- 10"C every fifteen mnutes so a

appr oxi mwglwwﬁg@%"c at the end of the 20 period. The int erggi)g’&p%?’g\?

coating was produced by, |_OWE‘bi329‘ﬂthe nitrogen gas flow to 8 1/mn, and
.r .

t hen reset EFHfgatet AnNaporingss glponfexy of hyed CHCEN fiew vk initisted.  t hen

raised to 2.4 m/mn. Once all flows were constant, a flow of CH3CN gas 19
WD 00/ 76783hPCcinduBesl §:3568vs waneoatiedd fyr hqos,iduring tiee QrsBhéurdfwihigd n f 1 ow
of liquid CH3CN flow was initiated. The concurrent gas flows were

continued Qa0 Wrsperditfe W& kiiGel kd BhosaoU ttﬂ% e%i@:éﬂgxe 2'[-%%1‘%%&(?%31% the

tenperature was reduced to 870"C. At the end o - hour

fl ows of CN i Cl4 es were discontinued. 5 To prepare for

deposi t i oﬁgwspﬁﬂgéﬁm '%%ﬁd Jag§Pey ere Og0 tP"B\ﬁﬁof nitrogen gas was

di sconti nued, chanber pressure was set to 500 nbar, hydrogen gas flow was
reset 1o 121/ mle prepade fardepesetiancefbe sacané Tid daysatthaflowadhi@oghens t hat
tenperature was reached, the pressure was set to 60 nbar, hydrogen gas

flow was reseldiscontifhed, chafiber prefiutd WEELsEt GRS By, Wodros @584 fldd Fadrekbim N,
and Ti Cl4 gas flow was reset to 1.4 m/mn. 10 -On reaching the target 1.4

Utin TiCl 4 : . gas
it o5, afS SaV Al dbiined WhpklfIE WL LU ReBing LFMELSE (00

flows were contjnued for an additional 30 m nutes. The furnace was then
purged by TesheG thgPressire was st (o100 HAaar hydeen gasdlay was rselipdP-Sdfesure to
600 nmbar, raising hydrogen gas flowto 12 Urin, and | owering nitrogen gas
flow to 3. hitfidgengas fibe wasgedet fob4.5dmifh| amdsTiGhregas Howtwasureskt fot.4mlfhen
m nutes. The furnace was then subjected to a
10 On reaching the target 1.4 I/min TiCl, gas flow rate, the flows were continued at
temperature for 30 minutes, at which time the pressure was reset to 800 mbar and the
gas flows were continued for an additional 30 minutes. The furnace was then purged
by shutting off the TiCl, gas flow, resetting chamber pressure to 600 mbar, raising
hydrogen gas flow to 12 I/min, and lowering nitrogen gas flow to 3.5 I/min. The reset
15  gas flows were continued for fifteen minutes. The furnace was then subjected to a
cool down procedure.

It was observed that the MT-milling coating infiltrated at least a

portion of the voids etched in the substrate’s surface.

20 Example 2

The Bernex 250 CVD furnace used in Example 1 was prepared using the
procedure described in that example. A cermet substrate composed of SD-5 material,

but having the same size and shape as the substrate in Example 1, was placed into the

20



cool down procedure. It was observed that the MI-mlling coating
infiltrated at least a portion of the voids etched in the substrate's
surface. @ ob¥@ePp! € 2 The Bernex 250 CVD furnace used in Bxefpk®nbsehas
prepared using the procedure described in that exanple. A cernet substrate

cubtrate TorEEHERe e e Aty ViSFAT 228 T e BierAledo) 13560

coating furnace and the furnace atnosphere was heated to 920C. SD-5
material i gerget é’@ﬁ?fé’tat"g?aéa\éalhhkeff‘?lﬁlswdliﬁm baY@ene diensiss¢s, padvis LaVer gne,
Tennessee, and is conposed of Ti CN and Mb2C particles in a Co/N binder.
SD-5 nat er t@hpdsad of TECN apg M, Crpatticled iarsd/al bidep d8D5immed sl Has The 22. 6 Mo,
10,9 C, 2.3 N, 19.0 Ni, and 5 exhibits the foll ow ng approxi mate mechani cal

properties Estip [ vernse rupture
st rengt h o?m%%)él%bag!gée@?ﬁtqgf t erosﬁleogﬁsn%#f%gmérfn%%ga g?’ rrlgs{)%\gﬁz a;ig 920" C,

t he Co/ n then etched to of 5 ns, fromt

Substr ot e BT BEIURYRE Bufeirne helpil Puwers Jo RN harnes Gl
nltrogen gases at the flow rates, pressure, and reaction tinme used in
Exanple 1 glsodensity] andr ransyersa ceptatestrongth wi 309, Aehppurded headingghe 201/ mi n
flow of N2 gas for 15 mnutes at a chanber pressure of 60 mllibars. The

et ched conmpgfadeaatitdspheled 00eC atle Woltt tiderMlasithédd diclidaoatdepth dfSi Ng t he
procedure of Exanple 1. The MT-mi |l ng coating infiltrated the etched

appr oxi ﬁaﬁgﬁ%&é‘%@r@% RURLARS w280 Bl R Ao sllohide ang
surface. mtrogen gases at the flow rates, pressure, and reaction time used in Example 1 above.
10 The furnace chamber was then purged using a 20 I/'min flow of N, gas for 15 minutes
at a chamber pressure of 60 millibars. The etched composite was then coated with an

MT-milling coating using the procedure of Example 1. The MT-milling coating

infiltrated the etched voids to a depth of 5 microns + approximately 1 micron, and

with approximately 1 micron of the coating disposed above the substrate’s surface.

15

Example 3
Three Stellram cutting inserts of type SEKN-42-AF4B composed of SD-5

material (as described in Example 2) were first etched and then coated with the MT-
milling coating by the following procedure.

20 A CVD fummace chamber was prepared using the procedure described in
Example 1. The SD-5 cutting inserts were then inserted into the furnace chamber and
were etched using the procedure of Example 2. Once etched, the inserts were coated

with MT-milling coating by the procedure of Example 1. The MT-milling coating
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Exanple 3 Three Stellramcutting inserts of type SEKN- 42- AF4B conposed of
SD-5 material (as described in Exanple 2) were first etched and then

coat ed Wiy o esM- m I ling coating by the follow ng procegit/Bs99i8s¢d CVD
furnace chanber was prepared using the procedure described in Exanple 1.

The SD-5 cutting insert re, t.hen i.nserted into the furnace chanber and
o OHQﬁ%etﬁﬁ%dé@&’(ﬂsebyo © BZS%P%F’?W@S & BARNOFMAEY I nserts were

were et chdd bS] ng t
coated with MI-mlling coating by the procedure of Exanple 1. The
MT- i | | i ngmissensiinghigkneppaghihe srdaceraly laggoinfibsged therveiiscichednn thee et ched
inserts by the foregoing procedure was approximately 5 mcrons in
t hi ckness iasgtst berfmes.f ApproXirhhttlgysemidrersi dftthiadating beteudddisbort elecdsdriz’ t he
inserts' surfaces. Approximately 5 mcrons of the coating extended above

the insertg r-8Urfigees. is b QH{oﬁli%ro%%pg #W@%@ﬁ%a%&%é%gs;&g@n f?lfrcgl%gpr epar ed

cross-section through 5 the surta coa SD-5

inserts. The ot org crogr.aph .sho the infiltration of the MI-mlling
coat i né in 85{1)‘% = :ﬂoaso {}?ﬁéﬁ’eaﬁn\l\@ ﬁ%at?‘ﬁgfgg STt A Phoignaiciogranbshaws on of
the coating into the voids increased the adherence of the coating to the
i nsert andtheapitlyeeen ohde MibmmiHinggieating mes thstvaidsetabied ihthegnsert sugfacahe t hr ee
etched and coated SD-5 inserts and three inserts of the sane type 10 that

wer e unet chieslinfiehtivhedakicecbatiBs entd AEerdiddinalcad@hd AdRrdnBE Bf theTo¥tingeer t
Tel edyne (Lavergne, Tennessee) HSM 3E4-45 EZ shear cutter that was then

installed @8 ;i&ef anifnrdvel ALER b 8; ested under the
fol |l ow ng ﬁl‘l ln?.slengancénglr i ons: g‘@%%%%é%%&% _fglge %%gﬁ%\el | C hardness 800
surface feet per m.nute -
P Ji“he three etched and coated SD-5 inserts and three inserts of the same type
10 that were unetched and uncoated were inserted at one time into a six-insert Teledyne
(Lavergne, Tennessee) HSM-3E4-45 EZ shear cutter that was then installed on a 2
H.P. Bridgeport milling machine and tested under the following milling conditions:
8620 steel at 20-25 RockwellC hardness
800 surface feet per minute
15 0.050 inch depth of cut
0.004 - 0.005 inches per tooth (feed rate)
16.5 inch length of cut
2.5 inch width of cut
20 The SD-5 inserts were pulled and inspected after every two 16.5 inch milling
passes. After the initial two passes, one uncoated SD-5 insert had one thermal crack
started and the five remaining SD-5 inserts did not exhibit thermal cracks. After ten
passes, all three unetched/uncoated SD-5 inserts exhibited one or more thermal cracks
while only one etched and coated SD-5 insert exhibited a single thermal crack.
25  Milling testing was concluded after 18 passes, at which point each unetched/uncoated

insert exhibited 2-4 thermal cracks on their used edges, while only one thermal crack

existed in one etched and coated insert. The conditions of an edge surface of each of
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15 0.050 inch depth of cut 0.004 - 0.005 inches per tooth (feed rate) 16.5
inch length of cut 2.5 inch width of cut 20 The SD-5 inserts were pulled
and insp er every two 16.5 inch mlling passes. jnitial

t wo passg’g{)(ﬁ@%@%ncoat ed SD-5 insert had one thermal cr acﬁtéﬁ/{’%é%#%nd t he
five remaining SD-5 inserts did not exhibit thermal cracks. After ten
passes, al hegliee steheieatedb Irmdasarisaiispl @ and, k& passescarp swieth Iiguares 2aseor e
thermal cracks while only one etched and coated SD-5 insert exhibited a

si ngl e t heamiE}a-g resplecti@by. M[hd used ctigstomditiona of derthicodacichéd/eicod®@d[3aBses, at
whi ch point each unetched/uncoated insert exhibited 2-4 thermal cracks on
their usedingslgeficr Wiah® 19RhkePRE sh@h IRFighFREK-c Hisale shERRE, etched and
coated insert. The conditions of an edge surface of each of 2 WD 00/ 76783
PCT/ US99/ 13569 the three etched/co%§ed D:5 inserts after 10 and 18 passes
are shown in Figures 2a-c and 3a- ¢ PR tively. The used edge conditions
of the three unetched/ uncoated SD-5 inserts after 10 and 18 passes are
shown i’ Fi gur eShueg Stellipm STRN-42rARHR spttipe Inpertesempsised af B-Ifhmaterigt el | r am
SEKN- 42- AF4B cutting inserts conposed of T-14 material were etched and

t hen coat edemwidid¢hed and/fhemi dohied gvithoat MTgmilling beating tiyake medddiuged faxanpl e 3.
T-14 material is a mlling grade material available from Stellram

(LaVer gne, g, @%.sqeuh%védaggaarﬂﬁﬁﬁg adsmz&eaisxiaﬂgbgq@g&ngfeg%ﬁ 70 wei ght

percent tungsten carbide and 20 we t percent o on of

o CRastie, TR i inh Boial Somipastoon Compostd of JwE2h percant

tungsten carbide and 20 weight percent of a combination of tantalum carbide,

10 niobium, and titanium carbide. Particles of the foregoing material are bound together
by a cobalt binder that is 10 weight percent of the total weight of the material. T-14
material typically exhibits a hardness of 91.20 HRA, 12.43 g/cc density, and an
average transverse rupture strength of 296,000 psi.

The three etched and coated T-14 inserts and three unetched and uncoated T-

15 14 inserts of the same type were inserted at one time into a six-insert HSM-3E4-45 EZ
shear cutter, installed on a 2 H.P. Bridgeport milling machine, and tested under the
following milling conditions:

4140 steel at 40-45 Rockwell C hardness
500 surface feet per minute

20 0.050 inch depth of cut
0.004 - 0.005 inch per tooth (feed rate)

14 inch length of cut
2.5 inch width of cut

25 After four passes under the above conditions, the depth-of-cut regions of the
etched and coated T-14 inserts showed no evidence of thermal cracking or

deformation as examined under a 40X microscope. After four passes all unetched and
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by a cobalt binder that is 10 weight percent of the total weight of the
material. T-14 naterial typically exhibits a hardness of 91.20 HRA, 12.43

g/ cc densjt average transverse rupture strength psi .
WbuAEH and Rengiie

The threeV and coated T-14 inserts and three unetche ated T-
15 14 inserts of the sane type were inserted at one tinme into a six-insert

HSM 3E4- 45upgoatednk-d ¢ insgrts é¥h1 itetkpumeraes harmeal pragkpwithrang dessdrat thei | | i ng

machi ne, and tested under the following mlling conditions: 4140 steel at

40- 45 RockvermalGrack taalsmit stag) Asinfedderdigethepmnl craciibrealdit OisAhOpoincsk dept h
of cut 0.004 - 0.005 inch per tooth (feed rate) 14 inch length of cut 2.5

i nch wi dt hygfcrcilo &%&E&ﬁémfap&ac@ac%ﬁﬁe%t URARIst bdtEreahOURet QMécte'iﬁ'Eﬁﬁest. ge

dept h-of -cut regions of the etc ed and coated T-14 I nserts showe

evi dence of,, t her.nal 0 s xam ned r a 40X

nicr oscopeE)h%‘tt"frﬁffm5151113F1 é}f Ig%&ﬁlcf’ 8{‘8 gﬁ Cgﬁgl LU} 9%?‘8%“36

PCT/ US99/ 13569 uncoated T-14 inserts exhibited numerous thermal cracks

wi th on2 i atched ang caatpd T A ensers ard iekthrse enitehad antageoated Tdddsdmsaes n,
"thermal crack breakout” is the point at which two or nore thermal cracks

connect anghgwasin Mighues Gaichadi7aserdspsdtiveigc Thknét Hbtheﬁstratdahﬁﬁtcﬂﬁingtﬁ@ raphs
showi ng the condition of the depth-of-cut region of the three et ched and

coated T- 14 iBsehlSidRd 55‘9 od !are%@h o%nng@thFE% AoBt Bt doNSRy LS are

shown in Figures 6a-c C, respectiv St denonstrated that

usi ng the . . .
g micron depth and then coating the substrates provides for a coated insert showing

significant edge strength and enhanced resistance to coating/edge delamination,

10  coating spalling, and edge fracture. Results similar to the SD-5 insert milling tests of
Example 3 were achieved in that the T-14 substrates etched and coated by the present
invention’s method provide an increased resistance to thermal cracking of the cobalt-

based material.

15 Example 5

Stellram SEKN-42-AF4B type cutting inserts composed of H-91 grade
material were obtained. Half of the H-91 inserts were coated with MT-mill coating in
a Bernex 325 furnace using an automated procedure substantially similar to the above-
described MT-milling coating procedure so as to provide a layered coating on the
20  inserts composed of approximately 1 micron TiN, approximately 3 microns TiCN,
and then 1 micron TiN, all such thicknesses being approximate. The remaining H-91
grade inserts were etched in a Bernex 250 CVD furnace using the procedure of

Example 1 and the etched inserts were then MT-milling coated in the furnace by the
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present invention's nethod to etch conposite substrates with cobalt binder
to a 10 mcron depth and then coating the substrates provides for a coated

insert s i ignificant edge strength and enhanced res
| ng? Qa0 R

coati ng/ am nation, 10 coating spalling, and edge fr
simlar to the SD-5 ipnsert_mlling tests of Exanple 3 were achieved in

that the TPioFedyrsdescaibed inExamRie dnften ttal M- mﬂbnw%l@ﬁtthwkmﬁé@ﬂwm s

nmet hod provide an increased resistance to thermal cracking of the cobalt-
based mat edet@imingd tEh@a6RneictonSifed the anetSkdditod@d AlseBs tagd 8. 4auiictdmzdfor theer t s
conposed of H 91 grade nmaterial were obtained. Half of the H91 inserts

wer e coat edicbd/BodWlid Mséts. C&?Ebt@ﬁuéragraﬁh BeftReYatdd §urffébre'3)"f ge Hfsih@%t%@d

aut omat ed procedure substantially simlar to the above- describ

MI-m | 1ing ati.n oced re sQ. as f& ere ting on the 20

i nserts coﬁﬁ%g%ﬁ (gﬁ AP B Ry ri/ml rgg\rl\thefF@“r%g ?r glleymgltFﬁt’@ Pons
TiCN, and then 1 mcron TiN, all such thicknesses bei ng approxi mate. The
remai ni hg M e cogiingiate teetohsd yrseds’sueess i n a Ber nex 250 CVD furnace using
the procedure of Exanple 1 and the etched inserts were then MI-mlling

coated in the f imgleetchsd/tdueedet dMxchOd/IEaf&BH PCThdT Weltdhfile@baaedur e
described in Exanple 3. Actual total MI-mlling coating thicknesses were

det er mi ned ¢t nﬁs&t @@&ﬁg@ s 49s. lwhe&mﬁ%{ £oahed cwéref&sfau@@gn% 75

mcrons for t etc I nserts tom crogr aph 0 e coated
surface of of th ched. and .coat e& r iS shown in Figure 8.
The figure }ggﬁ%??g’t‘?yéf%{“frﬁﬁ ing mpehing, jag tes@?%d‘fnd?rﬁ %@ owipgmilng  he et ched
inserts' surfaces. Single etched/coated or unetched/coated H 91 inserts
wer e i nst alcbrditions: a
10 ASTM A536 (F-33100 unified UNS) nodular cast iron
875 surface feet per minute
0.125 inch depth of cut
0.008 feet per tooth
20 inch length of cut
15 : 4 inch width of cut
Each insert was pulled after one pass and examined. After one pass, each of the tested
unetched/coated inserts exhibited 6-7 thermal cracks, while the tested inserts that had
been etched and coated by the method of the present invention exhibited only a single
20  thermal crack. 30X photomicrographs of an etched/coated H-91 insert after one
milling pass and an unetched/coated insert after one milling pass are provided as
Figures 9 and 10, respectively.
This example 5 compared inserts composed of identical base materials and
identical coatings, with the only significant difference being that the test samples of

25  one set were first etched by the present method and the MT-milling coating had

infiltrated the resulting interstices in the inserts’ surfaces. The etched and infiltrated
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seven-insert Tel edyne HSM 5E4-45 5-inch dianeter EZ shear cutter, installed
on a 25 H. P. Kearney-Trecker mlling machine, and tested under the

foll ow ngvg'g(glé&g@ condi tions: 10 ASTM A536 (F-33100 uni fisri849)13€9dul ar
cast iron surface feet per mnute 0.125 inch depth of cut 0.008 feet

per tooth 20 inch.length.of cut 15 4 inch wdth of cui. Each.insert was
Dol | e ar v Bt e bipiCl YshifaniiineatibedsBinghe sl ofitkinedFRiHERBE  ed
unet ched/ coated inserts exhibited 6-7 thermal cracks, while the tested

i nserts t henetthgd copledinserteshed and coated by the nethod of the present
invention exhibited only a single 20 thermal crack. 30X photom crographs
of an etched/coated H 91 insert after one mlling pass and an

unet ched/ coated insert after one mlling pass are provided as Figures 9

and 10, respectively. This exanple & ed inserts conposed of identical
base materials and identical coati ng’&s—,ﬂ—{%h the only significant

differgswce bei ng t hat thaﬁ t est san%)l of . 25 one set vvera fi rcﬁt et ched by
t he present met A% freta) @AflPonAL %ﬁ?&l&ﬂ%"%&lﬁgﬁ?m‘w PB4 %e resul ting
interstices in the inserts' surfaces. The etched and infiltrated 25 WO
00/ 76783 PgFpLI8d/in 36 6&ighit psrsentofamhiopimekt] bingai Wacetphddyandrronted sath
resistance to thermal cracking relative to the wunetched coated inserts.
Exanpl e 6 an MT-milling coating using the procedures of the invention as generally described in

the foregoing examples involving insert composed of SD-5 material. 21X

photomicrographs of sections of the etched and coated metal part taken through the

10  coated surface are shown in Figures 11a-11d. The photomicrographs shown the

infiltration of the coating into the voids etched in the metal part’s iron-nickel binder.

In each of the foregoing Examples 1-5, all composite material substrates that
were etched using the method of the present invention failed to show evidence of the

15  formation of an eta phase.

Those of ordinary skill in the substrate coating and treatment arts will
appreciate that various modifications and changes in the details of the invention that
has been disclosed herein may be made without detracting from the advantages

20  provided by the invention, and it will be understood that all such changes and
modifications remain within the principle and scope of the invention as expressed in

the appended claims.

26



5 A heavy netal part containing 90 wei ght percent tungsten netal particles
suspended in 10 wei ght percent of an iron/nickel binder was etched and
coated with an MI-mlling coating using the procedures of invention as
gener al | YW Bbed in the foregoi ng exanpl es invol vi ng iﬂé&ﬁ?iwgﬁgosed of
SD-5 material. 21X photom crographs of sections of the etched and coated
metal part taken through the 10 coat ed uklM%e are shown in Figures

1lla- 11d. The photom crographs shown the infiltration of the coating into

t he voi ds Wealsith:in the netal part's iron-nickel binder. |In each of the
foregoi ng Exanples 1-5, all conposite material substrates that were etched
using the peth {: I Q. I QB% Vi t he
15 formation o?gg%fdef%gl%p ase. rggl\égg eg)?n |eﬁgb§sgsf{<o?ﬁl? I'n Ct%hoéfqgs%%a?%te

coating and treat.nent arts w | appreci ate.that various nodifications and
changes in tﬁgm@gltslg,gmgrt}j:ﬁestq\f‘gt 1eﬁ§}€rf?r? apieinedriggethrdyy the BpdesRidshier ei n may
be made wi thout detracting fromthe advantages 20 provided by the

i nventiSon, arle inethaid comipasing dler a5t obetchingtsaid|shirfaeeodf seliambsmtahy

nodi fications remain within the principle and scope of the invention as

expressed i n cohfaetimPRedsiathcs wathBgas 2wt sify fBetBlahk BROMHd13R68nd CLAI M5

W claim 1. A nethod for renoving a portion of the binder phase froma

surface of a trat. risi [ ¢l f .east. a first.phase

Foi ned toget s Ty B s AR SNAR 8864 G Raln il s Shosl et o

etching said surface of said substrate by contacting said surface with a
w

gas flow conpfRIdgs SPMBHEAGARS YaBOmRses thafokiigiot react with said substrate or

said portion and that will not change the oxidation state of said substrate during

10 said etching step.

2. The method recited in claim 1 wherein said second gas will not react with said

substrate during said etching act to form an eta phase on said surface.

15 3. The method recited in claim 2 wherein said second gas is one or more selected

from nitrogen gas, helium gas, argon gas, and neon gas.

4. The method recited in claim 3 wherein said etchant gas is one or more selected
from hydrogen chloride gas, H,F, gas, and gaseous forms of any of the Group

20 VIIA elements.

5. The method recited in claim 4 wherein said gas flow comprises concurrent flows

of hydrogen chloride gas and nitrogen gas.
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gas for a period of tinme that will renove said portion of said binder
phase, said second gas conprising one or nore gases that will not react

W th saiqyéygﬁﬁg te or said portion and that wll not chag@guideasggsi dation
state of sald substrate during 10 said etching step. 2. The nethod recited
in claiml wherein said second gas will not react wwth said substrate
during said etching act to forman eta phase on said surface. 15 3. The
met hod recited in claim2 wherein said second gas is one or nore selected
f rom ni t r ogeThgancthed ot ¢latmy b svhermyorsaiheiching step said bigader phase Theenmeetiod
recited in claim3 wherein said etchant gas is one or nore selected from
hydr ogen chl drdnil€ai@atsfadd2bd d@psh ofdRtlveda IBOMS thivréms tofabautyl 5ahickdis. G oup 20
VIIT A elenents. 5. The nmethod recited in claim4 wherein said gas fl ow
conprises concurrent flows of hydrogen chloride gas and nitrogen gas. 27
WO 00/ 76783 PCT/ US99/ 13569 6. The nethod of claim1 wherein in said
etching step said binder phase is renpved fromsajid.surface to a depth of
bet weer abdutThe TEtBPOALCIgE ARGGEEIR 5 Tk HiEhiae SEp Faid hiderahasds Bmced m 6
wherein in said etching step said binder phase is renoved fromsaid
surface to a fdeps#idshrfhct teaateptibdbetwicemabowrbmicporsiowbo® tingramss. 8. The
met hod of claim 1 wherein said substrate is of a conposite material, said
conposite material conprising particles of a hard constituent material and
a 10 binder material, said binder material joining together said particles
O TP G BB Pu ool AR B o2

composite material comprising particles of a hard constituent material and a

10 binder material, said binder material joining together said particles of said hard

constituent material.

9. The method of claim 8 wherein said composite material is selected from cemented

carbides and cermets.

15
10. The method of claim 8 wherein said hard constituent material comprises one or
more material selected from the group consisting of:
a carbide material selected from the group consisting of tungsten carbide,
titanium carbide, tantalum carbide, niobium carbide, vanadium carbide,
20 chromium carbide, molybdenum carbide, and iron carbide;

a carbonitride of a refractory metal;

a nitride of a refractory metal;
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carbides and cernets. 15 10. The nethod of claim8 wherein said hard
constituent material conprises one or nore material selected fromthe
group consisting of a carbide material selected fromthe g consi sting

of tungst‘@ﬂ 0?!5‘?78? de, titaniumcarbide, tantal um carbide, %‘?’3@?%%366& bi de,

vanadi um car bi de, 20 chrom um car bi de, nol ybdenum carbi de, and iron

carbi de; a carboni & fitenigideofranfelement sglected fom the igraupi avesistingof @t Tact or y
metal ; 28 WO 00/ 76783 PCT/ US99/ 13569 a carbonitride of an el enent

sel ected fromtma YoouUpCEMsiaptiimeg of W Ti, Ta, No, V, O, M, and Fe; an
oxi de of an elenent selected fromthe group consisting of alum num

zirconium and magngsiik ri . fromthe group
consi sting of alum %?Jh]ﬁ% zofﬁlggllrglﬁlgiﬁlpﬁéeﬁ%d%ogﬁ%%%ﬁp g%lé%glkggg %fr“f“e{P“‘Em ected
fromthe group consi.sting of tungsten, a nolybdenum containing material,
and a tungst en- CBRTEYN: Y RAFESUAL. 10 11. The nethod of claim8 wherein
said binder material conprises one or nore naterials selected fromthe
group cdnsi sting of abohd¢ of amélekeit selerted fropl thewnowp consistingioGilommuvh,| | of
the periodic table, copper, tungsten, zinc, and rhenium 12. The met hod of
cl ai m 8 wher ei n zf3bsluhaish HORRsiuhtieAl naterial conprises tungsten 15
car bi de and wherein said binder phase conprises cobalt.

a material selected from the group consisting of tungsten, a

molybdenum-containing material, and a tungsten-containing material.
10 11. The method of claim 8 wherein said binder material comprises one or more
materials selected from the group consisting of cobalt, nickel, iron, elements

~within Group VIII of the periodic table, copper, tungsten, zinc, and rhenium.

12. The method of claim 8 wherein said hard constituent material comprises tungsten

15 carbide and wherein said binder phase comprises cobalt.

13. The method of claim 12 wherein said gas flow comprises hydrogen chloride gas

and nitrogen gas.

20  14. The method of claim 1 wherein said etching act occurs within a chamber into

which said gas flow is introduced.
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13. The method of claim 12 wherein said gas flow conprises hydrogen
chloride gas and nitrogen gas. 20 14. The nmethod of claim 1l wherein said
et chi ng q,%ogg&hgs w thin a chanber into which said gas fpemu§dizseo

i ntroduced. WD 00/ 76783 PCT/ US99/ 13569 15. The nethod of claim1l
further conprising the act of depositing a coating on said surface of said
substrate after said etching act, and wherein at |east a portion of said
coating inf rates voids in.said surface_ prod d by renoval of said

b nder 5 Farlbp fistied S am Gl sdtprm e aoCelEposie & Sortna® ek hod of
cl aim 15 wherein said coating enhances the wear resistance of said
substrate. 16urfae ofiseidrsubsiate after shidictahirg adheandiwhesein dt keasitaipogtiorsoft onpr i sed
of one or nore naterials selected fromthe group consisting of TiC, TiN,

Ti CN, di anondaidAdd infilitaiéNioi ¥ i, saildf steMacd firoducti Ny rémbval 9t SiNd vifder Ti 2B,
MS, Gr3C21 N, G CN and CN. 15 18. The nethod of claim 16 wherein said

coating is a = el | i . e nmethod of claim1l wherein said
substr%te is%gg%g@?%h{%g%%gﬁﬁgggF%%%amggﬁéisting of netal cutting inserts,
di es, punches, stanps, threading devices, blanking devices, mlling
devices, turning devices, drilling devices, boring 20 devices, mning bits,
drilling bits, tricone bits, percussive bits, road planing devices, wood

wor ki ng bits, wood working bl ades, draw ng devices, heading 30 WO 00/76783
PCTI US99/ 155 é@le method of claim 15 wherein said coating enhances the wear resistance of said

substrate.

10 17. The method of claim 16 wherein said coating is comprised of one or more
materials selected from the group consisting of TiC, TiN, TiCN, diamond, Al,O,,
TiAIN, HfN, HfCN, HfC, ZrN, ZrC, ZrCN, BC, Ti,B, MoS, Cr,C,, CrN, CrCN,

and CN.

15  18. The method of claim 16 wherein said coating is an MT-milling coating.

19. The method of claim 1 wherein said substrate is selected from the group
consisting of metal cutting inserts, dies, punches, stamps, threading devices,
blanking devices, milling devices, turning devices, drilling devices, boring

20 devices, mining bits, drilling bits, tricone bits, percussive bits, road planing

devices, wood working bits, wood working blades, drawing devices, heading
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devi ces, back extrusion devices, rod mll roll devices, and wear parts used
in corrosive environnents. 20. A nethod for applying a coating at |east a
portion Qf the surface of a substrate, 5 the substrate co [ Sl rticles
of a har d"@8N&¥Ptuent material in a binder phase, the ne?ﬁ%h%%%%ﬂggsing
the acts of : renmoving a portion of said binder phase fromsaid surface of
sai d subst r g¢dcdsybackrfxtiesion gevagsdrasumilbnodl devices,and aeeaf pavs uwsedpr i si ng an
etchant gas and a second gas for a period of tinme that will renove said
portion of sabosvedsirohthepdase to thereby provide an etched surface on
said substrate, said etched surface conprising voids produced by renova

of said portion of said binder phase, said second gas conprising one or

nore gases that will not react with said substrate or said portion and
that will pot chaﬁ%gfthe oxi dation state of sai subs{rat during said
et ching st of aBPlyNeS coafipe aidgst agortonAl thesiace obp sulisgatcor saj d

etched surface, at least a portion of said coating being deposited wthin
at | east a pothtsebstrafe coampisinggiatscléspisdiand esrshastnsmatedekin aXfindeFiphaseet hod
recited in claim20 wherein said second gas will not react with said 20

substrate or pantbtideRipriaste begored from said surface during said
renoving act to forman eta phase within said voids on said etched

surface. 31 WD 00/ 76783 [ USQ9/ 13569, . 22. .The.met hod recited.jn claim?20
eI o) ST e IR Rk “hel i um

wherein said second gas or nore’s
gas, argon gas, and neon gas. 23. The nethod recited in claim20 wherein
sai d et chant qybgrqtg by sanigetingyaid stsfage wath a gas flow comprising an etchant gas

and a second gas for a period of time that will remove said portion of said binder
10 phase to thereby provide an etched surface on said substrate, said etched surface
comprising voids produced by removal of said portion of said binder phase, said
second gas comprising one or more gases that will not react with said substrate or
said portion and that will not change the oxidation state of said substrate during

said etching step; and

15 applying said coating to at least a portion of said etched surface, at
least a portion of said coating being deposited within at least a portion of said

voids in said etched surface.

21. The method recited in claim 20 wherein said second gas will not react with said
20 substrate or said binder phase removed from said surface during said removing

act to form an eta phase within said voids on said etched surface.
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5 from hydrogen chlori de gas, H2F2 gas, and gaseous forms of any of the
Goup VIIA elenents. 24. The nethod recited in claim23 wherein said gas

fl ow compibogseaoncurrent flows of hydrogen chloride gas pafluledissg@en gas.
10 25. The ?md of claim 20 wherein in said etching step said binder

phase is r ed I urfagce.to.a d bet ween mcrons
to about 15°m cerrgﬁtfgog %C?tec]'hna ggglhglfel%faé‘?%cfg&)\%eﬂsgflﬁOTWogeﬁEe Sdchi ng
step said binder phase is removed 15 fromsaid surface to a depth of

bet ween about frommitEessaLas.icipygas AreeEgasnand nepn gake net hod of cl ai m 20
wherein said substrate is of a conposite material, said conposite materi al
conprising particles of a hard constituent material and a binder material,
said binder material joining together said particles of said hard 20

constituengs n?ﬁeeﬁlhﬁilod rc?&ted?rh&aﬁ??@%eféfln Sli@bfhdt AR 'es%r ﬁﬁirgv%é’cgg}as' te

material is selected from cerrent ed carbi des and cer nmet 76783
PCT/ US99/ 1356 he im27,wher ej sal nstituent
Comnr: 986 onoan” By doRst Spate Sis, b Apd BREnc: Bros bt aB e s ot o
carbide material selected fromthe group consisting of tungsten carbide, 5
titani um car bYHA elemental um car bi de, ni obi um car bi de, vanadi um car bi de,

chrom um car bi de, nol ybdenum carbi de, and iron carbide; a carbonitride of a
refractory netal; a nitride of a refractory netal;

24. The method recited in claim 23 wherein said gas flow comprises concurrent flows
of hydrogen chloride gas and nitrogen gas.
10
25. The method of claim 20 wherein in said etching step said binder phase is removed

from said surface to a depth of between about 3 microns to about 15 microns.

26. The method of claim 25 wherein in said etching step said binder phase 1s removed

15 from said surface to a depth of between about 4 microns to about 6 microns.

27. The method of claim 20 wherein said substrate is of a composite material, said
composite material comprising particles of a hard constituent material and a
binder material, said binder material joining together said particles of said hard

20 constituent material.

28. The method of claim 27 wherein said composite material is selected from

cemented carbides and cermets.
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a carbonitride of an elenent selected fromthe group consisting of W Ti,
10 Ta, Nb, V, C, M, and Fe; an oxide of an element selected fromthe

group CO%P%%E‘% of alum num zirconium and nmagnesi um apEpike38e an
el enment selected fromthe group consisting of alum num zirconium and

magnesi unm and 15 a material selected fromthe group consisting of
tungsten, a nolybdenum containing material, and a tungsten-contai ni ng
material. 30. A coated substrate produced by the nethod of claim20

wher ei n sal® Hrndetbod of claue 37 whetean saad had constituentlosmprises anempnicses WC, sai d
bi nder phase conprises 20 cobalt, and said gas flow conprises concurrent

flows of hydrrﬁg@ﬂal@lale@fdd%ng&fegit@@cdﬂsisﬁﬁ en gas. 33 WO 00/ 76783
PCT/ US99/ 13569 31. The nethod of claim27 wherein said binder materi al

conprises one or m)ggargfdte%it zﬁsgl%{: é e%p({ﬂ&)hﬁ%ngi%t?lltil otctgngsltgﬂ[ (!:arr] dg,{)l e

cobalt, nickel, iron e periodic

copper, tungsten zinc, _.and rheni um 5 32.. The nethod of claim 27 wherein
said hatd const {HAEHR CARIdey [aafalup sarbidee Blobiwmy carbide. vaaadivgecaabidemher ei n sai d
bi nder phase conprises cobalt. 33. The nethod of claim20 wherein said act

of renovi ng occehmmiimhiarbide, airdylptEnumi cattodesand iros aarhidgas fl ow i s
i ntroduced. 10 34. The nethod of claim20 wherein said coating enhances the

wear resistance of g§alflon®RsdrAkRactory metal;
a nitride of a refractory metal;
a carbonitride of an element selected from the group consisting of W, Ti,
10 Ta, Nb, V, Cr, Mo, and Fe;
an oxide of an element selected from the group consisting of aluminum,
zirconium, and magnesium,;
a boride of an element selected from the group consisting of aluminum,
zirconium, and magnesium; and
15 a material selected from the group consisting of tungsten, a

molybdenum-containing material, and a tungsten-containing material.

30. A coated substrate produced by the method of claim 20 wherein said hard
constituent material of said substrate comprises WC, said binder phase comprises
20 cobalt, and said gas flow comprises concurrent flows of hydrogen chloride gas and

nitrogen gas.
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35. The nethod of claim 34 wherein said coating is conprised of one or nore
15 materials selected fromthe group consisting of TiC, TiN, TiCN, dianond,

and Al12 HEN, HFCN, HIC, ZrN, ZrC, ZrCN, BC, Ti 2BcrMR§y/135693C2,
%Oﬂghé%gl\l 36. The nmethod of claim 34 wherel n sal d coating is an

MT-mllln c “g‘h 7 7‘I'h nmet ho f cla wherein: said substrate
i s sel ect (édéfo%?}ﬁl %OW TS an:llfp{nipﬁées (?I}?soérni‘%r di es,
punches, st arrps t hreadi ng devi ces, bl anking devices, mlling 34 WO

00/ 76783 PCTMussDils si®ted femithegroup gprsisipeds ¢plalis nickel, IPRrRjemievs ces, bori ng
devices, mning bits, drilling bits, tricone bits, percussive bits, road
pl ani ng devi @ﬁﬁnnmaq)vm kf thg peiibdic tM@d:op@d’rkﬁuﬁ@téﬂ,&ﬂﬁSancﬂﬂﬁﬁiuﬁg devi ces,
headi ng devi ces, back extrusion devices, rod mll roll devices, and wear
parts used in corrosive environnents; and 5 said coating enhances the wear
resi stance of said substrate. 38. The met hod of claim 37 wherein said

Compr | Sed 31 TheCapskptdaiiod biaien S Wl GRUErPLTIPE) PP RS Eng

particles of a hard constituent material and a binder material, said

bi nder mat er icatbideoindi wigeréiogeidHendes phasegamprrisésebalt. sai d har d consti t uent
material, said substrate further conprising a surface portion having voids
t hereon provided by renoving a portion of said binder material fromsaid
surface portion, said 15 portion of said binder material being renoved from

sald surf acs PRL He&rc])d@f claim 20 wherein said act of removing occurs within a chamber
into which said gas flow is introduced.
10
34. The method of claim 20 wherein said coating enhances the wear resistance of said

substrate.

35. The method of claim 34 wherein said coating is comprised of one or more
15 materials selected from the group consisting of TiC, TiN, TiCN, diamond, and
AlLO,, TiAIN, HIN, HfCN, HfC, ZrN, ZrC, ZrCN, BC, Ti,B, MoS, Cr,C,, C1N,

CrCN, and CN.

36. The method of claim 34 wherein said coating is an MT-milling coating.
20
37. The method of claim 20 wherein:
said substrate is selected from the group consisting of metal cutting

inserts, dies, punches, stamps, threading devices, blanking devices, milling
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contacting said surface portion with concurrent flows of at |east a first
gas and a second gas, said first gas capable of renoving said binder

material fro d substrate, said second gas incapable o i W th
sai d sub§WPé$é§§? changi ng the oxidation state of said su%gﬁﬁgﬁikﬁaﬁing
removal of sajd portion of said binder 20 material; and a coating adhered
to at |east Aepirbitemngsdeyiges dilingdeicrs, horig devicesimining hits dulliag bis, | east
a portion of said coating being deposited within at |east a portion of
sai d voi ds, dratcchevwisgperbasskierbitsabad phase diejeos iviadtwakmgrbits 3o 00/ 76783
PCTI US99/ 13569 40. The object of claim 39 wherein said second gas is one

or more sel ea @l IMR! driAfRIRSs, sk MbAS, bAIIARGRA dedleh BEPN 023,

and wherein said first gas is one or nore selected from hydrogen chl ori de
gas, H2F2 gas,..an aseous .forns of .any of the. Goup VIILA elenments. 41.
The oby ect “or il FEEEGHEH R BapsedrtiPhedle AR H et een about 3
m crons_to.about 15 microns. 10 42. The object of claim39 wherein said
conposite material i §aidepamgeambanesaihectensresistansgobsaidsubstrdtecer mets. 43. The
obj ect of claim39 wherein said hard constituent material conprises one or

nore material selected fromthe group consisting of: 15 a carbide materi al
sel ected fromthe group consisting of tungsten carbide, titanium carbide,

tant al um cag bitiemethb®BF e1bint 37 NheRin YAd8ckHMB €A M’I_dﬁmling RosfHgum carbide,
nol ybdenum car bi de, and iron carbide; a carbonitride of a refractory netal
39. An object comprising:
10 a substrate comprised of a composite material, said composite material
comprising particles of a hard constituent material and a binder material, said
binder material joining together said particles of said hard constituent material,
said substrate further comprising a surface portion having voids thereon provided
by removing a portion of said binder material from said surface portion, said
15 portion of said binder material being removed from said surface portion by
contacting said surface portion with concurrent flows of at least a first gas and a
second gas, said first gas capable of removing said binder material from said
substrate, said second gas incapable of reacting with said substrate or changing the
oxidation state of said substrate during removal of said portion of said binder
20 material; and
a coating adhered to at least a portion of said surface portion of said
substrate, at least a portion of said coating being deposited within at least a portion

of said voids, said voids lacking eta phase deposits therein.
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a nitride of a refractory netal; 20 a carbonitride of an el enent sel ected
fromthe group consisting of W Ti, Ta, No, V, C, M, and Fe; an oxide of

an el eneny,q 2,176%7s ed fromthe group consisting of alum num pcEiksRisédyn and
magnesi um 00/ 76783 PCT/ US99/ 13569 a boride of an el enent selected

fromthe group consisting of alum num zirconium and magnesium and a
materi al selected fromthe group consisting of tungsten, a

nol ybdenum containing naterial, and a tungsten-containing material. 5 44.
The obj ect 40fThd clijent 86 clalne B8iwhesaan saifh aeapnd gasisiong enmonasededted from sai d
substrate conprises WC, said binder phase conprises cobalt, said first gas

conpri ses hylﬂfrﬁgﬁf‘gdéhlh&fuhd?asgﬁ‘gon 2h¢] ah@hebrs@e 0l Wisiei® QAT firS€Sashé t  0gen
gas. 10 45. The object of claim 39 wherein said binder material conprises

one or nore terjal t ' NSJ.St N

ni ckel, ir on,g%ogrrrhe% ga@%&?ﬁ%ﬁ%d%?é@ngﬂﬁrﬁig%‘d@%?b%si %ddil % S?cg Sﬁggﬂc%fpper,
tungsten, zinc, and rhenium 46. The object of claim 39 wherein said

coat i ng® enham@¥LlitheGipw Vilaslanelite of said 15 substrate and is conprised
of one or nore materials selected fromthe group consisting of TiC, TiN,

Ti CN, dianond, A1203, Ti AIN, H'N, HFCN, HHC ZrN, ZrC, ZrCN, BC, Ti 2B,

MbS, Cr3C21 CN, & CN and CN. 47. The object of claim 39 wherein said

coating issanTlstikdtlolrBRiR 39tWHgein s@8 voids have a depth of between about 3

microns to about 15 microns.

10 42. The object of claim 39 wherein said composite material is selected from cemented

carbides and cermets.

43. The object of claim 39 wherein said hard constituent material comprises one or
more material selected from the group consisting of:

15 a carbide material selected from the group consisting of tungsten carbide,
titanium carbide, tantalum carbide, niobium carbide, vanadium carbide,
chromium carbide, molybdenum carbide, and iron carbide;

a carbonitride of a refractory metal;
a nitride of a refractory metal,

20 a carbonitride of an element selected from the group consisting of W, Ti,

Ta, Nb, V, Cr, Mo, and Fe;
an oxide of an element selected from the group consisting of aluminum,

zirconium, and magnesium;

36



48. The object of claim 39 wherein: said object is selected fromthe group
consisting of netal cutting inserts, dies, punches, stanps, threading
devi ces, bl anki devices, mlling 37 WD 00/76783 PCT/ US9 9 evi ces,
t urni ng d@QP@%@@ drilling devices, boring devices, mning %éf@%gﬁP? i ng
bits, tricone bits, percussive bits, road planing devices, wood working
bits, wood worki ng bberddesof aarcdeineny selestcd &om the geiiupgodeistingef aliragkungxt r usi on
devices, rod mll roll devices, and wear parts used in corrosive
environnments; apidedniwaj shdanadrenigngah@nces the wear resistance of said
Substrate. 38

a material selected from the group consisting of tungsten, a

molybdenum-containing material, and a tungsten-containing material.

44. The object of claim 39 wherein said hard constituent material of said substrate
comprises WC, said binder phase comprises cobalt, said first gas comprises

hydrogen chloride gas, and said second gas comprises nitrogen gas.

10 45. The object of claim 39 wherein said binder material comprises one or more
materials selected from the group consisting of cobalt, nickel, iron, elements

within Group VIII of the periodic table, copper, tungsten, zinc, and rhenium.

46. The object of claim 39 wherein said coating enhances the wear resistance of said
15 substrate and is comprised of one or more materials selected from the group
consisting of TiC, TiN, TiCN, diamond, Al,O,, TiAIN, HfN, HfCN, HfC, ZrN,

ZrC, ZrCN, BC, Ti,B, MoS, Cr,C,, CrN, CrCN, and CN.

47. The object of claim 39 wherein said coating is an MT-milling coating.

20
48. The object of claim 39 wherein:
said object is selected from the group consisting of metal cutting

inserts, dies, punches, stamps, threading devices, blanking devices, milling
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WO 00/76783 PCT/US99/13569
devices, turning devices, drilling devices, boring devices, mining bits, drilling bits,
tricone bits, percussive bits, road planing devices, wood working bits, wood
working blades, drawing devices, heading devices, back extrusion devices, rod
mill roll devices, and wear parts used in corrosive environments; and

said coating enhances the wear resistance of said substrate.
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