; H JKe3ezTd6&Tz1 1 D E C 2002 TITLE 5 Substrate Treatnment Method 111
TECHNI CAL FI ELD AND | NDUSTRI AL *~~00z* APPLI CABILIT'Y OF THE | NVENTI ON 10
15 20 The present invention relates to a nethod for etching conpqsiileyy
materi al substrates and ot her substrates, and also is directed to a nethod
for applying wear resistant and other coatings to conposite materi al
substrates and ot her substrates. The present invention also relates to
conposite material substrates. which are conprised of panicles of a hard
constituent phase in a binder material phase that binds together the hard
constituent particles, having wear-resistant and ot her coatlnmﬂ

present invention finds application in any field in which it l "mm "”I"”m
advant ageous to enhance the adhesi on of a wear-resistant and of
. coatings to substrates. Exanples of fields of application of the present

i nvention include the manufacture addTtEeat ment of dies used in netal

st anpi ng, punching, threading, and bl anki ng, and the nmanufacture and

- treatgent of nmetal cutting i pseHas TeethdndiMBithdd ng, turning, drilling,
boring and other netal renoval operations. BACKGROUND OF THE INVENTION
Conposite materials conprised of particles of a hard constltue

a 25 bi nder phase binding the particles together are comon a rf

referred to as 1 ~D . corrp05|te
substrat es” herelnafterFggﬁgﬁ%ﬁﬁtgﬁﬁéﬁﬁﬁgpggDﬁgb%ﬂedfeferred to as'mm*
"cenent ed" conposite matAlRlaCARRIT Yl 1§ PENEIGINDl e, ceramics, cernets,
and cenented carbi des. Cenented car bi des i ncl ude, for exanple, materi al s
conpgged of a h&?hdpméﬂlhxﬁmhﬁbxerdm&ﬁmﬂheﬁluﬁlﬁoréﬁichifﬁg)torﬁ]x@smlrﬁaleﬁelti cl es of
one or nore of tungsten carbide (WC), titaniumcarbide (TiC), titanium

car boni t zgj, fgéJ%"ﬁ' Grer BB ATLAANN QiE(RE « FRIR MM ineleed 0N

ni obi um car niobiumnitri .zl rconi um car bi de (Zr 0,

zirconiummnitri af ni um car afnium ni try e(~
cenent ed ¥5§¥ h%,rﬁ %éeréom%a& C?)’HB%%‘etfﬂ%IF“?lglf&é’)ﬁbec}?Bg Bréaam%?m of one
or nore of cobalt nickel, and iron. 10 Metal cutting inserts fabricated fi
om Conpoquegnmvgnm@ zgscme@t@dg@ﬁ@ppqujgé@nal 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 1n any field in which it is advantageous to enhance the

adhesion of a wear-resisiant 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 cunting inserts used in milling, turing, 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



in chip cutting machining of netals in the netal nachining industry. Metal
cutting inserts are commonly fabricated fromparticles of netal carbide,
usual |y tungsten carbide with the addition of carbides of other matailﬁ%éuch
as, for exanple, niobium titanium tantalum and a netallic bi nder1 phiets 407
of cobalt or nickel. The carbide 1 ~ materials provide high stren~th but

still may“corposiye akdrialste neatEpskitersubbtedteXrpdthefied Juch Mghramdls fsbedayret al
machi ni ng operations. By depositing a thin |ayer of wear resistant rfateri al

on the i f.ac %ﬂjt i thng kn it.1s.possible
to incr \ggt';ségct ee%\%égrg - ?%%ﬁgst?cgnce c?? H% @tﬁa@%ﬁ%’hﬁﬁ%ﬁbﬁg%ﬁ%@éEé:fx’f}l%é%f ecting
t oughness. Com"rggy used wear-resi stant cenented carbide insert coatin's .
i ncl ude, SROTEGr 2 eempmted leé?s-'léwe‘#@:ﬁﬁ“b%, imglyde, ko erarpR sy MRkeEAlt ant
coatings reduce the erosion and corrosion of the inserts' binder material.
The uti | i doymmifsed ofit bardopanpmddtt enanaiadisued &, Sorodxansple paitidescefimmatoetharar bi des
is limted by the strength of adhesion of the wear-resistant coating to the

conposi t & Zungsten/cdbiie BAAY0R L ARIP EdBlde ARCE Henith S ARGRIRIPN bet ween

wear - fesi stant coat | ngsE aa’d metal cutting I'nsens causes del'am nation of the

coatings fromthe,ins , creasi inserts' ,seryi life. The
presence G2 %ﬁwl%tﬁ%ﬁz ‘?’ﬁ%@ﬂ%’%@%ﬁaﬁe’é‘ogi% C?‘Wb‘}%e@i%’@?lﬁ ndency of
the coatings and substrates to experience delam nation during use. 5

Accor di nghifride QNDRDuFECpEIra gydtie hFirconiyponitdeée EZrhgyvkaiuyst esbideor

i ncreasi ng the adhesion of wear-resistant coatings to conposite materials.
More broa@fr), dnd hadnilith digidedAdN) agraented toetivh dyerchbihde phdiredianis of

wear -resi stant coatings and other types of coatings to conposite nmateri al
and ot her VYRR : ~ | Chi The present

i nventi oncgﬁ%b\%?%lgésﬁg**ﬁ%ﬁgg??g? 3?ren§w| ng%aag;%'l}tu%%?@rge bi nder phase from
a substrate th i,.S conposed .qf . at |east panicles of a first ase ,j oi ned
ogetier by t neleEA! SHEE PR feorisateg BB soLRETHO B TEIS He SORMETLY W5dof
etching at | east a portion of a surface of the substrate by contacting the
surface 18 ohip ¢tuthng awchinmg afimagtals gn donpetsbuhackinitg indessty. dviewt edting gas and
a second gas for atine period that will allow for renoval of the desired

anount  of inbértidteé comamaly fibRcfed 68h BaticleoiPhlet: Saditk, ffualftengtmes t hat
will not react with the substrate or the renoved bi nder material and that

w1 not iﬁ%»ﬁ&%ﬁ’é&ﬂﬁ&ﬁ 8Pca§%i%?o?£th%%e&'t§3§}ch%ﬁfo9‘H:E' el {6biahe i Ng
step. Preterably, the second gas I's one or nore gases that w not
react with the substrate, or t enoved portion of .hind material to form
deposi ts %‘Fmémbﬁaﬁé“@? %%ﬁm%ﬁ‘( &Hggél’kﬁ?sgmic%hagt %Frfﬂaﬁflil':%g 53“?’“{% so referred
to herein as an r) _get a) phase, on _the substrate.

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



3 77 DEC?00? The etchant gas used in the present nethod may be any gas
or conbination of gases that will suitable renove the desired portion of
the binder phase fromthe substrate during the etching step. PossilBIRC 2002
et chant gases include hydrogen chloride gas, H=F~ gas, and gaseous forns of
any of the Goup VII A elenents. OQther possible 5 etchant gases useful in

the presemder@! Padeitd of shBnaPBRERAb P edRER-RAAL A NAEmEl | | once
apprised of the present invention. The second gas may be, for exanple, one

.sel d f Ni hel i d
gus. Pr ef AP am e ire EREUMMSTRTR B5ing s HsdBRra i s fe” et chi ng

step by introducing a flow of the etchant gas concurrently with a flow of -
t he seco@Feiassarvics lide. 10hecprasamer oEeahadl aiithryinseres’ Suhaces alse 1agreasepessure and
tenperature, and for a time, that will result in renoval of the desired
portion aeéndehey bf Neathas@d shbstns pakpeidicaidenpitatioatdupingate.t he present
nmet hod, the gas flow consists of eoncu.rrent flows of hydrogen chloride gas
and nitr I i : ' ' AhAsE 1S
omoved Pranaigy, [RflH By entiehiold gt & ol Bo il Kb HGERIARE it 5
mcrons tq about 1 ~ m crons, and nore preferably to dq@th.of 3§tmeen
about 4 MEBFBIROT HeREHEE! SHAREN' COTROSHETHIEIAH. YIRE BPatnt NOHFh i on
preferably is applied to substrates conposed of a conposite nateri al
conpri si rgvpaagdosls és entfange tharadhenors of waantesistnecdasingg angl etber typeseather by a

bi nder material. Exanples of such conposite materials include 20 cenented
car bi des -3phgabBhfposiXaiRHaBarf oth EdeRdubeRdtey. i al of such conposite
materials include materials conposed of one or nore materials selected from
cobalt, nickel, iron, elenments within Goup VIII of the periodic table,
copper, tungsten, zinc, and rhenium Once apprised of the details of the
present invention, one of ordinary 4 1 7 DEC Zp=~? skill tn the substrate
coat ilﬂg and treatnment ans Mﬁ&&@&i@éﬁﬁbﬁﬂ&% conposite materials to
whi ch the present invention nay be applied. The present invention also is
directed to a Tt preserft anveappd pravifdea agoahbddortremavingaegsriien pbthe bowdenf t he
surface of a substrate, preferably a conposite substrate that includes hard

constituent nelikk #onPakibsehRShd1Ql BQeipbRdeirRelealpanicsnder firstipiaséret hod i s
carried out by renoving a ponion of tﬁe bi nder froma surface of the

substrate by A ASbLISnSHILBF Mtk R pAREnhald Rhie B 4 &t chan

etching at Jeast 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 (whereinx =

3-9 and y = 2-6), also referred to herein as an 7 (eta) phase, on the substrate.



period of tinme that will renove the desired portion of binder. The surface

etching effect of the etchant gas provides an etched surface on the

substrate, and the etched 10 surface will include voids produced ag ftphg 0

bi nder is etched away from between hard constituent particles. The se‘con@-

gas is one or nore gases that will not react with the substrate or the

portion of the Hm@cbeéhd&xeﬁg\@ddiﬂmmp&ézemaﬁ&ﬁbd 2§ be 3R ghdad comhbinatiét ochange
e su

the oxidation state of t bstrate during the etching process.

Preferably e d. i Lol ur i he, etghi rocess to
formeta p%aasgsg?hvﬁ% tﬁﬁgs‘fl%?evégfr} sep%§ egﬁgqﬁé%‘gpwfﬁg%m%gpﬁ%e% §B sﬂgcrcf ace. In a
subsequent step of the nethod, a coating is applied to at |east a portion-
of the et cFH¥ustfdums thareiqhingsitepa fRseiblegtichsnt g3es iseladr hydiogeneplesideed
within at |east a ponion of voids on the etched surface created by renoval.
Thus, the gis;Bi,Ageal end giseblcfopnestaty dMieGtduprvVIa ¢ldmerms. eOdtte posgibikol | owed
by one or nore additional steps, including, for exanple, the step of

deposi td ng 509, 2 ¢ : uced by
t he et t(:Shi n%ég%ﬁe} ! Beca&lgﬂﬁéyg%gtpﬁggm?%pﬁg ?5%%‘*‘3‘5?3’59?‘%@@@5% ed
surface of t.ne substr.ateflﬁgeat have been oduced b reg%\;?l of bi nder
materi al dHUEHRFCE ABPRITHAEIE RFEH! MYABIM heRS SR8 FAY RSa fq i amp 1¢-108¢
substrate is enhanced. Preferably, the coating is one that enhances the
wear 1 ?20DECrP2&Es selstted dvoenigbgerhgasshalismy gaseargonigas, en@hean gasy be

sel ected from any other conventional substrate coating. Possible

wear - r esi spasférabBadhe s flohat apFiiedhe tanpbiede HtighBe 6@BingNgepshiep of the
present mnethod include those conposed of, for exanple, one or nore of TiC,

Ti N, TiCN,. di : = -uni ] L [ (.de, [ j j 4 | ow) ,
Ti 4lel, Hr”%lﬁg?%%aﬁ#‘&%f?%%&%@*%g&ﬁ%@%&y%g%éeg%%é%‘hmb CN,
and CN. The present invention is also directed to substrates_ that have been
producdd bShATRRETRINHARME the HESTHRLS Ahpressietnd tERPerrgFe, @Rd ko tme  BAt
substrates within the scope of the invention may have an etched surface
produced byi} resultdnegoony ofthehiesigedpation afitie bndat pwsermln tramrtcwent i ng,

wear -resi stant or otherwi se, which at least partially infiltrates voids

produced i gpgihQtisH B tcAbessnt fdtHod e BYs N1HE cOiisedld Htont@PedifidWieofl Nventi on.
In particular, the present invention is directed to a substrate conposed of

a conposit ter Lyl | .l es of a hard constituent material aad
a bi nder ng @Fgékﬁ}?ﬁlgggl%%dr}g%rggntr%#'udes an etched surface portion having
voi ds thereon produc by 1 ~ removing a portion of the binder terial

t her ef rom by coﬁtr%lfg‘t’q%ﬁj% %‘H&gékiﬁqi&g%g ﬁ%?g'r“gﬁ WSE%%‘(ﬁd-fg?FP 3 °81f: at

| east a suitable etchant gas and a second gas. The second gas nust be

i ncapaldl e 8fe subacate g awepth afvetwegh abow Baniorons teaiouhdy sdciohnhdad mereeri al or

changi ng the oxidation state of the substrate during etching of the binder
material . preferabiyng d1@sptibef Bedhednedbolnd Alicrb@asdabsut/Bahickés. of t he et ched

surface portion of the
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 VII of the periodic table, copper, tungsten, zinc,

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



20 substrate, and at |east a portion of the coating is deposited within at

| east a portion of the voids provided in the etched surface portion.

Exanpl es of applications of the nmethod of the present invention in(}lgumh@@e
manuf acture and treatnent of wear resistant cutting inserts, dies, punc

and other 6 1 1 DEC 20p2 elenents used in applications such as: netal

st anpi ng, spIN@GRhOGbsirhe @astidandtt@nfibnt-ahB 841l BbtbieRhd 4ddiNbNd cofidolsiié N,

boring, and other netal renpoval operations; mning and oil drilling,
i ncl udi ng -1ycatl r treating mning,and.drilling bits used in |ong
wal | and 5%%?5%391%§ﬁﬂ9ﬁaF§?ﬁﬁP}CBW%} ﬂgp%ﬁggFSE and rooftop drilling bits,

road planing and other |ike applications; wood working applications, -
i ncl udi ng f abr i CEtArERgNORVEtioRt alsys ireetediing mﬁmééormg/ma agLRRIRAY o #l ani ng,

routi ng, shaping, and other woodworking applications; draw ng, heading, and
back extr Usdson poitioalofitheyrisbeof alutisorate] syefepiitly i ceapsgwisubsirpamiches and dies
used in such applications; rod mlIl rolls; and high corrosion environnents.

An exaiipl enQhad PGSl ARRLLAS SR 10! joLRE (AIARER) o WIRR! HA rtlinbid 1 the
manuf acture and treatment of 1tens made romtungsten-based all oys
containing iron i ckel ,. copper and/or. cobalt. Suych itens .include, for
exanpl e, gﬁ%ﬁﬂ;ﬁ“ﬁ rg%é‘?r@%‘f”%%a Pglﬁ”r‘?r}gg‘? 518@%@&85&93%&6&“%&’@’@& Yodes. The
reader will appreciate the foregoing details and advantages of the present
i nvent i on,congcurg theguristeneitls a gapBawaneisdidgrmtichant gis aridba feddndvgasdorket ai | ed
description | 5 of the invention. The reader also may conprehend such

addi t i onalpediet af timeahal vt Yanbogee defird r@drﬁ@ﬁﬂﬁddrﬂ‘mﬂkhﬁ'ﬂcdlﬁﬁﬁingr acticing
the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS The features an

advant agescat btk BLABR e bVROL LA ABY RADSh IR o B HEdBOUHRY

reference to the acconpanyin fgures, 1n

phot om cr ogr aph . a prepared section of a netal ,cutting jnsert conposed of
55 ot ersgé‘s‘?%‘ﬁgl BalugF ¥ Ridiestdures pstha AndRrs fabed A2y frgtepeiPEeD @ﬁfﬁ ature
mlling and fum ng) coating by the nethod of the present invention; 7 17?
DEC Zpp? FRiogsmment 2artiziesatic 3eccdd gas & pieotr omwire gogs tphwils howsagt whbk tleondi ti on
of an edge surface of each of three netal cutting inserts, conposed of SD-5
materi al  andsenabete WhifondT iNMTbifEéd deRgv&DREH NIk Mbstrhie, atthadwif néthe

invention, after 10 and 18 m|ling passes, respectively;

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 siep 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 1s enhanced. Preferably, the coating is one that enhances the wear



Fi gures 4a-4c and Sa- Sc are photom crographs showi ng the condition of an

edge surface of each of three uncoated netal cutting inserts, conposed of

SD-~ material, after 10 and 18 mlling passes, respectively; Figures 6@ ?g
are phot om cro~aphs showi ng the condition of an edge surface of three n% FZW?
cutting inserts, conposed of T-14 material and coated with an 10

| Vi T- mi | Tesistpne af 1ha §Ubsiraten Buini 8158 dndf be seéectad Bomi amy, othen @anvantifial i ng

passes; Figures 7a-7c are photonm crographs showi ng the condition of an edge
surface fibstraeaeatiiy Hossiblel werg-resisant HadoPPBacthapbe kppiieddtt gicabtingeach

insert both unetched and uncoated, after 4 mlling passes; Figure 8 is a

hot omi : ' j i al d.
Coat o0 viChCLR sl FRREA Ll B A Bl S hatble e ¥ et on
Fi 9.1s.. h ' how ng the conditi, f et al tti :
noor i ClomiSe . B lun M LSRS08 (§asEri B IO FFRY)coat i ng by

the nmethod of the invention, after one mlling pass; 20 Figure 10 is a

phot dm cTogNg pHNs HEUNNH T HerN; drdll, Zr@N, BE, Ti.BeMudS, €in€i, &N, AsENt ancconposed

of H91 material and coated with an MI-milling coating of TINTi CNTi N

| ayers tetal i ng approximately 5 mcrons (applied by CVD), after one mlling
pass; and 1 1 DEC 20p2 Figures 11 a-1 1 d are photom cro~aphs of a

d i f.a. | . ini I icl
(about 90 wei Gt PREPEERERT (T apRie bRty et 10l i B8 ' ©

i ron/ ni ckel binder (about 10 weight percent of the pan's total weight) that
was et chiéig mgiiodofahe BreapRIADYARTION- FPT FXample.ciich sebstsatesheithiatthe sropt of he
present invention. DETAILED DESCRI PTI ON OF THE | NVENT10N An aspect of the
present tha\igvdntion may hdve e treHed surfaceptdinded by tipforydoigg atching seapatndig,
preferably a wear-resistant coating, to a conposite material substrate. The

comes! t?sér?&a?rﬂa@é a SHRSL! k& feliRlaHAESotBerRASS %@éq & 1Bak PapOMSLhAidaRE and

al so incl'udes”a bi nder phase that 1s predomnantly one or mbre of cobalt,

ni ckel, and iran. Th resent,inventors have discovered that the method of
the | nveRt LoR s B E MRS e So e G 3E ) o™ P orfBosi L e

materi al substrate and inhibits delam nation 15 of the coating. The present
i nvent i oPRTEFYlEr ithe pIpseRE EanyQn Bidinseigd ima sesaptenampased of §¢BEPPsiites prepar ed

by the nethod of the present invention. It is believed that in relation to
t he knowmatsizpisivimerpartisiesd f Shard comdtieneno aiatarin! aed Adtisder ueerjul e Tt et hod

i nproves adhesi on between conposite materi al

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



substrates and wear-resistant coatings by allow ng the coatings to
infiltrate the surface 20 of the substrate. To acconplish this, a portion
of the binder phase of a surface region of the conposite materi al swapgﬁg[ﬁ
is renoved by a novel etching procedure, preferably to a depth in the /
of about 3 to about 15 microns (inclusive), while |eaving the hard

constitu | Gl i th ace region _substantial |yl ct. Wear

resi st ant% ﬂ%:noegj?{ ‘?fégeg ’SEBP lllce:ﬁ Ort%oﬁég)%spg’seﬁlé 13$’i péllnchl?l%s??%%ééﬁsg%ﬁa&%"%ve been
etched by 9. 1 ? DE C 2pp2 the present nmethod infiltrate the voids in

t he surf 8N §iTFH % AERIEdO e BErkT Toftal KB yRheraratmgsBInTaand gfli | trat i on
of the coating is believed to increase the adhesive strength between the -
coati ng amndinid)éndodipgTetirkatimd @nfealinghtixghp ahé drillingis Wseéiin fomgnekait hat t he
enhanced adhesi on between coatings and conposite material substrates

achi eved .y bt SEHerdThlBRE pERIUARSr! bEREP BE Aol Bhel N Fhknify BARST ON

bet ween the substrates and COAtI ngs, inproves the coatings"” resistance to
def orpati on, .increases coating wear resi.stancei, and, reduces the.occurrence
of ¢ har mathes HkEiEPRICAT RS ERR] REK B8 APPHORPO P D LIRS (RRTCAIRE PEFERETE o a
material, in any form that includes at |east particles of a phase of a
hard condtistanébiadeanesd ialsawing, Faphageuwig, ahdingiandethgreyedvalrkingat  bi nds
toget her the hard constituent particles. The conposite material may be, for

exanpl e, peRBAioRd: Gantg] BsadadakEr R eRirusiBe, 1REINERNE HRBHcadioind he present
conposite materi al may 1 nclude one or a conbination of nore than one of

cobalt, nj .' e | ddi.tion t Il , copper,
and/ or i B{)c%%(rg%q{eofig}:%ﬁ%{ee}s aﬁg? lee% :ﬁ%ﬂ “rlnsa‘gm?dﬁg?%%fleoq%t %gﬁggﬂgpr%h%”ﬁ% conmpounds
as are laiown in the art. 15 Such other el enents . include, for, exanple,
those wi tRIRSIGPSHYTOMNENIST AR §EapRIE DhasReci BHERPICRT RTINS PRESGPGVERIN ¢
nunbers 26-28, 44-46, and 76-78), tungsten, zinc, and rheniuru. The

part il6l ess af thehearhdadureans triegtmentt ofiimynsheadef foom ewmgspdrebaspdrliloyxs es conposed
of one or nore carbide materials selected fromtungsten carbide (W), 20
titani umGatdmide ifohi Bkkell edpha AMos dbpdIdesycRatems iAklaBE UBt eaimtigde (1 VbQ),
vanadi um car bi de (VC), chromum carbide (Cr3C, ), nolybdenum carbi de
(I~loC, i rhi.de X i C Z00? one or nore

carboni t ra?%g%ﬁ g’%&hgg etrﬁcﬁc?}ége:og%%p%%é’ %IF %%:Beoggsf the refractory netal s,

i ncl udi ng carbgni trides,_of one or nore of Ti, Ta, No, V, Cr,
g '?he reader will appreciate the foregoing dt\alt\zlii]s 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 tuming) coating by the method of the present invention;



Mo, and Fe; one or nore oxides and/or borides of one or nore of alum num
zirconium S and nmagnesiunm and one or nore of tungsten, nolybdenum based
materials, and tungsten-based materials. As used herein, the term 17 DEC yp
"refiactory netals" refers to netals having an extrenely high nelting

poi nt, for exanpl.e, Vg M, Ta, No, C, V, Re, Ti , Pt, and Zr. 10 In

addi tion to enhar8AYe4ReanbMsF &1F R BKFoFaRIsthaningdBacrrgion of ethe
foregoi ng conposite materials, it is believed that the nmethod of the
present i¢dgersuifore af euoh whthréemesé duttiag éndeats ceapripedch §5-Hmaénal and

wear -resi stant and other types of coatings to other types of materials,

i ncludin r gﬁr}glrpd- Y/ i I sl SN AN i .
cer am cs?c%aﬁégtwﬁgve a &ggfgg %ﬁgﬁ" ggih %@Eg{og@éb %’fvt tlgﬂb?fégglﬁé}ﬁ!e%ﬁod. The |
Sidentiti eIﬁHOf such other materials may be readily determ ned by those
havi ng oriHRE P2SSRTITFSREAYA: substrate coating arts. Moreover, although the
foll owi ng exanples are directed to the application of wear-resistant
coattd~s to conpisireetarit and 3-Saat mhokuepicrgraphsahewingithe gptditor ofiamler st ood
that the present nethod al so may be used to better adhere other types of

coat i ngs édyesuicessaitk af 8ec Ditchtedirh@s] cuo@id REertd, Behpshed P STR3t i ngs t hat
i npart desirable properties to the substrate surface, such as. for exanple,

coati ngs &Q%bagaggpgf%$§eégﬂggﬁ%£; %e{p%%é%l ce to corrosion, including

oxi dat i on, cul'ar surfate appearance to the
substrate. The identities of other coat| ngl; t.hat may_ he aEpI ied using the
met hod of the pridgeise 6p16 SFR PhARORIrPeBRhY shQuing thefondiyon oLap edgp02 appar ent
to those having ordinary skill in the substrate coating arts once appri sed
of the i nuefate ofi thien nuta ceningdnseets; cafipdseé offft ontatefialtdned quasslenith amvent i on,
t he met hod generally includes at |least the followng steps: 5 1. Place a

conpgg t ewmﬁ@uihglcoﬁzagssé%&x&@odﬂefiﬁe%@qﬁbﬂ, et BRMNBIG piksad; chemi cal vapor

deposition furnace. ch away all or a portion of the binder phase in a

surface region @f the,c ' ral tr 1.0. t Iy of about 3
mcrons to abou? I%HES%rﬁ"zg%%?h%@%qg%\o%?gﬁf ﬁ‘gg‘?ﬁ’ @%?@gggir%#o%% th a
m xture conprising an 10 etchant gas and an_inert gas such as nitrogen gas.

g
(The etc cga5thiesmpel SETRS INSErtF FRRPOSeE of dx hprakstialy sadigsehheftiogen
chloride, gaseous H, FZ, or the gaseous form of any of the Goup VB. A
el enent s. w@tdhed asdinhaddted, eftetvhmilliggpassesi | | be apparent to those of
ordinary skill

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
mvention;

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



in the art or may be determ ned by such persons w thout undue 15

experinentation, and iL will be understood that the identity of such
suitable alternative etchant gases will depend on the particul ar 11 DEC 200
conposition of the material that is to be etched. The gaseous m xture |52

applied to the surface of the material to be etched under conditions and
for a tine suitable to renove the desired anount of binder phase 20 from
the material . SigHeTbiid] td ¥rehaleFicTogPhsey 2 Brepred $FFYPiceheayy megial wi t hout

significant experinentation, by those having . ordinary skill in the
subst r at epmroaditaginy tusgdterd retal patidEsGaEOAD03vei Bupgrehhef thhaaharowith a flow
of an inert gas ("inert" nmeaning that it will not react with the binder -

mat er! al) walihl) aSperdddt i ARNBhAicKA bAGFMAbod Beio ARt B3R droital the

et ched regi dn e conposite nmateria ubstrate st one |ayer
of a wear-resistant materjal, by introducipg .a. reactive gaseous formof the
Wear - ool HEIEH) hal B rhedans Ohisccrnge M TrilineGaring Doite TRHPO 8 10 resul
in the deposition of the wear-resistant naterial on the etched region.
(Such Scongies¢msnsyentlonch general ly i nclude such paraneters as reactive gas
fl ow rates, chanber gas pressure, chanber 10 and/or substrate tenperature,
and reaction tine) nmay be readily ascertai ned by those having ordinary
skill in the substrate coating arts once apprised of the present invention.
Al t hough t he net hod OIBEQ?LEB"I?E&&%PT Igiﬁc'i’ﬁﬁ 3RSV @s being carried
out in a chanber of a—<€here at—vapor—d , 7D 4 nace, it will be
understood that 15 the etching step may be carried out in any chanber that
i s seal ed from/AhesPeshAltlimPREFRTt AMYEDLIAR &5 GRTCEad 1a amghp G iori@RBLY &GRS may be

i ntroduced. An advantage of carrying out the process in a CVD furnace is

t hat tthe ebathigngreferably agcanrdistoatoatings tepsompysitbenataral iselostatet. The
sequentially in the furnace chanber w thout the need to nove the conposite

mat eri al s cbHaRRiRNBaRardeErie iR R pHAYE b \Whirl 8oMtids®® end 188 $nclidi€ 220
met hod of the invention nay be progranmmed as a conplete cycle in the CVD

furnace and ac l.ish 0.0 n. This feature. t LNV i on provides
a disti nct%mé%{/éﬁ%r}gé}éatﬁ ’redg’%“o’{ég%lrﬂ’é’% % eorT%Pﬁgogg{t’iragge&’ ‘g@llﬂ I gﬁﬁéet chant is

used to renove bi nder phase material because such Liquid solutions cannot
be i nt r od BESEN IRY GripT @ aneg fiscqvered 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 etiched 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  ofthe 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



~ ? SEE 200? chanber enployed to coat the substrate by a CVvD or PVD
process. Also, it has been found that the substrate nay be kept cleaner and
t he depth of etching nay be better controll ed when usin? a gaseous &qm%(v
as opposed to a liquid etchant. The step of etching binder phase $om‘t
conposite material substrate preferably should renove binder material to a

depth of a&%:#rgéeﬁt%%e@%bs ﬁljtrafé t'ﬂ‘b%ﬁﬂ% %}dsu% eeregiro%fc?ga?egdt l%%?e@x%{;&é é{ Q about

6 m crons, e su rate surface. Too shal Pow an I nNg “does
not provide a significant_ enhanc nt in coating adhesion. Too great an
et chi ng deB‘E‘ﬁeﬁ\B nd be Hbﬁlgéﬁ“‘rna%éqg@ %lgggw?fif@pm}gﬁiﬁn&ﬁgd{l?% may be
varied to account for differences in the susceptibility of the particular-

10 bi nder ghesgth between tenmusnk iyd theeostpokianhatgasiesabstbio sk hhavesmgfoandi nary
sl:ill in the substrate coating arts may readily determ ne the etching tinme .

necessary {ifa; Mebrdfeed M8RidEskeient oo hedVoRthobRE marePal bituhak substrate.

The substrate tenperature at which the étching step should be carried out
to rempve the desired anount of . binder..paterial ,alsq will .depend upon the
Char acter BEFIRE T Fhereot et FHRCRL iRl & i aibansi ST BENeer B of "o
phase of WCoyC (wherein x = 3-9 and y = 2-6), also known as ~ (eta) phase,
may for m osihshates and sedings, IBPMGS ithecortingy iresistangp &q defounatiqn, dngrkasse is a
hard and brittle carbon-deficient phase that may easily itacture and may be
produced whedtingtwesdriesitalRs) dandiredud=b e ddadiretide of thegfdlesackidd.bon, and cobal t.
The presence of e;a phase significantly degrades the properties of

COMPOS { & Mt of 1) SH RSLEACERSR0 ok ecklt ALY Ploat BUDUPkoy{for ey OUL 1 10

drilling, threading applic ns an ore, the

eneration. o t a_phase eferably shoul d be .avoi ded .duri,ng the etching and
Jont ng or s ot Rat i o 2t S b st DAL S A A paspgTa T

appropriately adjusting the Itching and coating conditions. For exanple,
rel atile tbindermetariabthaybindsjtoge g e comstineniipagiglest e €9mipesiteidi ng
ni ckel binder, conposite material substrates ha~~ing cobalt binder should

be etched afatdraMeiayhapfir eRirSplt AdBARhEddUdaEdésind ce@detd. 0 Tha birdiet nidn&idi of mat i on
of eta phase on the surface of the substrate. The inventors al so have

det erm nedgx%gé[%%eint c Qtf]sgtg‘fr:ﬁ nlay iREIGEE c&%réo%gf’aﬁoﬁto?ﬁid?g tSinShe P! OYi Ng

a gaseous chant, ydrogen“may conbli ne wth any carbon present as WC
and any cobaglt within the substrate material and wl | therehy nake the WC
o i oi ot SAPUaisisl CORRSTAEH AT 7 PALHER FAPoR SHebePPRaBRU ST dok ot bl 6
reaction representative of formation of an eta phase is as follows: 3 WC

(S~ + 4Hz eiwdermagrighmaginclude pdper etsments adCompourgds as are known in the art.

15  Such other elements include, for example, those within Group VI 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:

e 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



10 The eta phase does not convert to CoCl;, as is required for the
precursor elenents of the eta phase to | eave the substrate surface as a
gas. The inventors have concluded that formation of eta phase is 11 DEC
significantly inhibited when using nitrogen or certain other gases in 2002
substitution for hydrogen gas used in conjunction with etchant gas during
the etching step. A representation of a possible reaction occun-ing during
1 ~ etching of* aog®bamoreeanpemdagardmrpasideeo herteeor moremf the e Egen

chl ori de etchant gas, and wherein the etchant gas is not applied to the
material in conbimails ARcMEing cEpERGHRE 008Se of BoRed i WVEH TH N Vagrf ol | ows: Co
~~+ HCl tg> -~ CoCl< <g~ + H2 cg~ The CoCl; is a gaseous product that is
swept fromthe c%‘giarﬁgrﬁeurnace during the 20 purging step. Accordingly, the
i nventors have di scovered that the step of etching a substrate including
tungsten, carbon, and a binder phase including cobalt will not be
satisfactorily® aCBeRPpMoshex destandios beades Of one PT MRE OhgIRFUREM| HEHIES,

hydr ogen gas. 15 1 1 DEC 2002 For exanple, when etching binder phase from
a conposite nat emhdmagnesinmgaridisert conposed of tungsten carbide particles
in a binder conposed predom nantly of cobalt using a gaseous etchant

m xture of hyd§o I I (MaliT=} ins in
t he voids etchedgggtoﬁggﬁg %ﬁ‘gn?ﬁuﬂbg%ﬁqegﬁgcar %ggﬁzg?%ﬁgﬁé?%ﬁ%ﬁgﬁgbéw

undesi rabl e eta phase .may form significantly reducing substrate toughness.
The inventors hat®¥3lkd that nitrogen gas nmay be advantageously
substituted for hydrogen gas to prevent fornmation of eta phase. Mire
broadly, to beft eseddseinethe tarmy atfrastoremeteddl’ ofansi by mawischdvang e as to avoid
formati on of eta phase on substrate surfaces, gases that tnay be

subst i t ut&grehly RipHREERg Béist, ifér xBRPBABE MU, TH, b, C2, VSRE, 10, Ftjlarder.
substrate etching step include those selected fromone or nore of nitrogen

gas d ot her g,aasﬁ : t : W 1 Q enoved bi nder
and tei Eat do not c gh%r&%teﬁg&gﬁdtg% ?@rﬁ&g%{“g%’ge%@f'? ﬁg}h 25%“2%”%&%“{ eSuch ot her
gases are.believed to.include).for example, helju rgon, and neon gases.
The f or cgGT TRy TR TRRRHE H7 BT S PUELE] B e MRS’ BE EITCBUPY AY'Phe
etching 1 ~ process are provided only to better illustrate possible

reacti on #ecmanibsmsed wrrihansuheadhssiobel wersicsisiaatandoother RS okapalingi t t he
scope of the invention. As discussed above, the etchant gas that may be

used in thoteérahpapishiapidl, iidedingifiatagbld heavyrmsnt sialoneSilopandy be any
gas that will suitably renove the desired depth of binder phase in a

surface r &Qﬁ&%izgfceﬁﬂﬁcﬁmﬂgé £pHIRE Bibd Bhy E%%%%%cgﬁye&{efbg&sén% nthodeiing et ched.

Such etchant” gases include, for exanple, ," H, "FZ gas, and 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, 1t will be understood that the present method also may be used to better
adhere other types of coatings 1o 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



gaseous formof any of the Goup VBA elenents in the periodic table of the
el ements. The purging step occuzz-ing subsequent to the etching step is
necessary to rennove any products of the etching reaction and any etchgﬁﬁ
remaining in the 16 1 1 D EC 2002 chanber, and to reduce any explosio 2002
hazard. Any gas or conbi nati on of gases that will sui tably renove the

d.th | ith
{he. bi nder PR ELP4A0E PR B ] B S0P pinoctn i AP my b

used as the purging gas. Suitable purging gases include, for exanple) one
or nore ofhVE , helium and argon gases. Once etched, the substrate
may then be coated with a wear-resistant or other coating material by any-
conventional cdnpasictrodittsit nhthe methsd afjthprpreRasinvettidn, phosrgsds i ncl ude,

for exanpl e, CVD PVD, plasm arc and super | attice processes. Still other
conposite 1*%&1&&%@%& %t RELEEE ﬁ;st be readi I y apparent to those of
10 ordina skl In the substrate coat ng arts. such ot her sui tabl e

coatin proces be used ln t he sen hod subse ue t he gas
et chi my proced re nﬁﬁ? CoRTRA 5?@6@5@ &%%tetg%?e éEP % ant
material on a conposite material substrate etched by the procedure of the
present method is caheimssl vapor daplesitigofignadeons by which the wear-resi stant
material nmay at |least partially infiltrate the 15 voids in the conposite

material created by Bielewal aldbr b beridnndahe Baker pialse irO8 eudhceql oA YheSKi | |
may readily determ ne such conditions w thout undue experr mentation. On a

basic level, the pr e

renovi ng bi nder mat gcﬁalﬁ'fabros#%ﬁt}gr‘afr)%hb%%%#ﬁd%{h &ta%g {91& fery glfgbog(ret:ijjt he

i nventive nethod need. not i ncl ude the su uent coatr step. A conposite
substrate having a JBTEHIHEABECLRS H5S ﬁ‘éi/%ﬁé"bm&c‘%’dg‘ﬂ'ﬁ COTPRSASABt hod.
Roughened conposite substrates may be used in a variety of known

appl i t&ati ons, i ncl uditdhgnt gasrandennprregassach apoitrogepgas.b@lHestchanegasi n a
roughened surface provides enhanced traction. Additionally, substrates may

be etched by the presgnbe ¥pichadandfol BramsRAbAdo hydBBenldhloride,1 D E C 7002
later tinme andlor at a different facility, rather than in a single

procedure i vl ch LAEi LS N: BACLCRGk o SFBESoPAE GATDVIRE o Cp oo
etching procedure angy or Al RO RS pasaChall b appardnr bo Bi2a S ¢ SORL Al Y

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.)



S Following are actual exanples illustrating enbodi nents of the nethod of
the present invention. The follow ng exanples are illustrative exanpl es
only, and should not be considered to in any Wy |init the scope of 1thBEC yq
present invention. Exanple 1 A Bernex 2SO0 CVD coatin' furnace was prepared
by introducing into 10 the coating chanber of the furnace a 10 Umn
(literslmnute) flow of hydrogen gas to establish a 200 nbar hydrogen gas
pressure withig thePQ&@W@&hmﬂ@ﬁbﬁM@ﬁw&%iBPﬁgaﬁ@%ﬁdﬂ&nﬁéQ%t i

cenent ed carbi de substrate conposed of H 91 grade material available from
Stellram LaVergne, Tennessee,. was .placed in the prepared furnace chanber
and the chamber at nd$ H%‘rrgaﬁ/a“é“%zftbgag?dnét%‘?ﬂs ,igqjl[iasg@éamplg WHCETFal is -
conposed of 88.S weight percent tungsten carbide, 11.0 wei ght percent
cobalt, and O S wei gizenparhedpm g#s. a mi xture of TiC, TaC, and NbC. The

mat eri al exhi bzts a hardness of 89.7 HRA, 14.40 g/cc density, and a

transverse rupgure eoheRgetthed resid ORiHFIRAposRS Ml fidbiratd REH dtQudsof
hydr ogen gas was then stopped, and a concurrent flow of 20 I/mn 20

nitrogen gas and L Lo 0sn SQL Lo A7, R AL LAdUERd aLa e

chanber to provide nber pressure o nder “was ed to a

depth of approximately S mcrons into the substrate's surface by the
runni ng the concurrg‘?ﬂ'11 NP RRCAERS SIS W AT 1019 he FRATIRST URGRT CQEd‘%Pﬁ%t es, and

t hen discontinuing the flow of 18 11DEC 2002 3-1C1 gas. Wile
mai nt ai ni ng t he chatiaewilhtasol phdreed eposBHEAQT thhweahasitent matsrislhmrthpur ged f or
15 mnutes by continuing the 20 I/mn flow of Nz gas while establishing a

60 nbar chamber presgHé®regfint QSubl E&hdIH ok SvIEERERR ally 3Ndudd fitgut rendvi ng
the etched substrate from5 the chanber, the etched Substrate was coated

with a noderate te tUr 1Lk tur-ti oat | referr to
herein as "MI-m || {Tﬁg‘rag‘égé{ ?%ﬁﬁf%d%%h%?%?%eéﬁﬁﬁgpg rézt?gegrgls%ugg’r al'(Elggrti ng
consisting of two Ti N |ayers of approximately 1 micron with a Ti CN | ayer of
appr d¥i mately 3 ni cAUHEr HPSHHE deMBERREeANGEAURS LR MaP&rsadihe MI- i | | i ng
coating was deposited on the substrate by introducing into the furnace 10
chanber flows of gasssrainad byithdsepravhgoerdoway sk sn vk sThdtateT¢a@Npg artsl t hen
TiN, in that order, as follows. Before the coating procedure began, the

chanber at nosphere Wi dpakedlof BePeéientiiiehfiéh. chanber pressure was reset to
160 nbar. After that pressure was established, a first ?iN |layer was

provied on Ryt 68t b AR Bkt B g ppen s | on

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 is used to remove binder

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

13



mMlImn flow of TiCl, gas. The concurrent flows of the three gases were

all owed to proceed for 60 m nutes while the chanber pressure was i ntai ned
at approximately 160 mllibars. During the 60-m nute period, the f rh 5@20(}2
tenperature was |l owered 5 10C every fifteen mnutes so as to be at
approximately 895C at the end of the 20 period. The interposed Ti CN coating

d ' [ 8 L' m
fesett ng ERENE.raNByEdth (PR AR PEEVR BEE VD hecost il hon it ai sea
to 2.4 mM/mn, Once all flows re constant, a flow of. CH3CN gas 19 19
DEC 2002 g%w@rtaﬁwcwb%w%e@ leagerand the Aerth of stehingmay bgibeltecH, ON f 1 ow

was initiated. The caoncurrent gas flows were continued for 2 hours, during
the first chomollal Whehushg tlgesebus etatent e opersad to eligwdd etcauced to $70C. At
the end of the 2-hour period, the flows of CH CN and Ti O 4 gases were

discontinued. Sneloid PAEiRn BindAGRASE FbAhOLohBSiE 3Rl Hiplidayer  the

fl ow of nitrogen gas was disconti‘nued er pressure was set to

nbar, hydrogen.gas flow was.reset to. 12 |/ m n, .and furnace_ tenper azure was
cor et ap e R R SET el ¢ bih bR b A 1 B et Lo 00
nbar , hydrogen gas flow was reset to 10.5 Urnin, nitrogen gas flow was

reset to 4nguoigrerpreferhly abod 4 taghbout 6 puicteas, integhe subgrdte gurfiqeriTno 10 On
reaching the target 1.41/mn TiCl, gas flowrate, the flows were conti nued

at tenper ghalicgv ipetcBthgdapit @&fes nat proftideh sidriBednb enhan@esent én Wegingeset to 800
nbar and the gas flows were continued for an additional 30 m nutes. The

furnace wag,dfien pug gx%gt %etaw bLdg r\]x%fa{g&x%%e shirfbe oﬂﬁ? st @Me " ‘iﬁi ng

chanber pressure to ar, rarsl rogen gas owto 1 m [, and

| owering nitroge as flowto 3.5 .1/ mn. The reset .15 flows were

cont i nued“f’t?rmg:f BFgéﬂe%W%@t%ethgéjFﬁPﬁﬁd% SEERENIEL B BEPAFEETa cool
down procedure. It was observed that the MI-mlling coating infiltrated at
| east1lCa pbindenphask to fhe remohd battbetghant gases. Jhbset hasng'osdigary shdk in 4@ Exanpl e
2 The Bernex 250 CVD furnace used in Exanple | was prepared using the

procedur esgietatd dting Arts iy readalydetermineié BRhing WRkinea¢RasowResede @f SD- 5
mat eri al, but having the sane size and shape as the substrate in Exanple 1,

was pl acegcgi%%ebﬁ?o?gchin’g) fot a%aﬁiéﬁl%%qgstrate. 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 1
(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



coating furnace and the furnace atnosphere was heated to 920C. SD-5
material is a cernmet grade naterial available fromStellram LaVergne
Tennessee, and is conposed of TiCN and Mo, C particles in a Co/N bl hBEfEQU(}z
SD-5 material has the approxi mate el enmental composition 45.2 Ti, 22.6 M,
10,9 C, 2.3 N, 19.0 Ni, and 5 exhibits the foll ow ng approxi mate nechani cal
properties: 91.8 HRA hardness, 6.30 g/cc density, and a transverse rupture
st r engt h ro#te8eDsWBDates includingaricked diriday compoditammacia] stbhssperchaing 920C, the
Co/ Ni binder was then etched to a depth of 5 mcrons fromthe substrate's

surface usbal bifdE Yh688 be klchNBa10bwBY S8R cahteRNIE8 PO ePld hafgNngases at
the flow rates, pressure, and reaction tine used in Exanple 1 above. 10 The

mnutes A RoaRndDEs PEE R bESS AR e ra, T R Al PRosi (e vis

then coated with an MI-mlling coating using the procedure of Exanple 1.
The M- midai¢agneddiat Hydrazen e2shs Siesercluang pe Btchige dtep mploydg heaseos ni crons
approximately 1 mcron, and with approximately 1 mcron of the coating

di sposed abimre, thbéyvsnslsi frmat eombieriidcey cihofpadtphteas3wWThamkanStedblaitam cut t i ng
inserts of type SEKN-42- AF4B conposed of SD-~ material (as described in

Exanpl ¢ 2ifh Gelshistahelid ARGINRRAAAIEAINE dLRE MTintalddi1a_coating by

the foll owm ng procedure. CVD furnace chanber was prepared using the

pr ocedure delscri.b?d in Ex?gﬁl e é ngn SD%3 cutti.gég inserts were then

i nsert ed TERTGBAR 19TAHAR 8T EhgABE#SCa e ROF LRI f PR BN (RATFRSAHEE Of ocedur e of
Exampl e 2. Once etched, the inserts were coated with MT-mlling coating by
t he procelgmnation ofxmetplpbask.is Fhipllesni |l ling coating '1 1 7 D E C 2002
produced on the etched inserts by the foregoing procedure was approxi mately

5 nicrons in thickngsycapd+t hesyr f+ace Coi N l_ay@cmqg)i ktrated,c he voids
etched in the inserts' surfaces. Approximately 5 mcrons of the coating

ext enged ﬁ'?é)%x% é:%hlage 443 Gt Gonvamtd égﬁﬁgas'? Q:H{lﬁecffoir ﬁ;c@g@@xﬂ’s@{)’%l%&%%@h (2040X)

of a 'prepare 0ss-section throu the 'surtace one e etched and

coated SD.5 inserts.. The phatom crograph sho the infjiltrati f the
M- i || e ERBRETG 1 4EYE PRI ERET 5 840t R ITARIR: MR oacided e
infiltration of the coating into the voids increased the adherence of the
coating tbat femiagge et etgphiaseripsignidigantheinhisedrahers honk niteagesoa sedainf t he
coating. The three etched and coated SD-5 inserts and three inserts of the
sanme typeothefkideain udstruuoe i hedrogen gingedinadbnjunic goh RAEY dtefthndgaone ti me
into a six-insert Tel edyne (Lavergne, Tennessee) HSM 3E4-45 EZ shear cutter

that was §{6fb iHRAAiALHeONA Representation of a possible reaction occurring during
15  etching of a cobalt-containing composite material by a hvdrogen chloride 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 - CoClyy, + Hyg
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



H. P. Bridgeport mlling machine and tested under the following mlling
conditions: 8620 steel at 20-25 Rockwell C hardness 800 surface feet per

m nute 15 0.050 inch depth of cut 0.004 - 0.00 inches per tooth (fqzqcbgca}n&)
16.5 inch length of cut 2.5 inch width of cut 20 The SD-~ inserts were
pull ed and inspected after every two 16.~ inch mlling passes. After the

initial t S insert had one therpal .crack started
and the f}?’&\}/%:&?@ﬁ%r ‘r)ﬁh%g&é%g g%lﬂ'}nd;%gp ?SEC%O&H ﬁ&tomé’fﬁ‘?%f“ta%t%é??m]lngcl?% ks. After
ten passes, all tFree unet ched/ uncoated SD-5 inserts exhibited one or nore
t her mal  ERPEMCSCAR] TBSHM S AR PETEle dp abipdes semaosD-Bedomaantiyvfirglialted a
single thermal crack. 25 MIling testing was concluded after 18 passes, at.
whi ch poiusingeagdseousedichanhixvore alf digtdioges chlogidbiabi hedroged ghbsy eadalicr acks on
their used edges, while only one thermal crack existed in one etched and

coatedigaﬁemjgri 4 1A E08 J.ace. of : ?DEC
2002 therilt‘ﬁreger etc Sggp?o‘g{l%;é%}g 51 ngertg%%{f‘tsge?] cfgglgggﬁ%?%aaggge are shown
in Figures 2a-c.and 3a-c, respectiyel The .used edge conditigns of the
three uné‘fléﬁ%‘i?ﬁlfnﬁﬁa B %fgmg’ ﬁ‘%éﬁ%lyﬁg‘éﬁ‘mﬁéu%sﬁ’&gcl@uﬁlé%?és%g?e shown in
Figures 4a-c and Sa-c, respectively. Exanple 4 5 Three Stellram

SEKN- 42- ArBtoaheyafpungthet nisrogempasmdy bt advaageatidyisabstivered fet ched and t hen

coated with an Mr-mlling coating by the method used in Exanple 3. T-14
mat eri al hydrageflight tolge@hafematbe bt ath paYs. | MBlEHHEAN Bt dter 8mdurd-aVer gne,

Tennessee) having a nom nal conposition conposed of 70 wei ght percent
tungst en i - I . r f nbi [ f ot m

car b do. "TBCRy ohiacd BAGAT Bk S kGl SRRt (Rl BReor BRI g
material are bound tﬁugﬁgt her@)%y .a cobalt binder that is 10 wei ght percent of
the tot alSUiRThEseY ay,B¢ SHostutedrior aydrogen gas i thp BRsoNy THERFHRES a
hardness of 91.20 I-iR A 12.43 g/cc density, and an average transverse
rupt Ube s thermybbtrasé e2BiBg 6B inslide fhoee $dicatad Fomhed axmbreadingtbgEntds i nsert s
and three unetched and uncoated T 15 14 inserts of the sane type were

i nsert edagl ofe ghéeg'ﬁlait 86 Qofre8dtXwitER shibdiohd SEbrfbveEBifdeeand &t Hehot
installed on a H P. Bridgeport mlling nachine, and tested under the

follow n 1 do 4k : e 40- I - ess S00
surface % gggépngggﬁ%%@eﬁgg@g%%ﬂﬁ% gJécr?t th%‘f‘)g%g gg%ggg‘féd tg.lgcg{ol&lr’]nch per
tooth (feed rat % 14 inch length of cut 2.5 inch width of cut 25 Afler four
passes t ?rd@c[arqpﬁ heBgh T8O ARE PO’ 82ERe dept h-of cut regions of the

The foregoing representations of reactions that may occur during the etching

-}

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



etched and coated T-14 inserts showed no evidence of thermal cracking or
deformati on as exam ned under a 40X m croscope. After four passes all

unet ched and 23 1 1 DEC 200? uncoated T-14 inserts exhibited murﬁﬁt%@
thermal cracks with one insert at the thermal crack breakout stage. As used
herein, "thermal crack breakout"” is the point at which two or nore thernal
cracks connect and just before the insert surface fractures.

Phot om crbgnbgrhsndtawidmg anlyexplosdntianardofAtyheasdepiomtofationtof ge@s tiat of t he
three 5 etched and coated T-14 inserts and the three unetched and uncoat ed
T-14 ins : i = - La- [ The test
dermnstrgt%gté&ttﬁg rﬁg%h%eE?Et)apgg@ﬁyéﬁ?\%ﬁﬂ%‘éﬂ]fﬁgﬁﬁ%g%%%ﬁ: t\g(l)]ﬂposi te -
substrates w th cotgnal t. (li)i nder to a .10 micron d 87t§h and then coating the
Subst r at 68t FRPER TR 1% Ripdes O SO 618 EPASEHN G COMPPEMTSHEAMEY [ en: t h
and enhanced resistance to coating/edge del am nation, 10 coating spalling,
and edge benaedt a8 tbe pReging £3s. Suneblzpurging lgeseShnSuiader exampit,iong ot s of
Exanple 3 were achieved in that the T-14 substrates etched and coated by

t he psesefhitidpes MdiRim, andBiddaGadsovi de an increased resistance to thermal
crackin? of the cobalt based material. | ~ Exanple 5 Stellram SEKN- 42- AF4B

type cutting i r o) e f _H 91 grade terial were obtained. Half of
the H 91 inser x}zC%v{c/técr%eeat{glgg 1gbdc’gr\?vl{)etrlt%a 9 q’lelcogtoe thﬁlbaiwneagregés}aﬁlg%r %’tg furnace
usi ng an aut omat ed procedure substantially simlar to the above descri bed
MI-milli ﬁ@atertsawwmg%er@deﬂnéewra&cwapwwpawae cagtEEIoessat P¥E on the 20
inserts conposed of approximately 1 mcron Ti N, approxinmately 3 m crons

Ti CN, angrédesses Inctuda, dor ckiamble, &IMD SRICD, plasmbk aes aed siysdr dgtiegypooesserat e. The
remai ning H 91 grade inserts were etched in a Bernex 250 CYD furnace using

the proceqir anef cIRgIIRt talerANEbding MbEafeLs viiBiase 2ady hanid\hogd dd | ng
coated in the fucr nace by at he 24) ”f@? DECSZOOZ prge({:ygf:lﬁprp;a descr?bed in

e | I -mlli i hj . i ned
o619 e g R P8 sublbe Bl AR aFEGAIEeh PLERERRRC-RhE e (e |

etched/ coated inserts. A photom crograph of the coated surface of one of
the et cheB@abriuseddr e pesst methedsubsequeHIanhs gasrstgipg PEpcedtie AMYur e
denonstrates the infiltration 5 of the coating into the etched inserts’

sur f aces.coSiimgjpwcedsalseditccdepb st woar-imsstanhediazdbea ddnpbsitamerctisl wer e
installed on a
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 matenal 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 1s 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
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seven-insert Tel edyne HSM 5E4-45 5-inch dianeter EZ shear cutter, installed
on a 2b H P. Kearney-Trecker mlling nachine, and tested under the
following mlling conditions: 10 ASTM A53b (F-33100 unified LTNS) qod@écar
cast iron 875 surface feet per mnute 0.12 inch depth of cut 0.008 fle E&}
tooth 20 inch length of cut 15 4 inch width of cut Each insert was pulled
after one pass and_ exam ned. After one pass, each of the tested

unet ched/leteattame rrder dts2 ébfierdsit fasalitg, ratheh thandh asingbdqrocadurd i@ whighthesst ed
inserts that had been etched and coated by the nethod of the present

i nvent i oreteiighinti@da@id Yteps BleRGhiRQ. (hRleXanpl FakeoadBehahelagmecr ogr aphs of

an etched/coated H9l Insert after one mlling pass and an unetched/ coated

ospect | ) ST e P s RPN EAR SrR A SR o SRt BRe BORrst ase

material s and identical coatings, with the only significant difference

bei ng t haf@CHI¥ 1t 24l2mongRasEngf one set were first etched by the present

met hod and the MI-m |l ling coating had infiltrated the resulting interstices
in thé insertsFolowimmras acihkexaimptiesdliandting fetdbodiaieats &Ghe mEtHodREFGh& 002
inserts exhibited si~ificantly increased resistance to thermal cracking

rel ative dr@sddinEn@ba N gtheGORS Wl RS8P 1eS areEX BRI e BxAnfleaydly MBiPdhoRRY t
cont ai ning 90 wei ght percent tungsten netal particles suspéended in 10

wei ght percent_ of..an..ran/nickel. bi pder was..etched and coated with an

M- 111 T RSP RGSRS R e 3 St Seons Ot e PieRa RtieBiths gener al | y
described in the foregoing exanpl es_i nvol ving insert conposed of SD-5

mat erial . 21X photomi crographs of sE&#m®lAd of the etched and coated netal
part taken through the 10 coated surface are shown in Figures 11 a-11 d.
The phot omi crogr aphsA Bemwy 250eCVDfcobtingafutrare ofas prepacddyiimgoduting intee voi ds
etched in the netal part's iron-nickel binder. |In each of the foregoing

Exanphes the Roafthd citRiRQrike ARARE LA m%m@%&@g&m@&&%ﬁﬁﬁs?i ng the

met hod of the present invention failed to show evi'dence of t
formation of ,an ase.. Those of ordinary skill,in.the substrate coating
and treat Wsﬁﬁe‘é&\/ﬁgpgﬁy PE & & THAY W\?@f"?%é%?ﬁrf i]ingtcp%tﬂgera%ﬁ changes
in the details of the invention that has been disclosed_herein nmay be nade
wi t hout d&er Reated' tof&5ONC: He ceracried eajeide popspratpormaseshofttir@ligiddent i on, and it
wi |l be understood that all such changes and nodifications remain wthin
t he pri nanpiegiabavhikbte@onfStelram, ha¥etcna Teasesxsmes phded in the prepared
furnace chamber and thé 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 2 mixture of TiC, TaC, and NbC. The matenal
exhibits a hardness of 89.7 HRA, 14.40 g/cc density, and a transverse rupture strength
of approximatety 389,000 psi.
The flow of hydrogen gas was then stopped, and a concurrent flow of 20 V/min
20  nitrogen gas and 1 Vmin hydrogen chlonde 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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t he appended cl ains. 26 11DECZ2002 CLAIMS W claim 1. A nethod for
renmovi ng a portion of the binder phase froma surface of a substrate
conprising particles of at least a first phase joined together by tlpq DEC 2007
bi nder phase, 5 the nethod conprising etching said surface of said
substrate by contacting said surface with a gas flow substantially free of
hydrogen gas and conprising an etchant gas and a second gas for a period of
time thaHQVidas. Vehdw amaiiting tetdhamberd ataisheld 1880 @hAs eharfBérdwsagend gas
conprising one or nore gases that will not react with said substrate or

sai d port.j i1 I i 10..st . of: id

subst fat BUEATE 1S Bl U cdiBhu BRI L AELEERL W INEESBine T Y
wherein said se%g{r;g gas will not react with said substrate during said

et chi ng §VepP& S M BieS8t% phase on said surface. 15 3. The nethod recited
in claim2 wherein said second gas is one or nore selected fromnitrogen
gas) hel i um gasfiergnoging geschambelr, apbwithast. reovitp eheneteddsubstcatedrbm n ¢l ai m 3
wherein said etchant gas is one or nore selected from hydrogen chl ori de

gas, 4VFzO8mmtet, 98R etéld BB raivwas 38sted 3AE d BodRste t@fipdatuldfmiliRighod
recited in claim4 wherein said gas flow conprises concurrent flows of

hydr ogen chl ori de s and ni.trogen ga 6.....The nethod ,of. claim.1l wherein in
sai d etcﬁpﬂéu?{népcoggpﬁ?rﬁﬁﬁrag}o g%ﬁlge@gi @1?'5%\9%80?‘%?%’8}‘ 84 FREE to a depth
of between about 3 microns to about 1 ~ mcrons. 27 7. The et hod of

cl ai m 6 V#NEF BISRTLGOaURE onsisHRg Al B laxerg obanpaeyimaty é MSTeeYBlEd from sai d
surface to a depth of between about 4 mcrons to about 6 mcrons 5 8. The

met hod ofTiCNaeyerlofvdperaxirmatsigidniudsidispoeed isenoéenathe onpTEN tleysrmt €hd al , sai d
conposite material conprising particles of a hard material and a bi nder

mat eri al ; } Gh:-b o i h ok i h L: tyl f said hard
mat eri al M ?mimﬁ)]pée%&%ﬁg& ggg@hga rgr%'?h(r)%b}é %F%ﬁ&goga&vtﬂ%?g?ﬁh éscg'?gaégorrposi te

material s selgcted.fromcenented , 10.carhi . cernets...10.. The
ot nh o hEPRF IS SRCEERRBEH it camuiP el e R AT Iy 8wl one. o
nore materials selected fromthe group consisting of: a carbide materi al
sel ect ed ordesngx fedloysoup consi sting of tungsten carbide, 15 titanium
carbi de, tantal um carbi de, niobium carbide, vanadi um carbi de, chrom um
car bi de, nol ylBlebtimhe avhinde)oceddreibegan, tlay dhath®er Amogsironinmas hdstedio a
refractory nmetal; a nitride of a refractory netal; a carbonitride of an

cl ement - 30bectufd ke AiieoAEONPua0RSHSL BOrAly W ndl nadiedire R) V) O MO

and Fe; an oxide of an element selected fromthe group consisting of
al um numesga'bfischoeral, g%staﬂﬂ l;@% 0%s Ipyorﬂded on the substrate by initiating a 9 Imin

15 nitrogen gas flow, increasing the hvdrogen gas flow to 14 Imin, and initiating a 2.1
mb/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 fifieen 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
10 § Umin, 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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a boride of an elenent selected fromthe group consisting of alum num
zirconium and magnesi um and 28 1 1 DEC 200Z a naterial selected from
the group consisting of tungsten) a nol ybdenum contai ning nmateri al ,1@%56}002
tungsten-containing material 11. The nethod of claim8 wherein said binder
material conprises one or nore 5 materials selected fromthe group

consi sting 1 l g2l JLRNL 1 Wl M : he

peri odi c t%\ﬁcé#a%g ngdﬂztﬁ%ﬁag%f e():]@ﬂ)i/lnﬁlg an{’jﬂ##é%:a&?ﬁcﬁgga%‘%g#%?%% of
claim8 whﬁ{lei n sai d hard constituent t,)eri al com ~ri %es t ungst en car bi de
and wher ei hASERRFUFCRLES DoUs Srsrafontionpt ¥sheuhAdunng the fimst bpygo of
claim 12 wherein said gas flow conprises hydrogen chloride gas and nitrogen
gas. 14. Tibe fomnbottngkratirawas tedubed @i 37034l dAethe bhd gf dfeephoncperiodptichi n a
chanber into 15 which said gas flow is introduced. 15. The nethod of claim
1 further gEWPHFSHIONIBRAITE, bhgks depOBLENRiRBSal d surface of said substrate
after said etching step, and wherein at |east a portion of said coating
infiltrates voids in said sur.fnace roducetg %ell ren?_%/)cah of fsai d bi nder

materi dl from 26° SEPFEIF FROSIHSH of e Feeops THalayer £o° IeN LERFRET &5 cl ai m 1
~ wherein said coating enhances the wear resistance of said substrate. 29

1 1 D E C YeDHseontinypd CREphE pressureWasHet® I9anbirnbydipgen e flay Was reentpr i sed
of one or nore materials selected fromthe group consisting of TiC, TiN,

Ti CN, di annd)/AR) and RirfdcbterfdNitutd wit setihD4040N) WRELthal tdehberehir&was O N, and
CrCN. 5 18. The nethod of claim 16 wherein said coating is an MI-m |l ling

coating. 18,ceTheneh ot o LAbB hulof B 5014 sbahs pker o1 GEbggked from

t he group consi st metal cutting 1 unches, anp’s)

t hr eadi ng devi ces 0 bl anki n evices, mlling_devices, fum devi ces,
e Lo g  dBTPRBSE Y oS et 4 ammang Thet g2 apTresgies 6 44 B RBne b t s,
percussive bits, road planing devices, wood working bits, wood worKking

bl aded0 drQurrsaghidg\the tasget hé 1gb\82s dlow 13t kheeflowsiweraeaiwiniuedst rod mil |
roll devices, and wear parts used in corrosive environnments. 15 20. A

met hod f ortemippiayird Joed (i RuteB Jattwhicd tiln@akd psqudé Wal Fesef totd0® wYhd agethef a
substrate)
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 Vmin. 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 fumace 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



-.~ the substrate conprising particles of a hard material in a binder

phase, the method conprising the acts of renoving a portion of said binder
phase firom said surface of said 20 substrate by contacting said f?@%@%&;
with a gas flow substantially free of hydrogen gas and conprising an
etchant gas and a second gas for a period of tinme that wll renove said
portion of said binder phase to thereby provide an etched surface on said
subst r at eqatigigi fumeee trelthe furhareatwosphers wag heaediy PBHucHR-yparespbyal of said
portion of said binder phase, said second gas conprising one or 30 11

DEC ?007c¢PHee gfds efatéritdbvalable fisth St@Bain, Wal/Bregsial Uergidbsde! aic®isor said portion
and that will not change the oxidation state of said substrate during g

renoval of saj - b,QN i.d.hinder .an We i coating to
1 east Bl B G BaRlp ERRiT O B e B SR R P70
coating being deposited within at |east a portion_ of said voids in said
et ched sepmragEnatoglenenal eampestiondti-2 dé 326 Maail 928, R e¥.di%0 Saiaddsecond gas
will not react with said substrate or said binder phase renoved from said
surface dxiibhgthedblow@aayprogimarté nikdhadtaltpofestien: 80.8cHR Aphadeess) .50 n sai d
voi ds on said etched surface. 22. The nethod recited in claim20 wherein

sai d sec i1 I int4<09 ; j um gas,
g{&‘é é%géary, §n@9%aﬁ§vi{§9f§%ﬁﬁ ﬁ%&gﬁ%@?‘d@o JsPIRReHREt e

argon ga rneon gas. The ecited in claim20 wherein said

etchant gas is one or ele . fram hydrogen,chl ori.de , H2Fz gas)
o gas. gt et S Y20n the Co bHH% EhRHERSET ISR PR Y ol m 93
wherein said gas flow conprises concurrent flows of hydrogen chloride gas
and ni t r ogereng&om the sPGraEh Ut hvtinpiconsurrant Bowaied heilrpgen chloride ek hi ng act
sai d binder phase is renoved fromsaid surface to a depth of between about

3 mcr onsiﬁcs:gea%@ws al fheflo® @RS, prédsure, and réicGod @R7: @&d il IBxamplidiDdb®fe. cl ai m 25
wherein in said etching act said binder phase is renoved from said surface

to a,fle 4_md t : 1:G ONS. t hod of
ol ai 15 20 T drzies 4ERReP R thef pech e Lo hRl 1 BN S 1ol b iR Te 0
cerrrtets, 28 The met ho? (S)f .ﬁl ai m_27 erein said hard cons_tdi t-ﬂﬁ”t

conpri sed! BREATBRET RETETARE 6 milibatse T ehedcomPrRle §R8 RIS Y of - a

carbide material selected fromthe group consisting of tungsten carbide) -
10 tit anMilreidling ehe)ing usieaihgmresadbreded) Exdmemt dmIde T deillipg satingm car bi de,
chrom um car bi de, nol ybdenum car bi de, and iron carbide; a carbonitride of a
r ef r act onnfilt@tedlthe achdd voidbao afdepty &ff § aritrony+ appmkimatebal hooiohsarde of an

el enent selected fromthe group consisting of W Ti) 15 Ta, Nb, V, C) M)

and Fe; aRupxd @xi&faze@g}] gii&eﬁ@?u&eéo%ﬁhggisﬁ)matgpee HOURCARY Sty Of

al um num) zi rconi um magnesi un a~ bori de an el enent selected from
t he g oup consisting of alumnum .J zirconiun) and magnesi um and

Example 3

Three Stellram cunting 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 furnace 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



20 a material selected fromthe group consisting of tungsten) a

nol ybdenum containing material, and a tungsten-containing material. 29. A
coat ed substrate produced by the method of claim 20 wherein said hard
material of said substrate conprises WC) said binder phase conprisek] DEC 200
cobalt, and said gas flow conpri ses concurrent flows of hydrogen chloride

gas and nitrogen gas. ~ ~ DEC ?0~2 30. The nethod of claim20 wherein
sai d bi npedupgd en Ct%ﬁﬁﬁﬁi%swdﬁé fereg9ing pravedwre ivedssippeixepately ¥ rom t he
group consisting of cobalt, nickel, iron, elenents within Goup VIII of the

peri odi criabhein mm}@xefs)anﬁuh@smﬁbe lﬁNﬂayeramlmgf\{Hémoi& adhed Theharet hod of
claim 20 wherein said hard material conprises tungsten carbi de and wherein

d bi | hod i id
et Cof 1 et ASRECE TSR A0S hicrd o R ooRR ARt e LR T RELT € 7

i ntroduced,. 33._The pet hod of .cl aim 20 wher e| n said coating enhances the
wear resPEfAT FiErshish Ripsemiciperaph £2040X) pha PreparrsFress-CFaPhisdahher ei n

said coating is conprised of one or nore materials selected fromthe group
consisst i thg soffadd ¢ onki df thdetChied endiowanet] SR+HAnAHR0 The ThatomicidighiphtdhMs Hf C)
ZrN, ZrC, ZrCN, & ~C~, N, and CrCN. 35. The nethod of claim 33 wherein

sai d coafHensfiination %mzﬂmmeqeamr%%to?@e 36ids Lhe 08! HRGngh wh@idn 20

wherein: said substrate is sel ect omthe group consisti ng of rret al

Gevi cos, THY P gk B s BOALE ke B AR dnks oo Pn et e B g

devi ces) mning bits) drilling bits, 2 ~ tricone bits, percussive bits,
road pl adiergseaeanddErovadahe Msrrishehask resistamseaf g coating D E C 2007, wor ki ng
bl ades, draw ng devi ces) headi ng devi ces, back extrusion devices, rod mll
rol | devi ces, Taathreearchghand cemetSD itzeértscmﬂ\zl&eemsieftﬁaﬁ&natsmeam& sai d
coating enhances the wear resistance of said substrate. 5 37. The nethod of

cl aijm 36uuheef hetded a6@ahbdiled ﬁfe?alnbé&emat brle V€ Bb aRk- u§§'t TeRgPR ect
conpri si ng a substrat e conpri sed a conposite material, said conposite

mat eri al d material an d n’qterlal
said bi ngear %Feﬁrg} :“ﬁ%ﬁ-}%%gﬁ GaF CRUAT Al Byas qnexgstaﬁ cg%rf “hard
mat eri al,_ sai d subst rat e further
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-3 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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conprising a surface portion having voids thereon provided by renoving a
portion of said binder material fromsaid surface portion, said portion of
sai d bi nder material being renoved fromsaid surface portion by cohfd¢fi
said surface portion with a gas flow substantially free of hydrogen gas and
conprising at least I S a first gas and a second gas, said first gas
capabl e of renoving said binder material fromsaid substrate, said second

gas i ncapihheeeiche@eite@8D4S iftefab HeSUPSIT B8 faEs SPANUMNG FiBEreshdat i on
state of said substrate during renoval of said portion of said binder

mat eri al | 1 | east portion of, said ce

port1 on S SarareaRkng, TP B LR BholBRShr R tehie WBsprio b ng -
deposited withijn at | east a portion of_ said voids, said voids |acking eta
phase depsis afterHdrasp 8 p3gses pReshonyreiatFigires HaiomndSawh saspediiveli d second gas
is one or nore selected fromnitrogen gas) helium gas, argon gas, and neon
gas, and wherein said first gas isESdmplel 1 DEC 2p02 one or nore selected
from hydrogen chl ori de gas, HzFZ gas, gas, Clz gas, Br, gas, and | Z gas.

40 The obi cciryale ket S NIES Ak VLS. DA B UepLid o cha ween about

3 5 mcrons to about 15 mcrons. 41. T | ect alm erein said
conposite material ,is selected, fr cenented carbides and cernets 10 42.
The obj e taﬁdaarnﬂ]t%é’ R %%WE%WWQP’ tl&%ﬁ‘ﬁ?a“logélée e or nore
materials selected fromthe group consisting of: a carbide materi al

sel ect edExgriethel 4f mered s f stillmg sda magoebavailabloifthe) Stellrami um car bi de,
t ant al um car bi de, ni obi um car bi de, vanadi um car bi de) chrom um car bi de,

nol ybden(ra\es g, dennesset) haeiflg @atonhie sl coldpodioar dbaipokéd 670N eight wirEagt ory
nmetal; a nitride of a refractory netal; a carbonitride of an el enent

sel ect edp {08} E%i&rﬁﬁﬁowagkﬁér&gn SF 2 Wmbidatib@ of Itar%{n ggbéc?e'yb , and Fe; an

oxi de of af el ement selecte omthe group consis Om num 20

zi rcpnium ,and nesium .a.boride of .an el enent sel.ected fromthe group
consﬂgti H’@bli’fm’aﬂg’g%t%‘r‘ff‘ don ﬂﬂfleéﬂﬁgﬁd.gff@é’watéﬂﬂ aze heindriPgsthel| ect ed
fromthe groug;consisting of tungsten, a nol ybdenum containing naterial,
and a tubhysrcebaltbinderithatig 1 favadghtpercegbof the 1atabreghodfxhd BiateThb Bijdect of
claim 38 wherein said hard naterial of said substrate conprises WC, said
bi nder mataeriahtypiaaiiprekkibis @ tlasddess 6601020 HRA, 1043 £oddnsResand)er ogen

chl oride gas, and said second gas conprises nitrogen gas.

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. Bridgepornt 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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5 44. The object of claim 38 wherein said binder material conprises one or
nore materials selected fromthe group consisting of cobalt, nickel, iron,
elements within Goup VIIl of the periodic table, copper, tungstdn, D&ﬁ 1062
and rhenium 10 45. The object of claim 38 wherein said coating enhances
the wear resistance of said substrate and is conprised of one or nore
materials selected fromthe group consisting of TiC, TiN, TiCN, dianond,

Al -03 , Ti . , VA ZrCN, Cr 3 Cr N CCN. | 5
46. The o jgg{edﬁ'wéllggegyfﬁﬁggﬁpgﬂsoa%fﬁ f @ksl‘?%%f’el\)ﬁmérﬁt ?‘ﬁnﬁﬁg coati ng.
47. The object of claim 38 wherein: said object is selected fromthe group
consi st i ngeBPIREI Preagkeyt sgeendsused bapias “theumal smsk besakapts 1s themeimtiang -
devi ces, bl anking devices) mlIling 20 devices, turning devices, dulling
devi ces, Whichnyodemaereshermahtragkdedrmpctcinidljlidt bgfdps the indetti suefaee fradtares.
percussive bits, road pl ani ng devices, wood working bits, wood working

bl ades)  dpbask-AEMbRe o BE Wb ARNLGATe BARK LY USARrRMLARS. TOd 1|

roll devices, and ar part3d used I n corrosive environments; and said

coating enhances, t he r,.resi stance of sai ubstrate .11 DE C 2002,
48. Agrret?{glbcdf c&ﬁgeid\;\fﬁé ‘%FEELB&P? Wea\mgﬁgg‘f?‘&f‘é%“?tﬁ%—fsﬁ& &t Bhpri si ng:
providing a substrate conprising particles of a hard material in a binder
phase, coosat indagures bedandi/aes, Seapeeitvelyof Tixatiest demlonstrasedethat vingithgas 1 ow
free of hydrogen gas) said gas flow conprising an etchant gas and a second

gas, to tpresebinveations mtthbeaséiciRciBpdsieRubdtrasaiviidobdR bimnfeasea 1o om sai d
surface and provide voids in said surface) said second gas consi sting of

one or ”%Fcr&?ﬁﬁ:g.][l.taﬂatthé{ﬁ édmﬂ%és%g&}sad ;é*?@ g,ra%’a&&a @As%naspg\ggggt wi |l not

change the o, Ci ion state of sal uring renova aid
portion of said binder phase; and 10 applying a.coatfing,to at |east a

borti on oF SEaFR! SRS EPaREn 6t PREAPCELIe s RHYE (g HEs ec| SRSErRE | al | y

di sposed within at |east a portion of said voids. 37 L

. AFOROAY. eayingspaibng santredg Riavturyd. | ResRlta\Fimilad te thal SR-Alinserrrillnotess@f A3. A{ . A
9e.As. A A & A Y. AY. Al5. A A Ae. A?. A Ne. Ay. A, R Ay. A AY. Af 38&~. (*JIfji |

{ val gb] X|Exdresit Ga)ér@]achieved Gathsetthe El']-%&@@it@ﬁ&t@ﬁdd\%ﬁ@d@dh@aﬂwﬁdﬁ@l ca] ca]ca

]ca] ca]cal ca]ca]c:a]ca]ca]calc:a]cal!] 930 +~V[

oa]19 x G e ol ol gal gag}@ge}s&fgng@w@L@a;e@aLmﬂM@A&aitsa] cal cal

cal calca] cal ca]calca] ca ona

based material.

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 | 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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inserts exhibited significantly increased resistance to thermal cracking relative to the

unetched coated inserts.

Example 6

5 A heavy metal part containing 90 weight percent tungsten metal particles
suspended in 10 weight percent of an iron/nickel binder was etched and coated with
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.
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109%&' ()- Y 10%& ()ej@eq}mpr@)a_sqcond gas for a period of time that will remove 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

- 10 state of said substrate during said etching step.

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

substrate during said etching step 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, F gas, Cl; gas, Br; gas, and [, gas.

20
5. The method recited in claim 4 wherein said gas flow comprises concurrent flows
of hydrogen chloride gas and nitrogen gas.
6. The method of claim 1 wherein in said etching step said binder phase is removed
25 from said surface to a depth of between about 3 microns to about 15 microns.
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said binder material joining together said particles of said hard material.

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

10 carbides and cermets.

10. The method of claim 8 wherein said hard constituent material comprises one or
more materials selected from the group consisting of:
a carbide material selected from the group consisting of tungsten carbide,
15 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;

Nt

a carbonitride of an element selected from the group consisting of W, Ti,
20 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
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carbide and wherein said binder material comprises cobalt.

10
13. The method of claim 12 wherein said gas flow comprises hydrogen chloride gas

and nitrogen gas.

14, The method of claim 1 wherein said etching step occurs within a chamber into

15 which said gas flow is introduced.

15. The method of claim 1 further comprising depositing a coating on said surface of
said substrate after said etching step, and wherein at least a portion of said coating
infiltrates voids in said surface produced by removal of said binder material from

20 said surface of said substrate.

16. The method of claim 15 wherein said coating enhances the wear resistance of said

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

15
20. A method for applying a coating to at least a portion of the surface of a substrate,
-~ the substrate comprising particles of a hard material in a binder phase, the
- method comprising the acts of :
removing a portion of said binder phase from said surface of said
20 substrate by contacting said surface with a gas flow substantially free of

hydrogen gas and comprising an etchant gas and a second gas for a period of time
that will remove said portion of said binder 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
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21. The method recited in claim 20 wherein said second gas will not react with said
substrate or said binder phase removed from said surface during said removing

~ 10 act to form an eta phase within said voids on said etched surface.

22. The method recited in claim 20 wherein said second gas is one or more selected

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

15  23. The method recited in claim 20 wherein said etchant gas is one or more selected

from hydrogen chloride gas, H,F; gas, F; gas, Cl; gas, Brz gas, and I; gas.

24. The method recited in claim 23 wherein said gas flow comprises concurrent flows

of hydrogen chloride gas and nitrogen gas.

25. The method of claim 20 wherein in said etching act said binder phase is removed

from said surface to a depth of between about 3 microns to about 15 microns.
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28. The method of claim 27 wherein said hard constituent comprises one or more

materials selected from the group consisting of:
a carbide material selected from the group consisting of tungsten carbide,
- 10 titanium carbide, tantalum carbide, niobium carbide, vanadium carbide,
chromium carbide, molybdenum carbide, and iron carbide;
a carbonitride of a refractorv metal,;
a nitride of a refractory metal;
a carbonitride of an element selected from the group consisting of W, Ti,
15 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
20 a material selected from the group consisting of tungsten, a
molybdenum-containing material, and a tungsten-containing material.
29. A coated substrate produced by the method of claim 20 wherein said hard material

of said substrate comprises WC, said binder phase comprises cobalt, and said gas

[£%)
N

flow comprises concurrent flows of hydrogen chloride gas and nitrogen gas.
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32, The method of claim 20 wherein said act of removing occurs within a chamber

10 into which said gas flow is introduced.

33. The method of claim 20 wherein said coating enhances the wear resistance of said

substrate.
15 34, The method of claim 33 wherein said coating is comprised of one or more
materials selected from the group consisting of TiC, TiN, TiCN, diamond, and

Al,Os, TiAIN, HfN, HfCN, HfC, Z1N, ZrC, ZrCN, Cr3;C,, CrN, and CrCN.

35. The method of claim 33 wherein said coating is an MT-milling coating.

20
36. 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
devices, turning devices, drilling devices, boring devices, mining bits, drilling bits,
25 tricone bits, percussive bits, road planing devices, wood working bits, wood
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~ 10 joining together said particles of said hard 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 portion of said binder
material being removed from said surface portion by contacting said surface
portion with a gas flow substantially free of hydrogen gas and comprising at least
15 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 material; and
a coating adhered to at least a portion of said surface portion of said

20 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.

39. The object of claim 38 wherein said second gas is one or more selected from

nitrogen gas, helium gas, argon gas, and neon gas, and wherein said first gas is
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5 microns to about 15 microns.

41. The object of claim 38 wherein said composite matenal is selected from cemented

carbides and cermets

- 10 42. The object of claim 38 wherein said hard material comprises one or more
materials 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,
chromium carbide, molybdenum carbide, and iron carbide;

15 a carbonitride of a refractory metal;

a nitride of a refractory metal;

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,

20 zirconium, and magnesium;

a boride of an element selected from the group consisting of aluminum,
zirconium, and magnesium; and

a material selected from the group consisting of tungsten, a

molybdenum-containing material, and a tungsten-containing material.
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10 45. The object of claim 38 wherein said coating enhances the wear resistance of said
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, Cr;C,, CrN, and CrCN.
15  46. The object of claim 38 wherein said coating is an MT-milling coating.

47. The object of claim 38 wherein:

y,

said object is selected from the group consisting of metal cutting

{

inserts, dies, punches, stamps, threading devices, blanking devices, milling

20 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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10

providing a substrate comprising particles of a hard material in a binder phase,

contacting at least the surface of said substrate with a gas flow free of
hydrogen gas, said gas flow comprising an etchant gas and a second gas, to thereby
remove at least a portion of said binder phase from said surface and provide voids in
said surface, said second gas consisting of one or more gases that will not react with
said substrate and that will not change the oxidation state of said substr~te during
removal of said portion of said binder phase; and

applying a coating to at least a portion of said substrate so that said coating is

at least partially disposed within at least a portion of said voids.
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