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TITLE Al 203 Ceram c Tools wth Diffusion Bonding
Enhanced Layer BACKGROUND OF THE | NVENTION At the
wEe@sant3sg i ne, nost cutting inserts conprise SPUFUSENES15720
made from cenented carbi des because cenented car bi des
have a hi gh degree of toughness and good wear
resi stance. However, the use of cutting tools and
cutting inserts ("ceramc tools") having ceramc
substrates is increasing. These ceramc tools find use
in a w de range of high-spH&HEfi ni shing operations and
for the Lal s at
a hi g AF%C'Eeerﬁ‘iQ T%EIS%H Ibfst ég ?gnﬁﬂ{j@nHSn&% ea:'ygf‘n 2
t ool s may be due to mprovemants in alloyed ceramcs
and ceram c- matgh Xk &HINDISETH ?ﬁN‘O’EN‘Tlé‘ﬁ with the
advances in ceram c processing technol ogy. The
cer am cAt the gesent tqm@ tresy cutliop nsarte cpmpne&a‘awwstretes made from
cemérﬂ&i 93Bides bPQePJgstcé bfed'&#tﬂ& LA Se 2| 3 Rgh Qégr%g%‘f't hREss apd
ramc tools typl y 1 nvolves the“con dat”on an
goodsmmrewﬂgn@‘ Iﬂmwj/er dble oee ahdutting tBbisteedicuting iaertd €' setamgc
toolsi}&%@ﬁ‘né Q;reyanqi‘? Féﬂ)sfbr'a?ét i5 ?{Erégs d‘fg{] eTJ\CegQ %rg ea'gﬂg‘o%ﬁjs ﬁqﬂvﬁjs%rin %W\qde
range pé@slunseeeds@ﬂl@mg @?Gl’ﬁfgbnstdﬂ@ fprotie emaqhmlrfg ofsliffictitaipedachine
mate'ngfs%tg @her%ﬂmvﬁrrafensf t|ﬁér§gse i?\qg)é o\f"{aer% idRY)s! trﬂgyb%gtje to
ntered to ac e necessary densiTi ca I on.
imprqmeemmnlg wﬁy&ﬁemam@s and@eram;srrraér@t ¢angpasitengswiallas with the
j t
acva i h ARFRLPrsBidly BonRBERR T rahlet RBMERh Bofidhe
tYPiCMn@eaplpelmnaﬂalw tmhtesiafsi ner grain size, a higher
density r r
col d- pr-cralié;grg mrjr(gitagrof tc%'%%%ﬁorﬁe%élg@nwé\%@aéhtggtg {),l{go‘i E‘QtE) napd
sinteting oi payvdesed seramiesh Sydelrieg pmwdeethemamsmwﬂemelfwetlon of the
cons&l?dalﬂeg &ﬂmdéa‘ a %'ptlghell Cb%rberHo e&iﬁn&é'p?’e\sslure Igﬂ?gssureless
ceramcs, Su 3 nesi a,
sintedihg, ding gwdﬁ(usjwst fsha@ed urttaral gnmrc@r bnde’ter@y bb@y wbleu ey then be
sintofilb LK 5o 1 Role S PUERIABNGH 1 SBLIAPL! BYEficE HBNEG feating

rove ani ca
along wish smﬂtpmwsn@laxra! arasmngmﬁwtrte(mwveies ubsﬂteatﬁéthnegh bet-pressed

ceraitE%rd MofEL engr@g‘qh W thF B Htatffn gr%ﬂwesqge %urﬁgllieq
RS =g 4, 0y et B0l B

em cal” T Rert n
density and higher transverse rupture strength than cold- pressed materials.

The ceramics currently used in cutting tools are based either on aluminum
oxide (alumina, Al.O3) or silicon nitride (SizNy). Other ceramics, such as, magnesia, yttria,
zirconia, chromium oxide, and titanium carbide may be used as additives to aid sintering or
to form alloyed ceramics with improved thermo-mechanical properties.

A ceramic tool comprising an aluminum oxide substrate may be used in
metal machining with high cutting speed due to the chemical inerthess and great strength
of the aluminum oxide substrate. Commercially significant aluminum oxide ceramic tools
were basically fine grained (less than 5 ym) Al,O5; with magnesia added as a sintering aid
and grain growth inhibitor. Aluminum oxide ceramics may also be alloyed with suboxides
or titanium or chromium to form solid solutions. The three main commercially available
aluminum oxide based tool materials are AlLO4/Ti, AlbO:/ZrO,, and Al,Oj; reinforced with
silicon carbide (SiC) whiskers. Other Al,O3 base ceramics may have additives of TiN, TiBs,,
Ti(C,N), and Zr(C,N).
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of the al um num oxi de substrate. Commercially
significant alum num oxi de ceram c tools were
whamsazi3ky fine grained (less than 5 nm) Al 2C3P@i/UR2005/015720
magnesi a added as a sintering aid and grain growh
i nhibitor. Al um num oxide ceram cs may al so be all oyed
Wi th suboxides or titaniumor chromumto formsolid
solutions. The three nain comrercially avail abl e
al um num oxi de based tool materials are Al 2C3ATi,

Al ZmZZ&l%maaﬂQoﬁib:(mog/zK%%%réiﬁ‘éilo%@ Ber@lid. CPie Sd) th:lrﬁcﬁ‘

(Si ©) . whi skers base ceram cs may hav
zircorg@i Pidpdacrgpses tNe hghggfraerpr@éol@ negs, anczme@rnw S ock reSIStance of

an aldbihuf Mﬂ@éﬁb@tr@féonﬂ*@ tééi_%k%%@f%lhérn%%d@w&momum oxide

ceram c. The addition zi rconi um oxi de i ncreases

explofis gireecific syE@eoraphig AvaNSe. 8 marienat ﬁé)fpeéf?@éf@"i“%%‘?'bt”}?ﬁ &%Sults

from @lfl eﬂ@rg?'a%%tﬁlﬁ@ rﬁé‘dlﬂﬁlsﬁﬂ bEder bsencéh ﬂé@é&étﬂ@ tdtghofthoganol ZrO,
al um num oxj de with zirconi um oxi de ex%{bm ts a

providgselbip Potendiphfot Eansimagion Enea siiges inp artebleaprReQinic piecture.

The thdrBRFMALIGREES Bs aldh@bs hSDbdrantPEIHEs, @06K AleBRRKDEXNE, further
rrechanl sm The presence of netastable tetraorthoganol

crackifi9op provi des the potential for transformation under

Stress TyH@llR thé AR BRRCHArfitIEs B’ dembtifttated BEthe aIumlnum
transfornmation acts as a stress absorber and preve

oxideciah) RNBHAo NS GRCtuTeyS (NRIBTAOHREKIAGIEoRyTA CLNpsf, Partctes

is benévsd d bn“c@lﬁi'eﬁhd@?&bﬂﬁ tmgghtegé s&ow@n&@%ﬁ ra)bé@tt@dra@turé h¢he three
al um num oxi d grain

oundari es : fracture
mostPﬁP\é'?@?%mmS&fonStCH%tawr%é’ﬁc@do‘io Wﬁ@éb%&f? #2)drds Wit the remainder
bennd’éﬂhﬂnﬁ\‘dﬂdoil@e PTRY 1ol et abic, icoRbsition BhileseSo ef &lteetic

| ure_can occur_by fracture. The three npbst popul ar

CO“C%‘HF?&B& Th8 RighebAiQsi Sampgsitions arglessatPrderbiotIng (wt . 99

Zr Q2 Wi ¢ hrtibd Risb @R B8 coBRY g indtdH¥b KT R¥istce ThRed0 Single or
% Zr Q2 conposition is close to the eutectic

multl@% FVEFR PlACRBROS Biheher g ¥pPOrABPERiHpb s Aok Rhvaicalygror

depoQ%rﬁj( eVD"} ﬁHQ BS%ppI@éIttb lcO@ing Rsr ﬂ'ﬁarmjﬁi nRBd& Ot £ dtalhfim carbon
increase their resistance to wear. Single or nulti

pl e
nitric AERS 2B¢ akiFHRYT GuId8 Flefie Are aMopg s MasRsBHier GYD coating

mateﬁa@ﬁ@ artfide-BHYRS diingtaRer THRRVStIRdSA2 m fé\/@pbn) BB YeRfnic
plied to cutting tool. Titaniumnitride

subsi4ips havarbeat SRYRIREE PGt i)t cHAmICal iRl Rhigen the oo

and tﬁé\l/v%ﬁg%a@'rlﬁl APRPréveeveR sEsifane. FE xR £hé D8y recent research
materials for carbi de-based cuttlntg tools. Thin
O,

effortg napmyad the Iiest 6V crayndisciglegipe LsigsaTiF £HISS fiispds include
coatddaeMiSIeNELABREL @Ittﬁd@&bbl%YUMéd' Sthick FER@TINGAb,447,896: coated silicon

i nteractions between the ol
nitride ceramic cutting tools, United States Patent Application No. 2002/0076284; coated
composite ceramic cutting inserts containing a hard phase dispersed with an alumina
matrix phase, Published United States Patent Application No. 2002/0054794.

There is a need to develop new coating technologies for ceramic tools in

order to further improve the wear and chemical resistance of ceramic tools to meet the

ever-increasing demands on machining productivity.

SUMMARY OF THE INVENTION
In at least one aspect, the present invention is directed to cutting tools
comprising a substrate, wherein the substrate comprises aluminum oxide and zirconium

oxide and a diffusion bonding enhanced layer. The present invention is also directed to
2
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and the work material and inprove wear resistance.

Exanpl es of the very recent research efforts in
wappsyergs t he | atest CVD coating technol ogi es POI/US2005/015720

ceram c cutting inserts include coated reinforced

ceramc cutting tools, United States Patent No.

6,447,896; coated silicon nitride ceramc cutting

tools, United States Patent Application No.

2002/ 0076284; coated conposite ceramc cutting inserts

meth88 bjofthing z8difiddich Mmg &HhaResPIagerirt 4 s @b tdkdlMA Bfusion bonding
mat r | X%Phase Publ i she ted St at es Pat ent

enhaRged Ryt NGiRoRes (1S GEbB0egioaTER BT Captigegpiss to the outting

tool. ARt iU GHENO Rt émn&&mv&l déﬁ1p¢|§e§ e resétRd Fod R SetivBen a
order to further inprove chem ca

mixt T SPEPEFIES MBIoOEE ARAPLIGSH S P angBg & kgt the Ziconium oxide

pres@M e thentibe@gkNg demands on machi ning productivity.
SUNNARY OF THE I NVENTION I n at |east one aspect

t he
pr esent MANPEWY PeREStdhg P%@?téave(fwoebﬁ@'re&@edﬁea Qiting insert

com;&‘r&ﬂa@fe\ Sildtrate, SHBET Re@ubyRE BoMPHAS AWARURRSEde and zirconium
npr.i ses. al um num oxi de and zirconi um oxi de and a

oideBNTLIE TR El8 [RHeR GOBRFRIPL BTICEa PLFTCOTEN Tee oxide and nitrides

of aldrivem! bedal I8adlohe v@afwmttc@am@ods of formng a
di f f usi on bongl ng . enhanced 4%yer on a substrate.

A
di f f usi ‘O SBOREIMHYL ehthe materd alyee pf%@i‘te'ﬁ‘é?ég'of‘ [jemprises exposing
an sARefead GRurtihud JRide A8 NBloaBh, WiIRRéinNBe SllidtiaecdriprisBE alumina

cuttin ool . The diffusion bondin nhan ed | aye
and %f&ﬁﬁ'?n g%ic?%@gﬂf&a%‘ihsgﬂteéwc?dbﬁﬁséo%% N?&Q&?%BOS'“O”
procemrmrdrédsoge Ve doF agsdyt@ﬁqbr@de@m THEs G teke BRy Mtbrak, by wetght
e.zirconi um

res in e substrat
from Qrﬁn‘l"rfb”r b FpRApM Wﬁ’@ogrt'?ef‘s‘@ éﬂ?%ﬁ“p@m&?r@&? Bt ”&ay
inclusl bkpdithg tAE @UbstEAERY d ?éefé@uéi nﬁM@@tdompﬁbsm\gfé%rﬁthmtdh%nde and
substrate corrprl ses al um num oxi de and zi rconi um

nitrogsh-de, an internedi ate | ayer conprising nitrides of

Zi r coni ma cddtihg @nitheTs et madbdbpplicdas ©FD @|r won ueren as
and at | east gne wear resjistant coatin

othergpesnte FAANHOAURE Mak qsPeRashtly FRRRrSS %Hg%% vpF |°§%§‘eta' Carbide, a

metaeﬁlml BneA sHieBRdratLmb@il akitdTbNal Metd) |oQidbd)$ adhdtal selected from
wherein the substrate conprises a

en,

Groups My B VRGBT it REEOS 1By S8 By Dt il G et one
of tlteﬁhﬂﬁlnﬁﬁdje MHNP l’uta@lﬂ.@@&érbbﬁlﬁnd@f(DlQ)N%StthﬁluWeﬂ@tﬁMUm MRBENTIAIN),

iy PEcsroR BN AT EBT e (YT
e T RIRC Pl oo TS Gl ARG R BT e T
alumitihOitbnioi Aittide pHRSIaFRING AITTEC TBEAREN BRYhinum nitride plus tungsten
carbide/carbon (TiAIN+WC/C), aluminum titanium nitride plus tungsten carbide/carbon
(AITIN+WC/C), aluminum oxide (Al,Q3), titanium diboride (TiB,), tungsten carbide carbon
(WC/C), chromium nitride (CrN) and aluminum chromium nitride (AICrN).

The reader will appreciate the foregoing details and advantages of the
present invention, as well as others, upon consideration of the following detailed
description of embodiments of the invention. The reader also may comprehend such
additional details and advantages of the present invention upon making and/or using

embodiments within the present invention.
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i ncl ude exposing the substrate to a gaseous m xture
conprising alum num chl oride and nitrogen. The coati ng
worooshe13stibst rat e may be applied by CVD or PVDPCEHESWe5015720

as ot her neans. Each coating may i ndependently

conprise at |east one of a netal carbide, a netal

nitride, a netal silicon, and a netal oxide of a netal

oxi de of a netal selected from G oups IHA |VB, VB,

and VIB of the periodic table, such as, but not

limted to a‘BﬂlEPﬁEStﬂ@IP?fON ﬁFaﬂHE"DRAWlN@Q (TiN),

titanium carbonitride (TiCN), titanium alum num

ni tri delhefeaiurgs and Qdé(ﬁP@ﬁ?%Pf)JH? RIAREAL ¥erfionnaisbertisen
undefslod W@ererﬂ!eqmtﬁwgé&H;}%ﬂ%Hml sk frf@hic TI N), al um num

titaniumnitrid | us car Ti N+C) , tltanlum

al um nUrgwet!ris a@h@tm@cqoewgétt@wn@éﬂBp%m@aws@a{lon of a prepared
cross(sEcﬁé)rﬁ\%uwu theadlﬁﬂﬁgldwmr{dwgéﬂhﬁﬁbéu layrd8rmRe disn ¥Hér§ib$fbé‘é‘of the

car bi de/ carbon (Al Ti N+ al um num oxi de (Al 233),
ALOAZrOa ETMIGIPYRHRES (Ti B 2) , tungsten carbide carbon

(W O, F«ZP&Q QA%E@E éﬁe%o{o%\lb?@aﬂs HkeRA1n mo@msgﬂ.wanon for
nitride . he reader w reci at e
compegpatefi g VBea quA'éPrﬂZféh\ﬁafﬁ”H@é%b%? Wiyt ésdéffHSIO“ bonding

h héléfﬁﬁ drQRiguAS2ARArd £E VB! d8led; AP CBRIntIEEddiale With
enna ! rong/;Mun Ageét | ed ddg)gcrl ption of enbodi ments ofa

d'ﬁUSﬂQﬂebqrﬁ’V‘@rﬁﬁh@ﬂcedﬂﬁéerr(E@@éﬁ' 2B% so may conprehend such
addi ti qi?@ure@@ﬁ\%ln'd%l‘ﬁé}@ pﬁagwﬂﬂér@&%\%hQBf AI@@#EF@%@F&WC cuttlng

|nvent|onuonrra|(?rj1_gp /or using enbodi nents withi
inseristpitepsaratehtestnvers p rmi EROgsERRVIaTY (R0 1914 on the CVD

coanwtmoweoyz@weeaﬁn@r&dmagmahgm &fttm;ghﬁs&r R&EPlepared
i nvention ter understoo erence to the

withoyt-2 giffpaiRy Pﬁgé/lf)g guh@rgceid,{am %g,ure%@pg the pthercutting insert was
prepeﬂ@@%ﬁ”‘dﬁfu@@;h%hd%@l‘e%ﬂaﬁéedl%@(ﬁ ae)] ' gapion of a

prepared cross-section show ng the d| fusi on bondi ng

enhanc ddoyray & angrdterr ecﬂﬁaﬁfﬁéje@!ﬁ‘f'%g"@ rgpulisd caMPerstye op

macfﬁrﬁﬁ {8sfs (D488 U ask! W Svebd caNbd 3B &HRr different cut’ung
hot om crographs taken at 1000x magnificatio

f
cond@@sﬁmq S eRK maleURls b atder oA e GpuFAteueS of the ceramic

cutti Q%{s%ﬁ\&%ﬁwg QUubatratieTdl BB 8XidE BEd SREGHIGE @xida@Ydth diffusion
ure 2 and a CVD coated Al 203ZZrQ2 cerani ¢

bond@a@hameé* 'Wetrt@r'ﬁ wharfesistant o9aitsng enhanced | ayer
(Figure 2B);

DETAILED DESCRIPTION OF THE PRESENT INVENTION

The present invention relates cutting tools comprising a substrate
comprising aluminum oxide and zirconium oxide, and a diffusion bonding enhanced layer.
The diffusion bonding enhanced layer results from the reaction between reagents and at
least one of the zirconium oxide and aluminum oxide in the substrate. The diffusion
bonding enhanced layer may comprise nitrides of zirconium and nitrides of aluminum and
the presence of these compounds enhances the adhesion of subsequent coatings.
Therefore, the diffusion bonding enhanced layer may be used as an intermediate layer
between the substrate and a wear resistant coating. The presence of a diffusion bonding
enhanced layer may significantly improve the tool life of coated Al,O3; ceramic cutting
inserts. An embodiment of the present invention resuits in a chemical reaction between at
least one of the aluminum oxide and the zirconium oxide of the substrate and a mixture of

nitrogen (N,) and aluminum chloride (AICl3) in a surface region. The reaction may be
4
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Fi gures 3A and 3B are photom crographs of Al 203ZZr Q2

ceramc cutting inserts after scratch tests were
w@eookoersegl under a constant | oad of 10 kg on tPeT/CvViD05/015720

coatings of the two Al2G3/ZrO 2 ceramc cutting

inserts, one cutting insert was prepared w thout a

di f fusi on bondi ng enhanced | ayer (Figure 3A) and the

other cutting insert was prepared with diffusion

bondi ng enhanced | ayer (Figure 3B); and Figures 4A and

betwééh argasegfu@whiﬁtuﬂeeaﬂ N émlbueneqw EéripSientOomAE albst@te. Smgle
machi ni ng tests (Case and Case 2) that were carried

or myjtiple yeabresisiant éP%tH‘QS(E“LﬁW begPRIEA Y i ‘%‘ﬁ&’“&ﬁat'% MR MeUding,

but n@ﬁﬁ,ﬁ.ltégqbscv[) #Maga/p.t o demonstrate the advantages of
the cer cutti n%_ﬁl nserts conprisi ng a substrate of

al uni nutfeoRicBess Rl e ARETPn ReeECRINANSed BV3TTdRoERRS on the

diffudienel thg reRbRCiat thaxabstrld DRREDh &STheiRddess BatwHi@Smolecules
DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI The

interpinglectt @ fasyl At e Kingfia pRY9Y 6f 1aNAGMLBRIIRY: E'b'ﬁmtheél"\‘ﬂﬁd% itis the

resulb&i@hdcth oo BF ihelifdviadl BeHEMnaxXbiHaca ReGidh bﬁtﬂ@'sUHétrate i.e. the
oxi de, ;and a diffusion bondi n&&enhance | ayer.

alumgiup %‘iieoW'”bé'FFdﬁ"H’@“ eXfafe@die rajsJ8 i veptinn. t"Pﬁtea relatively

high fe@@sdratre, bRl AREST difRREMThSreassh &Hd, tHRASbred BErtAh rddttants may be
m oxi de_and al um num oxi de in the substrate

chemieRly BPPYRRLP S USEHE TP Al A AR PaRiRintAP ubisples d he diffusion

bondmgt édhdﬁeeoqfay@rl doe® lﬁbMﬁ’ceﬁlﬂdo mﬁcflbndﬁ§aneaaPé$EBtéfﬂ fébaﬂ{é Hlﬁer as
resence of these conpounds enhances the adhesi on

an ingipedigirdayer bsgenghe cetasie pubstrate apd therefrgteny “B%ﬂ'a1bﬁ§ed CVD

coatifg R Sad Ry ierd R @(p@ﬁtﬂgn@%a@é‘ shdWrebsRESHe thaAWes direct
bet ween_the substrate and a we resj st ant coat| n

apPlflon SVEhTSTEeS 2 e FUEINYM BORIMIYe 2 BT 840 Syitiinaypstrate

oftensdd@Binbt &R0% InygdodRidP¥Sioh NEhé e84tingk hiclly peatd ofthck@iring the
ceram c cutti nﬁgl nserts. An enbadi ment of the present

machipip@ REACERS 1ESHING & @ AN Beruie 85?1 of &eaPBIT 188 ween at

I east oM @ffuditiebeidiiy Srlanexd té@ea@dviaeemzmrsqﬁ\vwah may be
de_of the substrate and a m xture of nitrogen fNZ:
ti jeved

re'at“éﬁbﬂ URiRi: AtgRieaNddrgi% a(’?@@"‘é?y?rﬁo {ieGsy ?'H'&éup%t{ﬁt%n

that the dffusRR bIRYiIng @RRAWRENaRr 88:BALES tHe ¥FddustsQt aN@a@ll’c\)ﬁ between
Al Cl 3 and t he nponents of the substrate, Sing

nitroggg %r?dp?”émweg‘rCr\?%?es?%¥heczdfﬁ?”’H@§xf9§)PrB%e“éHb PéHbﬁiﬁtea- The

thick KEWRVT tRO@Ffidich PRRING edtizplediaysr mA be@@ﬁtrdll’em edjUsfng at least
Oneng and PVD. The thickness a? they‘ di ffusi on bgonje 9

}egg@rqatg&eepreaéw@n@@cgqp {img surface roughness of the substrate as

well as other parameters to produce the desired thickness of the coating.

Embodiments of the cutting tool of the present invention comprise a
substrate comprising aluminum oxide and zirconium oxide. Typically, such presently
commercially available substrates comprise, by weight, from 0.5 to 45 % zirconium oxide.
In certain embodiments, such as where a harder substrate may be desired, the substrate
may comprise, by weight, from 0.5 to 26 % zirconium oxide or preferably, from 2 to 26 %
zirconium oxide, or more preferably from 9 to 11 % zirconium oxide.

Embodiments of the cutting tool may comprise single or multiple wear
resistant or chemical resistant coatings, together referred to herein as “wear resistant
coatings.” The single or multiple wear resistant coatings on a diffusion enhanced bonding
layer as a bonding interface intermediate the first wear resistant coating and coatings and

the substrate, results in enhanced adhesive performance of coating and the aluminum
5
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di ffusion of the reactants into the substrate.
Diffusion is the process by which nol ecul es
w0 ndosnmi3sgyl e as a result of their kinetic enerpgT/v82005/015720
random notion, or in other words, it is the result of
random notion of the individual atonms in a surface
region of the substrate, i.e. the alum num oxide with
zi rconi um oxi de cerani ¢ substrate in this invention.
At a relatively high tenperature, the rate of

oxidediifH ;_g@bﬁiﬁrﬁ Mf?&@@io@dﬁstr%@% ehiineed.CEhé diiting @?Eﬁw@?b&mprise
m e cnem.cally onde S acC regi on
any cBBNG APoRE BoPRSPEHIERISY D af BVT iiorg ey Gulag, (e wear
resistafNébaflBgEMBRTePehdyay coippisdSlicadtbAB @f h thdtalrailidy) aaBetal
nt coati n rather as an internedi ate

. ..a wear resist; LY,

nitrde. 5, BP1ah B RRBINICE Ha MG SHIEQN 88 Melt kP PHBCP RIS SR brgm
groupéxatmj wega/taedrﬁdu\/@ @fﬁﬁé beasdid @bid&{@&ftﬂwha@itdh ﬂéﬁ@ﬁ?suchtas, but not
L. erirnents na snNown consil st en at the adilrect . .
imite SRR GHigh (V0 BB ROl DA PR R BETpirde
(TiAIN), ti@??inymumlﬂenigﬁreams:ca#ﬁ@(mmt\ta_oq,fél@?indﬁﬁm?rrlom nitri?e (AITIN),

res An 0 adnes! o lne_cat) ngs I Ca ce
alumigiig (iR RS RS CRRCRLATIN Glg N PIEEQ Uit Piridh s i, ugesten
carbi§d1edrbos (sri»(irr]\aevct/ig),lealmhinhhﬁtitéﬁgﬁhrmt_eidé ?Ql_s-tuﬂ'd’s%rddt;érf)idéﬂcefbon

. nal ennanceaq, e pr.ovi de I N | s.tnventl on nay
(TR S e SR SR SRR Sorrte (GIER). tifals A oioe Carbon
(WC/bﬁwhfo_rhith igidé eCaNYiahd sUbsihu@tdbrorhium Mitrigel(Alevieyl A gdcal

t e,ﬁlf&PS|on yondi ng ?nhqgéed | a er_copprlses thﬁ
commgrgiglopiilayer cpafing iaraditing: RRIABH I PRIFEN A AYPEPIENR Atghyvear
resistahl €atidg of @BGuNNBtide £ Sedortvdar Bsigds $e8ting of titditum

ss of .the diffusion bonding

suhstrate. The thickn [

carbagYifid et (1 UE el S e ORI S AR 1 g At I east
one of THehicRiREAbEERwes @SiStihecodtifg®ldyde drynBickness desired
surface rougihness of. the substr

. OT. te, as 1 tge ,
for thg $parii BRSTINBE GPelaien PHESARRFIRL PRMAEREEY: dhe {gid thickness
of thec@Rftihg On tpricaRNthe Wbstr&te mnutygicam/ Beopdbmebotieto about 20
. _present invention conprise a substrate conprisin )
microBjeieto P HCB% PIS2RNEOB! T DdrIATESpEe. B A aey ro<ians coatings,
typicegﬂy,eﬁ\a?the @@megg 8t from @\.@Otb@hh@r@pméﬁsr at SS conpri se,
y\/\m%ﬂ, {,rom .0 to 45 % zirconi um oxi de. In .
cert ai '8 F’Wér?{g",e Yifing tae's vk é“‘é?”ltfa’_ﬂ J8Y aspramryise @
substi@y, Witerdinghé Sehstrialiecaniitks aluenin@y oxiRIERING SR corymWRidehsn
) f%é)m (? 5to 26 % zjirconium oxi de . or ,Erefe abl_{dy,, from?2
inerpesinig 14 PORBTRM PIEARY ZBFOPMHER <5 UPB e, e e P
alumihdmYasAd éﬂemtld)ﬁbm@laﬂ%sidfﬁi’ﬂfbdbﬁ@t s of the cutting tool
may conprise si e.or nultiple wear
y rtﬂ‘ne present Pn%ention also ret1atgs to a method of coating a cutting tool.
Embodiments of the method comprise exposing an substrate to aluminum chloride and
nitrogen, wherein the substrate comprises aluminum oxide and zirconium oxide, and
coating the substrate by at least one process selected from CVD and PVD. Embodiments
of the method of the present invention include a substrate comprising, by weight, from 0.5
to 45 % zirconium oxide. In certain embodiments where a harder substrate may be
desired, the substrate comprises, by weight, from 0.5 to 26 % zirconium oxide or
preferably, by weight, from 2 to 26 % zirconium oxide, or more preferably, by weight, from
9 to 11 % zirconium oxide.
The substrate may be exposed to a gaseous mixture comprising aluminum

chloride and nitrogen. The gaseous mixture may comprise an aluminum chloride
6
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resi stant or chem cal resistant coatings, together

referred to herein as "wear resistant coatings." The
wa@eovghiz1388 nultiple wear resistant coatings onP@I/US2005/015720

di f fusi on enhanced bondi ng | ayer as a bondi ng

interface internediate the first wear resistant

coating and coatings and the substrate, results in

enhanced adhesi ve performance of coating and the

al um nunoxi de with zirconi um oxi de ceranmi c substrate

concéririBA #BEELEY T&gg%tﬂytwg@wttoeﬂ%orérpsef@@ rﬁr@ﬁ 76%Vto<99% by @eight.
capabl e of bei ng osited by CVD or Mor e

The %P?lﬂ%mbgl,lrpyna){ qp@t giher R s @ah@rleﬁ@@—t frgpsentially inert, by

“essdnﬂglﬁ:ﬂﬁ&fﬂagHéén@fhﬁpihbi‘a@dmbnélQ;@ﬁ{poﬁéllﬁs @b rdt MeSrRke with formation of
a net al n'”'\&ﬁpna metal carbonitride,

a

a d'ﬁ%?%bo%d'“g BRNSRY layer YIBEROYSt MixtUre ComPEFING: gIURHpUM

chloride @Y GitedgRs id tikdd tb ¥&m B, dlf&fsfbn\ﬂoﬁdmfg driBndeS (b @stiby pressure
tabl e or conblnatlonther? hut not Iimted

may beuseq aiioraiigner PaesYes W, Ao THIR R AR Gascous

phasé &h&hthe sdnutpehasél nytad p&@béﬁi@oﬂgéidoﬁg n(pmu@ iNed i tHeadMfusBn process
alum numnitr }‘ﬁée?‘%l us_carbon al um num

may be psefl {@rRoRirekt Aprrfogormiia, Stqnt%‘?ﬁﬂ?ﬁ%l?}’?r 4chigher
press@'rél fag prdradte (@HidhdNtdye! oft rehetiVity B RIcRItRYI Bk ddinfuh 8RdPEHG

irogh SRPTIP 19 OGS TS ARARS L Foniih ey EBPISGHabl to maintai =

pressufe fFomHANE/ riilibapdoUB00 williBx stesveMb2s8Isure frorh a0D Wlibar to 1000
di boride (TiB2), tungsten carbide carbon (WJCQ),

milib@h oni um ni tri de (N and al um num chromumnitride

(Al Cr N)Difflsib mw@cc@oﬁa&bﬁd al arﬁmbhipbﬂa)t@ré Ehéd the gé@ém.&
ool ma for exa f|rs

cutt]n e,
iR et P DRI M e ToA e P Aa s e Tofe of dPiugiohn HidHE
tempél%%jréé Ay reQatin @Ehlgl‘fer rate @ﬂdnﬁmlsabbﬂnebbe@ﬂng M%ii::@res should
e

thir wear resistant, coati

not bg ﬁPé‘tk%%%to&Pué%%W \sigsire %*q ﬁt‘“ ran“%i?r I ‘?/%re for
substrite€ k@pasitle sluffelind oxidé BAd S_iB@fHufm @xuaaq_hmay BE preferred that the

application or the materjal to ] ned Oﬁpgt?tal .
gasepyy '@Rﬁ%%f tYpstrelgdt ?*r?gtem{’eﬁ'{%resftﬂr? §8é9 14 or irom 50°C to
120050 bﬂbf@?@rrcwv tdmperatufiahy esbﬁhaﬁr lb@'@e@?ﬂédl{o rﬁ%.h@nﬁé)e@hm%&nany

m cr onet er or nore C rom mcr

acoep ARiP VR R CTHEIP %n@ﬁog’g%ﬁ Recderlias, helriveat My Bpored o
have Ra¥@pardtiire G ARSgasebud mBar of the SubdtraleGroRMBOE®CSto 1200°C or more

|mant of th utting tools of the invention may
prefeé?rg.g)bfd scé a12§)§b§1rate wherein the substrate

conpri S@ﬁleéﬁ OHREALY iAdicated 2aIth uhh st Bkprab I E@anti@iBs of

RIS ERE A NRUMAR A AT
are tOPE uMERELobE Sk Db iR Gl instances by the term "about.” Accordingly,
unless indicated to the contrary, the numerical parameters set forth in the following
specification and claims are approximations that may vary depending upon the desired
properties sought to be obtained by the present invention. At the very least, and not as an
attempt to limit the application of the doctrine of equivalents to the scope of the claims,
each numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques.

Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the invention are approximations, the numerical values set forth in the

specific examples are reported as precisely as possible. Any numerical value, however,
7
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The present invention also relates to a nmethod of
coating a cutting tool. Enbodinents of the nethod
W@ I95N21888 exposi ng an substrate to al um num chPOF/UE®05/015720
and nitrogen, wherein the substrate conprises al um num
oxi de and zirconi um oxi de, and coating the substrate
by at | east one process selected from CvD and PVD.
Enbodi nents of the nmethod of the present invention
i nclude a substrate conprising, by weight, from0.5 to

may hBef¥niy E6ABhWBHENI s hétetdrflpfa3uming GdhBB lsfandBRY @ viation
harder substrate may be desired, the substrate

founceig {pif Serectiyg t@%u,ngmeaspz;emﬁr@f 5 to 26 % zirconi um oxi de
or preferably, by weight, from2 to 26 % zirconium

21 rcon urRRMELESTOE el o e Witk Eie . 2

gaseousTHY fsliaifg eRARPIES dBBoRdtkH mﬁ%tmdﬂ@me@n bonding

ni trogen. The gaseous m xture A ri se. an.al um num
enhapeAdyRYs] é’@otH% éHg teate 5AMPrSHE 28T B9 GEFQGIM gxide and the
incre S8 cEadherSree e wédrossidiafb doati /OIbMth@bgﬂFéte The ceramic

aseous m xtyre may contain, ot nts t
subs{Paig o s xRl CPRPTISES IRUSM BgroopiogR L AT AP s ARE DY $D2. The
subsﬂﬂﬁt@ﬁb?tartﬁnsﬁ)héf 4ad @vdmd%fa ?br&n@wmp ! He tﬁ@éhdeﬁ& l@fi BMN/mM*?,
Wi 0 a_di si on bonding enhanced | ayer.
and e\mt@“@fm@?ﬁf&'?ﬁtﬂ 00¢ C@@%F?%l'ﬁg al um num chl ori de
and ni tgr@gwl bstrateUfRtexp8sddion g&mds H)btgﬂtefbtnﬁﬁi@%%mmum
enhanced | ayer any pressy sed al t hou
chlorR G IS L eeD WTFP Rl BUP fhes™: Al &resbsTan HBeralsd © 2
tempbREure 35 8PHIOXIAHIAE 1620 Ct MeSalid 6f MOAAE. in THLgd¥eeEs Hivguefwas
appﬂg@geous m xture used in the diffusion process may be

#ebo-control the reaction for fornming the diffusion

enhancegdglirayeis a pholdrlibRbraphasica & 1TBYX Phayiiicatich & gfepared
| evel {@react i Vi téo ﬁtween the zjrconi um oxj de a

nd
crossyiachipR 8 CHEs b 60 P PRSI BECTRE A SeteC e Yiew Showing the

edgeqqrﬂelméen ihk ta@yz BAd Meeéregs&%ﬂom fm T8. artie @ffRdi@$BdHding
om?200 mllibar to 15 mII|b %ﬁevena ressure

e”haf‘?%lf"ﬂ@dw cleeH% sheW 9 SerFV‘?tSalE’ PXRRSUBHIOHRS 9aseous
MixtuPE.CHE miay b se@hiifl FRfureanthd Gﬂpﬁbﬂbdﬁ@ng Bhbdiedidier 14 is formed

eous, m xture or the substr be .
evenf herasa de FHEACE ! ShestURgIrF Pocs die PG of g pending layer

14 oY SUBSHAE 16Mf Rk QY aboat ﬁamfmc%rﬁém(m@ wmfbmtefee)
operating tenperatures should not be so hi

cause dJUWEAeRRT & AtaRviIBIciagraRhs tekan 3 & nglﬁcgpgn of 1000X

of cré§sstioheof dddted AlO4/ZrO, ceramic substrate on which multiple wear resistant
coatings were applied. Figure 2A shows a photomicrograph of a cross-section of a coated
ceramic substrate 20 having a first coating of TiN 22, a second coating of TiCN 23, and a
third coating of TiN 24 applied directly on the substrate 21 without an intermediate diffusion
bonding enhanced layer. Figure 2B shows a photomicrograph of a cross-section of a
coated ceramic substrate 25 with a diffusion bonding enhanced layer 30 between the first
coating of TiN 27 coating and the substrate 26. The coated ceramic substrate 25 also has
a second coating of TICN 28 and a third coating of TiN 29. As may be seen in Figure 2A,
the first coating of TiN 22 neither adheres well nor distributes uniformly across the
Al.Osy/ZrO, ceramic substrate 21, the poor adherence may be evidenced by the dark areas
31 of the photomicrograph between the first coating of TiN 22 and the substrate 21. In

contrast, the diffusion bonding enhanced layer 30 has good adherence and uniform
8



10

15

20

25

30

substrates conprising al um num oxi de and zirconi um
oxide, it may be preferred that the gaseous m xture or
WO b@saesst rate is at a tenperature from 500C t BCT/ASIES/015720
or from50C to 12000C. More narrow tenperature ranges
may be desired to maintain a commercially acceptable
rate of diffusion and not affect the substrate,
therefore, it may be desired to have a tenperature of
t he gaseous m xture or the substrate from 5000C to

d,sm&a@a% B¥th méffﬁ‘stn{ogg@ aiﬂ‘.m Zﬁ:;dg@tﬂ@%&tﬁafe 48006e mU{lllpFS(foatmgs
Se | nal cate a nu ers I ess

showgiin PHEISURRERIES 26 Bra2s of st g noHeSF TN dydsgsited

by CVD withe: Btk SfdkheSPEICS Midrahbiens BiWldiflaomBomity éﬁheb\@ed layer

der st ood e nodi fied in all jnstances by the
form?OE '}ﬁhemseﬁ%s&e% R SHoSHAESEMPN ?Eameasqdoo NREoUS

chenficiltlefteyits dritdnipoBas, wdludw ﬁﬂiﬁh@ﬁﬁnlﬁrﬁb firdohlum exiddlaind
tion an are appr mat | o

follaq ecific ns 0
alump R M. 3o R BAdPIR ST JoA ST BT Lt eI g buton o
the nf@déhbtalso be obtai ned by the present invention. At the

very least, and not as an attenpt to limt the

es TR 0F B AtkS UG TOLST ve. Tl par et o7 shou ¢

_ Scrafthh Teagst be construed in light of the nunber of

r eport ni ficant di di
| oboul B Rl wit i d il P PR & G0N tool
comp’ﬁilstl’ﬂigra mﬂmSndmb\c?ﬁmnhQaMamaé@m@éenerrae(ditaiertg _tlﬁ@sqﬂmr’e{wanﬁ the first
scope O the I.nventi on re a I 0XxI ons, .-t he,.
wear R danEORGa R bt Mealy & abird aiiore tBTaOT e B AL Bup ieBSiings
(singRrc® niiiilds ta@érsz}lswaeottuag Itc)blelwenmspérbe onémmhmmampleabear
erent contaln C rr.o

resusﬁQL%%agage ?Bpl'legéjlf Pgtllyntﬁ%? BYRSIRIE A eehod d\@f\llaa? ﬁld‘cl’ion enhanced
bondinguagr iMerhitiidte (ethpetbsivate bAS thermulﬂﬁlaiwsrae PE¥tant coatings formed

by (S PR UNB L Bt GG E FONSBr TIPSR H Wi TRETON:
TiN vhmrtdr_teegmemlnmeedn timk@es@ny CHB. Fist BAt=A TG 38 4rg

oo SR TS0 i 200 2 LEO0L U 90, 92, R0 LIS B2 8 ormoo
undef  leshdtatigoadldrel oc:eg al‘ﬁe:o&tu@shée’ﬁ 40 off Figlirie S Aedas3Ho comprise a
BT bt Sl B REhEAE e 2 4P Mg bomoree e
dlffusl"tﬁf Iﬁh’ﬂﬁ&ﬁg grhad&Dialbr. A steuahm Emr@BA 4hb OV eftidgs 4@ndve
peeled and cthlppeg% cfn%rthg %grfagclhcrkaerrll%fgnd the wh?éa lcer%rnqlg seurfa%g 43 is
exposed under the scratch pressure applied. In fact, the weak adhesion of the CVD
coatings without a diffusion bonding enhanced bonding layer is also indicated by
comparing the width scratch mark 42 in Figure 3A with the narrow scratch mark 52 in
Figure 3B. The formation of a wider scratch 42 in Figure 3A is because the wear resistant
coatings 41 has a low resistance to chipping and peeling from the scratch load applied
during the test (same 10-kg constant pressure for both cases). While the formation of the
narrow scratch mark 52 in Figure 3B is a result of the strong adherence of the CVD
coatings 51 fo the diffusion bonding enhanced layer between the Al,O3/ZrO, ceramic
substrate and the CVD coatings applied. The scratch test clearly indicates that the
diffusion bonding enhanced layer improves adherence of the CVD coatings on the

Al,O4/ZrO, ceramic substrate.
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The substrate was exposed to a gaseous m xture
conprising alum num chl oride and nitrogen under a
w@e@saen3es of 500 millibar. The substrate was heEr/@s2009015720

a tenperature of approximately 10200C. The rati o of

AICI3/N2 in the gaseous m xture was approxi mately 7.

Figure 1 is a photom crograph taken at 1000X

magni fi cation of a prepared cross-section of a cutting

tool 10 of the present invention at a perspective view
MacliRmy Tests he edge 11 between the top 12 and the

Cross-section face 13. The diffusion bond

enhanc &y S¢1i8p C?WP?E""“(‘:‘? BRCNPingHBRIR WG Cﬁﬂ@dﬁ%gf‘?%ﬁv@”%s

cuttlr@fdoﬁﬂlt@%é)&ﬁhﬁ/% Vél’ldt}@@vcﬁ@&%@éf%ldmoﬁeﬁfdhetré‘t‘é AR BREREDf a
1, the diffusion bondi Q@a 2l ance | aye

in Fi
CU“'W9§°‘P'&%HE’&S'89 @RIRfeupediate diffysion op a'i?‘i’?é‘ Pé‘i’lﬁt'P'e wear
resistbbt codtingd.hi ckness of the di f f usi on- bondi ng Iayer 14 on

the. s trat 1 of F 1 i s out h If m cr onet er
Case(t;. o oncMa AgmvE, P

phot om THreg Aﬂ@t}'&r@?&@ﬁmﬂi cﬁlr@&&ﬂb Weﬁ@&él@ﬂe@forlﬁ@@éﬁ‘a@ératrve
cross-secti ons of eram ¢ substr

C
macfw?i“%’ﬁséﬁ aﬁﬁP?W'bl%T%@%ﬂ P@@‘%@&Pﬁg iBBeits Prys thepame sty  and
geon%ms)l H&ignalid D4e SNER1 30PMES which izh otk & @i APEhaRE wath an inscribed

sectign of a at ed ceram C substra %e 20 havi ng

Cros
diamgtef Pf*s%mféo%\f iGigess 0%‘?7\?2‘2“ a2l NOSEIRHYS 8 149 &
accordfihg t@Akk BC Blahdare0ahkRUttRh indeNs 2fCapph ihade Hisirfd TY .afd around
the substrate 2 1 without an internedi ate diffusion
the cyYRAPAYFSenhanced | ayer. Figure 2B shows a
photrastt ar Agoasdtapic AutiooSeriaset ANComparatioatrest -aedsan c
substr at e 25—wi-th—a-diffusion-bonding—enhanced | ayer
30 bet wee me_Afl rst caddtimg Méscliptiod’ coatji ng and the
substrat el 26— The coated-ceramc -substrate {25 al so has
a second o%% nig dincta@d 28 and a third cogting of Ti N
29. As maj-be seen in Figure 2A the first lcoating of

Ti N 22 ne| th# [adHeNe€Viedobtedor di stributed uniformy
across the-Al2BZZr R _ceram c -substrate 21 the poor

adher encehﬁ%ﬁp ble eNNdeGbedN IBVDR baatekawith ar eds 3 1 of
t he photom crogra atilng of Ti N
c{‘ff&)sgéri"‘g %HEé‘oebé Sc{la& . _

22 and the subs ra di f f usi on
bondi ng erbkanrced—tayer—30—+has—good aunCICHbe and

uni forndi stribution on both the first coating of TiN

27 and THeemachisibg &sts GECastitewensl derfotreed oaderrigs falitwing cutting
condiil both substrates 20 and 25 of Figures 2A and 2B are

LF RE'Ti CN-Ti N al | deposited by CV/D with a total
Cuttindhspdedes $600f fedt par onionet(é8GméEtees perfrhiastedn bondi ng

Fet—:-derg{e‘r’l=n 8%(1i irlmc%ypeerr revolution (0.25 mm per revolution)
Depth of cut = 0.020 inch (0.5 mm)

Insert designated C1B was coated directly on the substrate while insert

designated C1C was coated accordingly to the method of the present invention, as
described above. The test results are shown in Figure 4A. It is clear that the cutting insert
C1C (TiN-TiCN-TiN CVD coated) with the diffusion bonding enhanced layer demonstrated
the best performance. The diffusion bonding enhanced layer resulted in more than 80%
increase in tool life compared with the cutting insert C1B (TiN CVD coated), and a nearly

200% increase comparing with the uncoated cutting insert C1C.
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formed on the base Al 203ZZr Q2 ceram ¢ substrate 26 may
be conposed of various chem cal el enents or conpounds,
WO p@baei3gg) zi rconi um nitride, zirconi um oxi de, PERUS2005/015720

alumnumnitride, that are nelted together in a

fashion to produce a uniformdistribution of the m xed

metal s. TESTI NG OF COATED CUTTI NG TOOLS Scratch Test

Performance tests were conducted to determ ne whet her

a cutting tool conprising a diffusion bondi ng enhanced
Casd 2y MachiHifg BEHHealifoy Steblie substrate and the first wear

resistapt coating would provide a stro adherence for .

the oD §FS BUBH zWﬁ@@'%%\“ﬁ@ﬂ@o'ﬁP’V%ngﬂﬁg?‘?ré%i:%w rative
machlifg €&t tadsholvAGh FaiB e ANItRY Blitesy PRErtehAVE the BHhieigdfi€and

ar resistant _coatings applied directl 0 th .
GeOME s SIS BCOS T AP OrS oot ShfRe iy diameter of
25 mhn AdiidiclbA¥Rte ATHIE6MEdédRESs, pdidickustdfabg mmdatdirding to the

nul tiple wear resistant coatings forned, b t hod
150 gfaadari Tn® Eilioe nenct of wena 7 hars freesied wibAbubBrr-[EidiAround
the co@iagedgad.th TiN-Ti CNTIiN with three mcroneters in

t hi ckness CVD. Figure 3A and Fiqure 3B ate

Dot ShF 2oALDeforgiia S G HeisIARSdn EBMaR o e J Btk Gas
after scratﬁ tﬁ_sts Wer e ergtﬁrrred under a |const ant

| oad of 10 E: he cut tcf‘??g' FFIPHOOf Fi dure 3A does

not conpris€a fi E4S i ng enhanced Illayer and
the cutting insertﬁgobgP@%%e 3B does conprise the

di f f usi on|borEl NQ h e As.shown |[in Figure

3A, the CYD coat i nﬁ@ go? ﬁ%g\k/egjyvg[ehe '?eﬁgs'éamnd chi pped al ong

the scrat¢h mark 4ghhanced bendivg legercer am ¢ qurface 43

i s exposeq—under the scratch pressure applied. In

fact, the|wetk AdHENITGANSFNIGVD Cvided ithi ngs without a

di f fusi on|bondi pg C ' . iq al so

i ndi cat ed| by coﬂpaoﬁﬁ%gg}} @a&gg?hg'gjééi%g% mark 42 in

Fi gure 3A"wth—thernarrow -scratch—mark—52—n Figure

3B. The formation of a wi der scratch 42 in Figure 3A

i s becalls=mbblaining sty efSCateahversgariongsd dnderhibs fadlowingy test
cond{tigﬁgSt ance to chipping and peeling fromthe scratch

ad applied during the test (sane 10-kg constant

Cuttipg e+ 10Q febdr ndiasgte 305 Metdre pehminu) mat i on of t he

: Feedg'?{erg Wosc! @b%] ingﬁrgflfzr {éﬁglﬁ%{&% £ 1?311% rjnl% paer rreev%mti'i)nf)f the

rong adherenc
Depth of cut = 0.027 ~ 0.055 inch (0.69 - 1.40 mm)

The machining test results of Case 2 are shown in Figure 4B. It indicates
clearly that both the cutting insert C2B with TiN CVD coating and the cutting insert C2C
with TiN-TICN-TiN CVD coating demonstrate better performance in terms of tool life than
the cutting insert C2A with TiN CVD coating of the prior art.

It is to be understood that the present description illustrates those aspects of
the invention relevant to a clear understanding of the invention. Certain aspects of the
invention that would be apparent to those of ordinary skill in the art and that, therefore,
would not facilitate a better understanding of the invention have not been presented in
order to simplify the present description. Although embodiments of the present invention
have been described, one of ordinary skill in the art will, upon considering the foregoing

description, recognize that many modifications and variations of the invention may be

11



coatings 5 1 to the diffusion bonding enhanced | ayer

between the A 2031 Zr2 ceram c substrate and the CVD
waeo@bsilzgss appl i ed. The scratch test clearly i nPCT/EEES5/015720

that the diffusion bonding enhanced | ayer inproves

adherence of the CVD coatings on the Al 2Q3ZZr 2

ceram c substrate. Machi ning Tests A series of

conmparative machining tests was carried out under

various cutting conditions and with various work

emplBRScErAlBduchivariSiRINe R nAd offi calién SP6hIRE @ 88 Fordre htmtiddi td e
rising an interpediate diffusion bonding

tool co

COVG'@HMHE%EJ%?@{?%Q S3FAPHRN 20ie FUOMING @RIMSt ant  coat i ngs.
Case 1. Machining of the Iron Material for Autonotive
Parts Three AUOBZZr 2 cerami c cutting tools were
sel ected for the conparative nachining test - as shown
in Table 1. Al the cutting inserts have the sane
styl e and geonetry, designated as SNEN120412, which
denotes a square shape with an inscribed di aneter of
12mm a thickness of 4.76 mm and a corner nose radi us
of 1.20 mm according to the | SO standard. The cutting
inserts of Case 1 have a single T-Land around the
cutting edges. Table 1 AI2C3 ceram c cutting inserts
used in Conparative Test - Case 1 The machining tests
of Case 1 were perfornmed under the follow ng cutting
conditions: Cutting speed = 1600 feet per mnute (480
neters per mnute) Feed rate = 0.01 inch per
revolution (0.25 mm per revol ution) Depth of cut =
0.020 inch (0.5 nm Insert designated C1B was coated
directly on the substrate while insert designated C1C
was coated accordingly to the nmethod of the present
i nvention, as described above. The test results are
shown in Figure 4A. It is clear that the cutting
insert CIC (TiNNTiCN-Ti N CVD coated) with the
di f fusi on bondi ng enhanced | ayer denonstrated the best
performance. The diffusion bondi ng enhanced | ayer
resulted in nore than 80%

12
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increase in tool life conpared with the cutting insert
ClB (Ti N CVD coated), and a nearly 200% i ncr ease
W@ ooosari3ss) With the uncoated cutting insert CIECTZHSEOR015720
Machi ning of the Alloy Steels Three Al 203ZZr Q2 ceram ¢
cutting tools were selected for the conparative
machi ni ng test, as shown in Table 2. Al the cutting
inserts have the same style and geonetry, designated
as RCGX251200, which denotes a round shape with a
CLAIgISaneter of 25 nm a side clearance angle of 7
degrees, and a thickness of 12.7 nm according to the
1. IS‘%?%‘P%EP&’E&P"‘PH%‘”EMH ng inserts of Case 2 were
pr epabeats) Wiherdpuhd substlatétinises atlinihem Gitideiang Z46gesm oxide;
Table 2 Al203 ceram c cutting inserts used in
and conparati ve Test - Case 2 The machining tests of Case
2 aneiffesipebbadingenttmded 1dybe f ol | owi ng test conditions:
Cutting speed = 1000 feet per mnute (305 neters per
m nute) Feed rate = 0.03 - 0.055 inch per revol ution
2. ( OrnéGouttink t46) aTidirar, fuewer edmgiz)ngPept h of cut = 0. 027 -
0. 055 i nc.htésjg. 69 - 1.40 nMm) The machining test results
of? HERILEHSANECANdn in Figure 4B. It indicates clearly
that both the cutting insert C2B with Ti N CVD coati ng

and the cutti insert C2C with Ti N-Ti CN-Ti N CV ,
3 ot BT BRI o Bhe R B SRS AERRED e PeheR Tafer comprises
the rdz@@bn piddact hatwddhen §acbus ghixtieesoinpEdifgWittdyehiaNd @dminum
coati of the prior art. It is to be understood that
‘mk”Fﬁea%£@§éﬁmeQ§éVFftion illustrates those aspects of
the invention relevant to a clear understanding of the
i nvention. rtain aspects of .the inyentjon. that woul
4 poEipoT BB danBereb uh g esk P e difibing Singiig gnances
layer trév@fes ftohe026as 2.0 werdnektagt facilitate a better
under st andi ng of the invention have not been presented
in order to sinplify the present description. Al though

5. Sﬂbﬁd@mﬁgt&onﬁ cldie 1pgvﬁ§©lﬁ the E#Fxlﬁb!n%nbmg%nh@mbldl layer comprises
SCri ped, one O or nar.y. SKi, I n th ar W , upon
at leaSEEs eAC T o5 PSS ZRR T AT e b Himinim. o

many nodi fications and variations of the invention may
ch varj ations, and npdif

b | oyed. ] su i cat.i ons of
6. PRI mebRd s A iR e BN Bls G ea. o 0.5 o 45
% zirEoHi@g@xiae. descri ption and the foll owi ng cl ai ms. CLAI M5

7. The method of claim 6, wherein the substrate comprises, by weight, from 0.5 to 26
% zirconium oxide. '
8. The method of claim 7, wherein the substrate comprises, by weight, from 2 to 26 %

zirconium oxide.

9, The method of claim 8, wherein the substrate comprises, by weight, from 9 to 11 %

zirconium oxide.

10. The method of claim 1, wherein the substrate comprises, by weight, from 0.3 to 35

% zirconium.
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1. Acutting tool, conprising: a substrate, wherein
the substrate conprises al um num oxi de and zirconi um
woziodaz13smd a diffusion bondi ng enhanced | ayerPCRUSZ0&015720
cutting tool of claim1l1, further conprising: a wear
resistant coating. 3. The cutting tool of claim1,
wherein the diffusion bondi ng enhanced | ayer conprises
the reaction products between a gaseous m xture
conprising nitrogen and al um num chloride, and the

11, ZI TROREMHBY O bidn 16, wHdBINGRE SdbEratc0dmse] 1B widht, from 6 to 20
wherein the thickness of the diffusion bonding

%. enhanced | ayer ranges fromO0.25 to 2.0 mcroneters. 5.
The cutting tool of claim1, wherein the diffusion

bondi ng enhanced | ayer 'n@‘PI ses at | east onpe of
12. zi Phsoniting BRI d&laimi% whe COPHRGIATIRHSeaRd /AP Gnedi g metal

carb@é a’ih‘nléféll Ritie, & mé'fQIQSIIIEBﬁ RAd aGhetsl idB df.a WER S&1Bctbd®om groups
bstrate co rises, ZaWEI ght, fromO0.5 to 45 %

HIA, WBr é’@n?ﬂl‘i’n\/@(?otée periodigEabifat hod of claim 6, wherein the

substrate conprises, by weight, fromO0.5 to 26 %
zirconiumoxide. 8 The nethod of claim7, wherein the

13. sub& FUing topkRs caias! 2, whessin R CoatingfAmPrisgs ablegst one of titanium
nitridé! Tlmrtltm&&bﬂﬁ)mtr@de -ﬁf@N}T‘ﬂfathQﬂ‘l Qlﬁmﬁﬂlﬁh mt@de WﬁN?'tl‘fhrﬁlhﬁ

substrate conp.

alumiupejfid Grﬂ'%&aﬂt@“ 1T05"NT¥(39 e\'iﬁ?‘ﬂ% t'(tﬁ““&“ @ftﬂﬁ’%(A'Wér%‘r"ﬂ'“um

t|tan|hr|ﬂ€h|tﬁé‘@§hfs @bmoﬁ$mms©ﬁ titaRunYalL UM hikrr® &u@tu‘h@st@ﬁ
ircontum 1 hod of claim1 erei

Carb'é%/Sé&bPat(EA%*ﬁ%P(Cs)e%'UW%‘?@HP’ nifridg ?‘65 fHpasen %f%@éfcafbon

(AlTthcs?g; taqumgn&ra@x«d@f(Aeb@) Maawnmgémenmm thﬁ{fs‘térﬂ&rblde carbon
ses at. | east one a tal carb et al

WD Breiim e der) MR iae "R hBiedaI TS et al

sel ected from groups

14.  The cutting tool of claim 2, further comprising a second coating.

15.  The cutting tool of claim 14, wherein the second coating comprises at least one of a
metal carbide, a metal nitride, a metal silicon and a metal oxide of a metal selected from
groups A, IVB, VB, and VIB of the periodic table.

16. The cutting tool of claim 15, wherein the second coating comprises at least one of
titanium nitride (TiN), titanium carbonitride (TiCN), titanium aluminum nitride (TiAIN),
titanium aluminum nitride plus carbon (TiAIN+C), aluminum titanium nitride (AITiN),
aluminum titanium nitride plus carbon (AITIN+C), titaniufn aluminum nitride plus tungsten
carbide/carbon (TiAIN+WC/C), aluminum titanium nitride plus tungsten carbide/carbon
(AITIN+WC/C), aluminum oxide (Al.O3), titanium diboride (TiB,), tungsten carbide carbon
(WCJ/C), chromium nitride (CrN) and aluminum chromium nitride (AICrN).

17.  The cutting tool of claim 12, wherein the coating has a thickness from 1 to 20

micrometers.

18.  The cutting tool of claim 15, wherein the second coating has a thickness from 1 to

20 micrometers.
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H A 1VB, VB, and VIB of the periodic table. 13. The
cutting tool of claim 12, wherein the coating
w@oerpn2ses at | east one of titaniumnitride (TPCY/PS2005/015720

titaniumcarbonitride (TiCN), titani um alum num
nitride (TiAIN, titaniumalumnumnitride plus carbon
(TiAINFC), alum numtitaniumnitride (AITiN), alum num
titaniumnitride plus carbon (A Ti N\+C), titanium
alum numnitride pI us tungsten carbi de/carbon

10. (TA%MWSGH, cathpilidgdm titaniumnitride plus tungsten
car bi de \Agﬁ AI T| N+V\C/ O, alum num oxide (Al 203) .
t i B SHPSHRISVBISFaiT Ehe sebstrate, CW@%% FHmingh pYde eaﬁi Bzpnium oxide;
( V&# @rermebia@stia ’\gléﬂd&in’iﬂrls#@ itk 08 ool EiRdomURN bRABE BAY nitrides
nitride (Al Cr 14. The cutting tool of claim 2,

of alymiuReA" onpri sing a second coating. 15. The cutti ng
t oglkirsdlvest @siBtahfcoapgr ei n the second coating conprises
at | east one of a netal carbide, a netal nitride, a
nmetal silicon and a netal oxide of a netal selected

20. froRe gutBnPmséiidr clhivBlo, VitherREmYtisingf the periodic
table. 16. The cutting tool of claim 15, wherein the
se@6RtP d%ﬁqrﬁ%s%ﬁ?ﬁﬁoﬁ BE at | east one of titanium

. m Tﬁé agttifglindBrt of ¢|é|an2®1 rwrreaélbw thick Akess(oFititdNirst \B/éérar@t@tréht
mnltrldelg ti tanlumahumnumnltrl

Coat'aﬂﬁgd $HERNE el @}antapﬁmgﬁasaﬁth?&'a PliYReRi 1 3P micrometers.

(AITIiN), alum numtltanl umnitride plus carbon

TiN+C),. titani um numni ri de plus tungsten
f:g\ffﬁaﬁ e PﬁﬁﬁO{ﬁ‘?'m £5in thg ftﬂ?ﬁ"ﬁ%ﬁﬁ%?i’%?@ﬂ%ﬁ?‘ﬁisﬁw%wear

resisRAnd SodthgGsdepnaitlyicaririas EDI@aét?nEldNéWtQ)carlt&Hélrﬁ M nitride, a
| de un

xi de 2Q3), titaniumdi bor
mete] SHMAILA b oL HERES M thss el Ti'e BIaue® (1 Barig and VI o
the pakigét fap@.chrom um nitride (AICG N . 17. The cutting
tool of claim 12, wherein the coating has a thickness
from1l to 20 mcroneters. 18. The cutting tool of

23. cl iﬂhéfbtltﬁng et ef daibhz2 mdtr@mgﬂwrh%stanﬁdvaﬂk@eﬁ@the
to 20 mcra ters. 1 cuttlréglns

secoegﬁg@[ gqshc,éant go%tlmg? ecpteé\de ecrogmqls? BE atkgteroc{tngamum nitride (TiN),

titanigANEAIHSREJS | THONN Uita rdXrh GRindiRGm Z‘nlltﬁ@é){'lﬂ iAlIND) Ct}ttérd@m aninum nitride
es of zirconiu

S e S e R

carbon (AITiN+C), titanium aluminum nitride plus tungsten carbide/carbon (TiAIN+WC/C),
aluminum titanium nitride plus tungsten carbide/carbon (AITIN+WC/C), aluminum oxide
(Al,O3), titanium diboride (TiB,), tungsten carbide carbon (WC/C), chromium nitride (CrN)

and aluminum chromium nitride (AICrN).
24, The cutting insert of claim 21, further comprising a third wear resistant coating.

25. The cutting insert of claim 24, wherein the third wear resistant coating comprises at
least one of a metal carbide, a metal nitride, a metal silicon and a metal oxide of a metal

selected from groups llIA, IVB, VB, and VIB of the periodic table.

26. The cutting insert of claim 25, wherein the third wear resistant coating comprises at
least one of titanium nitride (TiN), titanium carbonitride (TiCN), titanium aluminum nitride

(TIAIN), titanium aluminum nitride plus carbon (TIAIN+C), aluminum titanium nitride (AITiN),
15
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a first wear resistant coating. 20. The cutting insert
of claim19, further conprising: a second wear
w0 e@sAe®8t coating. 2 1. The cutting insert ofPCI/aB2005/015720
20, wherein the thickness of the first wear resistant
coating and the second wear resistant coating together
is between 1 and 20 mcroneters. 22. The cutting
insert of claim2 1, wherein the first wear coating
and the second wear resistant coating independently

alummgmﬁéﬁﬁm&ﬁtrlbééﬁh cBMRBNQAITINFEY, Blanfdd leﬁ‘ﬁ'ldunam;ffﬁieé\ilus tungsten
oxi de o

silicon and a netal al
Cafblg%/P%ere&T'?l“[}?N@ QuEMINUR tRYEM Risde phis YRgsie C%'“H@e}carbon
(AITIRENOPd], @lunailre oxidd (AIJDS), ﬁtuﬁhmbbrm%e(ﬂ’tBQPftuﬁ‘ds%rfEa?E@de carbon

erein the wear resistant coatj
<WC/ggc®ﬁ<a“\wga?'t"F@§5§Y>m aétaawwgcfﬁr%@ﬁbwtﬂ@%t(ﬁ@r@&npr i se
at least one of titaniumnitride (TiN), titanium
rbonitride titani um al um numnitride
27. (% h& %ﬁ'”gt'ﬁeéﬁ(w‘i’ﬂﬁ%\%l%ﬁ”ﬁﬁ?ﬁ'% iertirefavesr (RSigtaN G8Ating comprises

tltanuﬁﬁﬁlnﬂh&&(ﬂ)e s@doﬁmm@éméshétémlc@ml@ ddnhistse$ MahiuM carBbmifldeUSARd the
taniumnitride B]pus carbon (Al Ti N+C), titanium

third %(Iearnﬁeﬁﬁ NhPeating €opPlEes Uﬂ@'&?‘éﬁtr'(i’ﬁf bi de/ car bon
(T| AIN+WC/ C), alum numtitani um nltrl de plus tungsten
bi de/ carbon (Al Ti N+WC/ C) , um oxi de (Al 203) ,
28. t| N YIRS PEsSt ¢ R ’("ﬁ@"@?re'” Eh@r\@*@ ?fjp%tﬁﬂ%ﬁeaBg%aﬂ‘EiB'Wess of
from O\B/HER, mietdh@eream nitride (CrN) and al um num chrom um
nitride (AICrN). 24. The cutting insert of claim2 1,
further conprising a third wear resistant coating. 25.

20. ThﬁweCckﬂtﬁrigﬂQsérﬂ&QﬂélmCﬁS @haidin aﬂeag‘tﬁaﬂwr thetflng v&darrrék.é&@ﬁr
resi st ant coatl n ri ses at | east one of a

CoRtg P Ve TRV B DB i W F VO 9aIED Wetepplicd

bych@m&#v@éor@eb@é@dn sel ected fromgroups H A, |VB, VB,
and VIB of the periodic table. 26. The cutting insert

of claim25, wherein the third wear resistant coating

30. COTRY duk@RRy iAderl FRim@Be whbrdin thardorBRMiatibh BEzifcbhith oxide is from
t|t?n| umc rbonitride (TiCN), titanium alum num

0.5 19 ¥4, §¥% We'g AI N), titanium alum numnitride plus carbon
(Ti ALN+C), alum numtitaniumnitride (AITiN),alum num

titani um |tr|de | us ca bon (AITi N#C), titanium
al ufﬂeﬁm icPRlNge g‘ftU@foﬁ gete SRS bi de/ car bon

( Téxﬁb&iﬁ?@‘u Glbstrite! 5 AumiHunt ebrit® aHd difrstesnp WHErin g SuB&trate
car bi de/ car bon éA GI' MWC/ C), al um num oxi de (Al 2Q3) ,

compriseSAIRARSACAR2(8WB2) , tungsten carbi de carbon

coating the substrate with a first coating by at least one of chemical vapor

deposition process or physical vapor deposition process.

32. The method of claim 31, wherein the substrate comprises, by weight, from 0.5 to 45

% zirconium oxide.

33. The method of claim 32, wherein the substrate comprises, by weight, from 0.5 to 26

% zirconium oxide.

34. The method of claim 33, wherein the substrate comprises, by weight, from 2 to 26

% zirconium oxide.
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(WO, chromumnitride (CrN) and al um num chrom um
nitride (AICN). 27. The cutting insert of claim 24,
wob@sarrssg he first wear resistant coating conpPCBHES2005/015720
titaniumnitride, the second wear resistant coating
conprises titaniumcarbonitride, and the third wear
resistant coating conprises titaniumnitride. 28. The
cutting insert of claim27, wherein the internediate
| ayer has a thickness of fromO0.25 to 2 mcroneters.
35. 2%he th&h6dbt disieh 3M)sBetei®ihecddbiaid@omphiss£ibp walight gash 0.5 to 11
., _.one of the first wear resistant coating, second wear
Jo ZINGRRYNA PXHE- coating, and the third wear resistant
coating were applied by chem cal vapor deposition. 30.
The cutting insert of c¢claim?29, wherein the
36, cdeanhat PLHADY 3% meeeit (e HPs el omprss, 6y it g to 11
% zirdBhieogile. 31. A nethod of coating a cutting tool,
conpri sing: exposing an substrate to al um num chl ori de
and nitrogen, wherein the substrate conprises alum na
37. aNtheZhéthOd bPGlaifCh, Gkdim thel 1@osing g aisstralettb afunhintidichloride
coating by at | east one of chenical vapor deposition .
and ifageBSBMBF S OHPE R e B UAIEIBE 44 8AUMEtEE SomprSing Fluminum
chlorif®bhe@it@ger] aim 3 1, wherein the substrate conprises,
by weight, fromO0.5 to 45 % zirconi um oxi de. 33. The
nmet hod of claim 32, wherein the substrate conpri ses,
38. byrheeh&@hbd of 18 87, vhetsid thedgatieb GO Mintilive o Listsr a3stessUiie from 200
... methad of claim 33, wherein the substrate conpri ses,
m""bﬁ)ﬁo\ﬂgpam","b?rr om2 to 26 % zirconi um oxi de. 35. The
nmet hod of claim 34, wherein the substrate conpri ses,
by weight, from0O.5 to .11 % zirconium oxide. 36. The
39. t*ﬁdag‘g?’d 8% AR 5 WNRFRlD $15,99568Y% UE?@WFA? lé”‘g%r?p‘?rF%Sé’é? from 500
millib&ytowaiog htillibdr om 9 to 11 % zirconi um oxi de. 37. The
nmet hod of claim 32, wherein the exposing the substrate
to al um num chl ori de

40. The method of claim 32, wherein the gaseous mixture is at a temperature from
50°C to 1400°C.

41. The method of claim 40, wherein the gaseous mixture is at a temperature from
50°C to 1200°C.

42. The method of claim 41, wherein the gaseous mixture is at a temperature from
500°C to 1200°C.

43. The method of claim 42, wherein the gaseous mixture is at a temperature from
1000°C to 1200°C.

44, The method of claim 43, wherein the gaseous mixture comprises aluminum chloride

concentration from 25% to 99% by weight.

45, The method of claim 44, wherein the gaseous mixture comprises aluminum chloride

concentration from 75% to 99% by weight.
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and nitrogen conprises exposing the substrate to a

gaseous m xture conprising alum num chl ori de and
wordsogsss 38. The net hod of claim 37, wherei nP€TES2005/015720

gaseous m xture is under a pressure from 200 m|libar

to 1500 mllibar. 39. The nethod of claim 38, wherein

the gaseous m xture is under a pressure from 500

mllibar to 1000 mllibar. 40. The nethod of claim 32,

wherein the gaseous mxture is at a tenperature from

46. OG89 rhé&thdd8P8%im $1, wheldi® HEES20AG Ble Silbsirdiedfy.at Y2RT Shdlof

t he aseous mxture is at a tenperature from500C to
chemipaper ¢ QOS'hH'i‘d)"ﬁ%QSFi@(H'd@fp'“dfﬁ'&?'rﬁai’oﬂde%‘féioéﬂﬁoqeﬁ% resuilts in a

COGtIW&I é?tléHs? ohé oiaé nidtdl @%ﬂfeablﬂﬁeﬁaffrﬁtﬁﬂb @Qn@teﬂ 8ilicon, and a
he net hod of claim

e _ga
metal GRS alohpide SLABEILERPER oI GOuBE W YBOGR ani B of the
periodiB@api@t hod of claim 43, wherein the gaseous m xture
conprises al um num chl ori de concentration from25%to
99% by weight. 45. The nmethod of claim 44, wherein the

47. 9AIRQHSHhBY Bt Hlaifh @@We'reﬁﬁ%eaédéﬁh@ H&nﬁﬂéé&rét%st one of tltamum
concentration from 75%to 99% b ht.46. _The net hod

nitride{Ti), difaniugn carpraiirider TIGHD. &taawnh@uw@%wﬁgd@r E%beta@tum

alum|h%s¢.tne@%l@fcamwmwpa%mﬁwnwn@ﬁ.mnfémfﬁﬁ) &N fnifum
YSI i cal vapor &OSI t1on Process results Iin a coati ng

t'tam% ﬁ'ﬁ'i“i’%P'H@ ca&boné/a iNnetitgpiug sgmnuntaiisdedils Hngsien)

carbuﬂs!/&a‘rbé*r‘i3 %TlﬂlNWY@{C)Sélbm%tgﬁm mamdmamm‘aé @IusQﬁmgi,%rpéar&d%bﬁion
al 'sel ecte

(AT U DA IRE P (D0 (aBG, Caor e aTIE: hingstPnertie papbon

(WC/éﬁ,chv&faﬁuﬁi AltritlB Scm%uwrﬁlﬁmrdh&ﬁﬁmai nilri@83AICPRE  Of
titaniumnitri , titaniumcarbonitride (TiCN),

titani um al um num n|tr|de (TiAIN), titanium al um num

48. Nittdel HEthBY %ﬁcl@?f‘i BORuktEr AbMpfdes: al um num titani um
nitride (AITIN), alum numtitaniumnitride plus carbon

( APRiing:the, SUPF A WihA:3eGRNS BPAIRSLYI e 55 PRV EiGRIgEperdeposition

process and a chemical vapor deposition process.

49. The method of claim 48, wherein the coating the substrate with a second coating
results in a second coating comprising at least one of a metal carbide, a metal nitride, a
metal silicon, and a metal oxide of a metal oxide of a metal selected from Groups IlIA, IVB,
VB, and VIB of the periodic table.

50. The method of claim 49, wherein the second coating comprises at least one of
titanium nitride (TiN), titanium carbonitride (TICN), titanium aluminum nitride (TiAIN),
titanium aluminum nitride plus carbon (TiAIN+C), aluminum titanium nitride (AITiN),
aluminum titanium nitride plus carbon (AITiIN+C), titanium aluminum nitride plus tungsten
carbide/carbon (TiAIN+WC/C), aluminum titanium nitride plus tungsten carbide/carbon
(AITIN+WC/C), aluminum oxide (Al,O3), titanium diboride (TiB,), tungsten carbide carbon
(WC/C), chromium nitride (CrN) and aluminum chromium nitride (AICrN).

51. The method of claim 46, wherein the first coating has a thickness from 0.25 to 20

micrometers.
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car bi de/ carbon (TiIAINMWZ/ C), alum numtitaniumnitride
pl us tungsten carbide/carbon (A Ti \+WC/ C), al um num

wo@xooda2138¢ 2CQ3), titaniumdi boride (TiB 2) , tuPgBEUSI005/015720

52.

car bi de carbon (WO/C), chromumnitride (CN and

al um num chromumnitride (AICrN). 48. The nethod of
claim3 1, further conprises: coating the substrate
with a second coating by one of a physical vapor
deposition process and a chem cal vapor deposition

Prafensthod 9f clblie sMELRGEin e flsBEdBIIAG ha¥BEahiBkAEsE H®mM 0.25 to 5.0
coating the substrate wth a second coating results in

micren&@®ond coating conprising at | east one of a netal

carbi de, a netal nltrlde a netal silicon, and amstal
oxi de of a netal ide of a netal sel ected from G oup

| NS Tiotaod BSIalm ASHES N then o1 6P RIS e BNcNe Do o 20

m,crdﬁeétg,gd of claim49, wherein the second coating

conprises at |east one of titaniumnitride (Ti N),
titaniumcarbonitride (TiCN), titanium alum num
nitride (TiAIN), titanium alum numnitride plus carbon
(TIAINKC), alumnumtitaniumnitride (A TiN), alum num
titaniumnitride plus carbon (A Ti N\+C), titanium

alum numnitride plus tungsten carbi de/carbon
(TTAINMWC/ C), alum numtitaniumnitride plus tungsten
car bi de/ carbon (Al Ti \+WC/ C), al um num oxi de (Al 2C3),
titaniumdiboride (TiB 2), tungsten carbi de carbon
(WO, chromumnitride (CrN) and al um num chrom um
nitride (AICrN). 51. The nethod of claim46, wherein
the first coating has a thickness fromO0.25 to 20

m croneters.52. The nethod of claim5 1, wherein the
first coating has a thickness fromO0.25 to 5.0

m croneters. 53. The nmethod of claim49, wherein the
total coating has a thickness from1l to 20

m cronet ers.

19



