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along with simultaneous uniaxial pressing of the powder in a die. Although hot-pressed
20  ceramics are more expensive, they may be prepared with a finer grain size, a higher
density and higher transverse rupture strength than cold-pressed materials.
The ceramics currently used in cutting toois are based either on aluminum
oxide (alumina, Al.O,) or silicon nitride (SizNs). Other ceramics, such as, magnesia, yttria,
zirconia, chromium oxide, and titanium carbide may be used as additives to aid sintering or
256  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 inertness and great strength
of the aluminum oxide substrate. Commercially significant aluminum oxide ceramic tools
were basically fine grained (less than 5 pym) Al,O; with magnesia added as a sintering aid
30 and grain growth inhibitor. Aluminum oxide ceramics may also be alloyed with suboxides
or titanium or chremium to form solid solutions. The three main commercially available
aluminum oxide based tool materials are Al O./Ti, Al,O4/Zr0,, and Al,Os reinforced with
siicon carbide (SiC) whiskers. Other Al;O; base ceramics may have additives of TiN, TiB,,
Ti(C,N}, and Zr(C,N).



silicon carbide (SiC) whiskers. Qher Al1203 base ceram cs may have additives
of TiN, TiB2, Ti(C N, and Zr(C,N. 1 WO 2005/121388 PCT/ US2005/ 015720
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materials for carbide-based cutting tools. Thin coatings (2 um to 5 ym) on ceramic

20  substrates have been developed primarily to limit chemical interactions between the tool
and the work material and improve wear resistance. Examples of the very recent research
efforts in applying the latest CVD coating technologies to ceramic cutting inserts include
coated reinforced ceramic cutting tools, United States Patent No. 6,447,896, coated silicon
nitride ceramic cutting tools, United States Patent Application No. 2002/0076284; coated

25 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 o develop new coating technologies for ceramic tools in
order to further improve the wear and chemical resistance of ceramic tools to mest the
ever-increasing demands on machining productivity.

30
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



ever-increasi ng demands on machi ni ng productivity. 30 SUMVARY OF THE

| NVENTION I n at | east one aspect, the present invention is directed to
cutting tools conprising a substrate, wherein the substrate conprises

al um num oxi de and zirconium oxide and a diffusion bonding enhanced | ayer.
The presentY9HI¥HI N is also directed to 2 WD 2005/ 121SEE32005/015720

PCT/ US2005/ 015720 nethods of form ng a diffusion bondi ng enhanced | ayer on
a substrate. A diffusion bonding enhanced |ayer increases the adherence of
a wear resistant coating applied to the cutting tool. The diffusion bonding
enhanced | ayer conprises the reaction products between a m xture conprising

ni trogen an | uyp num ¢ rid st thez r.coni ym.oxi d resent
" e s eed o omine ik B teneilRie Bhe sty AATLEoR PGS o o
C:Jt ting iasanted lagsririoredseg the sihbrhtadfea wmeésﬂtak:jttcbatlr@.mtlécaﬁ)ehe:amgl ses

al um num ox nd zirconium, O nt er i at.e risin

i tr1 des, P e i BRbODRPY Bt b Brer it % st eP¥Gi SR Tand o

| east onemistae coremrisirigaritrogencndraumiiién éiorttebout atdedst tfe diveniwetolidd of t he

presen ﬁlggg es exposing an substrate to alum num chloride and
nit rogéen BFV\E%MQ tﬂe% lrah%st rate conprises alumna and zirconia; and coating

the substrate by atinsetber aspectothe presantdarentiemis diraepd i a tudting l'psembess or

pressure Yimei ght,

Fromo. 5 amlErEnRLhed Wi anf apdinfe ShaeR sRnii SAAPRAG SregRlirl D I

met hod nagxides ap indennediate layesi aomprisieg itriges pézlr@omlumazmg@mmdﬁ ardunitédesonpr i si ng

al um num SM\)%FIII']% Q{Eﬁt st B&Q\ﬁéhr radi8aifi @84tingg on the substrate may be applied
as

by CVD or means. Each coating may independent] y
conpril@e at |east dMeembodimapichiheseatindief thegpresgnt iventjanrdomprises e¥pesing si | i con,

and a met gh s@é&rgl% t@ialu?mrm?ﬁ BhloRe A48 nﬂfog@n 'm{e?ém ﬁ%‘ s%B&t?é?ie Eérﬁ;SRs%Q afghfips 11H1A,

VB, VB, and VIB of the periodic table | 'such not |mtedto at | east
one of tP@%rcﬂﬁ'?-rﬁﬁdrqoa&”qfhplﬁ)‘bSt'iaFet%Yrﬁtlﬁ?FE%%ﬁh?mica'é’anf dgRpsition t ani um

al umi num Bdobédsdﬁ pkebsd¥eNapor dépbgmwrb@synrﬁwmvatrb@rﬁlﬁ/ e&rﬁéns‘éambwagmﬂ Al N+C)
alumnum %tnlum nitride nfumnitrid | us car bon

(AITi NtO) | rom SRi4G P ZreRy m“a-{% '?\P th'a@t% paGHt ‘Efﬁ'@“s?&ﬁ“a'@aﬂ' e anstios i
(Ti Al BgWCin€lude axpdginguie subsateUdn Qhsdous mindlird Toinphgad SDmikbiHieideanon

nitrogen.

The coating on the substrate may be applied by CVD or PVD, as well as
other means. Each coating may independentiy comprise 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

20  Groups llIA, IVB, VB, and VIB of the periodic table, such as, but not limited to 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 (TiIAIN+WC/C), aluminum titanium nitride plus tungsten carbide/carbon

25  (AITIN+WC/C), aluminum oxide (Al,O,}, 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

30 additional details and advantages of the present invention upon making and/or using
embodiments within the present invention.



25 (AITiMWC/ ©), al um num oxi de (Al 203), titaniumdiboride (Ti62), tungsten
carbide carbon (WJC), chromumnitride (CN) and al um num chromumnitride
(AICrN). The reader will appreciate the foregoing details and advant ages of
the present _invention, as well as others, upon consideration of
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i nventi on upon naki ng and/ or using enbodinents within the present
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inserts conprising a substrate of ‘al um num oxi zirconiumoxide with
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tool s conpri si ng_ a substrate conprising alum num oxi de and zirconi um oxi de,
and a di fVihorbmdiffusien bepdingrenhaneed laype (Figure 3A) and the other cutting insert was

15  prepared with diffusion bonding enhanced layer (Figure 3B); and
Figures 4A and 4B are graphs depicting the results of comparative
machining tests (Case 1 and Case 2) that were carried out under different cutting
conditions and with work materials in order to demonstrate the advantages of the ceramic
cutting inserts comprising a substrate of aluminum oxide and zirconium oxide with diffusion
20  bonding enhanced layer and wear-resistant coatings.

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.
25  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
30 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 results in a chemical reaction between at
least one of the aluminum oxide and the zirconium oxide of the substrate and a mixture of

nitrogen (Nz) and aluminum chloride (AiCl;} in a surface region. The reaction may be
4



25 The diffusion bondi ng enhanced | ayer results fromthe reaction between
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20 nitrogen and aluminum chloride, and the zirconium oxide present in the substrate. The
thickness of the diffusion bonding enhanced layer may be controlled by adjusting at least
one of the temperature, pressure, reaction time, 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

25  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 %
zZirconium oxide, or more preferably from 9 to 11 % zirconium oxide.

30 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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typically, may have a thickness of from 0.25 to 2 micrometers.

20 Embodiments of the cutting tools of the invention may also comprise a
substrate, wherein the substrate comprises aluminum oxide and zirconium oxide, an
intermediate layer comprising nitrides of zirconium, zirconium oxide and nitrides of
aluminum, and at least one wear resistant coating.

The present invention also relates to a method of coating a cutting tool.

25 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

30 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
8 to 11 % zirconium oxide.

The substrate may be exposed to a gaseous mixture comprising aluminum

chioride and nitrogen. The gaseous mixture may comprise an aluminum chioride
6



of the coating on the surface of the substrate will typically be from about
1 to about 20 mcroneters or nore typically from1l to 5 mcroneters.

I ndi vi dual wear resistant coatings, typically, nmay have a thickness of from
0.25 to 2 mcroneters. 20 Enbodi nents of the cutting tools of the invention
may al so cHRAMYBIE substrate, wherein the substrate cBEPEPFBEDIERMUN num

oxi de and zirconium oxide, an internediate |ayer conprising nitrides of
zirconium zirconiumoxide and nitrides of alumnum and at |east one wear
resi stant coating. The present invention also relates to a nmethod of coating
a cutting tool. 25 Enbodi ments of the method conprise exposing an substrate
to alum num chloride and nitrogen, wherein the substrate conprises al um num

oxi de and®eRFeE 6?1‘?&#8’6%?“&&0 9%/9&)! weigltt prgorepseierably: frame 5, o A9% Rrweidhine
process Sl%%ekﬁﬂjsfmﬁtme@@j SottbifPyiRer ComispREne Mad aredhert BiagBhtiRNgingft, Byhe present

e O dshFlrdY e Bfpon e SRR Ehomioot kot it eBdt Pamiedy 1 30
g)e(ls :j re egr ddiff:s&igh&ﬂdagegnmd na??ns , When avgagious nmmmcemﬁnf.ﬁgmagr;amm rconi U£n

pr ef e|5ablcgl7IIO riﬁg,ag@plgﬁgen 'gluﬁ?‘f‘i t%gor{rbtg_et%%gign B?,Qﬂ?n ayefﬁgy B[ﬁ%‘ﬂaat e may be
exposed troeyebeqised altsoughiighee pressipes will atiove mora mtemdm:hbetwedett&rgismn.tsr ogen. The
BT Uszo gt e TR Lol Sof Bt h ShE RO wp B msA R

pr ef er ablnay Her used 16 2ortno! $18 Fedujiomar idnting tﬁméﬁwemmnmcbdaweﬁmghecont ain

ot her CO %ﬁ%tlﬁ?*é‘t@hto §h|g§§'rléve%f rgéﬁuﬁg}ﬂeﬂl éﬁthg%édnlm xu:l amf ntially

inert" meant not ere with
f or meltdi ornitts:rgenaTUerﬁfocg iteproide therappeapratecenirdl Hyeay bw:@ferablg @mmemmlma xture

cOMPr i S1 el T T EmlloPld 403 fod ok EOEpleSuts St Mololfirib st £ uS! o7

bondi ng anced [ayer any pressure used although pressures
wi Il alldoillip®re interacti on between the gaseous phase and the solid phase.

The pressure of gaggpdionFh dé&@r.Hs%eudaahpfen%efrétu.%' LB 1R Bseoul™Y be used
to control the reaction for formn fusi on enhanced”l ayer. A hi gher

pr essur e Tigyregrdhg subsiralgirpaydie haslad gto dﬂcreraéa&ea raterof diffusigpe HighRe ™ zi r coni um

oxi de15anClerilaﬁeraiu?ésqaﬁwesmhﬁraq#@{eeraté ef M&decl:ﬁ.ut Eﬁéeop%%ﬁﬁwrﬁp%rrﬁuﬁg'@ﬁ&% it may
be preferab to maintain a ressure from 200 | i bar or

even a pr@sReehigh aptuerysaNy {msiesirec,chaoges in g whsapbstrate “fherstore, for

substrates comprising aluminum oxide and zirconium oxide, it may be preferred that the
gaseous mixture or the substrate is at a temperature from 50°C to 1400°C or from 50°C to
1200°C. More narrow temperature ranges may be desired to maintain a commercially
20  acceptable rate of diffusion and not affect the substrate, therefore, it may be desired fo
have a temperature of the gaseous mixture or the substrate from 500°C to 1200°C or more
preferably from 1000°C to 1200°C.
Unless otherwise indicated, all numbers expressing quantities of
ingredients, time, temperatures, and so forth used in the present specification and claims
25 are to be understood as being modified in all 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 fo 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,
30 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, howsver,
7



Diffusion may occur in a solid at any tenperature. Either the gaseous

m xture or the substrate may be heated to increase the rate of diffusion.
Hi gher 15 tenperatures may result in a higher rate of diffusion but the
operating tenperatures should not be so high as to cause any undesired
changes i nWhWOEBIIY substrate. Therefore, for substraP@BUSHMHHFED ng

al um num oxi de and zirconium oxide, it may be preferred that the gaseous
m xture or the substrate is at a tenperature from50C to 1400C or from 50C
to 1200C. More narrow tenperature ranges may be desired to maintain a
commercially 20 acceptable rate of diffusion and not affect the substrate,
therefore, it may be desired to have a tenperature of the gaseous m xture
or the su‘fb@t’F'%ﬁr@tb’rceﬁﬁamatftﬁfmmeé?aﬂwﬁﬁi't"’;grfmthatﬂt%ﬂdﬁ ViBignC t o 1200C.
Unl ess  otiBgidih gRirlr8sHeeMeadsting! hedltidhRh&. expressing quantities of

i ngredients, time, tenperatures, and so forth used in the present
specification and clains 25 are to be understood as being nodified in all

Instances by the termmmbmmmm osumhsaﬂvenwcmt ed to the

contrary, the numsl[r&3 ?1 par anet ers set fortp in the follow ng  specification
and cl i ms are apprBkfHRYING fxampigs demonsyaie %@H@ﬁ‘éﬂ’\fﬁdﬁ%'é‘ﬁnlbﬂﬁd'%m red
properti ee?\hsmea dyst on e sabktedts eﬁnﬁﬁélrfg%rﬂh@tﬁ %ﬂfde laRY 2iédnflitn oxfildle AEthyer y

| east, an tion_of the doctrine of

a
oo vl onfecog¥sd AadtBnest s o WearuSuintathrbatngs o Me S belreiS; 7he cHARISL o Shoul d
at | east éilbstt’ame‘ftthluedampielcbg‘iphsemfln Wwaightportaitagef gm%mﬁaadd 19%0m0R) ThAat digits

nuer ) cal CPHFRRL S OB of ZB B hoRGrsr o0 O 2 ol SLORMNIF " o”

I nventG orandraeheapuwrtsferrmaeﬁroem of DIOE cablnmeseoc“@l val ues set forth in the

VAl e, howsver, 7 908 SRR TS EReRb a3t TR0 bR R I Con ai n

certai n athhods amamtfew wrder a @saskure 06500 witfibah eThet subdiatd waeheated toa f ound i n

their THE

| WVENT] CNPEParRLS Pl 1B 02 P T et M, B DT e e i on
bondi ng appteximately Fayer on the subst rate conprising al um num oxi de and

Zi rcofg um oxi de angh ol ; t coatings
on' The substrate. THEG b RAE e BN R P 1 o iR Bl 83 e AR 0 el gt
per cent agEosseggtiontd @Buting tac 90 zf the prepret inventien ataﬁ @emmtnee \d@ngmqwng)mm 0

g/ cnB,  a dy3eqneafvesh tHBR 1oMnd the QbBNRBRMaPhcé 18 WY GRdston bonding

enhanced layer 14 is clearly shown on the substrate 15 after exposure to the gaseous

mixture, As may be seen in Figure 1, the diffusion bonding enhanced layer 14 is formed
20  evenly across the surface of the substrate 15. The thickness of the diffusion-bonding layer
14 on the substrate 15 of Figure 1 is about half micrometer (0.5 micrometer).

Figure 2A and 2B are photomicrographs taken at a magnification of 1000X
of cross-sections of coated Al:O,/ZrO, ceramic substrate on which muitiple wear resistant
coatings were applied. Figure 2A shows a photomicrograph of a cross-section of a coated

25 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

30 asecond 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
AlO4/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 and a heat transfer coefficient of 0.07 cal/cmsec C. The substrate was
exposed to a gaseous m xture conprising alum num chloride and nitrogen
under a pressure of 500 mllibar. The substrate was heated to a tenperature
of approxinmately 1020C. The ratio of AICI3/N2 in the gaseous m xture was
appr oxi mat 220 ﬁlzi@sFl gure 1 is a photonicrograph takenPGHUS2OEPX5720

magni fication of a prepared cross-section of a cutting tool 10 of the
present invention at a perspective view showing the edge 11 between the top
12 and the cross-sectional face 13. The diffusion bonding enhanced |ayer 14
Is clearly shown on the substrate 15 after exposure to the gaseous m xture.
As may be_ s t he di_ffusion bond enhanced | ayer 14 is

een in Fi re
formed 206 &@H@WO%Ethg’ge firstesoating of JiN &¢ a'?qw@e%'b"é’ia &E% The mylfiglecAptinghess of
the di f f usbemintbotitisubgtratey 20 and 45 @fFhlres SN BAY B m-ntNFmg tan eeéosrtéd about

aken at 5 GREGHIT ¢ 3ol %n%?seéf?y%%sem%@ e11he e Pondreo s aBEFUR, 203/ 21 Co

ceramc S‘brhﬁﬁmattl& lmate\MuQa!Zeréramlc&ummte 2E& /g bakbmpedtdf Rgsouser e appl i ed.
Fi gur 2A sh%v\‘s to(t)ron(; Cro?: p gt Lon of a coated 25 ceramc
subst Pat S SOR RIS R RS i Bng TS 5, ePnfin it ARG of 11 o 25,
and a tralundnmmaitndegthat ar@irﬁél@d teguther éch Eshiet tol produrstahmifern sstribton2E Wi t hout
an 'nterqﬁéjrln%ﬁrr%‘kaw usi on bondi ng enhanced | ayer. Figure 2B shows a

phot om crograp a cross-section of a coated ceramc substrate 25 with a
di ffusi on bondi ng enhanced | ayer 30 between the first coating of TiN 27
coati ng JR$TING OF GRATER EWFINGTOUSat ed ceranmic substrate 25 also has 30 a
second caplipRTRét TI CN 28 and a third coating of TiN 29. As may be seen in
Figure 2ZA™"Tne Tirst coating of TiN 22 neither adheres wel| nor distributes
uni fdfm y across t Rerformanesiesisorere eenserted & daierminewhathensheutingdeoladher ence

may be e\doaphs aQ?ffuérBﬁb&?d’rﬂfgt érrreﬁéed 13Yer HrerhiagiaRl O HNTE B R tReh égreen the

first coating o he substrate 21. In contrast, the diffusion
bondi ng &YRRAFRSISERNE eRAEIPY WOUIHLEOIRR stawﬁ@ﬂeereeceafﬁatha&\rlwn?@V@tmgw 121388

PCT/ USZOQ%%éér?aQrt.pleua@rersr)bwrvb@nmﬁ@tda@tvreré PRphictivhe WAl MAtMé wehN 27 and the
substrate r) e coatin shown 1 n both substrates 20 and 25 of

Fi gures J2Sisied cogtings aprifedi direetiy tetfe subptrate gord p secpndpithadifusignenhanesds |
t hi clages HoAling lafrarntermddiits tolthe sdbétfa@ar@ﬁh@ﬁmﬁtbl&gmﬁﬁi Fessi A cbﬁh‘@é foringé rred on

ettt AR U I AT I T
oxi de, armiN with three micrometers in thickness by CVD. Figure 3A and Figure 3B are
photographs of each of the coated ceramic substrates after scratch tests were performed
under a constant load of 10 kg. The cutting insert 40 of Figure 3A does not comprise a
20  diffusion bonding enhanced layer and the cuiting insert 50 of Figure 3B does comprise the
diffusion bonding enhanced layer. As shown in Figure 3A, the CVD coatings 41 have
peeled and chipped along the scratch mark 42 and the white ceramic surface 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
25 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
30 coatings 51 to 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,04/ZrO, ceramic substrate.



alumnumnitride, that are nelted together in a fashion to produce a uniform
distribution of the m xed netals. TESTING OF COATED CUTTI NG TOOLS Scratch
Test 10 Performance tests were conducted to determ ne whether a cutting tool
conprising_a diffusion bonding enhanced | ayer internmediate to the substrate
and the fi V920038 osistant coating woul d provide a RGIWHORERERENnce for
the CVD or PVD coatings (single or multiple layers). Two cutting tools were
prepared one with a nultiple wear resistant coatings applied directly to
the substrate and a second with a di ffusi on enhanced 15 bondi ng | ayer
internediate to the substrate and the nultiple wear resistant coatings

for med Bi Lhe Et god descri bed above. Both cutting inserts were simlarly
coated w ! TiNwith three mcronmeters in thickness by CVD. Figure
3fA and Fi gurﬁ 3B aAeeriqywtco@fbaﬁh@ mécrmgﬁdne@té miab%aﬁ@abi@ﬂurgdé??éﬁf(@)lsillbs'fr L ates
after scratch tests were, performnme under, a, const an oad o : e
Ut 1 ng. LGS porBlops 4 P Eriohs WotkumHBHATE byHSrRBa S Y5 SHNERESPEH Bondi ng
enhanced clsting toobtuthprisieg @ntirftengediats gifftsicrdbadldingiepharced BPaydo 86d aNipleivwsar t he

di ffugi on bg"?"gi gg{inﬁnhanced | ayer. As shown in Figure 3A, the CVD coatings 41

o

have peé?sés f"pped along the scratch mark 42 and the white ceram c
surface 4£ased: Machideg ofihddron Matesial fat AhtgmativeRagtsappl i ed. I n fact, the weak

adhesi on of the CV i i . iffusi i anced bondi ng

| ayer is also indi ?g?%gags‘/ag% °\c@6érr"§§§§tﬂ§° {ah% ﬁ%gﬂe@’éﬁ%{gﬁc ?’ raj%ei n Figure
3A wit h meshiningrtest—seshowhinnkable 52Al te cattiggiineerbhavitike $amerslyie@ndof a wi der
scratch i i i r.esd i . has a | ow
resi st an%éo@%‘trﬂg'ﬁ?% %ﬁ%én%%ggﬁhﬁg' @@%m(‘ﬂ?ﬁfeessa%? %ﬂgﬁ%gggfﬂgéhﬂﬁg%b%%du” ng the
t est 10 sasiameteriod 12omsé thicknpsseefdiftemmoand@a torneranoge yadivgof| 120 e f or mat i on of
the nar Lo GiRs & R0 ISBEKNPHd] ' [ | ; 2 Sy adher ence
of the C\a/D%?EO_ﬁ%oz;tﬁ?}]gs 5r11 to ?Rgbﬁﬁﬂg%grﬁggﬁ%?ﬁgv%% '&ﬂ'%lggl'ﬁyagr det ween

t he Al 2@7%@19@69% c substrate and the CVD coatings applied. The scratch
test clearly indbgat ﬁﬁo&é’@émkbﬁtting'irfsfe#@h% nbeaggaﬂﬁwh@éiceqsé qyer inproves
adherence of the CVD.coatings on the A1203/7r ceram c substrate. 9 WO
2005/ 121388 PCT/ US20 5{_@_1j720 Magbhathg'Ded@ipkionA seriles of conparative

machi ning tests was ¢ i out under various

C1A Uncoated

ciB TiN CVD coated

C1C TiN-TICN-TiN CVD coated with

diffusion enhanced bonding layer

15 The machining tests of Case 1 were performed under the following cuiting
canditions:

Cutting speed = 1600 feet per minute (480 meters per minute)
Feed rate = 0.01 inch per revolution (0.25 mm per revolution)
Depth of cut = 0.020 inch (0.5 mm)

20 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-TiICN-TIN CVD coated) with the diffusion bonding enhanced layer demonstrated
the best performance. The diffusion bonding enhanced layer resulted in more than 80%

25 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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cutting conditions and with various work materials to denonstrate the
advantages of a cutting tool conprising an internedi ate diffusion bonding
enhanced | ayer and nultiple wear 5 resistant coatings. Case 1. Machining of
the Iron Myvoewesa2ifs®r Aut onotive Parts Three Al 203/ Zr O2p@@uibdsR1606 t i Ng
tools were selected for the conparative machining test - as shown in Table
1. All the cutting inserts have the sane style and geonetry, designated as
SNEN120412, whi ch denotes a square shape with an inscribed 10 di aneter of
12mm a thickness of 4.76 nm and a corner nose radius of 1.20 nm according
to the 1 SO standard. The cutting inserts of Case 1 have a single T-Land
around  tdase @uthMackiniag gbthe AIRJY SteélsA1203 ceranic cutting inserts used in
Conpar ati ve Test Coat I n ti,0 A Uncoate CIB TIN
/D coat ed' 16 Ti NTTRBRIPoRIQaRsr bR bl PBR Wik be 6o dlor IR ERBB B ndi ng

| ayer 15 nidehiningdestasnghotvadn Tatiké 2 CAB thelcuttiag énspets hwathelsameletyletm follow ng
cutting | ti X | 8 rs per
inut o) SRSE. ¢BaSnatet b REGRBEER. FghBoneid Rl shaghih 2 d0eREbT on)

Dept hSof 26umma §id@Bbaianchan(gle & haggreB, ambathickdessi af N 2.7 esm CiccBrdingsto theat ed
directly u LAk | | I

accor di ng!; staga?@e%n%t Eﬁlﬁg }(g'?é'{t%c’f d'l"r%gé?éhﬁetrgﬁ%\bg%? }Aglﬂ d%&e Zasr@g?t above. The
t est reSlﬂIiét@Jﬂéngeeth%)vm in Fi gure 4A It is clear that the cutting insert

CLC (TIN- Ti OV HoioGVR ena il il sl bdd ¥ onpaRAGTB . eabanced | ayer

denonstrated the b erformanc ffusi ondrng en anced | ayer
resulted in m)rethan §3B%25 I ncr @Sk L i fe cqnpared with the cutting
insert CIB (Ti N CVD qoated and &negé Pe H@Sé%l ncrg¢ase conparing with the
uncoated cutting inser€2&1C. THO VD 26454 121388 PCT/ U$2005/ 015720 Case 2:
Machi ning of the Al @ Ste s Three AlZCR/Zr P cera 'C cutting tools were
sel ected for the conpafFéBi e TiN CVD coated with diffusion

enhanced bonding layer

C2C | TIN-TICN-TiN CVD coated with
diffusion enhanced bonding layer

10 The machining tests of Case 2 were performed under the following test

conditions:
Cutting speed = 1000 feet per minute (305 meters per minute)

. Feed rate = 0.03 — 0.055 inch per revolution (0.76 — 1.40 mm per revolution})
Depth of cut = 0.027 ~ 0.055 inch (0.69 - 1.40 mm)

15 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-TIiCN-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

20 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

25  description, recognize that many modifications and variations of the invention may be
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machining test, as shown in Table 2. Al the cutting inserts have the sane
style and geonetry, designated as RCGX251200, which denotes a round shape
with a diameter of 5 25 nm a side clearance angle of 7 degrees, and a

t hi ckness of 12.7 mm according to the 1SO standard. The cutting inserts of
Case 2 werWO3P¥HAREY with double T-Lands around the cRGIYHGEQYEEY Table 2
A1203 ceram c cutting inserts used in Conparative Test - Case 2 1.D.
Coati ng Description C2A TIN CVD coated C2B TIN CVD coated wi th diffusion
enhanced bonding layer C2C TiNNTiCN-Ti N CVD coated with diffusion enhanced
bondi ng | ayer 10 The machining tests of Case 2 were perforned under the
followng test, conditigns: Cutting speed = 1000 feet per mnute (305 neters
per mi nuEBploped (Al sich varigtions and O‘PG'g?t’Pﬂ%ﬂf the invertipy ane |r~§wd%.t°7t@ - 1.40 nmm per
revol uti giNered P8 f&feg@ihk% déschptidR and thd Bfdwingl@hinds0. 69 - 1.40 nmm) 15 The
machining test results of Case 2 are shown in Figure 4B. It indicates
clearly that both the cutting insert C2B with Ti N CVD coating and the
cutting insert C2C with TiNNTiCNTi N CVD coati ng denonstrate better
performance in terns of tool life than the cutting insert CCAwth TiN CVD
coating of the prior art. It is to be understood that the present
description illustrates those aspects of 20 the invention relevant to a

cl ear understanding of the invention. Certain aspects of the invention that
woul d be apparent to those of ordinary skill in the art and that, therefore,
woul d not facilitate a better understanding of the invention have not been
presented in order to sinplify the present description. Although

enbodi ments of the present invention have been described, one of ordinary
skill in the art will, upon considering the foregoing 25 description,
recogni ze that many nodifications and variations of the invention may be 11
WO 2005/ 121388 PCT/ US2005/ 015720 enpl oyed. All such variations and

nodi fications of the invention are intended to be covered by the foregoing
description and the foll ow ng clains.
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12 CLAIM5 1. A cutting insert, conprising: a substrate, wherein the
substrate conprises alum num oxi de and zirconium oxide; an internedi ate

| ayer conprising nitrides of zirconium zirconiumoxide and nitrides of
aluminum and a first wear resistant coating. 2. The cutting insert of claim
1, furtherq@gwél sing: a second wear resistant coating on the first wear
resi st ant g. 3. The cutting insert of claim2, wherein the thickness
of the first wear resistant coating and the second wear resistant coating
together is between | and 20 mcroneters. 4. The cutting insert of claimS3,
wherein tHe fi rxbuwmginsenmdmmishrgd the second wear resistant coating

i ndependent | y co rise st one of a metai carbide, a netal, nitride, a
metal silicon & gr%t er‘BRal?feS“gFtraée Hepeses ajugppey °P‘F49 rZHG%%‘“‘F‘I | A, | VB,
VB, and VIR;@f the periodic table. 5. The cutting insert of claim4, wherein
the first weaf resistant coati ng and the second wear resistant coat | ng

i ndependent | y caunmerm@:hae ldyeasemprignghitrides afi zinconiirhy zickeniugT od)le atd t ani um
carbonitride g %{g ti tanl um aluminumnitride (Ti ALN), titanium al um num
nitride plrﬁ?‘d%l? {0 alumnumtitaniumnitride (AITiN), alum num
titaniumnitri %ef Cr@sﬁé%&&ﬂc() \AL%N+C) titani um alum numnitride plus

t ungst en car bi )car on (Tr ALN+ alum numtitaniumnitride plus
tungsten carbi de/ car bon (Al Ti N-WC/ C) al um num oxi de (A1203), titanium

di bori de (_Ti B2) stencrbldecrbon (W C mumnitride (CN and
al uni num chr om%cuﬁlr%rlfl%?é“( Al fu er?ﬂ@%ﬂpsgchp WERT 18fistantaj m 3,

further cqupg 6ﬂ‘ﬁﬁezﬁr]§]t aﬁ tE@a?i tant coating. 13 7. The cutting insert
of claim®6, rel nt sistant coating conprises at |east one

of a netal carbide, a netal nltrlde a nmetal silicon and a nmetal oxide of a

metal sel ected omgrqu V apd VI B of eperlodlctable 8.

The cuttiny ins tcu8¥ngdp H'/':I@“WI”FJE "glcFFl?H@tgﬁ}(P‘?fs\ﬂg the frgloven sesistaat i ng
coating and the second wear resistant coating together is between 1 and 20

micrometers.

4. The cutting insert of claim 3, wherein the first wear coating and the second
wear resistant coating independently comprise at least one of a metal carbide, a metal
nitride, a metal silicon and a metal oxide of a metal selected from groups IIIA, IVB,

VB, and VIB of the periodic table.

5. The cutting insert of claim 4, wherein the first wear resistant coating and the
second wear resistant coating independently comprise 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), titanium aluminum nitride plus
tungsten carbide/carbon (TiAIN+WC/C), aluminum titanium nitride plus tungsten
carbide/carbon (AITIN+WC/C), aluminum oxide (Al03), titanium diboride (TiB5),
tungsten carbide carbon (WC/C), chromium nitride (CtN) and aluminum chromium
nitride (AICrN).

6. The cutting insert of claim 3, further comprising a third wear resistant coating.
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conprises at least one of titaniumnitride (TiN), titaniumcarbonitride
(TTICN), titaniumalumnumnitride (Ti ALN), titaniumalumnumnitride plus
carbon (TiAIN+C), aluminumtitaniumnitride (AITiN), alumnumtitanium
nitride plus carbon (A TiN+tC), titaniumalum numnitride plus tungsten

car bi de/ carbon_, (Ti ALIN+WC/ Q). um t lumnitride plus tungsten
car bi de/ c&r bonTh ?‘N@W@;?lalﬂ' grﬁvﬂ il‘? &'é‘d(‘)ﬁﬁaré‘?fb‘-‘t% 8?}@%3) titani um

di boride é&ﬁxs&‘?ﬂgﬂ ond BN Pffefl C%g%’ ?I}j %?’\&iﬁ@eg_(a\%‘{]tﬁ)mhéﬁﬁra?ﬁﬂ‘a‘iﬂ% B tride

(CrN) and m num chromum nitri e cutting insert of claim
6, wher ei oxitlhef 4 metd selected fremi goastllidgdVBNY B, endWiIB o€ thetpetiadicuablai t ri de, the
second wear resistant coating conprises titanium carbonitride, and the
third wear resistant coating conprises titaniumnitride. 10. The cutting

nsert of gol ai Theutheliind of Birh 7Y GAABAI AL BirkWEK riiarf chllisgkness of —from

0.25 to 2 m croneters. : cutting insert of claim 10, erein at |east
one of t heorfiprisss atleaat oneefmaamm nitrodet (iTing), tmndal\bemnrldee@l@bla,nt coating, and

12 The cutRIyH RRUBHE RiOc ] ATOL Hariyne AGRHTER S GRBORCRRERON of 21 Fconi um.
oxi de i ncfiRen $E ShinAhfm! tRadil@Rifide (APFﬁ?%luxHﬁﬁui‘MeﬁtQﬁﬁhm diftide plus

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.sub.20.sub.3), titanium diboride (TiB.sub.2),

tungsten carbide carbon (WC/C), chromium nitride (CrN) and aluminum chromium

nitride (AICrN).

9. The cutting insert of claim 6, wherein the first wear resistant coating
comprises titanium nitride, the second wear resistant coating comprises titanium

carbonitride, and the third wear resistant coating comprises titanium nitride.

10.  The cutting insert of claim 9, wherein the intermediate layer has a thickness of

from (.25 to 2 micrometers.
11.  The cutting insert of claim 10, wherein at least one of the first wear resistant
coating, second wear resistant coating, and the third wear resistant coating were

applied by chemical vapor deposition.

12.  The cutting insert of claim 11, wherein the concentration of zirconium oxide

in the substrate is from 0.5 to 45%, by weight.
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