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TITLE Al 203 Ceram c Tools wth Diffusion Bonding

Enhanced Layer BACKGROUND OF THE | NVENTION At the
wonresanissgi ne, nost cutting inserts conprise SROTUSAI08H15720

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

|fn a \r/]vlde range of hi gh-spedBLEi ni shing operations and

or the h r s at

2 i gh v BR5 G Joofltn Diflciod BofiRRG ERRafRuTRyEt ¢

tools nmay be due to inprovenents in alloyed ceranics

and ceram c- mat rg Xc kREEATD BF TRE IWEPTF@NWW t he

advances in ceramC processing tec ogy. The

cer anmi csAtibegrasantiinng,imesticotting inseds coppasg $ypsirates made from
conytédBitbfiss BRITEE BeheicteRlidt fave digh UBE of Rtghhese and
gocsl wetaz resigfande. rj'dxv\mhadeedh@ esani ailingSpals @nd gyttipg dﬂﬁedé § cerpanic
too@é%%%%?@éra%?%h%étr%%é grhc%a ,E;e 1598 Rbiat %Isoﬂm.%'e iRB%dvide

onal g under pressure. In
range eﬁlsuglnepeedsflrmhmgaopetgtlortsre@dﬁ@mbe rmaObIrMQr eftdif§eripedmachine
Si
el f adF P 40 T e LB 88, B et
imppo\essntginaioymst caramissiand @Bmcﬂ‘@éﬁm W@Qsﬁﬁ{g aRiwell as W'th the
[

a0 AP BhRTAE PR Ehg osRBa, (oI ol oP e
typwalyy lbergpnlepmrmmbta\unt magerlsner grain size, a higher

density [ r

col d- pre@@%%'%dg % &f ﬂﬁﬁ{&% t&b’i%lgf 'ﬁ\éﬁe{sgﬁfgwn%d;g&qnnand
sinteting Dh;g)wdméctcaammamemg provides thel naseasary dﬁn%fecatlon of the
con(sgl %}%C@@(&wﬁr%ﬁﬁ )mé:i)' n@'ohé@o& |5Hr§o{rrlrnlg§ uﬁ%rﬁﬂ}@s}surg med'ressureless
sinielingrihel powcteerdeflrsaﬂdaneldt"aimawfemrdb|Ud@lni¢ﬁ§ﬁ bedy,whigh 4eay then be
sfiih 45yt B LAy SRl Aol LAY bEURINESIRRIES heatng
aloh@woith smrpﬂanemusgnmw%ilpmﬁsmmf the prefvckm lrsa dig: AlihgygipBot-pressed
cer?ﬁ?c%cq%@ {0 ?&pe‘ﬁ@ﬂ‘/ hes y&tegargﬂ)é}gd Gith &l fﬁ‘\% r SREES 8 Uehibier -

em-cal 1 ner eat stren
density and higher transverse rupture strength than cold- pressed materials.

The ceramics currently used in cutting tools are based either on aluminum
oxide (alumina, AlO3) or silicon nitride (SisN4). 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 inertness and great strength
of the aluminum oxide substrate. Commercially significant aluminum oxide ceramic tools
were basically fine grained (less than 5 um) Al,O; 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 Al,O4/Ti, Al,03/ZrO,, and Al,O3 reinforced with
silicon carbide (SiC) whiskers. Other Al,O; base ceramics may have additives of TiN, TiB,,
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
woaseisgaidsy fine grained (less than 5 nm Al 203 Pariis2005/015720
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 203TTi,

Al 2BZZrAi%minaBstcdiia 8,0 8710, s eRchlbiddcsramic: OTheCadditiotlef

Si C) whi sk a
zwcémnlnm%qx@glgs%garssﬁsﬂhe %Ee@ra?%@%alﬂ%‘ucer %rgg %Pzrg,aﬂyshoa( résistance of
an éu%m@n%d’éasublsfrgt@n'T%e(té\lg?‘t%ﬁéro@hjmmﬂﬂﬁxﬂb hgtiestconium oxide
ceram c. The addition of zirconjium, ox ses tlg

explmt@ﬁépew%w?@qrmﬁ&gea%ma(tﬁa?'%typsEf@bgfgff@% @y Hyqt pesults

frorrpén 8Rer8l BB dIIRY %cﬂﬁn@h‘bsﬂ{eﬁﬂr@sen}ﬁb of h@t@nﬂﬂb fe@raoifthoganol ZrO,
al um num oxi de with zirconi um oxi de, ex

provigascihe ,p@te@p@,lggrgrqr@@r@ﬁﬁ@rburaq%ﬁbrgss |gt%?tlagtq§p?qo&htel9 agucture

Thettfaﬂgﬁfrrﬁéf@{ 4@ as hRAbsd S5ddkiey aht Pravantse Besrgwhebetks &st, further
nmechani sm The presence of netastabl e tetraorthoganol

cracking provi des the potential for transformation under

stress ifjbRafly, thRI@nEHRE patidleSarelohbérratddgt the alumlnum
transfornation acts as a stress absor er andrﬁ?reve

oxidg\asain ReERdaIegC KIS iractyrg iy Risrogragk RPreFARa) ingpe particles
is b&lié%eé kd GOV aeYitifal @&Idlﬂn@é@&faﬁea‘amﬂé cenbtalres fakturdleThe three

al um num oxi de grai n boundarie t
o o a0 ORI PR b B 225 iomainder
belribeilbrﬁ}h%ﬂw SR e mwﬂ%dZIUg@BﬂllpoélﬁMGi@ﬁﬁﬁs‘é tbefensiectic

l'ure can occur fracture. The thr |
coneRIH{RHSN 1 FB%Q'QB@%FQzﬁOmos@gns %{ﬁde%dq%gawu% pOpu ar

Zr Q2 W tdyiRfins&finBg 8k cBaled %o kB lﬁﬁ@l@ébl@%nca' hﬁwé@r Single or
% Zr Q2 conposition is close to . th

mul&rdﬂ davRts %ftqoavpgaﬂs'ecm??é Naw@?%%m?ibgpyb&r% plyysios! yagor
depB&ifich ?@WDt PMQ}V Sé apPhéldttb RAttihe S .t $.tdm3m erigoatiny tita@ium carbon

| nCr ease resi stance to wear le or Vb le
nitrifg {EHEY) éf‘d a@a"tmqi@@ﬂs? /éh%aé%\ﬁm@a%}e 'H 'iag# oating
mal@rlé%/ %r)caﬁfldélbﬂﬁd‘?&ktm‘gQBélé qfﬁﬂﬁ%‘bbflmg@’ﬂ(pnm umiyey camic

ied to cutting.toal Titanium njt

subﬁ{) ralanhare Geanselpes pEma(ititelyit hamice 'm%@éaoa%%veen the tool

and(tht 2/ mafcfiaPaiRithprdiR \Mb?treﬁﬁﬁh&earEMM@ﬁtth@ gery recent research
materials for carbi de-based cutting, tools.

Thi
effogl i ap@gng @e,-}ﬁﬁe[stngﬁQ)atn@ntegI@?oéqﬁl%s tgtpggqrplgtcg’gmﬂ dnsgrts include
coaRRERIASYE] SRSRhidHUHIRY tbbl¥, URitdd Sthies HRsAt BRI, 6,447,896; coated silicon

I nteractions between the tool
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
weappisyizmegst he | at est CVD coating technol ogi es POT/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

meth88d & fBinliag a diffisfbndRaRg EnhBfdetadyshonty élﬂ)s&lalémm&ﬁusmn bonding
matri x phase, Published United States Pate

enhapeRd laygriingieagss the)adharense/ef 2 wagdesistaat %paﬁg%ap[?l@d to the cutting

toold Q‘g@'o@fﬂls%%dh@ﬁ\b'éﬁﬁaﬁ@@hﬁ@r%h@ﬁsé@he G84cAiBh ‘{‘ard@@isﬁbdmeen a
C

or to furt h
MiX{UER, Eémar?%@uéfrogé} %nnf? %S%te%l}ny%lgn d @?g g’hl@astnhe zirconium oxide
preMEnﬂhefénsgﬁtﬁdt@g demands on machi ni ng producti vi ty
SUMMARY OF THE I NVENTION In at |east one egagect

pr esent Inppether asrect the presertdnvention, tstq'rﬁﬁt pscu’[tmg msert

conﬁﬁi@ﬁn@'asédbgtré‘tes\bm%fn&hé subdiRit@bonprites Bsihtimtdxide and zirconium
onprises al um num oxi de and zirconi um oxi de and

OXIClﬁ ap idergediate jﬁyﬁbcwmtrlpg§, g znro?ﬂlémb ZECQUHM OX|de and nitrides

ofa!Mﬁmhl&mﬁe@dtaﬁeweée@rs%cbrﬁ@a@ﬂr@ods of form ng a
di ffusi on bondi ng enhanced | ayer a Ssubstrate

di ff usi oM %HB‘#‘W&”’E‘P{H’&% g@awqda%;élpe prﬁg?rgé%vggtl?rp] gomprlses exposing

an SHREERNS Aludiingn ‘6ﬁ|@ﬁdé 85d Aftrdhén, Qﬂ%ﬁ’élﬁ%@&[ﬂstrﬁfé doihptrlbés alumina
cutting tool. The diffusion bonding enhanced

andZiepRiasand ¢aading tecubethate Dy il 9as! Bt BRI @H"lﬁ rdﬁpos't'on

proé‘é?s‘gmr b fdsB0reNpbP@sdsABA pAd déls. NTRe §Lﬁﬂs‘ﬂbtéiﬂay a:fcbﬂ"np@l%e by welght
| east the zirconi um oxi de {;r esent jp the substrate

frona A& e % gfseritium oxide 5f edntal WRGEHef s tae ot amay

inclGad Exda—ingNBE slibstratiliol 5@ oas MbdSe RhPrishg %lljhhlﬁurh R@loride and
substrate conpri ses al um num oxi de and zirconi um

nitregénde, an intermedi ate | ayer conprising nitrides of

zi r coni Uife ddatif® Bh tHB QupsHBteansl beé hgsplréasanyVLabﬂnvnua@ well as
and at | east one wear resistant coati n

otheyfmeans- RACh G219 MAK IngPeeNtly ﬁ%ﬂ@%ﬂ P‘F EE%mef Garbide, a
me@KRARIENS nifal SHBSH, l2AH @ rhetapbxide Sk @kldél of aifbtal selected from
Gropb LT, Viband O o evibogirae e 5. 5 LIS R ol st e
of tifMRUTh Rfide/@Rey tltgﬁiaﬁﬁéa*rb&ﬂtnﬁé PTEss, t%m@h%ﬁﬁhﬁh@m\#ﬁﬂ@é (TIAIN),
deposi tion process. The substrate may co
e NI GTIGS Bcb Sa0psmd] N op AT HEMBIm FiSer BTN
aluRuB ftaRimtiiBds Pl chof (AlfiNe+ O AR Mminum nitride plus tungsten
carbide/carbon (TIAIN+WC/C), aluminum titanium nitride plus tungsten carbide/carbon
(AITIN+WC/C), aluminum oxide (Al,O3), titanium diboride (TiBy), 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
wonodshe1assibstrate may be applied by CVD or PVDpCaaSm®b5l015720

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 |IMA |VB, VB,

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

limted to at dmestnemmpfndwb@rrmmumwwbs(ﬂ N),
titaniumcarbonitride (TiCN), titanium alum num

nitride ("Ffapiges Qﬂdt%’{?ﬁﬁgﬁff oirhA BFRSEN IPVRIEIoRIMARY bebelish
unde@to%d%fer@fkdé%mcsdoh@ahym@ ﬂ%&@s gdewhibh:Ti N, al umi num

titaniumnitride plus carb | Ti N+C) tltani_um
al uni nuriiglirerljiga p@pt%m@rea@@héake@aﬁtﬂpa 1 magRifFation of a prepared

crosfsTée%hHT YWihg ) d%ﬂﬂ!srBHdeddﬁr%rﬁdhﬁhaéd ayslSomhétSort ﬂﬁ%ﬁ@ﬂe of the
car bi de/ car bon (AI'Ti \+WC/ ©)7, al um num oxi de (Al 203)

AIZQS{Z"QZICQW”U?B@?SUQ@ (TiB 2) , tungsten carbide carbon
(WO, B rr@E‘ZH"Qn@'ﬁB’ ér@%hGQﬁh\Qro?«%héﬂsﬂk@h%U%W@H@Mﬂ‘ﬁatlon for

nitride (AICrN). The reader w | reci ate

CO“TR@f'é@befr@CH@t%aF@ %lt@.b/%f@z &ﬁfaa@'éguwratw'tfp%@a'ﬁus'on bonding
enh'aﬂc\’&ﬂta}/&r{ﬁgﬂﬁe ) dndascobhehfd Almgvzr?? RSIHRE 8lbHAtONith a

| omng detailed description enbodi nents of
diffysifn banginetsbancerhaygrdbigere @)% o0 nay conprehend such

addi ti ongl,debaidng Me%\’ﬁ@%&ﬁ@%pﬁg of RgOQZRﬁz%BFamlc cutting

i nventi on upon meki ng and/ or using ments wit

msecrh*»eaﬁﬁf sgyaieh tesiy watg W%Rpépnﬁﬂmmﬁr@qa@f kg on the CVD
%ngWRlzégmrc%ﬁarﬁiB GufiFly akAs %e@utﬂr’@%ﬁrﬂﬁé‘é‘breﬁamd

I nventi on better understood by reference to
withuta RfaRiPn rbgnwn@ gneanced Iaer élﬂgurﬁ.%j\) pid the gthgr cutting insert was

prepA18l With GHRAIARIBNERG SR cclafr (FBERI JB)cdfd on of a

prepared cross-secti on show n%p di ffusi on bondi ng
enhancedigées dArandfiBrregrams rort'awedﬁsweofﬁpmmm

madftiadldstsSieRet Halnl cdsy i V\%ﬁa 8itfied BuBlifier different cuttlng

phot'om crographs taken at OOx magnification fo

congdigapmand with @pr@m@@mwap@@r ﬁsa refe the .aarﬁ\r&ages of the ceramic

cutt?\éQﬁg,ér@tc%n'VMnEmg W s Bsihib fod alufih e BEHE 9ng BRhedHIaH okd¥ With diffusion
ure a CVD coated Al 208ZZr2 ceram c

bongimngsmhap@e &1 aad ayepfesidantisoatndsy 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 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 (N2) and aluminum chloride (AICl) 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
woeodsarmssl under a constant | oad of 10 kg on tReT@¥DH05/015720

coatings of the two Al 208ZZrQ2 ceram c 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

bet\ﬂfseraé adsARNAIXARP bERL é}ﬂi Am drRighé b§m96n&ﬁ§'§ﬁhéfsuwsﬁrate Single
tests Case t hat were carrle

nin
or 'BEFE'P'Er‘f‘@é‘?r%ﬁ'%‘%P ﬂ?”géd?%xa‘?f’g Qcﬁﬁgub%adﬂ?w&rﬁ?aw Regis including,
butet Brhitéd ®, cxqugr@emv[bo denonstrate the advant ages of
t he ceramccttl i ns sing a substrat
al umi nunt &t %?r‘o‘%i e@‘ﬁ?'aﬂwgaﬁiﬁ)%ﬂe agﬁe%aﬁ’? Lfi‘?PGHSS on the
diffpsiovl bintle PEHVMIEE Mt RESUbSHEe WBHusioRSs FHeadtbcds8 dlyiviish molecules
DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON The

keSS s # FRASIOT BrRB1edE E8STGH e [AREOTBPUOTe BFEHLaT TS it is the

resSMBBlahad nSAIFAIOF FHeNBdiddUAN AeH v S@fRGedibh 6f)!heléﬁbstrate i.e. the
oxi de, .and_a di ffusion bondlng enhanced

alughinupy, Sridm WHD AT RHTR ANER CarNlia Fuhstrates i his | BB M2 relatively

high @6 dratird) RN BRERIH lﬁcrﬂﬁgesaénd @rﬁﬁéfoﬁ&‘ Ge@din ré¥Rtants may be
zirconi um oxi de and al.um num OXI @ﬂecsubstra

chefpeallyibopded A BYRSEAgIeMmAL E%'FP"F HASHACe Thi diffusion

bordirdg értRficed |ayerrcmelnemnm 16 lfliﬁctlﬁlreés @fwe%ﬂr %Elé’dthﬂﬂcaﬁﬁhd Rether as
an @r esence of t hese cgn‘pounds enhances the adhesion

iReqEE Ry RaWeRIs NS FREATYE SHRsrathandjinerr %wmaﬂa'ﬁ#@sed CVD

coiRGRCREleh sy Sdhdidte ExpeAfeAE halle RO bEHisiémlylthdtake direct
bet ween the substrate %nd a wear reS| stant coatin

PRGBS £oRNSS ORe RIUMSHITL AR WEh SReRaHtR BX S Fermigsubstrate

oftenl diidls frlo€ AR LIt Yh gd&iréﬂh@s'bheThQ@baﬂd fs@ypﬁ’éall??éél%d@rmurmg the
ceranmic cutting inserts. An enb t he present

machiRg Presess Esyltpg in ﬁse%ﬁemceéﬂe ¢ dhR PEBMiInePlheen at

I east On’ﬁ‘h@ﬁlﬁhél@n Bbrhﬁlh@é'rﬁﬁéhée@i eyangrowaed il tﬂq%qmém‘bn may be
eof t he substrate and ure of nitrogen (

relaé'M%I'y ANTRATh SRS highaly Pﬂﬁ‘?ﬁ?@t) 'aYGH tq thg gerarpie SUBRT iR 'tﬁ%e“e"ed

thaf Ba&kfiualdnBRYdIRG RAhARR Ié\/&@ﬁﬁlﬁlﬂl&é‘ﬂwétp%cﬁjc&fof wreédf’[@n between
AlCl 3 and the conp onené e substrate Sl ng

nitrpgan #s 2lufinam chierids, aad therePmye oRbP ESAB § @&UBW&‘&G The

thick Wb §RAEIFFBSoMBMtEng &mttended REfer MY bB@bnirdIIdH thyGdiudting at least
CvD and PVD. The thickness of the diffusion bonded

oneeqfﬁge]te@boqr%ty@, PERSHWi9d eeaglion ¥ipe, 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
wono@rniasgl e as a result of their Kkinetic energgTmi2005/015720
random notion, or in other words, it is the result of
random notion of the individual atons in a surface
region of the substrate, i.e. the alum num oxide with
zi rconi um oxi de ceram c substrate in this invention.
At a relatively high tenperature, the rate of
oxidai Wifhugiceniuhnexidass smarglibstriteieéshanced eThacutting &l may somprise

may . be chem cal | onded, to su ce,.regi on at
any FOHITE GrrAGIa Dpinbs e e e VR BE PVR dvere ey ne wear
resibt@ﬁﬁédwngﬁ’lhap Qﬁiépbméﬁitly d@mﬁrlmét leandt end of @ niaialchitide, asmetal
rat her s an ter

ity P el CoaN T s Dl oR BhEE mitel A SaanPEl sdidfed fom

groWlﬂASI-\ﬁmtS/Bdaﬁa/DlBiﬁl&he ngﬁodu@tablmmmaﬂal u&ﬂhbeﬁme@‘ such as, but not
ment s cons nt t
"mﬁgﬁﬁ? .teaoﬁlwaﬁﬂtaﬁ? &@“ 3}1%3{%5? Fftdﬁﬁ@{} 'tﬁﬂ'H{%o V'HE‘”W piftide
(Tl/—‘ZN)' ﬂféltﬂlmlﬂmlrdﬁn g@ﬁdﬁ'@l@s Gatbeh (1&A|N+@‘)ta3mndmastlutamUm nitride (AITIN),
result in adhesi on t
Al T o6 e AT H - BB g i ngsten
carlsii§)Earb6 e ('MAHXB—W%K? altmiruen maguagil ritride lus titstel édrbigefearbon
nced | a rovided.jn. t
AERRRITE), FLBRTE G B YA OB B Gt ) iR forb6 carbon
(wday, Qihrdrﬁluhhﬂtrﬁe (em)ansushinatehrdrhiuirsnibielei(AN02N). t;hajplcal
t he dL qagndl n%qenh q';\t,geld | ayer ri ses I
conmeraghnuliEySLoqAing 16 B Cga R Oy T X Bt £ wear
res@iﬁhﬂ&ddﬁﬁg ofmdnitenigide CH Bedomd G)VGad ecgtaseottingofttitenium
substrate. EW?" t hi ckne s .of { lfoSIﬁ bondi ng

caraiidie 80 a5 BT HeRT ot P B3P AR ng at | east

one of tTe thRRP&Isaf@beh whaEeSidtant coinginhaybd amyEthickness desired
ur f ace roughness of .the ﬁ_.&bstrat

for B rsamet NG AaUEUOF AETHASH PR T hE IATDEE o eIl thickness
of tﬁ‘é)@ddtlﬁg onEidaaaretf theadubkirsteaull tybieglly Bofromfabobet to about 20
iR e B ST e 15y BBARIFF gt comngs
typiBdlgS Ay |h¥vé?QIme|{rféls§bf ﬂorﬁ\lmfl tald micssihsbrsat es conpri se,

Crta n HbIRE S PSS bR e (Ve SRy e 2
subBBte PEh&temi the dubstiats wbﬁi%éb&!mﬂﬂummmprarﬁearchyummht an
el STt S TR o RIS Shollel i sy
alurhihuf®, ahd @plaastmn@xweée res'._l?,’@rﬁdioﬁmﬁ s of the cutting tool

ey Ccomnf Iesp?regénq(‘?nventlon gu (l) ?élzgtes tfoa 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
weiogiie1s8 nultiple wear resistant coatings onrPar/us2005/015720

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

interface internmediate 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

conbéqt@mb@n@m@mttﬁg@}@tbyiw&gﬁt @0 mor@yretesraply fien 6% 10©@A bgweight.
capabl e of bei ng ted

Thep%see%mg;qr? m%YfPé)n P he%gqrg%/cg}ﬁwg tggft erﬁégera/rg'fssentlally inert, by

“eséeﬂﬂéﬂ@ﬁﬁ‘é’rﬁ’ﬂé hearOfRl ’dhé%ddltmh@@&hp@ﬁ@t@ﬂo aotBtedfere with formation of
car bi de, taI trlc‘&hea metal carponitri
fet

a diffgten baiding: SRRARE TR S g Suinum
chlJnH@ Fng hatbgen b f%edh&?@rm\/ﬁﬁe dﬁﬂL@loWanangtei’rhﬁaWdl I@ﬁbr@ny pressure
tabl e or conbj hati on thereﬁ such

may 65 Usac Al RBPF] BSSUrPgi AIPdiiTe e bunpatiegs Mo Saseous

pha(;er abdNihe ddlil ?nawn 'ﬂiéllﬂ’eﬁémlka) of géSe@as oixtddeN)sedtin thardiffusion process
alum numnitri ar bon

may P4 BRGNS RRIT 16 oTaIs R QL oD T e Y4 4 higher

pres¥ubs ma pRshioté Al hi H\ér@v,el bf reagtivityrbétwesh Mzifiohiuntexigs sisd

t t bi d b Ti Al N+
rirqgear GTRIFIFY 12 Swé"’“ SRl CorP T B Pl =ble to maintan a

preésﬁre-rfr&h"i\éﬁb@hllllbé\i1 tanMi500 mmm%zhrd;ﬁ‘ evéh 8@Bgssutd r@ni400millibar to 1000
d| boride (TiB2), tungsten carbide carbon (WJ C),
Aromiumnitride (CN) and al um num chromi umnitride

(A{ tCT N) . [t)lﬁusllldlﬁ’hﬁil'oc@lﬁh lﬁafs@)h(%aiat Wtbmbase&irecﬁﬁherﬁge asequs
cutting too rise, .for irs
iU PG SHOSIEEAS Ty o et A e s o SR o T
temF@@*ttﬁé@HiayG@élﬂtl lﬂtg rﬁ?gfthetr |rétté@f uuﬁufﬁam bointhé bpd@tm@tﬁﬂnrﬁdﬁﬁures should
wear resistant coating o tl ani

not bR e iRes Breaase oo es P BRI sthirelse Tggetore. for
sub&ttﬂétlég B@r’tﬁﬁnsﬂﬁ@élﬁﬁ‘ﬁlfw b)tqﬂél ané Ei%‘dn&]n@ o6t may e preferred that the

i catlon or e materi to
gaspRIC IR Opihe ybSEaIg s Alp @f@%gbxﬁ?’ 1‘??5% B 50°C to
120@3(@5%?({ Bar¥éw {erﬁpéﬁétﬁﬁi ﬁaﬁg@fm&p ?@d@bﬁeﬂ toImaintadd® vdmRrcially

m cr omet er.s_or ca roml1 to.5 nmicro

acopplaie el fivaion ABa et & &%ﬂbﬁﬁete o) 'Wayﬁﬁs"ed to
havE%W@m@eﬁa'ﬂhr@ lon a@%ouér @Rt e 2p tHeOsubs e MESEI°E. to 1200°C or more

nbodi ment s _of g(sttlng tools of the invention may

S

pref&r%%vfwnﬁppgé?@k?@e rate, wherein the substrate

CO{TDY I Saqssnltééstklmnmahuidetean@h ridmlféiﬁgidrb’re&?rhgjmarﬁm_es of
Internealate | a r Ssi n es O .
ingrediepisniinit fsmpse YRS 1% 59 fagggaré bﬂPFﬁ?ﬁ{‘t Sf?:ﬁé' %%h@é&dams

are @ Be WR@rsto88 s bl riédfidd e 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 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



10

15

20

25

30

The present invention also relates to a nmethod of
coating a cutting tool. Enbodinents of the nethod
WOQoFIizess exposi ng an substrate to al um num chPoriuse005/015720
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
maydrﬁh&ﬁaﬁﬂy €M BeAXih @erord Medeesdriy resaiing floretht Stankderdedeviation
rgg, SUbStra\%\%ﬁ' ¥nbe deS| ed, the substrate
fou 'ﬁﬁ'ﬂ?'&'@pe%')‘/e tige eaPFf&fﬂetﬁ‘% to 26 % zirconi um oxi de

or preferably, by weight, from2 to 26 % zirconium

21 rconi um ERAMBLESIEF Efionient Bhome hiRanch, 2 ™

gaseous THeXbNGVENEG examples He@mahstraie) tha fofhationdé dﬁﬂi]ldlon bonding
nitr r}g)r i se_an al uni

. The gaseous m xture na
ot AR o5 RE AR T PRI U g Ael AT pece hd he
increBseRl dihefericadf the e mesiSimt cafiegs drythesiugsirate TI’ITBe ceramic

aseo m xture may. contain, other r
subfRIE oY e LGS APy peBD oSBT a ArOs ABH 0% £02. The
subB®&8 hati alentifieofariol gxmén@hamewaferaos Hlo aﬁ@d‘ughn@k§b}f £6QIN/m*2,

Wth formatio [ i on_bondi ng enhanced | ayer.

of a_di
a”%'é‘??téra@%f% %'BEPHS'Q CBhPPSEF ng al um num chl ori de

and nit f'ﬂ@%ﬂub&ﬁat@&rﬁi éx@osa 1 d @&edué frhb&hr@l’bdﬂrm’r\iéinggaluminum
hanced | ayer

pressur | .t hough
ChIGgRBH Trel aPad shplBr U1 SPBTIH 1 DF SUBFEHE eE heeld to a
tembBRLI8 DL aiTToRRRSSEY A0ZD°CherheahiicloMNIERN, i fre: gisesasimixtat was
aseous mxture used in the diffusion process may be
app ey Tcontrol the reaction for formng the diffusion

enhalnce gFugu'méel[ls a/brbtcgﬁIabgrypa&§wr&atmwon hwmtﬂeata)rfbfgﬂﬁépared
eve 0 reacCti vi e Zl.Jconi um oxi
crogs 4RUGRR & GRG0} 10 O e BT e HE G HE Z)BHBERRORENG oW showing the
edg@qnttre%%en the rmw @Qn@ﬂ?&%@@%@hb@al rr@derrt:ﬁl Theadumnmswrejmg

rom m | 0

bar even a
enheP R 85 Th 7 FieBEY SQMigoerbE RS 6T FURISGS fags daseous
mixBE&.UAs h’@ayébesdéeh% Bigusdy, the gifasiah bbﬁdm@bhﬂmﬁ’fceﬁ ger 14 is formed

vl SRS 7 KU Sl PR 1 BN 88 DAL B L0, g v

14 Srethelsapsttdte HB ani@uwle ls dbdUEhaH m(d:i’drf\étét @5 hiidrothbier).

huse. arJoulRGAATLAP R i onS ol Pt o Bad Hiagon of 1000X
of Irb&y-edcbbRs of Wated AlL,O4/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
ALO3/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
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substrates conprising al um num oxi de and zirconi um

oxide, it may be preferred that the gaseous m xture or
woOherssioissgrate is at a tenperature from 500C t eCTARRDE015720

or from500C 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
distAR HIBA CnWotHPedirqicohiigedT TYN 2 cimd 109D80Sate 32006 mulibles®atings

shoin 1y b SEpues 20 Rtk28 oL FGUER T B4 55 LR ORI postec
by %\{% tédgtﬁ bR Bidkneeeshi J inddrhetersamtet diff@diorsbariding enHa@ced layer

t ood bei nodi fied in . all inst by th
fornjest e ifae ARONZEG BT AGIG, UaIRESD TR SIBRORY q Narious
chefial Bldfrentst dteomipaBhds; clusigaaebeaium mgidef Zrcbhiunmoxtidee and

ation and claims are r oXi.

foll ow.n ecifi ti .
alurpiRyy f}#ﬁg?g«;ﬁ%ﬁra el i9Rs (A Iha fFRE QPP CEPOWEFW gigtibution of
the dhhette. be obtai ned by the present invention. At the

very least, and not as an attenpt to limt the

[ i O ' of equivalents to the
TES?@@%&%#QMPW&@%%%U%H cal paraneter should

Scrafchl RRst be construed in |ight of the nunber of

Fonndi ndPa SRR EE st ap 9T 4e TPk WiiBers Bt ool
con‘fgidimhgiaCcﬂﬂusﬁ(ﬂﬂl?ﬁﬁiiWrﬂab@dTﬁyeﬁsteﬂﬁédiémgo fiterr $ubstrhe and the first
road sco of the inyentj - i he .
woeh (Rartpaoey 18 SEviH BhoTh A et R e hR TR By RYBatngs

(single®r hapiplé RYedy. TRecutiay Yodkswprssepdred oAawith aaultiplalwear

s BLShoy S G S TS AR S PG S0P ennanced

bonfidy ITI\;%/Ldr g”ntéé’fg@giaté &fﬂﬁg@bb%g& '?’EI(HE thegmolipls weaimessistant coatings formed
. . | NVENTI ON, The f ol | owi .

by 53 QAL REORL TP e LRSI B TGP i oprre it TiR-Ticn-

TiNpgdhire eibfaied in tjskhessby B¥Ds Higire 3heanddiigure SBrge

oY 555 OB S B U5 AR A B SR oo

undety sbnatt. loddef 1R MMe Githetinsdre4mb Riguire 3@xdugs| et comprise a

ot SO SFE otELEDhe RSB 2 PO 108 compree

- diff s R gadnnhRESY thyer. Astshioghne Siyued 34, the KIND@datingandl have

eat transfer | Cj .
peePed and ch?ppséd%lon%otﬁ(]; fscl:r%{c%nngarﬁfﬂoan%?thg \6:}/ I[té: [:%l%%?c gu?face 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 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

AlbO3/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
wonesgarasof 500 mllibar. The substrate was hearas2i06/015720

a tenperature of approxi mately 1020C. The ratio

OAICI3 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
Maahﬁm'@dtﬁe edge 11 betvveen t he top 12 and the

Cross- sg&tl onal, face 5 di ffusion bondin

enhanced P& Of £aMPEr P’%é’ﬁc NEQ Sa‘ﬁstcﬁéf'e&%@w%?r yagigus

cuttﬂfgtc@hdm&ﬂ@érhd ﬁltﬂi O%I’lic]fcl& VERE ARt ial totdehenshaterthy a@@arsa;ms ofa
gure 1, [ Si 0

bon enh nced | aye
cuting pgiEREP e rﬂnyn oSS B3R Bond oS G AR e dtiple wear
res.@@ntamnggu ckness of the diffusion- bond| ng | ayer 14 on

th ubsirate 50f ur sab alf mcroneter
CaseoTsMppBinint L 7o afatta for Ao Bistiye Pats
phot om cTigge mtﬁlﬁ@gﬁé}amtc @ﬁn‘@gﬁblé I\A@@é selacted forARD2oraparative

craoss-sections of d Al203Z7r Q2 c ram c, substr
a5k AP & Tar Tr AL SO BSETT e s Bame SDIS and
geohitlyl @skigidtglaeSRANT o, Whﬁh@eﬂme@ranguaﬁdﬁslﬁpe&vﬂh an inscribed

a8 ST et SRS L R o hEL?

accaﬁi.mgatadh@lsm stafldgr@atihe@uihg Tadsrti2 4f eppd il édvelarstgid Y-Land around
t he sugstrate 2 1 wthout an internedi ate diffusion
the 5YWAY fH9%hhanced | ayer. Figure 2B shows a

phot wable r109r2@96eraﬁnoacuttfr@s|asms1eam @bmamaé Fdstcalaasei

Substrate 2 ed | ayer
30 between ilIng and the
substrate 26, : 5 al so has
a second CJa@?"hg ofUﬂboamd28 and a th| rd coatling of TiN
29. As nmay j j ; j oati ng of
Ti N 22 nei { hetB afiheFisCWBIdoatedr di stri butes {uni formy

across the Zr 2 ceram-c-substrate-21_1t he poor
adher ence nay1%e eanbIe'hGHdTINﬁ\tEheoaiad witar ead 3 1 of

t he photomcrogrp ng of TiN
22 and t.he|subst rat eg%q%ggﬁhﬁkg%%%r@@g fé?ﬁfe d

i ffusion
bondi ng enkanced—+ayer—30—thas—good—acdherence

and

uni forndi stribution on both the first coating of TiN

27 and tTiee mablsbing test26f, Catee! waid peploened andargse flowing cutting
conalt bot h substrates 20 and 25 of Figures 2A and 2B are

nﬁj "RESi oN-Ti N al | deposited by CV/D with a total
Cuttihg s;kafm!s-smﬁo ’raehpefrrminmbe(#&o Mietersl péif mgwut) bondi ng
E enh 8% l.a
eed ra NG
Depth of cut = 0.020 inch (0.5 mm)

Insert designated C1B was coated directly on the substrate while insert

er revolution (0.25 mm per revolution)

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.

10
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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,
wonedsudiasg zi rconiumnitride, zirconi um oxi de, PaDAS2005/015720

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
CasbaY MadhlhmighafdhaoyStédle substrate and the first wear

resi stant coatj woul d proyid stron dherence for ..
e VD I9rsePRE> et RE B SEER ol ViR TS P&, Qearative
machiMhCtebt bOBhGWAPINSTaNRS 2. AN eeadigtthgdnserisi Have ahatsdrhé plyle and

aeoauBBER R COKERE, BRoA NP Sy BT LR Rt 2 dameter of

25 riAndside dedydricei ahgRy sTEtiedfréas| and b ehiskiess bat 27 amd, adverding to the

nul tj pl e wear. resistant coatings formed. by the_ nethod
SO Al CE IS RSP AP BUPTE RETEY YLF Ho U TS Srouna
the&ﬂﬁﬁf@dg@sth TINNTICNTIiNwth three mcroneters in

t hi ckness by CVD. Figure.3A and Fjgure 3B.ar

phot TR AHAEQTCAER GHNG o5 4ret o TiTENE st s 2

after scrafch tdgsts \/ver%ﬁp?rfgrred ﬁnder a c¢onst ant

| oad of 10| KP- The cut t “PGUMAIESEIBBOR: Fi glire 3A does

t [ T h d | d
not conprifez di Tg\glgwljgg&gbng enhance n‘iayer an

the cutting insgrt Igure 3B does conprise the

di f f usi on nNg & : own iin Figure

3A, the C\/D%ati nj@wzé\gﬁggétggg\étgld@@sﬁd chi ppedgal ong

the scratch mark 42nbantediondingtlayeser ani ¢ siirf ace 43

i s exposedlunderl the scratch pressureappli¢d. In

fact, the WEedE aldhdENFICN{TIN BYDOMBtesbwith ngs [wi t hout a

di ffusi on pbondi ng ef e i . S|al so

i ndi cat ed py conpa%%n)t%heglh%g a%gk@c Y malk 42 in

Fi gure 3A Wth—therarrow scratch—mark—52—n Figure

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

i s becaulhe rhachiniegtestsosfiGatsat werepeifaggediunden e fgllowing test

resi stance to chipping and peeling fromthe scratch
Conp"g%'&s'appl ied during the test (same 10-kg constant

_Cutiriessede: 1000 foett ger casds (305mhetees pdrenifistepat i on of  t he

Fee ?%%%\é\bgg %Z&r.@%cigg}yéef r%\é&% (%E’%e— %ﬁoinﬁn %eF FeﬁlU,uttiorQ)f the
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
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coatings 5 1 to the diffusion bonding enhanced | ayer
bet ween the Al 203ZZr Q2 ceram ¢ substrate and the CVD
woaeisingss appl i ed. The scratch test clearly ingCTase®s/015720
that the diffusion bonding enhanced | ayer inproves
adherence of the CVD coatings on the Al2q 3/ZrO 2
ceram c substrate. Machi ning Tests A series of
conmparative machining tests was carried out under
various cutting conditions and with various work
emﬁl’&iéﬁ i Al Such @afigions $hd ataiificatoradbfaing mgestiodfara interidedrtg be

r|S|n an | ter di ffusi on bondi ng
COV@WHA}%{&@%] CI”E\%’F 'ﬁtg' %@@W'r}geg? 'B¥ant coati ngs.
Case 1: Machining of the Iron Material for Autonotive
Parts Three Al 203ZZr Q2 ceram 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
woaopariisg Wi th the uncoated cutting insert ClecTCasen02/015720
Machi ning of the Alloy Steels Three Al 2Q3ZZr Q2
ceram c cutting tools were selected for the
conparative machining test, as shown in Table 2. Al
the cutting inserts have the sanme style and geonetry,
desi gnat ed as RCGX251200, which denotes a round shape
CLAMiEh a dianmeter of 25 mm a side clearance angle of 7
degrees, and a thickness of 12.7 mm according to the
1. | SO SHUNAI9PH COMMAISIit t i ng i nserts of Case 2 were
pr epauBsira, Whedan eesubstrardnrisesn diutiiveuns ukitie agd etlgedum oxide;
Table 2 Al203 ceram c cutting inserts used in
an‘torrparative Test - Case 2 The machining tests of Case
2 wedifudiet beHdireterihadesd kber. f ol | owi ng test conditions:
Cutting speed = 1000 feet per mnute (3.05 neters per
m nute) Feed rate = 0.03 - 0.055 inch per revol ution
2. (O.THR cuttthg46bl BALIBRY 1) ferBétdongprsingept h of cut = 0. 027 -
0. 055 i ncﬁ_ éo. 69 - 1.40 mm) The nmachining test results
of ACHRA rosisipRt COR0% in Figure 4B. It indicates clearly
that both the cutting insert C2B with Ti N CVD coati ng
and_the cutting insert CCCwith TiNTi Ti N CV .
3. coé‘iher?g’ﬁkﬂ‘eﬁ%ﬂé’? PaE ToWheTE tﬁﬂ% P%&?'ﬁﬁ%@% e{‘g?'}?&%?yer comprises
the FedRtion ploBudth BBtwidRA aCatsebigmixigre compadinginittogén BnCdDminum
coating of the prior art. It is to be understood that
chlorigg. gRYc P?“g?i on illustrates those aspects of
the invention relevant to a clear understanding of the
inyention. Certajpn aspects pof the inventi t hat ul d
4. be HsiEiatoel st chBa d. BretsidmRgeR pf e ilsion hopdifg ghhanced
laydr Rdgestifdal @Dote2. owhididindieks. faci litate a better
under st andi ng of the invention have not been presented
in order to sinplify the present description. Al though
5. embod dilHgSosifof tlagn AT wE&RIN the \defisiodbohding ehRamced layer comprises
descri bed, one of ordipary skill in the art_will, upon
at Ieash an iRl AR I sy BSRS BBV e TR SRl oy
many nodi fications and variations of the invention may
beenpl oyed. All such variatiqn nd nodi ficati.ons. of
6. ¢ el afouhed ghoans  Hhesaale Pl srRTEas Ly HHIg o 0.5 to 45
o, ZAresr@Rior@edescri ption and the foll ow ng clai 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
woxoda21zad a di ffusi on bondi ng enhanced | ayer PCRUST06/015720
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 chl ori de, and the
11. Z1 I'eRNheib@%F €lgim 0, wHaeeis thid subgirble@onpiises, dywelght, from 6 to 20
o wherein the thickness of the diffusion bonding
°- enhanced | ayer ranges from0.25 to 2.0 mcroneters. 5.
The cutting tool of clain11, wherein the diffusion
in enha d | ayer i ses.at | east f
12,51 RO LIl £r PRISTE® Shati T oan A Rrthangefa metal
cartfidie, Qit Mﬁﬂtanhifﬂde,ﬁa metd siiiebiand Qﬁ]&él?xme]og awheapsaledid®from groups
substrate c ses, t romO0.5 to 45 %
AV YR 87 Xfﬁngég‘e 9eno$%ta¥}% %od of claim®6, wherein the
substrate corrprlses by weight, fromO0.5 to 26 %
zi rconi um ox d of c [
35 ubE‘terCé’tﬁé‘gctBﬂlp?? PE‘%E% 13 wh%smgﬁ? °°?tl‘"§rﬁ°§‘ﬁ“8é§%ﬂ§/5r‘§I°rf]‘et°PFta”‘“m
nitridé gﬁfwl ltlit!iﬁuﬂ?ﬂ lcﬂlfbon@nde'ﬁffmwtltbﬁﬂlnoflumir&lgnhlﬂ'ldev(ﬁﬁwl’e) fitaihluen
substrate co om
alurB PR dRPlR .Caébon@/\"*?%% ﬁ@]ﬂ@&naa"&%ﬁf.ﬁdﬁ &Wﬁ% b &gginum
titarlil} rﬁu&sbm?blsarb@ﬁ f(fNIﬂ'H\‘BE{S) tltb]lgiluhﬂﬁalgﬂfhtnunf hitdle(lds tuAgstdn %
zi rconi um of cl ai
caruSerpaR bTABHY S B aElgR TGPl e garigelcarbon
(AITTREWOAL, lgnih@R oxid (ALei)mitdniumh@bside (T1B3), (tm@stermg;arblde carbon

W HsearcapaeaaRumeraran BBk o o

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 llIA, 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), titaniu.m 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 (TiBy), tungsten carbide carbon
(WC/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.

14



10

15

20

25

30

INA, 1VB, VB, and VIB of the periodic table. 13. The
cutting tool of claim 12, wherein the coating

woaopriess at | east one of titaniumnitride (TP8IUS2005/015720
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 plus tungsten carbi de/carbon

19.(Ti AbNﬁH@Z{r@)art E@ntpHisgm ti t ani um nitride plus tungsten

car bi A m oxi de (Al )
P BRI BORIYA N By At PRSI LA RG] icd A gfonium oxide;
(V\Q‘rﬂhtermbﬂ@m ldy@ritohiprigiag (Eidds efscatiu Atodniit deiand nitrides
nitride (AICN). 14. The cutting tool of claim2,

of AYRIPHBy @ pri sing a second coating. 15. The cutting
t 004 fiet wehirieBisthft codtiagei n the second coating conprises
at |l east one of a netal carbide, a netal nitride, a
netal silicon and a netal oxide of a netal sel ected

20.f r oTRDEALMRSINEM of dIaIR, 19V RirtheRdorMpifsig: t he peri odic
table. 16. The ¢ ttlng tool of claim15, wherein the

sec%ﬁ%coagél‘fqaﬁée W9 -at | east one of titanium
21.ni tThedeutng iMert & dlgm zmm@réwmettmcld@es(sﬁf @I‘d)ﬁrsﬁwéaitmesiﬁant

alum nymnitride T|A tit m num. ni
coaan%gn% O MRIPER bR A dh PEPHT f g Miorometers.
(AITIiN), alumnumtitaniumnitride plus carbon

It tride pl t
22. o TR R O ARG BIETHR I EPatiis SR he peape wear
res@{ahﬁcdé(llzllg’((%peﬁfértﬂy éﬁmﬁ)ﬂéé@ﬂeé?o—ﬁb MM\H@I cafdideTianyetal nitride, a
i tanjum i
melal oz Weiel s o 8 Meta SReaa or piabes WA, and Ve o

the@bﬂm.@tgmé:hr omumnitride (AI CrN)y. 17. The cutting
tool of claim 12, wherein the coating has a thickness
from1l to 20 mcroneters. 18. The cutting tool of

23.cl a’rﬁeldlﬁtmgévggérebfrbléuhﬁzzs %?fg&h frA@aftrfstW@ednaésuaamtmo@mﬁge@w the
m1lto m cy one utti i ns

secegtg.w,epgreﬁ@tanécgq}@gtlrpéﬁpgnd%mlglcgmpn{s?] @p lga Ieé)% gtamum nitride (TiN),
titai OMYaHSRRridd (Jm:N)J Mitamilingl & ludiisura ln[tﬁdmmm'N@%ﬁtéiﬁjm aluminum nitride

i nter er CO r|S|n es of. zi
p'%?%@@ﬁfﬂﬁﬁi% 093 By ’P'P?fi‘éE (é\ﬁ'lﬁ\a\ ﬂHW\'““Hh anium nilride 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,05), 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
woeeissResg coating. 2 1. The cutting insert of PCrAiSm005/015720
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

alunﬁiﬁlﬁ?ﬁ rtllt&ﬁhrﬁhlth@ﬁhs @’léhboﬁf(AlillN@)aﬁtaﬁlaﬁmldﬂmum mieidalplus tungsten
i con and .a

d
cartiy e PR DR G LT (B 06, Ao TGt e carbon
(Almwwem)c aluAtifn oXide (ATEE:)CithhilmaibotRie N TiBgY, tilgaie carbide carbon

ein the wear resistant coatin
(Wc‘é@b&HH’%@r“'tf'g%féﬁ'\ﬁﬁf‘d 'T‘WB Fﬂﬂ@H‘é‘r{Hté’a? ?’&8&’8%“ se
at least one of titaniumnitride (TiN), titanium
carbonitride (TiCN), titanium al um num nij

27. { TRBRpitngiasshh af e ki WaRtER theifiERs WL S sk Grating comprises

titarfubh AlthdeCthe S8Rl Near fdslstat oAt tddmiﬁlséé\ht'ﬁhiwn carboiiTiridgAnd the
titaniumnitride plus carbagn Sﬁ‘ | Ti N+C), titanium

thirchveai rRBIfiEAT £93088 CPMRYSISURGUYBNIES?-bi de/ car bon
(TTAINHMWC/ ©), alum numtitaniumnitride pI us tungsten

car bi de/ carbon (Al Ti NtWC/ C%) Tﬁl um nueggéé)xk de (Al 2%‘2
28. t i (TAWiCYEHGITRAT, f&lammiZE. Wherein g dyienneciale jayer bag piickness of
froml ME5 69 2 neiboraar 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.

29. Th erh%LHqun@gnécaﬁ*tS&rdalrﬁfZBCWﬁélﬁ]rQél led¥i BRE bfthk mestw@ar ebsmﬂ
resi stant coati ng n’FI‘I ses at | east one of

coating, BRRI] WearapFIa GoP e And thesthi Veser e et eppled

by PSR Qgpoadgﬁégﬁorﬁel ected fromgroups INA 1VB, VB,
and VIB of the periodic table. 26. The cutting insert

of claim25, wherein the third wear resistant coating

30. Conm’fe' ®BhgdhserEsFHaif 28, Rhereir hBicHAtdMtrialibilef £irtbMum oxide is from
tani um carbonitride (T| CN), titanium al um num

05?%457%@("’?@MN) titaniumal um numnitride plus carbon
(TIAINFC), aluminumtitaniumnitride (A TiN),al um num

titaniumnitride _plus carbon. %AI Ti N+C), titanium
31. al yhmstiiediaf cpating %?ﬁ@&f@ﬁb%@ MG bi de/ car bon

( TieRAbSEINEA S S ubstaidio Bl inubrEdHIsHBe HNd ity el WherelNiBs sBbstrate
car bi de/ carbon (Al Ti \#WC/ C), al um num oxi de (Al 233),

comprigemplLmNG ek 3ganie® ) . t ungst en car bi 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,
wohersarmsghe first wear resistant coating conpPCTAS2005/015720
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. 29 ThEMeathied bi dkin 315 Whieredi tHel SbBIrA8 coltipis€d, by adeidheasim 0.5 to 11
one of the first wear resistant coating, second wear
% zZiFegius a¥fecoat | ng, and the third wear resistant
coat| ng were applied by chenical vapor deposition. 30.
he cutting insert of claim?2 erein th .
36. codBeMTBIT Br oM 35 HSTIEHDREP CoMPaR D DY weighigray 9 to 1
o, zidbniveh ekile. 3 1. A nmethod 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. AN hgih&ABd 8 clARMBE ety tHel'@(pS‘sih@‘tﬁeaélﬁ)s%feho andnnmm chloride
coating by at |east one ob chem cal or  deposi t.i l
and ﬂtwéggomp"mpeam\%w stigsds |8t93§ﬁ°%$5‘8@§§ oprising gluminum
Chbﬁggaﬁgnﬁ,fogghal m 3 1, wherein the substrate conpri ses,
by weight, fromO0.5 to 45 % zirconi um oxi de. 33. The
nmet hod of claim 32, wherein the substrate conpri ses,
38. by 'l%irﬂé?th@d bf @803 viterel® 186 gdseeanmiureds deder 3preddige from 200
od of cI aim 33, wherein the substrate conpri ses,
m'"'B?frtﬂélf’Bﬂtm' lib3fom 2 to 26 % zi rconi um oxi de. 35. The
rret hod of cI al m 34, wherein the substrate corrprl ses,
ght, omO0.5to 11 % zirconi um oxi de
30, pacTednghod p&?lﬁms%f% Whresia ihe Qﬁ?@%%ﬁ‘é’i%@t'%”'&%‘?@%%‘re from 500
milliBYr 1€i08b tmillib4rom 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
waoi2oosagess 38. The met hod of cl ai m 37, wher ei nPCIAIS2005/015720

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 50 Ehé Rl Clairft 34, wil&RinBE RegiRf the lsabsitAD by !éhl@é@t'dhe of

the gaseous mixture is at a tenperature from 50C t
chefmige GepaCePPRISOR BIGRSE 311 & PAYSIa Y2baiHaPeFHion Frecsss@aUs in a
cod’fh@jtc@ﬁ'@nélﬁg @f leBstt SHERS aarhétbcdrbiag) as%fél h@rléeZQQQéfal éﬁ%on and a

The met hod claim 42, wherein the gaseous m xt
mefyl oxide @ﬁﬁ@?%@'lﬂxgequ@rﬂﬁtétﬁ?@qt‘iﬂ fI%(ﬁEOUEM”'ATHéB ﬁ@t ﬁB@I V|B of the
perfdictBlem 43, wherein the gaseous m xture conprises
al umi num chl ori de concentration from 25%to 99% by
wei ght. 45. The nethod of claim44, wherein the

47.9aSRY e dfchirh Qﬁ‘f;ﬁlh&%ﬁ] th %HéﬁHgbrEdFﬁHrBéé Qfeleast one ¢ of titanium
concentration from 75%to 99% by wei g The t hod

nitrige ($NR; tprium cappraitade (tikR) é%rwrng'wwaw@lmgdq @i"@”\’éy’“t%ﬂ'um

aluhﬁﬁﬁﬁ niitR Mfis 641860 CAANNMEN HIuFRRRSthHIOM MFaE EaTINNSufinum
ysical vapor deposition process results in a coating

t'tae'ammltr@feﬁ@is&qarb Tiy#e). dfaniinatuglinga NTidrpiug tyngsien
carBidbfc'a%n (m/mtwb/@) laluﬁﬁnﬁhm m@hm@n AR puwtuﬂgsteﬁ carbmt/@érbon

sel ected from G oups M A,

of
A'HNdV\W@ ﬁumﬁémﬁéﬁ‘q%@'@sl Hiangim erhorquh(éf '%ﬂﬁasﬁt@? C@bﬁi@rﬁarbon

(WEFS), YWABMRIND niite (€9 éﬁwamﬁmm S88mAim hﬁr@ﬁ(AWgOf
tltanlumnltrlde IN), titanium carbonitride (TiCN),
titani um al um num n|tr| de (TiAIN), titanium alum num

48.Ni tTh@'%emdeH%f%%"rﬁ@ﬁ futth& Mhiprisedl um num titani um
n|tr|de§ NL alumnumtitaniumnitride plus carbon
( Al 59aipgthe sybsiateumtna serandeating byieng Pfiasrhysicgbyaper deposition

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 llIA, 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 (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,Os3), 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
woxd@he2(3®88203) , titaniumdiboride (TiB 2), tuRgSUSR05/015720
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
52.PT OFRS fetHb of Bl BB WREeR thé kit Bbtfhg NY3Q BicRnédd8rom 0,25 to 5.0
coating the substrate with a second coating results in
micgorgeieBnd coati ng conprising at |east one of a metal
carb| de, a netal nitride, a netal silicon, and a netal
de of a netal oxide of a netal sel ected from G oups
53| HAThGF yethogmf claim 491 ehereint the tgialiqoghing hasd thicknses framel to 20
midi&hbre; of cl aim 49, wherein the second coating
conprises at |least one of titaniumnitride (TiN),
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 233)
titaniumdiboride (TiB 2), tungsten carbi de carbon
(WO, chromumnitride (CrN) and al um num chrom um
nitride (AICN). 5 1. 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.
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