WO 2008/13878)PCT/EP2008/055455 1 CUTTING TOOL Technical Field The present invention
relates to the field of coated sharp- 5 edged cutting tools made of or comprising a sintered body
embracing at least a hard material and a binder material which has been sintered under temperature
and pressuré¥® ¥411378%ody. Cutting tools comprise, e.g., tools for miRE§ERMIHEFEHIS), turning
tools, indexable inserts, 10 gear cutting tools, hobs, ghank type tools, tool for threading, tapping tools.
Background of the Invention With past and current sintering technology of powder 15 metallurgy,
cemented carbide cutting tools have been us&UBBINE &A0Bated and in CVD (chemical vapor
deposition) and PVD (physical vapor deposition) coated conditions. CVD coating processes including
MT-CVD (moderate temperature CVD or medium temperature CVD) coating processes need high 20
temperatures, usually above 950C for HT-CVD (high temperature CVD) or between 800 C and 900 C
for MT-CVD, and a chemically aggressive process atmosphere. This has, amongst others, well known
drawbacks with refer%% 1q fransyerse rupture strength (TRS) and low edge strength of 25 the cutting
tools as well as to unaveidable thermal cracks of the coating. WO 2008/138789PCT/EP2008/055455
2 A closer look to the drawbacks of HT-CVD should be given in the following with the coating of

cemented carbiggs akensas anREHeR: s mantianechefore, reduetion.ofERSof the substrate

5may be due to the fact that the state of the surface prior to coating is one of residual compressive
stress induced ByARe COHFEAEHTRRG PrBRaSs Ahhth S PRSI tHAs StaxksEeshdied by high
temperature wkithrelidwes s benefictal iesidlush compressive k0siters: 4 heretarea independent of

the coating, high, tetpgratuge. a ng@lj&%pgg t@{;d%gege%%g}%gg idg nscybstrateh Iijovg:ever, even if the

substrate is not properly ground - for instance, if it Is subjected to TAbUSVE Bﬁﬁ‘émg@' which leaves
residual tensile§tF&s< B ebef Bonte shifaget@atRs CHHE RiGF temperatute ereatifent has essentially

no beneficial etfeats by fuktherireguetion of the RS 0f the spafed torlariginatesstropythe presence of
thermal cr?%ks in%uced %{},therrpal ;_—:‘pra%sion misnmat]ghtbetween tlhe coating and 20substrate upon
cooldown rom‘%ﬁelﬁigcﬁl qumop%rgfure,o%é &acks ruHQﬁroE?g% e ke of the coating, and
thus can initiatd faggpebl feilurs aprlsr @ ertedn £utting conditions. c) In the case of WC-Co hardmetals, it
is also known that 25cobalt diffuses towards the surface with temperatures of about 850 C and above,
which is also associated with decarburization and eta phase formation during the CVD process. Such
eta phase can e.g. be formed by the decarburization of the outer region of the substrate in 30the initial
formation of TiC or TICN CVD first layer which is the usual underlayer for CVD Al203 coating

Background of the Invention

With past and current sintering technology of powder
15 metallurgy, cemented carbide cutting tools have been used
both in uncoated and in CVD (chemical vapor deposition) and
PVD (physical vapor deposition) coated conditions. CVD
- coating processes including MT-CVD (moderate temperature CVD
or medium temperature CVD) coating processes need high
20 temperatures, usually above 950°C for HT-CVD (high
. temperature CVD) or between 800° C and 900° C for MT-CVD,
and a chemically aggressive process atmosphere. This has,
amongst others, well known drawbacks with reference to
transverse rupture strength (TRS) and low edge strength of
25 the cutting tools as well as to unavoidable thermal cracks

of the coating.



WO 2008/138789PCT1EP2008/055455 3 layer. The eta phase region forms an embrittled layer of high
porosity, again causing micro-cracking initiation sites as well as coating delamination tendency. At
least this drawback of HT-CVD has been overcome with MT-CVD 5e.g. by applying a first TICN layer
at about 850 WO HE¥ERS7#hinimizing substrate eta phase formation. Ther@fFEPEIEHSMeasures have
been taken to diminish such detrimental effects. US#,610,931 suggests to use cemented carbide
bodies having a binder enrichment near the 10 peripheral surface. In US 5,266,388 and US 5,250,367,
application of & CGMD ssmatihgokeing inlestatedfaekisluat tétistevsiress fdllbvied by eeRVIhcoating being
in a state of regiual sompresse;tiess basheensagesieddat e mentionad pingley epuiched tools.
15 Despite the fact that cemented carbides have been used to illustrate the drawbacks of CVD coating
processes abo¥®, BHEBRATE or at least similar problems are known from other substrates having
sintered bodies. Cermets also have Co, Ni (and other metals like Mo, Al,binders and undergo a 20
sintering process similar to cemented carbides. TICN-base ets e.q. are not as readily
CVD-coated thdZ.y sslnxcr:lgrf%égél %%ntfg?rg%erse aré erﬁiélr%trjé%%tieg \?vlei]t%?tﬁe% cB%ﬁnS lélaséts.rpaetc?es, causing an
unwanted réactiormayebat the irterfabbe. SaperiiaatCBN todls tsecfighttensperbawe high-pressure 25
sintering techniques-differegt from that usedinr cagbides;and repmpts-Haweverthey may also have

metallic binders such as Co, Ni,... tending to high temperature reactions during CVD coating
processes. These S0BEffateLdrd BEnftinhes p\IS Qhtad VAP SN STIAIRLE €A or other coating
systems 30 mostlycfatsrfaar inticatioinsaktheceutiingadgas Sush rogtingshoueyves can only give a
limited protection ?éginglt h%g.tgmpserta}j[}:ﬂrse gggeh%gré fgidagivsei%%gg?s gguseg Epg/.q/jgh WO
200S/138789PCT/EB2008/055455 4 cutting speeds applie8 With staté ofthe arthurning machines for
example. €BramicibsrfateAaR1SESE onisuirbadsn AI263 theCcor RiPO3 -8i3NY (SIAION) that
incorporate glassyyianasas pDIRLSsS 18RIeSeRS apRikerdenl tpestoplswhich-argelectrically

insulating and therefg)re difficult to coat also with conventional PVD. These materials are sinter-HIPped

(HIP: hot isostatic PFESESIASS as'SEFSSEd 16 Toller-preckurd ¥iitet a4 SatfidRs T StERRS Aic inserts
again are not CVDgi0eodted becailsett&ghéenmérawré&:wupamsdftemn‘gabhmﬁvsiSN4 ;ubstrate or
cause it to loose sgmg teHghngss;as the. amarpbous glassy binder phase.gcqipes prystalline.

Uncoated materialS however can allow interaction during metal cutting between their binder phases
and the wdrkpieceRAferfEHRFA fHetetote arkiSuStePlibiC TR REREHRE WaSAFREtRG Bise of such
tools to limited nicle applicatios nbherafer, A¥D earptings. have replaced CVD coatings partially or
even completely for many operations with high demands on 20 tool toughness or special needs on

geometry. Examples for such tools are tools used for interrupted cut applications like milling or
particularly shatp-édded theadheg artiappiiy tosts TRBwel ckhgue 26 rdstapding thermochemical

resistivity and hot bardness: oxidie GV Rreoglingsesiech a8, 288:8aA1203 ika- andiRrancrystal
structure, or thick r{ﬁltila %rs comprising sych co%tg]gs, are still in widespread use especially for
icat

rough-medium turfing - Bartig BAE YreBvIlg Bp ScatoneReAN ffFeSSfmit&ridiR%nd nearly
exclusivelyith tusnig of Zast rpon Sceblcatmgse30: coutd hbybeddduesddnaVYBeprocesses until

recently due o priagigatprogess estislions yitheleckically Jasigingimatasials and especially with
oxidic coatings. WO 2008/138789PCT/EP2008/055455 5 As is well known to those skilled in the art,

all the problems mERHSn&ATANGVE teHePtof 664 Sn  FddiE BnHRE LR B Kaddrhi more acute
with the smaller radistsaaftheneutting edge. Therefore, to avoid edge chipping or 5 breaking with CVD
coated tools, additional geometrical limitations have to be considered for cutting edges and tool tips,
with cutting edges limited to a minimum radius of 40 gm for cemented carbides for example.
Additionally, fufthef é&asureasikecapplyiip alehizgifel 2a svatefalls aadiper oranatipather special

geometry ipsthe cleayigace fianksibedakedface oroath faces of the extting.gdgg are conyponly used

but add another often coméalex,-to-handle production step,to manufacturing of sintered tool substrates.
about 850° C and above, which is also associated with

decarburization and eta phase formation during the CVD

process. Such eta phase can e.g. be formed by the

decarburization of the outer region of the substrate in
30 the initial formation of TiC or TiCN CVD first layer

which is the usual underlayer for CVD Al;03; coating



15Summary of the Invention It is therefore an object of the invention to provide a single or a multilayer
PVD coated sharp edged cutting tool, which can at the same time exhibit satisfactory wear and
thermochemical resistance as well as resistance to edge 20 chipping. The cutting tool comprises a
sintered bodYY A BFB%temented carbide, a CBN, a ceLmet or a ceramfd FEAEHAFHEViIng a cutting
edge With an edge radius Re, a flank and a rake facg and a single Or a multilayer coating consisting of
a PVD coating comprising at least one oxidic PVD layer 25 covering at least parts of the surface of the
sintered body. In ohyemboditient tihepddge ragiosRe fosmmllen tieat 40tgrhe gréfeyablycsmaller than
or equal to 30 gm.khe, cguerad partsQfthe %@Pm%?%?@ﬁ@ﬁéﬁ%%i earis, of e sharp edge of

the sintered body. It should be mentioned that if 30 after sharpening of the tool there is not any
posttreatment like fbhfity, Auking d?%h@%%%’ﬁpl%%%%{?ﬂ@&ﬁé?&di%%rﬁ@n% At least
2008/138789PCT ER268085654:5:6 e Ut oC ey enasmiblentharne20 gfie candde fabrisated on sintered
tools. Also these tools can be coated beneficiall with axidic PVD coatings, as there js not any harmful
influence o%:he co%fiﬁg %)r%cggé,? and %véak%lnrlﬁé ol]ftlﬂﬁg glﬁﬁﬁga{;cdgaeh%gs%o océUr. The coating is
free of thermal craeke zglelydBes Hot cbnthiAWIRLHalbg eplde PHBSthetwomadmmations deriving from
CVD process gases. Additionally, the coating or at least the oxidic PVD layer can be free of inert
elements like He, Ar, 10 Kr and the like. This can be effected by vacuum arc deposition in a pure
reactive gas athiGSpHETeS AL eXBrie 5P A HhaRi A e R&fYy, idsitioh 8F4hHdtesion layer and
or a hard, weas pritedtive japertedn défstatied iR Ait@gErPatimespheretiolloweadsky a process step
characterized Za by growing eygenlow 49 nraduge %QE?B{%@EOMQE%AV%%%%CP&EWQ

accompanied or followed by a ramp down or shut down of the nitrogen . Applying a small vertical
magnetic fiéld BeEL B ifdce drda 6Fthel Bathiodic 4PE taidet Ansy Be boreiiialdr case of highly
insulating targeto?Q susfaces fermedayg. byarerosesses tindar pues exygeratmasphere. Detailed
instructions how to perform such coating processes be found in applications WO 2006- 099758,
NO 2006-0997%%}% ezérgé?osgsg%ﬁ aos%’v%%ll 25 i 5&%1]1:6’8/6%“\%%%%‘?@@’0% &reSinebipdtated by
reference to be25iglpait clthersstaavdiseiosise. The dxédic layeowikpdférablyircorporate an
electrically insylating Sxide somiyising & lgast g element selected from the group of transition
metals of the 1V, V, VI group of the periodic system and Al, Si, Fe, Co, Ni, Y, La. (All_ 30 .Cr.)203 and
Al203 are two important examples of such materials. Crystal structure of such oxides can vary and
may comptise becyhit @rtthheXagonahlattice:=likenandlpbhaifa) e WO2003/2887898€ T/h)'2008/055455 7
beta (13), samme,yldis (Bhahase & aaningkskysiuie, Eohsxauple gdde gygts copprising fims

of different oxides can be applied to the tool. Despite of the fact that multilayer coatings may comprise
nitrides, carboffffe$™ BXiniPRES, BoFited arkF e fls of fife HEHNEEPBIEPRESES having sharp or
graded transfesapses beiweenvdeaiined tavers of siifiares: etemestal ofistechigraetris,camposition, it
should be mengongd Ot@g\t :k:)en% ngtse_cggrll g%%nstpﬁlgh Eznlpienrgte%e a}ar}ld or ch]%h omdgtlve stress can be
ensured only 1 a[E)ly a coaeilng comprising at ledst one [ayer conssﬁng 0 essen’?%ﬂy pure oxides.
Forming adfermiodaraimzatystabie phasd ahetcoroadant apecstrirdiirs wifithNobexarhple can be of
the type AI203-(AKCAI203, (A1\2030)cmpse generally ef thetype dMelliae2:1203, with 0.2 5 x 5
0.98 and Mel and Me2 being different elements from the group Al, Cr, Fe, Li, Mg, Mn, Nb, Ti, Sb, V,
will be a preferPd8 EHBd&METOMREDEERIGIER MdthetifsFoefdmYhe8tsiBR&tE Such corundum
type single or mealtddyereshstnetamescandzefaund ire2@ appticatien TH MBA06 which hereby is

incorprated byé%eégﬁggdlrbgg empedinent %fit&g_igggg%gg,t@gec%%t?}g_ggren rlilslgs an adhesion layer

situated directly on the body surface, and/or at least one hard wear protective fayeer situated between
the 25 bodiPanti-tHeRinit e b Baweththrrspmdrebrisettive skidienagamangr on top of the

coating layers.akiie adhrsion layesasswel) asHbe weagr praiechve ayesdherain. piefesally comprises at
least one element of the roup of a transitign metal f%)m greup IV, V, VI of thecpenriodic system
such as Co, Ni,... tending to higll temperature reactions
during CVD coating processes. These substrates are sometimes
PVD-coated with TiN, TiAlIN, CrAlN or other coating systems
30 mestly for wear indication at the cutting edges. Such
coatings however can only give a limited protection against

high temperature and high oxidative stress caused by high



30 of the elements and of Al, Si, Fe, Ni, Co,. Y, La. The compunds of the wear protective layer will
further comprise C, 0, B or a mixture thereof, wherein N, C and ON are WO
2008/138789PCT/EP2008/055455 8 preferred. Examples of such wear protective layers are TIN, TiC,
crN, crc, TIRRZCHRRPricraIN as well as TiCN, CrCN, TIAICN, CrAICﬁETﬂW?@ﬁ%ﬁompounds of
the adhesion layer may comprise N, C, 0 or a 5 mixture thereof, wherein N and 0 is preferred.
Examples of such adhesion layers are TIN, CrN, TiAIN, CrAIN, TiCrAIN or TiON, CrON, TIiAION,
CrAION, TiCrAN 1 THe IARRAG IR theAdhbiors tayies Wifl besrefsiabty between 0.1 and 1.5 gm. If
the adhesion layer caswrisas athmynetallic layer situated 10 directly on the body surface, the
thickness of the metallic layer should be between 10 and 200 nm for an optimized toolto-coating bond.
Examples of such metallic interlayers are Ti, Cr, TiAl or CrAl. Overall coating thickness will be between
2 and 30 pm, Gadaduiectd ecdnoaiyeafithescdatirrp 1 5proocdsslihinost casgsratier ketween 3 to 10 gm.
However, it sbggl&besﬁmtio&q%m)in QgiggiQQCm%gggebeggg%vgge%Mgggvgg thicker coatings if

there is a need for some special applications which might be high speed turning in cast iron, for

example. 20 AHGHBF BnilSRHiRTET ofARe fFentisiP mdyBscorpaks aweek prstective layer comprising

at least one cempesitinresegregaiad ditnembraciog erphase having adelativel:-bigh gereentration of a
specific eleme“pitg stceginvg R@L%%g?g% tiw&gry&gaﬁlgﬁucfgres like Si gr B for example, 25 and a
phase having are atlverfy?ow concentration’of such a specﬁ‘lc eléhverit- i %ewggaiment, the phase

having a relati{eRPhighctoricaritratioir obttrsspécific elemerpronstitutes horamopplesus oe

microcrystalling; pease«Seghfiiaswill areferabhacaraplisea pitride of carbanitride of 30 a combination
of Crand Si or of Ti and Si. WO 2008/138789PCT1EP20081055455 9 All layers may be deposited

accordingfh tf8 At a S Kith SHarb BRGEdHSagar SRS RoTde 28nes bifing coatings
showing a disérete; onsbgtadient layetstraeture. Ihidkiness aldayerommynbe shesepHeom several 5

micrometers daqugl}lg%gufgv%ﬂggg@ g(,?di;_ §UFSH aSStIéU(%léEeS houlgg::)ngﬁfﬁrr%kl)lgljgg sggci ic

applications. Contrary to cutting tools comprising oxidic ) Iacl:y 2 suc coated tols need no
binder-enriché §8bsftdfe R RNIMi£e the hlivirda bffeecsigre AW prodessib e TRSI10

(transverse rupitieesirenatd) of e sivierar bedy abawdnocpss tpnnesates with PM[ processes and
the possn?llgty %t% al%)% ggatln%s or certain Ialyers, in particular the before-mentioned wear protective

layers, in & state of comprésaive See8 proved 16 berasstt ifeAiEs HyEidcis BfadéBropagation
and the risk oPédge chipgpingsTherdford, thare ishe lepgérasé fonbinder-enriched substrates for the
majority of the actual cutting applications, which is an evident simplification for 'carbide tool production.
However, under tertain cutting conditions, even PVD coated 20 enriched carbide grades might be

useful, for exarFest Cafting BardMaterB Tholfy esReAded SEh thar highest feaBitbrdd % applied and
an even highesiT R$emowiokipa prefeyreth Due iy the potatitial highemT RSqaf suata M seated
hardmetal,gr n tting to ing.a very small edge 25 ragdius but alsp cutting tools
having a sr%;}?e%gr%og) ?ag E%%% Fgé%ntg gﬁ%ﬁe\écﬂaﬁé%%%go%c%%ofc%eéﬁéég?}ﬁan%pt%%ﬁng Oarpplications. As
an example, coffbaretPtbcariiferitimet cerfshtéaicalrbich Fisebechauhgamiertness radii of minimal

0.2 mm (0.008 ineh)ri 2480094 ineh) Sven raski:30 Ok 0.40,005 ad H@1 mm could be

coated and te%ted e %00%/138}?89PCT/EP2008/055455 , B
apping tools. However, due to outstanding thermochemical

resistivity and hot hardness, oxidic CVD-coatings such as,
25 e.g. Al03 in o~ and/or y-crystal structure, or thick
multilayers comprising such coatings, are still in
widespread use especially for rough-medium turning, parting
and grooving applications in all types of materials and
nearly exclusively with turning of cast iron. Such coatings
30 could not be produced by PVD processes until recently due to
principal process restrictions with electrically insulating

materials and especially with oxidic coatings.



10 under usual fine turning conditions without signs of premature tip chipping. Due to inherent
"geometric" properties of PVD processes, a further coating feature can be given to certain sintered 5
bodies of simple geometry - as e.g. inserts - solely by using defined fixturing systems, thereby
exposing cer\’{é)f?n2 8781 the body to a "direct” ions and/or neutrals flow CTHERFARSHNIg referred to
as particle flow - from the arc or sputter source, whedeas other areas are essentially hit 10 by grazing
or indirect incident only. In this context "direct" means that an essential part or the makority of the
particles emittdd bystheedic soumee HiotHécgdaseid bedangletdfealsotit 9Gil5. Therefore, layer growth
on such areasgs fasigrdhan arouth Snasas eppachioasupsiantially-1g ipdiregt particle flow. This

effect can be used to apply coatings of varying thickness durind%gqne PVC coatingjrprocess; which is
completely diffSrERLRHENTEIAD RRECBINE PRARIAGH BnifdHR dGXtintfindiiTe S86m &ety surface
independent of we omettiCreffectsduerioediffesert, 2@ substrate/sagecae-pagitioning For example, using

a threefold rotatin indle_to.fi ter hole yare 13x13x5 mm.inserts alternating with 8 mm
spacers, a éat%.r gfgtﬁgr)f?arﬁ(l ahc;:(c ﬁg@%asge(g égﬁgsdnf é]éelFall?enﬁa%egt ?ceﬁcerslsc ence) of about 20.5
could be adjustéttP5forane ihegrs bvebehe wholdéasgthioithewibsiatedggsusatotabdut 500 mm in

a commercial Pgglikon, coRMpgNILET BERES bty & AR length phahors 200smae in @ commercially

available Oerlikon RAI 1200 coating unit. Thickness measurements were made in the middle of the
flank , 30 faceHihd; T6r Gea\palE face R tHE bidedti i@ Eonnbedi§ tRBPposife rb5es of the insert
in 2 mm distangeskapmethe cuttinggdgas defining.the-poing apgle ekthe nogey; WR or
2008/138789PCT/EP2008/055455_11 Such inserts having a quotient QR/R = dRakeCIFl.ank < 1,
where dRake R e GVETAITIRIHY thASTRRE oh Bife Fi%e %alcegﬁﬁa%%a%ﬁ?@ Kthed\erafl ating
thickness on tife dantfabet bre pascutdrytéenveriennipredijiin g toolsovimoh dueiteel impact stress
during milling gperations;profit fiom aigher PMR coatinghicknessanhe flapk face. This effect is

intensified by PVD coatings having a high residual stress which can be controlled by process

parameters liKBREUHAAE IR, OtalSiresetrIahathe TiRRS 102ESHtrary to milling, wear resistance of
turning operations benefits from a higher coating thickness on the rake face due to the high abrasive
and thermochemical wear caused by the passing chip. Therefore, in this case, quotient QR/F should

be higher fgan one: Q&Aﬁaﬁ?%%@afﬂkeﬁhéé for 15 inserts, such a coating distribution can be
produced by fixtures exposing the rake phase to direct particle flow of the arc or sputter source.

Two-fold rotating magnetic fixtures, for example, can be used to expose a rake face of cemented
carbide insertg direetly: te: ther sourean Tdus 20tmagnetie fixivenreisstiste additiaaal thickness
enhancement at the cutting edge which canE}g,% influenced rocess parameters like substrate bias
and can be utiﬁzlélg%fg ir%ﬁr%vén %1%’ %goﬁ%%ﬁformancc%?%of ﬁ(gr%-n?ager%lecgcﬁﬁri{r‘l%l&%tégoc amping or
hooking fixturéghéam beaisead-asies fadifirdol Furivdyiidre, fottrArgtonals weebating design

comprising a weal-proieetivelayerdaade H ddNa J1Gor TICN, (HAIN 0L HAIGY, MGEN or AICICN
situated between the body and the oxidic Iaéer proved to be particularly effective. Cutting tools

accordingd tHe'RRHEBN areSasHiidatid & 3030 FrgR VA Tty Df tifts R WS e &8 Aatkfials as for

instance all types-efaretals, dikelniciderrouSBietals batespecially feerousimetalsecastliron and the like.
Special WO 2008/138789RCTIER2008/055435 12 taglsfor milling gr turning gf sughymaterials can be

optimized as mentioried above. TEisl makes PVD coatings a serious competitor to up-to-date CVD
coatings even T3 kftiFAGH @RGURhEBEOVD feldd IR EHRYEsp&rRRibR e SHEtFdiRE ing of

a PVD coating comprising at least one oxidic PVD layer

25 covering at least parts of the surface of the sintered body.

In one embodiment, the edge radius Re is smaller than 40 pm,

preferably smaller than or equal to 30 pm. The covered parts
of the surface comprise at least some parts of the sharp
edge of the sintered body. It should be mentioned that if

30 after sharpening of the tool there is not any posttreatment

like honing, blunting or the like applied, an edge radius R,



5 roughing and high speed finishing of steels and cast irons. In many cutting applications, tools having
an oxidic layer as the outermost layer of the coating system proved to be the best solution. This refers
especially to gear cutting tools, hobs or different types of shank type tools including. 10 indexable

shank type t¢fddsoddrgdallowing examples are intended to demonstrate pergiicRkaigsts of the
invention with some special tools and coatings and are not intended in any way to limit the scope of

the invention to such special examples. It should 15 be mentioned that several tests have been
performed in com a;Lrison to WeII-knoi\/}\s]rE% ap Iicati(r)%s where PYD coated tools are known to outperform
|

CVD coatings FF S forgFtimeAs 8 Witk threHing a8 GilingTn HirEremi t55e£Bf metal materials, for

dry and wet mifintgtefrecn fewdas materialhe2@ asowdls asdar bertairemalingeand turhirig.gpplications
on steel or supe glloys. FOLSUeh s %%Itr%ﬁlé@g Ig%gtriglgditén}l%oce%q)ypht 449, m/min but up to high
as

feed rates from 0,2 till 0.4 mm/tooth een applied. In most cases, tools according to the invention
performed as Welf B3B8t 25 etterahaRvEIRABHAY TIEN or AR BaseditPVibecoated tools.

However, ope fagcusi abthedgyentien was te sdlastitute CVD coatings in applications of high
thermochemical and/or abrasive wear as for instance with high speed milling of iron, steel and
hardened materials as well as turning of 30 steel, iron, as e.g. cast iron, superalloys and hardened
materials. WOTr28080:38789RETIEPL008105518511 3 Puik s oatidgswfthedbllowimig:éxamples have

been deposite%%y 3 gathndi s Prgcess: denosition iemperaiura was, batveen,R00e, with

comparative TiCN coatings and 550C for oxidic coatingsFor. oxidic PVD coatings, substrate bias has 5

been pulsed aRd 2°&PAIIFRFES hdgheicteid RavinkFa Feficdldield dmpéieit ¢ to 50 Gauss and
an essentially seaadiee heripontay compenert fasbeed appliet. AWikhexperimertsizh, 28;,35, 37 an

additional EHIS? Isi%@l%{ hce}lgebgg é$,upiergli{r)sposaend {9 tiéefg)gcgggekr)\t o‘fr 5@% 1,lér\nloa.gCrOA 10 (A10AV0.4) arc
sources. Details of such or similar'app icable oxide coating procé/sses can be found in WO

2006-099758 P el bRt Before-PiaSticiRa HbEameEnts atetrporates. b sefereseeripdyer thickness

of TiN and TiChbinterlayersbefyweendhersukstraleang aten addiglayanwashetwarn 0.5 15t0 1.5
Fm. Comparative CVD co tir}g}s have been deposited with MT-CVD and deposition temperatures of

850 C. Exaripfe Rf MUiRGTSHallly eBF RISCA1AE (DINE7528) BBTO0R fkabie Face mill, one
insert z=1 Toohdiameten ctB8spine Cutting bpeed: vy =1b2anémin Beed rabefa ci®:25xam/tooth

Depth of cut; dg.= ¢, 23Brosess down millingoyith coglantinsertlyps:Kennametal SEHW 1204
AFTN, 12 wt% Co; chamfered sharp cutting edges for PVD coating, chamfered and honed to a very

slight 40 pm ra@fisisr COBLESIRFCNS PIRASIPCTEEPROGB FFSHUS1R Pable 1)

shut down of the nitrogen flow. Applying a small vertical
magnetic field over a surface area of the cathodic arc
target may be beneficial in case of highly insulating target
20 surfaces formed e.g. by arc processes under pure oxygen
atmosphere. Detailed instructions how to perform such
coating processes can be found in applications WO 2006~
099758, WO 2006-099760, WO 2006-099754, as well as in
CH 1166/03 which hereby are incorporated by reference to be

25 a part of the actual disclosure.

The oxidic layer will preferably incorporate an electrically

insulating oxide comprising at least one element selected

from the group of transition metals of the IV, V, VI group

of the periodic system and Al, Si, Fe, Co, Ni, Y, La. (Al
30 xCry) 203 and Aly0; are two important examples of such

materials. Crystal structure of such oxides can vary and may

comprise a cubic or a hexagonal lattice like an alpha (a),



Exp. Ni. Type d [1-tm] Coating layers Tool life [mm of out] 1 MTCVD 5.0 TiCN - 5.050500 2 PVD 3.5 -
TiCN 4.30050 3 PVD 3.5 - TiAIN - 4.55080 4 PVD
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beta (B), gamma (y), delta (8) phase or a spinel-structure.
For example, oxide layers comprising films of different
oxides can be applied to the tool. Despite of the fact that
multilayer coatings may comprise.nitrides, carbonitrides,
oxinitrides, borides and the like of the mentioned elements
having sharp or graded transfer zones between defined layers
of different elemental or stochiometric composition, it
should be mentioned that best protection against high
temperature and/or high oxidative stress can be ensured only
by a coating comprising at least one layer consisting of

essentially pure oxides.

Forming a thermodynamically stable phase, the corundum type
structure which for example can be of the type Al,0;,

(AlCr) 203, (AlV)203 or more generally of the type

(Meli-yxMe2,) 203, with 0.2 £ x £ 0.98 and Mel and Me2 being
different elements from the group Al, Cr, Fe, Li, Mg, Mn,
Nb, Ti, Sb, V, will be a preferred embodiment of the oxidic
layer. Detailed instructions how to create such corundum
type single or multilayered structures can be found in
application CH 01614/06 which hereby is incorprated by

reference.

In an embodiment of the invention, the coating comprises an

adhesion layer situated directly on the body surface, and/or
at least one hard wear protective layer situated between the
body and the oxidic layer or between two or more consecutive
oxidic layers and/or on top of the coating layers. The
adhesion layer as well as the wear protective layer therein
preferably comprises at least one element of the group of a
transition metal from group IV, V, VI of the periodic system
of the elgments and of A1, Si, Fe, Ni, Co, Y, La. The
compunds of the wear protective layer will further comprise

N, C, 0, B or a mixture thereof, wherein N, C and CN are



4.0 - AICrN - 4.600100 PVD 4.5 TiN (A1Cr)203 5.10090 6 PVD 5.0 TiN TiCN (A1Cr)203 5.300120
Example B) Milling of alloy steel AISI 4140 (DIN 1.7225) 5Tool:indexable face mill, one insert z=1 Tool
diameter: d = 96 mm Cutting speed: v, = 213 m/min Feed rate:fz - 0.18 mm/tooth Depth of cut: dc =
2.5 mm 10PPCA8H3H R milling, no coolant Insert type:Kennametal SERGFEBHASREHR, 12 wtds Co;
Edge preparation see example A. Table 2) Exp Ni. 8

preferred. Examples of such wear protective layers are TiN,
TiC, CrN, CrC, TiAlN, CrAlN, TiCrAlN as well as TiCN, CrCN,
TiAlCN, CrAlCN, TiCrAIlCN.

Compounds of the adhesion layer may comprise N, C, O or a

5 mixture thereof, wherein N and O is preferred. Examples of
such adhesion layers are TiN, CrN, TiAlN, CrAlN, TiCrAlN or
TiON, CrON, TiAlON, CrAlON, TiCrAlON. The thickness of the

adhesion layer will be preferably between 0.1 and 1.5 pum. If
the adhesion layer comprises a thin metallic layer situated
10 directly on the body surface, the thickness of the metallic
layer should be between 10 and 200 nm for an optimized tool-
tdmcoating bond. Examples of such metallic interlayers are

Ti, Cr, TiAl or CrAl. Overall coating thickness will be
between 2 and 30 um, and due to economy of the coating

15 process in most cases rather between 3 to 10 um. However, it
should be mentioned that in principle, tools can be provided
with even thicker coatings if there is a need for some
special applications which might be high speed turning in

cast iron, for example.

20 Another embodiment of the invention may encompass a wear
protective layer comprising at least one composition-
segregated film embracing a phase having a relatively high
concentration of a specific element fostering phase
segregation of crystal structures like Si or B for example,

25 and a phase having a relatively low concentration of such a
specific element. In one embodiment, the phase having a
relatively high concentration of the specific element
constitutes an amorphous or microcrystalline phase. Such
films will preferably comprise a nitride or carbonitride of

30 a combination of Cr and Si or of Ti and Si.



Type d [1-Lml Coating layers Tool life [mm of cut] 7 MTCVD 5.0 - TiCN - 9.300800 8 PVD 3.5 - TiCN -
8.000150 9 PVD 4.5 TiN (A1C )203 10.10090 PVD 5.0 TiN

WO 2008/138789 PCT/EP2008/055455
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All layers may be deposited according to the actual needs

with sharp or gradient layer-to-layer transition zones

forming coatings showing a discrete or a gradient layer

structure. Thickness of layers may be chosen from several
5 micrometers down to a few nanometers if such structures

should be preferable for specific applications.

Contrary to cutting tools comprising oxidic CVD layers, such
PVD coated tools need no binder-enriched substrates to
minimize the adverse effect of the CVD process to the TRS

10 (transverse rupture strength) of the sintered body. Low
process temperatures with PVD processes and the possibility
to apply coatings or certain layers, in particular the

" before-mentioned wear‘protective layers, in a state of

compressive stress proved to be useful measures against

15 crack propagation and the risk of edge chipping. Therefore,
there is no longer use for binder-enriched substrates for
the majority of the actual cutting applications, which is an

evident simplification for carbide tool production.

However, under certain cutting conditions, even PVD coated
20 enriched carbide grades might be useful, for example if
cutting parameters should be extended such that higher feed

force 1s applied and an even higher TRS would be preferred.

bue to the potential higher TRS of such PVD coated hardmetal
grades, not only cutting tcols having a very small edge

25 radius but also cutting tools having a smaller nose radius
or point angle can be produced for special fine tooling
applications. As an example, compared to conventional
cemented carbide inserts having common nose radii of minimal
0.2 mm (0.008 inch) to 2.4 mm (0.094 inch), even radii like

30 0.15, 0.10, 0.05 and 0.01 mm could be coated and tested



TiCN (A1Cr)203 10.300100 11 PVD 3.5 TiN (A1V)203 8.90050 12 PVD 4.0 TiN TiCN (A1V)203
9.40080 Example C) Milling of alloy steel AISI 4140 (DIN 1.7225) Tool:indexable face mill, one insert
z=1 Tool diameter: d = 98 mm 20Cutting speed: v, = 260 m/min Feed rate:fz = 0.20 mm/tooth Depth of
cut: dc = 3.1 Y/ W§22008/138789PCT/EP2008/055455 15 ProcesstdavERAe M Hsert type:
Kennametal SEHW 1204 AFTN, Exp.13,15,17,19 Co06.0 weight% enriched carbide grade,10.4
weight% cubic carbides. Exp. 14,16,18,20 Co 6.0 weight% non-enr. carbide grade, 10.4 weight% cubic
carbides. under usual fine turning conditions without signs of

premature tip chipping.

Due to inhereht “geometric” properties of PVD processes, a
further coating feature can be given to certain sintered
5 bodies of simple geometry - as e.g. inserts - solely by |

using defined fixturing systems, thereby exposing certain
areas of the body to a “direct” ions and/or neutrals flow -
in the following referred to as particle flow - from the arc
or sputter source, whereas other areas are essgentially hit

10 by grazing or indirect incident only. In this context
“direct” means that an essential part or the makority of the
particles emitted by the arc source hit the surface in an
»angle of about 90+15°. Therefore, layer growth on such areas
is faster than growth on areas exposed to a substantially

15 “indirect” particle flow. This effect can be used to apply

- coatings of varying thickness during one PVD coating
process; which is completely different from CVD processes
providing a uniform coating thickness on every surface
independent of geometric effects due to different

20 substrate/source positioning.

For example, using a threefold rotating spindle to fix
center holed square 13x13x5 mm inserts alternating with 8 mm
spacers, a ratio of the flank face thickness (dmanx) and the
rake face thickness (dpake) 0f about 2+0.5 could be adjusted
25 for the inserts over the whole length of the substrate
carousel of about 500 mm in a commercial Oerlikon coatiﬁg
unit of the RCS type, or of a length of about 900 mm in &
commercially available Oerlikon BAI 1200 coating unit.
Thickness measurements were made in the middle of the flank
30 face and, for the rake face, at the bisecting line
connecting two opposite noses of the insert in 2 mm distance

from the cutting edges defining the point angle of the nose.



Edge preparation see example A. Table 3) Exp. Nr. Type d Gm Coating layers Tool life [minutes] 13
MTCVD 8.0 TiN TiCN TiN 2.12.0 14 MTCVD 8.0 TiN TiCN TiN 6.04.0 15 PVD 4.0 - TiN - 6.22.0 16
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Such inserts having a quotient QR“»% draxe / dmjﬁ < 1, where
drake 18 the overall coating thickness on the rake face and
drianx 18 the overall coating thickness on the flank face,

are particulary convenient for milling tools which due to
impact stress during milling operations profit from a higher
PVD coating thickness on the flank face. This effect is
intensified by PVD coatings having a high residual stress
which can be controlled by process parameters like substrate

bias, total pressure and the like.

Contrary to milling, wear resistance of turning operations
benefits from a higher coating thickness on the rake face
due to the high abrasive and thermochemical wear caused by
the passing chip. Therefore, in this case, quotient Qpr
should be higher than one: Qg/r = dpaxe / driamx > 1. As for
inserts, such a coating distribution can be produced by
fixtures exposing the rake phase to direct particle flow of
the arc or sputter source. Two-fold rotating magnetic
fixtures, for example, can be used to expose a rake face of
cemented carbide inserts directly to the source. This
magnetic fixture results in additional thickness enhancement
at the cutting edge which can be influenced by process
parameters like substrate bias and can be utilized to

improve the tool performance. For non-magnetic cutting

plates, clamping or hooking fixtures can be used as

required. Furthermore, for turning tools, a coating design
comprising a wear protective layer made of TiN, TiC or TiCN,
TiAIN or TiAIlCN, AlCrN or AICrCN situated between the body

and the oxidic layer proved to be particularly effective.

Cutting tools according to the invention are applicable to a
large variety of different workpiece materials as for
instance all types of metals, like nonferrous metals but

especially ferrous metals, cast iron and the like. Special



PVD 4.0 TiN 5.52.0 17 PVD 4.5 TIN AICr)20 13.31.5 18 PVD 5.0 T4 A1Cr)20 - 2.20 19 PVD 3.5 TiN
TiCN (A1V)203 14.62.0 20 PVD 4.0 TiN
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tools for milling or turning of such materials can be
optimized as mentioned above. This makes PVD coatings a
serious competitor to up-to-date CVD coatings even in until
‘now ‘untouched CVD fields like turning operations especially

5 roughing and high speed finishing of steels and cast irons.

In many cutting applications, tools having an oxidic layer

as the outermost layer of the coating system proved to be

the best solution. This refers especially to gear cutting

tools, hobs or different types of shank type tools including
10 indexable shank type tools. '

The following examples are intended to demonstrate
beneficial effects of the invention with some special tools
and coatings and are not intended in any way to limit the
scope of the invention to such special examples. It should

15 be mentioned that several tests have been performed in
comparison to well-known applications where PVD coated tools
are known to outperform CVD coatings for a long time as e.g.
with threading and drilling in different types of metal
materials, for dry and wet milling of non~ferrous materials,

20 as well as for certain milling and turning applications on
steel or super alloys. For such steel milling, low or medium
speed up to 100 m/min but up to high feed rates from 0.2
till 0.4 mm/tooth has been applied. In most cases, tools
according to the invention performed as well as or even

25 better than well-known TiCN or TiAlN based PVD coated tools.
However, one focus of the invention was to substitute CVD
coatings in applications of high thermochemical and/or
abrasive wear as for instance with high speed milling of
iron, steel and hardened materials as well as turning of

30 steel, iron, as e.g. cast iron, superalloys and hardened

materials.



TiCN (A1V)203 13.83.0 Example C, experiment 14 clearly shows the detrimental influence of the CVD
process to non-enriched carbide grades, 15 which is due to the mentioned process effects. On the
other side, the beneficial influence of a Co-enriched surface zone shows only limited effects with PVD
coatings. AdYHh ARS8V D coatings comprising an oxidic layer is obviB&3IHFREMERithSexamples A
and B. 20 Example D) Turning of stainless steel AISk430F (DIN 1.4104) Cutting speed: ve200 m/min
Feed rate:fz = 0.20 mm/tooth 25Depth of cut: dc = 1.0 mm Process:continous turning of outer diameter
WO 2008/138 P8P CIIERRDOBIN554E 504 1nsent ¢y pex&asined gfade L=EV NMG 460408A11, sharp

cutting edges @; PVQa%%%téﬂ% ccnacm gltgg eaggi hggg st[%_algllilgl]ct g radlus before CVD coating. 5
Table 4) Exp. Nr. Type d [gm] Coating layers Tool tife Tpieces per VD 8.0 -

between 500°C with comparative TiCN coatlngs and 550°C for

oxidic coatings.#For oxidic PVD coatings, substrate bias has

5 been pulsed and a small vertical magnetic field having a
vertical field component of 3 to 50 Gauss and an essentially
smaller horizontal component has been applied. With
experiments 25, 28, 35, 37 an additional pulse signal has
been superimposed to the DC current of the Alg.sCro.4

10 (Alo.e¢Vo.4) arc sources. Details of such or similar applicable
oxide coating processes can be found in WO 2006-099758 and
the other before-mentioned documents incorporated by
reference. Layer thickness of TiN and TiCN interlayers
between the substrate and a top oxidic layer was between 0.5

15 to 1.5 um.,

Comparative CVD coatings have been deposited with MT-CVD and

deposition temperatures of 850° C.

Example &) Milling of alloy steel AISI 4140 (DIN 1.7225)
20 Tool: indexable face mill, one insert z=1
Tool diameter: d = 98 mm
Cutting speed: ve = 152 m/min
Feed rate: f, = 0.25 mm/tooth
Depth of cut: dc = 2.5 mm
25 Process: down milling with coolant
Insert type: Kennametal SEHW 1204 AFTN, 12 wt% Co:
chamfered sharp cutting edges for PVD
coating, chamfered and honed to a very
slight 40 pm radius for CVD coating.
30



TiCN - 35055 22 PVD 5.0 TiN - 27510 23 PVD 4.5 - (AICr)203 34015 24 PVD 6.0 TIN (AICr)203 _
42025 25 PVD 6.5 TIN TiCN (A1Cr)203 45030
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Table 1)
Exp. | Type d Coating layers Tool life
Nr. [pm] [mm of cut]
1 MTCVD 5.0 - TiCN - 5.050£500
2 PVD 3.5 - TiCN - 4,300£50
3 PVD 3.5 - TiA1N - 4,.550+80
4 PVD 4.0 - AlCrN - 4,600+100
5 PVD 4.5 TiN {A1Cr) 203 - 5.100+30
6 PVD 5.0 TiN TiCN (A1Cr) 203 5.300%£120

Example B) Milling of alloy steel AISI 4140 (DIN 1.7225)
5 " Tool: indexable face mill, one insert z=1
Tool diameter: d = 98 mm
Cutting speed: ve = 213 m/min
Feed rate: f, = 0.18 mm/tooth
Depth of cut: dc = 2.5 mm
10 Process: down milling, no coclant
Insert type: Kennametal SEHW 1204 AFTN, 12 wt% Co;

Edge preparation see example A.

Table 2)

Exp. | Type d Coating layers Tool life
Nr. [um] [mm of cut]
7 MTCVD 5.0 - TiCN - 89.300+800
8 PVD 3.5 - TiCN - 8.000+150
9 PVD 4.5 TiN {A1Cr),0; - 10.100£90
10 PVD 5.0 TiN TiCN (A1Cr),03| 10.300£100
11 PVD 3.5 TiN (A1V) 203 - 8.900+£50
12 PVD 4.0 TiN TiCN (ALV) 203 9.400%80

15

Example C} Milling of alloy steel AISI 4140 (DIN 1.7225)
Tool: indexable face mill, one insert z=1
Tool diameter: d = 98 mm
20 Cutting speed: ve = 260 m/min
Feed rate: £, = 0.20 mm/tooth

Depth of cut: dc 3.125 mm

il



26 PVD 5.5 - (A1V)203 36020 27 PVD 7.0 TiN (A1V)203 - 38520 28 PVD 7.5 TiN TiCN (A1V)203
41035 29 PVD 3.0 (A1Zr)203 33520 30 PVD 5.5

WO 2008/138789 PCT/EP2008/055455
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Process: down milling

Insert type: Kennametal SEHW 1204 AFTN,
Exp.13,15,17,19 Co 6.0 weight% enriched
carbide grade,10.4 weight% cubic

5 . carbides.

Exp. 14,16,18,20 Co 6.0 weight% non-enr.
carbide grade, 10.4 weight% cubic
carbides.

Edge preparation see example A.

10
Table 3)

Exp. | Type d Coating layers Tool life
Nr. [ pm] [minutes]
13 | MTCVD 8.0 TiN TiCN TiN 12.1%2.0
14 | MTCVD 8.0 TiN TiCN TiN 6.0£4.0
15 PVD 4.0 - TiN - 6.2+2.0
16 PVD 4.0 - TiN - 5.5£2.0
17 PVD 4.5 TiN {A1Cr) 04 - 13.3+£1.5
18 PVD 5.0 TiN (A1Cr) ;05 - 12.1+2.0
19 PVD 3.5 TiN TiCN (A1V) 505 14.6%2.0
20 PVD 4.0 TiN TiCN (A1V) 203 13.8%£3.0

Example C, experiment 14 clearly shows the detrimental
influence of the CVD process to non-enriched carbide grades,

15 which is due to the mentioned process effects. On the other
side, the beneficial influence of a Co-enriched surface zone
shows only limited effects with PVD coatings. Advantage of
"PVD coatings comprising an oxidic layer is obviously as is
with examples A and B.

20

Example D) Turning of stainless steel AISI 430F (DIN 1.4104)
Cutting speed: v, = 200 m/min
Feed rate: f, = 0.20 mm/tooth
25 Depth of cut: dc = 1.0 mm

Process: continous turning of outer diameter



TiN (A1Zr)202 - 38030 31 PVD 6.0 TiN TiCN (A1Zr)203 38025 Additionally to the influence of the
coating type and material, there can be seen a clear beneficial influence of 10 layer thickness with
oxidie'PVD coatings. Nevertheless, even most thin oxidic PVD coatings show a better performance
than the thick LifsaviRsa@ating of experiment 22. Example E) Turning ofpgrﬁl\ﬁ%@dgg%scmting sp_eed:
v, = 550 m/min 15Feed rate:f, = 0.65 mm/tooth Depth of cut: dc = 5.0 mm Process:continous turning of
outer diameter Insert type:Ceramic, Al203-TiC 20%, 180 RNGN 120400T, sharp cutting edges
for PVD coating, ZOCI-;amfered and honed to a slight 50 gm radius before CVD coating. WO

2008/138789PCT/EP2008/055285°7 TadiE B ExF RE rype’d (G TIAM et

sharp cutting edges for PVD coating,

chamfered and honed to a slight 60 pm

radius before CVD coating.

5
Table 4)
Exp. | Type d Coating layers Tool life
Nr. [um] [pieces per
edge]
22 | MTCVD | 8.0 - TiCN ~ 350455
22 PVD 5.0 - TiN - 275+10
23 PVD 4.5 - (A1Cr),03 - 340+15
24 PVD 6.0 TiN {AlCr) 03 - 420%£25
25 PVD 6.5 TiN TiCN {A1Cr) ;03 450+£30
26 PVD 5.5 - (A1V) 05 - 360+£20
27 PVD 7.0 TiN (AL1V) 203 - 385420
28 PVD 7.5 TiN TiCN (A1V) 203 410£35
29 PVD 3.0 - (AlZr),03 - 335+20
30 PVD 5.5 TiN (AlZr) 503 - 380+30
31 PVD 6.0 TiN TiCN (RlZr) 05 380+25

Additionally to the influence of the coating type and

material, there can be seen a clear beneficial influence of
10 layer thickness with oxidic PVD coatings. Nevertheless, even

most thin oxidic PVD coatings show a better performance than

the thick MT-CVD~coating of experiment 22.

Example E) Turning of grey cast iron

Cutting speed: v, = 550 m/min

15 Feed rate: f, = 0.65 mm/tooth
Depth of cut: dc = 5.0 mm
Process: continous turning of outér diameter
Insert type: Ceramic, Al,03-TiC 20%, ISO RNGN 120400T,

sharp cutting edges for PVD coating,
20 chamfered and honed to a slight 50 pm

radius before CVD coating.



Tool life [pieces per edge] 32 MTCVD 8.0 TiCN Al203 - 235 33 PVD 3.5- TiCN 8+1 34 PVD 6.0 TiN
(AICr)203 - 302 35 PVD 6.5 TIN TiCN (A1Cr)203 343 36 PVD

WO 2008/138789 PCT/EP2008/055455
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Table 5)
Exp. | Type d Coating layers Tool life
Nr. [pm) [pieces per
edge]
32 | MICVD | 8.0 TiCN Al,04 - 23+5
33 PVD 3.5 ~ TiCN - 841
34 PVD 6.0 TiN (A1Cr) ;05 - 30+2
35 PVD 6.5 TiN TiCN (A1Cr) 204 3413
36 PVD 7.0 TiN (A1V) 05 - 32+3
37 PVD 7.5 TiN TiCN (A1V) 203 3643

5 Example F) Turning of forging steel AISI 4137H (DIN 1.7225)
Cutting speed: v. = 100 m/min
Feed rate: f, = 0.80 mm/tooth
Depth of cut: dc = 5 - 15 mm

Process: continous turning of outer diameter
10 Insert type: Cemented carbide, 6% non-enriched,

ISC TNMG 330924.
Sharp cutting edges for PVD coating,

chamfered and honed to a slight 50 pm

radius before CVD coating.

15 Table 6)
Exp. | Type d Coating layers Tool life
Nr. [um] {pieces per
: edge]
32 CVD 8.0 TiC TiCN TiN T+2
33 PVD 3.5 - TiCN - 3%1
34 PVD 6.0 TiN (A1Cr) 03 - 141
35 PVD 6.5 TiN TiCN (A1Cr) 405 15+2
36 PVD 7.0 TiN (A1V) 03 - 14+%2
37 PVD 7.5 TiN TiCN (A1lV) 205 163

It could be demonstrated by examples A to F that oxidic

coatings can be beneficially applied on sharp edged tools by

PVD coating processes. A sharp edge»is desirable because it

leads to lower cutting forces, reduced tool-tip temperatures
20 to a finer workpilece surface finish and to an essential

improvement of tool life.



7.0 TiN (A1V)203 - 323 37 PVD 7.5 TIN TiCN (A1V)203 363 5 Example F) Turning of forging steel
_AISI 4137H (DIN 1.7225) Cutting speed: v, = 100 m/min Feed rate:f1 = 0.80 mm/tooth Depth of cut:
dc =5 - 15 mm Process:continous turning of outer diameter 10Insert type: Cemeri\g%ds qibide, 6%
non-enriched, ISO TNMG 330924. Sharp cutting edges for PVD coating, chamf and honed to a
slight 50 pm radius before CVD coating. 15 Table 6) Exp. Nt. Type d [pm] Coating layers Tool life
[pieces per edge]

PATENT CLAIMS

1. A cutting tool comprising a body of cermet or cemented carbide, the body
having a cutting edge with an edge radius R, a flank and a rake face, wherein the edge
5 radius Re is smaller than 40 um and a single or a multilayer PVD coating covering at
least parts of a surface of the body which comprise at least parts of the cutting edge,
wherein the PVD coating has at least one oxidic layer which has been deposited by

cathodic arc evaporation.

10 2. The cutting tool according to claim 1, wherein the PVD coating is free of

thermal cracks.

3. The cutting tool according to claim 1, wherein the PVD coating is free of
halogenides.

15
4. The cutting tool according to claim 1, wherein the oxidic layer comprises an
electrically insulating oxide comprising at least one element selected from the group of
transition metals of the IV, V, VI group of the periodic system and Al, Si, Fe, Co, Ni,
Co, Y and La.

20
5. The cutting tool according to claim 4, wherein the oxidic layer comprises a cubic

structure.

6. The cutting tool according to claim 4, wherein the oxidic layer comprises a

25  hexagonal crystal structure.

7. The cutting tool according to claim 5 or 6, wherein the oxidic layer comprises an

(Al;.xCry),03 compound.

30 8. The cutting tool according to claim 2 or 3, wherein the oxidic layer comprises a

corundum type structure.
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TiCN AICr)203 152 36 PVD 7.0 TiN
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9. The cutting tool according to claim 8, wherein the corundum type structure is
corundum or a multiple oxide having the following composition: (Mel;.xMe2,),O0s,
wherein 0.2 < x < 0.98 and Mel and Me2 are different elements selected from the

group consisting of Al, Cr, Fe, Li, Mg, Mn, Nb, Ti, Sband V.

10.  The cutting tool according to claim 9, wherein the corundum type structure is

(ALCr),0; ot (AIV),0;.

11.  The cutting tool according to claim 1, wherein the oxidic layer comprises films

of different oxides.

12. The cutting tool according to claim 11, wherein the PVD coating includes, in
addition to the at least one oxidic layer, an adhesion layer situated directly on the body
and at least one hard wear protective layer situated between the body and the oxidic
layer, and the adhesion layer and the hard wear protective layer comprise at least one
element selected from the group of a transition metal from group IV, V, VI of the

periodic system of the elements and of Al, Si, Fe, Ni, Co, Y and La.

13. The cutting tool according to claim 12, wherein elements of the hard wear

protective layer comprise compounds of N, C, O, B or a mixture thereof.

14.  The cutting tool according to claim 12, wherein the at least one hard wear

protective layer comprises at least one composition segregated film.

15. The cutting tool according to claim 12, wherein elements of the adhesion layer

comprise compounds of N, C, O or a mixture thereof.

16.  The cutting tool according to claim 12, wherein the adhesion layer has a

thickness of 0.1 pm to 1.5 um.



(A1V)203 ,- 142 37 PVD 7.5 TiN TiCN1(A1V)203 163 It could be demonstrated by examples A to F
that oxidic coatings can be beneficially applied on sharp edged tools by PVD coating processes. A
sharp edge is desirable because it leads to lower cutting forces, reduced tool-tip temperatures 20 to a
finer workpiece surface finish and to an essential im rOovement of tool life. MCHESBLYE PATENT
CLAIMS 1.A cutting tool comprising a body of cermet or cemented carbide, the body having a cutting
edge with an edge radius Re, a flank and a rake face, wherein the edge 5 radius Re is smaller than 40
itin and a single or a multilayer PVD coating covering at least parts of a surface of the body which
comprise at lggst partisafitiiactitngcesgienyoeseimthe Rub<odinglhas @l legst @nepexidia layer
which has been depo 'te? by cathodic arc evaporatign. 102.The cutting tool according to claim 1,
wherein the @Séajhﬁ '%yg'ﬁgtbl? Wﬁ%ﬁ%’r gl&?uggﬁtg i %%¥00| according to claim 1, wherein
the PVD coating is free of halogenides. 4. The cutting tool according to claim 1, wherein the oxidic
layer comprises an electrically insulating.oxide comprising at legst one element selected from the
group of trans? on m SI%HBWﬁéOIQ)J,B\%('{??ﬁlt%E?p% lﬁﬂ%e‘ﬁ%oe&%ns%ﬁset%%{daﬁv a,&l?rgﬁ ?’—I%V,eg@fel{lll,s Co, Y and
La. 5. The cutitag:tbod@ceardingoionabatnnohsedueneiothiBodxiditslayer comprises a cubic structure. 6.
The cutting tool according to claim 4, wherein the oxidic layer comprises a 25hexagonal crystal

structure. 7. The cutting tool according to claim 5 or 6, wherein the oxidic layer comprises an
(Ali.,Crx)203 ¢émpolihd cut@§ltbd d@ording to claim 1, wherein the overall coating thickness is 2

um to 30 pm.
10 20.  The cutting tool according to claim 1, wherein the body is not binder enriched.
21.  The cutting tool according to claim 1, wherein the body is binder enriched.

22.  The cutting tool according to claim I, wherein the PVD coating thickness of the

15  flank is different than the PVD coating thickness of the rake face.

23.  The cutting tool according to claim 22, wherein the cutting tool is a milling tool
having a quotient Qr/r = drake / dFiank < 1, where drake 1s the overall coating thickness on

the rake face and drpn 1s the overall coating thickness on the flank.

20
24.  The cutting tool according to claim 22, wherein the tool is a turning tool having
a quotient Qr/r = drake / dpiank > 1, Where drake 1S the overall coating thickness on the
rake face and dppni is the overall coating thickness on the flank.

25 25,  The cutting tool according to claim 1, wherein the cutting tool is an indexable

insert.

26.  The cutting tool according to claim 1, wherein the cutting tool is a tool for at
least one of the following working materials: metal, nonferrous metal, ferrous metal and

30  castiron.



9.The cutting tool according to claim 8, wherein the corundum type structure is corundum or a multiple
oxide having the following composition: (Mel i,Me2,)203, wherein 0.2 x 0.98 and Mel and Me2 are
different elements selected from the group consisting of Al, Cr, Fe, Li, Mg, Mn, Nb, Ti, SHldy v.
N.The cutting tool according to claim 9, wherein the egrundum type structure is (AICr)201 or (A1V)203.
1011.The cutting tool according to claim 1, wherein the oxidic layer comprises films of different oxides.
12.The cutting tool according to claim 11, wherein the PVD coating includes, in addition to the at least
one oxidic layer, an adhesion layer situated directly on the body 7 r Jand at least one hard wear
protective layer situated between the body and the oxidic layer, and the adhesion layer and the hard

wear protective laye ' | I . qr o) Sitj etal from
GroUp IV, V. VT o1 the e e A e B S e

cutting tool adeetdinptooeiaishank tatidreimns|dnentdiofarrs hatbovetarmestcenee dayer B¥Rprise
compounds of My, 0, B or a mixture thereof 14.The cutting tool according to claim 12, wherein the at
least one hard we protective layer comprises at least one composition segregated film. 25 15. The
cutting todl according to claim 12, wherein elements of the adhesion layer comprise compounds of N,

C, 0 or a mixtyge thefgef.dfinf hsoeHliinaiiapkacearding agaimilnierelp fhaahesion laver has a
30thickness of 0.1 um to 1.5 um. MCGLLP 20 17. The cutting tool according to claim 12, wherein the

adhesion layet8BtaphebEesnihs hrstumed e psidiatarcnrad iy sivdeslifraretar giaupodysisderne

cutting tool acgordingrie oraik 12, avkensigiche, hatdwaad Rietactive layer is located between two or
more consecutive oxidic layers. 19. The cutting tool according to claim 1, wherein the overall coating

thickness is 2 gm to 30 km. 1020.The cutting tool according to claim 1, wherein the body is not binder

enriched. 21.5Bhe cuitingiaehsscassipasiasiairgd.orberain hedrdyds bindgr snrgad- 22. The

cutting tool according to claim 1, wherein the PVD coating thickness of the 15flank is different than the

PVD coating thi¥kiHess BtiteciateTiban sdzeridivsdingidank gk adecmimboreinheredsahe cutting
tool is a milling,foQl Raving.aBualisn YR i maEakeAFpRkniliWBers SRS isheQuailgoating
thickness on the rake face and dpik is the overall coating thickness on the flank.
least parts of a surface of the body which comprise at least parts of the cutting edge and
comprising at least one oxidic layer, a thickness of the PVD coating of the flank being
15  different from a thickness of the PVD coating of the rake face, and the milling tool
having a quotient Qr/F=drake / driank <1, where drake is the overall coating thickness on

the rake face and dpjani is the overall coating thickness on the flank, the at least one

oxidic layer having been deposited by cathodic arc evaporation.

20 30. A turning tool comprising a body of cermet or cemented carbide, the body
having a cutting edge with an edge radius Re, wherein the edge radius Re is smaller
than 40 um, the cutting edge also having a flank and a rake face, and a single or a
multilayer PVD coating covering at least parts of the surface of the body and
comprising at least one oxidic layer, thickness of the PVD coating of the flank is

25  different than thickness of the PVD coating of the rake face, and the turning tool has a
quotient Qr/r=drake / driank >1, Where dgake is the overall coating thickness on the rake
face and dpiank 1S the overall coating thickness on the flank, the at least one oxidic layer

having been deposited by cathodic arc evaporation.

30  31. The cutting tool according to claim 1, wherein the PVD coating is free of inert

elements.



20 24. The cutting tool according to claim 22, wherein the tool is a turning tool having a quotient QR5
= dRakc dFlank > I, where diiiike is the overall coating thickness on the rake face and dElarik is the
overall coating thickness on the flank. 2525.The cutting tool according to claim 1, wherein the cutting
tool is an indexable insert. 26.The cutting tool according to claim 1, wherein the cutting tool is a tool for
at  least one of the following working materials: metal, nonferrous metal, ferrous metal 4HdS30¢ast
iron. MCSLLP 21 27. The cutting tool according to claim 12 wherein the cutting tool is a gear cutting
tool, a hob or a shank tool having the oxidic layer as the outermost layer of the PVD coating. 28. The
cutting tool actdrding\teueiagn o esepeiinae hedd WesrpebrscRecriydchykidgatbel tndiveen the body
and the oxidicjayar andigselagted;fipm Lag oraMRRaSkING R tHE N G ditM HANaITRAICN, AICTN

and AICrCN. 10 29.A milling tool comprising a body of cermet or cemented carbide, the body having a

cutting edge viitnatd edyer ratifaecRBe SYIHAR ader alrakadadisvhBralnatd age fartivanRa is smaller
than 40 Lfm, apg@ sieptegs @omﬂlg'@é{%rﬁl\é%qeés@'%9&81’%%&%&%3&1}1%?&& akapsysiacsink the body

which comprise at least parts of the cutting edge and comprising at [east one oxidic layer, a thickness

of the PVD cobiting b o tmpkidisi iy andimstatictiayar hanierreddckness It epAimgiopthitOrake face,
and the mimngﬁ?ﬁ!é&@éﬂfkﬁ@&(}@%@%iﬁ&@ Bake: dlianls s naere £hake.isitha Queialeaating

thickness on the rake face and dnank is the overall coating thickness on the flank, the at least one
oxidic layer havits g gerassieadyhcamidigitonrs Bapidration20ddialayisihg e8I Resmprising a body
of cermet or cgg@gm@g cRebigedtbabedyRyig a cutting edge with an edge radius Re, wherein the
edge radius Re Is smaller than 40 lam, the cutting edge also having a flank and a rake face, and a
single or a multilayer PVD coating covering at Least parts of the surface of the body and comprising at
least one @xidig; layer;ibickmiassafithe MR Leating i the flask ih P diffemptthanithicngss of the
PVD coating of the rake face, and the turning tool has a quotient QR,F=dRake / dt[aut >1, where
dkaLe is the o?)@}“é‘ﬂ‘%ating thickness on the rake face and dFia"k is the overall coating thickness on
the flank, the at least one oxidic layer having been deposited by cathodic arc evaporation. 22MCSLLP
32.A cutting tool comgprising a body of cermet or cemented carbide, the body having a cutting edge

with an edge ritlius RES KHIERS AP ERIAPEIRISI I i&ls WARKT AR ABPHAYSSTHRINESH cutting edge
also including @flaidkansip kake daeehand ahn tllileyerR¥Beeaing coneringrb|gast partefihe

surface, wherein the PV ati as at least onge oxidic layer, a metallic layer having a thickness

betweer 10 n%%o%éﬁ%%@é&%%%mé‘ %tﬁré gefﬁ%ﬁggt ﬁ@%tfe%?é?%ﬁéflﬁ%tWe%rPBPotective layer
located betweesmtheispidaed, and Ebelaxidig, lsreNHdaiSleast ane oxidic layer having been deposited
by cathodic are evaporation. 1033.The cutting tool according to claim 32, wherein the PVD coating is
free of inert elements. 34.The cutting tool according to claim 32, wherein the oxidic layer comprises a
corundum type structure having the following composition: (Mel Me2,)2 03 wherein 0.2x 0.98 and Mel

and Me2 are different elements selected from the group consisting of Al, Cr, Fe, Li, Mg, Mn, Nb, Ti, Sb
and V.



