CUTTI NG TOCL Technical Field The present invention
relates to the field of coated sharpedged cutting

wo owBAa3sTee of or conprising a sintered body eP@I/BR100§/055455
at least a hard material and a%binder mat eri al which
has been sintered under tenperature and pressure to
formthe body. Cutting tools conprise, e.g., tools for
milling (mlling tools) cu I's, indexable
inserts, gear cutting tools, hobs, shank type tools,
tool for threading, tapping tools. Background of the
I nvention Wth past and current sintering technol ogy
of powder netal lurgy, cenmented carbide cutting tools
have been used both in uncoated and in CVD (chem ca
vapor rdepaschallorieadd PVD (physi cal vapor deposition)
coated conditions. CVD coating processes including
MI- CVD (noderate tenperature CVD or medi um tenperature
D) pcRaLLRY i RLAReISES AATEd i 6B LREPELAlUN 6% dUsHaW Ynarp-
above 950 0C HT- CvD (hi gh tenperature CVD)

5 bdgweenu8®@n@ andlgoma@efof MF- CYDprasdng ahenm@akbﬁ body

aggressive _proces her Thiis _has,
SeNerCinderl Rioun dr AMBACRE GFER s 810y nfa rg: material
vhaesveasebeupt ls!liﬁtéfri’eantheGCTBg)np@ﬁirdtluQ‘él edgepressure to
strength of the cutting tools as well as to
GRETFoFBEbPEIYhe FHE 18BatRS L6f CORPTEESY i RgTA-cltegds for
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10 gsaancexampgetools, hobs, shank 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 used
both in uncoated and in CVD (chemical wvapor 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.
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a ) As nentioned before, reduction of TRS of the
substrate may be due to the fact that the state of the

W@ Bass8pri or to coating i s one of residual PCT/EP2008/055455
conpressi ve stress induced by,the correct grinding
process, which is beneficial; "this state is altered by
hi gh temperature which relieves this heneficial , ,
K SRR QStoresSitie GPEASKeTIRg SID | TfPeh @ digren in
dhe coatdithg Rt tePeraling, anealidid MesdXes taken as
effect on the carbide substrate. However, even if the
agulstargtle i s not properlyground - for instance, if it
is subjected to "abusive grinding" which | eaves
residual tensile stress or even sone surface cracks -
d)hehinghh tiemel aldierd,r eaideididaso essentdalihe Mubstrate
beneficial effect. bi% A further reduction of the TRS
of Me RSostusd todihorfiagitndthed fitvm e Hradfsdite pirface

t h?ﬁ’ﬁ%r HAGKS,  indGed tdkerf@icﬁféqar&%ngﬁ}fgﬂ% R ress
between the coating and substrate upon cool down from
t he nrugledCHY ttdrp ercatngras.  githien dhimae kse aragrs s, hmdlighth tihe

t hickness .of. t .coat.i , .and .t hus n initiate
R IR % A R ikt Afperaryre
| nwiie e asq v C+Ea hdediatidd il e d il 1S @ daipps 4 had

cobalt diffuses towards the surface with tenperatures

of sdFaRs -8Fherefirraabovelenmiidant 9haltde spsddingtedigh
! \ > o X . su
he B S A 1B S RGO e

t hesubextaraigr.i ZRtvicore gf avieen duft ethe egilet reft et hies not properly
substrate i
ground -

%or instance, if it 1s subjected to “abusive
grinding” which leaves residual tensile stress or even
some surface cracks - the high temperature treatment has

essentially no beneficial effect.

b) A further reduction of the TRS of the ccated tool
originates from the presence of thermal cracks induced by
thermal expansion mismatch between the coating and
substrate upon cooldown from the high CVD temperature.
The cracks run through the thickness of the coating, and
thus can initiate fatigue failure under certain cutting

conditions.

¢) In the case of WC-Co hardmetals, it i1s also known that
cobalt 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
the initial formation of TiC or TiCN CVD first layer

which is the usual underlayer for CVD Al,03 coating
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| ayer of high porosity, againzfausing m cro- cracki ng
initiation sites as well as coating del am nation

tendency. At least this drawback_of HT-CVD has been
ovetRBRE- wi the MtTVB2SY. T8y appf 9FRY anfeReFLIfFERd layer of
| ayﬁ{%@tpép&’yit P02§aint BELEDYG M NERDZEPI-RYRGL KA Biation
eta phase fornmation. Therefore,; different neaSures
haveibesnas akehl t®s deodhish dethndestioentandentgect 8L least

US 4,610,931 suggests,.t se_cenent ed carbi de bodi

vt b o TR R | Sk FeSr DE REF FnaF ay e §7-cvp
suré age. by NapiSl pi 2§ 6a 388randr LS 51260 38%, apppti 88DHF 00,
of a CVD coating being in a state of residual tensile

st reRerely | BiRE bR PYEPEbhaR FAgehRi Aa R Aoshat eobf

resi dual conpressive stress has been suggested for the

menti oned bi nder enriched tools. Despite the fact that
Tleaeaf ede c ad bf fesehtveebsenesiskalveé obeéhustkatetbhdiminish

dr awbacks. of CVD coati ces ve, the sa or

S Pt al SRR Ee: PUS S ERRE e nabhgr 3208 She
SHRSH 88 eSa BV 8db s8N 8T BV DREI 8Shi kBEMBESr abBReABVBear the
Co, NI (and other netals like M i nders and

. , Al, ...) b
RREEPRral sPwrbafhg Proless, 3Pfi PAR @Bdcereht 80, 367,
%%ﬂé*&?io | G basgd 88§ﬁFﬁé Sengal g 00L:a5o7 §RALLY: qual
coated today sSince 6se Subsfrates are more
teast loyestr ¢ fis t hiel toaed ngy gasP¥pecoesingabsing an a state of

unwant ed reaction, | ayer at the interface. Superhard
BN € 00f sCURRT R GhY € eRpEF &F uP@S HPERZ pP BEYE? ggiEPErFﬁﬁ

hEehNbAE@sp thdé er enti EROM thaisused for carbides

Despite the fact that cemented carbides have been used to
illustrate the drawbacks of CVD coating processes above, the
same 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
sintering process similar to cemented carbides. TiCN-based
cermets e.g. are not as readily CVD-coated today since these
substrates are more reactive with the coating gas species,
causing an unwanted reaction layer at the interface.
Superhard CBN tools use high-temperature high-pressure
sintering techniques different from that used for carbides
and cermets. However, they may also have metallic binders
such as Co, Ni,... tending to high temperature reactions
during CVD coating processes. These substrates are sometimes
PVD-coated with TiN, TiAlN, CrAlN or other coating systems
mostly 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
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and cernets. However, they may al so have netallic
bi nders such as Co, Ni, ... tending to high

W@ 209pa@38I8Ur e reactions during CVD coati ng proCRCHEB2008/055455
These substrates are sonetines PVD-coated with Ti N,
TiAIN, CrAIN or other coating systens nostly for wear
i.ndication at the cutting edges. Such coatings however

Tt 6 PRESE 2ARMSR TrivtE@torPhddih st thilghrning

ALPeIA W andihigh oxidative stress caused by
hi ghcutting speeds applied with state of the art

turni ng machi nes for exanple. Ceramc tool materials
ased on solid Al 203, Al -TiC _or - Si .
%a& l(S\I)nCCi% atma}tnecrolraposr ate’ eg% a%%ys Op la%gsﬁagg' bi r?é)g?Tslc’ oF

N1gPE eS|, angtiheoNY 08hatty pcor@olrs twhigdh s&ke phases as
electrically insulating and therefore difficult to

st Tl SERILIF o ARt BN dl O PV YPrHe &0 et et ety ae
SIJUE 1 lFiRFQLr(Ml%tir}ﬂgt dﬁ%@f&ﬁiﬁfﬁgult aio coat also

opposed to |l ower-pressure sintere Suc
wigrhamanviargerdrsa lagaiin. ditee swo tmaO\T icolat et b eciauser +H Tfped

eratur.e can cause softeniing of the Si ubstrate
O G e T AR SR LBl s SRR SHE Sl o essure
dlrassie dididesi qhas e dmsaery strdd i e addnaoad&d not cvp
material s however can allow interaction during netal

REED P asEubse R e e a1 fshaBes eaitbe o fkigiecef the
erJ t g uscept i '

SN B T LR A RGN Wl S ARG o

aapploheats arissskhériefdsre pHAAe dostdmegs davet aleplracedincoated

CVD co partially ar even conpletely for

tings nman ,
M S Oh S Thi ST L q BY.1 cutting

pHRGE R84S IhR8OMddes RIATRIRS Jf kst A S’ and
tools used for interrupted cut applications
therefore are susceptible to cratering wear restricting use

of such tools to limited niche applications.

Therefore, PVD coatings have replaced CVD coatings partially
or even completely for many operations with high demands on
tool toughness or special needs on geometry. Examples for
such tools are tools used for interrupted cut applications
like milling or particularly sharp-edged threading and
tapping tools. However, due to outstanding thermochemical

resistivity and hot hardness, oxidic CVD-coatings such as,

e.g. Aly03 in a- 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
could not be produced by PVD processes until recently due to
principal process restrictions with electrically insulating

materials and especially with oxidic coatings.
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like mlling or particularly sharp-edged threadi ng and
tappi ng tools. However, due to outstanding

WO b@siessBem cal resistivity and hot hardness, PXI/EP2908/055455

CVD-coatings such as, e.g. A I.2Q3 in a- and/or
g-crystal structure, or thick™nultilayers conprising
such coatings, are still in wdespread use especially

HorkF olfgh- e im YUr Ry, Pertieny dhd- i vt tl the
ARl GAL | i'd?hé'ﬂ lad kRES: Hia MBd &fdals A ASAT Yon the
exclusively wth t

urning of cast 1ron. Such coatings
adfl ichonatddse hprazghiced npyr P\AT\preocessesthmtsha¥lezenntdgius of

ue t rinci pal ocess restriction i th .
o 19 PSR Ul S TR et ror Bl A Gl B TR R (3
b@@diii%@@ﬁﬂﬂkﬂ@mﬁscda%é/@'ﬂodqrw,%d&iﬂif&%l Sdd drheetlr 1 da 1
the art, all the problens nentioned above tend to

lgadura tHrd & dee SiP thife TS dRE U e h et b g istees and tool

i snal i £1i )
t?&jgstr’gfv}éﬁr%{q C%do%etal\ﬁl{éa dé ngegs{a angLI]%(%p(?oérl gg(g‘raa g%rr&eﬁai@%% %{/j\n&?husc,\% 40
PR dedRinepdditdiona mgomtdnmed . |AdAatatd s pavirther

to be considered for cutting edges and tool tips, wth
maatinef dddes domiiiiew tao hanfenum reatierfalfl 4 mideor or

aﬁlszneo@h%dr & rebciidae.LS feoc;meecxraynpcloe'tl'ﬂoéddé‘lté.ao aaﬂl#é/ ’ﬁ lfaur{ll,h.e’{he rake
asures |ITke appl%/l ng a-“chanfer, a waterfall’, a ‘W per
forcanyr Mider fpesd af geaneiutt iy tdwy€ | o angendd ankysed but
the rake face or both faces qof the cutti ncg*iedge are

W &f Wit SRR 1aTot IR Bt eh R Ex-270- Heftii I e
TRIRAUCI AN 1Y &FF 1O ARGt ngde Siddered tool

substrates. Sunmmary of the Invention It is therefore
an object of the invention to provide a single or a
mul til ayer PVD coated sharp edged cutting tool,

Summary 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
chipping. The cutting tool comprises a sintered body made of
a cemented carbide, a CBN, a cermet or a ceramic material
having a cutting edge with an edge radius Re, a flank and a
rake face and a single or a multilayer coating consisting of
a PVD coating comprising at least one oxidic PVD layer

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

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

preferably smaller than or equal to 30 pum. 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
after sharpening of the tool there is not any posttreatment

like honing, blunting or the like applied, an edge radius Re
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body nmade of a cenented carbidg, a CBN, a cernet or a
ceramic material having a cuttrng edge with an edge
radius Re, a flank and a rake face and a single or a
eglial| ayeevevasinagleonshshi a§ ph aaRVbecbabirmgated on

conprising at least o oxi di c. PVD | ayer coyer,i at.. .
FoREr 3 eSbr  TRLSGUFRASE GPOLRecanber EAabodyboPREicially
pnenheshodi fEpyD thetedgs hadiHsrBeiksnswabher hkkanru40

nm preferablgﬁsn&ller than or equal to 30 mm. The

tofévedcpapfstbe chatsnef nceceshpr psd weakeasngsefethe
f the sintered body. It
AR LR e R ;

Ioned tha "after sharpening of the
tool there is not any posttreatnment |ike honing,
.or the_like e radi us Reequa

| untin pplied, an ed ,
ﬁ?eeQ%ﬁg%ﬂﬁlFérfFﬁﬁnogoghﬁF@ﬁﬁ GE2F&6r PREt €@e§nnet contain
sht 8L 88qLRPHEs ALsethbesecheghsnsdnole 6828t edng from CvD
beneficially with oxidic PVD coatings as there i's not

pAgchas nasepnf Rdéntéonhlikie tbat FAgtpnocessatahdast the

4eRkeD Bonof (e cULiLngcedge fogs Dot o8eUr TheLe ke ar,
coating I's Trée o hermal “¢racks an 0és not contain
RAyahal ogeni des. orhokheancost affsateansydentMiumngakeom

CVD process, gases. Additionally, the coating or at

FeRet 1t hal ok df cPBYD Fa9eF1¥an9pe prBesBherfer fs an example

§&§n§nﬁ§l£if§y§?’céﬁti%%,aagpég§tHbﬁeofTthaeﬁQSQSn layer

ef fected by vacuum arc deposition in a pure reactive
gad atndsphede. wvAas pnoegahple leyea mahtbkagearted in a

SEPLL0% SEROBIALPD, BL1 20,2408 1ol B1EL-200:8" cRecaceari coa
by growing oxygen flow to produce a gradient towards the
oxidic coating accompanied or followed by a ramp down or
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
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

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
«Cry) 203 and Al,03 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),
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nitrogen atnosphere followed by a process step

characterized by growi ng oxygen flow to produce a
WQr@dizs189 t owar ds t he oxi di ¢ coati ng acconpani BGUI/BP2008/055455

foll owed by a ranp down or sh down of the nitrogen

flow Applying a small vertical magnetic field over a

surface area of the cathodic arc target nay be

hretrref (fo) al gdmma abe rofdeditghl ()i phalsat org at spgael-structure.

urfaces forned. e. g, by arc processes_under pure

S ol e prer & St R oA bR oL AT rerent

ferdes s be COKS 1 NG Pt OCESSeSo6RN DesHDdot Nthe fact that

appljications WD 2006- 099758, WD 2006- 099760, WO

TPOH6L HU0TE COHSI RS |TaE FONRIH 39 651 DB1 4RF c hCHepebit Bi@es,

' d r r f ;

SRS R LR ST oh? L Srcind s G ®1ements
hanciorposta o aor ef ended catdysfasutate ngooxieken defined layers
C rising at Jeast one elenent, selected fromthe

G OU T T arSt TIGHE B AT 55 OTCAHINT V18 CORPY S 4Ry of
18 R O Ghén SYSA &N Bk Abe S pr&€ecton Mgahst L@igh
(AlixCrx )29g3 and A 1208 are two inportant exanpl es” of

it et e aAd/ @ st @tidrtive dfrenehcdxildeseramred only

L SO SRS 5Ll HETARER AL 55 o0
greser ol by spirel osidarct ure. For exanpl e, oxide |ayers

conprising filnms of different oxides can be applied to
the tool. Despite of the fact that nultilayer coatings

FEDM G | 186 Fhdd {0885 c £BT POsH 481 £ESh 2 QX iR | @8Sundum type
borides and the I'lke of the nentioned el ements having
SShargr wie griaddd fomrsfane ko mesn deg vielenthief t yieel Akofor s

bR LIP3 Pl LREDLITSL Ly, ETGRAL, on

Megh _,Me2,) 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 elements and of Al, Si, Fe, Ni, Co, Y, La. The

compunds of the wear protective layer will further comprise

N, C, O, B or a mixture thereof, wherein N, C and CN are
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tenperature and/or high oxidative stress can be
ensured only by a coating conprising at | east one

WO 2008113878Nsi sting of essentially pure oxides. IOF/EPIVG8/@55455

t herrodynam cal |y stabl e phas? t he corundum type
structure which for exanple can be of the type A 20,
(Al Cr) 203, (Al 208 or nore generally of the type
RV STISNT B Ee;m efi ¢h Puoh Fsax progeghdviel 2¥nEs epe TiN,
n ff nt 0 o
R e e e A R R
BrbbeN ne@itADENt HELORALCK. | ayer. Detail ed instructions
how to create such corundumtype single or
mul til ayered structures can be found in application CH

BRI s VWi Chhdies@lysisn | Tepe prid dedypreserence, .oldr a
an enbodi nent of the invention, the coating conprises
T Eeire st e ¢ @l e rvise £ et &Y %l@cile‘%tlrsy prefPrrPddytLxamples of

%&‘éﬁa& saﬂ%gi%gé rieasl pne hapd V‘FPAlrﬁ’roé%&iNV%chsAlN or

er situate tween the body and the oxi
TJIONJ,etG?\H@m, tmmwmmm,sermmbomxume ’tlayeklsess of the

and/or on top of the coating |ayers. The adhesi on
IR weﬁra@l%hebwelﬁm iRetveserOtheregnl .5 um. If
f S€ t,one. el 0 rou
B e
qnm'ecetdl;c csysttleemmfdy fmﬂe:fmntish@ndlbéknﬁéss Shf fee Mtallic
La. . The conmpunds, of the_ wear prot ective | ayer

qur RS Romiteeemn 10 @nd O200 BBriQr mxtpleimized tool-
ﬁéuﬁégglndwﬁﬁﬁﬂr]ﬁ*amﬁiéﬁ“bfjﬁéﬁﬁﬂwé%éiif@ @%égﬁﬁﬁgks are

of such wear protective |layers are TiN, T|C CN TC
T AIGE, RN, O Q28 N Qreevwl} eeatTHON, ticr e ss AVON, be

Cr Al CN, Ti CrAlCN.
between 2 and 30 um, and due to economy of the coating

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.

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,
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

a combination of Cr and Si or of Ti and Si.
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Compounds of the adhesion |layer may conprise N, C, O

or a mxture thereof, wherein N and O is preferred.
wExaNbss8Y of such adhesion | ayers are Ti N, Cr NPCIVER30DE/055455

CrAIN, TiCrAIN or TiON, CrON, ,Ti AlON, CrAl ON,

Ti C Al ON. The thickness of thé9 adhesion layer will be

preferably between 0.1 and 1.5 mm . |If the adhesi on

RN pABeD% 1R R ITLIERG & (TR et tual needs
ﬂﬂr?%ﬂayré’fbf R RO, S T RS« d.he jdi ckngss; Of o hesnes

['1clayer” should be "between I0 and 200 nm for an
ﬁmﬂmmgzezb&@dgm shopaEtnng bblrﬂrr@@rqﬁ es pfadimit layer
taII|C| erl ayers Cr, Ti.A r CrAl Overal |
TS RS < Blisndaiay Ph o rotagvaral
e dnte RGN 0Tt 3 he Raatd ¥ eessi f nUmStsCasESures
rat her between 3 to 10 mm. However, it should be

sl bl rusdftenab sy i pireci et LN $t iTovi ded

with even thicker coatings if there is a need for sone

speci al applications which m ght be high speed turning
dantoasty itrcomu’u‘mim@xtzmpllse coﬂmnjhseirngarmddijrrerﬂvmflaymrs, such

LIYSELLOD T RISOMBRSS, 3 ACRL BLOL SIS e v

BRI NG e F!Jlﬁfe@csl@\éﬂga@c red aiﬂé/EdWD htess to the TRS
concentration of a specific elenent fostering phase

@é@rr@g%ﬁn&m BIPtemstHIreangyUv wleshe ke rdiernd s Low
%genraa SE vﬂac\ﬂ g Slva ]g{re(l ése arlc?vséhe epOSSlblllty

concentrfft such "a speci fi enment

m‘m@mmoaﬂMqormse:dmamg meea}sa,t ivelpadtiiginlar the
concentration of the gfem fic element constitut es an

RERAHARN GONRE My S Heh Thad e e it 13 - a4 g 10F
IS ablde CANdsSe R e o sanboniddd de Pfagainst

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
enriched carbide grades might be useful, for example if
cutting parameters should be extended such that higher feed

force is applied and an even higher TRS would be preferred.

Due to the potential higher TRS of such PVD coated hardmetal
grades, not only cutting tools having a very small edge
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
0.15, 0.10, 0.05 and 0.01 mm could be coated and tested
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form ng coatings show ng a diiﬁrete or a gradient
| ayer structure. Thickness of "Tayers may be chosen
fromseveral mcrometers down to a few nanometers if

SERL sEFeRt uf R shotR 4P BeCpret bt abf et bROdpedigRE of

FPRhACREL OPS, QDL ARY to cutting tools conprising
oxi dic CVD layers, such PVD coated tools need no

bi nder-enriched substrates to m nimze the adverse

ffect of the CVD process Lo the TRS (tran rse
Fiipe £ € ST BRRE n) O e RETS! R EPEE boay . *Lon b Bhaggsses: 2
ferpesat us 261 My t Re M Pr esessesganent be pessabhl siytéved
apply coatings_or certain layers, in particular the
Pedbre-dEntiBALY JRAPCHFBt ecefve- PaybP8erih a SPABEYOPY

&Qf@%e§§f¥§e§tff§§upiﬂ edy Lo g U§ﬁé9tbg$@§gg§§ng certain

agai nst crack propagatfon and the ris
zheppi of. tHbebedpree & hederestfioidboagendise heuntrals flow -

bi nder-enrjched substrates, for the jori of the

Borest B S apbr P dnee i ear FSbdh Blpfen: Ffon the arc
St NPhittEAtEONrES] wIREBELS bOREr PEPEHSTLP8. cEO¥RYCE11Y hit
under certain cutting conditions, even PVD coated

evirgehetnga?bi HedhradesinFgienbeonsef uln tbiseanpest

W A rs.s e d .

AR dppL e o oL by il enes SRRy of uhe
pwrit e bes peref ete@doy Dulee t art heopotenthial the gherfd&®S oh an

such PVD coat ed &a petal grades, not only cutting

13He Phvikhghh ¥ $§gsnafbe%%§%r?ad BieRUTarte curepng areas
190FSshayi N9 R SPABILRT oRN08LERdLWSoOEAPOLNE SNPEEakB a1y

be produced for special fine tooling

“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

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 (driank) and the
rake face thickness (draxe) ©Of about 2+0.5 could be adjusted
for the inserts over the whole length of the substrate
carousel of about 500 mm in a commercial Oerlikon coatihg
unit of the RCS type, or of a length of about 900 mm in a
commercially available Oerlikon BAI 1200 coating unit.
Thickness measurements were made in the middle of the flank
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.
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applications. As an exanple, conpared to conventi onal
cenented carbide inserts having conmon nose radii of
WOorRessd780. 2 mm (0. 008 inch) to 2.4 mm (0. 094 PCYAP2008/055455
even radii |ike 0.15, 0.10, 0,05 and 0.01 mm coul d be
coated and testedunder usual }I ne turning conditions

W t hout signs of premature tip chipping. e to
WHérJe‘}ﬁem’g%o*h%‘Fr'%"a p%‘b’élr?f?‘ngpdf PVirapy dc &gz, <al, where

d:urt her t%%ato!v'&aflqatdéraeci‘?@" 98 eyt G8fd didke face and
sintered bodies of sinple geonetry - as e.g. inserts -

&olel ysbyhasprgrdéli nedtingt bhiingnegst ensthehéieby face,
SXPOSING; Sef L) N AL eas: ol he hooy: Lo, & odi £ &gy o 9% <o
Hnd/ 5 Ui Tl S TR et 0 T ot higt PRt BrVeth oo Rs
asddel e fd 0w duf I iiNel tiE Obe SPLHdLE SOGFLE, from a higher
whereas other areas are essentially hit by grazing or,

FHi st 1 n ok RiepEnR ot yon 1 1 hf s2rlontase - "HiFecef L eeanss

{ad '%fé&%%i?\!’ PaSdt Hgd e PRk d i Y 1881 gyal
lpartrll%l es em teoP by tthe garc sourtce hl?{%&?he sbr?%ces?%ess
vari@ngtan dfe abonit r Q0kedd . by herefes 2, pd cyrest growt hk@nsubstrate

such areas is faster than growth on areas exposed to a
it AT (BEOT AT GO AT 1 EF% {1 ow, Thi s eff ect

can be used to apply coatings of varying thickness
during one PVD coating process; which is conpletely
RFF Nt T mom OV prioves sees brledn ek iyt o win ¥y pperations

k?&?éfi% tﬂ NeSp; Pvgégt%f@?fcl&ﬂ%iae&g eofake face
geonetric eftrects due to di rent substrate/source
dositto arhenghidtoralexasiple, and i e anddhieaef cd d wedatcagsed by

% Gty W LR Sscer o S | R T k Cove

;1 d i tHEC Nk O/
draqer d e kieased dd@ngd: angde thedrye / drank > 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 TiAlCN, AICrN or AlCrCN 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



rake face thickness (d Ra e) of about 20.5 could be
adjusted for the inserts over the whole I ength of the
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Cerli kon coating unit of the type, or of a length
of about 900 mmin a conmercCi y avail able Cerlikon

BAlI (1200 coating unit. Thickness neasurenments were
YR8 Si i OLhB1ilddi% O&F tFEindamk PG IRFeHGLs ke Hiee

btamidhal Be RlcsRGLHRG LIRS COMREE! kdIoyePRASIifgs -
noses of the insert in 2 nmdistance fromthe cutting
eggesugeiomped itther poi mp-dogldetef CVite avege.n@wckeven in until
i nserts havying quat i.ent F.=dRa e /| dFiank <1 ,
BT 8TGRAIE S CVRe TOTAE I Th8ating t1h GRIGEE G gopecially
ﬁ:@l&%hfi@?e aadd hdgharlees tthe ienandl lo fCealdaNeg LT KRESS irons.
on the flank face, are particulary convenient for

mlling tools which due to inpact stress during

I s eRekati,ons Bkt £ igher. P oat,- 1
Fhi%ﬁngésﬁon t Re ?Paﬁ%agagé§’¥ﬁﬁgﬁgf §g3n¥?a% Uitle layer
ast ehei bued rimop tPYByegabifngdehaviang ng iygit erepirdvald to be

ress iC an_ b contrqlled b y praocess paraneters .
P hRe e abarrars hras Iigt 4F L6r s SoPErd lohed dedt cucting
Eeplkar yiob@ Birl bifge reRar tkeeisSthbane® @k theNitkdls including
operations benefits froma higher coating thickness on
fiheexaid of gbendus yre thelli-gh abrasi ve and
t hernochem cal wear caused b y the passing chip.
Therefore, in this case, quotient QR/ F should b e
fheghér libanngnexa@R/lEs=adRakatendedarnlk =Zehohss rlar

[ nserts, such _a coating distribution can b e produce
s Ao e M Bp08 16 THE LavE priage g huredel spetial tools

|
pabt kehe ihbewaadf atrBenakc igk Rkt 8h Sy 6oy -E\éo'lfiﬁlli% the

rotati ng magnetic fixtures, for exanple, can b e use
seoprposether ak&engéenotp such special examples. It should
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,
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
better than well-known TiCN or TiA1N 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
steel, iron, as e.g. cast iron, superalloys and hardened

materials.
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cenmented carbide inserts directly to the source. This
magnetic fixture results in additional thickness

wenwanssssent at the cutting edge which can b ePCT/EP2008/055455

influenced b y process paraneters |ike substrate bias
and can b e utilized to inprove the tool performance.
For non-magnetic cutting plates, clanping or hooking

Efwtcmaefsl%ﬁw f é%eﬁ?@@%%ﬁﬂu?@“@ﬁﬁt%‘f@rﬂ@%@n fdgposited

rni , [
B SRR S TRk ARy PR ol AR s
L tAlee, SLQ(Ier\IvdrtkAldar@\imﬂm €rl e t aveeetni i dnee atmﬂySE‘m]%b for
the oxi di ¢ roved(io b e particularly effective,

Lt J1Chgcocaoto‘1 Sac SiHG T CheP | TRAN Gy aydbstrate bias has

RRA ifal & toh B d adnge Vv aFd Bl e Of n‘f’dért@iﬁ‘tfr\’@fd(maﬁ%g a
materials as for instance all types o f netals, Ii
Wﬁﬁﬁlé?raflmfslefﬁéi amnmeretspeﬁn?alw FRrGauss mtdlan mntlally

nia Su?ﬂqm &1 éclkael %9“%{) n%r{ 93 fbOr m lréoln]?geqor rni ng

S can e Op imze 1 one a ove
elpes inmktass P Qﬁathﬂgslﬁ7SﬁfladdiﬂiﬂﬁﬁmIgﬁmsé(bignal has

up-to-date CVD coatings even in until_now untouched
RSP FAUBIETRIEET (i dber At e¥bddia . fighi ng

@nd Ri,gah sheeddyfiahi ngof; 151 eft S04 &@Sélrﬁfl?ﬁ}(s:'aﬂﬁﬁicable

many cutting applications, tools having an oxi
dxdyer castting qutcsrarssts Icarerbeoffctumi cigatidhg WstEA758 and

roved to b t he be St. sol ut s refers e |aIIy

5 ge rerCLlﬁ T T slorhecg Clo nb‘?q‘hcf Srght°t Scpeocf
STterdome f0ers dHididisg dmdl@i\ﬁtérﬁi shiank ﬂmmefltéwlss
The foll ow ng exanples are intended to denonstrate

b@&*ﬂ@reirbme SRS TS Atk 4 RRMIIOEME the womwiaghddtareen 0.5
o% and coatings and are not intended in any way to
Comparatlve CVD coatings have been deposited with MT-CVD and

deposition temperatures of 850° C.

Example A) Milling of alloy steel AISI 4140 (DIN 1.7225)

Tool: indexable face mill, one insert z=1

Tool diameter: d = 98 mm

Cutting speed: v, = 152 m/min

Feed rate: f, = 0.25 mm/tooth

Depth of cut: dc = 2.5 mm

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.



scope of the invention to such special exanples. It

shoul d be nentioned that several tests have been
W@eooBasaT8d i n conparison to well-known appl i caR¢CTRB2008/055455

where PVD coated tools are known to outperform CVD

coatings for a long tine as e§. with threading and

drilling in different types of netal materials, for

Tableand wet nmilling of non-ferrous materials, as well

e f ~ Aport o o e~ |1 s Al e o sy Al L A A e A

U cl i Aa LI L ||H [ LY] Ul LIt (0§ rroatt UIrfsS Ul »
o o?:yg%p o &1 1 oys. For U Y THT | | ng, lo %?lfllfe
n¥8r um speed| upt®b 100 mnin but up to high feed FEPeRE cutl
from0.2 till 0.4 mitooth has been applied. Ijn nost

cates| MIaBIs | adcdr d) ng-t o | heTi@Went|i on perforjmed5ag50+500

wepl as puD evens.Better -t hap wekkbnknown Ti-CN or] Ti Al 800450

based] Pyycoat @d st opl s— Hopweveia1@nel Tocus of {thes 550480

TYENTT gypas o gSUpStLtute GUF gpatfings Jn 4.600+100

apgiluaEthb Um'%|g1 %HﬁLn Yﬂﬁﬂktﬁlmd”d/QJ db'fb!g?100i90

AN + ml e
steel oy Bhat den d°fuﬁéﬁga s“ggéﬁiff ééi$§ gh o$?300i120

D

«

LA~ &g reo Vo T

steel, iron, as e.g. cast iron, superalloysléhd
hardened materials . PVD coatings of the follow ng
l£3)Na¥e DEEN JERoSIdLdile R ;elaébfoﬂ'@o AN 1. 7225)
procCess; deposition tenperature was between 500 0C
5 W t h Toardpar at i uedEix@Nleodticegmidid 5@ 0@sfeort axldi c

coat i . For oxidic PVQ.coatings, substrate bias has
been %ﬁségaﬁgceg'sﬁarl Q@em cal magnetic field having
a verdutaaind isgledo0RRorent 30fh/a1h0 50 Gauss and an
essentially smaller horizontal conmponent has been

appl ifsgd Wate lexper ifrent 8- 28 mpgtogsh 37 an additi onal

pul s 1,.gnal .be superi nposed to the DC current
o T ISTAY o B8 1RSS! AR

10 Process: down milling, no coolant
Insert type: Kennametal SEHW 1204 AFTN, 12 wt$% Co;

Edge preparation see example A.

Table 2)

Exp. Type d Coating layers Tool life
Nr. [pum] [mm of cut]
7 MTCVD 5.0 - TiCN - 9.300+800
8 PVD 3.5 - TiCN - 8.000%£150
9 PVD 4.5 TiN (A1Cr) ;03 - 10.100%90
10 PVD 5.0 TiN TiCN (AlCr) 203 10.300£100
11 PVD 3.5 TiN (AlV) 203 - 8.900+50
12 PVD 4.0 TiN TiCN (AL1V) 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: v. = 260 m/min
Feed rate: f, = 0.20 mm/tooth

Depth of cut: 3.125 mm

Q.
Q
Il
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(Alo. Vo. 4 ) c sources. Details of such or simlar
appl i cabl e oxi de coating processes can be found in WO

wQeD8A8 58 and the ot her before-nenti oned doPCHEP1088/055455

i ncorporated by reference. ajg%r t hi ckness of Ti N and
TiCN interlayers between the bstrate and a top
oxidic |ayer was between 0.5 to 1.5 mm . Conparative
CVD CP(%?tqer%;s have b&eW dBpdIiftgd with MT CVD and

depo arat g.es -0k +830 ey duPherfy,) MIling
of a oy st e Al S 4148 DN 1. 7%]25 Too i'ndexabl e
face mll, one I nseEkpz 1B, Iﬁol17d|1@rr€ber6 Odwe1@&tr%menr1ched

Cutting speed Ve = m n Fee , = 0.25

mm tooth Depth of cﬁf;‘r%dgie gfagen'niopr o&’@&@ CGofmioLe
mlling wth cool antzh-pseel .t ype: Kennanetal SEHW 1204
AFTN, 12 wt % Co; chanfered sharp cutting edges for PVD
coating, chanfered &#®-hédedbydsa2Pefp $l-Ogheightmnon-enr.
radius for CVD coati ) A .al|

steel AI'SI 4140 (D ﬁg%b%%n?’ %ggl’ M e&%%l ftf°acc<‘el(}?’)ic
mll, one insert z=kafbalbedi.aneter: d = 98 nmm Cutting
speed: vc = 213 rrimn Feed rate: fz = 0.18 mTitooth
Depth of cut: dc = 59§enRrPPEEESLOTIERE RFPIPHE, “n

cool ant Insert type Kennanet al SEHW 1204 AFTN, 12 vvt%
Co;

Table 3)

Exp. Type d Coating layers Tool life
Nr. [um] [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) 203 - 13.341.5
18 PVD 5.0 TiN (A1Cr) 203 - 12.1+£2.0
19 PVD 3.5 TiN TiCN (AlV) ;03 14.6+2.0
20 PVD 4.0 TiN TiCN (AlV) 203 13.8+£3.0

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

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

Process: continous turning of outer diameter




Edge preparation see exanple A . Table 2 ) Exanple C)
MIling of alloy steel AISI 4140 (DI N 1.7225) Tool:

WO pad83diBe face mll, one insert z=l Tool di ankCBEP20d8/655455
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98 nm Cutting speed: vc = 260 mn Feed rate: fz =
0.20 nmm tooth Depth of cut. dé®= 3.125 mmProcess: down
mlling Insert type: Kennanetal SEHW 1204 AFTN, Exgl
13, 15158yt 19vp®’ 6. @W%ﬂqt%%ﬁm ched WEfGi HeO 40 A

10. 4 wei ght%cub| c £ 4,65 %QD 0B P
wei ght % non-enr . dlte)é gr ade, 0 %gv\m g(#a Ubr o 9

carbi des . Edge prewaﬁf@b@eﬁq&m& o . aEsqif@A@ 60 um
, experinment 14 clearly shows the detrinental

i nfluence of the CVDtiosedeioradnikneéahiel car bi de
grades, which is due to the nmentioned process effects.
On the other side, the beneficial influence of a
Tobkartdthed surface zone shows only limted effects

wi-th-PVD coat i ngs- Adv t ngs

antage of PVD coat ,
cofpri|sitigean oxddi ¢ | ayer $92bbU¥oldV§TEs is i thTool life
eXamplles A and[Bm] Exanple D) Turning of staihl espieces per
steel |AISI 430F (DI N 1.4104) Cutting speed vc| = 200edge]
m mi2n |Reecvmat eg. g z [= 0 20| mmiTtignt h 350+55

22 PVD 5.0 - TiN - 27510
23 PVD 4.5 - (A1Cr) 03 - 340415
24 PVD 6.0 TiN (AlCr) »03 - 420425
25 PVD 6.5 TiN TiCN (A1Cr) 503 45030
26 PVD 5.5 - (A1V) 503 - 360+20
27 PVD 7.0 TiN {(AlV) ,03 - 385120
28 PVD 7.5 TiN TiCN (ALV) ,03 410%35
29 PVD 3.0 - (AlZr) 205 - 335%+20
30 PVD 5.5 TiN (AlZr) 505 - 38030
31 PVD 6.0 TiN TiCN (AlZr),03 380425

Additionally to the influence of the coating type and

material, there can be seen a clear beneficial influence of
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
Feed rate: f, = 0.65 mm/tooth
Depth of cut: dc = 5.0 mm

Process: continous turning of outer diameter

Insert type: Ceramic, Al,03-TiC 20%, ISO RNGN 120400T,

sharp cutting edges for PVD coating,

chamfered and honed to a slight 50 um

radius before CVD coating.
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Depth of cut: dc = 1.0 nm Process: continous turning
of outer dianmeterlnsert type : Cernet grade, |SO VNMG
WA e®808489, sharp cutting edges for PVD coati NBCT/EP2008/055455

chanfered and honed to a sligFﬁ 60 mm radi us before

CVD coating. Additionally to e influence of the

coating type and material, there can be seen a clear
beneficial influence of layer thickness with oxidic

AP coatings. Neverthel ess, even nost thin oxidic PVD
coatings show a better performance than the thick

MBE:cCVD- Toaei hg af experi merto@22indxeapres E ) Turnihgol life
oflrgr ¢y cast ig@ﬂ]OJtting speed: vc = 550 mimin Fegfleces per
rate: |[fz = 0]6 oot h Depth of cut: dc = 5.0 MM edge]

tyRe | oA e R DBy S oy 3504007, aharg s
cu5§i1g gdges ’ﬁnb D/ﬁ goat| Ti ored and Honed tgil

a sfj yhtP Ve - 2di Lis TBSF of AAEGD) ek i ng. Fxa ple E ) 0+2
TuBhi g 2D f or §i-fg 5t 86N Al STigN37H (BIRr10p25! 3443
CuB6i hg BSiieed: @ =| 100N i (RIFBe@srlate: fz = [0.80 32#3

nmB7 oot PvDept h 7afs cut Tidlc F 5T4Cl5 nm Alowess | 36+3
continous turning of outer diameter Insert type:

Cenment ed carbi de, 6% non-enriched, | SO TNMG 330924.

Sharp cutting edges for PVD coating,
.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
Insert type: Cemented carbide, 6% non-enriched,
ISO TNMG 330924.
Sharp cutting edges for PVD coating,
chamfered and honed to a slight 50 pm
radius before CVD coating.
Table 6)
Exp. | Type d Coating layers Tool life
Nr. [pum] [pieces per
edge]
32 CVD 8.0 TiC TiCN TiN 712
33 PVD 3.5 - TiCN - 311
34 PVD 6.0 TiN (AlCr) 203 - 14+1
35 PVD 6.5 TiN TiCN (AlCr) 205 1542
36 PVD 7.0 TiN {AlV) ,03 - 14+£2
37 PVD 7.5 TiN TiCN (AlV) 203 1643

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
to a finer workpiece surface finish and to an essential

improvement of tool life.



chanfered and honed to a slight 50 mmradi us before
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beneficially applied on sharp _edged tools by PVD

coati ng processes. A sharp ed i s desirable because

it leads to lower cutting forces, reduced tool-tip
tenperatures to B & fef WoFkpi €c®& Buff¥cé finish and

to an essential inprovenent of tool lifeePATENTC
LAI MS1 . Acutting tool conprising a cenented

d¢ar bi decu€Bhngcepoidt compeesamgc si ntered body having a
cutting edge with an e radius Re, a flank and.a |
ake Tace. CERBNESG fara ey erBly herTEraglr CAGRNIC sintered
coatlﬁgdgomgv&ﬁg at cheashgacpgkt ke hobnt BageurhacesoR,, a
the sintered body and conprising at | east one oxidic

| ayer flah¥r abtepi za#ei Hackat anle edge radius Re is

smal | er thac refe Ll e h r._eq ,
L1 L850 LTI AR lering o
char attestzedpbrtibat ofhehBVBuedatiengfi $her eénaekred body and

thermal cracks. 3 . _Cutting tool according to claiml
or cl GPRPS1S1pHarhct8RPEeADPNOFRLE Ct REYPYD coating is

free pf halegeni,dgs n4+naGutting tool according to one
of claims 1 to 3, characterized in that the oxidic

| ayer thenpdpeegadfiius Re is smaller than 40 um, preferably

smaller than or equal to 30 um.

2. Cutting tool according to claim 1, characterized in

that the PVD coating is free of thermal cracks.

3. Cutting tool according to claim 1 or claim 2,
characterized in that the PVD coating is free of

halogenides.

4, Cutting tool according to one of claims 1 to 3,
characterized in that 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, Ni, Co, Y, La.

5. Cutting tool according to one of claims 1 to 4,
characterized in that the oxidic layer comprises a

cubic or a hexagonal crystal structure.

6. Cutting tool according to one of claims 1 to 5,
characterized in that the oxidic layer comprises an

(Al1-xCry) 203 compound.



el ectrically insulating oxide conprising at |east one

el ement selected fromthe group of transition netals
w@pooshas78%/, V , V I group of the periodic systPRCI/EP2H08/055455

A, Si, Fe, N, Co, Y, La. 5 Cutting tool according

to one of clains 1 to 4 , chat3cterized in that the

oxi dic | ayer conprises a cubic or a hexagonal crystal

st r uSrtein®g todutaGIRFdiel e <Ol tly TR gk bftTI%i ns
1 to 8, fharacterized iy that Jheaxidife] aystor:
con‘prcﬁtlsafersa an ( e|Ga_xl§x %%03 con‘pounld. 7 .feéut tﬁr?grltsoeo a
accoraimgdum dngeofstohattmerel. to 6 , characterized in
that the oxidic |ayer conprises a corundumtype
structure. 8 . Cutting tool according to claim?7 ,

ghar aeftefirgf t ddl tdudotdighE ArdInsiumd ype sHdrcdil € 48d in
corundumor a nultiple oxide having the follow ng
conpddiat gie (qaenqn&%ztmezaat,rwuweo.@ LorunyimPpr a

wher gj - . dj f el.e t 1.t.he .
oL AL NRZ L T o AR gD L

Cut t i (Mp1t;oMe28¢604, diviget @ . aisnx/ 0r0.9&i m 8
characterized in that the corundumtype Sstructure is

(A OMREE oMIN AR Mgt i %ﬁ%ﬁ%ﬁy‘f GOt ch AR (e
one QfrRIAIAE ki 0 &, whanast el zag | nrit hady the PVD
coating is a multilayer. 11.” Cutting tool according to
claim 10 or claim1ll, characterized in that the oxidic

d.ayerCu %d St:%s’olf 'a!é@orocfindgl fgoercelrgin9X7 qjers'claim 8,
characterized in that the corundum type structure is

(AlCr)ZO3 or (AlV) 203.

10. Cutting tool according to one of claims 1 to 9,

characterized in that the PVD coating is a multilayer.

11. Cutting tool according to claim 10 or claim 11,
characterized in that the oxidic layer comprises films

of different oxides.

12. Cutting tool according to claim 11, characterized in
that the PVD coating comprises
- an adhesion layer situated directly on the sintered
body surface and/or
- at least one hard wear protective layer situated
between the sintered body and the oxidic layer, or
between two or more consecutive oxidic layers and/or is
the outermost of the PVD coating layers,
wherein the adhesion layer and the hard protective
layer, respectively, preferably comprises at least one

element of the group of a transition metal from group
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12. Cutting tool according to claim1l, characterized
in that the PVD coating conprises - an adhesion | ayer

W@ RG08asssey directly on the sintered body surfacRCEHRPI008/055455

at | east one hard wear protecﬁéve | ayer situated
between the sintered body and the oxidic |ayer, or
bet ween two or nbre consecutjve oxidic Iayers and/ or

i s t e odtrerfloRE dihe PTG aATHED Kleridie vineggrgits and of

the adhesion gayey; and, the hard protective layer,
respect’i vel'y, pr efer abl'y conprises at |east one

el emrent of the group of a transition netal from
1 engﬁ'lt\étlélrgd tqol oafcct§he perl Odl C]LazySt e{n oglgrhf%:terlzed in

Cut tivrht alicrondag: tcme:leﬂemela; @mmtﬁaﬂe;drdﬁéctlve
that said at |east one el enent of the wear protective

| ayerl 3% I drfpradiy isech Jébrﬁpcﬁmwwgﬂetbﬁ&ewetm wth @, ¢, o,
0, B oy Wit %aa'?ﬂ& & R i N, lalmc%lz\'are

are preferre ttlngtoo accor i'ng to C
or 1¥redffearrast.eri zed in that at | east one wear
protective |ayer conprises at |east one
conposition-segregated film 15. Cutting tool

jac.corittd i e ey kb tdalidn ChayactEr igftrddterized
that said at | east one el enent of the adhesion | ayer

is c@?prﬁ@é’d gth %md"qad‘gé%%e%lt% Naysz cangilses at
a m Xt OP‘ ‘@letrl%d"' egarrb‘{dg Otléds Pref er red. 16.
accor '

Cuttlngto ngto on to 15,

15. Cutting tool according to one of claims 12 to 14,
characterized in that said at least one element of the
adhesion layer 1is comprised in a compound together with
N, C, O or a mixture thereof, wherein N and O is

preferred.

16. Cutting tool according to one of claims 12 to 15,

characterized in that the adhesion layer has a

thickness of 0.1 to 1.5 um.

17. Cutting tool according to one of claims 12 to 16,
characterized in that the adhesion layer comprises a
thin metalic layer situated directly on the sintered

body surface.

18. Cutting tool according to one of claims 1 to 17,

characterized in that the overall coating thickness is

2 to 30 pm, preferably 3 to 10 pm.
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characterized in that the adhesion | ayer has a
thickness of 0.1 to 1.5 nm. 17. Cutting tool

wW@ewensi7ey to one of clains 12 to 16, charact ePCHERR00$1055455

that the adhesion |ayer conpr%?es athin netalic |ayer
situated directly on the sintered body surface. 18.
Cutting tool according to one of clains 1 to 17,

Thar &t i d IH ARAGHE DV Qe éb%tq]r?gm%ﬂckﬁﬂss@n s
2 to &%ﬂgebeﬂrzeéccfr qplt}ha?t el & MR e Ay kg—!h} 9 ﬁc?@lblnder—

according to one of clainms 1 to 18, characterized In
t hat arheidiatt.ered body is not binderenriched. 20.
Cutting tool according to one of clainms 1 to 18,
characterized in that the sintered body is

20 hdengiyirghetbo R bedasdimg doUnacsOrdidignd o ane of,
clains 1 to 20, characterized in that the coating

t hi clfedegrrived dhkidcEhs difFerashtoIdbmd Hélnder‘
coat i tiLkness of the rake face. 22. Cutting tool
according to claim 21, characterized in that the tool
is amlling tool and that QR'F - d R a ke / d Fiank <

T RIS 6h (e Pt 1 aCE il QiR e 416 e i A%

coat ldlﬁartal@tféﬁ:rleﬁa“d G tthﬁtf Ik dReenEni@idd9 doalhe
accord to claim 21, characterized Iin that the tool

s a AT R Ae00ls AHd RN ORI Rk gatd 1D itdHickess of

the rake face.

22. Cutting tool according to claim 21, charactérized in
that the tool is a milling tool and that
Qr/F = drake / dpiank < 1
applies, wherein dgrasxe is the overall coating thickness
on the rake face and drianx is the overall coating

thickness on the flank face.

23. Cutting tool according to claim 21, characterized in
that the tool is a turning tool and that
Qr/r = drake / driank > 1,
applies, wherein dgraxe 1s the overall coating thickness
on the rake face and drianx is the overall coating

thickness on the flank face.

24. Cutting tool according to one of claims 1 to 21,
characterized in that the tool comprises or is an

indexable insert.



applies, wherein dRake is the overall coating

t hi ckness on the rake face and dFiank is the overal
w@omBi18878¢4 hi ckness on the flank face. 24. CuttPCEPINO$/055455

according to one of clainms 1 to 21, characterized in

that the tool conprises or § an |ndexable i nsert. 25.

Cutting t ool according to one of clains 1 to_24
28har GBTEANZedoPh BRECTERBI 561 ON§ &1t GoP ST latdl st

one gf sthetkoklow ng wanki RYMRLENI @lsSy %%E@;gor at least

nonferrous netal, ferrous netal, cast iron .
Cut t bng péothacéoﬂdbwgngowoméio@ cldiens al2 :t oetdl,
characterized in t t.he t ool gear cuttlng t oo

or a"RBHEEFH5sRank fy58r588P mﬁ§€|ngcﬁﬁ$ dxi*di'c | ayer

as the outernost |ayer of the coating system 27.
Cuttin% tool according to claim 26, characterized in
5 26hat CHRé1REak OpropEsPIddNPafer one RITCN2ITSClEr thi Ny

a T'éh@rgEgggéEgﬁ’1ﬁntﬁggr@h%rt§|bog§ an%%ﬁ a%%%t&??dtool

is situate etween the sintere GOXI
| ayepr a hob or a shank type tool, having the oxidic layer

as the outermost layer of the coating system.

27. Cutting tool according to claim 26, characterized in
10 that the wear protective layer is a TiN, TiC or TiCN, a
TiAlN or TiA1lCN, an AlCrN or AlLCrCN type layer, and is
situated between the sintered body and the oxidic

layer.



