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H gh Oxidation Resistant Hard Coating for Cutting
Tools FIELD OF THE | NVENTI ON The invention relates to
wa 2bmrodsaoati ng with extremely high oxidation PCT/CH2005/000404
resi stance for a body that especially requires
Ve ag; Bh 06:£6ddtQ0n Rbs{WdliCat ! @3RI g0 £8,-COM EG 3[ 98bis
especitally a high speed steel, a cenented carbide or a
cubic boron nitride (CBN) coated cutting tools such as
mlls, drill bits, cutting inserts, gear cutters

FIEERN9FhEE§ INVENTIONsequence the i nvention al so rel ates

to coated wear resistant nmachine parts, in particular

The HRFRRIIOR TEoRBBRER? s2 sHRI aSqiuils igBarxtTpRatbnhioh oxida-

tiod INGS sthHe: o4 ectysy, t8hEe. eﬁﬁe&EE@yAng@@g%rApféPectlon.
2002- 337007 titled "hard coating coated tool"

It Hudderpeslehes p?%s%n‘é%at&d RS %EYQaAF%gN speed steel,

a cpaehisd esatvice @A N eaait ngowb Chipriyd deseld ghoated cutting
oxi dati on reS|st nce to Pe cutting t,ool Document B

toolip sitp oy Erdaild e 74 b GPRiSr | CIFGPRl 4PoPRERD) sear cutters
and Cio&ibd . ngrmawnygaqaehbéil twpmxgmtsbalb astsbueteluaees JtEb coated wear
2002- 337005 ocu nent escribes a to
es PRt DRCRbAT e com PRt Unee Retpariad: BmbOrafks suen as
pumpss, p@desofpiFAInNNrands anbidiennl ayesrd s srede of a sort
of CrSi BN. Document D, JP 2002-160129 descri bes a
tool with an interlayer nmade of Ti, C, Si or Al-based
2PRAl which is then coated with an Al CrN based hard

film JP 10-0255 cunent wre. fers to a )
pocymgal A (i A Pandr 0f 6 T o et Fere FRRbIeT aRTAAd dipol” de-
scrm &than@ees&h]@es(@f efitridf iamoaphowd ecdeiunmeaitfc)edYin a CralN

el der et & Coati ngs Technol o \Y; .

coatiffh LA ofuian o i S0 SFE faf o F 5 PR ot L She” cutting
toobf Dmmlmantcal :a]mdltztzzb(ﬂlaglAQah:epem)etrd leplefriChALNABSIC (NBCO)

n coatln osi ted on Sy tools, i ‘
coat o R o N RoB e SR al | BHRRr GRS R Re 331005, docu-
menme$faknunubesepotpeﬁ Witﬂﬁnnaabrbemeé+xnsﬂsbahtecbattmg wherein
at fg Q%y% Eg'ﬂgdgp8£'6¥klm and another layer is made of a

sort of CrSiBN. Document D, JP 2002-160129 describes a tool with an

REL.

interlayer made of Ti, Cr, Si or Al-based material which is then
coated with an AlCrN based hard film. JP 10-025566, document E, re-
fers to a CrAlN coating with properties in high temperature oxida-
tion resistance. The scientific article (document F) by Lugscheider
et al. in Surface & Coatings Technology v.174-175 pp. 681-686 (2003)
refers to investigations of mechanical and tribological properties
of CrAlN + C thin coatings deposited on cutting tools, especially to
CrAlN+C coatings with low friction tribological performance re-
ported to have a beneficial effect for cutting and drilling applica-
tlions. The proceedings of the 4th Int’l Conf. THE Coatings in Manuf.
Engineering pp. 111-120 (2004), by Uhlmann et al. report new devel-
opments for high performance cutting tools (document G). The paper
refers to the deposition of multilayered CrN/ TiAlN, CrMoTiAIN and
CrAlVN hard coatings.
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tions. The proceedings of the 4th Int'l Conf . THE
Coatings in Manuf. Engi neering pp. 111-120 (2004), by
wohbosaoseiet al . report new devel opnents for RCDITH2005/000404

performance cutting tools (dgcunent G ) . The paper

refers to the deposition of multilayered OGN Ti AN,

Cr MoTi AN and CrAl VN hard coatings .In [A] , [B] and

Lzhﬂ—:v hard anodi ¢ coati ngs are corrposed with at | east

In dBlsppflchnl omasdy geAdte ieatings eral copasgdsyétemt least

one'@ﬁ’ &1 1Whbh Not So:hRERORSHBL en Ry drae b9§é§a§\%ﬂeﬁl tBGer which is

degr.ee of hardness and the increase in
resw&@ﬂst P& 6%2?défl%%ﬁ%eeslrrst%éiegef@au@ﬁngarﬁ:@eslv%ta@dofthe in-

cre@ebs! af Vel NG a8 WREHa e WddiRGah 08! Sredittildd /the rate
of%) ase ma terial is first coated with a ayer of Ti,

ra%veoﬁnﬁa\l OXHPEPAMEAR REr UFERT Soelper ABd [Bh tppoase ma-

terildie iretrakst ntéedhate haysfed orused @s, aabWf @1 and an alcry
tlon | ayer to _even out any

ormati on absor
harcggfaé’reﬁatlﬁoﬁomféit tRE - dF%eF diedide lpﬁeflﬁ%‘?ﬁ?&e eR¥8hsidritsed as
a bhetseedetontdtignantsbhpri@ol 1aydt [ , edeabtle Abky Ndeformation

coat orned b si cal or, depo sition from
due afo ﬁagdl»‘ %%F&&FS Sh 3%@%.%@%5&989 RrUerdsprRirigs and the
tool harnhdal , r eshstaandernf cbheidy :]ﬂrstss)yﬁé@nby SoHveRekt edaph: depo-
he aut hors report
Sltllorlflpafggenentarf‘%rh% Jal%@%ﬁn?%aaf 15855 |]%Jstlf%9{?6]h ajgosphere, the
heatharesiessnaad dfncfmmatrmm@wmnﬁ@uln@braed hbl alol ﬁm@g C. In
act |st|cs conbi ni n N coatin ar
[F]’cg;r Sor; suPr?ac%pO]lyti 5 TPAP %ﬁlae% ct cottbi aBﬁgaq:oQﬂf%Pertles
(sudde sacdesshabsi rndr i ldcidagedndratngl EngnaaRplusEatd@Sfrictional
Challgbt[e?]ls itgﬁe %g l?j rsll{lef erCr%? nU|t| n:gﬁé‘gr Oé%%/?!.\lﬁd carbon sur-

coati ngs ayer 5co _
faceal Ui n@mCQnde@nalmku mcm&ilahtsmw caxsu lidly btehe;uicoas@fﬂt |jng drill-

ing p%r?c?grgflllrésﬁ rl?tcgykctmst hfn gF(Sfl nl}geq %etr foc1):rsrmn r to multi-

osite oatlngs didn ‘eaC e vel®
layem)tCaIAﬁ&TN p9a Birarsd glegoFi pedN at&odiawngs corBIMNGRY h@Bm Tl alumi-

I e el stan _
) WENL ey 0o S0et o ANEAE LESLIATS o <o
Sulfooathmgsa%@e@gameyfpnmmw @ﬁae‘é@b C@I@]@CPSn'lg:ed coatings did not
reach the level obtained by standard TiAlN coatings.

SUMMARY OF THE INVENTION

The invention targets at low wear resistance layers of TiCN, TiAlN,
AlTiN, and similar hard coatings especially in high speed cutting
applications where high temperatures are involved, difficult to ma-
chine materials applications (for example, machining of tool steels,
austenitic stainless steel, aluminum and titanium alloys). Despite
the beneficial effects of known CrAlN coatings with high temperature
applications, alternatives should be found which might give an even
better performance for certain applications with tools, especially
with cutting and forming tools or components, especially with com-

ponents used for combustion engines.

The performance of CrAlN coatings could be optimized by the addition
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appl i cati ons where high tenperatures are invol ved,

difficult to ma chine materials applications (for
wexetspos217 machi ni ng of tool steels, austeniti cPCT/CH2005/000404

stainless steel, alumnumand titanium all oys)

Despite the beneficial effects of known CrAl N coatings

of ﬁ@bﬁglgi%g‘ﬁ @EHéeanﬂﬁuhpaEbﬁﬂéhuﬁlEﬁﬁg@@éﬂ@ﬁ and/or tung-
shoul oun whi ch m ght give an even tter

stenpemé#ﬁaﬁ%@/fmtaéépﬂéﬁnlébﬁl Feht¢Bhs2Hi /o tewpg, can be added

to R3Raelakhyridd gt bhpEnaswl 401 Hedeh98! Endlwear of tools and
conponents, especially with com ponents used_for

mechegibabt CORPERGR FesTUNTHE pBRSF mtAte IFECEiRPN CFAFFRRSs condi-

thﬂ%OUl‘ﬁiéJen@/pt Ehzed by tbetagdi tiaeedaddsansid i garvRial Sife of
i ke niobium tantalum nol ébdenum and/or tung sten.

tc’Ojépt PRhalISfuRes alihs dsoFtke O | TRIRCARE/ FredBrdRad arf @onents

and/%@deﬁeis@la 3 eRpERaSR: t Bechaignessl fndydeci@astcing chip
he wear o tool s and nechani cal] conponents_runni ng

fon@ﬁaep PH@C%%crqoalé&qészWéﬁe FbndEesred. Pafﬂ‘éu?ifewlty would be

readh2bl e Ofo GAFhERYSoddliAIIRABEStIMNE GRivksce | ife of tools
and reduces the costs of replacing mechani cal

conponents and/ or re-sharpeni ng expensive cutting
BRIHFODESCRYPTIUN 0fNTHR RAWINGEOr NBti on process,

consequent | a creased productivit
Figurgached ® 5GE¥]’EL0 EI gﬂ“eer EB%%‘?‘EE]I SEE’H‘?‘Hify V\g (Tguml%lﬁll ppromium-
traddEoCBh At €N O tTiHte DRAW NGS Fi gure 1: Sketch of the
crytal structure of, aIu ntransiti
FioTS 21 i EPY deLL PO 8n2 DAL Ty A (ASCEF OR BRI OF alumi-
num—&fﬂﬁofnahzt&tltﬁarﬁaltaﬁﬁtrﬁta]f ndkuidegsim chromumtransition
trides ffractloanattern

Flg%ﬁ%j e%{apg gb%ﬁ%%%ﬁ gﬁtpsFE%Z%r§%6(¥exture coe cient of alu-
mlmm—m:mmhmn}mahyﬂotiehwbdamrmdest rides. Figure 4 :

rioRecr Fhoakoldle J8 SLOSt MHELU e AIaLs AR 0hEY Al Bnle by
cihror%umtransﬁlon et rides
alurpioluye chsoed Un-teafb) t iex tnated @@):rn@sﬁmaco(rmoszwecrﬁig&ﬂrla'ne (b)

textqreng gnﬁznoé%%%}gféédua| stress neasurenents for

um
Figure 5: Hardness and residual stress measurements for aluminum-

chromium-transition metal nitrides.

Figure 6: Secondary ion mass spectrometer depth profiles: (a) typi-
cal oxidized surface (b) poor oxidized surface (c¢) optimal oxidized
surface.

Figure 7: High temperature wear-resistance ball-on-flat tests for

aluminum-chromium-transition metal nitrides.

DETAILED DESCRIPTION OF THE INVENTION

The alloyed-AlCrN coatings were obtained using an industrial Balzers
rapid coating system (RCS) machine. This machine contains a low
voltage arc discharge arrangement that allows for rapid heating and
etching of the substrates which promotes high adhesion strengths.
The apparatus is also equipped with six deposition sources which can
be chosen from sputtering, cathodic arc and nano-dispersed arc Jjet
sources. During the deposition, a negative bias voltage can be ap-

plied to the substrate tools or components by using a fixed or a
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transition nmetal nitrides . Figure 6 : Secondary ion
mass spectroneter depth profiles: (a) typ i cal
woxbwiopexd7sur f ace (b) poor oxidi zed surface (cPCOEH2005/000404
oxi di zed surface . Figure 7 , Hi gh tenperature
wear -resi stance ball-on-flat tests for
i . t it Rk d . .

P PR PHN O T NER R The. o drawings of the
RCS grhapeent @aNbeobiify singer eUdhikh nedousVhgR Mz /0053322,

i ndustrial Bal zers rapid coating system (RCS) nmachi ne.

This machine contains a | ow voltage arc di scharge |
To dauosidedlst HWERLAYE 002 FBIOS A5t P heaiisiy aAfd wIdHmiLRges. the

prev@bulie substdatfs-icehs PLAPEt ASuREAD adhesl@Ag to their di-
strengths . The apparatus is al so equi pped mntﬁ Si X
ametggpoSi-EReh Yo RRIenkRPERtE¥h Be dveshafeprs under 50 mm, on

tripgiRULLEeLE NG GARodEE @iG-iend . naR@:shspREsedsalGsiflled in the
sour ces. Durlng t he deposition, a negative bias

coatjgpt £YSteAnIBated Wpi BBt BOYRISTSsthate tMeTagpre of about

500°CQMRAAS NSt RYa USidRg vd1thyedopr-apulteed2bbas poYEIed in an Ar-
supply. The entire description_and dramﬁng%.of t he RCS
gon GIPSRBRTE caln dFSEHEC RGP - ¥ Frappl® Weskpipess sufaces were

subjRR0234006382ch JsLidenagi witheat Meeit.i vBeCOBLENUS Hxtdm is op-
variety of morkgieces, the previously cl eaned
eratigr K5} ot oA WePE RO ctFORLCOrIRSGEE (it ZHO aftbt dpast two
metegl tdierme(tﬁld;aubzbﬁ-t@i@éﬂs’lg%jfﬂh dtori disaneeapsramtider &dlition of
on triple-rptating substrate carriers dj ant .
2t Jektier SF nSPAPFOE | HOT ho PBBAYTHG SosCthm FUEFbAEtD Phaegative
voluskkpi eces to a tenperature of about 500 C and, with a
bi as voltage of -100 to -200 V applied in an Argon
at nosphere at a pressure of 0.2 Pa, the workpieces
A wattbaees, werre thebpechetk tod ehtd joldrghiong s theifg- Hefitned as
.The _cpatin temis op erated in a.l re I
navigle o PR IR LB, ool BB il el b GREEpy gprentea
carkdldegy ot ammgetcechwirt hustableasetsengo raamamycaddin iscampleafor a

wor]iﬁggegctfai 13&239 Vl%e?e?clgéciggf i ’hi%?lplcgn&;graq}urteh Snﬁ}d?z? té{r@t €081 ing op-
eration. Examples for tools are a cutting tool, a drill, a reamer, a
broach, an insert, a hob, a mill, an endmill, a ball nose mill, a
forming tool, a die casting mold, an injection mold, a stamping
tool, a deep drawing tool, a forging die. Besides tools the inven-
tion can be applied to components, e. g. for heavy duty, high tem-
perature, insufficient lubrication and/ or dry running conditions.
Such components comprise a tappet, a component of the valve train, a
bucket tappet, a valve lever, a rocker arms, a pin, a piston pin, a
roller follower pin, a bolt, a component of a fuel injection sys-
tem, an injection needle, a gear, a pinion gear, a plunger, a piston
ring. This listing is not terminating, further embodiments and ap-
plications of the invention are possible and can be defined by a man

skilled in the art.

In the experiments relating to this invention, two of the six depo-
sition sources were used to include a ductile TiN adhesion laver

(around 0.3 um thick). Some of the experiments were repeated using
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A wor kpi ece, for the purpose of this invention, is

bei ng defined as having a body made from steel, high
wepewmtostieel , hardnetal, cenented carbide, or aay/cERhEs000404

suitable nmetal or ceramics. 4&n exanple for a workpiece

may be a tool for high tenperature and/ or dry tooling

misd) 18habl8NaakeaiR esyvEpes 10 sriar eraaklitdiGna08l sifilar per-
drill, a reamer, a broach, an insert, a hob, a mll,

£Ormancendfis 15ea55 | ThEs & SHPERING FOV AGUEERA | werediwilized to

dep&@.ﬂ I melith @mdcRpbest | @@_\/é@llgsll’fg %@H&n@!e&ogimt&ed alumi-
dee dravvln toal, a for ng di e. Besides tools_the

nun GRFERL BRI e ORphI PEEFt ot TIRIoNEREs the iog plaping deposi-
tiori'la_@\dce@lstylebb ghid esmnﬂﬁro&t he, ekpetiméigntine maln functional
| ubri cati %neé)and/ runni ng conditi ons Suc

ay%roﬁWne?ﬂ B%F?geb% AN, 2o hpGhe At LoYed h"é“i}‘alavetran“‘

tiod madtal anbuaﬂezuctram@talmrvgalsaallcenebr Jaofcﬁf:k@ur@ﬁ@b‘the depo-
i ston n, aroller follo a_ bolt

Slt]codﬁ’pd:ﬁlgntgg}ifcﬁsf € iPelfi nPYYRY &t n]ﬁ J’“"@&iL?o’fPe partial
presmad ef ahgeattraydi gasnw@@aﬁanftanhuag@t a@r}@b«:&h@ﬂely 3.5 Pa.

t furth .
o gl 2oL S0 o Dby LT 08, (LU Sh eponicion co
enhapmsasm.‘dee iamd boababémneef | mettdsy nEthes lﬁulblsedai:é\s thene deposi-
ciof o LI SESTERAS 6 ALnOloptl S MNERL Bhing con-
positn'cinadethe dutitdknes$i & atdfmimnntiayae]r legeounds GrdumAnd um.
A t(géglc@f tgﬁr'?ugtoﬁlz%d é nlto%sw%oFI Eﬁg %aitnecéﬁregnaaza%s were

usi'ngm scel N'aneous ad ayers
premda Shei dhumigem h@pmmmmtr éachel:ll thee thepatyi ¢ all the

comé 1%8??73? WeL & uéﬁl b&@d (Br?e dcetp %geaggi gsition was com-
t1ona ayer usinhg custonize SI At ered  ar Ui
posqﬂjmfcﬁ@ontun%t¢la,n§1119ﬂ1£9na118m3aledt apgeositEivgst Were oromposed of

25 Blaliag deposiLiog BEO?‘ESSY ALS0 '”M%omﬁv Ofgit N&a 5, respeé—

experiments, the mairn functional Tayer
tivele: depels ioned CEFPesHEIoN NgsaroRbored] bﬁoy%(ﬁ am % & and 10 at.

Mo. t’f@%‘om&b@ftf@& &Hf 'Hg é&‘aﬂﬁs Eﬁ:@igt&g ﬂlolploﬁ}egor%_ll to the

bor on rin e o sition, e sources were
comppsiGherabf a%ajaf%ﬁ Wﬁl taet h@r%ﬁ& iudedpriessireiof Slttdwm ln exam-
pledlilt kag8NgHaE) Was naintained at approximately 3.5 Pa.

The desired cubic crystal structure for an AlCrN coating containing
small amounts of alloying elements is represented in figure 1. In a
pure ALCrN coating, the NaCl (Bl) crystal structure is composed of
anion nitrogen atoms 1 as well as of aluminum 2 and chromium 3 atoms
that compete for the available cation positions. In theory, with the
addition of small amounts of a different transition metal (TM) 4,
the lattice structure should get slightly distorted due to the dif-
ference in atomic size and electronegativity. Also, the amount of
solid solution solubility would be limited because most transition
metals have much lower capacity than chromium to stabilize the Bl
structure in the presence of large amounts of aluminum atoms. An-
other factor affecting the solubility of solute TM atoms is the
atomic radius difference between the TM and aluminum and chromium
which should not be larger than 15% to achieve real solid solution

strengthening. Indeed, depending on the nature of the transition
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Al so, a substrate bias of -100V was applied during the

deposition to enhance the ion bonbardnent process on
woOhereskatrates . The deposi tion tine was al wags/CH2005/000404

adjusted so that for all different coating com

posi tions, the thickness of the functional |ayer was

meta r?ﬁ’m 4.0 5 - B 1ROk bRE Rttt PEEZEGC YAVt ItPRS movement
e sintered targets were prepared. The al um_ num

of daﬁbm%t@mt éne tora glasulheng akjétiscofigroripn effect.

The GOPROSHS FANS- 4RSS fhxedrd AP ondReredst 9t Z&d parameters of a
conposition was com posed of 30 at. % Cr, ei

ght
varieggt ofi Ak -EHmHosPRi B Were SBEOTed IglTes2at Whphothe excep-

tiondR¢ R18+vi¥o OtfheT'ooa\élngy shdled M,aiWtinSt 8NdsBructure similar
respec tivel { and one conposition, was conposed by 20
to the wner SHRECTer af 09, MR1CTHE CCBnpdsiei 6ACf Updprscores the im-

port%ﬁ@é' BQStH@rét?AnﬁtceQaﬂﬁﬁﬁoéﬁdiOm&&oﬁqégéhﬁvlty of the alloying
onposi tional analysis of the targets used 1§<an it

1enenauRot PR FES. SO THIGAGH 5 56 Tid g T cat etbiiet on the

struek¥shBl prddictabeliey o MNeCodeesrt i g stant atﬁudﬂlg;re So, the
smal | anmpunts of all o%: Jn@%g?l enents is repres

GLESETgRFRS 10 FH AoparES EGaPPHYIetHe Nae ll(l‘%?ﬁd provide us

unictiey Shabrd titel Wiuks tﬁ@npeﬁ@@tﬁalar@faacﬂst bOgeramdiai®n metal
1 as well as of alum num

ato
Qop GG dbe 1B (B RIEFPEDI EAwar FBE poSi EPBnSa=FnofhAgPgIin and
AlCrWN'[, hthéel addida @araﬁe’&émlﬂs ammyht By dfamyedi blier ehtilar to pure

transition net (Tl\/p4 tice ructure shoul d
Alcr(]jTet HEI Yt 1 ylrblacgt orPed 85&\?@1\{[}%@ a&]i%f @i&gﬁ?}g iﬁjeat oa#itéce has
slighitze anrtaabedt ranegali UL0Y. AA shilehaadanvaitigf soBildcrystal

sol utiop sol ubil,ity. would be_l
Strutcstgﬁg'r tﬁg% - retal'd %gve CRERht o‘%/veigrtygqua%aﬁ%?hané ALCrZxN, the
TM’sCI’Hr@r‘rielm\et:De@t’ad))l have Veha/ Blmadfir sofubelity tthee preeséwrde rela-

. qf .Of I Al
el SSEE SR 5 O THTERILSH TS ol BLET LS o8] ot
tioratocﬁm:he rrarhmtdutter@,nca@ bbbweein tHeuTM anthmalAdQirEm
Anot%nd %E%ggt]: <{]E Waﬁglﬁb lngetﬂl(it dlagzull?rﬂ%o al?la?lléém/ﬁf—structure
ac sol ngt heni n

| eve rea utlon str
can deperdi npvedorhentnatlre &OQ)hé:emtamsl ﬂuomt@ilmlgwth This

is Whid 1 58 SAUUL €A O BYeT €S ERCERAr Y Jd12 TRV TR CrrpN
(figure 2) which shows a (200) preferred orientation in comparison
to the more polycrystalline structure exhibited by pure AILCrN. In
figure 3, the diffraction ratio QI (defined as the ratio of the dif-
fraction intensity for the (200) plane with respect to the diffrac-
tion intensity of the (111) plane) is shown for the AlCrN and for
two AlCrMoN compositions. Increasing the molybdenum content in an
AlCrN with a Bl-structure resulted on higher QI ratios. Controlling
the texture and structure of a protective hard film is, technologi-
cally, very desirable because the shape of the stress field varies
significantly from one application to the next. Also, unlike ref.
[B], here the preferred orientation is predominantly controlled by
the stoichiometry of the coatings. The main structural arrangements
that can be achieved by the compositions claimed in this invention
are represented schematically in figure 4. In Figure 4(a), a poly-

crystalline film composed of randomly oriented crystallites 6 are
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of dislocations due to a resulting lattice distortion

effect. The x-ray diffraction patterns and neasured
woOabdsiooR21par anmeters of a variety of Al Cr-TM N eORtGH20E/000404

are shown in figure 2 . Wthythe exception of Al CrYN,

the coatings showed a di stlnct Bl structure simlar to

grownh®nOREp expest €thdrifeaCubirbi & GN.a HHeR1f @8Gbstrate 5. A second
underscores the importance of the atom c radjus and

possga st ey dtiak y CeFCHRE A8y i AgIEPEhERt anstPeRT D Peing

the Woet36h UbE | ddystafi 1t bes SOt i@ eEMiAt B AUl 108t PEane 8 is sev-
structural phase stabili téhOf the qverall crystal

eralsFaGEPEF eIreR-en H&eli £8r BheRslirefhenfealur el aftitde Possi-

ble P Rttt eM | fdeetdpayi deiguse UNI que) i kEAr Mat ix@hieved by
about the structuyral effects of transi.ti

met al .
co-BRFREINIT IR BRI eRpEr i e sHoW™ it 1eﬁ8%ﬂ% tasEhpfformation
of %ﬁﬂéﬂ‘dl@rﬂdooﬁd@aVNuﬂxﬁaebatahﬁceccpaﬂaéret:e&ai-_soxsI bghtl Yseparate

| arger but sim/l ar weve he case
amoré’?‘ CPRbRERH A Ry tﬁ’é‘aFﬁt 1112 ggﬁ*éssgiﬂfﬂfﬂ‘{%/ the crystal-
liteexpandech (fcowadult 02y Aurtiblr | Endedagteaini Ngranddls .

rystal struct However case of Al
nar ek HRPRRAOR BP9 RSPRb T P et 19 ipes with a
Fisateirpcspal H190! ui&ﬂuﬂ—;seduemombeohamﬁi@st | edyrdrehge using a

at.om.c hIS requ .S _an
cest SR P Eao P o or 11 1P Be: FHE Ereiourd ShoRRs ps calcalates
by Ifmeagamdna fthe Auerrabhrdnof hehief peatafsteednsiistrates by the

nmet a AICrNBI structure be th .
thre(fe\})é)llng otfe kf% o gg(l‘tiu ted:ulr“lzl(i'lng dfepﬁgltlon .eI‘he plot in
figute $ |s$10wbath®cmmrefsd odtarinedsf@ance, vamiteiiyt hé XRDXXN composi-

N ( - _

tlorgsre éars}le or| e%g{?l ongl %H%%Cn%téez|a%%@ﬂg%%rr%}:ég@9@hemng ot
fectpoihpor ys\ivadtmcvmssptfuﬁburhéo exd bi ped dYlquede iAkCr ALCHH without

fi [ fipe
any  ER? tncriGefl O Wed Biad, HerplE’ plo W gy iting. mis
surmdlanegvmmdo;hnaesp@bt hebavher dickfir dee t iLon naxtten@ml,amed by the
nec%f%%rﬁ%1$k Eb?ﬂ&)sbﬁuéﬁBﬁMhAEa HH& é%&}%£€ goiéﬁlﬂﬂﬁ} of these

nmpositions . |ncreasing the nolybdenum

elemsmisentntion %h-ZﬂlCGiN\I dpeervedpl izt PuEt PSréBantedagn explained
abovtd gher Q ratios. Controlling

Another important coating property in high speed or high feed cut-
ting applications and in machining of austenitic stainless steels
and titanium and nickel alloys is the resistance of a coating to
oxidation at high temperatures and the characteristics of the third
body layer that forms between coating and workpiece material during
cutting that can influence the chip formation process. To investi-
gate the oxidation behavior of the alloyed AlCrN coatings, annealing
experiments in flowing air during one hour at 900°C were carried
out. These experiments were followed by secondary ion mass spec-
trometer depth profile analysis of the oxidized surface layers. Fig-
ure 6(a) illustrates the depth profile for a typical oxidation be-
havior of a standard AICrN coating with the formation of both chro-
mium and aluminum oxides. This typical behavior was éxhibited not
only by the unalloyed AlCrN coating but by the ALCrTiN coating as
well. Nevertheless, some of the alloyed AlCrXN coatings had a ten-
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the texture and structure of a protective hard film

is, technologi cally, very desirable because the shape
wofhodelesatrress field varies significantly fronPONEH2005/000404

application to the next. Al'sp, unlike ref. [B] , here

the preferred orientation is predom nantly controlled

denddy tbN@osh G 19MRhL-Y¥m Plim the gerabings. cﬂ%mh@errﬁd from fig-

Structural arrangenents that can be achieved by t
ure cifposiThiiensnélcatasd 3 POk Sxifvelnn diesdséanepredetiticd since

chrQReMBL: §&d 1 h-d Rehbg By dveakle? BhEUI&s# AR)ist@nP 8 Ycorrosion
crystalline filmconposed of randonmy oriented

tharg @lapappnt esidesar @@ldoﬁﬁ%ﬁf‘?% ey £apekeneaditarpigyed dur-

ing Ofuft HELenB RS t{Aens prHcssand PRSS] @kida{t)io'ns xtelmkflor was
a textured filmis grown on a substrate 5 , bei

t he
obsgspiedi éh 61€r‘é1\1 VERIAHCEEY GPRERIEY (P &hSarthedl a@nd “a1crmon,

aAlcHMoRe a84dl 8188w ¥t ihast ehswed eat®brd iyt ikB® oxidation behav-
dlsorlented ones 9 . The third possible

ior nf ghy@ r it GiGrrr P ARbenet®el S i it e2BOMRY Pfcadupinum in the

outéChbﬁi/&ﬂze@y T&yaeposi tdiRglar nr&toal t1d da(@hihiff Sbn@ntB of the
| eading to the formation o Eovalently bonded
uno}?ﬁdtlrzﬁéegaﬁ‘ﬁd Tt Hé“d&rcéﬁt‘-? oﬁh%f AEFFaPLE Shbt pragsive alu-

min® &EMesChinstal kibfe nehageyldckhabbBelr fQUNEsSy t Be€tting applica-
., crystal lites 11 with the resulting further increase
L1048y hardness . Hardness tests o f the deposited hard
Iayers were conducted with a Fi scherscope H OO

th-sensi ng m crohardness instrunent. usin
single hie FORPO IR TR GHGTLFHOT [y SEF Qe ardyed ALCTay
coaﬁMﬁQsC&bCubahedtbybﬁEﬁsngn@héfmkarJﬁm&hGEEn@efofhtmE deposited
| anar ste ubstr at es the thre i nt .bend t.est
Lavdi i S Sk SopBli st e Be, BsiREM R, ey atunina
balBrmmunU@héaualHEShD@matémnhﬁanmra aad|EEqsurﬁngNﬂBéMWear on the
coatgiglggosétt ons %%&n&%e!inpﬂ@%uremg h.ggt eIﬁl flgur? 7, the

AR SRRt heRTAG e YFoW anvtnt $96
weaJNb:atM ofand vt aetey abf d’;ﬂéhtXNntoaNI@Sl\l s tshowh anycomparison to

TlAl |1 1N| %‘Lﬁéeﬁ‘fé 1\'( n t']!'}l rr%%hgggl af%cg e 1%a§:et 'Eﬁat AlCrWN have

I's sUrprising ani ca v or can b'e
the|IDwa§the&plQﬁruh¢ byttheVﬂ@c}uwarsﬁhao ¢hQHﬂHajC9@ka$PQHﬂlng to

eni and.the solubility o f these elements into
thegﬁ@%l%;ﬁ?%bse}Veg'in our experinents a s explai ned

Based on the mechanical test results that were just presented, the
behavior of AlCr based coatings can be further improved by the al-
loying of Nb, Mo, W or Ta. In other words, by including transition
metals from group Vb and VIb being heavier than chromium. The best
results can be reached when the atomic concentration of these ele-
ments is between 2 and 10 percent of the metallic part, however an
atomic concentration as low as 1 percent and as high as 20 percent
would be possible. The presence of these alloying elements wulti-
mately ensures good solubility, an increased hardness, and an opti-
mal high temperature oxidation behavior. This decreases the abra-
sive, diffusion and oxidational wear of coated mechanical components
and cutting tools at high temperatures. Similar results were also
reached by the addition of small amounts of metalloids like silicon

and/or boron and should also consequently be reached by analogous
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above . Another inportant coating property in high

speed or high feed cut ting applications and in
worelsions2ig o f austenitic stainless steels andPCTACaRNAHD00404

and nickel alloys is the resjstance o f a coating to

oxi dation at high tenperatures and the characteristics

allo{a/eti EE?leéé d Redynt ayeled, habhrboh NBxRRIMEQR COBLEME, the ac-
and kplece material during cutting that can

tual; nifrll‘{%ﬁé@nt Heefersp For Ae$onCpiolitgss  armd ocprrrsftqndgage coated
toollsh@neX eabbah thehayi, o ocfe tdia tahboyed AI1GNi68a51M8, compo-
anneal ing experinments in flowing air during one hour
siti®n:900 2 C were carried out. These experiments were
foll owed by secondary ion nass spec troneter depth
profile analygiss o f the Ldi zgd f lpyers . Fig
ure 6 (a) ill 1aaels-¢+ﬂa(¢?gx ﬁprgﬁ-czﬁﬁb a typical
oxi dation be havior o f a standard Al CrN coating with
Whertehe formation o f both chrom um and al um num oxi des
This typi cal behavior was exhibited not only by the
unal | oyed Al CrN coating but by the AICrTi N coating a s
X isnelt] leblevermtchellessnt somen b ¥he Wl IToyed Al Cr XN
t t epdengy, to formnostly chrom um oxi des
2 mé%?% cahh%g ?ﬁ?e??e on1fig ure 6 (b) . This
0. FﬂdacaFe@ @ poor oxidation resistance behavior since
o.oichogi um pxj des are generally weaker and |ess
reS|stant to corrosion than al um num oxi des, and
0 < leecef Br they can be easily renmoved during cutting
0 .aqplor npl di ng processes. This oxidation behavior was
0 served in ALCrYN and Al CrVN coatings. On the other
hand, Al CrNbN, Al CrMN, and Al CrWN coati ngs showed a
It maréucphénaboexihkﬂibm Bebasit ogr{dimwn ¢ontfingsr €or instance
(£)) h f ' | out_ar,
Wluﬁk%%l%%d g%@% ﬁg@??ﬁ?fn? %%w%%%ngﬁiﬁ?ﬁﬁ%ﬁbonf@ﬁ#egfby using
two tthepesnofi threetparith Fhfteiendi ¢dves raeidoomat Boarioing with a
Cr %ﬁdférp §'¥§ éLHn”bSH&EﬁE“fE?% %&Hd&?ﬂgbgb&ﬁfya progre851ve
sirable in many cutting appl I Ca tions . Since
changsnpger deyee efnpEpitiicat fon oRstaEchdy |am§40@véaowas @watepwwe

adjustment of the corresponding target output in a coating chamber
equipped with both Cr and AlCr targets. The important factor for in-
dustrial application of this type of of coatings i1s the ability to
reporducibly adjust the process parameters essentially over the en-
tire progression of the coating process and thus the entire thick-
ness of the film. Minor compositional fluctuations occuring for in-
stance on a single- or multiple rotation substrate carriercan be ad-
ditionally utilized for producing a nanostructure over part or all
of the thickness of the lyvaer, i. e. for lamination in the nano or

micrometer range.
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coatings is neant to be high,

t he wear

resi st ance of

the deposited | ayer was studied using a ball-on-disc

woeste/ons21ng a hard al um na bal |

tenperature and neasuring thg wear on the coating
after a predeterm ned nunber of cycl es.

Exanigl® Weamilaimy off aovarseiar of rAhgkhy coatings i s shown
in conparison to Ti AN, ALTiN and AICrN._ The results

CutGings SeRYF catd MHirdt HAF W ™HETe

teetelz, =even | ower than the one corresponding to the pure
Based on the mscgani cal

Work piECRér 8P usttSsresént e We b
cuticionrt ipagameas- e further inproved by the al

PenaPiney e Bked ars o BOAvia

Al CrN coati ng.

rds
SVb

grs

t est

i ncl.u

VI/B,

i ng

In figure 7 ,

results
havitort -gP2Al &6 HESed
| oyi ng of

fng heavi er

t heded e untzd he, dsestn/vestild S18an be/nieagched when

> Sl 210 SpaFacnt

atanial cepcandbf aditor,as 9 eaw as 1 percent and as high

2

cent

0
coo el FRY et et s ul 1

oyi ng

Procasd :ndpeasedl hiaxgdness,

abra sive,

ox1 daklen hehayl.on

rool S/ BLYLE, 03] 0

uld be possible.

The presence of these

nt rtati on of these ele nents is between
Bt Phe mefi 1ic part, however an

mat el y ensures good solubility,

and an opti mal high
Nl Sod8areases; §
st on and oXidati on wear o a

flameoizami tahd c@rpoledtsmand cutting tool s at high

tenperatures .

the addition

of small

anmounts of netalloids like

Simlar results were al so reached by

count er f ace at PaT@2005/000404

¢ ote st “wedrmofiupReT of

he .
e? V(V:lot}f él\fd.dth of

Experigientj clonAlldid/{or bor on dhemisH &omepsitipwly ERSriafeGluent | y be | Meters
Nr. reachedeity JNANGIIUSIERY CTuialnd | Eromitne ] 09Bbd | INtFogen |  until
carbgn oxidgs, etq. Hence, the a¢ tual invention T
referls to ndvB™cdat i ngs [and cor 1l espondi ng coaf ed orque
tool s and cqnponents, haying the|coating|the follow ng max

conpd sitign: | Ali _a cla. CGCa|X S x¢ B Z [m]
X islat least onelelenenti{fromNol Mo W _Ta;

1 TiCN * - 48 - - 34 18 9.1
2 TiAIN * - 29 33 - - 38 55
3 AITiN * - 23 40 - - 37 9.0
4 AICIN * - - 43 26 ) 31 15.1
5 AICrYN © Y 5 - 43 21 - 30 12.6
6 AICrVN © v 4 - 44 22 - 30 13.3
7 AICINDN Nb 5 - 42 21 - 32 18.7
8 AICTWN W 4 - 44 22 i 31 18.0
9 AICrMoN Mo 4 - 43 22 i 30 19.4

*

: denotes state of the art coatings.

c

: denotes comparative examples

Example 1 shows the increased tool lifetime in meters of AlLCrN based

coatings compared to industrially used TiCN, TiAIN and AlTiN coat-

ings.

AICrNbN, AlCrWN and AlCrMoN can be very beneficial when ap-

plied to a ductile type substrate like high speed steel because they

provide a surface of high hardness and an adequate adhesion.




10

15

20

Znmeans N, C, CN, NO CO CNO 0.2 <=a <=0.50.01
<=b<=0.20<=¢c<=0.10<=d<=0.11t is further
weoaswidosa7t 0 deposit gradi ent coatings for i nsPanE#2005/000404

with an Al -content increasing toward the surface,

by using two types of targets with different

Exaniy1/eC? ; rafj_p_sirgg ,To@gagtééng with a Cr and C and or Cr/N

ei t her
bondi .. bridgi
cut e Forb i 1 St 6F S retincB Bhe

%£e33|ve change in

hti Ao& or

worls taRwkes eTasl Usidmnk of o tdie 100r bes poxigng (hgo@ef out put

in a coatln

CutifeyRpEam

chanber
" i nportant factor for

equi pped with both Cr and Al Cr
in dustrial

apcpiuumtgi epeafl +hiesztypenief of coatings is the ability

to_re

%, or %um bl

COOlé'tngnc g][mﬁ‘){n1 032\01(%: %[r%l e-

APy Tovel

y

il

osi ti onal
or

ust the process paraneters

&%n tire progression of the
ccmt:urlg hpllecasstiand =t hesmh heoldmidl he1&hi ck ness of the
fluctuations occuring for i
mul tiple rotation substrate

n

Toolc drilffieeccainehieorad Mdinehoumaldhy tutiblm z exbrfren apeeducimeridth of

od na‘}vréost{jﬂct urda over part or all of the thickness of the
%9 ya >#8 |am nation in the nano or
m crorret er range. Exanple 1 : MIIling of Tool Steel -
ExpéraégiNeNg| ARby]l Aighyt 00| @ﬁﬁhcﬁﬂdolnpdﬁh% byORISH (ad 1) a1 amet e life
D =10 lNunb% t ag Z—=_1] W‘fr pi-ece—Too]
Steei, ) BOMGABY [0 NI LT2348 (387G Qe hg ol
paranet er: 1 Cutt2ng &epleecElam: 60 mMmn ($ = 1592 | coating thick-
1/mn) ,| Feed ratg fz=|0.5|m1 U (f |= 318.4 MN)  jess)
' pthlof cyt ael= 3 ngm Axial |depth of ¢ut ap =
19 TIGN * - - - - 48 | - - 34 | 18 50
11 TIAIN * - - - - 20 [ 33 - - | 38 64
12 AITiN * - - - - 23 | 40 - - 37 73
13 AICIN * - - - - - | 43 ] 26 - 31 92
14 AICrYN © Y - 5 - - | 43 ] 21 - 30 72
15 AICTVN © v - 4 - - | a4 | 22 - 30 84
16 AICINbN Nb - 5 - - 42 ] 21 - 32 110
17 AICTWN W - 4 - - | 44 ] 22 - 31 102
18 AICtMoN | Mo - 4 - - | 43 ] 22 - 30 109
19AICINDBN | Nb B 2 3 - |43 ] 20 32 107
20AICtMoBN | Mo B 2 3 - | 42| 21 32 114
21AICIMoSiN | Mo Si 3 3 - | 42 ] 22 30 116

*: denotes state of the art coatings.

Example 2 shows

coated drills.

of drilled holes over the coatings thickness until a predetermined

maximum momentum is reached. The best coefficient of performance was

c

shown by Nb,W and Mo alloyed AlCr-based coatings.

: denotes comparative examples

the comparison of wvarious AICrXN coatings in HSS

Main tool life criterion is the standardized number
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Cool i ng: Emul sion 5% Process : down mlling Tool life
criterion: Mnentum shut down (correlates with width
wofhodeloasa7wear | and VB > 0,3 nmm) denot es st at ePOT/CH2805/000404

art coatings. c : denotes copparative exanpl es Exanple

1 shows the increased tool lifetinme in nmeters of AICrN
Exan@A2€d : CO 1 1NgYy GewWPal Bshdd stadust rdail ¥iH$emidd CN,

Ti AN and Al Ti N_coatings. A CrNoN, Al C W\ and Al Cr MoN
Cuttdmy bechershhaddti Eﬁﬁl%ef’?léﬁe*bﬁ &t 8 Bductile type

supsidat ¢l L &erthigh speed steel because they provide a
surface of high hardness and an adequat e

Wor]%ldﬁ§§ﬁon0%?plsée? -ChE$3 0 DINgL 1I'jojosfl Steel Cutting tool:
cutty PaHSR{&:6-5-2), D anmeter 6 mm Wor k pi ece:
Tool Steel X 210 Cr 12, DIN 1. 2080 (230HB) Cutting
par HiFef8r SPeE tTeng 4PCEY™E@ = 35 minin Feed rate f =
0, ﬁ@?ed’n’@p@éal‘lff Roke7deph iz = 15 nm blind hole
Cool j n Emul si on 5% Tool I|fe criterion: Monentum
shRpd SPERr el Ftede i th Wt h of edge wear VBc >
0, BxiED BeptHetdt@s: i at ettmt he art coatings. c :
denot es onparative exanpl es Exanple 2 shows the
CooBi%safy r% Various Al Cr XN coatings in HSS coat ed
pProdldsl:| aowﬂ/bmﬂMmgl life criterion is the standardized
of drilled over.the ¢ t|n t hi ckness
roof, AR R hraRacrsr i AEH Tt it HEWerii T8 T ebeHbd™ The

best coeff| cient of performance was shovvn by Nb, W and

Expl@ﬂ(:;nvsﬂﬂal‘lllrlog)e/AJlloly)\I tQUTGOPG sed C@@hleﬂ?%ﬁlﬁéf%ﬁﬂ)ﬁl?sn(?‘t ?62\‘” Frn glalank Wear
mll carbf'd8, Eg?“én Hé?’ l'_?;f‘l g hm| Rudb&F of G ee;tﬁ g Afteg 150m
Work pi gcel carbdon 45, DIN 1.1191 (mm).
22 TiCN * - - R - | 48 | - - 34 | 18 0.140
23 TIAIN * - - - - [297] 33 - - | 38 0.110
24 AITiN * - - - - [ 23 [ 40 | - - 37 0.130
25 AICIN * - - - - - [ 43| 26 . 31 0.050

26 AICfTYNC | Y - 5 - - a3 | 21 - 30 0.100
27AICINDN | Nb - 5 - - [ 42| 21 - 32 0.050
28 AICTWN w - 4 - -4 22 - 30 0.060
29 AICtMoN | Mo - 4 - - [ 43 ] 20 - 32 0.065
30AICTWBN | W B 2 3 - [ 42 | 21 - 32 0.030
3TAICINBSIN | Nb Si 2 3 - 42| 22 - 30 0.050

c

*: denotes state of the art coatings. “: denotes comparative examples

Example 3 shows a comparison of the tool life of coated cemented
carbide end mills during finishing of plain carbon steel. While
standard industrially used layer systems, such as TiCN, TiAIN and
AlTiN coatings show a high flank wear after a tool life of 1f = 150
m, tools coated with coatings’ combinations based on the formula
All-a~-b-c-d Cra Xb SicZ exhibited significantly lower wear. These
results indicate that Ali . pcqa Cra Xy Si. Z2 coatings can adequately
resist the high induced thermal impacts of high speed machining

processes.
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Cutting Paraneter: Cutting speed vc = 400 mimi n Feed

speed v = 4776 M m n Radial depth of cut ae = 0,5 mm
wéxrbwloostapt h of cut ap = 10 mm Cool i ng: Enul si 8aTA%2005/000404

Process : down nmilling Tool Life criterion: w dth of

flank wear land VB = 0, 12 rmlw3* . denotes state of the

Exan?itg §0al i y9SinG ofdme%ﬁteeﬂ@@éﬁ{ﬂe\é% ggégﬁlﬁ%oﬁéaﬂﬁge

hows a conparison of the tool life coat ed
cenented carbide end mlls during finishing of plain

cutt%@beeoft eglq miYWi &&ﬁa@wd@&gﬂéw% Li gbl ypUsed | ayer

systens, such as TICN, Ti Al d Al'Ti N coatings show a
hi gh f Inmloeneaf @Y Za—téol Ilfe of If = 150 m,

wOrkt %qleéecoalseaénwtala seatdngs se08bihal ceRsubased an bhepry

fornul a | -a-b-c-d Cra Xb SicZ exhibited

1.45flgni fi cant ly ower wear. These results indicate that
cutAnly BaPafer@dra Xb Sic Z coatings can adequately

resi st the high induced thermal inpacts of high speed
neeHitAPEgSPeRt ebsesb Bfifife 4 © - MIling of
ausdeni-bike 81 al ol 8ss &t eel - roughing Cutting tool:
end mi || carbide, Diameter D = 10 nm nunber of teeth
2 RadjahyARDHR e CUkugt enift ME st ai nl ess steel X 6

Certhg_TideéEh]@f Zut BIN b 4571 Cutting paraneter:
tting speed vc = 67 nimn Feed rate fz = 0,033 mm

COOlR‘é’é’l aFTgEptIR of cut ae = 6 mm Axi al depth of cut ap =

Prodes¥N Goeh imig:1ikgul si on 5%

Tool life criterion: width of flank wear land VB = 0,2 mm

Experiment Alloy Chemical Composition by EDS (at. %) Meters

Nr. Elem. | Alloy. | Titanium | Aluminum | Chromium | Carbon | Nitrogen | until failure
Elem.

32 TiCN* - - 48 - - 34 18 22

33 TiAIN* - - 29 33 - - 38 155

34 AITiIN* - - 23 40 - - 37 31

35 AICIN* - - - 43 26 - 31 21

36 AICINDN Nb 5 - 42 21 - 32 43.5

37 AICrtMoN Mo 4 - 43 22 - 30 39.5

38 AICrWN w 4 - 44 22 - 31 43.0

*. denotes state of the art coatings.

Example 4 shows the comparison in tool life of coated cemented car-

bide end mills against stainless steel for four industrially used

hard layer systems.

Machining of stainless steel is a very difficult

process due to its high toughness of this material, tendency to work

harden and to adhere to the tool. The best results in terms of tool

life were reached using Al1CrNbN, AlCrMoN and AICrWN coatings. This

increased tool life could be related to both an increase in hardness

at high temperatures and the good oxidation behavior exhibited with

the use of Nb, Mo and W alloyed AICrN systems,

ing the wear resistance.

consequently increas-
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Process: down mlling Tool life criterion: wdth of

flank wear land VB = 0,2 mm *: denotes state of the
wanboemostir ngs . Exanpl e 4 shows the conpari sonPCIWCAH2005/000404

life of coated cenented caraﬁide end mlls against

stainless steel for four industrially used hard | ayer

systens. Machining of stainless steel is a very

difficult process due to its high toughness of this

material, tendency to work harden and to adhere to the

claith®pl . The best results in terns of tool life were

reached using Al CrNoN, Al CrMN and Al CrWN coati ngs
This increased tool life could be related to both an
Aiﬁ@fﬁ@f@téIhd@aﬁdneSSuzwadﬁ ghhetrenpeatat leas: ardtshefgeadd sur-

OX|dat|on beh exhi i t e. of
20" B al Po T AN i o St ot v e, Mipzising
cbh€1M@anrUHEI§bE&leﬁa gompositliion A morkplece haV|ng a

surface wherein at t t id sur face are
coat ed mnthag eart éPa%%%%%%zﬁagéeggatlng conprising a

coialisn@t dfeastechel ¢amany Coppdsht Mon Al prdfd-c-d Cra
PLOBMe ZrenliE! 8 XK drf bl £ASE 0@ CLANEN, TOMEN,

I's_one el ement” or conpound fromN ,
CN, NO@n@O OCNO: &n$=0025<ﬁ a<=05; 0.01<=b <—
0.2 ; 0 <= d <=0.12. Awrkpiece
accordi ng to cFa|n11<haV|ng a body nade from st eel
hi gh speed @teelc-ﬁaKUﬁEVal cenent ed carbi de, or any

ot her netal jor_cgramy s . . A workpi ece according to
claim1l mhereln t he morkplece is atool for high
tenperature and/or dry tooling operation.

A workpiece according to claim 1 having a body made from steel,
high speed steel, hardmetal, cemented carbide, or any other

metal or ceramics.

A workpiece according to claim 1 wherein the workpiece is a tool

for high temperature and/or dry tooling operation.

A workpiece according to claim 1 wherein the workpiece is a tool,
a cutting tool, a drill, a reamer, a broach, an insert, a hob, a
mill, an endmill, a ball nose mill, a forming tool, a die casting
mold, an injection mold, a stamping tool, a deep drawing tool, a

forging die.

A workpiece according to claim 1 wherein the workpiece is a com-
ponent for heavy duty, high temperature, insufficient Jubrication

and/ or dry running conditions.

A workpiece according to claim 1 wherein the workpiece is a com-
ponent, a tappet, a component of the valve train, a tappet, a
bucket tappet, a valve lever, a rocker arms, a pin, a piston pin,

a roller follower pin, a bolt, a component of a fuel injection
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4 . A workpiece according to claim1 wherein the

wor kpiece is a tool, a cutting tool, a drill, a
woeewmns21a broach, an insert, a hob, a m ||, aRCT/CH2005/000404
endm ||, a ball nose mlIl, adformng tool, a die

10.

casting nold, an injection nold, a stanping tool, a

gdeendr aw g5daolon ackargl ng g@a% aSilnl%n\A%Egi?' €£S®lunger, a
accor di ng toclaiml wher ei n t he wor piece is

REFBNERNTF or heavy duty, high tenperature,

insufficient lubrication and/ or dry running

conditions . 6 . A workpiece according to claiml

R rsiaseshel o rdgnasd&1ng at daRshoARAtA i t-appels Xa Sic Ba 2

eOTRRER! wetiba/akmersraiiy & uaaﬂetonea chupket from Nb, Mo,
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pi ni on gear, %lt eg piston ring. 7 . PVD_process
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from Nb, M, Wor one el enent. or co ]c_) nldl
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aﬁﬂé waEHD a‘El =16kt ,te&péfaﬁlﬁy daditioR 6f|a(|i: geaet lone reactive
ereby _at | east .one iece is jpstalled in a
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t al t
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process according to claim7 , wherby the reactive gas
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PVD process according to claims 7-9, whereby the at least two

targets comprise Al and Cr.



