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H gh Oxidation Resistant Hard Coating for Cutting
Tools FIELD OF THE | NVENTI ON The invention relates to
a hard coating with extrenely high oxida- 5 tion

resi stance for a body that especially rmﬂmmmmm’” ”u’
wear -protection. It further relates to ol ,
especially a high speed steel a cenment ed g@afdi de or
a cubic boron nitride (CBN) coéted cutting tools such
as endyilghl beidatibh IR EEantC Hhtd RGat DSPIHoS c8@hg Tools
cutters and hobs. In consequence the invention also
relates to coated wear 10 resistant nmachine parts, in

b gl %%9 al conponents such as punps,
gearsgyﬁ%éton rlngs fuel injectors, etc. RELATED ART

'1%0 Li%&txtl%n( ‘}glg‘l%z t%SZOgZ}d c'fdaﬁ:hﬁ&i wﬂf”H %:éf{:g%&él@/g high oxida-

coat ed t ool scri bes the presence o
Hitdr PRBLRSaBFR| @rNapa?% &hak espPesiet A NeaubERS H§RHRSFection.
o Quireesr RHeght&xivdati 0batess ItSb:a,RZCE%pEfGliﬂ@/ &Uhﬁ.glﬁlgspeed steel,
to unent, .B, EP 1 4 1 r.ef e

%n?nlf-:)otﬁl %1dgoa{| Ag chué\” n%oronl\larﬁ%rf.é%et(gm\@st aqateg cutting
istqlacsucrle as) I%nzO@,?lIﬁ%?@ﬁﬁllm gehting idesces basag cutters

dR0mowk t hr AN RREGRINS- LRSI ﬁ&\%ﬁ%l&?aélsrc‘)g hgE& Nt 2Qo8ted wear
| east one layer is made of CrAl N and_another |ayer is

TRsdEt ¥t &acg’o‘f@t DEF tor SPBRET G AR iedBanyer b serragmEsgsuch as
piﬁ@@[likﬁf‘rsa pizdonwt idysanfudintieféapes, nmde of Ti, Cr,

Si or -based material which is then coated vvith an
rﬁ! ed hard film JP 10-025566, docunent E, re-
ers oaCrAINcoatlng Wi th properties in high

150%(!1%@:‘3@wrPJP0>§'o@§‘—3235706'79n Eﬁ:ileétaﬂé&%: cmﬁlé&:cﬁéétt'e 'Eool' de-

article (docunent F) by Lugscheider et al.
KTEBST | Wis PTESFATS 8§y Linel PRI S CrE NG 86T F EHFS) ln a CrAlN
dc&fcﬁﬁ@ WhidMVpsdiigati eAgh Obxi®oliani calsiatdhce to the cutting

b t f t t
Ukhochpdeal 2R o2 30 A A o {208 st mco)
qp@attn%g?sawmghalwlf-r-m | rvsted tﬁﬂr@gr@%ﬂ 98 6P AEFd80Fe docu-

n%gltp@r t%cﬁr@bgﬁvﬁ w@obepefd %hahbﬁgsfl%t-réﬂst@lﬂt:t &:@é}:l"ﬁedwhereln
drilling applica-, tions. The proceedi ngs of _the 4th

N SPSENNE, I ConrPHGSF (FRRNUIT TRGTRBCHIRS pp. mede of a
sbrt- &2@1(52984)D0dmy1ehh|mmmﬂ’ etolls0nepaidschebeslavedool with an

gﬂ@%ﬁerf ﬁng QP Egr NBNCe&,,c Yht Eg&dt %%Egriﬂocmgﬁ is then

ers to the deposition
qﬁﬁ‘lt??il‘é’y:@f éﬁ @WN Pragd haepiwgnﬁxw NPahl-025566r AlaaNmRAE JE, Tre-

o8t khgs. CrZ}ZLN 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-
tions. 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 perfomanée cutting tools (document G). The paper
refers to the deposition of multilayered CrN/ TiAlN, CrMoTiAlN and
CrAlvN hard coatings.
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In [Al, [B] and [C], hard anodic coatings are conposed
wth at least. one of silicon or oxygen containing

Cr Al based system | ayer which is responsible for the
increase in the degree of hardness and the in 5 crease
in high tenperature oxidation resistance, reducing the
rate of abrasive and oxidation wear on cutting tools.
In [D, a base ma- terial is hirst coated with a |ayer
of Ti, &, Si or AL, and an AICrN hard |ayer is forned
on top The nmetal internediate |layer is used as a

%y r for E n bgo tlonlat\__yerto even out a%/

Dol T A0 (i PGS HIPOE S SRES 177 CABPIRRS With at least
%&isﬁbhd@et weerKygeat ¢orgadning loeal tisded bpsfdn lager which is
hagdnb gy feeath@glﬂ&egeé'@ﬁ eNA ra%¥§é&aclf (3Rahe sdsepa%a the in-

sition fromAl targets on a reactive nit

FRSEp B B1R h%empﬁé%‘furreesq’%?%‘?ﬂé%‘ GRSt fieanseer Ne@,'&@{nemthe rate

o dhep@t\tredndpokmalﬁeﬂzﬁeahﬂ Rn EtlEﬂtlnbhEOQLH hags [bﬁpchqutbase ma-
V, t the C nlca p opertles 15 (suc

\%}lﬁ d‘%e@sqggn alncr(?glr"é%\tsrﬁeE $a ©g T modditus ¥+ afd 2 24 an mrco

Ifafrldctlﬁbﬁfmlls Epremesicour faxt.i Gbe byet@@nbmtrﬂrmgd&w Nageatisngsed as

Wﬁ@f@rhﬁéﬁoﬁﬂﬂ@ﬂ SHécrdeaes- lé}l:er' Sto“e@'eflegm?ugﬁ& deformation
?cﬁnbl na |ons coul d be successful in

9 15% ﬁpﬁﬁf@&FP‘é‘ﬁsm | Fhepapt FIRETGIT ERER FoRigng and the
tmelt.i Inl @Bler a@ia&id\/NlCﬂ\atdoﬁgSngﬂG.BOSbhm ag ﬂ:@éﬂﬁ:&l vapor depo-
.qhi nj r 20numadvan ium
%gqugeg y%{ﬂ h%g% olgr%] p a & i g “pr ocréeé-"gpnﬁs néglf @I %‘Ef‘osgbﬁée' the
haeéhineshgtapeet @lfrrﬁhee%@ﬂi hevsd¢eposst edowuati mgs tei d000=C. In

rat, tﬁ@a&ﬂthbbg &k aht ﬁh;ﬁ%@eubé/ntSt %nQQEded}élrﬁ"cal propertles
MVARY (]: THE 1 NVENTI ON 25 The | nventi on

S
{:é‘F et a]?ar P 0edPd r dBFETAREe Youpers BedudiueN, apdal fyictional
MaFaderdndiss iy arombanihe cailNgsoaspeciwath Yai Radd Harbon sur-

fReedreutd 'ﬂgm@@@ucﬁaéém%a‘@@&{{ clalugg %G’B%% LYEES in arili-

are involved, difficul
19pPReabi bHigio( PEPLESaRIpRe; Fackihi ﬁ@eoﬁutmﬁs sneéelrsto multi-
layet eqiAlive SbadiRbeSSesiseebd aad U e, SN RRL A idARWY I ium, alumi-

n%%“ Qgsgmte 3 the ben i al, efflgcts of known
A?Kﬁcoéltl ngs Wt celseﬁf) dPB PLHPPECRIPTRS, As a re-
it er fhe | vehichogl nleztfearfneum aihi dle rMeghtigd/ecc@nisy€ndid not
Rethetndertor ra%rasﬁnéaa soﬁcs{a&@apd calel ghC@éatQHasW th

tools, especially wth cutting and form ng tools or
conmponents, especially with com ponents used for

s:mmmstdpomwngivﬁﬁ-s;o»ﬁS The performance of CrAIN

,I%oatln&st could be optimzed by the addition 1' +
e inv ion targets at low wear reSLStance 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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3 of transition netals |ike niobium tantal um

nmol ybdenum and/ or tung- sten. Optionally netall oids

like silicon and/or boron can be added to further

i ncrease the hardness and decrease the wear of tools

and nmechani cal conponents runni ng under the descri bed
extrene condi 5 tions. The new famly of coatings

i ncreases the service life of; tools and reduces the

costs of replacing nmechani cal conponents and/or

afetshas tdioh Nge ted p enisdey @1 obitun, Ngatioahs, bmbiymbbﬂﬁmuﬂnﬂgor tung-

p S e I n_ i.ncreas
%r%g duc{) Jﬁtgtli\?\gn#& Qggldssr el g\'gﬁ gg%&u%ht R grh ebrorﬁgsglg%l R added
tutfer Hepss g@éﬁ%asel OLBRIEFNBESCRIGPRECNaER THE BRAVONGE0ols and

n@cﬁb!ﬁfca]l c%ﬁ@%ﬁ&ht%f A8 6y Y sh@dr SEHUCEM G883 extreme condi-
n1nuF$chr un} transition netal nitride. Figure 2:

OPSy dief PEEL FEHL BaFFeFWaEﬁRPﬂeﬁ¥q§§ésﬁ%r5ﬂ%t%?rYﬁce life of
t@loliml -an@5 redueedr ohe UPLEANSEL implaeir) médhdndesl components

a'?l'dgylf[ eré sﬁgrg?x rfy fé)! 9155.\9@ Q@Ettl%.r d t%%g t %Xt Uirn%luenc1ng chip

coeffi cient nun}chron1u
foRe b s PrRFeRf e cansenthes agf lpﬁée¢ﬁa®'®gpﬂ@nnuwnes would be

ddddhe@/ReAEHN RYAD @oBYibd UOLHHY cheLE. um transition
metal nitrides: (a) polycrystalline (b) 20 textured
(c) nanoconposite. Figure 5: Hardness and residua
BRIER SRESCRIBTHONNON tTHEf DRAWIINGST num chrom umtransition

F'I%{l?é @' t r§kg€c§h gf gYLE @Fyéerﬁo ”%%Xth?é‘cgfs%l 1num chromium-

spectronmeter depth profi typr - OXI
téﬁPFHEQH(B?UﬁOBFtﬁ%@d|zed surface (c) optinal OX|d|zed

Roussrf acerayi gifreadeidd ghttteﬁl“ﬁp%hat U8 iWeapa F Bt et ABE€a1umi -
baII-on flqg tests for. .alu n}chronlun}tran5|t|on

TV S BT EES T DERAT TR PESTHISSTI ON OF THE | NVENTI ON
Figuihel :alX¥-oye HiAECr N ionabh g nvend obttairpedoefsiingean of alu-

Idlﬁgrhlféﬂrbﬁhm@%biﬁd%nuﬁarﬁt(}199§t ing system (RCS)
is_machine contains a |low voltage arc

FdPEE%a?ges%ﬁﬁqgﬁﬁeﬁﬁnfh?hﬁ%CEﬂSFBHEFWWEF t3BF d2RRafFhipvable by
adngdinwet-chiong uaf ttdne i 81ds tfe@b BSnitfziials pr ((HTU"pGS:y'&}fyg;l&alllne (b)

t%QEE?JdOQ ;tr{a%g %r!{bsosughe apparatus is al so equi pped

I X deposition sources which can 35 be chosen
Flgwre sput faxndnags @28 hersildual cswrassnasesdiaiats edoar eluminum-

dh@bmiun-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.

DETATLED 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 jet
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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sources. During the deposition, a negative bias

vol tage can be ap- plied to the substrate tools or
conmponents by using a fixed or a 4 pul sed bias power
supply The entire description and drawi ngs of the RCS
equi pnrent can be found under US appl. no. US

2002/ 0053322. To deposit the inventive coatings on a
vari ety of workpieces, the 5 previously cleaned
wor kpi eces were nounted, according to their d

paﬂ@é@rmael LBed %ﬂpgwbﬂhe ERtAld REsOFipdiBh Qﬁ@raetaeiﬁgs of the
under 50 mm on triple- rotatlng substrate carrier

Rﬁﬁd?%ﬂﬂpmﬁ%%u%ﬁnsb?rﬁﬂ?ﬁ@l%&?eF U% REPLc i HY %ﬁﬂﬁ(@ﬂ?3322
heated up the morkpleces to a tenperature of about

0 n bi as vol tage of, 590 Lo
T parPat ] g ety o todliniohe 8 yitenl G ihegjeces. ne
p@eﬁi@aslm héemMoebeeeceef aees nemEeds udfeetidda t eo ethetir di-

aRete:shid)gn¥t tdh AoubPiSordfanCoat | Bgr SYsher+S WRar 50 am, o
erated in a |low ressure argon atnnsghere utilizin

triRts- IFﬁBthﬁeﬁﬁP [ e () L FoyRQQ&Fﬁ tReaker %&sqaégeﬂ in the

cbety advisltymadéeatddonpothe atvotl@dete®neo reacdnpeeatids of about

5@89'6./ 'a}& al; e $YRStIALE,2 #Eegg‘hb"@o L3ov9! &ﬁ)qqe%/_\.x.n an Ar-
i ece, tor 1 he pur os% 0 I'S Invention

gaef Wmfpaere rﬁvuan@resm@yoﬁa@je? Feontbe e@lrkphew §pé@@es were

sSbe&dsedNabdavdlpo1 COMRIL R8cn Gar-Bbde, '1@{e @BHtﬂIgh%E/stem is op-
suj t ble ne al or ceramcs.

" bBF BB =15 MR PR e s i forLenst tue

mdtyltcmﬂmanglopllmy'&bmoems EBxahpheslénit tteobsraridyaaddition of

aEUtlte%EQ BRQ' egctqrvle ’asa ES&{{H g %t be’h%ac%ﬁibsgpaéensaerltlegative
a hob, a n1|F an endm [ I, bar| . a
VPbE3g tool, a die castlng nDId, an injection nold, a

st anpi ng tooI a deep drawi ng tool, a forging die.

Agg%k tOO or H’?g Q‘Pg%eéé 21110%1 1% En %napPé b%anétdefJ.ned as

Nt em
hpnsng fa| eP@ntmaldebfrrq;raeteﬁi ahelsllh @pegdwtre@ﬂmﬂrﬁgdmetal, cemented

cQQ}BEHé | 8PSany SHEE- %9‘19961%”&&&10%9" ESfamdck a@@xetaxa:ﬁ’ple for a
nponent of the valve train, bucket tap a
q.lp&rﬁ t%?llng op-

W95¥R&?qeeW%¥ beyar A efonrtgh EFWﬂeﬁat%FﬁmaE?é
eratier. isghrh;_ﬂwer @ rtoods kalet 2 awzanporent, ofdrlfiued reamer, a

b&Qé&%t 'aﬁnléé’esft% 4 §f), an n{;L'i‘Jl,eCaLl %Hdﬁ?leﬁd' el Hgﬁé%e 11, a

I'nion gear, a’ plunger, pI ston
fpgmm tpeimméeer@stﬁmtméﬂ eﬁtrooelrlmﬁl@namldapa stamplng

tBbical |d@@§ Aawli B® dRYEN ifRRgBEL dRESShd¥iBedNbaA8NtRe inven-
deflned skilled in the ar

é%e‘i’?%ﬁ’ﬁt%p‘iléﬁgt‘f"nﬁc”fl%o’i%t?, i fivént %%%‘gf‘% ‘%‘rtyt ety fem-

peepioare, 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 layer

(around 0.3 um thick). Some of the experiments were repeated using
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sition sources were used to include a ductile TiN

adhesion | ayer (around 0.3 pmthick). Some of the
experiments were repeated using 5 miscellaneous

adhesion layers like Ti, C and CN and a sinmlar per-
formance was reached. The remai ning four sources were
utilized to deposit the main functional |ayer using

custoni zed sintered alum - numchrom umtransitiona

nmetal targets and the ion plating deposi 5 tion
pransddsneqissedhesionoheyenfs fhlee edipert nemt Syt el ﬁasﬂnllar per-

Eé&ﬂ@n‘c@n@las L@é/&{edV\’a%h&orQﬁﬁ?xf%h& ed,y §oqﬂ~bleglﬂ ANitilized to
al | oyed wi a transi- tion netal <

G%Qﬁ%.tmth@ @?Jrff c%ﬁ‘FCB%Of@ér dAYSDURS G mét@t@wd siniored alumi-

nllme-muthm@dluﬂaBLm&aDOWg&fs 3n8 K\W¥ V!fUnl t%llgneC? deposi-
eOftentrOgen as Wwas nal Nt a

g%&a:c?gﬁg% m(;t%z#g 35 P& 90 § esc?xz’%r]ﬂ%‘g?ra'ik? BPdR fnctional

lm/wscg-p%ﬂgoggteﬂjrhynQOMIde@sl AlOon dldoyefhaitte a transi-

the imeRaPHdakA Bkt 9&9&ﬁ§1§m9rb hhe,sulstha I?S ]:%ur?g%ltihe depo-

d Si-_tion tine was aIvvaysaJusted so t
e'%‘f’é‘r ehlt® SOHEFTRY "E8/m TPbSitt PoRSWeR € 8RS C}F@héélslgftlteh@artlal

puasctrene tlhayEitI\m@Sn afBUREs ﬁqd].ﬁi]taﬁléd)ta@ a@ﬁrctx?ﬁately 3.5 Pa.
to s .f the sinte s_were
491,001 204, SORROSLE 00 B0 L1 S0l el o8 ULl o
tdrgeestet A thﬁéarder@nposmqe@ﬁs onashéi sauktattdHYTHIN@eposi-
tiloat @t %SCQMI LEPs MBS s & O RatPesL D 1af d§9fé¥ent %(%t’:mg com-~
tht cus m coO OSItI ons were conpose
R e ak &ig ké}e they fugetigpalvbayay WSF an,‘l hm.
k gopet-oft |bgee| yustamdzeme:ompmﬂsjohisomﬁl\/&&eCQIﬁtQﬁ@d @%g%@s were
ﬁtepaz/écg ﬂ@daﬂlﬁg.\a a@o%gc l\?onteg (1§h£1!1eor1:argett.s of all the

coatings correlated proportl ona
LBRPBETHINSnYPS afiifsfsBs 3P% ¢ Heng awugéplsulﬁded:O(nassmtilonSW“ com-

sisednot rBoexams Fdjrefseﬂgﬂthf:%lﬂ%chnl\ll‘l)ad J&Iﬁaogggi{r%dxgygl&mposed of
rystal gtrycture for a co cont ai.nin

2% il garr%un % %fa%l%l &i g’ eFemént ‘?’e gestn Pn Trespec-
qvg{gye and opeacom®sp e Ala@r Nomadn@y leIeatNaQCr( Bhd 10 at.%

Mbryfﬁilélco%leé‘Pél%eof Stl'f‘eogggt.sl% oEﬁ%l%@eH rro %egl aﬁII? to the

as well as of alum num 2 romum
C@B‘ﬁf@ttemf’a]r PHevavRi fatie E‘%ﬁfqeﬁﬁ Bé%‘itﬁac-ﬁnst i shreoryn exam-
DMeEhltlhEou@ldChl)tl on of srmll amounts of a different

tice structure should
SemBELian BRI LI, 4 e oLt ce sloetine Shau .,
sgedhi %“%mié %oﬁléloémgr sleyentsy iy repremnteleimntignteof . In a
p‘BlQlal g1eai LHthDngS()'tlH@ Nhéy wayl @rﬁ?"all rgt&ﬁgtlpzeec lés%ﬁm%osed of

capacl t
anﬁ? 1&%??%}1 IﬁotngF :Tftzagl ?vﬁgla\é% ronflcalum(i\llrl\emg 2 aF1)1d ch%/omlum 3 atoms

that compete for the available cation positions. In theory, with the
addition of small amounts of a different transition metal (T™M) 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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structure in the presence of |arge anounts of alum num
atons. An- other factor affecting the solubility of

solute TMatonms is the 35 atom c radius difference

bet ween the TM and al um num and chrom um which shoul d

not be larger than 15%to achieve real solid solution
strengt heni ng. | ndeed, depending on the nature of the
transition 6 netal alloy utidized solute atons may
restrict or not the novenment of dislocations due to a
meesUl 411y haillia dbsiwy tdtofs efdyeatest e Xorf @t the movement
o HLIPELRIPAL U, R RER AR Lotk o ol
Thegureay? letaIrcttlhe pXdepns G ggasfredy @WNLcet hperameters of a
Jaoati gy shovwed g c%a%&h&‘@targlsﬁévﬁlughufﬁlﬁlenbl 6‘1§J.t'i'1ot1t1<geexcep—

gne expected for cubic Al Cr fact underscores
‘AR PmASE Y aride SPAtATEEaE B PaditiarihqBl strictare sinilar
tel eaér omnegabevtdy fofr theialdlgyNngrhiel egedt utirsottds Ghe im-

pOJt.lgaSOI L(J)k%l ;:j'l(%]yat%];nl% ag %.ufsugg? %I\qqéggonelgal 1r;.VJ(_:)tnry So{% the alloying

stru uraI ase S e ove
edenertlt wob. orSo’ onh@lel@oaulﬁnflercen@%g:hﬁnswh@en@&s@noe@ but on the

seatiti Ga1Paiaetessi16e) bNdeRdoRLQYh derdtal Bt Al ure, So, the
i,nformati on about the structural effects of transition

dﬁé?%lfencaﬁp’r‘hgtheTﬂ%a%EﬁBde%ﬁFﬁeﬁ’ﬂr@%%W CAAt 179pefhrrovide us
unagee afnfAk@ithioN ahdut Adh@r Viudtheal aéﬁﬂeCES paf atreheftich metal

i ght | | er r \
d?’%m%e rbcélaesg?‘rR%f KP %[rﬂ%kl gﬁﬁf %1—%‘6! %nt he g? ?%_?é\?hlg{crfébl and
ALY gt |t§1ee3@fa¥r3reedpc'(@ﬂ@5m@ i§. 9219k)tlml¢@eﬁfabht S imiihyr eco pure
aBtrer tehaler Stinuehsr €aseHeWeNRIrnbi Nadd 1@ 1easien OfthAl Gt ce has

Al N and ALCrZrN, th expected to have
S PP adrd b 98 de0q ohh Harie; SRIEE ey & dfgerystal
sdroriuresi Heweviem, t im stheasese tdfe AlesyN .t ALSrEAfN sudr phisarN, the

et 9N g N@shayet Ag15 € -
e Shestieostangl s, NG Bt (e e

tiMewy a@ﬁ‘rﬁF GhmBE- 81 Fuctlr it £A5Be Hife T4EVEY Gﬁnréﬁt apgrphisa-
t&oﬁ 2630 k- hé extctbet fidtupg, fdsl Bhemowh hfigles2 fics Whadvn.

ARP urr egf?ftorof Q?atzt}asnlmﬁbn mettgl Qo%léggﬁgaot ta?lr gle(gr?\lggl—structure
ceri bat ©td cleveherrenparf son(2000 téeturer éupmgycﬁayst akdvwe This

18t MGt UbBc @D t:@fvl brysﬂ%ee Al,ﬁrﬂ\l tHeN 329 b, 3f.ozt hﬂcmbm

diffraction ratio (de ed the ratio of the dif-
‘FrES on Wﬁtl%?\s?ft%?"sf Gr ‘?P]%’ (%66?“&%&61&%1?%11085EJECFOIPQ?“SOH
tbheheli lfufn‘ea(poli/cm tiaht Bes isryuefurehextiditedpbangyrd S1CrN.  In

fﬁﬁ@!@ f 0Lnd %ﬁ\lbgngaél%r or LV ALGH M%Nt%?g’%si' y ﬁ "Sie aif-

creasi ng t enum content 1 n an
fpackiqnyépbens che;rs Q‘Plf eidteor 2f¢ g R pne) witdy respetorver &h¢| wgf frac-

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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shape of the stress field varies significantly from

one application to the next. Also, unlike ref. [B],

here the preferred orientation is predom nantly
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ks UbairRd behy tERASUEESNGE talas gtHarattHe eaostiBibh Pl aRAr plot in
teel %c,u strates b t he hreg oi nt bend test befo

lﬂHr%f VRe e pGEr ofP A TRE pt Bt & HRIEHY §ar ME X Composi-
tslooas Réemilval u,lesf:&btrael rednfiprate wabeetfiaddhlAsCrotithening ef-

&%Hpﬁﬁén 16k OGS unBESL b8, 1 1o fa{ngluﬁearﬁa 'arinn?éi 8n#o alcrn without
beneficjal st rengt heni ng ef- fect when l'ow anmounts of

R, WHER WEFESal F%yE}éelﬁs(}dﬂPh RETGSShaft thenyoating. This
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[ ISk han|cal behavi o
R X0 Bon Rt BB B0 RN Ry B e 0t chese
Hehertonikay d@nﬁ#@rﬁn@bﬁﬁ@eﬁolirbi but yexfertimgnes as explained
#Boegents into Bl- Al CrN observed in our experinents as

exp] ai ned abov orfant, coating praopert
ﬁr’l‘?elﬂ?’gh”‘?ﬁééﬂntorc%t@ﬂgf%’%oc?et‘f 31 i tHGPa FpEFT ath dHghanged cut-
timgmaoblinatgond amdtinitdahistieg nbessustcaetsc 2miaNnedss steels

drlat ac@tcymlﬁndanlal kel Aﬂﬁo%' 3st RE T E8iSkance 8{5 2 coating to

coating to oxidation at tenperatures and
CRIr e At s P ey t(ﬁmpeﬁ@tqqeisr gnd 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 AlCrN coating with the formation of both chro-
mium and aluminum oxides. This typical behavior was exhibited not
only by the unalloyed AlCrN coating but by the AlLCrTiN coating as
well. Nevertheless, some of the alloyed AICrXN coatings had a ten-
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formati on process. To investi- gate the oxidation

behavi or of the alloyed Al CrN coatings, annealing 30

experinments in flowing air during one hour at 9009C

were carried out. These experinents were foll owed by

secondary ion mass spec- trongter depth profile

anal ysis of the oxidized surface layers. Fig- ure 6(a)
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and/ | di ng proce This @

FERTNRSE PREA PR S GRS VN OREPRGSR B Phit fomRgpive alu-
riapd, o¥idasNighlich Abe@r MeN,veanddds Grallec dat nags sitxied applica-
+18Le optimal oxidation behav- ior (shown in figure

6(c)), where the anount of alum numin the outer

oxi di zed layer is simlar to the al um num content of

sihee 1@neinouhshiraedrpast . applicatieh catesnkhaefo riﬁiB%&Eli ALCTXN
of stdff. grassive alu mi.num.oxi des whi,ch _can ery ,

esTidn e PRty G Py A0 VERE 110REAS (it e deposited
lagepervas ustviddpd applnacat | bnllobntdiesnewsknpsdneda Ah&r&XNalumina

blél CORIrtRYBadeS MNERANGH t GeriRrBE G atnlaem\é\@arn&l@&tﬁ& PEL on the
t he deposited _layer was studi ed using

of
C88F+n%rf3‘fdﬁe§cat &5l rﬁ‘én%d hB¥EPeal Qi r‘Fé(Cl%%ll |In figure 7, the
weetntref atea atariegn ¢®MIEEEN Wantdngs rﬁmsubw:ﬁ]gut hempeaison to

T@Rlﬁ% heAlTrCtﬁ a%ﬂcﬁ %16&%/” lﬂﬁep Eggﬂt%r rXEL rﬂﬂggge (e}%at A]J.CrWN have

wear a varl
tA?C%%@S@oﬂ@éﬁnﬁ e sREwnevar ée‘nmrqhgenth% ope Q'@#!del‘ﬂpondlng to

tAb ThiNcaAdc AN Godtinkhe results al so indicate that Al CrW
have the | owest wear of the set, even |lower than the

one corresponding to the pure AICrN coating. Based on
Behed n@chde oathdrésblr st trestihed therte weust jyategertedted, the

blteHQ\Floc%g o?ﬁﬁ?(\.’f QJasQE &anggsggn C@@tful}gﬁe§aﬂnpq%v£&”£§]e{he al-
lognr.)ng of be 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, howéver an
atomic concentration as low as 1 percent and as high as 20 percent
would be possible. The presence of these alloying elements ulti-
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 tcols 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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| oying of Nbo, Mo, Wor Ta. In other words, by
including transition netals fromgroup Vb and Vib
bei ng heavier than chromium The best results can be
reached when the atom c concentration of these ele-
ments is between 2 and 10 percent of the netallic
part, however an 30 atom c concentration as low as 1
percent and as high as 20 pergent would be possible.
The presence of these alloying elenents ulti- mately

agmgy@@ssagewessotzapéddﬂchd@m caes@asedabar dress, Héﬁ@ aPhe ac-
rat ure .oxi dat.i on behavi or

e
38br da¥BRritne TSP £ vBOVE 1 TG BRE aRtc oFPUETRBRAT RS coated
toeds aofd compecknnec taviegl tlcorpenent $hd5faidwing tglimipal compo-
tools. at high tenperatures. Simlar results were al so
S .
reached by the addition of small anmounts of netall oids
like silicon and/or boron and should al so
consequent |y beAfeached by Gmal LSJ_% By 12yed
car bi des, carbonitrides, carbon OX|des etc. Hence,
g AC- tual invention refers to novel coati ngs and
correspondi ng coated tools and conponents, having the
coating the foll ow ng gl obal conpo- sition: 5 All
xAib-£t deGba ofle Siénddd Zrodh®l eno 1@, Xrds at | east one
elenen fro b Z means N, C, CN, NO CO
Py’ B2 oot g2 4 A B 5 S B2 0

015 o=<e=<d @50.1 It is further possi bl e to deposit
odbadienf cogti ngs for instance wth an Al -content
|ncrea3|ng toward the surface, either by using two

% ¥peS Of Otargets with different Al/Cr ratios or,
oskardi<agowith a 20 & and & and or Cr/N bondlng
| ayer, bridging about a progressive change in [ayer
QOﬁpOSJtIQD_fO ance a,Co 0 Wi

dj‘Ust et ~of %%éﬂﬁ%rgésg%%%frm;4%§Fgel“ 9 %SE 39 instance
gt PRgASHRATASERT bRRHSIFEEO \AFQW?r@ottheCrsué’FﬁfeAl either by using

t%@rﬁﬁﬁé% o¥h€aid8Q§r&fﬁH d&@ﬁéﬁ&htfﬂi/dﬂqragiﬁﬁ'Ura|startlng with a
appliLcation of th s is the abi

BPRos R o s 1/ N R dvafocb it b oAb, & posYessive

casseatirallayeovempbhétiem for instance by a continous or stepwise
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 is 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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or
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i. e.
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cuttin

Feed rate fz—
@oﬁé paraééJ (rxfoof 814 ymiontAdov Bad] aizm@pm@f(z@uf&m@e =
5 mm 10 Cool i ng:

down milling Tool life criterion:

fl ank

gm cal
em Alloy.

Ti t arfeGdPAl C%H?itﬁu?ﬁ Ghllto?ﬁ Gn? @& bon Nitrogen until
El emAx-E@lLQd@tlﬁaéif dutl a, & FidaN * - 48 - -

gcéllng %2_[_9 1Qrm 5%__

Proces80 ARMEmiBLIAKGCr VN V 4 -
'ﬁéﬁr Ii@ye N,ti‘lglerlég I?igment%.a gi§1t7

31 18.0

flank wear land VB > 0 3

43 26 -

mIn)

34 18 9.1 2

38 5.5 3 AITIN * - 23 40 - - 37
31 15,1 5 AICYNY 5 -
44 22 - 30 13.3 7

43
do@n Nocgr%h.é@e% wibd v\a%tﬁ of

Experiment Alloy Chemical Composition by EDS (at. %) Meters
Nr. Elem. Alloy. { Titanium | Aluminum | Chromium | Carbon | Nitrogen until
Elem. Torque
max
[m]
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 AICr'YN © Y 5 - 43 21 - 30 12.6
6 AICTVN © v 4 - 44 22 - 30 13.3
7 AICINDN Nb 5 - 42 21 - 32 18.7
8 AICTWN w 4 - 44 22 - 31 18.0
9 AICtMoN Mo 4 43 22 - 30 194

*: denotes state of the art coatings.

: denotes comparative examples

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

coatings compared to industrially used TiCN, TiAIN and Al1TiN 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.




*. denotes state of the art coatings. c: denotes
conparative exanples Exanple 1 shows the increased
tool lifetinme in neters of Al CrN based coatings
conpared to industrially used TiCN, TiAIN and Al Ti N
coat 20 ings. Al CrNoN, AlCrWN and Al Cr MoN can be very
beneficial when ap- plied to a ductile type substrate
i ke high speed steel becausgithey provide a surface
of high hardness and an adequate adhesion. it Exanple
Exambi ¢ |4:i pgilicoly 'Bbcﬂelst&ﬂtti ng tool: Drill HSS (S
&z%%a,to@lar@gﬁ & (8 BI-2f0T ki Blegee:p [0gl i eel

210 12, DIN 1. 2080 230H Cuttin ararreter 5
FATNS IR T i TR R L .
diltlthhghﬁlreméit&ﬁth z = 15 nm blind hole Cooling:

Errul 5% To%1 I |f terl on: Monentum shut down
(corre Jte@"ssﬁn“:‘? 110 edge wear VBc > 0,3 nm
ExpeFeeadmathr £ aAIOI @g/ md:d I oy Chem cal Conposition by EDS
(at. %u\/%l_ie'aéfech E'-e%ﬁlu@mblﬁlé%le'” loy Ti Al O C
N (holes/ m 1 l'em coating thick 1 2 ness)
CpglipgNEmulsion 5% 48 - - 341850 11 TiAuN* - - - -
ﬂﬂ%lehfe cr BBerG4n: MdomdhTiN shut down {c@FrAQtes widh Wdth of
e]a% N - - 43 26 - 31 92 14 AICYNY - 5 -
§3"FE VP3G 23 HB AOIVN V - 4 - - 44 22 - 30 84 16

AICCNON Nb - 5 - - 42 21 - 32 110 17 AICWN W- 4 - -
EdpeRRent Ni31| AIRZ | AlGy Al Cl‘ WﬁhMCemp@sﬂmnbym (212%} 30 [10Wearlife
19A1Cr NoBN Mo, B g2em3 [ALIS ‘54T1 T 2GR Cr o BNJvb thles/ um
3 - 42 21 [32 1]42 21LAl géf N Mol Si 13 3 4 42 p2 30 116th
+: denot es| st atle %of | PR® |41¥™ ¢oat | ngs. c: |denof es | coating thick-
conparati vie exanples 11§ anmpl e| 2 shows |t he ness)
compafw son of vardi ops-Al LI.XI\I Gear Tngs 1N |HeS | 13 50

11 TIAIN * - - : = 129 | 33| - 38 64

12 AITIN * : - - | 23 | 40 | - | 37 73

13 AICIN * - - - - - |43 | 26 - [ 31 7)

14 AICr'YN © Y - 5 - - | 43 21 - 30 72
I5AICIVNC |V - 4 - - [ 4| 22 - [ 30 84

16 AIGINDN | Nb - 5 - - |42 | 21 | 32 110

17 AICTWN W - 1 - - |4 | 22 - 31 102
I8AICIMoN | Mo - 1 - - | 43| 22 =30 109
19AICINbBN | Nb | B 2 3 -~ |43 | 20 32 107
20AICtMoBN | Mo | B 2 3 - @2 | 21 32 114
2IAICIMoSIN | Mo | Si 3 3 - |42 | 2 30 116

(o}

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

Example 2 shows the comparison of various ALCrXN coatings in HSS
coated drills. Main tool life criterion Iis the standardized number
of drilled holes over the coatings thickness until a predetermined
maximum momentum 1s reached. The best coefficient of performance was

shown by Nb,W and Mo alloyed AlCr-based coatings.
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coated drills. Main tool life criterion is the
st andardi zed nunber of drilled holes over the
coatings thickness until a predeterm ned naxinmum
nmomentum i s reached. The best coefficient of
performance was shown by Nb, Wand M al |l oyed
Al Cr - based coatings. 20 12 Exanple 3: -MIlling | ow
al l oyed steel - sem finishing Cutting tool: end mll
carbide, dianeter D=8 mm Nunber of teeth z = 3
Bidnmgleilec EMlh'la'-IIbOIp‘lstaéébyéa(ésee]D|—NS§:mﬂ.]ﬂillSﬁl@Jt ting
t tt =4 n Feed speed of
TRGDUE Rl o i SPEREaT Tt BB b e i
dept Nughere gf %&Fth 3105 m 10 Cool i ng: Enul si on 5%
vBrrﬁcﬁﬁe%e dexwbori kidd1gcke9) pinfe aphterion: width of
wear land VB = 0,12 mm Experinent Nr. Al oy
CRItItbﬂ}g CHERTSE" *Conposi tion by EDS (at. 9% Flank War
El encikteimg Abé@yvcﬁd l409 MimiAl Cr C N after 150m 1 2
El em; - - 48 - - 34 18
0. 145° Z?E'FeAI N * £ m’%‘}‘g 33 - - 38 0.110 24 ALTiN
« _ Raafal gepwp of cugp.0= 186 ™5 AIGIN * - - - - 43 26
- 31A91915(aep21601f| YN, Y=-1Pmm - 43 21 - 30 0.100 27
do‘o?n \ 42721 - 32 0.050 28 AIGCWN W- 4 -
P, -‘%%1%’6%0 29 AICCMON Mo - 4 - - 43 20 - 32
Hrog6ss: SOwAIlGIWBNEWB 2 3 - 42 21 - 32 0.030 31
Ao NS N Nron? B e 23 g Yl 980 18 Lo onghes

state of the art coatings. C denotes comnparative

exanples Exanple 3 shows a conparison of the too

|Exgegimest Nig gadlioy] | et ed Cheatict) Cerapogitin biEPS @t Bur i ng| Flank Wear
fini shing |oflerpl| Eeth. CANBHONAIGY GETi. | AT | &Cr C | N | after 150m

1 2 El?m. El;m. (mm).

22 TiCN * - - - - 48 | - - 34 | 18 0.140

23 TIAIN * - - - - 29 | 33 - - 38 0.110

24 AITiN * - - - - 23 | 40 - - 37 0.130

25 AICIN * - N - - - | 43 | 26 - | 31 0.050

26 AICrYN © Y - 5 - - 43 21 - 30 0.100

27 AICTINDN Nb - 5 - 42 2 - 32 0.050

28 AICFWN W - 4 - - 4] 22 - 30 0.060

29 AICtTMoN | Mo - 4 - 43 | 20 - 32 0.065

30 AICCTWBN | W B 2 3 - 421 21 - 32 0.030

31 AICINDSIN | Nb Si 2 3 - a2 ] 22 - 30 0.050

*; 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, TiAlN and
AlTIN coatings show a high flank wear after a tool 1life of 1f = 150
m, ﬁools coated with coatings’ combinations based on the formula
All-a-b-c-d Cra Xb SicZ exhibited significantly lower wear. These
results indicate that Al;..p.cca Cra Xp Si. Z coatings can adequately
resist the high induced thermal impacts of high speed machining

processes.
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standard industrially used | ayer systens, such as
TiCN, TiAIN and 20 Al Ti N coati ngs show a high flank
wear after a tool life of if = 150 m tools coated
wi th coatings' conbinations based on the fornul a

Al -a-b-c-d Cra Xb SicZ exhibited significantly | ower
wear. These results indicate that All-a-b-c-d Cra Xb
Sic Z coatings can adequatelﬁ

thermal inpacts of high spee
skdmpEXanpl ewidi1ing M kusgemti ausdenlédL ssbal Nl esaghiee
- roughing Cutting tool: end mll carbide, D aneter
= 10 nm nunber of teeth z = 4 5 Wrk piece:

Caurs feqitoolt : sdndi niEssasbiadd, Kigne@ek NMoTi101dml12 2, DI N

1.4571 geter - gutting speed v. = 67 mnin
Feed ratcgﬁ‘%%gg %’a % nm 10 Radi al depth of cut ae = 6

resi st the high induced
machi ning 25 processes.

I
D

ok RIGCR: eSFeRiBIC @Gelralgss 9tefth XCOITHYOTEN 4P ofr SV

1Pr4@cgss down milling Tool life criterion: w dth of
gnk wear land VB = 0,2 nm 15 Experinent All oy
&ML HPTBNSGSi ti on by EDS (at. % Meters N. Elem

Al l oﬂutﬂ'irtgaapeem AL wrisAumAr@ir omi um Car bon Nit rogen
untllFeg@Ila%ef El @p333@n TION* - - 48 - - 34 18 22 33
Ti ALN* 29 33 -' 738 15.5 34 AITiN - - 23 40 - -
37 3FaAIEl APRYINOL CUt A.43 6BR. 31 21 36 Al OrNbN Nb 5
- 42A21al RPt¥DOcuB A MAN Mo 4 - 43 22 - 30 39.5
(}3 }aN:,.on 5%44 22 - 31 43.0 *: denotes state of
W a?t 19937 Exanpl e 4 shows the conparison in
Rryoks$ i fdewnfmldéatl@d cenented car- bide end mlls

agal Nste staiddiess wilesl of GiahRUfearndiist Kisak| y, uggd

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

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

32 TICN* - - 48 . - 34 13 2

33 TiAIN* - - 29 33 - - 38 15.5

34 AITiIN* - - 23 .40 - - 37 31

35 AICIN* - - - 43 26 - 31 21

36 AICINbN Nb 5 - 42 21 - 32 435

37 AICtMoN Mo 4 - 43 22 - 30 39.5

38 AICYWN w 4 - 44 22 - 31 430

*. 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 AlCrNbN, AlCrMoN and AILCrWN 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 AlCrN systems, consequently increas-

ing the wear resistance.
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20 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 tool. The best results in terns of tool life
wer e reached using Al CrNoN, Al CrMN and Al CWN
coatings. This increased tool |ife could be rel ated

to both an increase in hardness 25 at high
tenperatures and the good oxi*tdati on behavior exhi bited
with the use of Nb, Mo and Walloyed Al CrN systens,
consequently increas- ing the wear resistance. 14
Claims: 5 1. A workpiece having a surface wherein at

Clagmst parts of said sur- face are coated with a wear

2

3.

resi stant hard coating conprising a coating of the

foll om ng conposition d Cra,  Xb Si cBd

AR R R R N KBS MB2E R o S Taid sur-

1Gael sroneostleameith ar weanpoesicsthnonhdyd CoaChhg mmp@@smg a

CNQ_. .and 0 0+0l,<=b <=0.2 0<=c
<[P & ok tg %Olgoﬂlng ggrﬁposAtV\or kpi ece according to

cl ai m 1 havi ijia-bod§radde-Bs 8m¥E¥E.| , hi gh speed

stead sshay qréﬁ&@'oneCEﬂ&t@nQdfﬁﬁtf blbde.‘{o Oky anyrant her

metal ,or ceranics ce, accordi ng t

cl ai‘m'% WFeFéF‘i‘ﬁertthQrvﬁ)WB%%D 1§ ?Cdo?ﬁ for EO vo;

t enper at unhe aod eE alr<y= Po®li ng operation. 4. A

wor kpi ece acc?rﬂl ng'ga.chadml wherein the workpieceis

a tool, a cutting tool, a drill, a reamer, a broach,
an insert, a hotr, Ca<‘2051rﬁll an endm | l, a ball nose
mll, a form pg @oks ;adie casting nol d, an injection

nmol d, a stanping tool, a deep draw ng tooI a forging
die. 5. A workpiece according to claim1l wherein the
wa{ k\mrenneedes aacooiing 30 péaemtl hevitkmayvpodutmpdenfedn steel,

UREr b e 'stbgfuﬁmgkgxhéiﬁtl | sdfdnéad i rpiaad/ o@r afly Yother
runm ng conditions. 6. A workpiece according to claim
1 WHérlePh IFE™oTkpi ece is a com

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 lubrication

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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ponent, a tappet, a conponent of the valve train, a
tappet, a 35 bucket tappet, a valve |ever, a rocker
arms, a pin, a piston pin, a roller follower pin, a
bolt, a conmponent of a fuel injection 15 system an
i njection needle, a gear, a pinion gear, a plunger, a
piston ring. 7. PVD process for depositing at | east
one Ali _a-b-c-d Gra Xb Si, BdsZ 5 filmon a workpi ece,
where X is at | east one elenment fromNo, M, Wor Ta;
Z isysoae, %.hemEchtﬁlbn aeRpdand geam N, pGri&ENgebld, L£Blunger, a
ON% s qu:g <=a<=0.5; 001 <=b<=0.2; 0<=c
0 i 0"8= d <= 0.1, wher eby at | east one
mnrkplece is installed in a vacuum coating system and

'ﬁaiP@DS%rcttc%gb' £o:086p 84 nkNa@ et pan%sw_sb_gg &0 ﬁp%ic By 7
atnusg ere utilizing at least two netal et al

oy
Carti Tt APHTIECF o A0P~E ohpict &F 1 1555080 dAmeRs dirom 1, o,
| easbrome refctdnecelgamt applotbbghdtrrbhen suhstia®,aco, cNo;

aﬁgggbyt volgqge § PVleroggss @gporglng to Cé%tlag e

e reactlve gas is ni- 15 trOgen at® 3 par
presstire ohexdipuet3lespaong wopYpigrendessndeddediing at vacuum

cl @bt ind @y8redVighehy: & B?s@éﬂrb%%r@é@ratgglfrﬁgelbvs px:lag;gure ar-
V. 20 10. PVD]Frocess according to clains 7-9, whereb

y
t h€°Bt 2FIEEBPeTWG I g6t 8¢ ClBFi 5% ARtahpropetal alloy tar-

gets with at least temporarily addition of at least one reactive

gas, applying at the substrate a negative voltage.

8. PVD process according to claim 7, wherby the reactive gas is ni-

trogen at a partial pressure 6f about 3.5 Pa.

9. PVD process according to claim 7 to 8, whereby the substrate

voltage is -100 V.

10. PVD process according to claims 7-9, whereby the at least two

targets comprise Al and Cr.



