Wrk Piece wwth a Hard Layer of AICr-containi ng

Material and Process for its Production This i

relates to the technol ogy involving work pi eces &@m m’ ’””

are coated with a systemof thin |ayers includi

| east one layer of an (AlyCrl y) X conposition as *139is9x

specified in clains 1 and 2. The invention further

rel at es to a PVD process for depositing at |east one
X-layer on a work piece as specified in

(A
Workfi eﬁ‘('ti‘@ 2P &ayar ot AICr-gonteining Matariahanddtroenss domita Fseductibre
follow ng: - Hard-material -coated vvork p| eces vvlth one

This |9venm5n rQIa@s %oetﬂg ?e@ﬁr% ?; m§o Mr?grvgolzﬁ gi%{?fs rg coath?—Hm %system of thin

| um num chrone ni
'ayerst'B%HdéH ahlepst oge lii'ﬁ*rr?ﬁ?ﬁ @h%ﬁé( ompesitipe aelspes:alp@mmiaims tland 2. The

inveniiany@ther, relates e RVDOLIbARES fEitiebostigg aMéhst IWB EANCRL N al&?8h 8 work piece
as Spgéﬂ:rehuc%lmq@ut ers, indexable inserts, screw taps,

shapers, hobs, d| es, swages, draw ng punches etc.),

and the use of such tools. - Conponents coated with
Specifida(y, NisonveAidGre6dénipayses e follBwipgr t i cul ar corrponent s in

Hargjﬂ*%teﬂlﬁlﬁzlo%@ivo %9&%%?{!‘ cg%&ﬁ Q? ehcrc]e%f evgraagﬂger?rm?gers of

| TS R
aluryiy o pifgide or Gaphopiiddr needl es, con‘pl ete bearing
- ToolsseatedWitremundinunt tredme hitiidé wii odtﬂ:ﬁh:tnﬂ@ﬁﬂﬁ@ @{Ha&lculaf%ttlh@ gndiS€

madﬂfnmg%éfél'ldrﬁlgmé}? nrgd%xabTel Hg QEER ¥ Ip% slha g %l & S\g %gs

rome nijt e or ca

dravﬂ'é? ﬁ’uﬂéﬁs eicziyaé’ld ther4sg eftslHFfé"°°'§/ar i ous t ypes of AI CrN
- Compgpentsscoated aith SEN krAIOWENi layesr in Partiauldr corisbherty ANRY r@aImJ:P

mecﬂ&n&ﬂé’n@%Zerﬂiéﬁédhﬁ%%gf&tnlg\éﬁﬁéﬂ' Afo?ﬂeﬁ&gﬂ '%B&ﬁ\,@%e‘]:u?%@s plapn rings,
lnje(i/or nﬁe% ple ea g aésemtﬂf\? or waﬁw@gﬂcgﬁ@pngnt% ayd éhe@lsgof
SUChW?atPO'IW}Ser has been successfully used for extending

-A prbé’b@s l’o'r d&fng idySd @K Akthifunh Eﬁ@rﬂé Sitride Br clgMdL nd%%’ﬁf’g F&Iﬂéd

| ayers...', Thin Layers
layerS?% Brs? Tr ends & New Applications of Thin Layers,

: 1993) DGM | nf 0. gesel | schaft Cberursel, 1993, p. 73,
Variou®typSESFWIGNAE ' :
ariou®typ IGrN 2y Brs Ravellek P Riodn lrggigpé'r! p@reﬁ &IéJHOb?XﬁZ?%‘% ﬁassa

r| .| test
wear- BERH b Bt B Wibwipadephafon Bl o) htberaeks Y eihiang . C. B
CN. BN IGBY 2 ttho & (8- oheklayenhaciheen Isowessdully usesisial éxgeniding the life of
indexadlerireags. f | uct uations in the chrone/alum num
\ ' he CI‘ /—\I N | a
i Wb dnBbin bt B, S SN RL n iveeas ew Appicatins
of Thip Layers; 4983 REM @fgge@e\llscha{t @beTirgel, 1988, N 73apPeseiulz dBarF. Wilerg
descnlﬁOﬂl:rAINT@,@hNhlch\éféEordlﬂ@tg a ddl té@@&%bes thid hfe J:ﬁa’sdrlll %@Zﬁ?teMwnthAlN The

layer Vdéﬁwoglte%y g lhagw Cat\?\fj%;etpgc?c?%s ngh%'vﬁyeé resu&ﬁ @ﬁfrgﬁggluctuatlons in the
Ch’°m?’ﬁ‘ﬁ'i“k99’§d"58'k?tt9am B (GrAH lgyen Aescto arqllsmmmus s@ponalidntpattern.
conventional Ti AIN |ayers.

In ‘Oxidation resistance of Cry,AlLN & Ti;ALN layers’, Surf. & Coat. Tech., Vol. 165, 2 (2003), p. 163-
167, M. Kawate mentions a Cr;,AkN layer which, with a high Al content and a wurtzite structure,

displays improved oxidation resistance in comparison with conventional TiAIN layers.
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In | Investigations of Mechanical & Tribol Properties

of CrAIN + C Thin Coatings Deposited on Cutting 1

Tool s', E. Lugscheider, K Bobzin, K Lackner conpare

arc-deposited CrAIN layers with CrAIN coatings that

have been additionally provided with an even harder,

carbonaceous cover |layer. Al of the |ayers display a

coefficient of friction that rapidly rises to high
Tbollﬁvelsh It i%%the techni cal objective of this

S uERghgier: i Bobaim Kddekne sampete rodenoaitedfartbtiavasivith BiAdbsstings
that hevecteemdditiohalip piorided withtaaleveniatden garBsthcsdua piveBlafied Al f B8 Byers
displa@%@&ﬁmi&fﬁ&i&dthbﬂaﬂ@fﬁge% n"i’g{ﬂ_‘ievgﬂs.e construction, as

wel | as a process for depositing such coatings on a

wor k pi ece while avoiding the drawbacks of prior-art
It is theptehityirgl exgsctiveEstahip inventiom¢d inideiuve (A CPi,)EX-Satsbh@S . pieces such as

chippB@ ahdtdMuttitf ankl @RAsingi tébid £H6 KB Rnedtd ﬁsbeéllr( r%ch[n@%bc?die I:.o?hs&fction, as

well a80 r%gésgfotrgglogi. uni fortrin or sel ect abl iervar,l abl e .
conposT L N9 SHT ©RNNE 0F 2 Pises Waksavaiding tapirwkasis dbprior-art

methesplpgt greater wear resistance than work pieces coated
with previously known | ayers. To investigate the wear

I stance of (AlyCrl y)N- or CN-coated tools, Cr _
eramb €8 haLAN G Bt Pl SoUELTHREN LRGSR AH [5hds dan lusiably
unlfor@@pggqcfaéu vgyigbleg compdsiipyangifwhigh aikegst ie cartain apglicatnadtfer greater wear
resistaniaél thah o lpieEbaTobit R RitBare disUsh kn&iRdhJeRg System as

referred to for instance in EP 1186681, fig. 3-6,
_ description page 12, line 26, to page 14, line 9. By
Toinvegtipate thgwear registance alihi @adN-onChsoatedteds CeByaswithifieghidiuminum
concepteatibnsOdvert kibsosiet &4 agHelyl & dohtlece§ Using tah A duBHA RSy ped Brers

. . i ece unt ed, according to
cont 1 BBy R R T £ o AEROLELTY (e e
14, ling P By elereacy, prig pubgg:ltlﬁqﬂhuq)l?pcpm¢qﬁréntpgjalaait ntthis phsttagtication. For
that Pwm@itlﬁme-wﬁ]e& waieFédvﬁr’d rﬂdﬂnféﬂ,gc{&dﬂg t? their c]iciar’raet?r,feither ort\ double-

tatinB OVMELESia or ce argets or diTteren
otaing 3 G Ut 8 R o P AL letBBains o WP eagrou
powdegpetafiuaigally |Peodeged: trrgete GAEiffergntsyIGr @liays Wers tinstailedinaain cathode arc
sourcdseattervalls ofkiesdoatngispgéal | ed in the coating system

heated the work pieces to a tenperature of about

Next 5%0EC and, with a bias voltage of -100 to -200 V

ext, radiatpeaters fiewise Rpgind inthecrefiaeystern heated the wark pieees &f a emBerature
of abo%O%E;ggnq%ﬂqm tﬂmjt;fayefcﬁgm td\ﬂ_IQﬁ \SaHRjidCh %g Arddn atmto:sphere ata

Bl &h- , ns.,. reupon rating
P he two' £|h|§ S (F)kg're}égeés gérsa“) egeoS%b i Ct%qﬁtf);? E p8lf3h§¥ é’%ﬁ&/'?rﬂo A)
in a pure nitrogen atnosphere, a pressure of 3 Pa and

Thereugpos g Sperating theotivb dyeutrks Mém@ﬂﬁﬂpu@oﬁ%& I';_\NQMUA)EM a pure nitrogen
a mo_s%Hee os?t ed. f odl\‘la%%%@gttr tég%g%:%e?osgg é\é%ve{)? p?rhog °? gm”“fan TiN
bonding b"‘g‘?r@B%“t QR thick Vﬁ@mos@ﬁd, foliawed pythe 2etipation ¢ theddur AIZOsources with
a powerrrbfg&_]d\/ﬁ&g;a thiod bf 1d§ pfitel 8hich db;ii))ﬁ&ﬂﬁ a@dye A GO A@irbptti)r?ized traasition
betwedPRid | n tne |ayers S. O | he

ctue e efios cRENE) o) AT Srah ey BUE ol Ra i Toecter
nitride L?%/Fé PR ngrrb’as%lwa epesitading aye pitregen@mosbi@re, lagaiv atgapsessure of 3 Pa
and a U@z voitege bf-58V bl pirciplel thOPBEes@ praBRIRITE ch FBisEstBbs riay be set
in the rQﬁg%%ﬁaH'r &5 Q)fabgut%q’a, preferably between 2.6 and 5 Pa, and for nitride layers either a

pure nitrogen atmosphere or a mixture of nitrogen and an inert gas such as argon may be used, for
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and a substrate voltage of -50V. In principle, the
process pressure for each of these steps may be set
in the range fromO0.5 to about 8 Pa, preferably
between 2.5 and 5 Pa, and for nitride layers either a
pure nitrogen atnosphere or a m xture of nitrogen and
an inert gas such as argon may be used, for 2
carbonitride layers a m xture of nitrogen and a

wWith the adm xture of an inert gas if
carbonz?rlc}%cfzgyg;syagm&ﬁrer %fsrwaqan mﬂ %,cqrteonicsgaﬁo\g@, the édmlwhrgrpf an inert gas if
necegRayoSertesprNdingly i érrosmible whirodepnsithg ORREHIIE bdréhic&balings, to admix

oxygénay §@BroRiE g iRBEMBAtEnAShibN) conventional fashion. Tabl e
| shows such characteristics of the layers as their

;%stallographlc structure, their thickness, their
Tablenlsghewiessigh cf[arggteristmqrtheﬁayslissat thaiceystatichrédhie sbﬂ:ﬁﬁﬂ th@ir thickness, their

hardriets, &Bliv@ar@ésm&'n@' éﬂdk@)ﬁ%ﬁcﬁnﬁe@tﬁo‘f‘p\l@m I%rs%fs aq‘Lm@t‘olr; Gftheir chemical

t tu
c:omp‘c‘sl]Jlfleor;g1 :ﬁ\% cr)és%? ngﬁc§%? ap N@?taartberefén%%grbgfg%e tapggg @g@loyed Process
para%qraﬁmheqsstagggtwelgssubaragaeblaglvcd!hgh petbsst pradsareldndSemperature are

summétikddagBablg. 0CeSS pressure and tenperature are
summari zed in Table 2. Table 3 shows a test sequence

in which AICrN | ayers were deposited using targets
Table\3ishewsgtest sequengedn which AdGriiddyetsveB: depabitbyusiroparyétigith an Al/Cr ratio
equalth § areine Ebplyﬁd{hﬁffd‘@t Sub¥fhd RAKTRs. ThERe¥Gadists RS Wl wé}ﬁn \é@ﬁsmg a

t e sion tester
prec:s%‘?\ a%kﬁ’oﬁ?éjst Eh%t d?unR fgr.ljn%‘tttuq% ﬁ‘b ﬁ%m?rﬁvegn@deqﬁﬂlqwg gy the
measﬁ" e of th‘eabrﬁ%od‘g atF e mpdified PINENINST &Bbesedr catotte griming infocesd. M¥tils of
that pighést @relcoRtalnasia Midhik, Qiuff% Géédt m.\bm 9\/69 r1 @@ 6545 QOQQ?thbe §470£olumn 1
ned in
one 128 S5 Sy Rhehi 0 SsB5S ubirszad o w et aolcsinn
fig. 1. By reference sai d publication becones an
The fallowigggitiéxplaiithis Dieritibh i mort R badRB bh 5RbaRRIe ahdGith drg{eéenfe to the
[

attachb@Yragdingniddl. | | explain this invention in nore
based on an exanple and with reference to the

Fig- 14t t ach8PWgrRDEeestR ofipn AR stiuglurewits Bowed BRD spectra of
Fig. 2an Al Cetidws XROGhed@ onAICIN Blersiath fkiid & the2h& oM SRBmposition:

spectrg_ﬁ§25 oMo as a function of the chem ca
Al Or con‘poél!:ﬁor? 35/ 55, =50/ 50, De25/ 75 As

indicated in Table 1 and fig. 1 and stated by Kawate
As indicated iMT gl handdig elsd atatdd bpkdwaesan Wrc&lﬁﬁin@é’s #Ab Ia@Eé—parameter of Cry.

ALN Iéws’ J. Na!:g?{ el"e%hnol 20 AF@Wa%ﬁerOa_f nag! 571d A conéeg{r%uronst%grﬁ ter than

7OAP ﬁ &% : | concentra i ons
76" RE R C?rﬁ%" r‘FeY’E\IaVE’oﬂ‘P\%?ﬁ a hexagena! (Bdfy@verﬁfmterd vebile lower Al
Conceﬁ@ﬁ@g@wed(an)JICI By dayersttructot LUTHe WhValu@s hi@W&lred¥or hexagonal layers

were aBEUREBOHVAL, | IS the h@%geﬂnéegprhgf)?a B rc]:é%yg'ys?r{jctﬁrtesr Hc\%\éﬁ@ﬁer atabout

HV va ured
28003105 TR ) B9P g CacoppRairRigns/GARIBD Hesehstsness megsured was
about Z30BH¥o.ob- ycentrast to tretAlN leticeat the high-gliminuatcoatgsitiustr280 A-ig 2A0tnis

compokith. dlBlafS£ErNTiatLas khownih ?@ 2*5 gher Cr concentrations
(sanpl e D) the hardness neasured was about 2300

HVo. 03 In contrast to the AIN lattice of the
Subseqyepfifieteringtiaonwere airied gsthé life osAICAE®@etel B rirh 1SS AribitstubédSon DIN

1.2080 steel with a hardness of 230 HB at a feed rate of 0.12 mm and a cutting speed of35 m/min as
described in Example 1, below. In the process it was found that, contrary to what JP 09-041127
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conposition displays a N lattice as shown in fig. 2
D. Subsequent determ nations were ained at the life of
Al CrN-coated 6 nm HSS drill bits used on DIN 1.2080
steel with a hardness of 230 HB at a feed rate of 0.12
nmm and a cutting speed of 35 mfmn as described in
Exanple 1, below. In the process it was found that,
contrary to what JP 09-041127 3 describes as a

articul ar suitable AlyCrl-yN range of 1<y:<0.7, a
descfi3E b & BRrllaln NS A G YNTRE OF Y400, S pypese aarvermgrageTn 0. s
more\aFeantag eruis Oharties chomesohdeatrationisigha@F M@ Gleqlidl@, e0he BSHERhance
in thig &erf&pplet%n%feFi&E@?% ddeht‘lglexﬁstiﬂ% B lg%?%eglgb%r?i{g%gxagonal

terigrates again due to e exli strng
A'Cr@%’(ﬁ%’? i es TR gERon othesenth agiastivpuhias 2686t . 1 he
life extension of those with a cubic structure was
For 1296 Moa trERditich A Y&Yich with arallchA8}s biy y=tel ith an
the p%?&ts ?)n;améfor btef@r\;\{eer%t 2006 aﬁﬂﬁé@ﬁ%ﬂ _?({/le%{dggétg '{)'f %OSB'Q%‘Q}aV of
oF ﬁe lere 10 58 ?%\P Ve freferred odentatipnybut g Pyhetliggic structure of the
crystay fattie As stovay in eheteaermimotiisst BaTalle Lhe Idbaséutor Uoh Uica Qlbstrate
voltadefoe -50Mpysuadd d ikbdoR strfturs ' £ Jes
58 5 AUl PSRN 8 ] Bt

T, e . a ] ow pressure o
vo'taf@gf f%g/]eresg@ i §(?§7L'f3Ptﬁgb'&eeaheahel’@?aﬂéﬁ%ﬂmf%'tsrt'U@tdamél;ted at a relatively
low bigg-vetzagandlow peessLue ehile #repesfafed Sudmstradithe & dBpdRdd Rb Righer pressure
and a\@ktivalg Righer bra8 OMtab€ %’t‘l\ibﬁetr hﬂcoﬁc %Hgﬂoﬁ? glt rngﬁc}ngerrrep'gfsg{llqe@ @rcguce a

._hexagonal structure IS S deposi
CUb'CF?S%SE?Ca\Lge'voI tage and | ow pressure while the preferred

cubic structure is deposited at a higher pressure and
Work pieteslaakdrane] o tHid ighdfion {afy r -
comp&ABESPL ﬁgﬁ@g% ] | %';f zj’fgéfi’%gégag@gg%‘é“g P g e ptonin

cubl ¢ Tayer 31 PIRTIE) 20t &S pr 8¢ ¥elaiablyP-4P 7y <068t T structure
of the jayerdihis Gasetih micedcrystellifieasithian @varagsLgodic sifeAds X631 204) 20%m.

coating of the following conposition: X = N or CN but
preferably 0.40 < Y <

rabl .and. 0.2 < Y < 0.7,
i r°°‘j‘%.re§%‘?°°$’%é¥%{>‘l? L'PcVFfﬂP%afe&Pafﬁﬁar'ZP%sé? PropRduFg i’ Wiigts @ cybis (ALCr.) X
layer igqeppsiied yih ardmnesition askefad aee. Fgetheattiotic aichocds dekabdd, target
compadBierks2ith BT5 toREAGRFHRM BRI id iop are :
alumi ﬁqz@@é,&‘%i zed bpé a pr oce%%gwﬁgﬂﬁ%gﬁléggﬁﬁ\géllén the 85 of ahigh
| TVPRESS PRt M RSt a5l saiipecin erderdemsediice # exbicaystal
structRaf i ned above. For the cathodic arc process descri bed,
target conpositions with a 75 to 15% al um num cont ent

In thatlc8 i € rticularly well. In the case of a

Qﬁ%ﬁt‘;ﬁﬂiﬁ e BRLR % Ryl Bialioall mbiess s ssecapecas
presseg [roeistha aay Pe Herg splid thandused ersintareschiCrdargets wiibrcespadiesy i the case
of a higtAl aorttent @nd torcohtamtori@@piexd, it wi |l be advantageous to

use powder-netal lurgically produced and especially

col d- pressed targets that nay be nore solid than

fused or sintered AICr targets which especially in the
Targetscﬁ's{%at tof a hi @h Al _content tend to contain brittle

phases Perar JRPP SFed Ropoh (i dhepevsripeny basesmeteria follged by
repeatqd reshaging fee instahasain alfegitg prase comtaetel al 8mp&rhiu@WBEIoR¥60°C under
fluxing BRDERL @S0, 88N RIGAGo b ARal LoBNGE, %tgﬁo%et%%&gbsﬂgo o6t 6 - 100%.

conpacted at tenperatures bel ow

It has also been found that in the case of an AICTN coating that was deposited for instance with targets
of the Al/Cr=3 composition, the wear resistance can be influenced through the substrate bias voltage.
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fluxi ng and col d-fusion, and brought to a fina
condition with a theoretical density of about 96 -
100% It has also been found that in the case of an
Al CrN coating that was deposited for instance with
targets of the Al/Cr=3 conposition, the wear

resi stance can be influenced through the substrate
bi as voltage 4 As the substrate bias voltage is

.aprasi on resi stance decreases (see
As th%_gt&sﬁaqg?uas \@ta%e lavcreeﬁe{j,ht eaa%fo&p resistanre %gagees\[gée Table 3). Already
with a@@y@w&p@a%ﬁp@gte vpltage sppedificelylshywrshdarma &) ot jbﬁ a few volts (3 -
10V aha lhysolt@dfe ij besheed) if |§‘p5\65\éf9'ettogot§a$n a %%mf%t%}gm%me 9 con%p%nson with

aln a si

floatlrlgrkupﬁrtayggn,Zh%unlf; tno Iéaétﬁ%\os S esw%p?yl)] th]e wsak r]eﬂga@cg [ f\l{%{f@ geaches its
maxu'(\%gtlaﬁ@ﬁ néP\etheedrqes ofiaghin agwhsupltdggs. Thd tests v@allcted for determining
the weDatdraBiRe bin Hbtintai s@sﬁ*é@é‘@}ggce rhﬁg% of BESL n%t156\?ﬁ%at especially

her VO

betweegg\éhd 516\? \ghlcg'gra{a%a a W&?Ig\lf/ Uﬁprﬁelﬂbra qﬁ@emo and B and especially
betwe§[l|§§@§? °§ﬁ1 ®phi 18T hasieen meesered. imiey condingseappk tORbLIVERErs, per

this inBergiorg oﬂcﬁf@h‘vérﬂnﬂbr&sr}as&‘dltﬂhé M/hlcrbfi& H\ﬁ‘?&gé aﬁi‘é%rés%\{ iate&g\etel %pthan
a5 \.e W I‘ asl rat e of et

1.5 ngﬂwglg e\étl %h%rl!:l% rﬁen W%nerq ow&v%{nH\ab 8 vyeghfesm_ang_q)e\@ ¢ £qatings

depogiechan ﬂ%&%?@aﬂat@i withl &ahigle eybdiraté weitsgem s EHubstardiallyddater than that of

convehtinelTEAIN paatingstuhbose dbfiéRA bdefidientd sighifchRy ﬁl@l’ier Aol &bm Ple for 2 TiAIN

| t brasi on

ayer ;??i gta'gglgﬁ.ls Mgh ipgs tth&%%ﬁra?s?éxpeil erg ﬁdﬁhﬂ at{e Ti 53 at% )an

abmsﬁ% Brigdm Womeverwmﬂﬂ%ﬁumﬁe wear resistance even of
coatings deposited on floating substrates with a hlgh

nti al | ater th
:he Pf§(§:%§ Héﬁf}%ﬁ%?%’ﬁj%ﬁ%&p}ﬁ%@ea@ ij we\% g%éa?lgrg*cg@ pﬁﬁuced T|AI targets,
asma étfHDF% l%trchdeﬁx§1t @yvgﬁtll@p%saﬁ?qtlygshTWMS Pl vaxesmpdaeyred ave in the
range heteehlON and@y2um aefrosintsid tHelzama aanQé’éJtﬁosfef%ﬁ bfl\pcfbaﬁ#ﬁ;s%)l%@uced in

47 at %
co e e S ARG A shurgy n4h e LoceeB nisu P Amdtrae
IeNeIRY SELLLARRIGLNT HubtenpRiATEed masetsugiwns. whicly ganketan seo désigned that
the coppandetrB: nithatebultingifield) dxtengingid @ erettidi Prpehdib @& tSthe shiite, displays

essenﬂﬁd&dsknp%aﬁl' & &rd QadERRS) Lgl g;‘p"é)ag gt g%&qa%%aﬁn %?lﬁé&f]the

perpendic Iar m [lRﬁ‘ alues nmeasure

"8 Vit cll vl 8‘?{'&!"05?’5 By p{gEe $6h 2t briovs A0repreferatge bdsw P @se most
desiraly be@mN Oc¥s4ies. MbsHRVS (Rad eadliek of thee@OPA)) Xdyersltasiiefddited were in the
0.05 afclg. 15"@1‘. ROt RIngn &k biBGaS é}'e} T yg\ﬁosmgt%glp spunter-polarized coils

i shed .usjng a nagne gene
mmxm?ﬁ%gﬂp %§$W5”?%B gbunter polarlzed magnet systenB

mhlch generator is so designed that the conponent Bl
of the resultlng field, extending in a direction

It is als%?ogﬁﬂg %vﬁéjn g‘erpfstnts)r}gt(glz(;rgbl\r/;%%@gs g{,éﬁgl%ye?,mr%;ggghbﬁypgnductwe
nitride pmetalie, penging. laypreeonindege sfondertain eappljvetiqpe ndi dispb@se with these. For
exampBEgTEehieend d rakHdulsGRA @Qﬁhctlagy Ié%‘lrlt‘?s p%§§| If% Eﬁ)* é?u%@r%«lCrN in lieu of
aTiN bgﬁoﬁg%y@ghb{lc}f@l@% T E%T scwéclea%f% c8?t|ng ﬁ)ést i{;@pq}ﬂ%pﬁd With @Qét,a@ets

and to ipgjease dhareaingdioygape ratey t he 0. 05 and 0.15 mrange. The
magnetic field was generated by two nutually

i = RO oaxj al | p03|t|oned behi nd
itis furﬁﬁt&%ﬁéla %tdeg{géltzg?é%le%r oa?nﬁsgcgl rB}aaceA% g'hand% ﬁ%@?"t Itl'ﬁbls incremented
(AlyCrl y) X coatings to use other, preferably highly
conducti ve, S



nitride or netallic bonding | ayers or indeed, for
certain applications, to dispense with these. For
exanpl e, for achieving a particularly high
productivity level it is possible to apply an
AICr/AICrNin lieu of a TiN bonding |ayer, which
allows all arc sources of a coating systemto be
equi pped with Al Cr targets and to increase the

ti t rate. is further possible to
towarg% su}?%: tégl%g Hgn%teﬁlaltypﬁsgcg targsts Vi/lfﬁgtffambbtll\%f fakiosaa, stdrting with a Cr
and/qg gﬁ\{ t@mﬂmg Inger, brisgingebre rempessie chanya indhd Ihl,%r SoTpb SR for instance by
a con@uoedr st@b’wnb@éd\.&trﬁé’?ﬁ@of%éﬁ:@ﬁes%ndha 'tag%r g‘utﬁlﬁ"t b? céjaltl@rcﬁamger equipped

star n
with t@th/%}ang ﬂl{c B egfe?s ’lk')l?e' 'Wﬁ?rﬁ?ﬁ fgﬁgu?r ag m,gp%rgafl gg:@q:a\t/@n @f Hsiyre df poating
systepig tlpe‘ﬁl@kty éq)rqumlblbndjﬁﬁrthe potesn Gardheterd eSsRAfidi) Y Shed Bntire
progreds@pVif I8e aﬁbtlb@tp‘i’&gés afd thhe &&ﬁ%@%ﬂﬂ@%&ﬂu gmgﬁ% Qt lemmal

comprhoﬂal‘ﬁQ&H}xﬁr% 0%currlnrgt %{H{s% égcﬁtarsmplsrorgwltlplﬁdﬂgttop |S|aqstrate carrier can

be adgb‘ﬁ’?ﬁ'yd‘ﬁltzf?%ﬁr @fpdttcﬁg § nanppteuctyfe ayergtart ngall oftyis thiekhdsSoftadayer, i.e. for

laminatioh lin thy nbi> srepicesee! ang’e b USthe %Fb%eé%f.%ﬁéépﬂtﬁ%t%g% Beuse of
e

ression o

unallo?@b%%ﬂeaalné%lgrg‘sﬁgr% éatﬁ%e%vHPrgs%\,rétpg gs'té%f) r@orteﬁquke‘l]yesggctqjgd hard
layer ﬂbwcpugﬁc@rthe $eA Witmplloyssdvgrdarbets.onal  f 1 uct uat i ons

occurrlng for instance on a S|ngle- or

I ate carrier can
Nt Vg% Aok L Bked HARVER ol BRE ook Re mmEhien G pagance the
SVaPoRET OfﬁtahaetSt ?5% Ca'l“Poftsf't ' %ertdﬁFQm'N@QSO"@fﬁ ictlhte cbratsoé Bince tha does not

allow foua repioguribeaquatitp of the ¢édatngnano or i crometer range. Due

to the process involved in that case, the use of
Itis al (B g % chrone and alum numtargets will result in

?‘h% g %o P8 1 Producadiivtyraeficatings istothet vasrend chrtingl systems for
instanpealpiesruttdting, alibeliatl itreayt teenacassarywb tomsnkay el 1R IQ& ionization of the

proceds@bgiRherent I}*%butté‘ﬁﬁé’pr%é'sée@gl/ Fac};\ﬁﬁal hﬁ&tf Sio us{J O%%B%cm? ﬁ%dmg Iayers

art rocesse
addltloﬁgler‘ongaté{t € c in @f’d%é{O q%@gé:pmeﬁgbl%mpﬁﬁgl gfrfhe ﬁagere| t her

dlscontlnuous or difficult to control, since that does

Cry. AlNdbyersadf ttﬁﬁ%ﬁeoﬁavﬁ]gra%%lggtﬁetum gssgrﬂﬂlla} i tI’? sten?snwe ﬁ?r)?ggmg the

most clx%erseswao?!l ﬁgceg oﬁ a(sl?aﬁg‘?usw a@@mea &giupql @utW§9@mu¢@s routers, hobs,
sphericah olaggrasd @Spﬂmglguttg{s iaagell a$ Uil Ugds, citaringyookereameR 2Ba indexable
insertstf@ lagiongneE Sl Hr&fesgeg 6r Mg 984 &h 'a?&eﬁgwgdgg a:lrém i Ca?ﬁs ejector

rocesses {ra
cores ;‘% ?nie{}a:d gl{?@%rg rétnécr%xésngp es oz%civar%a%Bhsoqtlpﬁthn@ pee protaclive leyephipglude
injecti G17ids fgriinstanes fer injegtioprmaided metalbioysi synthetivpesiralor e baupising, and
especigly irfelation| ragiés as USEd in theArodublich %Vﬁés%c &dmddibnms & ryo‘P Bata- Q@T’a‘g@ Shedia

such a@C@éJ BvesShd Mgwg ﬁnott?e‘?’ g%""%’?%@xw Rgeﬁlt hensel ves

or 'coatin sg%cétgal components that must
meet SEBQ?&HF%&@{@@E@F ip te”Eﬁ( afmpe@d iPerbénsaiso bigh biidatjort eeibtsnceLEXAMAISS in
the punpoanti engine lllﬂimbtsylncltsjféh@]lhg:\ﬁésherﬁ'p%&ﬁ\ﬁ pﬁ)ﬂgerp Q:‘;rblv'aloedrlves e.g. cup

;ams aﬁMFJcﬁJri’og ﬁ§e&f£ b @E(ftgﬁ hozrz]lzaéércPQB?egsror Is%a?tﬁl ?t%‘paﬂ’d‘d}?f 1379 Rpny
enmm%f%@é@§@§xﬁpmgﬂﬁﬁﬁng tool s such as dies, swages,

drawi ng dies, ejector cores or thread forners. O her

Given 8¥ 28RBSy %Tmtl@rdl{é'}ﬁtn@tgﬁg/gl A ? 'go%{ngohthg%la%gﬁglgrto improve wear

protective layers In nj €c
i nstance for injection-nolded nmetal alloys, synthetic

resins or thernoplastics, éand



especially injection nolds as used in the production

of plastic conponents or of data-storage nedia such

as CDs, DVDs and the |ike. Another application area

i ncl udes structural conponents that nust neet

stringent requirenents in terns of wear and perhaps

al so high oxidation resistance. Exanples in the punp

and engi ne industry include sealing washers, pistons,
resisthLc%nvger% ?éears, valve drives, e.g. cup rans and

FOCKErs o7 SPPsaEat iier piemsipe tefgebrmresitioneand cealing meremeters are
selectgf fyqush faphienthatgicalit ger stuntireranptainetent i cul at ed or

norti sed conponents. G ven the essentially simlar

Lour of (AlyGrl y) X coatings, they are likely to
,oR g RER Yo Gl MliEh 4740 6.5, BRI BB 0SS §0eROI B BN, bu
preferghly NeorENtahe 0.2 arvget. 7 enchpefsiably 040 alvd c8gat i ng par amet er s

are selected in such fashion that a cubic |ayer

. [ bt ai . (AlyCr1l X | I
Accor?hél%%l%ﬁres%@ I?\{er%{/itﬂ%?fe ’N/éﬁetioﬁé%qg dm?%e%[g?wd %r@? pl@?%/y,eiersséested.
The cEN{Ty PECBINE's Belectedyreed snibloyhobb descrBbl abiatk. Dhsetindé wierdh t8 5 Pa for
the ov@Fll ppsfre rafile¥n o 4R 60 e G- t@@oxyé&ﬁ%&ﬂ%@%rﬁ(eﬁnder being nitrogen)

fferent rati os were '

I rs th diffe
betweé@%%?% 13%1/ goﬁlgetsa%s?rﬁte IE‘%’IYIBB% #P§°G for tha dampgraturegnd adduh 3.6 W current
for therRauEpAPP We's Thod e st recHuvest fed SI/MTdties oftabout DRSE.6 ARG S DI VBRBUS miling
tests $HOAY@the EBRIngS Wi B B i verald
o g ek el e o,
9 %{ ﬁe r erra?nns%sre °§§I”ﬁ8'“ efind pats yvith cqsuenkigrah TNAD TICH!. - 150V

for the substrate voltage, 450C for the tenperature
The faanitlatanebéQAIRT3) X 14 WYsCer 8REr giififg quaitRes B rcgﬁv Rt?og!geriAlr-l\J_ ggatin

I . d phad rati os of about .f, ). 6 an gs
cpensy P RH SR RRUEREs 1 5o Pe sfioth ancin® prbisamborgion emnagtor
with the gpesatiop 2‘}%} egrgaeilysLttingand ehaping toajs &y beig atyle&d dlitnirate THte minimize
the am_’oensti(b_l‘ I;JISricmE Reedsd. YWiinfrbdaalth ks e@ttﬁ{oh%ralsbe!rb?sr]t éhl&lﬁér S%%Pnte%h%&’that

; W th conventiona INor IlCN _ Inhe

the coétgg to'o tm%gl{bgﬁgsgeéb%’ﬁ%&}% f)alje °'-|'tté{§ éc%oés cap Pl%flgrbfé:@retgplgher than the
cost ofdng t9pfsqual i ti es than conventional Ti AIN coatings

opens up interesting possibilities fromboth the

The gii§i ' . . iy Cn P ectives in connection
T s R B G
y addlignally ARPHIANLUEY Siidryety TAlSIsEP ieypr eNquid meferablp hatec lower hardness
value thanrtheriAk Er1. ) hleyea emistiould halelygasd 6@k propeaeed. Wth regard

to the econom c aspects it should be renenbered that

the cost of cooling lubricants especially in the case

of cutting tools can be significantly higher than the
The slip {gyer systern mey boeinsiitttsddffat ledd enayhétdion o theledrbiie/of@f le@st one metal
and dip@rbd Bab&rH Medid)iwrg NPSwa UeSor si
articulRYERLALOD..Can b f&?ﬁﬁ%@%ﬁ%%ﬁéﬁ Lk’qvg’d\ébf)?eng’ﬁg/h § silicon. A
P “5%?”‘ i nege’%?ﬁ‘p&ﬂ”g EXEI9h lepdriperoperifs i aé’1¥¢/5 PR} veratih @l herdness
that cappegeteciah bgtwirn/1§0@andd\aes H\h £rai0 ese's offcasimiar thpdttdiktRs, albeit with a
somewh &l hiyberlrigtibn dodifalegt and shoul d have good | ead-in

properties. The slip |ayer system may be constituted

of at |east one netal or of the carbide of at [east
Deep-hglgdriipgiugicoateh afta progesingmrie todhremiprehble€/dGplayddtan ekdefient@icalthing

of the IdaitimeLitthg S uticed kBB hihy/Mat NYB s RH aﬁ/alirbab%ronﬁlivsjith g‘ame-c&suming

mechanical finishing effort. These properties are also of particular interest for application on slide-,
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particularly suitable exanple with excellent |ead-in
properties is a WJ C cover layer with a hardness that
can be sel ected between 1000 and 1500 HV. CrC/C | ayers
offer simlar characteristics, albeit wwth a sonmewhat
hi gher friction coefficient. Deep-hole drills thus
coated, after producing one to three boreholes,
displayed an excellent snoothing of the lead-in
tricticG UL Ly surfaces, sonething that has so far been
t(f é ﬁaed‘f’%segﬁ?'?/pc\RF't‘tﬁeS&’e‘E'?"Vr’éb%‘@ﬁ%r@Fﬁﬁ* WEh miriselieard Ietaitation, orwhen
atthe saieginiersg uedobtsr pppoktrespppriopesnidnes ttetpratb&&y. Of
particul ar interest for appl ication on slide-, 7

| t 1y wh
Othe{ﬁogggnltlgs for cr?aﬁﬁqoﬁ%?er :lﬁgfer)é @Eﬁc’%%lp g@%?&gg? q‘-% ﬁr? "ﬁgig"(l:cif\;@rngndﬂ[(eecg o

layerg ‘I’fé"°§arY\éSxt°T feniem-conigvied MoS.opiosi taatimenpani on el enent
is to be protected. Qther possibilities for creating

rface include nonnetallic,
In thé)MEr%rer é&l\éﬁké %@ngrs[!}) iayer, caggt?gpqy?d ﬂﬁlgtj( on\,u@Q (RYyCriy) X Iayelr or on an
addltl?qaﬂ %ﬁqplagﬁaw Hetnay hegomntBted ot méW\&/ nitddeas Eanigde, a tatodniie or indeed
of a gre@ilenigdyecfesiastanae dith & P8greddive trhMBh bSRE:nAk: (@«P@J ) %qayer and the slip

layer %5’ %}f’eﬂir’g Og%stt E&sgﬂb¥% JT?IY%CHQPO%&I%@?{{%Y%& ituted of a

netal a nitride, a carblde a carbonitride or indeed
For exafmpla, :gs pabisielatio pregues WIONT od 0N6/cadYe R, aMet the SppRdafEH. do?é ﬁdu&eerisd or arc-

TR i e g e

Carb"E 9PE &Nt RIpRAtion pheaghenic pass insrawmgt! ever fime $caspostsaind lergeree-
carbop peychntage Whélagsr. Cr C/ C | ayers, after the application of
a sputtered or arc- deposited C or Ti bonding |ayer,

" t%rdeg?rabl%( é sputtering WC targets with the addition

USSR OV eE BBNAERY A ersantapreusspRigaions Hinliffefenidal o X barg@sated

tools ysed inporesE duttivpedpetations. SO as to obtain a | arger free-
carbon percentage in the layer. Illustrated bel ow are
exanpl es of other advantageous applications of

different (AlyCrl y) X hard-coated tools used in a
variety of cutting operations. 8 Exanple #1: MIIling
of structural steel The tool: Hard-netal end-mlling

cutter Diameter D = 8 nmm nunber of teeth z = 3
Material: Structural steel Ck45, DIN 1.1191 MIlling
paranmeters: Cutting speed vc = 200/400 mimn Feed
rate vf= 2388/4776 nmmim n Radial wi dth of contact ae=
0.5 mm



Axial width of contact ap = 10 mm Cooling: 5%
emul sion Process: Clinb mlling Abrasion criterion:
Fl ank wear VB = 0,12 nmm Experinent Metal content (At%
Life span tat VB = 0.12 nm No. LayerIn m nutes Ti Al Crv,
= 200 mMmnvec = 400 mMmin 1 (TiCN)100--719 2
(Ti AIN)5347-4215 3 (AICrN) BI-69.530.516740 (AICrN)
B47228417 5 (AICrN) 131-41.558.515012 6 (AICN)
B1- 1981174 Exanpl e #1 shows a conparison of the life
span of coated HMmilling tools tested with different
cutting paraneters. It is clearly evident that,
numwaMélﬂhgbbstmommemélonal i ndustrially enpl oyed _
oatings such as TiCN and TiAIN, the AICrN descri bed
The tB‘?'f@"f‘rdW‘@F?é%ﬁ‘d Tilirgcdigans. The results al so show that,
Diametsr D p 8moampmeertit feethtzles t 00l OII idf ehi S e>k()t engid ¥m t ht a?e
ntent..oprovi ded the cubic structu
Mateﬁégwﬁgﬁr%l%g%‘n%%(%@nlnpg?g Experinment No. 3, 5, 6). This
M'”'”? RePE¥hut abl e primarily to i nproved oxidation
Cuttingesgéesitvan e@0/400ah/lmaar dness as thle Al cgntentdi shau%ment eg
i s especi al in dry an i gh- spee
Feed (64 I%b@?é-)nm/rhiﬁ = 480 m m %) t hat yt hi s excel | ent
Rad'ag‘%g@a??waﬁ%raeS|°%’5rﬁce of the AICrN 9 coating proves
Axial widthaheatpetays. 10Apart fromthat, it is noted in this
Coolilge8% emBIsgl | that a shearing of the crystal lattice
fr,%m he. Bl to the B4 structure causes the wear
Proces 'E% ﬁ'@@ to deteriorate (conpare Experiments 3 and
AbraSbP)‘ cr't@@anﬁardx we2r VBFIOIMRimgn aust enitic steel The tool:
Hard-nmetal end-milling cutter Diameter D = 8 nm
nunber of teeth z = 3

Experiment Metal content (At%) Life span tat VB = 0.12 mm
No. Layer In minutes
Ti Al Cr Ve = 200 m/min Ve = 400 m/min

1 (TiCN) 100 - - 71 9

2 (TIAIN) 53 47 - 42 15

3 (AICrN) B1 - 69.5 30.5 167 40

4 (AICrN) B4 72 28 41 7

5 (AICrN) B1 - 415 58.5 150 12

6 (AICrN) B1 - 19 81 17 4

Example #1 shows a comparison of the life span of coated HM milling tools tested with different
cutting parameters.

Itis clearly evident that, compared to conventional industrially employed coatings such as TiCN and .

TIAIN, the AICrN described offer longer life spans. The results also show that, as in Example #1,
the tool life is extended with an augmented Al content, provided the cubic B1 structure is

maintained (compare Experiment No. 3, 5, 6). This is attributable primarily to improved oxidation
resistance and hardness as the Al content is augmented (see Table 1). It is especially in dry and
high-speed processing (e.g. v. = 400 m/min) that this excellent oxidation resistance of the AICrN

9



Material : Austenitic steel X 6 CN MTi 17 12 2, DN
1.4571 MIling paraneters: Cutting speed v, = 240
mmn Tooth feed rate fZ = 0.08 mm Radial w dth of
contact ae = 0.5 mm Axial width of contact ap = 10 nm
Cooling: 5% emul sion Process: Cinb mlling Abrasion
criterion: Flank wear VB = 0.1 nm Experinent Metal
content (At% Tool life travel If at VB = 0.1 nmin
No. Layernmeters Ti AlCr 7 (TiCN)100--33 8 (AITi N)3565-45
19 (ALGrN) B1-69.530. 554 Exanple #2 shows a conparison
of the life span of coated HMmlling tools. Here as
coatifggirpves admantagdols. Mpbrfren thae & isl doed i this td¥DEOMR tha(e Searing of the

crystdl @®ics e @R B PR BRIt Rurd %s%@ﬁgv%a?}(e%[s%ngeu{o [q?tghégr%te kj %&%are

I i hdustry. The exten e span
EXpeh@%ntt%fan I%N was obt ai ned due, for one, to an as yet

undocunent ed | ower propensity for streaking - conpared
Exaniple #3: MilingTdublehtid fygrs - of O as the second el enent
of the alloy, and, for another, to the good wear
The teaistiad-anetabendshitivgcittar Tabl e 1, of the AICrN |ayers (A,

i Bl izon, while at the sane tinme
Dlamaerﬂag{m’tnbhgerﬁg%régﬂtés%nval ues. Exanple #3: MI1ling

of fering high dne . ing
Materﬁgﬁasetﬁ%% stkeRCP CRHMOT 3412 240N d45%t al bal | - head mi | i ng
Milling geeamet®s:Di aneter D = 10 mm nunber of teeth z = 2

i i 62HRC), corresponds to C 1.1% Si
C”“’”ﬁ%@f?ﬁ@m’ & B gh Wb DT v 0-5% M11ing
Tooth feer ér%thgrosqs "ﬁ]tti ng speed vO = 0 - 120 mmn
Radianidth of contact a, = 0.5 mm

Axial width of contact a, = 10 mm

Cooling: 5% emulsion

Process: Climb milling

Abrasion criterion: Flank wear VB = 0.1 mm

Experiment Metal content (At%) Tool life travel k at VB = 0.1 mm in
No. Layer meters
Ti Al Cr
7 (TIiCN) 100 - - 33
8 (AITiN) 35 65 - 45
9 (AICrN) B1 - 69.5 30.5 54

Example #2 shows a comparison of the life span of coated HM milling tools. Here as well, the
AICrN layer resulted in improved wear resistance compared to the hard layers currently used in the
industry. The extended life span through the use of AICrN was obtained due, for one, to an as yet
undocumented lower propensity for streaking - compared to Ti in TIAIN layers - of Cr as the second
element of the alloy, and, for another, to the good wear resistance, shown in Table 1, of the AICN
layers (A, B, D) of this invention, while at the same time offering high hardness values.

Example #3: Milling hardened steel
The tool: Hard-metal ball-head milling tool

10



Tooth feed rate fZ = 0.1 nm Radi al w dth of contact
ae= 0.2 mm Axial width of contact ap = 0.2 nm
Cooling: Dry Process: Cinb and upcut mlling,
finishing Abrasion criterion: Flank wear VB = 0.3 nm
Experiment Metal content (At% Tool life travel If at
VB =0.3 mmin No. Layer neters Ti Al C 10 (Ti AIN)
53 47 - 70 11 (AICN) Bl - 69.5 30.5 90 Exanpl e #4:
Rough-m I ling of tool steel The tool: Hard-netal
end-m’lling cutter Dianeter D= 10 mm nunber of
teeth z = 4 Material: Tool steel X 38 MV 5 1, DN
DiametepB 29 0 (e |RRTper ofdepthiz@ par amet ers: Cutting speed v. =
Matefid): KBAO{EAHRON ttrdsfids fodd 61%281 0@ 0 TR, Brglhal MX"zqg v8fso
Milling B5¥ ,qgtgrsae =2 nmm Axial width of contact ap =
%o Process: Cinb mlling, roughing AbraS| on

C“tt"@rﬁpf’éjl"ﬁcoﬁ 1¥Q@ﬁ‘knmar VB = 0.1 mm Experinent Metal
Tootitfeert refetf, {0\t fm Tool life travel Ir at VB = 0.3 nmin

RadiM‘rdl-h%Y@Jn%‘%r:%.zT%él Cr 12 (AITiN)3565-90 11 13 (AICN
Axial vadth of contact a, = 0.2 mm

Cooling: Dry

Process: Climb and upcut milling, finishing

Abrasion criterion: Flank wear VB = 0.3 mm

Experiment Metal content (At%) Tool life travel If at VB = 0.3 mm in
No. Layer meters
Ti Al Cr
10 (TiAIN) 53 47 - 70
11 (AICrN) B1 - 69.5 30.5 90

Example #4: Rough-milling of tool steel

The tool: Hard-metal end-milling cutter

Diameter D = 10 mm, number of teeth z = 4

Material: Tool steel X 38 CrMoV 5 1, DIN 1.2343.(50HRC)
Milling parameters: Cutting speed v, = 60 m/min

Tooth feed rate f,= 0.02 mm

Radial width of contact a, = 2 mm

Axial width of contact a, = 10 mm

Cooling: Dry

Process: Climb milling, roughing

Abrasion criterion: Flank wear VB = 0.1 mm

Experiment Metal content (At%) Tool life travel lrat VB = 0.3 mm in
No. Layer meters
Ti Al Cr
12 (AITiN) 35 65 - 90
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69.5 30.5 130 Exanples # 3 and # 4 show an i nproved
tool life travel of the AICrN layers as conpared to
Ti AIN coatings currently used in the industry. AICrN
thus also lends itself particularly well to dry
machi ning that involves demandi ng requirenents in
terns of oxidation and wear resistance. Exanple #5:
Drilling tool steel The tool: HSS drill (S 6-5-2).
Dianeter D=6 nm Mterial: Tool steel X 210_Cr 12,
DIN 1.2080 (230HB) Drilling paraneters: Cutting speed
vc = 35 mimn Feed rate f = 0.12 rrmDepth.of bore z =
3 (MG NhR1 olcket hql e69.5001 [ N@0.559p ¢nuUl Si on AbFRggT oM
criterion—Torque—cutot-f—{ecerrespends—+to-—acorner
abrasion of > 0.3 nm Experinment Metal content Tool
Examble$ @ 3tanawel shia.a A Sibveaaydt ik VP 61 thO b lelgagfrg’ Y& to TIAN

coatm%@&ﬁ#@ﬂ@%%lqs@gw%nga‘ 4%(®rg\ts'\93fgi Féac% |tge]ff§8mgu %lgwilljo @l)\m@shq)mg that

lnvolvi%q_en@gdlgg@qgremgts in terms of oxidation and wear resistance.

Example #5: Drilling tool steel

The tool: HSS drill (S 6-5-2). Diameter D = 6 mm
Material: Tool steel X 210 Cr 12, DIN 1.2080 (230HB)
Drilling parameters:

Cutting speed v, = 35 m/min

Feed rate f = 0.12 mm

Depth of bore z = 15 mm, pocket hole

Cooling: 5% emulsion

Abrasion criterion: Torque cutoff (corresponds to a corner abrasion of > 0.3 mm)

Experiment Metal content Tool life travel
No. (At%) Layer [number of holes / um
layer thickness]
Al Cr

14 (AICrN) B1 19 81 21
15 (AICrN) B1 41.5 58.5 52
16 (AICrCN) B1 41.5 58.5 65
17 (AICrN) B1 69.5 30.5 108
18 (AICrN) B4 72 28 46
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[.-1 18 (AICrN) B4722846 12 Exanple #6 shows a
conparison of HSS drills with AlyCrl-yN /A yCrl1-yCN
| ayers having different Al concentrations, with the
nunber of hol es standardi zed over the | ayer thickness.
The | ayers were produced al ong the paraneters per
Table 2. As can be seen, the |life span is extended as
the al um num content is increased, up to an al um num
concentration of just under 70% of the overall netal
content. Any further increase, however, leads to the
deposition of a |layer with a hexagonal crystal
Examgle #f ghqus@ camparishrusf HSS daillsdiits tAlyGct-yNIrAQTr i-yC DY rOR VR G 8ifferent Al
concePtrtRhd, QFtHTRB GE6mSdr Nk didsGaRbArY; i
attainable by prior-art nefﬁ%gggﬁﬁyggfﬁﬁﬁﬂgg# 18)
mani fested itself in the range between 41. 5% and
The lageys Wete pmepeadialopmihe paramsters ban TablER Amwhe beifen, Deaip: o i€ extended
as thecituminun@nfexti ihdtedsd Bp togﬂglumﬂh:comﬁtda'ﬁmﬁjgt I Hérk&‘? offllego]\_/erall

metal%&%;Aﬁguﬁﬁ?{ngrggspegfr{'g)avvr?e'\\/%tel?%{s?%m e]tpa%u%tg gfrég?yeslgt%g hgxggonal crystal
structwp ﬁpql] thugdeg distincsd dfop:iﬂ gc_erg)rrmmc@eppwfooﬁarbe _rs'@niﬂcan_tI)Bléleti_ﬁmhan that
attainghtectiyairioreni ethdde AhipBgherd H01 IMNRLDN Ak iﬁ%%hg%rblem&t Qﬂ%% and

69.59GRL Ak i VB = 0.3 mm) Experinent Metal conten
Eﬁi%% %@g?qiﬁ?g spant at VB = 0.3 nmin
No. Layer Nunber of boreholes Ti AlCr 18 (Ti AIN)7030-890

19 (Ti AIN)5347-1135 r20 (Al GrN) 131-69. 530. 52128

E P bEaFn R i N~ jproved tool life travel with
xamfﬁﬁe Al Cefpﬁlhol a@'@ﬁa\%sﬂggh%g;r ed to TiAIN layers currently

The todls Biatdfn@etal diili blaime@r pumBRas@s i n the industry. In this
Materi9|a§tﬁ1cturb$stgahﬁ"’llg‘]e&k%}r asive wear resistance

Drilling parameters:

Cutting speed v, = 120 m/min

Feed rate f = 0.2 mm

Depth of bore z = 34 mm, pocket hole

Cooling: 5% emulsion

Abrasion criterion: Corner abrasion VB = 0.3 mm)

Experiment " Metal content (At%) Tool life spantat VB = 0.3 mm in
No. Layer Number of boreholes
Ti Al Cr
18 (TiAIN) 70 30 - 890
19 (TIAIN) 53 47 - 1135
20 (AICrN) B1 - 69.5 30.5 2128

Example # 6 shows an improved tool life travel with the AICIN layer as compared to TIAIN layers
currently used for drilling purposes in the industry. In this case the enhanced abrasive wear resistance
of the AICIN coating per this invention has proved valuable.

In addition, drill bits when coated as in Experiment #20 and after the application of a Cr bonding layer,
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of the AICrN coating per this invention has proved

valuable. In addition, drill bits when coated as in

Experinent #20 and after the application of a Cr

bondi ng |l ayer, 13 were provided with a WC/ carbon slip

| ayer, which, with all other test conditions being

identical, resulted in a significantly extended tool

life. Simultaneously perforned torque neasurenents

reveal ed a substantially | ower torque than

encountered without a slip |ayer. Mreover, the bores

di spl ayed an inproved surface quality and, until just
were prafiggdavith | &V@eaibanfslia Iayer, twbih, with &legthen esihohditdhObarg idnticlRsulted
in a $ighifdbntly @%ERESI Y& IFe LS oS AR E
Subst?gﬁ:a” Wﬁée?ito”%%%ﬁf’ in m@éﬁog %gp%ﬁag%%%%ﬁge%%g%@mi%gpetv%aﬁed a
_ or "t nr ead & DA FASCRAR'T Viout andiie faypr Mereowsr.dae baresigigplayed an
Improyeds ey REVERIity BNd, 24nH)just Befbite] they epsiametonrr 18, nCutstblbrgtich 268 an
exceséle thedndlodd Nas deaRiaBle0f thread: 2XD Type of thread:

Pocket hole Number of threads: 64 Cooling: 5%

emul sion Abrasion criterion: Torque pattern over the

nunber of threads, visual inspection of wear after 64
ExamplurigatsppinFriaeniaogeiiddstad| content (At% No. Layer

Ti Al Cr Aver age Max. Visual wear Cutting torque(l) Nm 21
The tqofriH@RfapJor-thrgadrsize M (Al Cr N) B1- 69. 530. 54. 05++ 23

MaterGPA@idtic BikerHlass b Beeeinifiatiti g (Al CrN) B1-19814. 27+ E
Cutting parameters:

Cutting speed v, = 3 m/min

Depth of thread: 2XD

Type of thread: Pocket hole

Number of threads: 64

Cooling: 5% emulsion

Abrasion criterion: Torque pattern over the number of threads, visual inspection of wear after 64
threads.

Experiment Metal content (At%)
No. Layer
Ti Al Cr Average Max. Visual wear
| Cutting torque (1N
: [Nm]
21 (TICN) 100 - - 4,72 +
22 (AICrN) B1 - 69.5 30.5 4.05 ++
23 (AICrN) B1 - 41,5 58.5 4,23 +++
24 (AICrN) B1 - 19 81 4.27 +

Explanation of (1)

+satisfactory wear pattern in screw tapping
++good wear pattern in screw tapping
+++very good wear pattern in screw tapping

Compared to prior art (TiCN), all AICFN layers make it possible to reduce the mean maximum cutting

14



| xp anation of (1) +satisfactory wear pattern in

screw tappi ng ++good wear pattern in screw tapping

+++very good wear pattern in screw tapping Conpared to

prior art (TiCN), all AICrN |ayers nake it possible to

reduce the nean maxi mum cutting 14 torque. Moreover,

the very good wear resistance of the layers with a

hi gher al um num content results in an inproved wear

pattern conpared to TiCN. On the other hand, this

exanpl e shows that, presumably due to the adhesive

t endency of alum numthat | eads to material streaking
torqugfprenver iYLy gooddrepraedistange ofttiedayetsovth b highep elum i edritaredéults in
an imipro2&d vedat eatisrnodpark@io TWENAON PRIOHHEF Hand We%mﬁﬁe s w§§% Rrthﬂnably

due t@ﬁ#g 'a&Hegl()e tferw ngﬁmlnum %’Eaglf?%ﬁo rafte%g r’gdall@,rgrge arr]1t5 ?ym:latﬂgto peeling, the

°°at'“9a‘§FéFXpe\ﬂEP’§ %ﬁ@(ﬁwe@ewﬂvﬁar@am than thetof$23.p | ayer, or,
after the application of a Ti bonding layer, wth a

C W t h all| other
i aobli R I SAE T, LB P She RS ot e Peleeitan Ac:
onding, Byer) ereProfiipd it a WG qaéhor\ glisilayetyen, after the apiicatien 6fiaii twhding layer,
with & FigoniziooeMsR:dayeriveich adain, witedikiRr @8 comténé"bé aé galorEsulted in an

exien | lye eter ac '\éat cess
S P AR Bl P E S A R are - 240

mm nodule m= 1.5 25 chip grooves Angle of pressure
Example#82 (febBullirigof Calk steelot h profile: 2, nunber of teeth:
itch: 25 nm Material: C-M steel DN 34Cr M4

Thet‘lﬁ?t'i"fbrf@“‘ﬁar aneters: Cutting speed v, = 260 minin Feed
Materrah t N S6Z-M1d (a8R60)Quant i ty: 300 Cool i ng: Dry cut,

Diam&EH L %ﬁﬁw‘?le%tﬁ LE9%, &m R\O&lﬁgnq\{-allﬁ 15
25 chip grooves

Angle of pressure ¢ = 20E

Basic rack tooth profile: 2, number of teeth: 50, pitch: 25 mm
Material: Cr-Mo steel DIN 34CrMo4

Cutting parameters:

Cutting speed v, = 260 m/min

Feed rate =2 mm/rev

Quantity: 300

Cooling: Dry cut, compressed air for chip removal
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Experi ment Metal content (At% War of cutting edge in
m] No. Layer Ti Al Cr Fl ank wear Crater wear 25
Ti CN) 100- - 0. 320. 062 26 (Ti Al N)5347-0. 250. 042 27
Al CrN) B472280. 290, 053 28 (AICrN) B1-19810.260. 051 29
(AICrN) 131-41.558.50.130.022 30 (AIC'N)

131- 69. 530. 50. 140. 018 The Experinents 25 to 30

i nvolved the dry-cut testing of different hob cutters
of powder-netallurgically produced high-speed steel
(HSS) provided with different coatings. The tools
coatedw th |l ayers according to this invention
ExpEtipent | ment s 28etahabn@B)(ABST er Sl gni Tuveaat Euttinig RGN Goin]
p&ef or mance conpar éédvert o hobber|s|coated with

Tradi ti onal Tt Cy ora; T AN @Eyers (anlhﬂéérdljbrh::tﬁaﬁﬁﬁéér

t hat— AFGCIN | averls with Low __(I#
[SERY.Y I €

25 (iNWsencé of 08 helxagonal [cryst al :;true%re # 27),0.062
26 (TedMessi vel yshi gH Al47cohtlent - prdvi de od5m ni| Shed \ma

N~ 22
t uu910 Osgn

7 (ARERS (BQLIUTIT. Thefolzbong—Bgangtes Ng
Ln_show thelqglearly| dquperior ‘harac%erl stlics of

28 (A B! || dyer acdordPng|tlo t&1i s [i pven2®n, wlth a 0cibi c
29 (mrwstaal [fatti ce,| aqv.esEgni g [y ST OI ghs ONE

Al f LL/C | 0023\
3 narabsnt Ao A an contant. N N A n—thi
30 A'IbrN \BQCII |JC__I CETIT % @8 —t \I oo oH casma’; 1 S
(cagze h cutterls produ edsq't? om PM and 0.018

respectively, hard nmetal were tested both under

dry-cutt]j and enul sion-1ubricated cuttin
The ESker 61 20 B R c1b esi of e tapicHiprs FRevdesaeialpsisaly
produptgiShigi-sneed steeD(HSSS Pravidpd Métmgtffareht coallnt@. Me tobt @eicalkith layers
accordifi chlsga\lljlyleﬁﬂoQ{'E)Ipbﬂﬂerﬁs(@%qd 30}@@{\%&“05%;{ mﬁgFo\Ged perf8r5'\ance compared
oot Qe BB ilorR TRl RN Brse LeangSedasa ey Asbyprs winaiow

(# 28) )eAlirpthe g@p@cgqf)a hexagQnal atystalstréct 8T O 22X peceissiwaht high A3 2ontddoprovide
diminihéldtweBiGprotection.

The following Examples No. 31 through 33 again show the clearly superior characteristics of an AICTN
layer according to this invention, with a cubic crystal lattice, an essentially stoichiometric nitrogen
percentage and an Al content of 66%. In this case, hob cutters produced from PM HSS and,
respectively, hard metal were tested both under dry-cutting and emulsion-lubricated cutting conditions.

Experiment # 31: Hob cutting

The tool: PM HSS

Diameter D = 80 mm, length L = 240 mm
Material: 16 Mn Cr S

Cutting speed: 180 m/min., dry

(A|0'42Ti0.58) N, Balinite NANO: Quantity 1,809
{(Algs3Tioa7) N, Balinite X.CEED: Quantity 2,985

(Alo.0oCro.34) N: Quantity 5,370

Experiment # 32: Hob cutting

16



16 The tool: Hard netal (HM D anmeter D = 60 mm
length L = 245 mm Mdule: 1.5 Pressure angle * = 200
Material: 42 CrMo4 Cutting speed: 350 mmn, dry
(Al 0.41Ti0.59) N, Balinite X. TREME: Qantity 1,722
(Al0.s3Ti0.37) N, Balinite X.CEED: Quantity 2,791
(Al0.66Cro0.34) N Quantity >3,400 Experinent # 33: Hob
cutting The tool: PM HSS Mdul e 2.5Material : 16MnCr S
Cutting speed: 140 mmn, enulsion TiCN, BALIN TE B:
Quantity 1,406 (Al0.43Ti0.58) N, Balinite NANO
Quantity 1,331 (Al 0.66Cr0.34) N Quantity 1,969
The toglidard mptal (HMést s, not descri bed here in any detail,
Diametére @Iadmg,p@dgtstabui, by even in higher cutting speed
Modulgaqlges as high as v, = 450 mMmn. Simlarly, the life
span of coated hard-netal hob cutters was extended
Pressprgiap@e 6 y#i°fi cant |y in wet-cutting but especially also
Materian 4dicymeq ocessi ng operations. Exanple # 9: IRlough
mJling.0f, to steel The tool: HSS end mlling
CUtt'n%Heg'r ”é/mq ,8,})/ D =10 mm nunber of teeth z = 4
(Alo.a iee)dY. iBalinite XJREME: eel Ruadtydy’®BV 5 1, DIN 1. 2344
(Al e (i2OHRBRIinitd/XIJBEDY  par ameérﬂq‘fyawgCuttgngl spegdhvcf: 60
Tooth feed fz . Radi al wi dth of contact
(Aloesﬂ?{om_l% mm Axial w dt HU%F&%ST?P&aCt ap = 5 mm Cooling:
5% enul si on
Experiment # 33: Hob cutting

The tool: PM HSS
Module 2.5Material:16MnCrS
Cutting speed: 140 m/min, emulsion

TiCN, BALINITE B: Quantity 1,406
{Aly.43Tigse) N, Balinite NANO: Quantity 1,331
(Alp.6Croas) N: Quantity 1,969

Additional tests, not described here in any detail, yielded good stability even in higher cutting speed
ranges as high as v = 450 m/min. Similarly, the life span of coated hard-metal hob cutters was

extended quite significantly in wet-cutting but especially also in dry processing operations.

Example # 9: Rough milling of tool steel
The tool: HSS end milling cutter

Diameter D = 10 mm, number of teeth z = 4
Material: Tool steel X 40 CrMoV 5 1, DIN 1.2344 (36HRC)
Milling parameters:

Cutting speed v, = 60 m/min

Tooth feed f, = 0.05 mm

Radial width of contact a, = 3 mm

Axial width of contact a, = 5 mm

Cooling: 5% emulsion

Process: Climb milling, roughing

17



Process: Cinb mlling, roughing 17 Abrasion
criterion: Flank wear VB = 0.1 nm Experi nent Met al
content (At% Tool life travel If at VB =0,1 mmin
No. Layernmeters TiAICr 34 (Al Ti) N3565-6-8 35 (Al Ti)
N5842-3-4 36 (AITi) CN5050-3-4 37 Ti CN100--8 - 11 38
(AICr) NBL643612 - 21 39 (AICr) NPul sed663421 - 28 0
(Al Cr) N663412 - 18 BL= bonding |ayer of TiN Pul sed
= pul sed bias Exanple # 10: Longitudinal turning of
outer dianeter on case hardened steel The tool: Lathe
cutter with brazed-in CBN insert Material: Case-
Abrasharrieivedrlzteekr MB=M@m5, DIN 1.7131 (49 - 62 HRQ)
Lat he- turm ng paraneters: Hard-soft machining with

=]

aa RTINS & nd partly reduced wall t hi ckness
Sﬁ'&el’tng Dry Aﬂ?t%@f ?Ptﬁtr/"ierl on: | JRRHe Faveyl %k:th‘(W mm i

ere al fll ank wear VB = 0.1|nmis reach®§

Experi ment Netpal céht ent (ﬂr/@ gpog! I [ fsrggagtﬂl ty at

34 (ANPN- U. [L[TTRsNO}. TLaygs 1 N Cr—1 IT ) NSOOF Iy
5 (AITi) N 58 42 - 3-4

36 (AITi) CN 50 50 - _ 3-4

37 TiCN 100 - - 8- 11
38 (AICr) N BL 64 36 12 - 21
39 (AICr) N Pulsed 66 34 21 -28
40 (AICr) N - 66 34 12-18

BL= bonding layer of TiN
Pulsed = pulsed bias

Example # 10: Longitudinal turning of outer diameter on case hardened steel

The tool: Lathe cutter with brazed-in CBN insert

Material: Case- hardened steel 16 MnCr 5, DIN 1.7131 (49 - 62 HRC)

Lathe-turning parameters: Hard-soft machining with multi-step cutting and partly reduced wall
thickness

Cooling: Dry

Abrasion criterion: Quantities up to where a flank wear of VB = 0.1 mm is reached.

Experiment Metal content (At%) Tool life quantity at VB = 0.1 mm
No. Layer
Ti Al Cr
41 (AITi) N 35 65 - 90
42 (AICr) N 66 34 144

18



2 (AICr) N6634144 18 Simlar results were achieved

with powder-netal lurgically produced cernets

consisting of a TiN, TiC or Ti(CN hard phase to

which in a few individual cases nol ybdenum and/ or

tantal um was added. The bi nder phase used in that

process was NI or Ni/Co. Exanple # 11: Form ng threads

i n gal vani zed sheet netal Experinent # 43: The tool:

HSS MB thread fornmer Material: DCO1l, corresponding to

DIN 1.0330, St 12 ZE Core hole dianeter: 8.34 nm

Cutting paraneters: 55 ms Rotary cutting speed: 2000
SimilgrpeRtts Reeaackieved with povglesp etalilrgiGG0DodaBdd cetnudty doasidtihgsta TBRGIC or
Ti CN%ra_ biise mcﬁlh‘é?@\dlﬁdlwaaag\iseﬁggﬂvdgm atsor tamaﬁwﬁas?ia%ggd. The

d 034 Tests
b'”dercpha ea%?seﬁ:@(l\ﬁg(tgffﬁ?sé i\‘b‘?ﬂ'\{'/é?de) aggacer met to\(I)V: s:

| ndexabl e inserts consisting of different CBN

Examﬁleﬁﬁﬂr ®rmiTRg tBreb@ i§ giManRedsHeBthdtgnt ent of Dbetween 30
percent by vol une, the remainder being

ExPert'JT?{H were coated, on the one hand, with
ThetQ@bm&ﬁMﬁ’ﬂ)rﬁaﬂfOTmm N Iayers as per Experinment # 8, and

Mater@R D008, RkrbBpondiatd DM 1 b3l §blzEayers according to this

Cc)relnev eptl on and as ghovvn in Experinents 3, 5 and 6. For
1T ng and &34M™hg process, however, because of
Cutting perametasonduct i vE5mét ure of the CBN si ntered

Rotary@ttRg kided: @ pul seshosipst rate bias was applied in the

quency [ and by preference in a
ReverE?g}nM ﬁé:ef%range rorﬁ%% to 250 kHz. For materials with

'-“b”cat'OCBN content of S&pCho 90% a pul verul ent bi nder was
TiN: used that consist®dwbadt | east one of t_he el enent s
TCNof the foll ow ng u The nitride, carbide, boride
! and oxi de of the3$09hr€7d8 group, i.e. IVa, Va and
TiAN:V; 2 el ements as e0ithreagsal um numor Al alloys. For

(Alo,eem)em lals with asgBMrest ent of up to 95% a
pul verul ent bi nder was used that consisted of titanium

Tests v]\'n?h coated CBN (cubic boronitride) and cermet tools: Indexable inserts consisting of different
CBN sintered materials with a CBN content of between 30 and 99 percent by volume, the remainder
being binders, were coated, on the one hand, with conventidnal TiAIN layers as per Experiment # 8,
and on the other hand with AICTN layers according to this invention and as shown in Experiments 3, 5
and 6. For the etching and coating process, however, because of the nonconductive nature of the CBN
sintered material, a pulsed substrate bias was applied in the medium frequency range and by
preference in a frequency range from 20 to 250 kHz.

For materials with a CBN content of up to 90% a pulverulent binder was used that consisted of at least

one of the elements of the following group: The nitride, carbide, boride and oxide of the Ti, VV or Cr
group, i.e. IVa, Va and Via elements as well as aluminum or Al alloys.

For materials with a CBN content of up to 95% a pulverulent binder was used that consisted of titanium
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nitride and at | east one of the elenents of the

follow ng group: Cobalt, nickel, tungsten carbide,

al um num or an alum num alloy. For materials with a

CBN content hi gher than 90% use was al so made of a

pul verul ent binder consisting of titaniumnitride and

at | east one of the elenents of the follow ng group:

Boride or boronitride of the al kaline or

al kal i ne-earth netals. Most of the subsequent turning

and mlling tests revealed a significantly better wear

resi stance than that of Ti AIN coatings. The sanme was
nitridéf enehat least anepefrihe elainants pf fhaliaibwiay groupnTrbalidiidkal tungsten carbide,
awn@wmggmﬁydmp%hegbgurnlng test that involved the

machi ning, in part by discontinuous stepw se cutting,

of an only partially hardened shaft with a conpl ex
For mptsnipie twith @ €M fcprjent diighemtharESQiplise whik 2iso Hodde Fed ragiuivgrulent binder

consistig lof tithRiir inftde AiSatdeddi &St the? &BMenté 3t %eag,ogm? gﬁ%r forids or
bomQﬁ%%ofFe%&%@g%ﬁmgﬁggéym 4 tools in the contact at

sare mat eri al di aneter 22 mm
mat eri al 42CrMo4 Process: Tenperature work piece

Most &F@feQy @seﬁ@en&h F'MHg REd %bllﬁé@gs rel&di é&% s@ﬁﬂd&ﬁ@%ﬁ&gr @/egt‘?eststa{'lcqun that

of Tm{r\? coagﬁgs 'Ilé1e%§|a% P(va?réH?d%Ns pgn %Faéy hgor)ouvspngltu Q;I%Utgr-dlameter turning
test th@('wyﬁ‘ﬂ the TPCWB“Q(] bipart biedissorBi0 goud 4tefivisd qUBBE 209 ®nY Bartially hardened

shaft WithG@ M¥aHRA §AEHetdbcoMiduraddi6 33161500 47 Al Cr Si NHS652691800
48 Al Cr NbN623171550 49 Al Cr WN652691630 50

Al Cr YN623171730 51 Al Cr MoN623171460 HS Bondi ng | ayer
Exampiedd 2o fHotfemingxanpl e #13: Hot - Beadi ng Tool : HM f1 ow

Tool: dri || diogymg s 41dkcB¥N220x x43 x 30 mm, Bder W360, hardness 54 HRC, 4 tools
in the contact at the same time

Work Piece: Round material diameter 22 mm, material 42CrMo4

Process: Temperature work piece before re-shaping 1,050°C
Force of pressure 57 t/ per jaw
Cooling: Molicote + graphite

Metal content [At%] Layer Life

Experiment No. Ti Al Cr Nb/Si/V/IW (Quantity)
43 not coated 500
44 TiAIN 58 42 900
45 AICrN 64 36 1900
46 AICrVN _ 63 31 6 1500
47 AICrSIN HS 65 26 9 1800
48 AICrNbN 62 31 7 1550
49 AICr'WN 65 26 9 1630
50 AICTYN 62 31 7 1730
51 AICrMoN 62 31 7 1460
HS Bonding layer made of TiN

Example #13: Hot-Beading
Tool: HM flow drill diameter 10 mm
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20 Wrk Piece: 1.0338 Process: Tool is pressed agai nst

the work piece with approx. 2,800 rpm 3,000 N

Through the kinetic energy the work piece is heated to

red heat, e.g. approx. 1,000 C and reshaped

Experi ment No. Metal content [At% Life Layer Ti AACrNb

/S (Quantity) V/ W52 not coated500 53 Ti Al N5842900

54 Al CrN64361700 55 Al CrVN633161530 56

Al Cr Si NHS652691650 57 Al Cr NoN623171450 58

Al Cr WN652691390 59 Al Cr YN623171660 60 Al Cr MoN623171340

HS Bondi ng | ayer nmade of Ti N Exanpl e #14: Stanpi ng
WorkTRiege: 11.0889, slot stanp 20 nmx 10 mm Wrk Piece:

ProcéEB' P 70fh) id sé@&’aﬁghs‘% H\@%ﬁ( pic® Glﬁr'?‘acbpr&hf o rﬂrg ; 32@6&\{\1' ng

sl ot 10_% st I okes mn,
Exper i ,%Q’\ﬁ‘%”g WE?%?”G@%WF&‘H" He&p %heatﬁ‘gif’é?d heat, e.g. approx.
1,000 °C and reshaped

Experiment No. Metal content [At%]

Layer Life

Ti Al Cr Nb / Si (Quantity)
VIW
52 not coated 500
53 TiAIN 58 42 900
54 AICIN 64 36 1700
55 AICTVN 63 31 6 1530
56 AICIrSiN HS 65 26 9 1650
57 AICrNbN 62 31 7 1450
58 AICTWN 65 26 9 1390
59 AICTYN 62 31 7 1660
60 AICrMoN 62 31 7 1340
HS Bonding layer made of TiN
Example #14: Stamping
Tool: 1.2379, slot stamp 20 mm x 10 mm
Work Piece: TRIP 700, 1,2 mm thickness
Process: Shearing, cutting slot 10 %, 500 strokes / min,
cutting force 20 kN

Experiment No. Metal content [At%]

Layer Life

Ti Al Cr Nb / Si (Quantity)
VIW
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Ti Al C No/Si VIWLife (Quantity) 21 61 not

coat ed100, 000 62 Ti Al N5842200, 000 63 Al Cr N6436350, 000
64 Al Cr VN63316370, 000 65 Al Cr Si NHS65269280, 000 66

Al Cr NoN62317300, 000 67 Al Cr WN65269340, 000 68

Al Cr YN62317320, 000 69 Al Cr MoN62317290, 000 HS Bondi ng

| ayer nmade of TiN 22 Table |I Test AI/Cr Ratio Crystal
Al Cr Layer AV Ref.in TargetStructureAt %At % hi ckness

61 not coated 100,000
62 TiAIN 58 42 200,000
63 AICIN 64 36 350,000
64 AICTVN 83 3 6 370,000
65 AICrSiN HS 65 26 9 280,000
66 AICrNbN 62 31 7 300,000
87 AICr'WN 65 26 9 340,000
68 AICrYN 62 31 7 320,000
69 AICrMoN 62 31 7 290,000
HS Bonding layer made of TiN
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HV 0.03[m8m " N-1 10-15] Bond m

A3B169. 530. 53. 231000. 8HF1 B3B472184.221001. OHF1

Cl B141. 558. 53. 828001. 5HF1 DO. 33B119814. 123002. 5HF1
Table 2 Test AI/Cr Ratio PTarget Vsubstrate PN2 Tenp
Ref.In Target[ KW [V][Pa][C] A33-503450 B33-501450
C13-503450 DO0. 333-503450 Tabl e 3 Substrate AV Bias

Vol tage[ nBm ' N-110' 15] 01. 23 -200.47 -400.76 -1000. 83

-1501.0 -2001.36 23 Patent d ai ns:

Table 1
Test| [Al/Cr Ratio Crystal Al Cr Layer AV
Ref.| | inTarget | |Structure| | At% | |At% | [Thickness| [HV0.03] | [m®m'N'1079) Bond
[pm]
A 3 B1 69.5 | | 305 32 3100 0.8 HF1
B 3 B4 72 18 42 2100 1.0 HF1
C 1 B1 415 | |585 3.8 2800 1.5 HF1
D 0.33 B1 19 81 4.1 2300 25 HF1
Table 2 Table 3
TeSt AI/CT RatIO PTarget Vsubslra[e PN2 Temp Substrate AV
Ref.| | In Target (kW] V] [Pa] [C] Bias Voltage | [m®m™'N"10™
%!
A 3 3 -50 3 450 0 1.23
B 3 3 -50 1 450 -20 0.47
C 1 3 -50 3 450 -40 0.76
D 0.33 3 -50 3 450 -100 0.83
-150 1.0
-200 1.36
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1. Wirk piece coated with a systemof |ayer |ayers at
| east one of which is conposed of (AlyCrl y) X, where
X =N C B, CN BN, CBN, NO CO BO CNO BNO or CBNO
and 0.2 <y <0.7, with the conposition wthin said
| ayer being either essentially constant or varying
over the thickness of the layer continually or in
steps, said work piece constituting one of the
following tools, specifically a mlling tool and in
particul ar a hobbi ng, spherical-head, planar or
profiling cutter, a clearing tool, reamer, indexable
Patent Glai$: for turning and mlling, a die or an injection

’ ld. 2. w$r§§fiece goated with a system of | ayer
+ YOLURITCE ot WA SYBTRE CbBYSIAYER 2t least e phwlieh igromposed of
(Al By Wherk XX N\h8r @NYBN: CRIN, I, %), BONCNBNBNGEBN;BNMDandCO,
0.BOy <@NOwit BN i . i ! i
20 < ORI el o b Bufts Cysellohoch by o vy
%%ﬁg?'};\%f‘es&r“ e YR rgtBuRll of b Rlers BRi¢ KTk Riscoponsiifeting agegf the
fooyring taalasbacifioally iamiltingep andsia pattiouer i hibegesphemtaticad tplaigr or
prdfilRy EUHeE, WcRhrindtGsTRed Fﬁé?,tindegiablesfhgeﬁ'{%rg&rﬁh gr%‘mlmnge,gtdieao?aﬁ n
.cI@hn1 characterized in that said cohponent™i's a
RS washer, a toothed wheel, a piston, a part of
a valve drive or a needle for an injection nozzle, or
2 ioheck ko wih 0 8o e B0k atee il R Foomopensor
ized, i S
SEEDR s X2 i, baly S b R, Sl o oG
0.8If 7 0-&nvit fhecpmposion withiesaidiayvedtding eitrepessentiaty qoostaiorvgrying over
thditﬁickngss dioms 188r th_tiﬁiJaW g m’st%,a§%%{k| ﬁ@c@ doﬂstrtlni% at fctural
a%ﬁghyhs a hot formng tool, in particular a forging, a
adin

ng, a punching tool. 6. Tool as in claim1,
characterized in that it is an injection-nolding too

3. Stfuturddedboaeii@s A oth deMaRbidskd f thd? 84il cMpoRedl &l PsealifdvASKer, a

' o Q0 in clajm3l, characterized in that
to&?&{( \gﬁﬁebrzé)ésq;g]’ %:B%§ ggra Egvrer#é'f’ © %raas'éeealﬁ ? r aSr'“J?CE'%’R Npzple;  that itis
oethdd- or  Cernet indexable insert. 8. Wrk piece as in

one of the preceding clains, characterized in that the

oY) . : ic_crystal structure.
o TGN RIS R R A L Bl ot
S AAEAHG T a1 PIRCPTTALS B Heese ATET aneaahing i he
(AlyCrt _y) X layer is less than or equal to 1.5

5. TJEBSQ i'n Iglaﬂn ;I- h;éctel:‘zgd nvmgtKheD!oglqg a ﬁgt r{&rhn%tqgglﬁ]é pt I|§L1I(aé ra Sforging, a

bprecedlqﬁ,c al ns, characterr zed

BYraRPI R dthss of the (AlyCrly) X layer is 2300 to
3100.

6. Toolas in claim 1, characterized in that it is an injection-molding tool for producing a molded plastic

part or a data storage medium.
7. Tool as in claim 1, characterized in that it features a CBN or Cermet base unit or that it is 2 CBN or

Cermet indexable insert.

8. Work piece as in one of the preceding claims, characterized in that the (Al,Cryy) X layer has a
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10.

11.

12.

13.

14.

15

16

17.

11. Work piece as in one of the preceding clains,
characterized in that the |l ayer structure of the
(AlYCrt _y) X layer is mcrocrystalline with an average
grain size of 20 to 120 nm 12. Wrk piece as in one
of the preceding clains, characterized in that a
bonding |l ayer is applied between the work piece and
the (AIYCrt _y) X layer. 13. Wrk piece as in claim12,
characterized in that said bonding | ayer enconpasses
at | east one of the netals of group IV, V or subgroup
VI, or alum num 14. Wrk piece as in claim12 or 13,
cetirearystal etructzesd i n t hat sai d bonding | ayer includes at

| east one nitride, carbide or carbonitride of one or
V\&Rﬁi&’g%‘% @Egeg é“?ﬁleoﬁe(ggnréir?ql;gﬁai%%/’éh%/?cg%ggﬂ%E Eagqlil ria\}élsp}‘wélasrofthe(Alnd_y)
Xdayarigleseiherr@daua ot han e e 187°ni num of one (AIYCrly) X
| ayer is additionally coated with a slip layer. 16 .

[ in claim15 haracterized in that said
V\)ﬁﬁ{%ec? g§fé§n§§f .élﬁ)e r%cseg”lg clegmé,gﬁ%rﬁﬁ%nzgﬁ in é[}at tﬁggglfers ;a/ﬁ%md hardness
ofr & @hChai)oHaYeT §38¢%ted1®ar bon, MeC/ C, a di anond-1i ke

carbon layer, a Si- or netallic dianond- |ike carbon

y - roa. titani um containi MoSx  or
V\}I{J/g( \Ai&:leaas elrlrvgr@](_o; tﬁ%@gCegﬁlgccﬁalsnés, @a ac élﬁ%dglinttl?%gweg?yelr 8téL§{ure of the
(AyHEY)apsecistmisrperystaline with amavgrage glaingsize 0820 ez emX = N,

C, B, CN, BN, CBN, NO CO BO CNO BNO CBNO and 0.2

Vi .0 u ing.system wth at
Edhiced b B edelind ol hEIE 8Bl 108 b b Gpoies
bahusea thegypek Rigrei@npeddhGre) Kipyeral | ed and  said systemis

operated at a pressure of 0.5 to 8 Pa with the
weldhdul ootk : - o - or
o 20 B SR o L Ao RO RP enBiveasapt i one o
m?ﬁ% {RSF RO ¥ obFubgrow Yseralminuol t age of 25 between - 3
and -150V, as an arc or sputtering source in such

: ay : . . i thin
VAot ol RS PSSRSO et o
”'*E‘zes 8?{{’]'1?%%‘@ CBHIGE ghAne GF seyelr) radtals efigrdvaV.donsHbareMy or

in steps over the thickness of the layer. 18 . PVD

. WEH BRESSS idéhelofth bRE&TinG ClainfHaRtleflduZ &Hat R rr'iinnr%nié(f oiﬁ%cn SX

and t%e reactiyve gas i s nitrogen or oxygen.
IQGF%E%'%mﬂchﬁe¥W%}%§meaénd 18, characterized in that
the substrate voltage is pulsed. 20. PVD process as in

-Wérk BieB®aslif cihif 159ehafdRFiAQifthit284 slipnayter@tco%ya%g%l Mﬂdet%f at least

1S a powder - al L urgicall’'y produced target.

on3 e dopBeBE e yeCThy 2 Sy Tke seheRlever ¢ Ser Byliasiamond
likg)gasbanflaygr, e do§e e W$.oul a dtadiuiycontairing Ylodum Mow.teyepr essi ng

pul verul ent starting materials wth repeated

subsequent reshaping, for instance in a forging

ress, at tenperatures under 660C, densification by

PMDI RigGe Py OeBOS D @it Iast oreriAl Grndi X layeran sfworkrmisick ovhererit ONj @, 8, CN,
BN, CB?J NG tcat BoVENd, BN, BBROGh E 8k y d8RSIHeYebRn 2R8QME cgging system
witﬂrgple/gst one ALCry., target with 0.25 < z < 0.75 with at least one work piece is installed and
said system is operated at a pressure of 0.5 to 8 Pa with the addition of a nitrogen-, carbon-, boron-

or oxygen-containing reactive gas and the application on the work piece of a substrate voltage of
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18

19.

20.

21.

22

23.

24,

25,

22. Process for machining a material, characterized in
that it involves the use of a tool per claim1l1. 23.
Process as in claim22, characterized in that the
machining is perfornmed wi thout the addition of

| ubricants or cooling agents. 24. Process as in clains
22 and 23, characterized in that the tool is a
hard-netal or HSS hob cutter -and the cutting speed is
60 to 450 nimn. 25. Process as in clains 22 and 23,
characterized in that the tool is an end-mlling,

[ cutter. 26
eerer|1 C and e"‘ilgOV as aE %lr'l cl;]rl srp]ngtterlng source in such fashion that the constituent

composition within the said minimum of one (Al,Cry.,) X layer is either essentially constant or varies

either continuously or in steps over the thickness of the layer.
.PVD process as in claim 17, characterized in that X = N and the reactive gas is nitrogen or oxygen.
PVD process as in claims 17 and 18, characterized in that the substrate voitage is pulsed.

PVD process as in claims 17 to 19, characterized in that the AlCr;, target is a powder-
metallurgically produced target.

PVD process as in claim 20, characterized by the use of a target produced by mixing and cold-
pressing pulverulent starting materials with repeated subsequent reshaping, for instance in a
forging press, at temperatures under 660°C, densification by fluxing and cold fusion, and
transformation into its final state with a theoretical density at about 96 - 100%.

Process for machining a material, characterized in that it involves the use of a tool per claim 1.

Process as in claim 22, characterized in that the machining is performed without the addition of
jubricants or cooling agents.

Process as in claims 22 and 23, characterized in that the tool is a hard-metal or HSS hob éutter
and the cutting speed is 60 to 450 m/min.

Process as in claims 22 and 23, characterized in that the tool is an end-milling, spherical-head
or roughing cutter.
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