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"’ W)rk Pi ece wth a Hard Layer of AlCr- co_t‘arm*rrg\

Mat erial ‘and Process for its Production Th|
relates to the technol ogy involving work p| ﬁlﬂﬂ m
are coated with a systemof thin |ayers |nc

| east one layer of an (Al Crl_y) X conposition “§gles*
specified in clains 1 and 2. The invention further
relates to a PVD process for depositing at Ieast one
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claim16. Specitically, I'S”i nven I'on encomnpas
following: - Hard-material -coated work pieces with one
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ay ers
as TF’B? 'eldl‘%c'a"F’dét ers, indexable inserts, screw taps,

shapers, hobs, d| es, swages, draw ng punches etc.),
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escr es a Wear -r
MERE PSRRI tesATNgSStambes q el ingixiyyal Zompenents a)xd the @sg of
sushempppntsZ = N, C, B, CN, BN or CBN and 0 <Y < 0. 3.
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avk e of |ndexable i nserts
i &%a&l‘{%’. n | ayers. .Thin Layers (Proc. 4m nt.

-Synpos. Trends & New Appl ications of Thin Layers,
Varidi9 §89s of DG |pére hgRBeéd ehR fhloribhar Wr%ﬁimplégggg OP‘HZﬁeschbes a

wearDeS|s$§1|FH4réla?é?gf tﬁe foW\nflngtcgrgPo%B&Bf\lég( tzh@h?r? f(e C‘(._g.f\}/%(IVa;‘i ZEIN. C, B,

CN. Eccor I Ng
Vo CBYt38¢ Ovii Y 58 3ATRet [awgehas Ry suasessutie pesiiforesktepgtingithe life of

indexable irewrtscat hode process whi ch, however, results in

In MaAtEQREAt HEL YR 14RRS ’,iﬂintLQ%rs (Proc. 4™ int. Sympos. Trends & New Applications
of Thin Layers, 1993), DGM Info. gesellschaft Oberursel, 1993, p. 73, D. Schuiz and R. Wilberg
describe a CrAIN layer which according to a drill test doubles the life of a drill blt coated withTiAIN. The
fayer was ‘deposited by a hollow cathode process which, however, results in strong fluctuations in the

chrome/aluminum distribution in the (CrAIN layer due to a discontinuous evaporation pattern.

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

_displays improved oxidation resistance in comparison with conventional TiAIN Iayers.

In *Investigations of Mechanical & Tribol Properties of CrAIN + C Thin Coatings Deposited on Cutting

1

A

*G00002*




. - chrame/al um num distribution in the (CrAl)N |ayer due
to a discontinuous evaporation pattern. In 'Oxidation
resistance of 1l XAl N & Til cAlxN |layers', Surf. &

Coat. Tech., Vol. 165, 2 (2003), p. 163- 167, M
Kawat e mentions a Cr1_xAl XN layer which, with a high
Al content and a wurtzite structure, displays
i mproved oxidation resistance in conparison wt h
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nical, & Tribol Propert
avte JB@B@%‘( Ffr%‘adesff"tb:a'e BYeAGarder. sarkonpgeopy daven iaved. Al dfithe layers
d'SP'PY acqelffICIeﬁ@t)@mﬁ:’thaTmpidgf risesHo highgsabei der, K. Bobzin,
K. Lackner conpare arc-deposited CrAIN layers with
q have been additionally provided
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lghqctlve of this invention to intro
me% coated wor Kk pi eces such as chipping, netal-cutting
and shaping tools and conponents used in machi ne and
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AI/Cr ratio, is of an adjustably uniform or
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1 %\{% %2%6?% 'ugcghsa'dvx‘?e“%a%é‘ﬂ%‘ﬁshte%”%ﬁ”é{“%ﬁ‘ P&t §f thj# Patentapplication. For
that fupeess the REFRFNefvarRiess WergimoRES!, ByopriinBad trardiamet:n 2ltiengh double-
rotagiygsdr gon dixnettedd @IHESSD nird), oh Ql‘pleh&%ﬁr@@ﬁ@strét@ cEflerd m@q@&fltalﬁlurg and four

PO“%e'QnetglﬁJ%%p)g 'Jome@g galg ts Of’ l#lfeéear? Aﬁc% ﬁl g\?&&%@éﬁg@ |5n°,lx cathode arc

SOUCRy %%ﬁhﬁf"’a'ﬁ&ffheﬁf’at‘f‘w@teﬁ‘at ent appl i cation. For that
pur pose, the pre-cleaned work pieces were nounted,

Nex@%&%rnme@&rstlﬂe\ﬁ g@h%allga ﬂ%tcgstlnﬂ S)ésselﬂgrgrgfaﬁeﬁ]the&?rk pieces to a temperature

atin ers u
of a%’?‘ftﬁp%“?ﬁdat”ltm@ bgg yeitaga ob-18@kar 287 Y apblieH én emirdoh t @tmbspiere at a

pressne of QOIPa, thousHRTieddBlLBdces! e 6 MjdYedb thﬁlﬁcﬁlghlﬁéa\{ngwe/!&r% Qf
different AICr alloys were installed in six cathode
arc sources on the walls of the coating system Next,
Thepeyaina Ry onseatipeihe Wq Kieqirees 3t aopwer ogtdut af 3HEV CIBAA) inga pure nitrogen

atmespierera presslechf Bifa and blsulitra@asItdge oPs30RIIE! AEHOE of 5 minutes, a TiN
bonding layer about 0.2 um thick was deposited, followed by the activation of the four AICr sources with
a power of 3 kW for a period of 120 minutes, which depoéited alayer of AICTN. An optimized transition
between the layers was obtained by simultaneously operating all sources for 2 minutes. Thereafter, a
nitride layer on an AICr base was deposited in a pure nitrogen atmosphere, again at a pressure of 3 Pa
" and a substrate voltage of -50V. In principle, the process pressure for each of these steps may be set
in the range from 0.5 to about 8 Pa, preferably between 2.5 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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.+ of about 500EC and, with a bias voltage of -100 to
-200 V applied in an Argon atnosphere at a pressure
of 0.2 Pa, the workpiece surfaces were subjected to
etch-polishing with Ar ions. Thereupon, by operating
the two Ti sources at a power output of 3.5 kW (140 A)
in a pure nitrogen atnosphere, a pressure of 3 Pa and
a substrate voltage of B50V over a period of 5

camprittideciayera TiiNire bomd%g%g aln@é%'érb@fhé’ bs, Qite %h@ %‘jmx? leﬁrt gas if
ne&é@@a‘ﬂs bgﬁgpor{]oﬂ"gg(?tv}@ sslxlelf % ECt 8 9 é{?g@é‘gi’%ﬂ barfomg;%atlngs to admix

sources

OXYFPHRERO NPT I Cﬂ@s‘f?@%qnﬁ'éﬁlsh@nlayer of ALCrN. An
optim zed transition between the Iayers was obt ai ned
urces for 2 mnutes.
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SUW%E@‘*'BB?V%etmen 2.5 and 5 Pa, and for nitride
| ayers either a pure nitrogen atnosphere or a mxture
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or a_ boronic gas 1 n conven

*“a*f"%%%s\ﬁée Qriaed RdYigierep s &iCeat Brcht Hel 163y161 $2088), bdyei5H7, column 1

anddipy's Bafefeogneaphideusiicativn bagomes bh @itdgral birCd ReSsatent Blidation,
hardness, their wear resistance and the bondi ng

TheSd lowmg ﬂ of ALCrN | ayers as a function of their

ch A exnlay EéfiVF"tBH I{ARfe e9tgidesgd apran grarpleangsvitvedféreas to the

attafﬁ?ég@elﬁﬁjoyhm on of the targets enpl oyed. Process

Fig.par amet %ﬁ&ms@(ﬁﬁ‘s&arg é?raQ%CrMElﬁlc%'re atostLalg bi as

Fig b0l tage, %F{ essure and tenper ature are
Sunmari 280" L2 I AlCTH favers 35 3aien af thedemicatleneenposition:
i n whi cW=AVZY R=P3§®Ds2%es e deposited using targets
with an AI/Cr ratio equal to 3 and by applying

Lt urp r e The wear resistance was

e LRl MR 4% MOS8 e dalh e g orcr
AhHpein H ofasSe ﬁ@hml u‘b @0(DSWarghipr BI0ALMN SERE| AJ ceritehtiigh B36rdbr than
70 At%rof tHeemetaRB6tYAti nﬁl&heQE ef BRowRBLARKYINLIABS 13D ST DNier A
conéNréhQr?slshngaaés guccinc (@ %}g? ﬁtg.xalur dlrmg @ﬁ F/%ﬁgsrg%ﬁsgr%g]@r @g@gognal layers

process are C

We'eﬁ?e‘l’f 21 100JH{o0s. WiE8 thegHy RGO Bpasupra dre cBATIayet sttudtiires WereHidher at about
2800-3190 HSI!O 0: Bye Téﬁieﬁ"f) eN@enight At rdorREr) ah&@@aggle %?ﬁz\gﬁfrﬁneggmeasured was

abodt %Oggir\/am Irpc%r fr?sq 0 ﬂt1 hAlﬁ naﬂ{%%gﬂgﬁ Pﬁ;{%gﬁlﬁnﬁ%}% gcirﬁ]’t'?ﬁ‘jr”@s%ﬁéﬁdan fig. 2 A, this
°°mrt’ﬁ§§‘%'?jd'iﬂ‘?y§ﬁ Cé’)k@ﬁ*ﬁﬁ as %mwnwftth Peference to the

Subsequent determinations were aimed at the life of AICrN-coated 6 mm HSS drill bits used on 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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.+ attached .graphs in which: Fig. 1 shows XRD spectra of
an AICrN structure with Bl and 64 Fig. 2 shows XRD
spectra of AICrN |ayers as a function of the chem ca
A/ Cr conposition: A=75/25, C=50/50, D=25/75 As

' indicated in Table 1 and fig. 1 and stated by Kawate
in 'Mcrohardness and |l attice paraneter of C1l_ Al N
| ayers', J. Vac Sci. Technol. A 20(2), Mar/Apr 2002;

deggribe5 @9 a §§rlqulaN},/ swiahle erCﬁaJNI reiy® o <ygo. QGH&Fon{elE@Hentz;Feaf%r f#oun 0.3is
moﬁad@%g@&ke\}vhgﬂﬂe Q'%m V\i]bl H?'rﬁia ro%){s gr%‘?er%@sﬁ CE@H? IIQaO( ? g}eé)erformance

rnt‘r ar)ea la%) En ct urte
hoheq #PLF (gBLYer 39Rk dusytp ﬂ@tel’,ﬂs@g CrN éattle/ Goarlpaees to hexagonal

AlGH: lpyers dhis Bet, the Jifrgetaadionl cfiheseswithviduic aia@re wa3s4V0. 03,
while the HV values measured for cubic |ayer
truct yres we her at about 2800-3100 HVO. 03 (see

Fora(Erd a”s'W‘F eSH? Ban tycopigh cEbatwaen B8t end Zawtpltis pBsitlety way of
thefﬁ’%@ﬁ?é@?ﬂ%&i& tor setinat@sly tl’t&bmelérr&i?d}i@nthﬂéa bdBalsd e 6 dt@sttire of the

crydtd) Idttf&@ AR %J«rﬁﬁﬁttﬁec&aﬂgle Bh’?esp 2>:‘pa I frﬂeg:%?e ?fqg-']’séﬂr d asubstrate

(O

volt%el\?l‘rI AU uc%(!; Eﬂ%@\?‘?ak srtfucr.tpr@ wrzarqgs ap(As\e (Aogr of 3 Pa and a substrate
volt%t@rm\hasqlt@msa avBic etratune dhahexahénal dtfueu@fis Nge%éﬁgélgt%qrelatrvely

Iow@ragﬂieltbb%%ng To‘w] 2|:JresQu rE Wh r\‘é‘ctl%dp{ %I I\k)rc glrurctufe 1§ tpﬁﬁglegﬁt@ héghgr pressure

and]] AU F?{]Vﬁgigggé)dasdplg@e rft ﬁ'lgherffé COW@@;@FWP’E@@S nnloeeamskiele 1g produce a
mmbéW@wammthe process it was found that, contrary to

what JP 09-041127 3 describes as a particularly
e of 1 <y<0.7, a chrone content

uitable AlyCrl-yN ra
Work rprec:es acc?rﬂra%todg“g%vgﬁtroq.r%?réfogﬁfggmeég@@g &, Crkhehcdahimg of the following
con@ﬁsrn@nex € biree ENtboiaréfernbly I8, agd @akar<d.h aiéfe%blme)alY dP6D7R structure
of tHeh&e iR FHisQIa 5B ‘?rﬁcrodr)%ta"lhné @rt@g é élrel% sizé 6{»%0{}(&9’(1?% pm.

deteriorates again due to th
Conpared to hexagonal AICrN | ayers |n this test, the
Progesges agserdinsstp de igfentdneeecharacterizeddy i peocs dure! ra,tm,rce av&@gc ( ALCr,.) X

laye?iS Bdfosifedwith @ Y:6rh SositiBn &5 Jefrrﬁa@%b%\)&of@}he cgt%a?cnarc pr%?ess %%?cr{;egdl target

60% and t %
combtofiflin aﬁé‘? efc?\f%grp YR FE! 15 taegmselye paalﬁrl-fgﬂytfvﬁlé In the case of a high
alumipust @Ppéﬂh@f?@m Reraronterbmtistak sa ab Hesciits inkordek o PRk ciic crystal
strugtlve. crystal lattice. As shown in the exanple of Test
B (Table 2), alowpressure of 1 Pa and a substrate
tage of -50V produced a hexagonal structure,
In t%@p@étgt Wil pe é%\@utﬁeeopawdee obw@rPetadlordically proacder &h@ especrally cold-
presyanl targg@thaf mayd@ Yokl théh fLdkddr SMBES ARE {arg%tsldvrh%h s e ralglln the case
a

ofa F‘fﬁﬁ(ﬂr%‘aﬂ@r\t t%rl trté;gotnyalnebérttgg&;us deposited

| ow bi as $tessure while the preferred

cubic structure is deposited at a higher pressure and

a relatively higher bias voltage. At higher Al

concentrations it is no |l onger possible to produce a
Targets of that type are cold-pressed through mixing the pulverulent base materials followed by

repeated reshaping for instance in a forging press, compacted at temperatures below 660°C under

fluxing and cold-fusion, and brought to a final condition with a theoretical density of about 96 - 100%.

It has also been found that in the case of an AICIN 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.

4



.- cubi.c | ayer structure. Wrk pieces according to this
invention therefore feature a cubic (Al Cr) X coating
of the following conposition: X = N or CN but
preferably N, and 0.2 <Y < 0.7, preferably 0.40 <Y <
0.68. The structure of the layer in this case is
mcrocrystalline with an average grain size of about
20-120 nm Processes according to the invention are

As thh aniattte biaz edltabyis thcRhOEHY B adith ﬁé@étgrt?:e @e&é&%& sg@‘ll' able 3). Already
ositl on

i reey et kBB ERRR o athtal Bof Buisaiebcd e e yots
%ﬂ"g’ Y VoltRgsip BYVEsbihis Pasiie ta otain | eignifidn il prvveToemt @b Bson with
flodtl@@bsmeémopﬂfetdaCWItﬁg’el pPB| The Wddr tdARIFASE A‘P/Er‘%tl)'eaches its

ma oD €

Eﬂgtgrhgtsﬂdgtsgwr{ﬂ 3%&? C?ter ttlggherv i(a%épalrgeéﬁﬁlcen%:,c&gsg{oapetermmmg
the e a1 Rafterp suggest anieatma! é\‘ﬁsé'%? Vpltagqunge tfebetnaem b thag) EXDVant @specially
betwern SoMidIOY -imehiah tanggh e&l low JBFRQH @éi‘éjo@égve@§ @q(é'n§|1 IOyand especially
bet\ﬁéé'n@ 4 6915%58% Wﬁ@er%’gegﬁkea?ﬂecﬁﬁm@r CS%%@E? amlys}o iCHbl(t IR¥ers, per

thIS { OrdS| nt er ed %’(
glg(g'g on. ¥ lgerﬁntéﬁCNonweﬂqc@ﬁtw cbiid notyevsaranspbrakion tates ef greater than

1.5 plhms INd10'ar gletusl [@f meftabed YpReaF, ehdt chéjw&fr3§§§§nck harvgﬁ" ghcoatmgs
depBlité 36 flgenﬁg Q&Hs\‘@t@ylﬁ/ 5 hBﬁ%ﬁbsn'%{e voltagg I§ %@a aﬂt\gﬁbgrggtgr than that of

con’ tfg‘ Irnstance
e"ﬁ%ﬁ Hcfﬁ“”? ‘?‘Hﬁ’é? %Rriﬁ'cé‘scoff&%%iws@em@auwmer Fdr examptp, for a TIAIN
layeg Aepoeitsiddr dnatgeus, fashiod abdthe g cbatings fEixpstimeRONAI 47 A9, Wlsts, Bt%) an

abraioh RO b 4 7GR M HAENGt Wis AEaghgut 96 - 100% It has al so
been found that in the case of an AICrN coating that

was deposited for instance with targets of the
The Aroceys<gsciberabove arstespadatly thease of pavdsi- -REeERIrdicHly H6d uced TIAI targets,

has matid vigdcied td d’éb@sh't%@v rtohﬁngé%gﬁrgg q’hphﬁﬁlszﬁ ,{ gles rB?%sgregﬁre in the

u ra bi as vo e IS | NCrease
rangtereﬂmgtlwé?naﬁign%(g% rgaag gre f’gxg tﬁeafﬁ”ée rglyge aA[tr\Oé%@{)PrN\ﬁpqtlng%oroduced in
compaiable e FW@‘@BQ”PQP@'@@[)@E Fatiggs\has bedg @ccomplished usmg a magnetic field
genagpeGintortsdshilg t&b@&%tér-@olﬁ%d %@%&e@sys@ sJ vHrT’cth g@nérgtw Is 39 Jesulgned that

tween

e <sPpanehtey A AR B Eelsd resieion PegmsiebIeE S, dsples
essgnfi %létcpwéarg l§5‘§|! ptaggg v@lhgg/p\reg anmajex pat ﬁfahatvsml‘fbﬁge"he values of the
_ perpslnmrpllay)nagﬂ'd’me f%&bmb@%hts&a\ﬂ&g s6f at%le(os;r:’;osprref:é en'iehowvt %0 and most

d \YA agal n
e S 8 e s alisahBR ot s P Prperprigs wre e
B3P Tpaftrangs. Shegpeaseticieldoyssiorndratse bistvo aitueuaiptdua@Bpolarized coils
coaxiagingmsitiofiedivebine®s tasggdnd 150V and especially between 5
and 40V, in which range a very | ow abrasion rate of
between 0.4 and 1.0 and especially between 0.4 and
0.8 nBnf'IN''. 1015 has been neasured. Simlar conditions

It is aippbassible vﬂmbldépdsmygé(A&,Cnp)eX codtlhgssto'ugé/@tﬂ&r' Qr@feré%ﬁy hlghlly conductive,

fREfRt W &
nltndg|of' ngeltfagﬁ broﬁétl !égga%eﬁggpﬁmg% 1 rc]:értaln appllcaqons I?oodls;geen\s/eeevrth the)s/e For

examp e or achieving a partlcularly high productivity level it is possible to apply an AICK/AICrN in lieu of
a TiN bonding layer, which allows all arc sources of a coating system to be equipped with AICr targets
and to increase the coating throughput rate.

It is further possible to deposit gradient coatings for instance with an Al content that is incremented
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.- 1.5 nBm N10"15. It should be nentioned, however, that
thé wear resistance even of coatings deposited on
floating substrates with a high substrate voltage is
substantially greater than that of conventional TiAIN
coati ngs whose abrasion coefficient is significantly
hi gher. For exanple, for a TiIAIN |ayer deposited in
anal ogous fashion as the AICrN coatings (Experinent 2,

towird the s@tae, eilfier 5)3usﬁfg%/o @Ebs o@tglrg@lé kr@@ aifdb& Ag&r r%ﬁos o 'E%Wa% with aCr

s r ocess cribe
ané/é%érglbg@q?nyn%% grmgmg s?ougeb PSSR ERANE] P Stj]ed%(pq c}legpQg@u toeidstance by
a c?ptﬂpot{sgf ﬁg{vgse adjystareptepfitoe perem&n@ﬂa@etcmtpdﬁrp@b‘datmg chamber equipped
with Ggth Coakgim@tStSrgét@ athe nﬂ&)rtaﬁr hdriRVE l['mﬁggr?‘é?gpgﬁ%nyeo?ﬁ}sﬁxpe of coating

t 1 .
sy@én@ |§ ﬂ\e zﬂ)ﬁlg troqggr%duceo Ty, 3¢ b@é%gfpr%gﬁf egappﬁbsseﬁp@t@[‘yc@@r ithe entire
pr°c9Eﬁ"?ﬁ%(} Sbthe ‘f°&§nﬂ BWCGSFLﬁnﬂ htbws svepdiichemtge dfickhBs 6fOME I 1AGE Minimal
cohpesitibetiucaatosplduing tbr Msthits oA a gﬁ@@%“ inGitibik-fdtion substr?te carrier can

begg‘&%ﬁﬁlglgtﬁlzé%qgr%%§ 4 r?anostructgr%(%oﬁgérf %lggfrtlleq,]taneknerhgthe layer, i.e. for

gene or 1S
'a”E%aﬁ% R ”aBT °6f"“‘tr Heeteraanget Pyrytoftheebrdcese irtvelneti inghdt Ras@, the use of
unalipyed chroma apiiypemnch Brgewiltresult AeheHdpd B8 of LGP l:(?aYs%ly structured hard
maj O

lay& SISk he @9 ﬁgrg” r.zero val ues over a
part of thate sﬂﬁ/laceo Idrta? HoFes of the per pendi cul ar

magnetic field corrponent Bl were set at bel ow 30,
Nofpyesf evitable yiorbtlsowiriSe el Shre ;QhBSérf Qr*él:é/ss@sekno\\%lérpfor instance the

ev ‘0 s le i Sysordi
T e pe g
lfl RIREEPE A <f thReesatigener at ed by two mutually

counter-pol arized coils coaxially p05|t|oned behi nd

It istd dodditghe tos c:c!utrseI ® ;ﬁ\l)o%ge m%st?dﬁtgf goa\{mges in o EI \{c’?lc{glt%ngﬁ?%)ng systems for

) s, to use o fera
T ﬁg‘veé'”g ShitHEn e be reterpty o ttREN R fonjeriaw inization of the
pro?eﬁa%@dnhefe@fm erstterifiopraspyskes nyatalditors) provisiahis S s €padial Bbnding layers,
addttibvesss @nizdEOh etc @X arapl tSobt&QEorﬁ‘&a‘PAb‘f‘e"Hoﬂ&n&‘of@f?erI%)! gularly high

productivity level it is possible to apply an
AlCr/AIC-Nin lieu of a TiN bonding |ayer, which
Cri.4iNdRxers &f this e, hewing é@@'C@ﬁruduremtenmglyﬂnﬂtr@:fﬁsbIOesbﬁbll for coating the

mos¢ gfverpe @drkvididchs M\@htagébﬁgﬁtﬁamﬁggmglﬁ’dé %rng%oq"s %L{Zﬁ as routers, hobs,
urt her 0SS ?

t {
sph@rﬂ:@l gl?rtgar %F‘J dﬂd ?léléttOGéﬁ:, as wgl, s C%)’ﬁ? (RPE LiBENg\fopks. reAMeE and indexable
mseetaﬁif Emngtaﬁ%wl”{ng P{Oﬁ%qs%q;ﬁtl@@g tels syvlaashi¢shevagas, fdeedng dies, ejector
coregiot therd foymens iOftgr exaenpley B&%vﬁfag&&fsgﬁtz%o\ﬁﬂo* the&' ptgtﬁi \%]Lyers include

inje nstan rinjec nt meta
j e‘ﬁbﬁ %Idg 1%“ &3 cgrf%rn?é % |Jnglg JM ?tngﬁlorﬁ &ér}t%eglg Irg;@sehtgﬁrgppﬁaﬁlcs and

ging. abou
eSp?Chaﬂy 'I”@%@P lﬁiﬁﬁéﬁ’%dl iy fe Pepdudtipms efpiastic deynpomentsoniof datdstsrags media
suchsaseiei, B¥Dwat i like 'hnotir éﬁnﬁ:aﬁ&feﬁ&ﬁm%, Bt chd! Q%p&uﬁtp bt must

meet ﬂrnr@eﬂ@&ﬂ:lr%n@]@(@hﬁg of @g% aag(? d \é\llalts%l ngr? ct%{g:ﬁgcm,r?g?tance cI’;rxamples in

thepum rq % e | mportant
PP %{191"8#5‘ Bsrtryfr]qluge t8pfne V@Fh%fgalﬁionsg plungers, gears, valve drives, e.g. cup

rams and rockers, or needles for injection- nozzles, compressor shafts, pump spindles, and many
denticulated or mortised components.

Given the essentially similar behaviour of (Al,Cryy) X coatings, they are likely to improve wear
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» systemis the ability to reproducibly adjust the
process paraneters essentially over the entire
progressi on of the coating process and thus over the
entire thickness of the [ayer. Mnimal conpositiona
fluctuations occurring for instance on a Single- or
multiple-rotation substrate carrier can be
additionally utilized for producing a nanostructure

resBMBde b tfor%hb@'qher@fay&r@?st&rhé ﬂ"\lériﬁﬁect chnp&Jl%n a?cy gc!a’tmg ﬁameters are

ti r mcroneter
seléc?erd I%%J%E];asﬁ‘%ns tgnatl anvglc\/aé(ar sl%'Hctijrﬁés(ob@é&eg t he use of
unalloyed_chrone and alum numtargets will result in
(ALChe) Xepasird uayza?s Pfwhith IXRNNE CC@Q‘!NSQN cen W&ér%? éw 8NO, CBNO, but

el g P e o 2'<'a§ pose. “houever.

are prior-art processes in which for instance the

Aco@MapIR( AI;SGICQ,D) NI 1apdrs kﬂﬁﬁﬁer&@ﬁ/@rgm%ﬁe{q B%tleﬁ !anliﬂﬁﬂr‘ﬁrop&mes tested.

S _0r
Thedéo§t918 g% %rqgtg% gFle%’te(? \g%r? Slaﬂ%rttootfm%se&a%pqqdﬁb% 'Ifrﬁéet&r@atvprﬁg to 5 Pafor
the Pyereiallsoreoﬁsgre tgﬁgg%n [A0eand 60 seayufios the okygep flod Uﬁerehhlnﬂertbjémg nitrogen),
betden € @t i- Mg/ fbrl’lhé)siubﬁfaté/v@ﬁégé MS@@BH tﬁ‘@ter%}fecrgtﬁr@%né £140 A 3.5 kW current

tterin It ma necessa
for {hg%mn‘&%wggg iep or° rﬁg&f%aﬁc{ @E‘I g’&isl%?\bodd%/o 2 angr2ee é(Sf}S{DUS milling
test@ shkowed ther eoatingp 1yits puewas okyggn perdent Estesoftsypdrivadiality OThl resuits were

sigrificantly BétenSiars these GtaifR@CIifdimeRORANIPLoh B St TiN @ﬂﬂbh' onal
| on| zat| on etc. in order to obtain conpara % ondi ng

he layer. Crl xAl N layers of this type, having a
Theéfﬂs ﬂ'@t @?Wé‘b%rh 8,X Bysserfter ptley glidngdiutitienthe vesenmied TN coatings

opeggtiitergstihl) ossiBllisds fr@l'n\b@ﬂﬁﬁiet é&@rﬁdﬁm@érﬁﬁﬁesec@g&@?ér%%ﬂ}é§ n¥onnection
ﬁ%ﬁBBE n as routers
::th EHE eric ﬁo% o BE% %@Sec;?a‘d%%mmg o?doslga% tgﬁ? P&eg at?i%tO\‘R}éP'Pat%%r to minimize
M SRERS '“bf'%?ﬁ ”e%qeea\f"i%@g%rééﬂ tae eqoeqwe pepegin @ shouttheatrhembered that
the ¢asyd pgosind tarichraty édpagalyimthdiddst bIt@ttipg BEIE SSA% s‘R{mﬂ@M@h&%r than the
costloP@k ®oobideld as di es, swages, drawi ng dies, ejector
cores or thread forners. O her exanpl es of
advant ageous utilization of these protective |ayers
The gltinggdaity of apetod ontamblgds (A,0r, ) Xisfeare Bisfiention can be further improved

by abmﬂloﬂﬁltyla‘éﬂylﬁ@brd&ger@ﬁﬁ %lyeraﬂlso% W@é’%l}lﬁ re?eratﬁ)g:%g g%wer hardness

especl a i njec
valug gg?j{pﬁ’&l‘?ﬁ@ %?adarfé‘fj SRR IgrRvR go0disag-itRraRRSiRENt s or  of
dat a-storage nmedia such as CDs, DVDs and the liKke.

Anot her application area includes structural
requirements in

The g@q%gnns Ette% ﬁan%@ ﬁqgggttlﬁgé%\lenmg%gwltr@aa[qﬂq of at least one metal
and digrgrsed gaden. h@@‘dﬁleésthqa metat beingoorepf grodp eviy VB end/BIcNAS tof Yilicon. A

partitunzly y@l@bis %%mﬂgwmakﬁtalea‘alﬁﬁrg%lespé ig?g(f §0veglg%r 'th a hardness

I
that %/aq b¥ §el%é€;ﬁ%t§\)ﬁe?] g)gjzolagg ?50(0’ 5&;?@&'83{9552‘]%5?%%“& cﬁ\aﬁﬁtenstlcs albeit with a

S°m§ﬁPh%WE§”W%WG°ﬁHWV“ denticul ated or nortised
conponents. G ven the essentially simlar behaviour of

Dee;{-ﬁlle oqls thé(s) co>a<te8,oa§tte# pr}gdsu’clné cl;nee)éo t%ree borehcﬁé dlts;())la)}egra)rrl g)?o/:gllex\{esrangothlng

of the lead-in cutting surfaces, something that has so far been attainable only with a time-consuming

mechanical finishing effort. These properties are also of particular interest for application on slide-,
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.. 6 resistance when for subsequent |ayer systens the

target conposition and coating paraneters are

selected in such fashion that a cubic layer structure

is obtained: (Al Cl1l.Y) X layers are layers in which X

=N C, B, CN, BN, CBN, NO CO BO CNO BNO CBNO

but preferably Nor CNand 0.2 <Y < 0.7 and

preferably 0.40 < Y < 0.68. Accordingly, (Al66Cr34) NO
frickihy. Srr rSIIeWeIFJBséH ct:fn%&r%ms %éega He9§pe¥§({d%v|tﬁj%%o all {)r%glu%ncatmn or when

erties, teste e coat | ng
ot bl Ehre B ekt SR pa S Cmeaibs eeeiis Piearcisisve. ~The

settlngs were 1 to 5 Pa for the overall pressure

Otﬁ&bd&ﬁlﬁiﬁtleg%r @r@gt n@gu@ﬂ%sfvﬁlrh ats[)k?suqm&ﬂjggk&\%e hgdz\?n}ond -like carbon
|ay£% ﬁ%‘eWr AL “E‘\%F‘t Cﬁﬁt@%'”gé@é‘ pofoWsfeatingtper at ure and a

140 A 3.5 kWcurrent for the source power. The | ayers
In e otiie® tebaBe N £18tidy@8 Rl b hgd r@regt oq i (N‘Enﬁ )21ayer or on an

L By @"'Jgn B meufe o gr @&Egﬁﬁ%%'%qamqet@mrwﬁ@de
of 3 graqignt @V é*stagt?egfmhfa PEcgraskiye thansitien betwean thie e, oK tagibmi@d the slip
layérriorlefféedihg e HeetSdoSsithé bdhd GOIRY S&ﬁﬁd@.ﬁl@lbye?&ﬂem Ti ON. The
fact that these (Al Gl y) X layers offer better
gliding qualities than conventional Ti AIN coatings
°r&§%}‘f§e (5 Aot ta @iy WSS 61Q/C tavers, afterdim dppitchtion b sputtered o arc-

deppsid ol ¢ Tinbnting 1860 | PPeBLIP B %B@féhhé’@@c 'tarr'gé'?so Wﬁ Gihd g&jmon of a
car%n%&ohpgasoﬁ% oﬁgegﬁ:artogrg% ias is ISCp chvgelt eosro af E? obtam a larger free-

tool s {0 T8
CaWﬁ” WF ég“ﬁﬂﬁ'%ﬁbunt of Iubrlcants needed. Wth regard
to the econom c aspects it should be renenbered t hat

Il|u§tr|a@d 5@5\& ar@fexé?%s op&hérléman&g&tug Ia%ng%f)ns gt di é?{gr? ('gt‘ %éﬂ) £ P@d -coated

toolsus dn tlvn% t ool t
cost bf 'Y’ %(°f6‘6l'”9°?§r€tl‘°f‘s The gliding quality of a
coating containing an (Al Cl_y) X layer per this
i nvention can be further inproved by additionally
‘appl ying an outer slip layer. This slip layer should
preferably have a | ower hardness value than the (A
Crl y) X layer and shoul d have good | ead-in
properties. The slip layer system may be constituted
of at |east one netal or of the carbide of at |east
one nmetal and dispersed carbon, MeC/C, with the netal
bei ng one of group IVb, Vb and/or VIb or silicon. A
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,
di spl ayed an excel | ent snoot hi ng



.- of the lead-in cutting surfaces, sonething that has so
far been attainable only with a tinme-consum ng
mechani cal finishing effort. These properties are al so
of particular interest for application on slide-, 7
friction- or roller-exposed conponents especial | ywhen
operated with mnimal or no |ubrication, orwhen at
the sane tinme an uncoated opposite conpanion el enent
is to be protected. Other possibilities for creating
out er Iayers with a slip surface include nonnetallic,

i | ayers or MoSx, WBX or
EX?T'?E%PE{M'” oﬁftﬁich’faﬁ@te%si or MoWk coatings. In the

rhmaln%rddﬁégreh@mm s' ip layer can be applied
y) X layer, or on an

e
D'amﬁg’ |o (i '6‘811?87?('1@9 r%ﬁ/eif that may be constituted of a
Mat?é@'a$tru0@lrai1$tea1 Ces, DN tardi de, a carbonitride or indeed
Milph para@e@flt ent | ayer for instance with a progressive

ween the (Al,Crl y) X layer and the slip
Cut“n %Feéﬁfgggﬁéo’f‘/l"ﬁb the best possi bl e bond of the
Fe@dﬁfpasﬂt?@/‘lﬂé(ﬁem/msystem For exanple, it is possible

Rad.awpmpau@r@ac\/\g:/d-q) p&mCerg | ayer s,d gt er El__hebapg! i cation
uttered or arc- deposite or Ti bonding
AX@W'G‘% ,Sfcont 5”ra1bqr§} by sputtering WC targets with the

C°C£i'd%ll5f/°|%wlsdﬁﬂ a carbonaceous gas. The proportion of
Proeass hTifbGni@ies | S | ncreased overtinme so as to obtain a

Abr% "ch't{e{'g’[ 9% 'Bcar bgn pgrcentage in the layer.

ow are erQ'BrrpI es of other advantageous
applications of different (Al C) X hard-coated tools
used in a variety of cutti ng operati ons. 8 Exanple #1:

ne nf ot |f\'l' Ly Ql r'nl HHF d rTEt al
E U UT Qll
nghHaéd I'ling cu Em&a' Cﬁ“ﬁ?fé’t\té‘? D = %Spﬁfutrﬂ&é@ = 12trept h
z = 3 Materia fructural steel | GRABUYS N 1. 1101
MI1ling paranetersi CuttAing |speed| W.=20260hi40Q0 [f+400 m/min
1 (Fewd rate vi= P3B@oAY (6 mmimi N . Ragial whdttrgf 5
> (RRIY act—ae—=—8r Gt #pe ghrw-di-h-of Mnf4;2"‘f akP = 10 gm
3 (AICN) B1 - 69.5 305 167 40
4 (AICIN) B4 72 28 41 7
5 (AICTN) B - 415 585 150 12
6 (AICTN) BT - 19 81 17 4

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

It is clearly evident that, compared to conventional industrially employed coatings such as TiCN and
TiAIN, the AICTN 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. vc = 400 m/min) that this excelient oxidation resistance of the AICrN
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.+ Cool.ing: .5% emul sion Process: Cinmb mlling Abrasion
criterion: Flank wear VB = 0.12 nmm Experinent Mt al
content (At% Life spant at VB = 0.12 mm No. Layer
In mnutes Ti Al & =200 mimn =400 mMmmn 1 (TiCN
100 - - 71 9 2 (TiAIN 53 47 - 42 15 3 (AICN Bl -
69.5 30.5 167 40 (AICrN) B4 72 28 41 7 5 (AICN Bl -
41.5 58.5 150 12 6 (AICGN) Bl - 19 81 17 4 Exanple
#1 shows a conparison of the |ife span of coated HM
mlling tools tested with dif](‘jeren:h fuulngared o

' | early evident that, co .

e B L areab ol AT T2 Yot b O eoatiehysl Beictehagg of e

YRRy ig™ e B R the Brestiibt@leNadtes teivibecresthes b @gRFatd (cbfipare

Exgpieasts 3 Bhe4)r esul ts al so show that, as in Exanple #1,
the tool life is extended with an augnmented Al
content, provided the cubic Bl structure is o

Exarapinf4i Méino pustampiasiesExper i ment No. 3, 5, 6). This is

T g\ttogri,_’buta le primarily to inproved oxidation
e & rghn&ealﬁﬂ‘gmﬁlg‘P&H s as the Al content is augmented

DigmgteeDFayhme. mynbet of téeth 2speci al Iy in dry and hi gh- speed

Mafrilcasehitgstédt X CrimoTi 0 FTHIY sz hat this excel | ent

Mg baahk@n. resi stance of the AIGrN 9 coating proves
Iagvantaget)us. Apart fromthat, it is noted in this

CufingsipeedyVe®@H9 mimiat a shearing of the crystal lattice

Todtiy feen fated, Bd.0¢ @nt he B4 structure caus;i th_e WE?I‘ 3 and
eS| _ riorate (conpare periments a

R@lﬁé?%ld%ioiﬁ%ﬁggﬁ %id&tm%m i ng augt enitic steel The tool:

Axiglpgidin ghepniact gridlMl i ng cutter Diameter D = 8 nm

Codfisgyb®renafsioheeth z = 3

Process: Climb milling

Abrasion criterion: Flank wear VB = 0.1 mm

Experiment Metat content (At%) Tool life travel [y at VB = 0.1 mm in

No. Layer meters
| Ti Al Cr
7 (TiCN) 100 - - 33
8 (AITiIN) 35 65 - 45
9 (AICIrN) 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 AICTN 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 AICIN

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
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- Material: Austenitic steel X 6.CrN MTi 17 122, DI N
1.4571 MIling paraneters: Cutting speed v~ = 240
nmmn Tooth feed rate fz = 0.08 nm Radial w dth of
contact ae = 0.5 mm Axial wdth of contact aP = 10 nm-
Cooling: 5% enul sion Process: Clinb mlling Abrasion
criterion: Flank wear VB = 0.1 nm Experi nent Met al
content (At% Tool life travel If at VS = 0.1 mmin
No. Layer nmeters Ti Al C 7 (TiCN) 100 - - 33 8
(AITiN) 35 65 - 45 9 (AIGN 61 - 69.5 30.5 54

shows arison of the life span of
' coat ed H#mrflﬂmbergtec?g\% £Here as well, the AICrN
M%t%*ﬁ'eﬁf%oé%ﬁcéd:orrqensppmrtwéd YNGED. 9% S GEANDIES, TEMRAT. £, \ ©5%
Mitityeoahadietbrd: ayers currently used in the industry. The

Cuﬁ,}g% %Q@QJ fﬁoﬁpgn t hrough the use of AICrN was
al ned or one, to an as yet undocunent ed

Toptp{géf rals fop@ridiy for streaking - compared to Ti in
RaEralA\hdmbfayraacSae obnfx as the second elenment of the

Axigd i@ of B ther, to the good wear resistance,
XIshcl)vvnom Cta f%%gf the Al CrN | ayers (A, B, D) of

Coplgp-Dry nvent| on while at the same time offering high
Prolqeﬂsd@ﬂmmabmesuumﬁxamp.h@ #3: MIling hardened steel

AbrkEi6n ér&‘?&)n FmLQ/eWBalOQﬁ‘%J head m|1ing tool 10

D anet er = mm nunber. of teeth z = 2 Material:

K340 (62HRC), corresponds to C 1.1% Si 0.9% WM 0.4%
EX@fimSUtS% MdeRal E8dtent/(A865% M | 11 ng Pyl MEBEKESK at VB = 0.3 mm in
0.

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 kat VB = 0.3 mm in
No. : Layer meters
Ti Al Cr
12 (AITIN) 35 65 - 90
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.- Qutting speed v, = 0- 120 mMmn Tooth feed rate fZ =
0:1 mm Radial width of contact ae = 0.2 nm Axi al
wi dth of contact aP = 0.2 mnm Cooling: Dry Process:
Cinb and upcut mlling, finishing Abrasion
criterion: Flank wear VB = 0.3 nm Experinent Metal
content (At% Tool life travel If at VB = 0.3 nmin
No. Layer meters Ti Al G 10 (TiAIN) 53 47 - 70 11
(AIGrN) Bl - 69.5 30.5 90 Exanple #4: Rough-milling
of tool steel The tool: Hard-netal end-mlling cutter

N ter— D=0 —punber of teeth 7 = 4 Material:
S BTl | x 38 |0 MRA5 11| GOR 1]2343 (50FRC) T30M 117 ng
paramaters Cutting speed v~ = 60 nTmn Tooth feed
1]' nmm Radi al w dth of contact ae = 2 mm

Exa&P eﬁl# Wr’aitﬁ,ﬁ Brfowc%wﬂwa@yedatpol-hfelmavmf tt@oogb([:nNﬁ@/ersD[sycompared to TiAIN
coapirgscersantly @ed imttherimduktryngiCr mugﬁd;cngwdé‘w’eﬂ%rﬁbﬂla@'v&éh ﬁ)rdrﬁﬂa/c()hmlng that

invdiled BKmMMRRE rééﬁlre'm&mtsln m%@%&ib@ghd vl\v/eear?els On{ent (At

Tool life travel ayer
meters Ti Al O 12 (AITiN) 35 65 - 90

Example #5: Drilling tooi 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

Feedrate 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 / pm
layer thickness]
Al Cr
4 (AICrN) Bt 19 81 21
5 (AICrN) B 41.5 58.5 52
(AlCrCN) 415 58.5 65
7 (AICrN) B 69.5 30.5 108
8 (AICrN) B4 72 28 46
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.11 13 (AL N). B1 - 69.5 30.5 130 Exanples # 3 and # 4

show an inproved tool life travel of the AICrN layers

as conpared to TiAIN coatings currently used in the

industry. ALGrNthus also |lends itself particularly

well to dry machining that i nvol ves demandi ng

requi renents in terns of oxidation and wear

resi stance. Exanple #5: Drilling tool steel The tool:

HSS drill (S 6-5-2). Dianeter D=6 nmm Material: Tool

steel X 210 O 12, DIN 1.2080 (230HB) Drill |dng o

- | ~ = rate f =

ool 8 RS Yip Ay R e maferem
N5 'éﬁlﬁii'ﬁs}'f['%g MEAHMEY; % ACRs ftndpidiEad ovEbing lagerdhitkokss.

(corresponds to a corner abrasion of > 0|.3 nm A

j e L
oy, ey FBRRRc YR raud £ a0 EAHE seen i i p oxences
as t%_%%/'ﬁ'r\i;m Bl efgs B§reaspd. updo anglymiRgm eprceratipn SHussuBIRr 70¥6f the overall
metalgpuipatMyny Bither IncBea58 howder, leads th Ablﬁéﬂﬂ)si%‘cﬁﬂof 8By wita fexdddRal crystal
isfi A oWs .a

DAl L on. o e e fﬁws*s’umt@ﬁ&xﬁf%ﬁ%fﬁ?e/ et tytag nan o
attefiallE By oritol ghesFeament A 18) papiieead itsslf indhe rangs bewaene 1.5% and
69.3uffyesrimentsidibed).st andar di zed over the |ayer thickness.

The layers_were produced al ong the parameters per

Table 2. As can be seen, the life span is extended

Example #6: Deep-hole drilling 5xD in Ck45

The tool: Hard-metal drill. Diameter D = 6.8 mm
Material: Structural steel 1.1191 (Ck45)

Drilling parameters:

Cutting speed v, = 120 m/min

Feedratef = 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 AICTN 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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.- as the al.um num content is increased, up to an
al um num concentrati on ofjust under 70% of the overall
nmetal content. Any further increase, however, leads to
the deposition of a |layer with a hexagonal crystal
structure and thus to a distinct drop in perfornmance.
A performance significantly better than that
attai nable by prior-art methods (Experinment # 18)
mani fested itself in the range between 41. 5% and
69. 5% (Experinments # 15, 17). Exanple #6: Deep-hole

' -metal drill.
e e A B eyl i i s s efreaftp o entimy osutea
in a(mfngntmx]equﬁigtoﬁdyf%@p@ﬁageou@upgnfange@pecmé neasareth2fds revealed a
subgtamtiatly lowe ectquicathen énceurQergd Wﬁﬁomnglm Ialer. lﬁﬁbrr@ovgr fﬁeéﬁére%splayed an
lmprQ&!(%ﬁa@é@ﬁy%@@ﬂ&ﬁ%%ﬁ ggf ﬁé%{shfﬁ,gqoccﬁuslce'g%&h@ue to an
exc%s'&tv%he%paqi Y"F%d%i?éafl?'et at VB =0.3 mfmin No. Layer
Nunber of boreholes Ti Al Cr 18 (T| AIN) 70 30 - 890
19 (TiAIN) 53 47 - 1135 20 (AICN) Bl - 69.5 30.5
# 6 shows an inproved tool life travel

E“\mpf%# Eﬁ pﬂPé?‘W”l Uyepiicadeetonpared to Ti AIN | ayers
Theqw rl-%@ttizé’fo}’tﬁr%?%g?e Mﬁrl [1ing purposes in the industry.
' [ of

hi's case the enhanced abrasive wear resistance
Mat?rﬁéAA?t@‘tNS@Ghi 4514 ORGrNiMeT 7/ 21%ent | on has proved
Cuttinglperabpketers: | n addition, drill bits when coated as in

cuttfry RELTENE and after the application of a O
: E§n§e|'reng "ﬁ'ﬁ'ﬂ 13 were provided with a Wl carbon slip

Depfhgf readigiich, with all other test conditions being
Typ¢ Qféhﬂtad:&bqketﬂ@&ul ted in a significantly extended tool
Nunbef & threalq8gst aneously performed torque neasurenents

Cooﬁn%yg/?lenaglsign
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 (1)
, [Nm]
21 (TICN) 100 - - 472 +
22 (AICrN) B1 - 69.5 305 4.05 ++
3 (AICrN) B1 - 41.5 58.5 423 +++
24 (AICTN) B1 - 19 81 427 +

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 AICIN layers make it possible to reduce the mean maximum cutting

14



.- substanti.ally. | oner torque than encountered without a

slip layer. Mreover, the bores di spl ayed an i nproved

surface quality and, until just before the end of the

tool life, no discoloration due to an excessive

thernal |oad was detectable. Exanple #7: Tapping 2xD

in austenitic steel The tool: HSS tap for thread size

MB Material: Austenitic steel 1.4571 _

(X6Cr Ni MoTi 17/12/2) Cutting paraneters: Cutting speed

v, =3 mmn Depth of thread: 2XD Typelpf thgggd:

Jas 018 - : : i ng: 0 - ,

N rdg@nﬂq*kg%%\)nagghg Vgrgl:d on cr i%%grt%}%ﬁ ?ﬂ@% ?geﬁsew'ggéﬁ' {98 ?'%I”Wé' [ Gppfgnt results in
an Imfl)rr‘%%?‘ WEY p?‘[‘?%%?&@ ?reg fogTiY- Qnﬁ%r@ﬁr NN, tBiF exgsmpte Séﬁwséhat,@esumably
dug th he adhesivElepeanicyefatumivistnahat Eedd te Piate{iA6fakindNehd uliR¥RIy toldeeling, the

co r ers Vi lwe r | rque (1) Nm
e %iEépN)e%?ggw s EsHeT el H(Ektf&%"t"lﬁig@gg. 5 30.5
4.05 ++ 3 (AICON) Bl - 41.5 58.5 4.23 +++ 4 (AICGN)

In gggition, faps grhen) c@ifedias IELRpezimants #02 efid £28)and attér tad aspli@#tiyn of an AlCr
borldiB @ layrAldr@provilidd with BOVEERRRIsiDiayet £ 9?? éﬁr/éﬁa Fhﬁ:g@étrog a\r,ﬁ bclmrgling layer,
witf&fi%&tgiﬁiﬂg I\/Iggz Ia);ié-}-,-\';v %L )égaqgevﬂh \é\{lec?ﬂﬁerrt)east conditions being equal, resulted in an

appin
extendepdptool%fe and a qualitatively better surface finish of the processed material.

Example #8: Hob-milling of Cr-Mo steel

The tool: Hob cutter

Material: DIN S6-7-7-10 (ASP60)

Diameter D = 80 mm, length L = 240 mm, module m = 1.5
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

Feedrate =2 mmi/rev

Quantity: 300

Cooling: Dry cut, compressed air for chip removal
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.- Conpared.to-prior art (TiCN), all AICrN layers make it
possi ble to reduce the nean maxi numcutting 14
torque. Moreover, the very good wear resistance of the
| ayers with a higher alum numcontent results in an
i nproved wear pattern conpared to TiCN. On the other
hand, this exanple shows that, presunably due to the
adhesi ve tendency of alumnumthat |eads to materi al
streaking and ultimately to peeling, the coating per
Experiment # 23 offers a better wear pattern than that

P ETRYa) 1 o _\vwhan cnat ad

Haddt o —taps-ren—ecogted_asin :
E’)(J)rig??%ent $ #22“53%"@%3%&6 aftef |t he "&Bp?iictHEq edge grmm
|__an Al Cr bhonding | aye e provijded with a WC/ carbon
slip laydr| di, |aftef tHe|appli cat|i dtensfvear Tli | boQditergvear
25 |(BgsY , vvﬂ thia Tt contailnfng -NDSY [rayeys; W TIr agaps;
v aH—ether—+Hest—eongiiiens—being | —resulte
26 A ext bndd |t bol* i fle| and a dal i %0 velly | bet t 842
27 SNFEMNACE fli ni sh af | t @ prlofes®®d [rdt ericads. Exanpl € #853
28 KRONYIBT 1[N Of Qry Moygsteel —g{re{got—gHeb—cygtier——;55;
Material - DN -S§-7-7-10[(ASPG60) Dilaneter D 3 80 nm
29 (RE 1L [=] 240 dm) fbAulle| m®851. b | 25 OdRi p dr poves0.022
30 ANGINe BIf [pr essurje| a5 2(0E| Basisc qck fooet h Qrofi T €pos
number—of teeth:—50;—pt+tehi—25—+wm—Materal-C—M

steel DIN 34CrMp4 Cutting paraneters: Cutting spéed v~
TheExB&0nemtsisIto 30mRRed A Bry Tutdesiig df iferef MBS\ttt of E&Qer-met%uurgicauy

R0k IR s pddaYst&4 s & OLTRY sse@ jr for chip renoval —1°
P EXper !&mgﬁt I\fetealt( %sg rﬁqgvﬁ%%d(\ﬂ 0)3% gfe\?%"ér‘:o?ﬁllngsc Srthfa i'AYS ERJRAIth layers
accpigipp to thig)invanforndFxperimants 2§ ard3a)eifensigaificailyarnrerpvedie@rformance compared
to hobbers coated with traditional TICN or TIiAIN layers. It can also be seen that AICIN layers with a low

(# 28) or, in the presence of a hexagonal crystal structure (# 27), excessively high Al content provide
diminished wear protection.

The following Examples No. 31 through 33 again show the clearly superior characteristics of an AICIN
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 emuision-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

(Alg42Tig s8) N, Balinite NANO: Quantity 1,809
(AlgsaTiga7) N, Balinite X.CEED: Quantity 2,985

(Alg00Cro.24) N: Quantity 5,370

Experiment # 32: Hob cutting
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.25 (TiCN) 100 - - 0.32 0.062 26 (TiAIN 53 47 - 0.25
0.042 27 (AICGN B4 72 28 0.29 0.053 28 (AICrN Bl -
19 81 0.26 0.051 29 (AICrN) B1 - 41.5 58.5 0.13 0.022
30 (AICrN) B1 - 69.5 30.5 0.14 0.018 The Experinents
25 to 30 involved the dry-cut testing of different hob
cutters of powder-netallurgically produced high-speed
steel (HSS) provided with different coatings. The
tools coatedwith | ayers according to this invention
(Experinments 29 and 30) offer significantly inproved

Thqu&fﬁ%,{]% ?@Brmar ed to hobbers coated with

Ional CN or TiAIN layers. It can al so be seen
Diaggigt D AP feagte s 3ftMna low (# 28) or, in the
Moguieesience of a hexagonal crystal structure (# 27),
PrefXFES, fe\@L)éoohl gh Al content provide dimnished wear

protecti The foll ow ng Exarrpl es No. 31 through 33
Maté@aél‘??%rﬁ@ﬂv the clearly superior characteristics of an
Cutlg@pbed: |3ayermiaceor di ng to this invention, with a cubic

(WoGITES 5@' pdifteld FifemBn s %I,y st oi chi ometric

er cent age a content of 66% In this

A'°<§3§§é7 h%”'@lﬁ‘t?’%ﬁ’% pr od&@d"“f?&?ﬁ PM HSS and,
(Abk€spodt i vel y, hard net aluany e340@st ed bot h under
dry-cutting and enul sion-lubricated cutting
conditions. Experinment # 31: Hob cutting The tool: PM
Exngemep) 43fafleb c"a 80 nm length L = 240 nm Material :
ThellgolMAMBSSS Cut ting speed: 180 mmn., dry

Mo&uﬂﬂsnﬁﬁé—lap‘r&ﬁ/ﬁbré\' Bal i ni te NANO QJant ity 1,809
N, Balinite X.CEED: Quantity 2,985

Cut ’}leﬁe%éf‘%m@ﬁﬁ‘ Rfuls®ant i ty 5,370 Experiment # 32: Hob
TICHUBALIMGE B6 The tool : Hayuwdntitetade (HV

(Al 43Tiase) N, Balinite NANO: Quantity 1,331
(AloesCro.as) 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
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.- Diameter .D =60 mm length L = 245 mm Mdule: 1.5
Pressure angle ~ = 200 Material: 42 CrM4 Cutting
speed: 350 mmin, dry (Al0.41Ti0.59) N, Balinite
X. TREME: Quantity 1,722 (A0 .63Ti0.37) N, Balinite
X.CEED: Quantity 2,791 (A0 .66Cr0.34) N Quantity
>3,400 Experinent # 33: Hob cutting The tool: PM HSS
Modul e 2. 5Material: 16MCrS Cutting speed: 140 m m n,
emul sion TiCN, BALINITE B: Quantity 1, 406
(Alo,43Tio.se) N, Balinite NANO Quantity 1,331

Al O.66Crp. 34 X ntity 1,969 Additional tests, not
Abr%é’é‘é:?tre%"é‘dp'ﬁ’é?aéeﬁlr\l?{Bag@ W8tail, yielded good stability
even in higher cutting speed ranges as high as v~ =

EKpEHnBn M. ST M iafal SbntehtTRtA) T € SPAT T8 RIAE N at VB = 0.1 mm in

hard- nmet al| hob cuttesgrwas extended quite meters
HIPRDRRY LA o Pl BN T ST S S Pl SV ET 1 speciallv-also in
SEyrimTTrodarit | x—l T JVWVCT l\,u I | >AT " gopTtoTTr1y o
dry processing meram ons. anpl ¢ # 9: Rough mlling
i1l

L .1

34 Tithbol  $tleed> THe #60l | [HSS- end| 1 ng cutters

4 V.|

. ~ £ + Ao 4 3 ] -
35 WTAMREL €T [ =gglUT T 4RUTDgT Ol teEefiT Z =% va L e e —
eﬁn@l steell X 40/ QrMV 511 DIN 1 2344 (36HRC) M1lijng

36 (D EMet ef o: Tt filng *8pepd v~-= 60| nin Toofh4eed fZ
37 HCN. 05 mm|Radoal {wi di h pf| contacf [ae = 3 mmg &X{ al
HEPA Pl Y ant Ao AaD = E "nlr\l
38 BRHC‘”.NI UT LUIIBLOI.\J T 64 1T 36 12_21
39 (AICT) 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



.. Cooling: 5% enulsion Process: Cinb mlling, roughing:
17 Abrasion criterion: Flank wear VS = 0.1 mm
Experi nent Metal content (At% Tool life travel |~ at
VB =0.12 mfmin No. Layer neters Ti Al C 34 (AITi) N
3565 - 6 -8 35 (AITi) N58 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 0 (AICr)
N - 66 34 12 - 18 BL= bonding layer of Ti N Pul sed =
pul sed bi as Exan'pl e # 10: Longitudi nal turning of
Slmqar it net er Ln.case R”il O|I| steel The tool: LatTh e
e Swe“’ﬁ? BVt PP BRI ERY PRpicas Feamets eangiting ot TV, TiC or
T'(%ha*é Rbzpede which 1@ fvhGrivigyal Biskls olyd@hurh 48d/er t&RaliiRGps added. The
bindeA$HaCe Lidski M thet pRREWIs & &7 Nildar d- sof t machining with
multi-step cutting and partly reduced wall thickness
Cooling: Dry Abrasion criterion: Quantities up to
Exapnter#e11a Forminkthigeds ingpivanized sieelmatel i s r eached.
ExpeMiestiz@gnt Metal content (At% Tool life quantity at

= i i - 90
TheYo%l: HQS I%!Q mpeadl}lgri’nell"ayer A G 1(AT) N 35 65 9
Material: DCO1, corresponding to DIN 1.0330, St 12 ZE

Core hole diameter: 8.34 mm
Cutting parameters: 55 m/s
Rotary cutting speed: 2000 RPM
Reverse cutting speed: 3600 RPM
Lubrication: S26 CA

TiN: 3200 threads
TiCN: 3200 threads
TiAIN: 3500 threads
(Alge6Cro4) N: 8800 threads

Tests with 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 AICrN 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, V 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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-2 (AICr) N 66 34 144 18 Simlar results were achieved

wi th 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
..%tting arameters: 55 mls Rotary cutting speed: 2000
nirEBRNd BRe'Get 9B eUT'E iergreaiB et dhe TSty oremmP: Ll piskel. drngstep garbide,
alu@AunioNan 8@@0unt Ailogads Ti CN: 3200 threads Ti AIN. 3500

threads (Alo.66Cro.3a) N 8800 threads Tests with

coat e N bi c boronitride) and cermet tools: '
Fory T]ag%@?g?b‘f’c'g 3 ﬁggr?gte@o"r@i‘%ﬁaﬁé’o%@f U3 V3%eFiehadecgi\p pulverulent binder
congistingeaf dithnivet retrifea b @i ledst an<CBNthe atrents b fthebitiaver@ngrddb: Boride or
borgHflieX trRekemRlor B)aiteksEmethiie remai nder  bei ng

bi nders, were coated, on the one hand, with

conventional Ti AIN |ayers as per Experinment # 8, and
Mog af thehrebesakent tuanechndimiling AsGrévebleyasig fieantprattenvgzat resistirics than that

of TiAN e&Htihg%DT@BﬂlmgSVag} RN inl T baFee DSy Iﬁﬂr?ﬂ&u% I&git@énamr-@iamF@F turning
T E T T O
shafruitle FePplexpepubtseernigibaiionat e bi as was applied in the

medi um frequency range and by preference in a

n range from20 to 250 kHz. For materials with

Exagﬁp?%ﬁ%b%%t'gﬁrlggf up to 90% a pul verul ent binder was
Todlised t hdtorgitsriavsst riekcesf228x x43paItmm giver \WB6Q, herde¢se e HRS, 4 tools

of the fiplhk@YitayadhdsHde tihte nitri de, carbi de, boride

Wo@(rl}‘#ecg.xl dF?ouRé mtagﬁal-g’ame}ér 95 mg'\’\r 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/W (Quantity)
43 not coated 500
44 TiAIN 58 42 900
45 AICIN 64 36 1900
46 AICIVN _ 63 31 6 1500
47 AICrSIN HS 65 26 9 1800
48 AICTrNbN 62 31 7 1550
49 AICTWN 65 26 9 1630
50 AICrYN 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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L g'roup,' i.e. IVa,, Va and Via elenents as well as
' materials with a CBN
content of up to 95% a pul verul ent bi nder was used

al um numor Al all oys.

that consisted of titanium 19 nitride and at

For

| east

one of the elenents of the follow ng group: Cobalt,
al um num or an al um num
alloy. For materials with a CBN content higher than

ni ckel ,

90%

consisting of titaniumnitride and at

tungst en car bi de,

use was al so nade of a pul verul ent binder
| east one of the

WeI ements of the follow ng group: Boride or
WBor'eTi t rI-880f the al kaline or alkaline-earth netals.
Provesst of Tdokis pues®icugeinst teuwani piereavittl apprdX. 2J8g0 toes 800 N.

reveal edr@,
that of

parti cul qul'

i

% liiﬂ.eﬁ@&telrg}{/ tm&@ﬁieéwéﬁea{e?

°CN coat i ngs.
YC12B6FMHTE | ongi t udi nal out er - di anet er

The sane

4

was

oun

R %?%?%é.ﬁﬁ&ox.

turning test that involved the machining, in part by
Exfiimem ol TTUDGR 5 E&T0N: F\(Fb/o]t,utti ng;—of —an—onty—partiat-ty

hardened shaj&¢ With a conpl ex geonetric Life

confi guratifon. TiExappl el #17: Hal - Forgb ng ool : Faughtng

jaws 4 pieces, 220x x43 x |30 nm Bo&rWABG0, hardness
2eAcedd 4 fools ip the coantact at the sdane time 300rk
53 FARCE. Roumd Mgt er| al gl aneter 22 matier T at—424gp Vb4

Prococc:. Tamerat ke worlk 1ni g_g_e_bef ore re-shaninao

) CoI e pPtT—aT < )AL e Y | + =
S4ACHEOC  Fofce of pfes&tre |57 ¥/ per jaw|Cool i ng17%
S5 MBNINcot e +|graphite MéBal |[cortlent| At % Layer Life 1530
56 RCERN T ment [NopgfT A6 TNg— 2?1 VA WH{Quanttty iz, 43
ted!500 44| Ti ALN 88 49 90 5 AlCrN 64 g
57&@6%5’“ 46 Al Cr VN 63| 3188 1500 3147 |A O7Si N|HS 65 2843
58 AIBOON 48 Al Cr NoN 62 3&57 15508 9 1390
59 AICTYN 62 31 7 1660
80 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)
VI/IW
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49 AlCrWN 65 26 9 1630 50 AICrYN 62 31 7 1730 51
Al CrMoN 62 31 7 1460 HS Bondl ng | ayer nmade of Ti N

Exanpl e #13: Hot - Beadi ng Too
10 mm 20 Work Pi ece:
agai nst the work piece w th approx.
Through the kinetic energy the work piece is

N.

heated to red heat,

Experi ment No. Met al

e.g.

appr ox.
content [At% Layer

HM fl ow drill
1.0338 Process:

Tool
2, 800

1,000 C

Life

di anmet er
IS pressed
rpm 3, 000

and reshaped
Ti A

C No/ Si (Quantity) V/ W52 not coated 500 53 Ti AIN

58 42 900 54 AICrN 64 36 1700 _55 AL VN 63 31 6 1530
6180 cAfted Si N |HS 65 26 9 1650 57 Al O NoN 62 31 7 148®00
6238INA CrVW 65 268 9 ] 390,2 59 AI CrYN 62 31 7 1bbU z_pjdooo
63’NC¥N MoN—6231+—F13406 Bond ayer—mragde—of—H

Exampl e #14: St anpil ng %ool 3%37@. sl ot _ktanp éﬁonﬂ9x
64 NSV 63 6 370,000
65 AICTSIiN HS 65 26 9 280,000
66 AICrNbN 62 31 7 300,000
67 AICFWN 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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- .Work Piece: TRIP 700, 1,2 mmthickness Process:
Shearing, cutting slot 10 % 500 strokes / mn,
cutting force 20 kN Experiment No. Metal content [At%
Layer Life Ti Al O Nbo / Si (Quantity) V/IW 21 61
not coated 100,000 62 Ti AIN 58 42 200,000 63 AICrN
64 36 350,000 64 AICrVN 63 31 6 370,000 65 AICrSIiN
HS 65 26 9 280,000 66 Al CrNoN 62 31 7 300,000 67
AlCrWN 65 26 9 340,000 68 AICrYN 62 31 7 320,000 69
Al CrMoN 62 31 7 290,000 HS Bonding |ayer made of Ti N

22 Table 1 Test AI/Cr Ratio Crystal

Al Cr Layer AV

Tabiet  in Tar get Structure At % At % Thi ckness HV 0. 03
TeE ICNR4IR B || Chetal A [3cBl [6Qaer 305 3. 273100, 8 HRFI
Rep 3 irglergpd| 18rugurgl D AGO | 1] A% HRThickaesy) [BY 043, 55®.'%%'187°B| | Bond
2onn C F1 NNl 22 1 109 1 {pmlq opnn 2 £ 1E1
ATPYY 3 T T B1- [P1885 11305 - 32 [-F 3100 T HF 1
B 3 B4 72 18 4.2 2100 1.0 HF1
C 1 B1 415 | |585 3.8 2800 15 HF1
D 0.33 B1 19 81 4.1 2300 25 HF1
Table 2 Table 3
Test] |Al/Cr Ratio Prarget Vsubstrate PN2 Temp Substrate AV
Ref.| | In Target [kW] v [Pa] [°C] Bias Voltage | [m®m™'N'10"9
V]
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 033 3 -50 3 450 -100 0.83
- -150 1.0
-200 1.36
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Table 2 Table 3 Test AI/Cr Ratio PTarget Vsubstrate
PN2 Tenp Substrate AV Ref. In Target [kW [V] [Pa] [(C LLOYD WISE
Bias Voltage [nBm N 1015] A 3 3 -50 3 450 0 1.23 B 3
3 -501 450 -20 0.47 C1 3 -50 3 450 -40 0.76 D 0.33
3 -50 3 450 -100 0.83 -150 1.0 -200 1.36 23 LLOYD
WSE Patent Cains: 1. Wirk piece coated with a
systemof filmlayers conprising at | east one film
conposed of (Al Crly) X, where X =N, C, B, CN, BN,

Pat a"‘ND CO BO, CNO BNO or CBNO and O. 66 <y <0. 695,
WIWP 8 V\Athnsald(mgAlYCrl X film

1 peiYREK %F%erfé’ﬁe &&%ﬁﬂ%ﬁmg’/f"%ﬁ@fa Prising LRIt ARe v spmegsed of
t hiAdjongs X, vafere e N, Bl B,GN, BX) CBNfNO,r0@ BT, CNOaBN® o6 CBNO and 0.66

st eps, 084, dith ﬁx@"corgﬁésmﬁw?t% it SdidMARaY g a b%MB'e‘?he? L %’s%%t%llly

structure and sal I ece dnsf’ tuting

f oF‘PW”h‘Ej vayinp gver@entplplmep@ofttr@dﬁlyCray)mfﬂm contlnually or in steps, said
( sph@r,cakiinhean) alkabit crpsaistridtire anddarnadrk Qlécﬁdﬁﬁﬂtutlnﬁ 8ne of the
CUH}@MH% éolglaerﬁrhhﬁ%o ggl)b {p)l?ﬁgrrgg(hea& 0b ﬂ%éﬁ%brgﬁ qnﬁ) Oégmﬂ
o Pfter. 2 clepgig toﬁsreﬁfﬁefc("ﬁiembie t'm\h‘é‘?f‘efphtutnhls an@mﬂllngsa die or an
f omnjectigh h@@l of an upper die, a bottom swage, a
drawing die, an ejector core or a thread former. 3.
Tool as in claim1, wherein the tool is an

2. j njle’ BB dhclaid HiwgrarobE t9abfs Pfogring taehofanmuppeiedle. 3 bttoincswage, a
patiawdl die, &adjéct&ricoreana tresl tier 4. Tool as in claim 1,
wherein the tool features a CBN or Cernet base unit or

that the tool is a CBN or Cernet (indexable tip)
3. i ndeq! es inglainpil xdheeain theieplis & injgctiohrenoglingteo! tof prosiesimgrai rgdedl plastic
mapb&t brad davd dtdrage hédmrecited in claim 1, wherein

4, Tool as in claim 1, wherein the tool features a CBN or Cermet base unit or that the tool is a
CBN or Cermet (indexable tip) insert.

5. Process comprising the steps of machining a material with a tool recited in claim 1, wherein
said machining using said tool is performed without the addition of lubricants or cooling agents.

6. Process as in claim 5, wherein the tool is a hard-metal or HSS hob (cutter) and the cutting
speed is 60 to 450 m/min.

7. Process as in claim 5, wherein the tool is an end-milling, (spherical-head) ball-nose-mill or a
roughing cutter.
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10.

11.

12.

13.

14.

15.

16.

sai d machining using said tool is perfornmed w thout
the addition of lubricants or cooling agents. 6.
Process as in claimb5, wherein the tool is a
hard-nmetal or HSS hob (cutter) and the cutting speed
Is 60 to 450 mMmn. 7. Process as in claim5, wherein
the tool is an end-mlling, (spherical-head)

bal |l -nose-m |l or a roughing cutter. 24 LLOYD W SE
8. Wrk piece coated wth a systemof filmlayers
coff'k Bieprycanted wWisa sysire ofi fiimlayeinsesetsings at (eaist guelfily jcomgposed of
WheAIErX) X, Where(k = B, C. @NCNBBI, CERINNONED, BEDCNBOBN OIS BIRDIGhd 0.66 <y

or <y <0 695 w.th.the co sition

i £ R besfon S S bty ) 0 EREPIRRLScsRi gotant o
conaviagpves the tygtnessef thad8kCr-i& fimicerkineally ouih stehs sgidl(Al,Cry.) X film
Cr haying aXcubicl csEDstucitidnkd $ai@ fwotk bidtk @Bsstitufiey SImbNine@ompdient

X film having a cubic crystal structure and said work

pi ece constituting a machi ne conponent. 9. Machine
coMsefiemecnzpenem aglira¢laimss, Whkrginesiaid oomiponepbisgseling Wwasher, a gear, a
seplstoRda pRrEdI@Ivalv@ddRF a ndedidibidn)ectian Re¥zie, &fthaRit 15aboiced.
drive or a needle for an injection nozzle, or that it

is toothed. 10. Wbrk piece as in one of the clains

1- AVoripiegecasnin ane efttike eimad oy wigfrein b eat¢ A we@r of the (AXCFqi,) Xrfilm is less
I S tHaRDPequatd saRne@ttad'sto 1.5 nB8m 1IN 11015. 11. Work

piece as in one of clainms 1-4, wherein a Vickers

pyram d hardness of the (Al Crl1.Y) X film is 2300 to
31Wrk digce agdirdoe of daims &4, wheraimaVidfercdyeamis hatdnkss witier (@l,Or;.,) X film
a kaes todipgict ure of the (Al Crl.Y) X filmis

m crocrystalline with an average grain size of 20 to

120 nm 13. Work piece as in one of clains 1-4,

whéYaek piece boirdomegofl dgies 1i4s wapreini @ thydredtnvetere dfftee WAYTK;,) X film is
Pi &fGocrRBflink Wn bibveldgd ghaln SSeldf biMo 1 nmVOT K piece as in
claim 13, wherein said bonding [ayer enconpasses at

| east one of the nmetals of group IV, V or subgroup

VI Wak piedewasinmumenof ddbms W8 whepdiretondiag iayer ¢ applied b8tween the work piece
wherehb (Saird) Rapdi ng [ayer includes at |east one

nitride, carbide or carbonitride of one or several

nmetal s of subgroup IV, Vor VI. 16. Wrk piece as in

cl sVank diée asinaiaimn n3,athete@aaid boming(|#der doicdmpsses dticashioh&of the metals

adgi S8\ ¥r KBGLESI ARl | P

Work piece as in claim 13, wherein said bonding layer includes at least one nitride, carbide or
carbonitride of one or several metals of subgroup IV, V or VI.

Work piece as in claim 13, wherein at least one (Al,Cr.,) X film is additionally coated with a slip
layer.
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17.

18.

19.

20.

21.

22.

| ayer. 25 LLOYD WSE 17. Work piece as in claim 16

wherein said slip |ayer enconpasses a carbide of at LLOYD WISE
| east one netal with dispersed carbon, MeC/ C wherein

Me is selected fromanong group IVb, Vb and VIb

metal s and silicon, a dianond-1like carbon |ayer, a Si-

or netallic dianond-1ike carbon |layer, a MSx, a W5,

or a titaniumcontaining MoSx or MoWk | ayer. 18. PVD

process for depositing at least one (AlyCrl y) X film

on V¥prigpiede asiinegiaim 1Giveheeeinsaid shp lager eBompaides Bbarbi@BNat €46} one metal

Ca witPAspdrb¥d caB:NQ, MEBRQyRAGh Qe%sefec)éd?rog‘r ﬁ%&»g group Vb, Vb and VIb

eéalssanla%mc Caalﬁ{nggda@ﬁfeﬁarbgn |§¥eérﬁ %g rweéa.ﬂlc%@ggpd Blﬁé:arbic()n layer, a
AI XES1. aZVB.aar gditaniumygentaining M, ezMell, I@Er. operating said
systen1at a pressure of 0.5 to 8 Pa With the addition
en- car -contai ni
¢ S0P b B s i PP g o o) BMONE BEGPBHe, “Bee X =N, C. B
sulﬁ‘e‘:t BHt @BN:HNQ. §gBDCNE: BNOcGBNG amhies 1 580,695 somprisirgdhe steps of

or wfsfé%% 8Y Iéd%%r%%l@ﬁece‘ﬁ‘@@a%hﬁ}n E&‘a%ng Qﬁ{éﬂhfhlé?@ést one Al,Cr;., target,
conposi sal Crl X

eas
T PRPRD2EReth P oBerrasr g §V3t%ﬂ§tpéeﬁf“f69f ipBES viTthahatonora
c omttriogene i$gtbgn-torannorokyeges-conaning rlaactwmgaslmeaﬁplmg dnlttes work piece of
fi |ar§hb§tr%lecboﬁ£ge| cﬁ%éﬁNeerQn?ar(dAl 1560 aéygn ng?(gr' 4pmt<§ﬁ s&gcéa wherein the

cubic crystal structure, sai I ece ﬁ"?
s e CS RNt OBRPSIRROME N He Sﬂﬂr%& gl e AvEBik éd"m iF eifenessentaly
of carstantrer vhriew eitBer cbBtinuBYD @ lirotE@RDVEShd thickhedk BT th film, said at least

wh %F\gﬁd CP1< 26)( N'E)@%Qné Q@ubrcetigwl Q/t%cgreaar#ossa%gsorl&qg% b%fng selected from

OoXydg ocess as In
whéManhthe Markqiipsss fea@eéi Iy gtheagfelaims 1Rf8sed. 21. PVD
process as in clains 18 or 19, wherein the AIZCr, Z

;g%@g@gcéssaasqﬁwlﬁﬁﬁﬁé}a ih w:qrg g@& t&%rea%g %gieqttrogérﬂ%r oxygen

process as In c erern
produced by col d-pressing starting nmaterial in powder

f OPWDWirdchsy e albia 18bb$E QueRin thesbapitd@itagiis pulsed.
tenperatures under 660 C., densification by fluxing

and cold fusion, arid transformation into its fina

st &VE Ripcers as PRl eal 9. wheriithe Akr.algwgt is gaowderiro@alurgically

26 produced target.

PVD process as in claim 21, wherein the target is produced by cold-pressing starting material
in powder form with repeated subsequent reshaping, at temperatures under 660° C.,
densification by fluxing and cold fusion, arid transformation into its final state with a theoretical
density at about 96 to 100%.
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