WO 2008/116728PCT/EP2008/052572 WEAR RESISTANT HARD COATING FOR A WORKPLECE
AND METHOD FOR PRODUCING THE SAME BACKGROUND OF THE INVENTION 5 The present
invention relates to a hard and wear-resistant coating designed for tooling of materials difficult to
machine such @ esgs/fardened tool steels, stainless steels and titanium allpysg/iposis/easapplication of
extreme machining conditions requires a coating having an excellent wear-resistance, hot-hardness
and oxidation resistance combined with a high 10 tou&?ﬁness and a good adhesion. The present

invention furtheMiafsheRES HHeARBrid AR bFoeEdBY G AR PEEISEANELMHHG PR, fined PVD

arc evaporation process. 15It further relateg tmhaepqtedmorkpigee, especially a tool having a body
made from a cemented carbide, a cermet, a cubic boron nitride (CBN) or high speed steel.
DISCUSSION OF RELATED ART 20 AITiN is a widely used PVD coating for machining of hardened

steel. Howewes oRIGROTMER ORI & BINgIedsy@o™r multilayer consisting of sublayers of different Ti/Al/N
stochiometries can be used up to 900C at the most for tooling applications due to incipient declination
of hardrress with temperatures higher than 800 to 850 C depending on the Aluminium/Titanium ratio.
25 Therefora htSr22abiHRNA318 edppdias AardNpbating et taarkmptag sdsgnal éasediegrodxidation

resistance. This coating.is known to have a good oxidatiqn resistance and hot hardness up to 1100C
depending SR TR e S R T e T B e o
many toolinglimpliSatibas meplieveolof ratrsignifieditinSoimgitowes tegtimes persimgdaemgsmmaterials
more dificul {9 AR SHalk Az Lagiened Rk alPaln NGl SaselaBaiR s apd nickel aloys
and austenitic steels. Similar to that, application also WO-2006/005217, WO-2006/084404 and US
2006-0¥22893elinesstanthie eopd@diBeRI16728PCT/EP2008/052572 2 optimize oxidation resistance,
and/or (hot) hardness of the coatings by using different multilayers and/or introducing other elements
into the AICrN matrix. Another coaling which is asserted to make progress with cutting of hardened

steels is 5disA6SBEPHY mrertion §ugier RelateuithbcBMHIEs B APy A rA BELSRb FORRRESON of

i.e. a defined PVD arc evaporation process.

15 It further relates to a coated workpiece, especially a tool having a body made from a cemented

carbide, a cermet, a cubic boron nitride (CBN) or high speed steel.
DISCUSSION OF RELATED ART

20  AITiN is a widely used PVD coating for machining of hardened steel. However, AITiN if
used as a single layer or multilayer consisting of sublayers of different Ti/AI/N stochiometries
can be used up to 900°C at the most for toolingv applications due to incipient declination of
hardness with temperatures higher than 800 to 850 °C depending on the Aluminium/Titanium
ratio.

25
Therefore US_2005-0003239 applies AICtN coatings to workpieces to increase their
oxidation resistance. This coating is known to have a good oxidation resistance and hot
hardness up to 1100°C depending on the Aluminium/Chromium ratio. Such coatings help to
improve milling performance for many tooling applications however do not significantly

30  improve tooling performance for materials more difficult to machine such as hardened tool
steels, high speed steels, titanium and nickel alloys and austenitic steels. Similar to that,
application also WO-2006/005217, WO-2006/084404 and US 2006-0222893 try to further



different Al and Si stochiometry. US 2006-0269789 discloses a hard multilayer to cut high hardness
material at a high speed. The multilayer comprises a first TIAICrNX (X = C or 0) based coating layer, a

second 10 coagiaglayslseging a mixture of TIAICrNX and TiAI(SIC)NX or apppitiaygieRssdch
alternating layers, and a third outermost coating layer essentially consisting of TiAI(SIC)NX. Despite of

certain progress which could be achieved with such layer systems in terms of wear and oxidation

resistance, thgigisiil.aeans (QReREe8E/ & RBtRITROYEIREsRINE Beusing Fegaiad cutting tools with
as mentioned difficult to machine materlals SUMMARY OF THE INVENTION Therefore one object of

the present TRIBIATSH —Hp FBURIBERESSH ?ﬁé@’&‘%é“gb GHY BBB¥vorkpiece, especially a cutting

tool coated With a hard coating to increase toollng performance with difficult to machine materials such
as high sp steels, tlianl s nickel all austenitic steels a hard materials like
hardened t QtRst 08b i‘lﬁg SILTR® ‘r |¥ BRI SVABIS gtf'}ﬁg(fh argsgglﬂ-ﬁ??% A further object of
the invemtlommltﬁemrbylEE maﬂ%fbélﬂmgs)mﬂgamﬂpnmngm mﬂgmmm&m éhichlotNhafdness

properties o(f1 §§£ﬁ)§g%el 1Sto(ggects tilrg/ay be achieved by any one of the first two aspects of the

invention as oW and In ¢laims 1 and 2 A third object of the invention is to provide an

improved cutting tool according to claim 12 used to fabricate parts for mechanical assemblies like e.g.

moulds andges, 9289?%5 qritingetopls ke plades %%Hﬁﬂ#%@r&ﬂéﬁ%&éﬁ&?&%%@%@é@ such

operations according to claim 16. One application focus is the improvement of 30the cutting

performancdhs m Fﬂg%b@?@@ﬁﬁ@s\mfﬁsﬁélfw&}‘éoﬁ RERIBRsRI Spatine e vIssABduction

sequenges angiap MDAreved sWiiacsroranest Rhiterwarkpgs as iahenameles WK
2008/116728PCT/EP2008/052572 3 A fourth object of the mventl?n is to, provide a PVD %%r cess to

produce mvéﬁﬁ‘?@‘&%ﬁ-’a‘ﬂﬁ@@ ARA HDEARETBNY LU S SRS CasimG RG4S Hr&End second

object of the invention can be solved by a workpiece havmg a surface whereas at least parts of said

surface are é‘?ﬁsted %th a wear reS|st mul atln% g ﬁosn d b){ al PVD ) process and

the hard co @%% 6?@%@ Brogsey 3’ Csoﬁlpdpag?t?r?gl :Xf;erw ana 8 Sed yﬁgrl%c]rﬁys e Sificon

containing Ia;adromﬂatthmIﬁsmtdayerth&temﬁlsmrhetwbemnb@mﬁm&cmﬁwﬁmetayer which is a

first aspect g of the.p mlven fon, 1(gn'1£'10%e é %ﬁ?&ﬁ?{tg% 9%\?@%%88 ing material of the following
{’f‘ioﬁlﬁ a‘?&

composition ereas <a <0.6, and 0 < x and'y < 0.3. Alternatively the first
layer may comprise (AIbCrl b)Nl nyOy, whereas 0.5 <b <03, and 0 < x and y <0.3. 15The second

layer compriggs A /cotmgraigirhahihg dallowing composition (Ali-c-d, CreSici Me)Ni.x.yCxO0y,
whereas M stands for at least one element of transition metals of group 4 (Ti, Zr, Hf), 5 (V, Cb[Nb],

Ta), 6 (Cr, Mo, W) of the periodic system except chromium, and 0.2< ¢ < 0.35,0<d <0.20,0< e
50.04. In a pretecres emkasisnentief fhadnvantianihe sasontdavatnmpdsesiacaaingamaterial of the

fO||OWIn% Conv”‘lrgrol%;[g%g gg}l)leaal]]y(é:rc({l%tll?lgltgof\lcoated with a hard coating to increase tooling

performance with difficult to machine materials such as high speed steels, titanium alloys,
nickel alloys, austenitic steels and especially hard materials like hardened tool steel having a
hardness of higher 50, preferably of higher 55 HRC. A further object of the invention is to
provide such coatings without loosing the excellent oxidation and hot hardness properties of

25  AICrN. These objects may be achieved by any one of the first two aspects of the invention as
described below and in claims 1 and 2. A third object of the invention is to provide an
improved cutting tool according to claim 12 used to fabricate parts for mechanical assemblies
like e.g. moulds and dies, and other cutting tools like blades as well as a cutting process to
perform such operations according to claim 16. One application focus is the improvement of

30  the cutting performance in milling operations with reference to cost reduction, optimization of

production sequences and an improved surface roughness of the workpiece as for example.



20Cx0y, whereas M' stands for W, Mo, Ta or Cb [Nb] and 0.06 < d' <0.15, especially with 0.10 < d' <
0.11. (Niob or Columbium refers to element 41 of the periodic system, international shortcut Nb,

sometimes alggbgpasf%rﬂgr aspects of the invention are directed to the crystp/lipadideiwre of the first
layer which 25pre era]bly comprises two different phases, especially a cubic face centered (fcc) and a

hexagonale close packed (hcp) phase. Thereby the XRD signal of the hcp phase may become more

prone if subjegt I NRALL SRIMERL ALIFRS WPpKREEMPEIAiHIRs b baast AR da@fesThe hep

phase can be Al enriched and the percentage of the hexagonale phase as deposited should be
between 5 @Q@WFQ?Q&F&BW%%@W%% 30 Vol%. 30 Further aspects of the invention are
directed to the Al/Cr ratio within the nanocrystalline layer, to the ratio of the thickness of the first and

second layer and overall coating thickness, to I(%%r textures a&d?stggt% as weg aéscgqugvgnultilayer of
alternating fePEsRals BadEhAad sKendP & Y B ST B TS S S A e ple
performance gk pscratechsuitingtoals sesbsafaccaspeciadlyvjdod wdaeretheitlGitiktyored expressed
by the quotient )my = -c-d-e%rI c is,within the following range.. 1.5 < QA1/Cr<2.4. a further
embodimenli‘aéd[ﬁf&qzﬁ’egs qubtf‘ (éyﬁrsgy (:Hc;g %Cgesig %nrg\é\{?leeg%%a%%%tl cclgrrflir}ss f{cf)%atﬁea sgé%ond coating,
e.g. the quatippbHRy3apa Aflaisendthindhecfpiiailing sitingecantai Gy avsrwibrtadigidasl coating
thickness D.of inventive coatings is yvithi lowings rangec . um d peeferably 2 pm
BGC it 2 Rest AR A faply
D56 pm. 1’6‘,5?%? eerb g%%ec of t ér}%l?}/%ér%t%lr? rig%egré\é%%a dnevgslan]g Yofjsnés'% modulués%? the defined
layers of theérseating system. A higher hardness of the nanoerystalline layer compared to the support
layer proved to be advantageous. As for example the fir st layer preferably shows a hardness between

2.400 until 2.800 HV, whereas the second layer will have a hardness between 2.800 and 3 200 HV
measured bhe FrekErehremiitge ALMEREIAIEIY oo fNo BRI mRastiom i roling s mboddius - the

latter influengipa.tuohness eka.saatiag syaterda adishaxanthoaRigyadiustesnasiter example by
controlling certain process parameters especial subétéate bias anéj rocess pressure or reactive gas

pressure as@ieind them3n B Om 08 50712880 3 & 974 249 and other documents.

20However, for the present invention it has been proved advantageously to use a deposition process
comprising the step o lying a.first lower substrate voltage, U, .during depositign of jrst coating
and applyin Ié%@ﬁ%‘?‘fii%%ﬁ8?’%88%??&80\%%5@1%%? e lj)rflcr%ligl;e gg}:ﬁ%l ﬁocl?fpt?%g é’z‘ggr% '(‘i:'?t)g%glé . Whereas
the first substiaie yoltae ishierdheNosigeiof@ M ledst eng GBweaief trrasiteo metelsoxieasunsblibige is in the
range of 80 0 ereas Uz - ?A%m Wonalerpativehna higherprocess
pressure ma%r;iﬁs?e@gd%ﬁ%é&%iﬁ%ﬁ%ﬁﬁgﬁ%ﬁ iﬁg to%gd%ce intﬁgﬁi,ic layer stress and
therewith haedn®3§.dF thé Fifs20aet cifdbfihd b kpiened sotediperashibe Brergre s asoc,
especially 0, Ao ub AHAC.eRddinllng, 1B i HisomiRRIbIBIaUehdng J0eSlpmasiion process

seemed to give a further beneficial influence to coating adhesion and. too| qgrformaq{:e. .
20  CxOy, whereas M’ stands for W, Mo, Ta or Ch 1 and 0.06 <d” <0.15, especially with
0.10 <d’ <0.11. (Niob or Columbium refers to element 41 of the periodic system,

international shortcut Nb, sometimes also Cb)

Further aspects of the invention are directed to the crystalline structure of the first layer which

25  preferably comprises two different phasés, especially a cubic face centered (fcc) and a
hexagonale close packed (hcp) phase. Thereby the XRD signal of the hep phase may become
more prone if subject to heat treatment or high working temperatures of at least 700°C or
750°C. The hcp phase can be Al enriched and the percentage of the hexagonale phase as
deposited should be between 5 to 40 Vol%, preferably between 10 to 30 Vol%.

30

 Further aspects of the invention are directed to the AV/Cr ratio within the nanocrystalline layer,

to the ratio of the thickness of the first and second layer and overall coating thickness, to layer

textures and structure as well as to a multilayer of alternating first and second layers. As for



30 A further possibility to influence as mentioned layer properties is to vary the content of certain
additional elements or to vary the Al/Cr ratio as mentioned above or with examples below. The

hardness of thgsegnd Agnocrystalline alloyed AICrN-based layer can bedgktiesodd/ed2572
2008/116728PCT/1CP2008/052572 5 advanced by adjusting the silicon content to give an optimum in

grain refinement resulting in a maximum of hardness. Furthermore, a contributive solution hardening is
obtained byeasnpentanathifrRpsifigncneidtaspenalkeahi¥o Masfebidhdgded whinltiaddlfionally serve
as diffusions barrier as e.q, in the grain boundary,phase of the.hard,cqating. Altogether, such
5nanocrystéﬁﬂ?eaéﬁé%eﬁsg(%mt%acglgg %?/%chpfb 1é8'$6ei§°el§<t\?égnl1%%l ?%gsﬂsotgﬁiga{ag%g'stﬁﬁi
temperatureg,aad@ddation, and therefore being highly effective in protecting the support layer and the
substrate from being oxidized. Best performance with cutting operations could be achieved with a
texture coefficient Q1=1(200)/1(111) in the range of 0.7 < Q1 < 2 (Q, is defined as the ratio of the
diffractibn idteaditdet@og)dindt 4 hickseis e ¢ frthspastivediing thenalet2bo) atéckness Iidlhs in the

X-ray diffracfionSRRetHmQf & materialich s coneppRndwilRiA Ralkneashgrangh glorg,(200) arid (111)

plains. Detalls regarding the measurement can be seen with figure 1. Contrary to the second layer the

support layevtexbibieyeradbtontinatiyelbuass Bielcanenrricaatispigheithin s gl reRgREHidHER Young's
modulus. Tmﬁ)ogol\@g&oagg gé?epa%% gg{lgb'@@tig% mnt.ransfer mechanical load from the extremely wear

and high temperature resistant second layer to the substrate material of the workpiece. Alternatively to

the two layer set up as described above other layer system can be used to 20further improve layer

performance, fRf SRl AP IERIANSHAR fatRB MRl Al Hiv rsials Adhesiosr ia¥eMy be used to

give an optimized interface between the substrate and the first su%f tin% layer. This adhesion layer

r
may compridy T efrthriggainp s ehd g RalE e A IS HRORE Tthng iavshePRIPEeSH8/8E0 content
towards the digstdavayaknewn e bR mapalihg afér 2rApRtiRIfasasdiinralpusshiit is to make

the first layer comprise a multilay-er of alterpatin %I’iaA i.%Nl. .yCx0y and
(Ali-c-cteCrd8TdRFs T weSR2: IWQ@%&O&%’(@% ﬁ?‘?gt%i @Hdo%‘@.r@l%gf AQginess
(Ali-e-a-eCregiabia)Neoo 2Py 18961y, hayensdbihid/ siaek milktbdvéatpiefetrebidydrhidkness of a
view napometer. until s 100 nanpmeters to the maximum which m e 30varied within the layer
Stack P to BT B0 AR5t AL UDLTOR JuCTp ENAE P4 Bty e

high extent - can be adjusted as for example by controlling certain process parameters

especially substrate bias and process pressure or reactive gas pressure as known to the man of

art from US 6 071 560 and US 6 274 249 and other documents.

20  However, for the present invention it has been proved advantageously to use a deposition
process comprising the step of applying a first lower substrate voltage U; during deposition of
the first coating and applying a second higher substrate voltage U, during deposition of the
second coating. Whereas the first substrate voltage is in the range of 0 V <U; <100 V and the
second substrate voltage is in the range of 80 V < U; <200V, whereas U, - U; 220 V.

25  Additionally or alternatively a higher process pressure may be used during deposition of the
first coating to reduce intrinsic layer stress and therewith hardness of the first layer. Heating
workpieces to temperatures of higher than 550°C, especially to about 600°C and holding them
at this temperature level during the deposition process seemed to give a further beneficial
influence to coating adhesion and tool performance.

30

A further possibility to influence as mentioned layer properties is to vary the content of
certain additional elements or to vary the Al/Cr ratio as mentioned above or with examples

below. The hardness of the second nanocrystalline alloyed AlCrN-based layer can be further




material. Such coated workpieces can be used for many types of tools, however will be especially
useful for cutting tools, as for instance end mills, drills, cutting inserts, or gear cutting tools like hobs.

When appl_ied ‘%%tgo%lé 152%%9 of cementeq carbide, cgbic boron nitride, cer [E{?ﬁ&%@gﬁc material
these coatings have a good potential to improve cytting 5 performance with cutting processes on hard

materials - as e.g. hardened steel - having a Rockwell hardness of HRC 50 and higher, or even of

HRC 55 and ey A MiLomaomanRUAieshi ARIal WD SHaIRIcs Belf vt RERGEIRTION OF

THE DRAWﬁQ] e’ Ing figures and examples ntended to explain the present invention
by means ofsomémspeoftasmisedimthernaisichcontihgi YA e frrdaing i ebgdesddbethe claims in

any way. Re{EIanGe I3 hainamada o-BeapcomRanvin drangsin iadsiguea isaows XRD
spectra of a TIAIN/ALICrN and TlAIN’/A CrSiWN hard coatlréggéFlgure 2shows a titted XRD spectra of
a TIAIN/A1CH{ariena briiexiza e € raimernind ewadamy Phagt P Bshard eaatine daliogeiish Bich

TiAl N/A%CrM%@JéﬁlMé%F%Mmrgawwgﬁs pigvEr thshows R spetia Afaid A 1CTSIWN
hard coatings with hexagonal phase; 20 Figure 5is a peaﬁint&r‘usit\y dia&rrr@mé,Fi%%rse 6shows XRD
spectra of TIPS PAANE AL A AT RETST e R BN Uk SHERE PRy PR oS SRR patterns of a

TIAIN/ALCIN et ae TibsHid HorSBAN: exalings Bés perfing R Gth-cating Fjreatioatingddvere

deposited on a commercjally cemented carbide ir ing & cobalt binder.phase correspond to
coatings No ti?é“%%"?l‘fegyl B cRite Y %é?ﬁb?%’s ?gélwg\fggéﬂngeﬁg?g?notgtg'?sw%res 2116§§me for all
coatings withjgfie«xaehtieniebiltbetdiffet tivat éried dised @D0todélt theassgoedirtayesti Bhtadishen targets

composition ell tures of the.coati } a pectra
wore 10ubra A BHREIERS Son o G A el #
Bragg-Brentanbuyed metwhal cuglRAerad-ditbndeinst Deted yreaprding 8istmasmecaient SR§fals
coming from&t}%%%peoﬂ layer and the substrate. WO 200K/116728PCT/EP20081052572 7 Two
important facts can be deduced from the spectra: - Using W and Si alloyed AICr targets causes a

decrease of peak heights of the 5coatings’ diffraction patterns combined with a broadening of the peak

signal. This caphha-atsibnied aia-geaimdalipiag aifectdisitnatbaalayineaiemensresaesially of the
silicon. Due to this AICISIWN second layers are,depos'&té%d%(}\gi,th ana o-%gytit line structure, as can be
seen alb® witkigher SENicin Ayoued 8 debst oY HiiaAasy, This proved to be'the best combinatio

to transfer mechanical load from the extremely wear and high temperature resistant second

layer to the substrate material of the workpiece.

Alternatively to the two layer set up as described above other layer system can be used to

20  further improve layer performance for special applications. As for example a thin metallic
adhesion layer may be used to give an optimized interface between the substrate and the first
supporting layer. This adhesion layer may comprise Ti, Cr, TiAl or AlCr and may have a
transition zone with growing N, C and/or O content towards the first layer as known to the
man of the art.

25
Another or additional possibility is to make the first layer comprise a multilayer of alternating

(TiaAly_g)N}xyCxOy and (Al}0.42C1cSigMe)N1.xyCxOy layers or of alternating (AlyCri6)Njx.
vCxOy and (Aljc-0eCreSiaMe)N1.xyCxOy layers. Layers of this stack will have a preferred layer
thickness of a view nanometer until some 100 nanometers to the maximum which may be

30  varied within the layer stack up to the needs.

Workpiece body or substrate material will be preferably selected at least from one of the

followings like high-speed steel, cemented carbide, cubic boron nitride, cermet or a ceramic




10Compared to coating systems having an unalloyed second AICrN layer displaying a clear (111)
orientation, systems with an alloyed second layer display no or only a weak preference in crystal
orientation. ThReeigs@13¢tasm QE which is defined as the ratio of the diffractionimtansities4200) to
1(111), assigned respectively to the (200) and (11%) plains in the X-ray diffraction spectrum of a
material, is in the region of 1, 15preferably between 0.7 and 2, if measured by glancing incidence as
mentioned ahaveaMaka detaileddnfpknation kmild toeating siistofeoss) evdedudddbérom
XRD-patterns if péﬁ’k fitting.according to the F]Lorergtian m%thoﬁi isdaﬁ?liegﬁias can rtl:SJe()%eg?Q with fig.2.
The fitting h&¥Hé é‘ﬁ?ﬁf 6"{0"%%“%%6%3'1‘6 IR AR AR S B th &0 ST E F o spectra referring to
coatings 20 deifghaidiohbiss. Wierelypiiddéaning candee ficantified Gybide asininbetie hiftigeak Width
at Half Maximum (FWHM). Excluding constant backar un% influence of.th the following
values, shov?/?ﬁré]eé%r%ﬁguné%@%ggﬁ%ﬁgsg é’%’?ﬁ‘&%ﬁﬁh‘gﬁg& (d,r%ul / uaié%éhr@ ayec?}re\ﬁ}vl;1 re obtained:
TiAN/ALCr Spevidroranie Mi{2 00 ingIpToRB s\ atOmtergle-+vs (@) azdenad igplg MGHY &oatings with Si
and W lead%it&??@ﬁ%ﬁ?ﬁ}]%sf@rﬁﬁé %t%%gﬁe‘?, IEE P o RRle 399161 9f AR s WhiERethe authors
attribute to a widening of the lattice plain due to the bigger size of tungsten atoms. Thereby lattice
parameter chemestiased i derel WHoBampieidIeBIVAICTN to d(200) = 2.082 nm for AICISIWN. SEM
images of two coating cross sections with magnification of 100'000 diameters can be seen with figure
3a and 3b. SEM imé%?s were recorded at an acceleration voltage of 5 kV. WO

2008/116728B8i7 6EARIE98Y 98 Bl B4 ¥\ fwo double layered coatings, each having a

columngg grown (Tio5A10.5)N supporting layer of about 1 p.m thickness and a thicker top layer.

Thereby Figureéﬁ shows.an AICrN top layer having already a.finer layer than the comparably coarse
and columnarfirHiasie ﬁ%%%ds‘ﬁ‘ﬁ%t 8 BFHe” %%é%’f}é%%%\?(g? SEEERYP fg%?%\aﬁaﬁe 3b
exhibits a 5sigmifispariliiciimtsadanentrydiztine struictundaoimpated thefispore 8thehibintomasponds to the
peak-broadening,as observed .with XIQ ect éf' W % .nlglﬁgure 4 XRD spectra of
TIAIN/ALCrSI Nl%%‘fr 'C6a ?r?alsn |geu¥r%ea%§rqé%rl9 ngye%%‘é%% her relsolution mode with 2S numbers
indicated by arrows where hexagonal phase peaks 10should appear. It can be clearly recognized that

referringexgganat peaks,dek mais GRAMrE PIRNOATESN WIMGWAICAIInIAR Conigpi.of the
AICrSIWN coating, which goes with good cutting performance of coatings No 1.6, 2.4, 2.5. Fig. 5is a

peak intensitighsyram ashkavayizet rresmroPA ARSI Rad 8 FW@M&W@ Selected

Area Electron Diffraction)ctgiiye a more detailed picture of the cubic and hexagonal patterns from a

composiion NI Figure B A BRSSETHPLPLETI AL AR OSPE IS O EOVID DA SR s shown

as Figure 4 shows XRD spectra of TIAIN/AICrSiWN hard coatings with hexagonal phase;

=]

20  Figure 5 is a peak intensity diagram,
Figure 6 shows XRD spectra of TIAIN/AICrSiWN on a cutting tool before and after

use;

Figure 1 shows XRD-patterns of a TIAIN/AIC:N and three TIAIN/AICrSiWN coatings of

25 varying Al/Cr —ratio. The coatings were deposited on a commercially cemented carbide insert
having a cobalt binder phase and correspond to coatings No 1.6, 2.4, 2.5 and 2.6 from
examples 1 and 2. Coating parameters were the same for all coatings with the exception of the
target material used to deposit the second layer. Details on targets composition as well on
features of the coatings can be seen with table 1 and 2.

30
All XRD spectra were recorded with a Bruker AXS equipment with a Cu K, (A = 1.5406 nm)
source using a Bragg-Brentano geometry at a glancing incidence of 2° to minimize disturbing

diffraction signals coming from the support layer and the substrate.




20deposited after the PVD process (A) and as used according to a high weed side milling process (B)
with chips blazing bright red as described in detail with example 8. Details on target composition,
thickness rati (%ilalq‘(gfmance see table 8. Spectrum (B) which has beermagsafigsapout 40 m of
milling surprisingly shows distinct higher hexagona} XRD signals. Similar growth of hexagonal phase
percentage could be seen by tempering such coatings to at 25least 750 C. The minimum percentage
of Al to observe such temperature triggered phase transitions was between 49 and 57%, depending on
the matrix of further elements, which can be easily determined by the man of the art as the case
arises. FrorwWeomeesew: Guesnenrbe drenegsbiiamihasecstidms to grow with increasing temperature until
at least 1100 C. Within the temperature range of 600 C, that may be as deposited by the PVD process,
until about 301100C a precipitation hardening network made out of hcp phase of high MN content

embedding cubic PtseW¥rirdatiitllovesi fl Gomasttaessi edssieasscipmk aelr 94 HSsis. Size of

crystallifes at 750GowasPeiwRaniSnla200J kBmWilkimes! Chiéneinsts uehanaings. Warecatperior to
coatings showing no phase transition and a higher Al_tar%%{%im osi%ion Ii{<e 57% ) Ofth
2008/116728PCTREESHDBRE S S U IR THSE AT O RS IERE SRS LRirITSingG as up to

now alumina coatigigsdnavingta staeCesiwntssropb ésenvet tepositk evithrapenaturgstalige from room

temperature to any temperature which can be achieved by high speed tooli e d to have an
unbeatable benefi%/%% %t Eorie 18X ?g?n‘glhﬁ:éﬁet ermla%l?ggsd% k %%&c?gtthg?%ér( ICrSiwW)N
coatings 5however phase transition seems to have beneficial effect which might be due to a

continygus prolferalion,of bigh semperatue piohle aluminiymy e ese duting.aiiing processes.

Peak positions o pea with Figure 6 (B) seems to fit perfectly with hcp 100 peak of

hexagonal closed glagked hopripntatipn Ry s OHDS! slivredstecss lavtichsHa et AV feaks, which

could be unambigiQUVIERAGIZ 4T, rRbhi{balarade B sionad), Wiidh 10{df0d aPiHe(110) and
101.6 (211). In any case until now only presumptions can be made on the reasons gq)r su(goh
860 wWhen Al

temperature inducEipRhte diffiention Bemsiiss [BAMIed(hVestrsiamsAdesPecEirio
percentage exceegsahayt FR%s hepeALNphdsedisnsieckeths maincphnseine setbnpifaise transition

cannot be longer obs rv%%; 15 DETA&LE%} DEESCR%%?&?F THE PREFERRE 10Ee BaQOQIMENT In
the follbwing somePSIERRLY BRIBEER A S th BRI N &R GIREBSKEIST AEARY Sreamples,
comparing cutting performance of inventive tools with tools of the state of the art using different cutting

operations and cutting parameters. 20 All inventi r ' Rasai eschave
been depos%ipé(geué?#agg%lgnl 8%%%1:? %z@?g @é@%ﬁé%%%ﬁgﬁ%% %%? evapoﬁgttt%ér%(r%%ﬂguration.
Cutting tooldittiapancouditgdotheiressftizhrotbodyisirtmess da drg R VB eibditen Thrafdissdsgs

deposited o utNGaNl> &8 dessibsa e abpiEs belowbarAnRYaAL ibiskoReghyeen 2 and

6 p.m 25measuret on the s e cutting tool. The new coatings were compared to state of the

art coafifigs BbtaiheatiByoOeHiKberedal sedsnitarranis avantifedrovawseering thpliNlssdaledtreiTURA
NANO, AITiN seyGaled (RPN SRR IR _RIGH Pl RANInBXSIPIE the apparatus the

following values, showing a pronounced peak broadening with an AICrSiWN second layer,
were obtained:
TIAIN/AICkSiIWN: FWHM (200) = 1.7°
25 TIAIN/AICIN: FWHM (200) = 1°

Alloying AICIN coatings with Si and W leads to a peak-shift from 43.8° towards a lower 2-

theta angle of 43.4°, which the authors attribute to a widening of the lattice plain due to the

bigger size of tungsten atoms. Thereby lattice parameter change from d(200) = 2.064 nm for
30  AICrN to d(200) = 2.082 nm for AICrSiWN.

SEM images of two coating cross sections with magnification of 100’000 diameters can be

seen with figure 3a and 3b. SEM images were recorded at an acceleration voltage of 5 kV.




SOWith example 1 cutting performance of endmills coated with state of the art coatings like TiAIN,
AITIN, AICrN and (AICrSiW)N has been compared to a serial of inventive endmills coated with TIA1N

or AICIN / (Al 80§ SdWON double layered coatings. WO 2008/116¢28R&Hbs1iz368/052572 10
All coatings have been synthesized by cathodic ar@evaporation. Deposition of coatings No 1.4 to No

1.10 has been conducted at a deposition temperature of 600C and a total pressure of 3.5 Pa under

hitrogen atmesphelfof ek IR ByaRAr dayesa e hismyoliagereipiably DRbuegN40 V and -100
V has been applied while for the second layer a h%gher hias voltage 50f-80 V. to -200V has been used,

whereas alSS8RAERG IaEeHPHIRSWdItagd it fRess aRd AdNISTer (R KT STy ViZHerd SEY 8™V higher

than bias valiage ehthedinst/ayen-Bapasiien efaaatings NerbddeNodds3 fiascbaemeonducted at a

deposition temperature of 500C and a total pressure of 3.0 to 4,Q Pa under niftogen atmosphere. Data
with refereﬁ%%ebwmmﬁ“&fﬁ%fstﬁgéﬁ%@% 6#&%&2\) %ﬁ%‘ﬁ’gl(ia&%féle%}’f%#/[E:%ﬁélt%slaowithin the

seconds nangefifialineieentinglaystal(ind suotthe coapagdthidigresSaaticidnéghmdayetbe(m.1./s.1.),
and the resulting cutting performan eﬁ%@ed by flank wear.in micrometers after a cutting length of
90 m has bg@ﬁ?—?gggé%@}%%%oa%‘ggﬁw qted tool: eé{ﬁi r%?eﬁg%e\?v (ae%@g’ wear mark of 100 um has been
reached, are summarized in table 1. 15Milling conditions: Work piece: Cutting tool: Spindle rotation:

Cuting spesc: 20Fep 51, BaR} do0i 81 AN AP REE SRl @psiaton
. i gyepaation.
75Length gﬁlsw%é}léepass],{:%r? o% ifetime: DIN 1.2379 (60HR&:)E:'ZZ-fILJP'[q:e%1 ball nosﬂr?g-mill, 0 10 mm,
micro grainidghbictesghatites 8886 wiith-29 numbers indicated by arrows where hexagonal phase peaks
10 should appear. It can be clearly recognized that referring hexagonal peaks get more and more
pronounced with growing Aluminium content of the AICrSiWN coating, which goes with

good cutting performance of coatings No 1.6, 2.4, 2.5.

Fig. 5 is a peak intensity diagram as analyized by TEM-SAED (Transmission Electron
15  Microscopy - Selected Area Electron Diffraction) to give a more detailed picture of the cubic
and hexagonal patterns from a TIAIN / (Alg.62Cro.26Si0.10Wo.02) N coating. Stochiometry

numbers of the compound refer to target composition.

With Figure 6 an XRD spectra of a TIAIN / (Al 57Cro.318i0.10Wo.02)N coating is shown as

20 deposited after the PVD process (A) and as used according to a high speed side milling
process (B) with chips blazing bright red as described in detail with example 8. Details on
target composition, thickness ratio and performance see table 8. Spectrum (B) which has been
made after about 40 m of milling surprisingly shows distinct higher hexagonal XRD signals.
Similar growth of hexagonal phase percentage could be seen by tempering such coatings to at

25 least 750° C. The minimum percentage of Al to observe such temperature triggered phase
transitions was between 49 and 57%, depending on the matrix of further elements, which can
be easily determined by the man of the art as the case arises. From 750° to 800° C onwards
hexagonal phase seems to grow with increasing temperature until at least 1100° C. Within the
temperature range of 600° C, that may be as deposited by the PVD process, until about

30  1100°C a precipitation hardening network made out of hep phase of high AIN content
embedding cubic phase crystallites could be detected in cross sectional STEM analysis. Size
of crystallites at 750°C was between 5 to 200 nm. With most cutting tests such coatings were

superior to coatings showing no phase transition and a higher Al-target composition like 57%




200 mmin-l_ 0 1 mm/tooth 0.5 mm 0.3 mm compressed dry air down milling 30m vbmax > 100 urn at
the end a single pass With table | performance of comparative examples 1.3 to 1.6 is poor compared

to inventive tgg@@ﬁ@tﬁg.,ygith a double layer structure. Despite of a pronoupepgdsngigserment of single
30layered AICrSi coatings of examples 1.4 to 135 when compared to the unalloyed AICrN coating

of example 1.3, or the TIAIN/A1CrN double layer of example 1.6, these coatings cannot be compared

with performance, of IYERAEVE.GXARRIER 1hé fle SulfOWieyaY uliskRpPalueh coatings having a
2008/116728PCT/EP2008/052572 It ratio QD of inven%\%/dogg){le layers seems to %e an irgﬁportant

issue as sh@iﬁhﬂ%ﬂﬁlﬂ@%é&é‘b@%r%ﬂ’@@ femBEFISHEC B SO SRR LWRAF NP 4fton containing
layer. Example-2-aWithiseempie-24hrwans Appepilandareeisia werevapplindasbiith example 1.

With experiments 2.1 to 2.3 Si content of the second coating is varied at t I/Cr. ratio, with
experiment8PLA VR FLERINSE Ay EFHe)s figh gf%’@ﬁt{%ﬁggf% ﬁ?@ﬂﬁ%ﬁ?}?@@ﬁ@%ﬁ%ﬁ?ﬁ tungsten -
aroundz20.3,8$QdNshRaxiARsEun WeKasTRERGH Behtdicall efaevhehtmnhekatiple 2 castilisplayed in

table 2. 10 Milling conditions: Work piece:DJN 1,2379 (60HR tting tool:2-flut | d-mill,
010 mm, rRERU PR Ik TSR EE A F tAER SE00 FE  S et S PSR e 1 Feed

rate:0 1 mnutantpoReackaldenil hptptik anseen with Figure 6 (B) seems to fit perfectly with hep 100
peak of hexagonal closed packed hep-AIN from the JCPDS XRD data collection. Further AIN
peaks, which could be unambigiously recognized, are at 36.1° (refers to 002 signal), 49.2°

10 (102), 59.4° (110) and 101.6° (211). In any case until now only presumptions can be made on
the reasons for such temperature induced phase transition behavior. Detailed investigations
are still to be done. When Al percentage exceeds about 70%, hep-AlIN-phase turns to be the

main phase and such phase transition cannot be longer observed.
15  DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Tn the following some specific embodiments of the invention are disclosed by means of
examples, comparing cutting performance of inventive tools with tools of the state of the art
using different cutting operations and cutting parameters.
20
All inventive hard coatings and comparative examples have been deposited using an Oerlikon
Balzers RCS® coating system, in the arc evaporation configuration. Cutting tools were
mounted on threefold rotating fixtures during PVD deposition. Hard coatings deposited on
cutting tools as described in the examples below had an overall thickness between 2 and 6 pm
25  measured on the shank of the cutting tool. The new coatings were compared to state of the art
coatings obtained by Oerlikon Balzers standard coating processes for TIAIN so-called
FUTURA NANO, AITiN so-called XCEED and AICIN so-called ALCRONA.

Example 1

30  With example 1 cutting performance of endmills coated with state of the art coatings like
TiAIN, AITiN, AICIN and (AICrSiW)N has been compared to a serial of inventive endmills
coated with TiAIN or AICIN / (Al}.c.4.CreSiaWe)N double layered coatings.



Axial depth of cut:0.3 mm Coolant:compressed dry air 20Milling operation:down milling Length of
single pass:30 m End of lifetime:vbm> 100 urn at the end a single pass In table 2, at constant Si

content (No. 2¢g2Gkhafapess measurements show a decrease of 25hardnegswiidy/ireeeasing Al/Cr -
content of the second coating. At constant Al/Cr-ratio a maximum of the hardness and cutting

performance can be seen at a Si content around 10 %. Furthermore, it can be seen clearly, that the Si

- content hag 0 bgiatdeast BighaythariRg 56 tapRirias degskastindpesfasmancsiiddsharameters
and configuration as used for XRD analysis to define Q1 values as menti neg above have been

described inldEaiNitH figerEeeniamdrsld di@ eEPeSitioB ARTREETYS Bgﬁeﬂ WHANRhPIE S ated at a
2-0 - angle qfrarauprhiaded Bitarpdither@isicta gR@0a) peakiispsitiaiet Ao W\ voltage preferably

2008/116728PCT/EP2Q08/Q5 2 about 43,7, Preferentially the.value of.Q = 1(200)/1(111),
measured a?%\t‘ﬁ?ﬁﬁél g(;{?ﬁ&%é%?é?e%o%fl SRR RAIRY 1r{ é%ﬁth 8?)%0,08%;%}(’:?5 %‘tgéxﬁfvél(edﬁ 5hd 2.
Examplé 3 SVIiliny ca ity lekincmovakidewinatiagahto 814 tehe bé bincortipgred the statedlafiee art
coatings No 3.1-3.3 during a roughin ation [40]] ' low. With
cxampe 3 L D e
10Milling conditiops Nevbikipidod:B iNsThagrepERHRIE) edariertiooiempiersdurpall H9Se arbamill, 0 10

mm, micro grain EQ&?@&@%@QU‘?A%E%@@H{%%@R%ﬂﬂ%ﬂh@é.ﬂi”9 speed:80 mmitil 15Feed rate:0.15

nun/tooth Radial’depth of cut:4 ram Axial depth of cut:0.8 mm
Data with reference to composition of respective evaporation materials (targets), Al/Cr ratio

10 within the second nanocrystalline coating layer (m.l.) of the coating, thickness ratio Qp of the
layers (m.L/s.1.), and the resulting cutting performance expressed by flank wear in
micrometers after a cutting length of 90 m has been reached, and accumulated tool-life in

meters when a wear mark of 100 um has been reached, are summarized in table 1.

15 Milling conditions:

Work piece: DIN 1.2379 (60HRC)
Cutting tool: 2-fluted ball nose end-mill, @ 10 mm, micro grain carbide grade
Spindle rotation: 8000 min-1
Cutting speed: 200 mmin-1
20 Feed rate: 0.1 mm/tooth
Radial depth of cut: 0.5 mm
Axial depth of cut: 0.3 mm
Coolant: compressed dry air
Milling operation: down milling
25  Length of single pass: 30m
End of lifetime: Vomax > 100 um at the end a single pass

With table 1 performance of comparative examples 1.3 to 1.6 is poor compared to inventive

tools coated with a double layer structure. Despite of a pronounced improvement of single
30 layered AICrSiWN coatings of examples 1.4 to 1.5 when compared to the unalloyed AICrN

coating of example 1.3, or the TiAIN/AICIN double layer of example 1.6, these coatings

cannot be compared with performance of inventive examples 1.7 to 1.8. However, thickness




C_:oc_)lant:compressed dry air Milling operation:down milling 20Length of single pass:15.5 m End of
lifetime:VbmWX> 150 urn at the end a single pass Table 3 target composition support layer s.1.

No.coating(lo?kt?g tlg%postion main layerthickness m.i. (%at)ratio cutfpg o
. 0S A peiferRanee lifetime at
v5=200um (in) AL (%ﬁAFCrﬁSle.l./s,l. 3.1 TIAIN505093 3.2 AITiIN6633162 3.3 AICrN7030181.5

3.4 TIAIN/AICrSIWN505057311021.84264 25 Example 4 WO 2008/116728PCT/E132008/052572 13
The same pey @j%%ﬂ%ﬁt&%%ﬁ@ll%‘&yéésbéﬁﬁg% HSBHIAMIR-iédb 1 SeRaraRieRRsRrmance with

state of the art coatings 4.1 to 4.3 during a finishing operation in annealed tool steel having a hardness
of 36 HRC performance of example 1.10 for coatings with a thin silicon containing layer.

Example 2

5 With example 2 the same deposition parameters were applied as with example 1.
With experiments 2.1 to 2.3 Si content of the second coating is varied at a constant Al/Cr ratio,
with experiments 2.4 to 2.6 ratio of Al/Cr is varied at constant Si content. Only small
variations of tungsten - around 2+0.3 % to the maximum - were measured for all experiments

of example 2, as displayed in table 2.

10
Milling conditions:
Work piece: DIN 1.2379 (60HRC)
Cutting tool: 2-fluted ball nose end-mill, @ 10 mm, micro grain carbide grade
Spindle rotation: 8000 min-1
15 Cutting speed: 200 mmin-1
Feed rate: 0.1 mm/tooth
Radial depth of cut: 0.5 mm
Axial depth of cut: 0.3 mm
Coolant: compressed dry air
20  Milling operation: down milling
Length of single pass: 30m
End of lifetime: Vemax > 100 um at the end a single pass

In table 2, at constant Si content (No. 2.4-2.6) hardness measurements show a decrease of

25  hardness with increasing Al/Cr — content of the second coating. At constant Al/Cr-ratio a
maximum of the hardness and cutting performance can be seen at a Si content around 10 %.
Furthermore, it can be seen clearly, that the Si— content has to be at least higher than 5.3 % to

obtain a good cutting performance.

30  Parameters and configuration as used for XRD analysis to define Qr values as mentioned
above have been described in detail with figure 1. Whereby the (111)- peak used to define the
quotient is situated at a 2-© — angle of around 37.5°, and the referring (200) peak is situated at




5Milling conditions: Work piece:DIN 1.2344 (36HRC) Cutting tool:3-fluted end-mill, 0 8 mm, micro grain
carbide grade Spindle rotation:4777 mm-1 Cutting speed:120 mmin-1 10Feed rate:0.05 min/tooth
Radial depth qfgubsk e Axial depth of cut:0.10 min Coolant:compresseagetaryraindiistisg
direction:down milling 15Length of single pass:5 mEnd of lifetime:vb," > 100 um at the end a single
pass Table 4 The significant improvement in performance compared with state of the art coatings
proves the M&Mﬁ@fm%f&%ﬁﬁaﬂ@gawim maqinigef spiisiealst Exante MeEwithexample 5

prior to cuttirolg application a brushing treatment using a prushing machine according to DE 20 2006
000 654 1 ﬁaéSBg%Wé’bﬂrré@W&@éﬁn&%’?ﬁ@?ﬂé’ﬂ%@&&jﬁi i te WO

2008/116728PCT/EP2008/052572 14 comparable to an initial homogeneous wear, which ensures
afterwards a homogeneous progress of the wear during the cutting application. The treatment of the
coated tool Iaegﬁ conducted with rotary brushes according to DEGM 5 20 2006 000 645.1 Fig.2
and referringidiéscrigiioitost hagefivasoptngdiapht tatibpayeotiparddop fitstepdrdgratbPoahieh is thereby
included by, refetence,to.the present application. j r to the tool
axis, rotatiolﬁgosg‘éé%%%l%\ﬁr%}u.s%%gﬁ%%@a%?%#ﬁ stgg%?r% f%r%égﬁg?gﬁi %%%glg éﬁ:@g?ﬁ%?size 400
mesh, diamateno Bridtesri46femindsloptsite Hawets BEIACRDPEE FoPanE eael Bafamianpls o
rev/min, rotation of the table supporting the 10satellites was about 0.3 rev/min. A similar effect to
dissect a few micrometers' stripe of the '

10  Milling conditions:

Work piece: DIN 1.2344 (52HRC)
Cutting tool: 2-fluted ball nose end-mill, @ 10 mm, micro grain carbide grade
"Spindle rotation: 4690 min™
Cutting speed: 80 mmin™
15 Feedrate: 0.15 mm/tooth
Radial depth of cut: 4 mm
Axial depth of cut: 0.8 mm
Coolant: compressed dry air
Milling operation: down milling
20 Length of single pass: 155m
End of lifetime: Vomax > 150 um at the end a single pass
Table 3
ooyt sompononmaintos o peromance
No. coating (%eat) o lfetime at
Al Cr T Al C TiSi W mysl, 2o0um
3.1 TiAIN - - - 50 - 50 - - - 83
3.2 AITIN - - - 66 - 33 - - - 162
3.3 AICrN - - - 70 30 - - - - 181.5
3.4 TIAIN/AICTSIWN 50 - 50 57 3 - 10 2 1.84 264

25
Example 4




workpiece material along the cutting edge could be achieved by using Al203 imprignated brushes. In
this case however brushing time has to be tripled if the same parameters as mentioned above should
be used (e.g. W&aﬂ)(ag/l%;}l‘ke supporting table is set to 0.1 rev! mm). 15 Cogigsphssresn deposited
according to parameters with No 1.2 and No 1.8. Mjlling conditions: Cutting tool:2-fluted ball nose end
mill, 5 mm ball radius, micro grain 20carbide grade VVv'orkpiece:1.2379 62 FIRC Spindle rotation
speed:600Q.rev/min Axial depth of cut: I : 0 rate:0.10 mm/tooth
Cutting speore{lff%%erﬁfr\nwiﬁo élg%?éélé%ﬁd%%%%?ﬁ%ﬁ?%%ﬁg\%}%ﬁgo%%ﬁ?%iIIing technique for
pockets (S@erforma@eanit) S0tearfglis ot shagieepAdsia Sbaranendewshiegiansretion in pppealsiat the end
of a pOCkettOV\{the?] %ﬂ%?@ﬁ%ﬂ@g@ﬁ%%%ﬁ 15 Milling data with table 5 show that brushing
treatment with such cutting operations is extremely useful for tools coated with new multilayered
coatings (5.3 and 5.4), whereas for tools coated with AITIN even a slight decrease in performance is

found vghemmtggﬁx&mgﬁg:has been applied. S5Alternatively or even additionally a similar honing
treatment b&bru’sh, blast, grinding

ork piece: DIN 1.2344 (36HRC)

Cutting tool: 3-fluted end-mill, @ 8 mm, micro grain carbide grade

Spindle rotation: 4777 min-1

Cutting speed: 120 mmin-1

10 Feed rate: 0.05 mm/tooth

Radial depth of cut: 0.5 mm

Axial depth of cut: 0.10 mm

Coolant: compressed dry air

Milling direction: down milling

15 Length of single pass: Sm
End of lifetime: Vemax > 100 um at the end a single pass
Table 4
i cutting
target composition target compostion main iayer thickness  performance
support layer s.I m.l. (%at) ratio
No. coating (%at) lfetime at
vb=150um (m)
Al Cr T Al Ccr Ti S W m.Lis.l

4.1 TIAIN - 56 - 50 - - - 25
4.2 AITIN .- - e - 3B - - : 30
4.3 AICiN - - - 70 30 - - - - 65
4.4 TIAIN/AICISIWN 50 - 50 57 31 - 10 2 1.84 80

20
The significant improvement in performance compared with state of the art coatings proves

the potential of the new coatings with machining of softer steels.

Example 5
25  With example 5 prior to cutting application a brushing treatment using a brushing machine

according to DE 20 2006 000 654 1 has been applied to coatings in order to adjust a state




operations or the like can be applied before the coating process. Example 6 A series of samples
was prepared to test the influence of tungsten as a single alloying element. 10Coatings have been

deposited agc&@%gsyglg%ameters with No 1.2 and No 1.8. Milling conditiossy/psiiaadeeh2-fluted ball
nose end-mill 0 10 ram, micro grain carbide grade })/orkpiece:1.2379 (62 HRC) 15Spindle

rot_ation:8000 min-1 Cutting speed:200 mmin-1 Feed rate:0.1 mmitooth Radial depth of cut:0.5 ram
Avial depih, of CULOR. T, AReeelanlcamBIRssed. 4ol diliag paratien: doo ailing Length of single

pass:30 m ERT iietime vbmax > um at the end a single pass 25 Table 6 No,coating target

compositiopreargst ebiimpestioturing thiagetthicikprdisademdport layer 5.1. m.1, (Y%at)ratio Mat)
AICITIAICITiSi1A/ cutting

The treatment of the coated tool has been conducted with rotary brushes according to DEGM
5 202006 000 645.1 Fig.2 and referring description on page 5 last paragraph until page 6 end of
first paragraph which is thereby included by reference to the present application. Brush angle
was about 30° with reference to the tool axis, rotation speed 650 rev/min. Brushing material
was SiC impregnated Nylon, SiC grain size 400 mesh, diameter of bristles 0.45mm, length of
bristles 35mm. Rotation of the tool satellite was 9 rev/min, rotation of the table supporting the
10 satellites was about 0.3 rev/min. A similar effect to dissect a few micrometers’ stripe of the
workpiece material along the cutting edge could be achieved by using Al,O; imprignated
brushes. In this case however brushing time has to be tripled if the same parameters as

mentioned above should be used (e.g. rotation of the supporting table is set to 0.1

rev/min).
15 ,
Coatings have been deposited according to parameters with No 1.2 and No 1.8.
Milling conditions:
Cutting tool: 2-fluted ball nose end mill, 5 mm ball radius, micro grain
20 | carbide grade
Workpiece: 1.2379 62 HRC
Spindle rotation speed: 6000 rev/min
Axial depth of cut: 0.4 mm
Radial depth of cut: 0.05 mm
25 Feed rate: 0.10 mm/tooth
Cutting speed: 184 m/min
Feed: 600 mm/min
Coolant: air
Milling operation.: down milling technique for pockets (56 mm x 26 mm)
30 Length of single pass: 1 Pocket

End of lifetime: Vemax > 100 um at the end of a pocket




performance lifetime at vo=100um (m) 6.1TIAINIA1CrN 50 50 70 30 2.30 120 6.2 TIAIN/AL1CrWN 50
50 70 28 - 2 2.80 150 6.3 TIAIN/AICrSIWN

10

15

20

25

WO 2008/116728

PCT/EP2008/052572

15

Milling data with table 5 show that brushing treatment with such cutting operations is

extremely useful for tools coated with new multilayered coatings (5.3 and 5.4), whereas for

tools coated with AITiN even a slight decrease in performance is found when such treatment

has been applied.

Alternatively or even additionally a similar honing treatment by brush, blast, grinding

operations or the like can be applied before the coating process.

Example 6

A seties of samples was prepared to test the influence of tungsten as a single alloying element.

Coatings have been deposited according to parameters with No 1.2 and No 1.8.

Milling conditions:
Cutting tool:
Workpiece:
Spindle rotation:
Cutting speed:
Feed rate:

Radial depth of cut:
Axial depth of cut:
Coolant:

Milling operation:

2-fluted ball nose end-mill, @ 10 mm, micro grain carbide grade

1.2379 (62 HRC)
8000 min-1

200 mmin-1

0.1 mm/tooth

0.5 mm

0.3 mm
compressed dry air

down milling

Length of single pass: 30 m
End of lifetime: Vomax > 100 um at the end a single pass
Table 6
target - cutting
rget composition target compostion main layer thickness performance
support layer s.l. .
. o m.l. (%at) ratio
No, coating (%at) -
lifetime at
vb=100um (m)
Al Cr Ti Al Cr Ti Si W m.l/s.l
6.1 TIAIN/AICIN 50 50 70 30 - - - 2.30 120
6.2 TIAINJAICIHWN 50 50 70 28 - - 2 2.30 150
6.3 TIAIN/AICISIWN 50 50 57 31 - 10 2 2.30 270




50 60 57 3110 2 2.30 270 WO 2008/116728PCI7EP2008/052572 16 In comparison to No. 6.1, No.
6.2 shows a slightly improved milling performance. This can be clearly attributed to the addition of W to

the secongl Algwﬁﬁq%gyer. In comparison to the optimized coating, hayigppgigLeeihAl/Cr-ratio
and containing additionally Si, there is still a gap. 3gxample 7 With table 7 hardness and Young's

modulus of a TiAIN layer corresponding to the support layer and a double layered inventive coating

were measyred, Measuringimnethodivas s irkesadmisr siiRidaeasins! At aA0sui faadsasulting in a
penetration depth of around 0. g Y only. Therég)ﬂgmi%ﬁ%ence from the substrate

3 p.m 10
material an8aRatppsibrsbiocbariBkiones V@ 1BF BreoREA telapsTe BheAERERRClb e second

coating the &H%@Q&i@é@&d%ﬁ%@?ﬁ%@ﬂ%ﬁé@?ﬂ%ﬁc lower hakdaessovalnmanddaibigheSY awigis-modulus.
From examples in table 7 it is clear that inventive AICrSiIWN coated tools show a surprising 15increase
in performaﬁéé%ﬁﬁhard-tooling operations when compared to AlerN coatings of the state of the art.
Example 8 With table 8 performance of a state of the art coating 8.1 and two inventive coatings 8.2
and 208.3 showin%nhermal induced phase transition as described in detail with figure 6 is shown.
However withBg g of target composition 8.2 evidence of hcp phase as deposited was difficult to
see. Only afigi@bte oftendtiag and&anhgisdefihitedyo SatbikeiNsigyralcdreasnonfing to Gh¢B)pridht coating 8.3

g e doth PR GO RPN SURIR A M ISR SRR FRPIE P W orkpiece:DIN
Vickers micro hardness test at a 40 mN load resulting in a penetration depth of around 0.3 um
10 only. Therefore no significant influence from the substrate material and the support layer
could be detected for the measurements. In comparison to the second coating the support

layer is characterized by a lower hardness value and a higher Young’s-modulus.

From examples in table 7 it is clear that inventive AICrSiWN coated tools show a surprising
15  increase in performance with hard-tooling operations when compared to AICIN coatings of

the state of the art.

Example 8

With table 8 performance of a state of the art coating 8.1 and two inventive coatings 8.2 and
20 8.3 showing thermal induced phase transition as described in detail with figure 6 is shown.

However with coating of target composition 8.2 evidence of hep phase as deposited was

difficult to see. Only after 40 m of cutting a clear but definitely smaller signal than in figure 6

(B) with coating 8.3 could be detected.

25 Cutting tool: 6-fluted square endmill, micro grain carbide grade
Workpiece: , DIN 1.2379 (60HRC)
Spindle rotation speed : 7958 1/min
Axial depth of cut ae: 8 mm
Radial depth of cut ap: 0.1 mm
30 Feed rate fz: 0.042 mm/tooth
Cutting speed vc: 200 m/min
Coolant: compressed air

Milling operation: side milling




Spindle rotation speed :7958 1/min Axial depth of cut ae:8 mm Radial depth of cut ap:0.1 mm 30Feed
rate fz:0.042 min/tooth Cutting speed vc:200 m/min Coolantcompressed air Milling operation:side
milling WO 2008/116728PCTIE1'20081052572 17 Length of single paSSi]POélEl E%O%Q%%H“e“’b-> 150

urn No. 8.1 coXfhy*fiAl 2,8- target composition sypport layer s.I. (%a t) targe

ml. (Tot)

10

15

20

thickness ratio cutting performance

Length of single pass: 10m

End of lifetime:

{compos ion main layer

" cutting
target composition | | ¢ compostion main layer | | thickness | | performance
1 support layer s.l. — )
o m.l. (%at) ratio
No. coating {%at) .
lifetime at
vb=150um (m)
Al Cr T Al Cr T Si W m.l/s.L
8.1 |TiAIN 50 - 50 40
8.2 |TIAIN/AICrSIWN A 50 - 50 53 | 35 | - 10 | 2 2.20 50
8.3 I TIAINJAICYSIWN | 50 - 50 57 31 - 10 2 2.30 75

Despite of the focus on hardtooling applications within the present description and examples

above men of the art will know that such coatings may be applied advantageously also for

other tools and tooling applications as for instance for forming operations like stamping and

forging, or hot injection operations like die casting or moulding, as well as for engineering

components especially for components having a need of high wear resistance and high hot

hardness. Examples for such engineering applications might be parts of combustion engines,

especially parts of the powertrain like cams and tappets, parts for fuel injection systems like

injection needles and valve seats, piston rings and pins, high temperature bearings and the like.
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2 2.30 75 5 Despite of the focus on hardtooling applications within the present description and
examples above men of the art will know that such coatings may be applied advantageously also for
other tpqls qn%@%&ggﬁpﬂljcaﬂqns as for instance _for forming operations. I;k@rggam;@gzmd 10forging,
or hot injection operations like die casting or moulding, as well as for engineering components
especially for components having a need of high wear resistance and high hot hardness. Examples for
such engineering applications might be parts of combustion engines, especially parts of the powertrain

like cams and tappets, parts for fuel injection systems like injecrtion rleedles and valve seats, piston
rings and pins, high tempefature bearijgs and the Ii<e.-gt_é§ 20, c% o 21 C f31_ L.P What is claimed is:
1. A workpiece h 1vi®@ sl rface wherehpt at least p tsS)f%ai% s@rfggde are coated with a wear resistant
multilayered hard _Eb ti% eposited hyja P VD proc s$ \@here ht theihard 5coating comprises at least
a first supporting fgy&r ant &s&offd fajer, the secohd layer
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exhibiting a nanocrystalline growth structure in the SEM cross-section, whereat the first layer is
interposed between the workpiece and the second layer, whereat the first layer comprises a coating
material of the following composition 10whereat 0.4 <a <0.6, and Ox and y <0.3, or

(AlbCri:_b)Ni, yCx0y whereat 0.5 <b < 0.7, and 0 x azld y < 0.3; the second layer comprises a coating
material of the following composition 15(Ali_e_theCréSidMe)Ni_x_,,C"03, wher, ?%I\l{ILgands for at
least one elerwgttof tcrllen'gg sition metals of group 4, 5,6 of the periodic system except Chromium and
0.2<c0.35,0< ?)QSO <"60.04. 2. A vvorkpiece according to claim 1, whereat the first layer
comprises a coating 20material of the following composition whereat 0.4 <a <0.6, and 0 15_x andy

<0.3, or (AIDCYL DX ASANGIERLQ ARG T AN B <O g aesoni o

e
comprises a coating m al of the following composition (Ali.c-cr-e M'e)NI,,yCx yw%wereat M’
stands for W, Wier Tesiste@oribleant ¢ 12ed0:e8 1 0ed @S] bxe DY D3p3cosworkpietdhaduurding to one

of claims d or I | iffer ine
2008/1165;_28%?;% 25(?(?{ ,05%55%?2?%%@%%}\,05 ?r@pigggga%%g%%g g%l}’gigy%?v,htgi%%ﬁrg géi{f‘gf%errent

crystalline phasbdiiegacigbictiselbanmiedtifebyeietcdrharagoraieosioss hrpkeactbtphphiage.
layer is interposed between the workpiece and the second layer, whereat the first layer
comprises a coating material of the following composition
(TiaAl)N 1y CxOy
10 whereat 0.4 <a<0.6,and 0 < xand y <0.3,
or
(AlyCrip)N1xyCxOy
whereat 0.5 <b<0.7,and 0 <xand y <0.3;
the second layer comprises a coating material of the following composition
15 (Al}-¢-g-cCreSigMe)N 1.4y COy
whereat M stands for at least one element of the transition metals of group 4, 5, 6 of the
periodic system except Chromium and
02<c¢=<0350<d <020,0<e < 0.04.
2. A workpiece according to claim 1, whereat the first layer comprises a coating
20  material of the following composition
(T1aAl1-0)N1xy COy
whereat 0.4 <a<0.6,and 0 < xand y<0.3,
or
(AlpCr.p)N1yCxOy
25 whereat 0.5 <b<0.7,and 0 < xandy <0.3 ;
the second layer comprises a coating material of the following composition
(Al1-c-¢-cCreSigM’ )N 15y CxOy
whereat M’ stands for W, Mo, Ta or Cb (Nb) and
02<c=<0.35006<d <0.15,0<e < 0.04.
30 3. A workpiece according to one of claims 1 or 2, whereat the second layer comprises

two different crystalline phases.



5. A workpiece according to claim 4, whereat an XRD signal of the hcp phase becomes 5more prone if
subject to heat treatment or high working temperatures. 6. A workpiece according to dleisi.4 ror 5,
whereat the hgpPhiase iS4l enriched. 7, A workpiece according to onggfieiaingds58-46, whereat
the percentage of the hcp phase 10as deposited is;petween 5 to 40 Vol%. 8. A workpiece according to
one of claims Ito 7, whereat a quotient ()Ay& = (1-c-d-e) / c is within the following range: 1.7 < QAI/Cr
< 2.4. 159. A warkpje [ cla W’a ' Iswithin the
following range(:al LfL m&gfgé%g %g%}%%f‘ggﬁiﬁ%%&%%%@&%ﬁ@{?% Wm%ﬁ@ﬁ@i%%%{‘{% one of
claims | to 9, wherdatectinickerbdsddpnd thectirgorilpplatiieptkoe (herdrmkarsr than a thicicness D2 of the
second coating. 20 11. A workpiece according to one of claims 1 to 10, whereat a hardness HV| of the
first supporting layer is smaller than a hardness HV2 of the second coating. 12. A workpiece
according to oné-ofcfi@iscpaseodmgrioflie $ctbrHEdagRiSHh %ﬁ?ﬁoﬁé‘?ﬁ%&%ﬁﬁ?@ﬁ?&wth
structurgyin the SEM GrossRegtiaB;ebBiorhiioteiaes scagiinarkangrepkalairas | to 12, whereat the
first layer exhibits a columnar growth structure in the SEM cross-section. 3014. A workpiece according
to one of claims | to 13, whereat the texture coefficient QJ - 1(200)/1(111) of the nanocrystalline
second layer is @ thewangeeed BZobdig t¥\QiR008I T] Gh2RRGH¢M2RPRREASAS éari2Bed5. A workpicec
according to one of claims 1 to 14, whereat the first layer comprises a multiylayer of alternating
(TiaAlt.Ni.."..yCxOy and (All-c-d-eCreSidMe)Ni_k_yC,Oy layers or of alternating (AlbCr].0111.,..yCx0y
and (Alt-c-a-eCrzSidMe)ihicceGroyr diryets GitfAlanrkpietcrdeterdimptoconegsfafidaheinrhasto 15,
having ?Obody madesfg\%rrg)ski\gg]iss&%ggegtg%, Lﬁ?{y@%‘ed carbide, cubic boron nitride, cermet or a
ceramic material. 17 orkpiece according to one of claims 1 to 16, wherein the workpiece is a
cutting tool, especially an end mill, a drill, a cutting insert, or a gear cutting tool. 10 18. A PVD process

to manufacture g warkpigce.aceording QP oF laims 1o 1ineRmnrising:4be sier-of keatngdthe

woricpiece to a temperature higher than 550C, especially to a temperature of about 600C and holding
the temperature dufyithie @H‘?ﬂb’ﬁ%?@&%‘ési.-1§ Qavcr=24.

15 9. A workpiece according to one of claims 1 to 8, whereat a coating thickness D is within

the following range: 1 um <D <10 pm, preferrably 2 pm <D <6 pum.

10. A workpiece according to one of claims 1 to 9, whereat a thickness D; of the first
| supporting layer is smaller than a thickness D of the second coating.
20
11. A workpiece according to one of claims 1 to 10, whereat a hardness HV; of the first

supporting layer is smaller than a hardness HV of the second coating.

12. A workpiece according to one of claims 1 to 11, whereat the second layer exhibits a

25 nanocrystalline growth structure in the SEM cross-section.

13. A work piece according to one of claims 1 to 12, whereat the first layer exhibits a

columnar growth structure in the SEM cross-section.

30 14, A workpiece according to one of claims 1 to 13, whereat the texture coefficient Q=

AR5

1(200)/1(111) of the nanocrystalline second layer is in the range of 0.7 <Q; <2.



19._A PVD process according to claim 18, comprising the step of applying a first substrate yoltage Ul
during deposition of the first coating and applying a second higher substrate voltage U2 during

deposition of the second_coating. 2020, A PVD process according to claim;%g,, V <U1<-100
V and -80 v <J2 2" 67%}; whereat | U2 - Ul | > 20, 21. Cutting process to cu{ﬁg%%r rErl%%erial,

especially a material having a Rockwell hardness of HRC 50 or higher using the cutting tool from claim
17. 25 22. Cutting process according to claim 21, where the hard material is hardened steel. 23. A

process for manyfactusingiaceut batihmateriabiwlskpier e ddmplisig thp fistrigythewnttiisgsprocess
according t ' o . .
ing to one oiﬁ%ﬁ{gﬁygrlo Ell%ezrnatmg (TigAl-2)N1xyCxOy and (Aljc.qeCreSigMe)N1yCxOy layers

or of alternating (AlyCry5)N1xyCxOy and (Al c.aeCreSigMe)N1.x.yCxOy layers .

5 16. A workpiece according to one of the claims 1 to 15, having a body made from high-

speed steel, cemented carbide, cubic boron nitride, cermet or a ceramic material.

17. A workpiece according to one of claims 1 to 16, wherein the workpiece is a cutting
tool, especially an end mill, a drill, a cutting insert, or a gear cutting tool.
10
18. A PVD process to manufacture a workpiece according to one of claims 1 to 17,
comprising the step of heating the workpiéée to a temperature higher than 550°C,
especially to a temperature of about 600°C and holding the temperature during the
deposition process.
15
19. A PVD process according to claim 18, comprising the step of applying a first substrate
voltage U; during deposition of the first coating and applying a second higher -

substrate voltage U, during deposition of the second coating.

20 20. A PVD process according to claim 19, whereat 0 V <U; <-100 V and -80 V<Uy <
200 V, whereat | U, - Uy | > 20.

21. Cutting process to cut a hard material, especially a material having a Rockwell
hardness of HRC 50 or higher using the cutting tool from claim 17.
25

© 22. Cutting process according to claim 21, where the hard material is hardened steel.

23. A process for manufacturing a cut hard material workpiece comprising applying the

cutting process according to one of claims 21 or 22.
30



