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VWEAR RESI STANT HARD COATI NG FOR A WORKPI ECE AND METHOD
FOR PRODUCI NG THE SAME BACKGROUND OF THE | NVENTI ON The

“Qfﬁﬁggf %ngentl on relates to a hard and mar'rﬁ/ﬁﬁﬁ%oszsn

atlng signed for tooling of materials difficu
machi ne such as e.g. hardened tool steels, stainless

Et%ﬂg REIMETANTATARD @QAt‘ﬁﬁ G FOR A FORRPIHEA AN MIETHOD FOR

me nmachi ning co ions requires a coating having
an excel l ent wear - r #ZRGDUIGHNG THE-S#aviBness and
oxi dation resistance conbined with a high toughness
and a good adhesion. The present invention further

BAéﬁbﬂkﬁﬁNbelfﬁrﬁﬁﬁ\b\yEN@f@pn process of such a wear

resistant coating, i.e. a defined PVD arc evaporation
process. It further relates to a coated workpi ece,.

The @aRgrtavertion eyt ©© BTG "or AR p4eHE Lenkgeadp feelne of
matépa‘?se&’ifﬁ&ﬁtecb maehREWdRst £ ShaRiehéd F81 H18d1s Altalhikks steeds and titanium

w del y used PVD coating Tor machining of har dened
allogs. Suth arHeppdieation ¢f exrmnpma@bwwndltmnﬁ ta@itEsy egatipg having an

yer. .consj st.in ers_of different
excefieptr R ERia R har iR e bt Sl Ehge fyetts coBbER gy ghied
toughB&ds ah@@gb@@baml@ppl i cations due to incipient
declination of hardness with tenperatures higher than

800 to 850 C depending on the Al um niuni Titanium

The g?ésgﬁ’t 1n;l—é}?1oﬁfﬁ91rt er Véat%g frmd %’o%i%ﬁgor?ﬁgkésg df é!lccr}r year resmtant coating,

t0 increase therr oxl
ie. z{@éﬁx&ﬂ&*\d}arcﬁwporaﬁ@tpmgegss known to have a good
oxi dation resistance and hot hardness up to HOOOC
depending on the A umi niunf Chrom umratio. Such

It fuftBét ﬂe&@e% t98!cBatk@ vdo?igfi \g\%ees?bélhl' g1REhE ﬁﬁ%ﬁ B6&y fn%ﬁe fBfYa cemented

tool i ng application o0 not significantl

carbudepa ommdt Codubigbgren hiride((@RN ¥ arhighspeed alesl. mor e
difficult to machi ne such as hardened tool steels,
hi gh speed steels, titanium and nickel alloys and

DISeVRSEONIOE RFLOETED ARTM | ar to that, application also
WO- 2006/ 005217, WO- 2006/ 084404 and US 2006- 0222893 try

to furtheroptimze oxidation resi stance, and/or (hot)
t dness, of t USi N I 1 erent
AT PR b el A B TSy B PR R SR Havsge AT iF
used¥s@ dthgTBldyeXor multilayer con51st1ng of sublayers of different Ti/Al/N stochiometries
can be used up to 900°C at the most for tooling applications due to incipient declination of
hardness with temperatures higher than 800 to 850 °C depending on the Aluminium/Titanium

ratio.

Therefore US_2005-0003239 applies AICrN 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
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
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Anot her coating which is asserted to make progress
wWith cutting of hardened steels is disclosed by EP
wQaeaBA%I28 The coating conprises a two-|ayer SyBCEEP2008/052572
based on (TiAISi)N of different Al and S
stochionetry. US 2006-0269789 di scl oses a hard
optim2¢ &)ﬂl&e@éﬁ%stlsq el ardl A ARLABRSS oFBleRoh@hgs lﬁldl%((ﬁfferent
speed t|1ayer conprises a first gI',XI
multilgyers a@)/obmsreducdngbibagelbmyats inta theesléhdY masxi ng | ayer
being a mxture of TIAICrNX and Ti Al (SiC)NX or a
mul tilayer of such alternating |layers, and a third
Anotlf¥ ks&tmgswhls}o AtdsQidtel &Y Blak € proRfdsk HithcuafRIrhhidebePéteels is
Ti Al (STC) NX. Despite of certain progress which could
disclosed bic FP 680058 tT he seatinglcapprisesyastivenigy¢rrsystemrhasest onEaAlSHN of
differ q oxi (ﬁ\ |st ance, there still seens to be a
ﬁréé%l %r ove performance of coated cutting
tools with as nentloned difficult to machine
materials. SUMVARY OF THE | NVENTI ON Therefore one .
US 26016- @078 distlesqsracipehmuitiouente e high hasdinss atraiapaf a high speed.

I
The e AR SRE AL R0 Y 8 58 o FRE R Bl sfond
coatlﬂgdaj'drlwir@%r rhixture € & ACHN Xcindf TialiSiCNK ﬂﬁa‘hiulltdayer of such
erials such, as high speed steels, .titanium all.Qys,._.
alterngfing kayers, qangyacthirg @gtegﬁp%t |ceat§1gééye§ esfeRtiapeansising, Oh%(SIC)NX-
materials |ike hardened tool steel having a hardness
of higher 50, preferably of higher 55 HRC. A further
Despimd)q)farerta'mfprogressi wlwieln towld be achievedrveit sie:hdawln syxbansi mgsrms of wear
out ] oosi excel |

t
and oRghbssIsERGpAREY 801 SETAICPRE 'THLEG VBB dBPE dyiganance of

coate@&hhﬁ% £51PWitRAY meRGorRb d‘iﬂﬁ%ulft 'td ﬁlﬁcﬁlﬁ‘@nﬁ%ﬁﬁﬁt s of the
i nvention as described below and in clains 1 and 2. A

third object of the invention is to provide an

' (g | according to claim12 used to
SLmA#Qﬁ%?nggﬁggﬁbgggtgﬁﬂechanical assenblies |ike e.qg.

nmoul ds and dies, and other cutting tools |ike bl ades

as well as a cutting process to perform such

Theregye oa¢ Pbiget Cééh@pr@m@ inventigneis e PEVidefa oyﬁmlzqsiétar%epatmg and a
workﬁth{q‘ﬂ |§Sr§)ge§18%£ PI g %’oq %\‘E d thtan%m? &ﬁattfng Fé‘a 15311k

e er ence ucti o
perfodnicewithtdifficubfio ﬁfa@l@iné triateniabenule ackigh apkﬂ:datbelsl;mfaﬁumd alloys,

nickel § e Bl BECESH €T ANTRER RS e e SoresLiopisel having a
i S 0 TR PR YL KBRS RO fion s
providmsilch eoatings olifheat loofing the exnellnt dxidattarandenos birdaeks ipyorrties of
AlCrMhesé 81%%&2 ?r}/aly%% 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
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.
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a surface whereas at |east parts of said surface are
coated with a wear resistant nultilayered hard coating
waleedid7esl by a PVD process and the hard coat i PQI/EP2008/052572

conprises at least a first supporting |ayer and a
second nanocrystalline silicon containing |layer with

A fourfiotijédt OF tHe@NHntibA tiset'b&f?éﬁge Deineeicid e M{i&! i%@@ntﬁ/@@oatmgs
t he second l'layer, which is a first aspect of th

and 1pv®geﬂtoqlmmdur@1to clim 3. rst | ayer conprises a coat| ng
material of the follow ng conposition
(TiaAl 1-a) N1- x-yCxOQy, whereas 0.4 < a < 0.6, and 0 < X

Surpiddificly tife @rsﬁand“ﬂe&&{dkﬂ{] éd( oF thetiR®entioh Shn B@Wed‘"ﬁ%ya Workplece having
conprise (Alb b) N'. x. yCcOy, whereas 0.5 < 0.7

a sur@n@l “mercas(atdma;t par%s o, sald surfecgazre enafed withra wnmsnsé@% myltilayered

al the fol.l 03|t L.on

hard £l 0p RS bl IR gt B P B bt SR D o Lo frst
supp@hng £ aﬁ%ﬁsé&b@d@ﬁbc@fstallhﬁrﬁlﬁdoh%nﬁﬁﬁﬁé l%yéff with heiré layer

Ti Zr Hf ), (V, Cb[Nb], LW’ W of the
mtelmsed beiveers %t@ﬂ(@ﬁ@e@d the\pesand fyven 1@1 ip aﬂr&t agpeyt gbthe present
g <0.20, 0 <e <0.04 In a preferred enbodi nent of
e invention the second | ayer conprises a coating
material of the follomnng conp03|t|on
Al 1-c-d-eCrcSid reas M, stands for

X
The figpt lggger wglpaﬁe%cqaruag %1%06@6 iolépwmg ORBOSIRIEdiAH1-HY 1y CxOys
h 04,19 Qahd b-< 6 D RRerRht 4
W ergg[stgrqrﬁtenta 40§ %ldﬁe ape}l od?lc sglst éV(r%P}L ?‘E?ierr %il ﬁ%oﬁnse
(AlyGrht € xNpwhereaed.b ras <&l % endh < sFand he0.3aspect s of the
invention are directed to the crystalline structure of
the first layer which preferably conprises two

The s@béﬁdﬂﬁ%ﬂcoﬁ@%@% coaﬁﬂgﬁia&,lrﬂayoﬁhe %lcﬁvﬁg"@&nﬁ&%&f@m ~e-d-eCLeSid
hexagonal e cl ose packe phase

Me)NThéﬁ&y“bh@asdmt@idg el at dgast ¢ne dherpeny n%gensmqp metelsraf group 4 (Ti,
zr, HER 5 YREBGI Ty REE Mo ) BERE phliSh TRy SLocht Hhomium and 0.2 <

¢ <0pbaBe dcan.2be) Ale €04 dhedréfeted bRbpdinRaNABE nﬂzfenﬂidiﬁthe second
hexagonale hase as deﬁ05|ted shoul d_be between

layer gompepasa optngmatsripl efdhofdlowing compeitias @l mﬁrcﬁeﬂw )N1 xy
[ t Q

GO, RAEIOMY t%tameﬁ%%}ﬂécf@%f@?rﬁw 80 S G gy vith
0.10 Qﬂ’ Kloel 1t (Nobre Coluhbitunerefers ®telancht 4¢ 0 tig ;Jeaysélrc sqstem,

ove coatjng thijckness, to |ayer textures and
1nte“§‘PP’Ei%tsll?%°“éT§n\1\éqmet5§estaisoam??uI tilayer of alternating

first and second | ayers. As forexanple perfornmance of

as coated cutting tools seens to be especially good
Furthehaspedth ef the iSrentian are discted po tesedtdlind dimcguodf tatfirst layer which

prefe%%g/ c%ran:pr ses tvffo dl?i)erent phasgs Vemslgelgi ytahc%b{cotjaclzeog\ennp ge({ 8’ cg and a
hexagonale close packed (hcp) phase. Thereby the XRD signal of the hcp phase may become

1nvent§1]gl)

more prone if subject to heat treatment or high working temperatures of at least 700°C or
750°C. The hep 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%.

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 layer

textures and structure as well as to a multilayer of alternating first and second layers. As for
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In a further enbodi nent a thickness D1 of the first

coating is smaller than a thickness D2 of the second
wa@o@siing28 e. g. the quotient QD = D/ D1 is w tPCTEP{068/052572

following range: 1 < @ 4,4 whereas overall coating

t hi ckness D of inventive coatings is wthin the

examfalé'lge%ﬁﬂl& N FScoated g 06]s S8erFoAsPERLI BT @loldYwlenTHe Al/Cr

. <D< 6 mm A further aspect of the invention refers

ratio gsexpEaseRdeysthe quotient Ryvs Tiddud-gs/ ofs witin dherfoHewingageges 1.5 <

Q Q§2hhe coati ng system A higher hardness of the
Al’Crnan'o'cryst alline | ayer conpared to the support |ayer

proved to be advantageous. As for exanple the first

| ayer preferably shows a hardness_ between 2,400 until
In a fortipyembodinggné p dhickneneDs et g dirstepating s smaenbamya thickness D, of

the g g AR Budicop 215 (b Sl BRI Rt 1500 < 4
wher&l dvéfall Rgatingniidtithess D oft ibeedtiat ceitingd fid withigithgfdllowgniesse: 1 um
of a coating systemto a high extent - can be adjusted
<D ) pwrang praferablyd/rmoR D S6IMMMg certai n process
paranmeters especially substrate bias and process
pressure or reactive gas pressure as known to the man

A fur@er adpbctfoTeg iPerfliod 7feH ARThesdand PoithgZAHodiles tthelefined

docunents. However, for the present invention it has

layergefdhe pratine ¢y demeafrthighes bandpess of theanagoergpialling layisr peropasedto the

i.Sj [ i i [ I [
suppctfHBE b A (b 0F a8 R DR 4] Dlhudhid il o B reforably shows a
hardnesscietwgena4D0an il 21800 HV selkaredd the gitend Riybiswilbliave \adlatdngss
U2 duri ng depaqsi tion of the second coati ng.

Wh
betwaepe-§00raae 30T Y apcaswred by ge/iekers migrpdndegtagion st 2 fpag O£ 40mN.

iy S O -SRI BRG] iy o

high edketit t cambd ddjussed ad foe exmmply by yomtrdilighesrtapr proesss parameters

essure be used during deposition of the first
especlaS S RTASPIFSURIOTGRE PIARRITG Of By ectios ISR & KRRRL{G tpe man of
art frdRIUSEEF1 960 ddieUS 61F4 249484 othEedddutnior kpi eces to

tenperatures of higher than 550C, especially to about
600C and hol ding themat this tenperature |evel during

Howdygh 571 By BieS P rHeHOE oS SRR RY PG Sk Bsch deposition
procefEongr fle stép bBAIGhg RAESH 1O Substidle VoltdgeaNCRIAE deposition of
menti oned | ayer properties is to vary the content of

the firsbeqating aadiepnlyisa alseeand highes séhstrals viplipge Unduring dgposition ef the
t 0 i e
sconf L SR RS M SIATPL D B0 105 Us <100V and
secondlsGbdateaadidgd Byif thecrangdef SOV gy @ dO@NG atedels Bg} Ust-iaogy.
.the silicon content to give an optinmumin grain .
Additiqua|ly gralipmatively & gherjpgocess 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.

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 AICrN-based layer can be further
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a maxi mum of hardness. Furthernore, a contributive
sol ution hardening is obtai ned by as nenti oned
wo e@ndideon nmetal s, especially of W M, Cb aneCT/aP2008/052572
whi ch additionally serve assdiffusions barrier as e.qg.
in the grain boundary phase of the hard coati ng.

sl PN GRRIEL Dl g e omtin
a makianpe ofhardesss dndthexnatas 4 contributivetshbatioh bamlehiog ngobtalghdl by as

effective in ot ect t .th
mentiqpsd oo Ml ermegial o Ao oo B ard o Shs oy ferve as
d1ffu§71%§ baﬁﬁelozﬁeer b GRSr&i8 Ub'odn&?y ?Hath'e QY &t Hikd Boafin! eKItéﬁe‘;her such

coefficient —I(ZOQI(I in the range of O
nanoc@ystallme(a@myfuhAh“eN baget] mgers ipeowedtt@ be oxtranpady wisfstandegdingt high

tempfer& ns'rtdlz(a%?a]fé t&irfilo(répé%léglg 1ﬁeec% Erggs}%?echhg 816 support

layerdintl fth bk @dte mﬁpwh%mﬁlz@d TBdsepéridrinanddWith 6Ring Sp&AHSHs could
to a bal anced growth al on mSZO and ( 111) plains.

be achievgd Mathractgaier ¢ngliidient &b & il Doiathorange o0t @ <2 (Quis
P | .
deﬁ“leg%el%’heé % B ‘E{é ﬁgﬂe%(g;ogl&%l%rgmﬁgg @?ﬁo)s??)r@ﬁ )L ?%@%ﬁ 9§§p£:cuve1y to the

(200)ar@h@n 1 eplaiss irﬁﬂhE)X fdyrcﬁffgianan heghrem ofaungesal il ¢isresponds to a
Thi s proved t best conbination tq transfer

balar}?é‘é BWE&IOHB&%%O)WQM tlp @laing: Pstadls yegpeding Hisdneasgtgment can be seen
with Ee[Rer at ure resistant second layer to the substrate
terial of the workpiece. Alternatively to the two
| ayer set up as descri bed above ot her | ayer system can

be used to f rth rove | a per or mance
Contggep iq ot T PPOE s R R and 2

hlgh&%ﬁ‘a%ﬁb@}nth!r ra HBYer B uE RdnddulEH. ‘fﬁlseiﬂm%attb Bk #&%best combination

I nterface between the substrate and the first
to trapsfeporethangcal hytérfronil' thesxticinelyi worar kg bighrieyparatupy iesistalii second
ave a transition zone with

la-‘/efgigé%ﬁ ﬁ‘r@gtﬁge @a};\eﬁ’& 8&%6 @%]ﬂfl%%t towards the first |ayer

as known to the man of the art. Another or additional

possibility is to make the first |ayer conprise a
Altemaﬂweily toytbe two layer sof ppes Aepcritredgliove gihe layerystom egichbe used to

furth{; vedla§%fe§o rg/\llf é%%?é\%pcl?%}fogazgg gl%%l_%:?ﬁ%r@alhc

adhebigi &ysr mh@ e sedad givel 4 Gtiatikediintdrfabab@waempthefsabstaet and the first
| ayer thickness of a view nangneter until sone 100

suppprg ates Khis edhepion hayer MamcampEre Haf oA 8F Ader #idiHaphave a
transhtid oY %thsér@&/ﬁlglm ¢ Bnd/BE0 RERASt towards the first layer as known to the

man of the art.

Another or additional possibility is to make the first layer comprise a multilayer of alternating
(TiaAl1-2)N]xyCxOy and (Al}.c.4-«CrcSigMe)N1.xyCxOy layers or of alternating (AlyCry.p)Nix.
yCxOy and (Al}.c.4-CreSigMe)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

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
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Wor kpi ece body or substrate material will be
preferably selected at |east fromone of the
wo edosand7egys | i ke hi gh-speed steel, cenented carOi/dr2008/052572
cubic boron nitride, cernmeté6or a ceram cmaterial. Such
coat ed wor kpi eces can be used for many types of tools,
mateffAVGYE coMelllwdRpiBSR&GH BE hiyedUSLhidhy s 68obisMBow&RE Hill be
as for instance end mlls, drills, "cutting inserts, or
especgadruseful forroyttingabels) dsker instasce andenillappilisecutting insertss or gear

.made of ce ed car.bide, cubic horon nitrjde, cernmet . .
cutangtocfs dsp BRPT WP epplRd el FadE oF RSCtHE e bidE s B8on nitide,
cerm&Vr Atetahic hfttdr AP HRYE cutingd RbeRIdbapIRAGS! tWiitProvechiting

processes on hard materials - as e.g. hardened steel -

performsnasgrith RbERaetoressen alesd materidRC BE- & hardanghdec! - baving a

even of H d higher as wl e strat ed..in
RookgfiRefingy 1 HG A0 LR, of S1s ot R SRR i
demdabitaéNGSIeldiEwith kaiplegbdlbgur es and exanpl es are
intended to explain the present invention by neans of
sone specific enbodi nents which are not intended to
j ﬁ"fN lcai 8 i n any way. Reference
Bmﬁ@%&?ﬁgﬁa@g\{eéﬁo ﬁjﬁgﬁ%’%congasnyi ng draw ngs in which
Figure 1 shows XRD spectra of a TiAIN A C N and
Ti. ALN Al CrSi WN hard coat,i ngs;. Figure shows .a fitted
The foltoyvungdigures apdl exanplep weAnfePi?datﬁ §*Blam tﬁ? RYCAP IRy RO, g}/ gneans of
ifi0GmbSHiHhR whibPark 3 y ' laims i
Some%?%tl I{F%ﬁn E? dIl\ll an ‘YT'llll %l/ Al Ermé(?{\%%é ﬁ)alr%gﬁ%g%t@ isg(ggeaol:fiﬂéeucr eélm4$ many
way. Referenc¥RDbaipe otadatothe acodiniaAlyiGg Srafinpsaimdwvitiolat i ngs wit h
hexagonal phase; Figure 5 is a peak intensity di agram
Figure 6 shows XRD spectra of TIAINA G S WN on a
FigurgUf t i NGhi ROKRIL§RERa 818 TRAMIAIUINCAndFTIAUNEAIEr SIVNShard coatings;
— XRD-patterns of 'a TIAINAICrN and three Ti AIN Al Cr Si WN
Figurecait | ngbow$ a fitteq XIRJD specttn of a dsAINSAlOeansba i AYEA KB EVN hard
deposi t on a commercially cenmented carbide insert

ed.
havi ng cggtb%alt bi nder phase and correspond to

Figure ORt i Ngs a NEM cfoss-gecfion 3f b TaAIN/A1GrN & TN BYRICRSi WNaHaed coating;
2. Coating paraneters were the sanme for all coatings
Figurgi4 h t wéowsi%éﬁ& sRsstra O YN/ AHgSt Whblasd coatings saththgxagonal phase;

Figurge5303i t1§%ggal§ﬁ?e%91?){ h%ﬁﬁ%ﬂéamt ails on targets

conposi n as we tures of the coatings can be
Figurse®n wishbwh AR® specandf ZiAIN/AICrSiWN on a cutting tool before and after

use;

Figure 1 shows XRD-patterns of a TiAIN/AICrN and three TiAIN/AICrSiWN coatings of
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.

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.
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Al'l XRD spectra were recorded wth a Bruker AXS
equi pnent with a Cu Ka (I = 1.5406 nm source using a
w@e@ggidBeent ano geonetry at a gl anci ng i nci deneeT/aP2088/052572

to mnimze disturbing diffraction signals comng from
the support | ayer and the substrate. Two i nportant
facts can be deduced fromthe spectra: - Using Wand
Si alloyed AlCr targets causes a decrease of peak

Two ingpogtahisfacts chinbe dedhicedfrom the spactrat | on patt erns conbi ned
with a broadening of the peak signal. This can be
attributed to a grain refining effect due to the

- 2l Wl STRBY ) ARSEGLAChYOh dbitastlof heAMciEMEof e

this Al CrSiWN second | ayers are deposited wt

nanatings}ydif ahdtion @attemns corabiegd withedwodskeninged th ek wignhl. This can

th [ . [ f fi 3bh. - Co

t B iP5 Bt B Rinb o Sttt Slpiheliminss AR of the
| aRon ADSPloaKisHACRSIWIR AEcond Idvkts A€ dBFYsAbA Xith a4fibRFfstalline
with an all oyed second Iaéher di spl ay no or on&yﬁa weak

pretetpeenaecanbecegs alae withitehBEM ioragesieressesfeotien of figwrerd o)
which is defined as the ratio of the diffraction
intensities 1(200) to 1(1 11), assigned respectively

- t ©onfjRrddX9@patipsystetnb hhvidkahWBalléy et Becokd AN layer displaying a
diffraction spectrumof a material, is in the region
ofelegr (14 pprienisfian, pestenrseyyith ary abeipd secqnd lyes dlisplay nigyor only a
gl ) et ' . . .
O PGP SR AR e P B o
f raiio offtbe pdfrheiondntehsifiesl200) td (Pl )aassindd pgpeaivelyeto the (200)

P BB o SFa S5l i B or 1

4 re?‘ex‘aﬂlg'tﬂé?wge@ B e fiF PIRLASPELHY %aﬁ(ﬁ{}\? {cideded & mentioned above.
coatings No 1.6 and No 1.9. Thereby deni ng can be

quantified by neasuring the Full peak Wdth at Half

Nore S5 o g B RRE by BRF B sm-pacms e ek
fittingS4tRBidNeL @ thE PoRUNSERMcMBakKs ApPiad aftdttbaebh with ﬂg./\%ﬁe\fﬁ{ing has
second Tayer, were obtained: Ti AN Al C Si WN M

been gppdiey to-the (Z00)isignbisme@r 4.5 FotHke 2E0@ple-fram spdctrgirefgrrmglo Moatings

oathgs.wi.th.Si .gnd Wl eads ta_.a, peak-shift. f 43. 8.
No 1.§ 3 Naet s sty wising parGigrebfeo B masece EfiEpeak Width at
Half RekiRRms (BWHNIP Ekelulihg@ohdtata HabiterSind i fluil if R dppaiatiss the
due to the bigger size of tungsten atons. There %/

followiag valges, she wingtagrontvapefbpdak bnoadening with an AKAS R sseond layer,
were obtained: :
TiAIN/AICrSiWN: FWHM (200) = 1.7°
TiAIN/AICIN: FWHM (200) = 1°

Alloying AICtN 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
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.
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AICrNto d(200) = 2.082 nmfor AICrSIWN. SEM i mages of

two coating cross sections with magnification of
waeedsaexgli ameters can be seen with figure 3a BOTEBNS/052572

SEM i mages were recorded at8 an accel erati on vol tage of

5 kV. Pictures show two doubl e | ayered coatings, each

Pictu%?glgg’g é}&ib‘i’éﬁ%ﬁére COWMAgE, U Eﬁﬁ&@n@ &ngpgxtg;agl‘r?(ﬁo%)&%rs)N

nesscand a i hi
suppo'ﬂing law dfiagoutel (3@ thibkmess amd AthTekisr t@ﬂayei)@lﬂeréi@ﬁlggre 3a shows an
a finer |ayer than the conparably coarse and

AlCrI‘é éqnﬂﬁﬁ%rr amn.gsaﬂreﬁ%y%ﬁner#@mmn tb@ 9%?45@@5/ Gparsgand gQlumnar first
layer. E'PYoq}ev%ﬁ&t 9]\1% 8? HY (ﬁﬁan F!ecfoh@i%{ %tk}" Lﬁﬁféé‘wlehﬁbﬁs a

I cant I ner ne stru
mgmfmamﬂ)ﬁﬁﬂef rtano-fcr)g;taimlefj’sarmture: bompa‘reé&pﬁmﬂs 34 ovhidhecorresponds to the
- br oadeni n rved w XRD spectra of
peak- 511'0@ THE 35 QNSEF dW‘W%%?Jg@P%“Mf UESdANZ of Ti Al N
Al CrSiWN hard coatings of Figure 1 are displayed in a
hi gher resol ution node with 2 nunbers indicated by
In Figara & XRDnvkmecta hﬁT'a@MAlCrﬁan@ adegingh ofIFigusepbaadisplayed in a

hlghe{%%gwgﬁ@%'fn%ﬁﬁ% RS %&d%}q%tﬁwfyg%reqrﬁ%ﬁ%@? B @nﬁlphase peaks
shoul(é\wla}[ﬂ?;@ H'I{J Cut ¢ ng &ty 4o %dﬁka@é&%ﬁg%@% q\b‘ﬁﬂélgégng(g@%nd more

goo or mance oat |
pronofnéed vitly groﬁllmgAhmpmmm ccmtertsoifthp AslllGlng caatim; athyélzgmbs with

by .TEM SAED ( Tr nsms ElLectron M croscopy -
goodg}épxé%Pg rﬂa@‘(‘o\ @ﬁ\j‘ﬁﬁfﬁfbg Pon) to give a nore
detailed picture of t he cubi ¢ and hexagonal patterns

froma TiAIN/ (A 062Cro. 26Si 0.i oW. 02) N coatin
Fig. 538 @@hakolmmy diagtany & amfalymé byohipdeiED éil"mnsmtssxoar eqtron

MICI'O(S%? %E g%ﬁ tEEec]trgazf gf Hog) tgt%?y]esf {%g)if- [ e(gz%Led é)écture ol}l tllne cubic

and h@iﬁa@@ﬁdl tpadlerad from 4 TRAIRVDAD SCH §6S10(1€W 0. BN @sitilg Sochiometry
according to a high speed side mlling process (B)

numbgyisofh therfogrposnd saferdo raRefrompesitias. descri bed in det ai |
wWith exanple 8. Details on target conposition,
t hi ckness rati o and perfornmance see table 8. Spectrum
With Figurerhine KRIDBspebeee of a@eNaf (A4 s,8ha18i) 4W o) Nfcontingd issBown as

seroSHR R Sh B 0L Bl S BTSN 2D, i
e By LIRS T3 S
targettcenmesiﬁbmﬂhickmdsg grtioenhd peeforndncanes tablerfs Spedrune (Byeelmcld Bas been
mace SRR SETISR, Sht ey PRt O LA NEE LU
Simil&@&SréWeh SaRagdhhBstase FéredhtdRrLouRl BORe b P Bua¥edhg such coatings to at
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
1100°C a precipitation hardening network made out of hcp 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%
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hexagonal phase seens to grow with increasing
tenperature until at least 1100 C. Wthin the
wo eowparattire range of 600 C, that may be as depOFEPEAS/052572
by the PVD process, until about HOOOC a precipitation
har deni ng network nmade out of hep phase of high AN
t [ . I
oo R e 108 I AR o AT RSN RO E 20 G Cofies having o
stablecorsdainh phass oatr ths @hGleveimpéretunesmgs fiom P06 uampel\alltrh to any

nost cC t.s OatlnSV\EfeS erlor
tempEIaEs HGSDSHORE ARG HASES s Lol g cesill @ BAY b nbestable
benefi’tI wltle‘"i‘lrlg %mé‘SQHR’:Qﬁéﬁlb A théiehab 1048 98 MR cain® Fok PAIOISiW)N coatings
better. This is the nmore surprising as up to now

howeabwhaaetr@mmqrmgsmh ax/hzn@ beneficadl|eéfeciowhinkl onighsthesiue ¢y @ continuous

prollttﬁﬁ\?op é)ﬁ,bgh&ff%? ﬁbl ﬁlgrgg{utggﬁtr[%ﬁag@gﬁfn&ﬁct@tﬂ%messes

Peak Hho@tibMbo fIBE TR f)@km@\g@erﬁmw rhead @ 0B escbRB s fit pomrrtly hzshth hcp 100
cones to extrene hlgh thermal | oad of the coating

peak pihazagpngl Kloserhpacked herohdl dronp g EPDISaRB Dy da%CCé]@éfh@ f@rther AIN
£ o
pa LT RTARLOE B L1 56 OGRORT Y SR0TU0h B g 02

(102)abuat (li10yumd t01.6F(2D h)aS@a@chdsél gnttiutow orly @f&ﬁﬁ-‘@ﬁe& caﬁeba knade on
positions of the 33. peak as seen with Figure

the regaivgox Boh Tft‘“lﬁf‘éﬁﬂ@dﬂﬂ‘}‘l%l’bhseﬁ&@ﬂil@e bglatiore eﬁé% wﬁﬁrgaﬂons
are stﬁl S‘r?eddo%@cm'g_ﬁ E&?Eg@%%a%{ %i&%eabtl A,)fB llglﬁ)ghase turns to be the

Iectlon peaks
main q»haasre‘mnglsmlsﬂ)hase &mmmnrzmnotdjedoager%sétv¢& efers to 002
signal), 49.2 (102), 59.4 ( 110) and 101 .6 (21 1). In
any case until now only presunptions can be nade on

DETAITSED AP TEONIE THESPPErBRRED ENMBdasilmiase

transition behavior. Detailed investigations are still

to be done. Wien Al percentage exceeds about 70%

hcp- AL N- phase t.urns.tq. be. t
in o fllonin S PetHe Emhdrais (onGRh SuRUaRe aRaRit pesys of
exam?@@%%ﬁh@' cldting Iper fERERERBER v EMBILbAENtH tBoIs'?yfthe state of the art

| om ng sonme specific enbodi nents of the invention
usmgahﬂer@n%@lt@%@eb%ﬂ%aﬂ%mﬁ*fln&%mﬁlle@és comparing cutting
performance of inventive tools with tools of the state
of the art using different cutting operations and

All irshtivelgard asaiigt endcompdrativevainples haod beepQizhosigs uanng an Oerlikon
pative exanpl es have been deposited usjing

Balzate KL S SAA1E8 28108 robeRyC QERpTHED §9%ﬁ9é‘ﬁ%thnn Cufiedpols were
mou SUAPERKIR B BUESS Bhpg DA LR S SRR Bt o

cuttlﬂgatbdls aodtdcripad meahosxdngsleOelew hiad ag overall shicknesielstwedieand 6 um
in _the exanples bel ow had an overall thickness between

measpreg 98 the 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 AICrN so-called ALCRONA.

Example 1

With 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 TiAIN or AICrN / (Al}¢.4.CrSigWe)N double layered coatings.
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measured on the shank of the cutting tool. The new
coatings were conpared to state of the art coatings
wobdoaiingads by OCerli kon Bal zers standard coati ngPCT/EP2008/052572
processes for Ti AIN so-cal hed FUTURA NANO, Al Ti N
so-cal | ed XCEED and Al CrN so-call ed ALCRONA. Exanple 1
All c¥¥t XUReR sinthblisddg Qe i0ANBEhdsi ForCEbgthgs N
C%/{vlg H%Sst ateeofs}rtlﬁe ar {}g,coatoifd%ds}glg? éﬁﬂoﬁl N%(k}n?ﬁnl\ig% 85 o
1.4 toANGrIN Celred beéd Q@mdutipdlahadefvsoncanpaatect ¢fH08°C and altotalf pressure
i.nventive endmlls coated wigh Ti AIN or N/
of 3.6 R gerR PRGNS Sabite ffrwgpwl\'@aa&% sbigg yoltage preferably

betw&AUD NIgnd 266 VYRR besSY Q}Sﬂh%a'vﬁﬁﬂ: @Nth%@émgil%'eﬁﬁﬁli%ler bias voltage
evaporation. Deposition of coatings No 1.4 to 1.10

of -8 ¥stob2@0V banbheotueet], atheteas epwdite valne pEbige valtage®! dfe second layer

00 d t gt .al . 3.5 P d [ ..
o QISR b PR B SR T Bionct
coatiN@ & 98 BNef BB AR VechelonBeed 4Q dépadifion Epetathid of BESTT and a

applied while for the second [ ayer a higher bias
total pressugg el 3f0 toglp0 Da pader nijepgen atingspbereused, wher eas

absol Ht e e .bi a I e .
Data YTtk ol Ui Rl el Rboyhlin BAERAR QD M8 rao
withi¥ @hé @gendharbobssfallirtcoh@yClayerlpaRsd fith®oabihg Ctkh &g $atoQp of the

to No 1.3 has, been conducted at a deposition

1.1 . : :
layers grphévlas tidthsresybimg catfingsperiormpngsiespiesed tyrflapkovaaping. o
micrdrRettfd %?t'ér 8 El‘it[iﬁg f‘e%gﬁlt SR, AR %ﬁgbeegartea?ch‘éﬁ,tﬁld ra@éﬁﬁlﬁ%ﬁ tddi-life in
conposition of°“reSpective evaporation materials
metefstvaliegied wear nAilrk Of 10@funchadibbér Rathed, e cameharized in table 1.
nanocrystalline coating layer (m.) of the coating,
thi ckness ratio QD of the layers (ml./s.L), and the
1 g, cutting performance expressed by flank wear
Mﬂhlﬁg%r#%ﬂg%}%éters after a cutting length of 90 m has been
Work piached, and accuid B2EW wWOHRA)i fe in neters when a

wear . mark of 100 h een reache are summari.zed . .
Cuttipgyiqokpl e 1. M |1 ute@ﬁﬂfwsaﬁgﬁ-w@r%l&@ebmlgppgramfefbgie grade

Spind1E Otiidn: Ut ti ng 1gp0h ini%—‘l“ uted ball nose end-mll, O
10 mm mcro grain carbide grade Spindle rotation:

CuttiB@6yieedi n- 1 Cutti 2§0spemdt 200 nmin-1 Feed rate: 0.1
t oot h Radi al %elpth of cut: 0.5 mm

Feed rate: tooth

Radial depth of cut: 0.5 mm

Axial depth of cut: 0.3 mm

Coolant: compressed dry air

Milling operation: down milling

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
layered AICrSiWN coatings of examples 1.4 to 1.5 when compared to the unalloyed AICrN
coating of example 1.3, or the TIAIN/AICtN double layer of example 1.6, these coatings

cannot be compared with performance of inventive examples 1.7 to 1.8. However, thickness
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Axi al depth of cut: 0.3 mm Cool ant: conpressed dry air
MIling operation: down mlling Length of single pass:
w@oosm ka8 of |ifetine: Vbmax > 100 um at the ePdI/aP2008/052572
single pass Wth table 1 patformance of conparative
exanples 1.3 to 1.6 is poor conpared to inventive
- ho A I . b
raio QS Bt A AR e N SRR Tt B Ehp e it & pPRRRIne sk
perfornmatt ofjesxanfple kabfbrawatings with 4 tHin wilieon contpiaingdayen. t he
unal | oyed Al CrN coating of exanple 1.3, or the
Ti AL NV Al CrN doubl e | ayer of exanple 1.6, these
ExamPR:a}i ngs cannot be conpared with performance of _
nventive exanples 1.7 to 1.8. However, thicknessratio
With €angfle 2 theesanievdepdsititn parhmyerswereappliedmsbeithaexampbot t ant

wits SRR £ 0BT St b R O OB oy ARl v
with dxp¥i@ent52 3B FAti¥iol A LRFATPArRd%t EHBstHR SBcSHRARSOAly @fhall
paraneters were applied as with exanple 1. Wth

variateyup of tumgstess - 2round g+0.3 %6 &) the spaxémumofwerh smegawehpr all experiments
coati,ng j.s,vari.e tya constant Al/Cr ratio, with
Ofexaé%aeé?i%e ?pgayffiin?a@?ezz.ﬁ ratio of Al/Cr is varied at
constant Si content. Only small variations of tungsten
- around 20.3 %to the maxi mum- were neasured for all
Millingqoaditigasit s of exanple 2, as displayed in table 2.
.1 1.ing conditi opgs i v DIN 1.2379 (60HRC)
Workgﬁﬁl(ctei ng tool: Z-P?Nutl\'e&g%gzgﬁﬁ%g)se end-mll, 0 10 mm
Cutting toolo gr ai n car b2-dmtegirtatienoSp emdingl],r@ t A o micdO @rimeanbitle grade

. Cutting speed: 200 mmin-1 Feed rate: 0.1 mitooth
Spindfgygtationgept h of BYROME-E nm Axial depth of cut: 0.3 nm

Cuttifgopbat | conpr ess@sgtiy 1ai r

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

Length of single pass: 30m

End of lifetime: Vbmax > 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
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.

Parameters and configuration as used for XRD analysis to define Q; 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
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MIling operation: down mlling Length of single pass:
30 mEnd of lifetinme: vbmac> 100 umat the end a
waRoghes7pass I n table 2, at constant Si cont enPCT/EP2008/052572
2.4-2.6) hardness neasuremamts show a decrease of
hardness with increasing AI/Cr - content of the second
bi . t Cr ' i f el
about 1353 A¥ferliafig B e 4 Q FIARING1 D) AREURAN elpng ncidence of
2° is fomnd #@rthe segtomel 11 @spécialyibetverendrgndi2. can be seen
clearly, that the Si - content has to be at [ east
hi gher than 5.3 %to obtain a good cutting
Exam?ﬁ%for mance. Paraneters and configuration as used for
anal ysis to define Qlval ues as nenti oned above
Millingaapadityenf intewativeamiting Neet.4has bdet icompgugd ¢o dtate\a dlresdyt/coatings
No' 38 drb oS5 ep St R SR ARGk i g below wit

exampl8 BEhE sk (ERRhg BERKitOR patdnttddrS hedd A0l adiertioned with example
Preferentially the value of Q= 1(200)/1(1 11),

1. measured at a glancing incidence of 2 is found in the
region of 1, especially between 0.7 and 2. Exanple 3
MIIling capacity of innovative coating No 3.4 has been

Milli afieds:to state of the art coatings No 3.1-3.3
uring a roughing operation according to the

Workpigeanet er s ment | BHEd- 2341 63 HREY h exanpl e 3 the sane

.referring deposiji I [ . :

Cuttml%:[ﬂ&i' g aep E-%dg@aiﬁ{% glfc?m‘{‘ﬁ, & lgfﬁ%, Iﬁftr@%%}rkcarblde grade

oned with ex ng ‘condi t1 ons:

"Spindf¥ @¢gionDI N 1. 2344690581RC) Cutting tool: 2-fluted ball

.hose end-mll, O _10 mm; micro grain carbide grade
Cutting$paef-e rotati onSVBYD nin 1 Cutting speed: 80 mmin 1
d rate: 0.15 yaktoapkbudradi al depth of cut: 4 nm
Feed%x?el‘?al depth of cut: 0.8 nm Cool ant: conpressed dry air
Radial depth of cut: 4 mm

Axial depth of cut: 0.8 mm
Coolant: compressed dry air
Milling operation: down milling
Length of single pass: 15.5m
End of lifetime: Vbmax > 150 um at the end a single pass
Table 3
. cutting
target composition target compostion main layer thickness  performance
support layer s.I. o R
m.l. (%at) ratio
No. coating (%oat) lfeti
ifetime at
vb=200um (m)
Al Cr Ti Al Cr Ti Si W m.l/s.l.
3.1 TiAIN - - - 50 - 50 - - - 93
3.2 AITIiN - - - 66 - 33 - - - 162
3.3 AICrN - - - 70 3 - - - - 181.5
3.4 TIAIN/AICrSiWN 50 - 50 57 31 - 10 2 1.84 264

Example 4
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MIling operation: down mlling Length of single pass:

15.5 mEnd of lifetine: Vobmax> 150 umat the end a
waRoghes7pass Table 3 cutting target conpositi OPCT/BPPEs/052572

conpostion main Iayer t hi ckeess performance support

layer s.1. ml. (%t) ratio No. coating (%at) lifetine

Tiq:Si : 1
The sdtho 87 By Pheci 5534 g ust o4y g %
perfor?r&nG@wﬁh 36de ofthSart cdatiighldAl o4 diirigth Hifiiskitig Bpdratiorlih annealed
264 Exanpl e_4The same new coating as used in No.
tool StSelzhaHH’@ a&@é&qﬁ%@% Hﬁﬁo 4.4 to corrpa?e t he
performance with state of the art coatings 4.1 to 4.3
during a finishing operation in anneal ed tool steel
Millingacondigions:har dness of 36 HRC. M I1ing conditions: Work

piece: DIN 1.23 H ng tool: 3-fluted
Work piggeni 11, 0 8 mﬁnﬁi%ggé}%é Larbi de grade Spindle
Cuttm:gg&gt ' 8”054;'“77t g%—'ﬂ'uﬂedgﬂﬁldn‘ﬂgﬂsﬂjﬁﬁg ‘midR B dArbldd 8 ade

Spindle rotation: 4777 min-1
Cutting speed: 120 mmin-1
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
Length of single pass: S5m
End of lifetime: Vbmax > 100 um at the end a single pass
Table 4
" cutting
target composition . ot compostion main layer  thickness  performance
support layer s.l. o .
No. coating (%at) m.l. (%at) ratio
lifetime at
vb=150um (m)
Al Cr Ti Al Cr TiOSiwW m.ljs.l
4.1 TiAIN - - - 50 - 50 - - - 25
4.2 AITiN - 6 - 33 - - - 30
4.3 AICrN - - - 70 30 - - - - 65
4.4 TiAIN/AICrSIWN 5 - 50 57 31 - 10 2 1.84 80

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
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
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Radi al depth of cut: 0.5 nmm Axial depth of cut: 0.10

mm Cool ant: conpressed dry air MIling direction: down
worRdoBiing2¢ engt h of single pass : 5 mEnd of | iPel/Er®ns/052572

Vbrmax > 100 um at the end a4single pass Table 4

cutting target conposition t ar get conpostion mai n

er thi ck er f oL R
compriifFJo iR oBlcp P UBS SRR G plrprigtncous
progrdssbf thke vidar E[umfg thecuthing @pplWativh.. / S. | 4.1 TiAIN 50 - 50

- -2542 ATING6 - 33 - - 304.3 AICNT70 30 - - -
65 4.4 TTAINAICrSIWN 50 50 57 3 1 10 2 1.84 80 The

The trg%tg]t%lh{ (])tctﬁ? &odtgg){ogﬁfﬁ%lan EShdRBlel %1%% Bﬁfgp%rﬁ%gor n?h[o DEGM

coat 1 ngs proves potentia
20 2006200Ce48. 1 Rigs2 and lefermahdescriptiaf onspxigeérlaﬂtpaﬁigsaphEmahpdge 6 end of

5 Wth exanple 5 pri tti t
st e o B o S SRl e i g enee

was abdlit 35 ¢#n 200k atQQQ) fefool afi3SroRERA sg&ﬁl 458G d/Rile qﬁfh:’;ﬂ M material
In order to adjust a stateconparable to an initial
was Sf@mgegnmmdsNybar SiCgrbimtsizerdimasshadibmeten pfibrisiles 0. 45mm length of
bI‘lSﬂegggB‘&% gfq(t%t}pn of t ert%?) sa?glllge%as rev/n%%rrlo[t]a(tlmn of theu[ ble sgpportlng the
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).
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
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

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)

Length of single pass: 1 Pocket

End of lifetime: Vbmax > 100 um at the end of a pocket
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The treatnment of the coated tool has been conducted

Wi th rotary brushes according to DEGVM 20 2006 000
wo4wsA1deg). 2 and referring description on pagePGI/ERENS/052572

par agraph until page 6 endi1sf first paragraph which is

thereby included by reference to the present

GRSk  555 P B bt FAE B O
extrefm@lyaliseill fovasolSicbatedrpith geatraltilybed colings @5 .diand Sid) ewddd€as for

mesh, dianeter of hristles 0,45mn |ength of bristles
tools 3gaad WRBAILIN Svest 2 liaht dessease i RArfqrmancils tomdgyhe sych treatment

.o of the table supporting the satellites was
haSbg%{)%%dhg&B rev/imn. Asimlar effect to dissect a few
Altermitivebynert eves 'additiongdly aodimilbehougkipéatmentrigt tensha blaad, gripding

the cutting edge coul e achi eved by using Al 233
opergtiops P@’ﬁ?ﬁﬂ’gg °#r g"si‘@&?d%ﬁp‘){%&’:‘? ceae MBWSYer brushi ng
time has to be tripled if the sane paraneters as

menti oned above should be used (e.g. rotation of the
Exangdpporting table is set to 0.1 rev/mn). Coatings have

been. deppsited accarding.to paraneters with No 1.2 and
A serigy OF TP oS REFPBGHdD (FOE RRIET A CPRUFS 2 pRgE aflofig clement
Coatigs haaen @gﬁbsﬁkd hocorlif@Mofrdmétad ivideh N&11 X MdNA1 8.
car bi de grade Workpi ece: 1.2379 62 HRC Spindl e
rotati on speed: 6000 rev/m n Axial depth of cut: 0.4
Ml Ra. iials, depth of cut: 0.05 mm Feed rate: 0.10
RBFYEBYHScut t i ng speed: 184 mMmn Feed: 600 mm mi n
Cuttie@@ont . air M| RiMged®pall Aése@nd-ntit\d 10 thin, Agcrogedinicapbide grade
for pockets (56 mMm x 26 Length of single pass: 1
WorkpieoRet End of | i fled37f62 x > 100 um at the end of a

Spincgg%‘t?{i&ﬂ;' l'ing dats@gé"l&iﬂ-lt abl e 5 show that brushing

reatnment with such cutting operations is
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
Milling operation: down milling
Length of single pass: 30m
End of lifetime: Vemax > 100 um at the end a single pass
Table 6
" cutting
i?:;:g'g%:?':?n target compostion main layer thickness performance
No. coating (%at) m.l. (%at) ratio N
lifetime at
b=100
Al Cr i Al Cr Ti S W m.L/s.. vb=100um (m)
6.1 TIiAIN/AICIN 5 - 50 70 3% - - - 2.30 120
6.2 TIAIN/AICIWN 5 - 50 70 28 - - 2 2.30 150

6.3 TIAIN/AICISIWN 50 - 50 57 31 - 10 2 2.30 270
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extrenely useful for tools coated with new
mul til ayered coatings (5.3 and 5.4), whereas for tools
weoasath7es th Al Ti N even a slight decrease in PCI/EP2008/052572

performance is found when gech treatnent has been
applied. Alternatively or even additionally a simlar

In corﬂ?zﬂﬁ%ﬂ t+ N%%.'IPNB &y Sll?d’\*?’hséh%}i%h?qﬁl rded BEI _p@ﬁgfrﬁéﬂcg.nfhis can
of the Iike can be applie e org the coating process.

be cleedgapitibutéd o the nddtondf Batthe seonnd APCEp-heed layer.tlesompheson to

I nfluence of tungst, as singl e all oyi.n .ement ... .
the oRsBBipH B RGNS BRI DLAT G5 Ao PRGBS Gl there i
still aWah No 1.2 and No 1.8. MIling conditions: Cutting
tool: 2-fluted ball nose end-mll, 0 10 nm mcro
grain carbi de grade Wirkpiece: 1.2379 (62 HRC) Spindle
Ex rg{,?ti on: 8000 mn-1 Cutting speed: 200 nimn-1 Feed
anpie: 0.1 mitooth Radial depth of cut: 0.5 mm Axi al

With S8R Nh&tingsdind Yodngniddald it a TEANPISSSESredpohddid to the support
M1 1ing operation: down mlling Length of single pass:
c

layer gal ardl etefl filsentiee cogbing xeerd Measyneda Maaperingrigetjod was a

., Single s Tabl e [ t t 0S. ti t t
Vi RS EIER 0F F EASOTRB 3y 03
only. T8¥Rforé nb sighiflcant(ik@hdnct HohPthe 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
increase in performance with hard-tooling operations when compared to AICtN 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
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 hcp 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.

Cutting tool: 6-fluted square endmill, micro grain carbide grade
Workpiece: A 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

Feed rate fz: 0.042 mm/tooth
Cutting speed vc: 200 m/min
Coolant: compressed air

Milling operation: side milling
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No. coating (%at) lifetine at vb=100um(m A C Ti A
C Ti Si Wml./s.l. 6.1 TTAINAICrN 50 - 50 70 30 - -
wQ288/112e8 6. 2 Ti AIN AICrWN 50 - 50 70 28 - 2 2PGDERDN08/052572

6.3 TTAINAICrSIWN 50 - 50157 3 1 10 2 2.30 270l n
conparison to No. 6.1, No. 6.2 shows a slightly
inmproved mlling performance. This can be clearly
attrﬂehgﬁqus;@]dms;addi t10@n of Wto the second

Al Cr N-based layer. In conparison to the optim zed
coathind@f IHetimeig a di f f 8went 1APr - rati o and contai ni ng
additionally Si, there is still a gap. Exanple 7 Wth
tabl e 7 hardness and Young's nmodul us of a Ti AIN | ayer

correspondi ng to the support [ayer and a dpubl e cutting
| ayered i nvel 1'?79§/‘é’r‘t"g’6§§‘j’"n (] takget eonpeBierUnatiayelE A Shitkiesy | | performance
noEt hod vias a \7?'@%9& m grijo har dméd¥tt est at|ar4® n| N
[+) . . .
lobad resulting in a pendtjirati on depth of around 0. 3| nifstime at
only. Thereforg nq,s| g.pi flii gante ijnfl Uepnde,fr Jn;a}',gg ¥o=150um (m)
substrate nateripl and the s rt layver could be
8_1deﬁﬁﬁt ed for|the| neasyggnents. | n._carrpari_sm to t he 40
second coating the supparit | ayer| is|chdracterized by a
3,*%&/}\?&5 5S5oVRl uel 3fd |ahi gher _YbuRg' ,S rodi,us 50
romexanples intable 21t is clealr that |hventive
s ATHINAsRART e L oolis sshawsal syripri siipg Lnereasg i 75
Mt hl harid-tgaling ogerations when conpared

to AlCrN coatings of the state of the art. Exanple 8
Wth table 8 performance of a state of the art coating
8.1 and two inventive coatings 8.2 and 8.3 show ng

t hermal induced phase transjtion as described in
Desgide af the fipqus opibgusdteolmgiagphiesinns wWitbinethe pragpntidescsiptipn gnd gxamples

e i
ol P58 SRTRERH B, B LGB BB Rprpay o
othez Wddls agl @olihgapplicttiordeak ifor ihsthiyceopiormingsipgreaions Hikestamping and
figure 6 ( Bt), Wit h g:oaﬁ,i n%, 8.3, could tig det ect Fd' S
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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Table 1



1.3 AICrN -
10 2 2.38 -

70 30 2.33 -
70 150 1.5 AICrSIWN -

120 90 1.4 AICrSIWN

57 31

62 26
10 2 1.84 -
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whereat 0.4 < a < 0.6, and 0 < x and y < 0.3, or
(Al bCr1-b) N1- x-yCxOy whereat 0.5 < b < 0.7, and 0 < x

warsy1622€. 3; the second | ayer conprises a coaPCT§P2008/052572

material of the foll ow ng eonposition
(Al 1-c-d-eCrcSi dMe) N1- x-yCxOy whereat M stands for at

What8ashingddgsel enment of the transition nmetals of group 4,

5, 6 of the periodic systemexcept Chrom umand 0.2 <
c <0.35 0<d«<0.20, 0 <e <0.04. 2. A wrkpiece

CooL %'rk ece%a%m 'a@uljthcev\@ﬁérg t eg fal‘t Aldﬁ&ﬁface are coated with a
oIS ety f reid)

S a COa materi a

C ORFRAS kdsisaimt fn'ﬁlltﬂé&el:ecﬁl)ahﬂ céiatit@t@po%ﬁd Ib@attP\fD ‘ﬂmﬁ:e@ svhereat the hard
0. 6, and0<xand¥<03 or (Al bCr1-b)NL-x-yCxOy
V\hé:p@tgtg enprisepatdeayt 7 firg supnortinglagerpng agegpng nan@cﬁgstalhne layer,

I \%,alrt] g%?grrsrtglg 1% %ﬁ&{x% g%%(f@g g@g@r&%&hgﬁd ‘&1@ @econd layer,

vmeﬁlﬁ)aéat Me ﬁrﬁt&iayb chmpriv¥s d\db,atlﬂ'gmaterﬁboi(thbIolmvdn@cﬂnpfosuilon
< 0.35, 0.06 <d < 0.15 04. 3. A workpiece
according to one of cl al(p;éﬂ%il %ﬁlﬁy Qhereat the first

| ayer COMpr i ses kel £f @l GhypLal hidp<piases. 4. A
wor kpi ece according to claim?2, whéreat the different

crystal line phases are a cubi orf ace centered (fee) and
a hexagonal e cl ose pack e 5. A workpi ece
according to claim 4, wﬁg‘llbgg’tb &?@%l gnal of the hep
phase becones nm@rdy;grgekb&ospghggkigh atp 3;r eat ment
or high working tenperatures. 6. A wor kﬁl ece accordi ng

t o thd secomdilager SQmMpyiRss @ gpatingamaferialsh dkefollewing comirosiied.
(Al}-¢-4-eCreSigMe)N 1 x.yCxOy
whereat M stands for at least one element of the transition metals of group 4, 5, 6 of
the periodic system except Chromium and
0.2<¢<0.35,0<d<0.20,0<e<0.04.

2. A workpiece according to claim 1, whereat the first layer comprises a coating material
of the following composition
(TiaAlL-9)N1xyCxOy
whereat 0.4 <a<0.6,and 0 <x and y <0.3,
or
(AlpCry-5)N1xyCxOy
whereat 0.5 <b<0.7,and 0 <x and y <0.3;
the second layer comprises a coating material of the following composition
(Al]-4-eCreSigM’ e’ )N} -y CxOy
whereat M’ stands for W, Mo, Ta or Cb (Nb) and
0.2<¢<0.35,0.06<d<0.15,0<e<0.04.

3. A workpiece according to one of claims 1 or 2, whereat the first layer comprises two

different crystalline phases.
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7. A workpiece according to one of claim4 to 6,
whereat the percentage of the hep phase as deposited
wo goosatereen 5 to 40 Vol % 8. A workpi ece accorPCTgP1008/052572
one of clainms 1 to 7, whereat a quotient QAI/Q =
(1-c-d-e) / cis within the followng range: 1.7 <
I I
UGB e or R 5 S R0 08 e e cuic
f olfdcovetgred @fegPandla heRagodale<cldét pagkedpheprpiaadl y 2 nm <
D< 6 mm 10. A workpiece according to one of clains 1
to 9, whereat a thickness D1 of the first supporting
Ja %q%
Co)ét%onllkﬁle %@ééﬂ?&mé B)a{laélgleﬁ ;w:lgég Iﬁﬁé&%tﬁ@og Hélrbgftﬁeelﬁ ase becomes
t ombie pmhe ifesabjeat th&heaiﬂmﬂnd:ﬁé’br bightwerkingrtehpaaiopsr t i ng
| ayer is smaller than a hardness HV of the second
coating. 12. A workpiece according to one of clains 1
4.0 Alvhork ?ﬂ:@é e@lordile Q&S of SNGher&at tﬁlﬁebl‘l%Ephase is Al enriched.
nanocrystalline gfowh structure in th
cross-section. 13. A work piece accordl ng to one of

ims. 1.to 12 V\,hreatteflrs exhibits
£ omMpisPich atiohdilt R ERATTH 4 RS- aRieal HE Soleghubfiff the hep phase
145 deptSiiddnis B6Sveds 596 40 V@1%0 one of claims 1 to 13,
whereat the texture coefficient Q = 1(200)/1(111) of
t he nanocrystalline second Iayer is in the range of
ég I évrvr%rggle{:e aT£§d1rJ\¥A]E0\rA(§n;et( { a%%F LI/ Yq}é&gar u%ﬂgnt%Cr (1-c-d-e)/c
mulstwighiayies follbwalgt rengeatl imo Qlld, <A.4.- a) N1- x- yO<Oy and
(Al 1-c-d-eCrcSi dMe) N1- x-yCcOy | ayers or of alternating
(AIbCr1 )NL-X-YCxOy and (Al 1-c-d-eCrcSi dve) N1- x- yCxQy
a ae
d )&e\kérkglelg acdé‘r %51?(%{%002 cgagl‘és'i?%g,gw%ér}géfn'}%ogﬁ %ﬁl?ckgess D is within
st telfolleeingrigd: tanbkdes 10w, préferrably Qipini i<Ub,< € gmet
or a ceramc material. 17. A workpi ece according to
one of clainms 1 to 16, wherein the workpiece is a

IS)EH\%Vﬁ%pfegé) Lcco?cﬁﬂgfaé@d elof cPa'i]mF? ¢, 91 \Lvher[sﬁ a%@i:ck\k:s'g’@b of the first

nsert ear cu too
pr eggpstirgdayas ididrag ten t}ema thick Kqsis @;ze)f docetdidw@ating.one of
claims 1 to 17, conprising the step of heating the
wor kpi ece to a tenperature higher than 550C,

1qs ReGbidbie¥e g&o?dng%fg’(ﬁ{eq;f WEmOT t@POUWLLIN & ARt SOt Bfthe first

he tenperature ring t epOSItl on process.
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

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.

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

1(200)/1(111) of the nanocrystalline second layer is in the range of 0.7 < Qy <2.
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19. A PVD process according to claim18, conprising
the step of applying a first substrate voltage Ul

walewosnge7adeposi ti on of the first coating and appCYEPH0&052572

second hi gher substrate volzbage U2 during deposition

of the second coating. 20. A PVD process according to
claim19, whereat 0 V< Ul < -100 V and -80 V < W2 < -
1204 workpiees sabrding?to-onedbf tlabm@0to P4, whefit thenfiystdaparesmprises a

e s
Cub et G0 S8 TG, AR ST, s

har dened steel. 23 A process for manufacturing a cut
teri | ece I SI

BTGP P teet i Bera o G ERd T oRaHe 504 gpdegom high-

speed steel, cemented carblde, 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.

18. A PVD process to manufacture a workpiece according to one of claims 1 to 17,
comprising the step of heating the workpiece to a temperature higher than 550°C,
especially to a temperature of about 600°C and holding the temperature during the

deposition process.

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

© 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.



