COATED ARTI CLE W TH NANOLA YERED COATI NG SCHEME BACKGROUND OF THE | NVENTI ON
[ 0001] The invention pertains to a coated article, as well as a nethod for
appl yi ng wbeomoapisng schene. More specifically, the inveoriuseoosmssag ns to a
coated article wherein the coating schene includes nanol ayers cont ai ni ng
alum num chromium titaniumand nitrdgen, as well as a nethod for applying
the coating schene. Exenplary coated articles include without limtation
cutting inserts and wear conponents. [0002] Referring to a coated cutting

insert as one (PATHIPARTIZCLIOMITY NANOGLRYEREPTUGATENGISCHEMBET t _
typically conprises a substrate with a coating schenme thereon. The cutting

insert exhibits a geonetry such that it typically has rake surfaces and

flank surfaces wherein tBACKGRONDONFHUNSKENMTIION | ntersection (or

juncture) of the rake surfaces and the flank surfaces. For coated cutting
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can exist at the point (or surface) of engagenent between the workpiece and
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transfer of heat. to the substrate and. the coating-substrate jnterface
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insert. [0004] The coating schene typically influences the extent of heat

t r ansf ecanfappiy thheoating scheme to the substrate. These techniques can include chemical vapor

deposition (CVD) and physical vapor deposition (PVD).

[0003] Coated cutting inserts are useful for the removal of material in a chipforming
material removal operation. Chipforming material removal operations include, without
limitation, milling, turning, boring, drilling and like operations wherein a cutting insert
engages a workpiece with the cutting insert and workpiece moving relative to each other. A
great amount of heat can exist at the point (or surface) of engagement between the workpiece
and cutting insert (i.e., cutting insert-chip interface). Transfer of the heat at the cutting-chip
interface into the substrate and the interface between the coating scheme and the substrate
(i.e., coating-substrate intéfface) can be detrimental to cutting insert performance. More
specifically, transfer of heat to the substrate and the coating-substrate interface creates
premature excessive wear of the coating. Such excessive wear of the coating scheme

typically shortens the useful life of the coated cutting insert.

[0004] The coating scheme typically influences the extent of heat transfer from the
cutting insert-chip interface to the substrate and coating-substrate interface. The thermal
conductivity of the coating scheme is a property that can strongly influence the extent of such
heat transfer. A coating scheme that exhibits an overall lower thermal conductivity typically

reduces the amount of heat in the substrate and at the coating-substrate interface. Such a



cutting insert-chip interface to the substrate and coating-substrate
interface. The thermal conductivity of the coating schene is a property

t hat can woroeewgl7918unf | uence the extent of such heat tramefTars2008/0843a8 i ng
schene that exhibits an overall |ower thermal conductivity typically
reduces the amount of heat in the subgtrate and at the coating-substrate
interface. Such areduction in heat transfer typically results in a | onger
useful tool life for the cutting insert in conparison to a coated cutting
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Bal zerslSN@)ayaprﬁé%msn eashtceadhe laet Al rN is a beneficial coati ng material .
[0007] U.S. Patent Application Publication No. US 2005/0170162 Al to
Yamanot[60@4] al . AFEERMH6LISH4EH AdltoSedrin @espicdgo Uayeis Bilz¢rMGMppEikhd i N an

alternating coatin U.S. Pate 392 B2 to Vetter et al.
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[0007] U.S. Patent Application Publication No. US 2005/0170162 Al to Yamamoto
et al. apparently discloses a coating layer of (Ti Al Cr)N in an alternating coating scheme.
U.S. Patent No. 6,730,392 B2 to Vetter et al. seems to disclose an alternating coating scheme
wherein the layers have different contents of aluminum, titanium and chromium, as well as
different nitrogen/oxygen ratios. U.S. Patent No. 7,008,688 B2 to Toihara appears to show
alternating coating layer arrangement using TiAIN and CrN. Further, the following patent
documents seems to show various coating schemes with alternating coating layers: U.S.
Patent No. 6,103,357 to Selinder et al., U.S. Patent No. 7,056,602 to Horling et al., U.S.
Patent No. 7,083,868 to Horling et al., and PCT Patent Publication WO 2006/041366 Al to
Astrand et al.

[0008] The following three patents apparently show the utility of (Ti Al Cr)N films:
U.S. Patent No. 6,824,601 B2 to Yamamoto et al., U.S. Patent No. 6,919,288 B2 to
Yamamoto et al., and U.S. Patent No. 7,186,324 B2 to Yamamoto et al.



Patent No. 7,083,868 to Hdrling et al., and PCT Patent Publication WO

2006/ 041366 Al to Astrand et al. [0008] The follow ng three patents

appar ent Iwosbeve7ptse utility of (Ti Al C)Nfilnms: U S Pararstoosos4sss 824, 601
B2 to Yamanoto et al., U S. Patent No. 6,919,288 B2 to Yamanpoto et al., and
U S. Patent No. 7,186,324 B2 to Yamamdt-o et al . SUMWARY OF THE | NVENTI ON
[0009] In one formthereof, the invention is a coated cutting insert for
use in a chipform ng material renoval operation. The cutting insert

conprises a substrate andggWPR{EKEOETHE ¢oaNTIONChene. The
wear -resi stant coating scheme conprises a nediate nultiperiodicity
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t hereof, the invention is a coated cutting insert for use in a chipformng
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chipforming material removal operation. The cutting insert comprises a substrate and a wear-

resistant coating scheme. The wear-resistant coating scheme comprises a mediate multi-
periodicity nanolayer coating scheme containing titanium, aluminum, chromium and X. The
mediate multi-periodicity nanolayer coating scheme comprises a plurality of sets of
alternating layer arrangements wherein each one of the alternating layer arrangements
comprises a base layer comprising titanium, aluminum and X and a nanolayer region
comprising a plurality of sets of alternating nanolayers. Each set of alternating nanolayers
comprises one nanolayer comprising aluminum, chromium, titanium and X and another
nanolayer comprising aluminum, chromium, titanium and X. X comprises any one of the
following nitrogen, carbon, boron, carbon and nitrogen, boron and nitrogen, carbon and
boron and nitrogen, nitrogen and oxygen, carbon and oxygen, boron and oxygen, carbon and
nitrogen and oxygen, boron and nitrogen and oxygen, and carbon and boron and nitrogen and
oxygen. The base layer has a base layer thickness and the nanolayer region has a nanolayer
region thickness wherein the base layer thickness is smaller than the nanolayer region

thickness.

[0011] In still another form thereof, a method of applying a coating scheme

comprising the steps of: applying a mediate multi-periodicity nanolayer coating scheme



nanol ayer conprising alum num chromum titaniumand X X conprises any
one of the follow ng nitrogen, carbon, boron, carbon and nitrogen, boron
and ni troyerposwastsean and boron and nitrogen, nitrogen amdTaxNg@s8/084838r bon
and oxygen, boron and oxygen, carbon and nitrogen and oxygen, boron and
nitrogen and oxygen, and carbon and bdron and nitrogen and oxygen. The base
| ayer has a base | ayer thickness and the nanol ayer regi on has a nanol ayer
regi on thickness wherein the base |ayer thickness is smaller than the
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f or m t HERPEEM andRe i nvention is a coated article. The coated article

conprises a substrate and a wear-resistant coating scheme. The
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set of alternating nanolayers comprises one nanolayer comprising aluminum, chromium,
titanium and nitrogen, and another nanolayer comprises aluminum, chromium, titanium and
nitrogen. The base layer has a base layer thickness and the nanolayer region has a nanolayer
region thickness wherein the base layer thickness is smaller than the nanolayer region

thickness.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The following is a brief description of the drawings that form a part of this

patent application:

[0013] FIG. 1 is an isometric view of a coated cutting insert of the invention wherein
the coated cutting insert comprises a substrate and a wear-resistant coating scheme and a

portion of the coating has been removed to expose the substrate;

[0014] FIG. 2 is a schematic view of a specific embodiment of a wear-resistant

coating scheme of the invention;

[0015] FIG. 2A is an enlarged schematic view of the nanolayer coating region of the

wear-resistant coating scheme of FIG. 2



regi on thickness wherein the base | ayer thickness is smaller than the

nanol ayer region thickness. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0012] The

f ol | ow ngwOD=0@/i9i8ef description of the drawi ngs that f@CEWUS2@a08483% this
patent application: [0013] FIG 1 is an isonetric view of a coated cutting
insert of the invention wherein the céated cutting insert conprises a
substrate and a wear-resistant coating schene and a portion of the coating
has been renoved to expose the substrate; [0014] FIG 2 is a schematic view
of as ifiic e i : s RS ' ;

nvent a0l G018 T G R T S B PR D RSPl er
coat i ngpfraspeofic embbdiencnedithe essst@tvn odatoatggscivemeofahe EvGIIR[IDGBIWEFI G 3
is a photom crograph f(:With a%o nm scal e) taken via optical mcroscopy of a
speci f i8¢ EXBE cdgf of REORFOSUUREEFF SN of a coating scheme of the
invention that shows the corner cutting edge of a coated cutting insert;

[0017] 0] 4 i s iFof snphoigpicamanhivith al Ougm seale)dalied)via Hrasmigsion

transm §si Y2\ 0, | ion of a
speci 119 G BN TR L the Lol A AL SRR bR S0 1 &
a di f f reetingschpak oérhre ihadeeinnyi a TEM t hat shows the face centered cubic
(FCC) crystal structure of a specific enbodi nent of the wear-resistant

coati ngoersjene; ard:. fAQ HitFrh&ionTatiSmankerr iaYEM fHht aotis ol Qtaghmi@éd t he
wear -resi stant coating schene that shows the presence of two face centered

cubi ¢ (JEE)FEQ) styatal srpqiee of 8 spcifieembadimgph of thaireairesisiprtigogtingacherag
paraneter, = 0.415 1 nmaccording to FIG 5 and F-43mstructure with a
| attice paranmeter = 0.4368 nm according to FIG 5; DETAILED DESCRI PTI ON

i[ 28 gg% i [Ehﬁd e:]' elr ZI Pﬁgr 53O )E-rrallycdi}lflraec\(\l’or? ]:gra%h %?ﬁ;[eevgea%—lflésgsltgrg cé)e{%Fnegrstche?rfle tthgte
shows the presence of two face centered cubic (FCC) crystal structures (i.e., Fm-3m structure
with a lattice parameter = 0.4151 nm according to FIG. 5 and F-43m structure with a lattice

parameter = (0.4368 nm) according to FIG. 5;

DETAILED DESCRIPTION

[0020] FIG. 1 is an isometric view of a coated cutting insert of the invention generally
designated as 20. Coated cutting insert 20 comprises a substrate 22 and a coating scheme 24.
A portion of the coating 24 has been removed to expose the substrate 22. The coating
scheme 24 is on the surface of the cutting insert substrate 22. Coated cutting insert 20
exhibits flank surfaces 26 and rake surfaces 28. Cutting edges 30 exist at the intersections of
the flank surfaces 26 and rake surfaces 28. Substrate 22 can be any one of a number of
materials suitable as a substrate for use as a cutting insert including, but not limited to, the
following materials: hiéh speed steel, cemented carbides including cobalt-tungsten carbide,
ceramics including SiAION and alumina and silicon nitride, cermets including titanium
carbide-based materials, and superhard materials including sintered cubic boron nitride and

sintered diamond.

[0021] Coated cutting inserts, such as cutting insert 20, are useful for the removal of
material in a chipforming material removal operation. Chipforming material removal
operations include, without limitation, milling, turning, boring, drilling and like operations
wherein a cutting insert engages a workpiece with the cutting insert and workpiece moving

relative to each other. A great amount of heat can exist at the point (or surface) of



designated as 20. Coated cutting insert 20 conprises a substrate 22 and a
coating schene 24. A portion of the coating 24 has been renpbved to expose
t he substwet2e0922918The coating schene 24 is on the surfa®eTafS2e08084338ti ng
insert substrate 22. Coated cutting insert 20 exhibits flank surfaces 26
and rake surfaces 28. Cutting edges 3@ -exist at the intersections of the
flank surfaces 26 and rake surfaces 28. Substrate 22 can be any one of a
nunber of materials suitable as a substrate for use as a cutting insert
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heat transfer from the cutting insert-chip interface (or contact zone chip-coating surface) to

the substrate and coating-substrate interface.

[0023] The specific coating scheme has a multilayer structure which contains one or
more coating layers that contain aluminum, chromium and nitrogen (e.g., aluminum
chromium nitride), which has a lower thermal conductivity, and one or more layers that
contain titanium, aluminum and nitrogen (e.g., titanium aluminum nitride), which has a
higher thermal conductivity. Using these two coating layers, i.e.-, aluminum chromium
nitride and titanium aluminum nitride, in a particular arrangement (or architecture) results in
a reduction (or minimization) of the heat transfer from the cutting insert-chip interface down

to the substrate and the coating-substrate interface.

[0024] More specifically, use of the aluminum chromium nitride top coating layer
helps to impede the transfer of heat from the cutting insert-chip interface to the substrate and
coating-substrate interface due to the lower thermal conductivity of the aluminum chromium
nitride. As a result, some of the heat remains in the chip and does not pass into and through

the coating and into the substrate and coating-substrate interface. Thus, while there is an



because such a reduction in heat transfer typically results in a |onger
useful tool life for the cutting insert in conparison to a coated cutting
insert t O 2deas9rsat exhi bit a reduction in heat transf®@CcTI/usnoosioessps esent
enbodi ments, by using selected coating sequences, the overall coating
schene exhibits overall thernmal condudt-ivity properties that mnimze the
extent of heat transfer fromthe cutting insert-chip interface (or contact
zone chip-coating surface) to the substrate and coating-substrate
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o of e sOURR RS Sl Ll AEGue B By ool Bobt R bR AR BB ot ages.

use of &ueRiva coaydiratih bitisal 4t tkasuthieg eeler i ment al because excessive
concentration of heat at the cutting edge, which results in tool failures

at the [Qp2d]i Ng edgethe HORZRhsEPpREIIE AR chHA]PHERINCR pbatipaeRS ity Bcheat  at
the cutting edge due to the top coating layer with a | ower thernal

conductinngrmpst epagogtayery theciveee sers rmthe rawtilayerendnglayer ewoting seguerogder of

titaniumal um mnitride i.ch has a hi gher thﬁ\irnnl conduct. vi t
undor naaped RERSEhRe LGS SR G Ry P chiPaflr ERER RIS A ebEes ng

| ayer sgboleifeat RardifaShd deaithfiamhgahinum hibelct@ptioRY ¢ giskigitelor Sgreidiakaheat
Wil s p}{egta.l dTlienresallltl ofdtihé ggattiing r%gnc(ti%hl%g 'to ial?erﬁatively block heat transfer or dissipate
heat results in a reduction of heat in the substrate and at the coating-substrate interface.
Further, the presence of another aluminum chromium nitride base coating layer, which has a
lower thermal conductivity, between the substrate and the base layer helps to protect the
substrate and the coating-substrate interface against the heat transfer. Reduction in heat
transfer to the substrate and the coating-substrate interface results in a reduction (or
minimization) or delay of thermal crack formation within the substrate. The delay or

reduction of thermal cracking in the substrate typically increases the useful life of the cutting

insert.

[0027] FIG. 2 illustrates in a cross-sectional form a specific embodiment of the wear-
resistant coating scheme generally designated as 40 of the invention. Physical vapor
deposition (PVD) is the technique used to apply coating scheme 40. The wear-resistant
coating scheme 40 comprises an underlayer 42, which contains aluminum, chromium and
nitrogen. The coating scheme 40 further contains a top layer 46, which contains aluminum,
chromium and nitrogen. The underlayer 42 and the top layer 46 each exhibit a lower thermal

conductivity as discussed above. The coating scheme 40 also contains a mediate multi-



direction perpendicular, as well as parallel to the surface) within the
titaniumalumnumnitride coating |ayer. Such heat dissipation (or spatial
di st ri butworro@fo7hssat ) renoves the excessive concentrati @eaTafS2008a84838 t he
cutting edge. [0026] As the heat transfer proceeds sequentially fromthe
top coating layer to the innernost codting |ayer, the coating layers in the
mul til ayer-nanol ayer coating sequence (or coating architecture) are such
that the al um num chromumnitride coating |ayers inpede or block heat

Lranst aler Bt BendikiRbHMAL RN BLEELAS) AR G uaen s asbRALE. O

spread e resd coating nctioning to alternatively
bl ock I“nelacbmmnaairﬁifr&trogm dﬁlss;vqa&irceslsimtoatmgwbhanammsraetdxanng thickasshieat i n the

substrate an at th substra e |nt Furt her, .the presence of
anot her@4phif ﬁ%@&ﬁ ﬁhb Aftiomcdes BaL A Wb AL @n@%efsmﬁ%wfﬁa@?aoaﬂaaer
thermal fé??gﬂ‘ﬁg ldlaYe mBRL-MERII TG 1aRNRSE T BLEN ARHehbEaPRSEr diB¥eht hel ps to
protect the substrate and the coating-substrate interface agai nst the heat

t r ansf erompReitions thonhhdva diféaenttthansi emductitities. sB»bwﬂercav@y amdngihgthe coating
coatin -substthgte lnter;ace results in a reduction m nim agtlon) or

del ay ofYEhEF MG R FSPHdIE T RT 51 SORDSTHETT SPBATHES 5P {180y

reduct i pehiRbtkO@RMBhcEIReK mreanmelmoaypeﬁtt frat Fed o RS Phictheh) Whedsesulk he
useful life of the cutting insert.” [0027] FIG 2 illustrates in a

cr 0ss- Seatredrtibn pHhenl i hpsebstints aadtbtierrentingsubstiate Wsefacesi st ant coat i ng
schene general ly designated as 40 of the invention. Physical vapor
deposi t[0628]( PVD) Tie dohing shbmi glse indedtstadoappiranstioatcpaigigdeyredd t40 is dihe

wear-resis tin hene 40 conpri ses der| ayer 42, ch contai ns
oo i Lo AN s Mhen P it A et T areV AR breia e s
top | aygE ufiforlapyl @hto(’d?enﬁl@éhﬂt% rﬁwﬂaeﬁemcny Hé&ﬁ%%@dﬂﬁlg RERHROEN. ThEREIs an
under |l ayer 42 and the top |ayer each” exhibit a | ower thernal

conductuppit tyarsgiodi ®@m1@ﬂer&l§dh@ pravidesco@ansipndehedes tomadisis rewdit ai ns a
medi ate_nul.tiperi d| city. nan ting scheme (see bracket 44), which

cont ai ¥’ 1991[052 ayaﬁrﬁ e : %I%{r‘?’ﬁ%%gﬁ(ﬂ’qlﬁﬁ P‘%gen The wear-resi st ant
coatin eme 40 has a C at i ng t hi ckness A eq bet ween, about 1500
nanonetglgﬁgland a8‘8&}E15 ﬂ%ec &@ a‘?féay& [F%a’ércirorﬁs%% iSHESURAYS in the
medi at ethérwptlhya@%up@wb&xmm@lsaus%tec ORfel REHiSiE REIE peARiBEe RhnofhEf er ent

coating scheme 44 is mediate of the lower transition coating layer 43 and the upper transition

coating layer 45. There should be an appreciation that other underlayers (or multiple coating

layers) could be located between the underlayer 42 and the surface of the substrate. There

should also be an appreciation that a top coating layer (or top coating layer scheme of

multiple coating layers) could be on the top of the top layer 46.

[0030] The underlayer 42 exhibits an underlayer thickness B, which ranges between
about 20 nanometers and about 500 nanometers. The top layer 46 exhibits a top layer
thickness D, which ranges between about 300 nanometers and about 2000 nanometers. More
preferably, the thickness of the top layer 46 is greater than 500 nanometers to achieve an
optimum thermal barrier. The underlayer 42 has a composition of (Al,Cr;.,)N wherein 0.2 <
a <0.7, and a more preferred composition of 0.5 <a <0.69. The top layer 46 has a
composition of (Al,Cr;.,)N wherein 0.2 <a < 0.7, and a more preferred composition of 0.5 <

a<0.69.

[0031] In reference to the mediate multi-periodicity nanolayer coating scheme 44, it
comprises a plurality of sets of alternating layer arrangements (see brackets 50, 52, 54, 56,

58, 60 and 62). There should be an appreciation that the number of alternating layer



conpositions that have different thermal conductivities. By selectively
arranging the coating layers in the nediate nulti-periodicity nanol ayer
coat i ng swbenw/oas4achi eves a coating architecture that PCUHASR08/084889
alternatively block heat transfer or dissipate heat, which results in a
reduction of heat in the substrate an@-at the coating-substrate interface.
[ 0028] The coating schene also includes a | ower transition coating |ayer 43
that is on top of the underlayer 42. The |ower transition coating |ayer 43

provi degr@ethansiikd @ HelN&ensd & %?F@éﬂe%){ﬁ hén Hf% shB&iEESHIRESON for the
mul ti-peri Sdicity nanol ayer coating ScHeme 44, There is an upper transition

coat i n@ultta;@ns% Rdfertring rt@tzlrtede@r@ layeansangeorenb 80, wdeeh sheprasediative of the

mul ti per cit nol aye t| n sche 44 and he to Ia r. 46. [0029]
Mt St RSB R g R on3h & PErdBRT 6%, ERe substr at e
and t hecohﬁﬁlsémeﬁmﬂﬁ alu%nﬁrﬁfltaﬁ@ﬁﬁrofg&@ mtaeaﬁx%)ew@hengem&t B G

mul ti-periodicity nanol ayer coating schene I's mediate of the | ower

t ransi tdooprisesa hangldyayeeioadseeritagdeeb@pper transition coating |ayer 45.
There shoul d be an appreciation that other underlayers (or nultiple coating
| ayer s)[0832]] d be Rademingdo BES vi'enhd hmoluydexreg’am% chihpaing & plerafity dface off t he

substra There shoul b t t hat t I
Cor o CEHt MRGIMIPET: G of A0k IF SV S aaG "y ars b BBaPaBe Jon 1 he
top of 41heidudP ch@¥Bhm4BtaniuBPRR nitthe nUAGELI.8YS hartblay@X Rl BdihpriRs al’hﬂqﬁlﬁd’l ayer

t hi ckness B, which ranges between about 20 nanoneters and about 50
nanonet@reniulh ditandgm Iaageﬁro‘gal ekl Gintentsofithpaluaymim,tchiwkings gtaDlunW\/mmct h ranges

bet bout. 300 t bay ferably,
Che. hHRAGd B TR A-ROR Ty i 36 14 P GACGF Anah 500 h ShORGLEr e Eo achi eve

an opt i (EBchh@6Bhe ORfdESE thd RRMINGE dhadBiund Zitdhasn anCAMPES titkdo@br (Al alr i
-a)N wherein 0.2 < a < 0.7, and a nore preferred conposition of 0.5 < a <

0. 69. THaokyer 84a>lersom6 insances, E@rﬁb&swnbwn@rnt (rmhaerlr nart@jasremehé@&ﬁ 9.2 < a <
0.7, an o

refer eng‘el%tsgg I{Oh IR EC&” 15%%9062;%@8%%%@%# %rfl%y ancoﬁn %1981?616 Al g éé%el 44, it
conpri sEs <a PhE6 adridttlic otheseindlagbr ladstaeonaiokitign bAYEFAIRTH, @pm(g)ermhmm((seg

br acketps %O an?iZO 015§q <50665 and (p + q) < 1 (and more preferably 0.3 <p <0.5and 0.2 <g<
0.65 and (p + q) < 1). In those instances in which chromium is present in both nanolayers,
the one nanolayer of the set of alternating nanolayers in the nanolayer region comprising
(TiyCryAl} (x+y))N wherein 0 <x <0.15 and 0.2 <y <0.65, and other nanolayer of the set of
alternating nanolayers in the nanolayer region comprising (Ti,Al4Cry.(p+q)N wherein 0.2 <p

<0.65and 0.01 <g<0.65and (p+q) <1.

[0033] The nanolayer region 66 has a nanolayer region thickness F equal to be
between about 100 nanometers and about 900 nanometers. Further, for each set of
alternating nanolaye.rs (68, 70, 72, 74, 76, 78) the alternating nanolayers (82, 84) therein have
a periodicity ranging between about 2 nanometers and about 50 nanometers. The base layer
64 has a base layer thickness G, which ranges between about 100 nanometers and about 500
nanometers. The base layer 64 has a composition of (Ti;Al;,)N and wherein 0.2 <y < 0.65,
and more preferably 0.3 <y <0.6. The base layer thickness G is smaller than the nanolayer

region thickness F.

[0034] In reference to the lower transition coating layer 43, this coating layer 43
comprises a plurality of sets of alternating nanolayers like region 66. One lower transition

nanolayer comprises aluminum, chromium, titanium and nitrogen, and another lower



58, 60 and 62). There should be an appreciation that the nunber of
alternating |layerarrangenents |ike that of bracket 50 can vary dependi ng
upon t he wWpeotKi7eisappl i cati on for the cutting insert. ReCEUS2008/084338
alternating | ayer arrangenent 50, which is representative of the other
alternating | ayer arrangenents, arrangenment 50 contains a base | ayer 64,
whi ch conprises titanium alum numand nitrogen. Alternating |ayer
arrangenent 50 further conprises a nanol ayer region (see bracket 66).

[0032] (Reki@bh nRhidRr E&Iﬁ})rlép‘alt{nﬂﬁuﬂaﬂﬁ%ﬁﬁﬁﬁ tftﬁghrﬁ'ln@ﬁltﬁ%@ipr Tﬁ@@or@erﬁ! srality
of sets of alternating nanol ayers (68, 70, 72, 74, 76 and wherei n one

nanolaybwmaﬂnmmmpmNBEQHHIMMnmmamdnhmgﬂltheona@mmuﬁm&ﬂdmnwnﬁ gerran dad
anot her nanol rlse al um num,.chromi u titani um,and nitrogen.
The: corranecdl ded IsPr TR oT Rt G fram Tom e aobefs SEUR Mtk oo
nanol ay@for§idnt ahnhen afDFicb¥@ Bahé ¥thef Bwat rh@d$dn fa0b1a08€ 19kohdtsehesent s,
different fromthe contents of the alum num chrom um titanium and

n|trogéhedﬁOmhenomﬁ@ﬁln&ﬁnkaﬁ@wﬂﬁﬂﬂmﬂwns@m@aﬁﬂSidﬁ@@gﬂeﬂWéS6ﬁ¢oﬁ1%ﬁhcontent

in the .on nost ar e als Zero. S t ance e one
nanol 2y BTCHAG & Gruer v s ar B i dfRPRidelo e A 28y AR GE 02 22 8" he
ot her Q|6§)Izﬁfd th@sther @ma&mﬁmmmla@aﬂ Ma@@fﬂpoéﬁmbfﬂlm@@@ R, 2 <p<
0.5 and 0.01 < < 0.65 and < 1 (and nore preferabl 5 é < 0.5

and 0. 2vkergin&. 20§B§ Qaﬁanwoiscgqa 6%)311(1I(h+t%65b(aﬁﬁ§10é¢lﬁ@§erﬁmy %P.< oni um
S Presgnlyd Dqo0l bs RANG) £ gfﬁ% o RN A1RE0| na\x@gh%kﬁfm%egepﬁ%ﬁgmna“ ng

nanolayers ind nano gion conprising wher ei n

< X < Qodér t@djﬂltﬁn&aﬁolyyeﬁs Ohdbne landr aaionanolagyenmpfisdsi@i,E8tAl of.))N
alternatlng nanol ayers in the nanol ayer region conpri sing

(Ti pAl dhereipp +<q>j§|(?/ Wyl =0 20854 %heséma?fdra@smneaw@/eocwréﬁﬁa (p +q <
1. [00 nangl I o} gi,on it F equal
Lo be Barteen EBBot 00" Sanohet o7 'and kol "a00 Aunout of o ERRrRSr  “For
each seﬁfbﬁba&tEmmakmn@anamb@ayengw&ﬁswxﬂabmﬂzOrmﬁomaﬁmaiapb@hQOQIternat|ng

nanol ayers (82, rein ha er|0d|C|t bet ween out 2
nanoregrantiG: be &0 il e n e babuct dhentitid Sotllated

thi cknagge GpeMblliGh Iraﬁgﬁg%e%fe%%u@%%mé@% ﬁﬁ%@gﬁt%rrﬁn@{ﬂ&eﬁsbom 500
nanoneters. The base Tayer 64 has a conposition of (TiyAli -y)N and wherein

0.2 < y[06359 -85, In reference to the upper transition coating layer 45, this coating layer 45
comprises a plurality of sets of alternating upper transition nanolayers like region 66. One
upper transition nanolayer comprises aluminum, chromium, titanium and nitrogen, and
another nanolayer comprises aluminum, chromium, titanium and nitrogen. The contents of
the aluminum, chromium, titanium and nitrogen in the one upper transition nanolayer can be,
and typically are at least for one of the elements, different from the contents of the aluminum,
chromium, titanium and nitrogen in the other upper transition nanolayer. In some instances,
the chromium content in the one upper transition nanolayer is almost or equals zero. In such
instances, the one upper transition nanolayer has a composition of (Ti;Al;.,)N wherein 0.2 <
y <0.65, and the other upper transition nanolayer has a composition of (Ti,AlCri.(p+q)N
wherein 0.2 <p <0.5 and 0.01 <q <0.65 and (p + q) <1 (and more preferably 0.3 <p <0.5
and 0.2 <q <0.65and (p +q) <1). In those instances in which chromium is present in both
upper transition nanolayers, the one upper transition nanolayer comprises (Ti,CrAl| (x+y))N
wherein 0 <x <0.15 and 0.2 <y <0.65, and other upper transition nanolayer comprises
(TipAlgCri-(p+q)N wherein 0.2 <p < 0.65 and 0.01 <q <0.65 and (p + q) < 1. The thickness

of the upper transition coating layer ranges between about 50 nanometers and about 200



and nore preferably 0.3 <y < 0.6. The base layer thickness Gis smaller

t han the nanol ayer region thickness F. [0034] In reference to the | ower
transiti oNocoatirag4l ayer 43, this coating |ayer 43 conpPCTas2@s8/B488&l i ty of
sets of alternating nanol ayers like region 66. One | ower transition

nanol ayer conprises alum num chromuhh-titanium and nitrogen, and anot her
| owertransition nanol ayer conprises alum num chromum titani um and
nitrogen. The contents of the alum num chromum titaniumand nitrogen in

the On%ah&warerst TRRGEL FQEaDROQ LAY RIS d%ma?é@ thmlt&aéthﬁg @h@la%rs hRass for
one of the elenments, different fromthe contents of al um hum chrom um

titani dmvaa@emdm@gengmg betveceoteheut 2 oyvemeteraansi atbpotrﬁormmomay?esr I n sone
i nstances, the chromiumcontent in the one |lower transition nanol ayer is
al nost [003@qual s HernmdellayesdZ had mmraladem tltelmmamdhm\my. tlihamssctlaym 64

nanol ayer has a conposition of (TLyAl )N wherein 0.2 <y < 0.65, and the
ot her [1hgh@base lgnaitheranl condgrtyisr ﬂ&élnéeré%yﬁb&emlc?ﬁn@fcﬂ(vw bﬂﬁﬁ&éﬁ?ﬂ B+q) ) N

wher ei 165eP48Ra DB (Byet tHdmal chbnl@Ricpor e

pref er ;bbgyﬁé%tﬂiéba@jrb&ggg dolé}.le;tog %'e< g %5 aﬁd%(ep + ra1§1 <n1). |1th hose

i nst ancelgréin thdiop hayeh thenalmonduqpivis eéntess that titerbabobager therams caridoatingmol ayer s,
the one | ower transition nanol ayer conprises (TiyCrxAli.(X+y))N wherein 0 <

X < 0. 1pozmd 0.2 Js r@gafd@xtﬁBpo@p@b@@xh@ﬂthéW retsﬁﬁﬂﬁctdatl@glsd’]‘nam@j @yyene@ONPr i ses
(TipAlgqCr 1-(p+tg))N wherein 0.2 < p < 0.65 and Q.01 g<065and p+q)
< 1. THBoEME rl@ferﬁ%thed%}amaaﬁsth% n@ﬁla%atlhtw&mév ¥ 0ARG R cprd

about LLARD 65404 t(ﬁiﬁrollﬂ 169Q ¢ ﬂ?enegfgﬁ&}eﬁi% tlgﬁéﬁﬁmﬂhc fe].%frleﬁf%f:ghcﬁ et Of

alternating na o ayers, ternat|ng nanol ayers therein have a
per i odifaithgr doaq:gusﬂgndamtmmemfalhmnttag fnmn@m;e}\éb é/r’mohndﬂdbtof B¢ Feandret er s.

[0035] In reference to the er transition n er, 45, this coating
[ ayer ASOUGHE608. MYP SRR A oATsBEST GHOTa Pl BF f‘?gf SRS opdpit oo n

nanol aygL §elijakembBYHRR IRy nERGaiRRBALTY RASHE | hfap laaaa@in@m oplgrppgce%@s
al um num chromum ti tanl um and ni trogen, and another nanol ayer conpri ses

al umi nurpnioms dnrpnnmqmiantialmrnunmmndathfnrtbfgesnmpﬁh@omrtmyf ofmgsthe al um num
chrom um t.itani and ni.tr.o endO the one upper transition nanol ayer can
be, and¥" P@afnloy‘/ p i niphiy Hi&He of the el ements, different fromthe
cont ent t he al um nu chromum titaniumand nit en_in. the other
upper tﬁ%&]l tion %o nL'dr be E}WPP?W“ioﬁél’tl%ﬁé@Qn can Qe ac{deg to the nitrogen in the

above compositions for the underlayer, the top layer, and the mediate multi-periodicity
nanolayer coating scheme. In such a situation, the underlayer has a composition of (Al,Cr;.
2)CsN;, wherein 0.2 <a <0.7 (and more preferably 0.5 <a <0.69), and s +t=1. The top
layer has a composition of (Al,Cr.,) C;N¢ wherein 0.2 <a <0.7 (and more preferably 0.5 <a
<0.69)and s +t=1. Referring to the set of alternating layer arrangements (e.g., 50), the
base layer has a composition of (TiyAl,.y) CsN and wherein 0.2 <y <0.65 (and more
preferably 0.3 <y <0.6) and s +t = 1. In the situation where the one nanolayer (e.g., -
nanolayer 82 in set 68) does not contain chromium and the other nanolayer (e.g., nanolayer
84 in set 68) contains chromium, the one nanolayer has a composition of (TiyAl|.y) C;N;
wherein 0.2 <y < 0.65 (and more preferably 0.3 <y <0.6) and s + t = 1, and the other
nanolayer has a composition of (TipAlqCri.p+q) CsNy wherein 0.2 <p <0.5 and 0.01 <q <
0.65 and (p + q) <1 (and more preferably 0.3 <p<0.5and0.2<q<0.65and (p +q) <1)
and s +t =1. In another situation where both nanolayers contain chromium, the one
nanolayer of the set of alternating nanolayers in the nanolayer region comprises (TiyCr Al;.
tx+y))CsNi wherein 0 <x <0.15 and 0.2 <y <0.65 and s + t = 1, and the other nanolayer of the

set of alternating nanolayers in the nanolayer region comprises (11,Al4Cri.(p+q))CsN; wherein



the chromiumcontent in the one upper transition nanol ayer is*al nost or
equal s zero. In such instances, the one upper transition nanol ayer has a
conposi t iwo 2009/07FisyAl 1-y) N wherein 0.2 <y < 0.65, and rh@/ustévsnsispper
transition nanol ayer has a conposition of (TipAlc|Cri-(P+gq))N wherein 0.2 <
p <0.5and 0.01 < g <0.65 and (p +-tf-< 1 (and nore preferably 0.3 < p <
0.5 and 0.2 <g<0.65and (p + q < 1). In those instances in which
chromumis present in both upper transition nanol ayers, the one upper
transitgjoen I co ' [ ' V) LN 0,8 .15 and
0.2 < y(b.g_od.%g.,% %ﬁ?ogtﬁg?du%%%}d@r% sT ﬁag%gﬁno‘?'g&é?@é%hgsr@gg%%(&%rgAl qCr
Kp+q) )dNouwkigreeinrapPreRiagop that heGhramdmime bedifferen0b8%eamthe (fpo-hagplayerd. The

t hi ckness of the upper transition coating |ayer ranges between about 50
nanonet @039]and abDisre SHNBOMRAPFiatiod thd élfie wépiregaah ca&ingadchahé eqmat i ng
nanol ayers, the alternating nanol ayers therein have a periodicity ranging
bet weenngyde o mstianemneroncais thsp Hiah cathop apdrprigpgen. [lodhisyeerrb thinded| ayer

42 has an.y é%%%he&@?ﬁéﬁdﬁﬁﬂﬂﬁ&%%&gﬂ o\ﬁtaniﬁﬂg a ng:ﬁﬁurhﬁéﬂhr.@ﬁnﬁﬁ%n@ﬁ?ase

| ayer thernma uctivity e un ayer conductivity 1s less
t han t hevdease ldyayemtdihiep ahimiaomndund chaintiym ahie.t Dip bralydayod s dassiatottiop | ayer
thermal conductjyvity wherein the top |ayer thermal conductivity js |ess
t han thsélgﬁtéPé%adeasYﬁéﬁoﬁ NI R ﬁ\?is_tl siraf@ OB WA TEEGAE Gore iaeme
conposi A8 {Afu4Ae MERRREiPeABicRORIING P ENERE sciRfe RAS: ReafRI & Bt he
under | ayer and the top layer and the nmedi"ate nmul'ti-periodicity nanol ayer
coat i ngursletigree andathe tomlageldi ti on to or in place of the already nentioned
netallic elenments, each further conprise one or nore of the netals from
G oup [[0b40]Vb and uriher,dd tHels&udemi withrein Tedbvearapdstantl doaiiry schbrhe capacivtle cal |y,
any one or nore of the underlayer and the top layer and the nedjate
mul ti - pEorBaRdicopMpaRgItagar: Wahtathen srkermitragap, themedids MubhPe LT n pl ace
of titanhy LS L@ Y AT £8G MR ChGH WG ATRN, SEhR&; QL More of
t ungst en, %%r;%i u rm?lybd%mﬂlm ni obi um élndcéflaﬁuéon. ?400355] g}dﬁere shoul d
be an appltigeratlicotn nbhabye avdorg schambeorapidked aphurdliteg ofinltarogerg layert he above
conpositions for thhe.und rl aggr, hhe top | ayer, and the nedi ahe [
mul ti - pEPANBRINETE YPREHLTA) 8PC BolhE PHE A UMe RS ARNSTRF I SCUTRIGS  67° 1§78
under | ay@iprRaS RafQRPASn e ag X(aﬁh%(ﬁfané‘i)ifél}ﬁg_LioH\'@&ﬁﬁ‘ﬂi§I'ng_9al?er1§ati%g< 0.7 (and
nore preferably 0.5 < a < 0.69), and s + = 1. The top

nanolayers wherein one nanolayer comprises titanium, aluminum, chromium and X and

another nanolayer comprises aluminum, chromium, titanium and X. In this coating
arrangement and for all of the coating layers, X can comprise any one of the following
nitrogen, carbon, boron, carbon and nitrogen, boron and nitrogen, carbon and boron and
nitrogen, nitrogen and oxygen, carbon and oxygen, boron and oxygen, carbon and nitrogen

and oxygen, boron and nitrogen and oxygen, and carbon and boron and nitrogen and oxygen.

[0041] Table 1 sets forth the typical dimensions of a coating scheme as such set forth
in FIGS. 2 and 2A.

Table 1
Typical Dimensions for Coating Scheme of FIGS. 2 and 2A

Dimension Description Example (nanometers) | Range (nanometers)
A* overall thickness of the coating scheme | 5120 1500-15,000
B thickness of underlayer (42) 200 20-500
c* thickness of mediate multi-periodicity 4160 1000-11,000

nanolayer coating scheme (44)
D thickness of top layer (46) 600 300-2000
E thickness of aiternating layer 520 200-1400

arrangement (50) [combined thickness

of nanclayer region (66) and base layer




| ayer has a conposition of (Al C i-a) CsNt wherein 0.2 < a < 0.7 (and nore
preferably 0.5 < a <0.69) and s + 1= 1. Referring to the set of

al t er nat iwQ 20@yogp18ar r angenents (e.g., 50), the base | ay@CTh®3008/08438%0Siti on
of (TiyAli -y) CsNt and wherein 0.2 <y < 0.65 (and nore preferably 0.3 <y
< 0.6) and s + 1 1. In the situation-where the one nanol ayer (e.g.,

nanol ayer 82 in set 68) does not contain chrom um and the other nanol ayer
(e.g., nanolayer 84 in set 68) contains chrom um the one nanol ayer has a

conposftion of dd[}}f/-\ll -y) Kwherein 0727 <y < 0.65 (jand nore preferanly

0.3 < Vg < 0-6) a'fh%ﬁ%ﬁofhanolay’er reﬁﬂ{)}g( § he tgg&r manot ayer| figgo@ CorrpOSI tian of

(T oA AT (P kel o NS TP 2 < p <95 and 001 f0socs R
ana nore <O and 0.2 < 65 and—(p

1) and fl{s + 1 = :th%}(ﬁég S %ﬁeglrrtéglotfﬂtgéﬁ?tg \Xﬂere bot h nano% ayers contain

Chl’ Om MY + ha A~ hano y.e + | oot al -+ o~ y +

anol abior—r ogi-on NER T oET o 7 o e g B AV e S T e and

0.2 < f}:/ 0-65—at ;@Vrle'é’sofptﬁernénoai LiaQ‘Lhe tﬁer nanolayer ﬁ$.4 the—set—of-

al ter niting nanolt% OfJOWertrﬁ@s't'ﬂ’é??aﬁ'”gyer 8Iidegl on conpri s82%her ei no. 2 < p <

0.5 andBO.Ol <G 5and{p—+aq)r—<-tands+t+=21t—Jdn-theother

si tuat| bn, t her et h’ggj%“@@”ﬁ‘h 'tgbb%@& atl®n that the cHdM® um may be

di ff er'ent—betweety Y¢ two—nanol ayers- L0039] There shiould -be-an

appr eci atierRyvERAtthit bR sWeRy offtBStSkiap kcle@Rtdal Be TEMESTRA B3 toh RSl iHE the
non-netal lic conponents other than carbon and/or nitrogen. In this regard,

t he weathickeessof ghetmedsate imndti-petiedieity lgen(@eswiinh cades qoaireleantehanging ghe

al um num ar nd nd X and a top | ayer containing alum num and
chrom ur%nné Y4 © f(ﬁle ea{nd‘é‘&e ayer is closest to the substrate and the top

| ayer |§ rthe t from.the % strate The.. esi stant coating schene
further f RSSO AR IHEROS Y | t\g@ﬂr?& ASPSyer coating scheme t hat
is nedi ate of the_underlayer and the top | ayer. [0040] Furth in the

si tuat | OA4%her ei nFihé e akotpagragraph (Vight ﬂ%ms%ﬁlé}r@k%walomﬁaécmscope

non- met gl | éggm‘ﬁg %%B&i%e’lﬁt QFJ‘EJauB?QEhe%rM AR (VRO egr;becﬁrtb% Ngdhat e

nul ti-periodicity nanolayer coaling scheme contai ns titanium al um num
chr om uthmtashdwXtheldoenareditiap edpaidtd equendi coding 1h§eméﬁimlsamatec®atpmgs schene

COP | S ALy bheStn SRR, LavSr 8 ngerte, ey el poch o of
cobalt, about 6.3 weight percent tantalum, about 5.4 weight percent titanium, and about 3.1
weight percent niobium with the balance being tungsten carbide grains. The substrate has the
following properties: a density (measured according to the procedure in ASTM B311) equal
to about 12.3 grams per cubic centimeter, a coercive force (Hc) (measured according to
ASTM B887) equal to about 180 oersteds, a grain size (determined by reference to the
comparative chart in ASTM B390) equal to about 1-6 micrometers, and a hardness equal to
about 91.5 Rockwell A. FIG. 3 shows that the wear-resistant coating scheme comprises an
underlayer that is of a thickness equal to about 200 nanometers and has a composition of
aluminum and chromium and nitrogen. The wear-resistant coating scheme also has a top
layer that is of a thickness equal to about 600 nanometers and has a composition of aluminum

and chromium and nitrogen.

[0043] Still referring to FIG. 3, the wear-resistant coating scheme also has a mediate
multi-periodicity nanolayer coating scheme, which is mediate of the upper transition layer
and the lower transition layer. The mediate multi-periodicity nanolayer coating scheme
comprises a plurality of alternating layer arrangements wherein each one of the alternating

layer arrangements comprises a base layer comprising titanium, aluminum and nitrogen and a



conprising titanium alum numand X and a nanol ayer region conprising

al ternating nanol ayers wherei n one nanol ayer conprises titanium alum num
chr om umwoaod/Eaas4anot her nanol ayer conpri ses al um numPCERISQ0N8084838 | t ani um
and X. In this coating arrangenent and for all of the coating |ayers, X can
conprise any one of the follow ng nitréogen, carbon, boron, carbon and

ni trogen, boron and nitrogen, carbon and boron and nitrogen, nitrogen and
oxygen, carbon and oxygen, boron and oxygen, carbon and nitrogen and

oxygen, r ' Y s d ni trogen
and oxfggﬁégﬁégggTQ#%Eﬁ%gga@%ﬁ§9¢5%?Em¥ﬂgq?%g%%ﬁ%”%ﬁﬁ%ﬁ%ﬁ%ﬂgﬁggsa coating
schene @smsuah) csemifrar titnium dFdERrognand aBétherTiadnblaydr cohypiriced alBnmansi ons f or
Coating,Scheme of FIGS, 2 and 2A* The overall thickness (A) of the coating
scherme CHMHE. 59y APLAIGC ont rol i ng the t hi ckness of the nediate
multi-periodicity layer (C), which can be controlled by changing the nunber
of the [PB4Hat ed ITayeprch altemagpg dayeearyigemenidiviich Bareare sigho Hicrhaes BEopy

(TEM %@"ﬂl%%}?nes{ A F’)O%an%n%?er@arﬁnﬁé ﬁgﬂo(f%%gfe%% Aa%“atapc&ejsé)ec[ﬂal geal e)

taken via optical mcroscope of a specific odi ment of a coating schene
of t he dbowEd0i raAofhkiewe NthetetaShedkines o Nee wdgr-redigint shaws schenesreqesl tout ti ng
edge of a coated cutting insert. The substrate_conprises cenent%d (cobalt)

t ungst OB IBIdeneREErsHaS. 20WEhh SRR ok bf nabsdrUnEn) 5 SiRrghtV0paY c dht
cobal t,, ahoth 3%5136'%%’@1' glt%ttotﬁle{hﬁc%'ﬂgsstt@me@h%@ ot‘%ﬁ%ﬁtix%"ﬁn\ﬁﬁ'ygﬂgtis hE@Nt

titanium anJ1 3.1 wei ght percent niobiumw th the balance bei ng
t ungst eavociad hirdeneggrasanthat fhhéotsitbsknate dfake TICINReguniGr-poapend i es: a

density red cardi.ng to the procedure in, ASTM .11) equ t o about
12. 3 gr%ﬁ£$§£ﬁ€@86?ép ﬂ?%ﬁﬁgFyﬂgug%8@3¥W§“§ofh%mfﬁégﬁﬁéﬁégﬁF8§&§ccording
to ASTM;R38A rReGHARCLPod MAﬂcﬁfr*im{egfoﬁg&-ri@hgi.ag 1 ACee RegRihqCr ned by
reference to the conparative chart in ASTM B390) equal to about 1-6

m cr ongtoer)sAlGaihiN Bepian dhesshegueabalito abdpe @t 1.91. 5 Rockwel | A FIG 3 shows
that the wear-resistant coating scheme conprises an underlayer that is of a
t hi cknd884gqual tKiGahduphd2@@icnemarhetvethsa HhanBede)dalconpo satsnossiof

electron microscopy (TEM) in the nanolayer region of Inventive Specimen No. 1. The

chemistry of the nanolayer region of Inventive Specimen No. | is set forth in Table 2.

Table 2

Elemental Metallic Composition of Nanolayer Region of
Inventive Specimen No. 1 in Atomic Ratio

Region/ Element TiAICrN Region (Cr-poor) AICrTiN Region (Cr-rich)
(Atomic Ratio) (Atomic Ratio)

aluminum 0.483 0.519

titanium 0.494 "~ 0354

chromium 0.023 0.127

[0046] FIG. 4A is a selected area diffraction pattern taken via TEM that shows the

face centered cubic (FCC) crystal structure of Inventive Specimen No. | of the wear-resistant
coating scheme. This is evident from the characteristic relative diameters of the rings of the

diffraction pattern.

[0047] FIG. 5 is an x-ray diffraction pattern of the wear-resistant coating scheme of

Inventive Specimen No. 1 that shows the presence of two face centered cubic (FCC) crystal



al um num and chrom um and nitrogen. The wear-resistant coating schene al so
has a top layer that is of a thickness equal to about 600 nanoneters and
has a compo=nevwmsaf al um num and chrom um and ni t r ogenPCrABG4BR/0Sts3$ |
referring to FIG 3, the wear-resistant coating schene al so has a nedi ate
mul ti-periodicity nanol ayer coating sthene, which is nediate of the upper
transition |ayer and the lower transition |ayer. The nedi ate

mul ti-periodicity nanol ayer coating schene conprises a plurality of

al t er naki @, l:ay ek c@ﬁﬁt@@&%@?ﬁ‘)% a‘{&’s}{%ftﬁé DeBRANXANEd Yhe SRRIAI b BRARLL B oLayer
arrangements conprises a base layer conprising titanium aI um’'num and

ni t rogeadorglﬁieanmmitaiwrs regi on conprising alternating nanol ayers wherein
one nanol ayer conprises alum num chrom um titanium and nitrogen and

anot her[0n48Jol ay erOgoppfaredsoaingndppummusaReniod e at;jphemoumfahecbolaimg ogen.

[ 0044] For each alternating |ayer arrangenent of ihere are eight, the
base | aifBfmaEshgwhane keresiscdm %ﬁ@ﬂﬁanlpﬁ?nh%ﬁohé%%l andet e thEnolPalFBY regi on

has a 1)) CKiBSE:38d %%Eh £ 209U o220 AARQIREE o%um-ggf% S%é)ﬂéi‘ébal 19&&%@%%?1 bgf the

wear -resi stant coating schenme iIs equal “to a out nan
200nm +e80ame helid. 170nm +350nm ) + 80nm + 600nm . In the nanol ayer region,
the total thickness for each set of alternating nanolayers is equal to

about 40pagjonet eris rsgzmﬂ hﬁﬂqetabphdaﬁblabfiﬁ@bﬁkmﬁﬁﬁn@ﬁs dthie Wedd-1esiNaiegi on
(Cr-poor) and AICrTiN Region (Cr-rich) is e?ual to about 4 nanopeters. The

rati o ofoaiipg &kﬂﬁ@@é)é@hedﬂmﬁ@nbw@@mvnaé@ﬁeaﬁd ED- ey therepagicempiNh Regl on
(Cr-ric

equal t%])ll’(glltl)d UFT&AI'()Q% g’%?ﬁgk%ﬂ] ‘%%Hgsg‘ﬁ%m f%%-égd L\Jlasp qu Sg;eﬂ fg&mﬁ] scal e)

t aken viyatehr @iypaRES, ANONMVeOtafale congpams Copik dnTEWers aoatl'n% néadeﬁcaytacbn ofegi on of
I nventiye Specinmen No. 1. The chem stry of t ol ayer, regi on of

| nvent i% cRRg HisteNG deseribed & mioa?%fﬁﬁtwtmrgf‘@%v& 32419 Yl 2

Vet al | iGiGammQss ti&ﬂn@oh’h‘ﬁﬁ'?'l%leefs tB?chgHrCo‘Pﬁmh OVE IV G heRGCIHEBANO. 1 i n

At om ¢ Ratlo [0046] FIG 4Ais a selecCted area diffraction pattern taken

vi a TENMEdrhpganglaensistheseby incorporated by reference herein. The United States equivalent to
the above European patent is U.S. Patent No. 7,025,863 to Seeli et al., and the corresponding
text is at Column 6, line 22 through Column 7, line 54 wherein the above United States patent

is hereby incorporated by reference herein.

[0050] To produce these coatings cleaned parts, especially carbide inserts, related to

their diameter were mounted either using double or triple rotation on a substrate carousel and

four melting metallurgical manufactured Ti-Al-targets and two powder metallurgical

manufactured Al-Cr-(X)-targets which were placed in six cathodic arc sources on the side

walls of the coating chamber. The geometry of the arrangement of the targets is mainly

defined by the octagonal layout of the RCS (Oerlikon Balzers) coating system in which two .
opposite to each other arranged heating segments separate two groups of segments having

three consecutive arranged arc cathodes. For the present experiments, an Al-Cr-Target was
mounted opposite in each middle position of one segment, but in principal various target
arrangements can be used for deposition of this kind of coatings. At least two arc cathodes in

a geometrically equivalent position have to be used for depositing these coatings.

[0051] Subsequently, the parts, which should be coated, were heated up to around
500°C by using radiation heaters which are permanently mounted in the coating system. After
the heating step the surface of the parts was cleaned by Argon etching using a DC bias

voltage of -100 to -250V in an Argon atmosphere at a pressure of 0.2 Pa.



face centered cubic (FCC) crystal structure of Inventive Specinmen No. 1 of
the wear-resistant coating schene. This is evident fromthe characteristic
rel ati ve woaneess4of the rings of the diffraction patt@cmUusp@8434s3sl G 5
is an x-ray diffraction pattern of the wear-resistant coating schenme of

| nventive Specimen No. 1 that shows tite- presence of two face centered cubic
(FCC) crystal structures. The counts are set forth along the vertical axis
and the position (2 theta) is set out along the horizontal axis. [0048] One

prefer rlljﬁgsigoa“ NF ARRMALHSA UB LM cdsOlisihDE na R %f%%lo\i.v%lld%fggﬁ%gteclﬁ%i ng

schene hown and destri bed 1 n European Paten 1, as well as
i n U. S.viRageof -48l.durin@ 33in86& drourSeld minatesalvere Bashtodhenm efi Al{ieeé pat ent
docunents are herebg,incorgorated by reference herein. [0049

15

: .In regard to
the applidgaicHR1GR BisERIss Ot UOHBOBLHEN K1eaf hdl-(re ¥ sstedidsiodh l-éb@faeg%g
schene ' N 3 - ref: ition of
t he rrul‘?%rf tg)g/id rtlo?ll\é-s%‘tl-t?%% %1?%%1{1%@%%? %n§¥%m£%§%§ f%%ﬁ%vg}%gglﬁng an
i ndust rdletnadogtayngarsangt@emt(coygez WRaSicpoNNMMeroht filsefoanTpAhyo@erslat kon
Bal zers Coating. A description of this coaling stemis described in
Eur opedif YSaPEMPTRETE 188 S HON %Qr asﬂ%f»‘éﬂgﬁnd? iR e Bescr | ption
| n C0l uymm AclidiFcel ks onaRq GRlauBRoaily! Ik, %0 ritfiRkerin r R0 ge, Fur opean
patent is hereby I ncorporated by re?er nce hereiln. ‘%he United States

equi val ARtr-NdaydrevaalfowedEAtlcpesmnirgategether sanoSappPaisrate|No miayteR5F86Bet o
Seeli et.al., and the corresponding text is at lum 6, l.ine 22 through
ol urm st BB E G S TR0V peeisd STt 48 b e e ebBy

i ncor papRkeds BY tHebapRAGEM R AR Infulti [fRABEL Y Qard BdH C@ch heBeA ICORkIREBsing] eaned
parts, especially carbide inserts, related to their dianeter were nounted

ei t her fggl higAbetgstsewor used t9ldspesit the upper dn-/d -l tansitien baroies Bvo mmehtésour

mel ting tallurgical nyfactured .Ti Al -targets. and po r

et al | 0O Sttt e GEEH P st 1R SR o s R R bernd 5

cat hodi @a@i£tiSeYF 6RSn@®B0 higutsd, dethedhlckn@s of 0 GRSk A8pSshadar coalings geonet ry
of the arrangenent of the targets is mainly defined by the octagonal | ayout

of the \RTSI¢@eitkd kontrBainzadmeyphetsatt iamgessyrstod appmxinkitai 3thagind a bias voltage
of around -40V. In general, the working pressure for each single layer can be in the range of
0.5 to 8 Pa, but preferred between 0.8 and 5 Pa. For the deposition of nitrides a pure nitrogen
atmosphere or a mixture of nitrogen and a noble gas, like argon, can be employed, whereas, a
mixture of nitrogen and a carbon containing gas can be used for the deposition of
carbonitrides. Furthermore for the production of oxygen or boron containing films, oxygen

or boron containing gases can be mixed into the coating process.

[0053] The following examples demonstrate the utility and performance of the coated

cutting insert, as well as the wear-resistant coating scheme, of the invention.

[0054] Test 1 comprises a test of six coated cutting inserts labeled Experiments 1
through 6. Experiments | through S represent the actual state-of-the-art coated cutting inserts
in the commercial market. Experiment 6 is the inventive coated cutting insert. Test 1
compares the performance of high speed face milling in alloy steels using a cemented carbide
insert of the following geometry: SDPT1204PDSRGB2. The workpiece material is alloy
steel 4140 (DIN 1.7225, 42CrMo4). The cutting parameters are set forth below: cutting
speed ve = 300 m/min; Feed rate f;= 0.2 mm/tooth; Depth of cut a, = 4 mm; Width of cut a. =
61 mm; Pass length 1 = 610 mm; Coolant: dry; and wear criterion: vy max = 0.3mm. The test

results are set forth in Table 3 below.



opposite to each other arranged heating segnents separate two groups of
segnents having three consecutive arranged arc cathodes. For the present
experi merwe,20awn78484 Cr - Tar get was nount ed opposite in ea®lTriSAeNSMS8436%i t i on
of one segnent, but in principal various target arrangenments can be used
for deposition of this kind of coatings. At |least two arc cathodes in a
geonetrically equival ent position have to be used for depositing these
coatings. [0051] Subsequently, the parts, which should be coated, were
heated up to around 5000C by using radiation heaters which are permanently
nounted in the coating system After the heating step the surface of the
parts was cl eaned by Argon etchlnggﬁs a DC bi as voltage of -100 to -250V

in an Argon atnosphere ess 0052]. E vvlng t wo
Al - Cr - sour ces, ust®j 55@%\}%111%[3#13%*? HP%Ig g’ ét?ﬁ’g Stvol t age of -40V

during_a time of around 18 nminutes, were used to forman Al-Cr-N underlayer
with a EtredreasNodfoalinglAescopRerm Then, | Goaong\ - Cr |DNawrgpst of paseesfour Tj - Al
targets were used to deposit the | ower [ThickhesCr-N|transition |ayer fopr two
m nutes. Afterwards an alternating |ayeifuafrangengnt coating was deppsited
wher e af TIN § SECRNOUTINTIPVAD TSONTaRs) at a [poyver of approximately 5 kWwere
used foiTiﬂIF'ArI‘Pﬂ\?LrﬁNC(PW), TINBIs& and &) secondghe Two Al -Cr-sources

were st to thef U A =sourcest Hd.[ a Ti-
AI - - I$(ﬂ]‘-‘1 e+d¢yj‘:)tnk\ v-pp lgol-. (VA Y-V E14 nr\lgés + napt hg 3 5 fAr Aanmne AN

Cr 4 T T_ Q+ v ||ﬁd T\ T DI A oD UuUl U%Dl C UUCL IICI | all 1 Ul appl U/\' ||a el y 7
m nut es: -} . : - i i =
sever al? EY gabOa ti e Mt i ng t hi%kness of |fRe conpleted nediate

mul ti - peAlGN cTIAINAEIfoNayeltilayFhed!Cthwo A0 Cr targefs and four Ti-A targets
wer e used atweadepasioh of kg, Wp@ey mhi.- Al -Cr-N transition |ayer for two mnutes.
At the end, again, an Al-Cr-N toplayer, using the sane paraneters as for

the underl ayer and a coating tinme of around 60 m nutes, with a thickness of

0.6 mMmas 9150%54 éo%gjgar@bﬁ oFRRYKAGS Wo%teg%gﬁ\%hﬂs@garbﬂenﬁsIeFtQQuez[‘hl%B here at
a pressure of approxinmately 3 Pa and bi as vol tage of around -40 In

gener al quttitgeppbedtiong Theesssles show t@adrlre igvengive chaykeutganinbet {ik.,t he r ange of

0.5to Pa, bu ferred bet we he deposjition of
i T Qe BEPEOR IS ah TRt P 0y T Rt EERCh R s BYRRISHE & nobl e
gas, |ikecRh@aN teabnPer8aPbeyRGchnh@r eas, a mxture of nitrogen and a
carbon containing gas can be used for the deposition of

[0055] Test 2 comprises a test of five coated cutting inserts (Experiments 7 through
11) wherein Experiment No. 7 is an inventive coated cutting insert. Experiments §-11
represent coated cutting inserts that have other coating schemes thereon. Target composition,
coating, thickness, adhesion and microhardness of experiments 7 through 11 are presented in
Table 4. Process parameters such as target power, substrate bias voltage, working pressure
and deposition temperature are shown in Table 5. Test 2 comprises the high speed face
milling in alloy steel using cemented carbide inserts of the following geometry:
SDPT1204PDSRGB2. The workpiece material is an alloy steel 4140 (DIN 1.7225,
42CrMo4). The cutting parameters are as follows: cutting speed v, = 300 m/min; Feed rate
f,= 0.2 mm/tooth; Depth of cut a, = 4 mm; Width of cut a. = 61 mm; Pass length 1 = 610 mm;
Coolant: dry; and Wear criterion: vpmae = 0.3mm. The test results for Test 2 are set forth in

Table 6 below.



carbonitrides. Furthernore for the production of oxygen or boron containing
films, oxygen or boron containing gases can be mxed into the coating
process. WOQB®j0791se f ol | owi ng exanpl es denonstrate the ®CITIUS2G08MB4HE3S
performance of the coated cutting insert, as well as the wear-resistant
coating schene, of the invention. [0084] Test 1 conprises a test of six
coated cutting inserts | abeled Experinents 1 through 6 . Experinents 1
through 5 represent the actual state-of-the-art coated cutting inserts in
the commercial market. Experinent 6 is the inventive coated cutting insert.
Test 1 conpares the perfornmance of hi gh speed face mlling in alloy steels
using a cenented carbide insert of L[hﬁ ol owi ng geonetry: SDPTI

204PDSRGB2. The wor kpi ece naterial i€°%I% oy steel 4140 (DFN 1.7225,

42Cr Mb4) . The cutti ngrpacamioeiisnang RequltharddatibgPaertiedt t i ng speed vec =
300 mMmn; Feed rate fz= 0.2 mitooth; Depth of cut ap = 4 mm Wdth of cut
ae = 6/Lysaimdpass Tengt htailget@élg &BiorCool ant & drepati ME@Rsionk 1|t @fit@n:
Vb, max | = Qy@mm | The test resul {S are set forthpiind@bl e 3 bel qw,Jaklel 3
Test Results in| highrgepeed face mithigend in all oi leel s for TE‘THVJG@:] a

wear criterion ok) Mo, Terzol] 3 hoh | Afsb, L xSHOWS ari son of fetime

of coated cenented carbi de |n<pr'r ILn_al high speed m'r'ri ng application.

These fesults show0t hat 3Ohe|i rienti V& coated cuttd ng i nsBFt (i|. €2609
Experi ment g6) exhijpits an incrs@ase iso || fetine byoa factHFlgr eat ggoot han two

conpar €d t @ EXperi-fgen e MTET Gizal 0f , bengiama 55]1 1
coggri ses gtng g f vgocoat ed cut ﬁsng :Sggfaor S %EV e WEEK ! L%.%[gug"n 11)
wher ei i Exper i rrent70No. 2% s|artYi nver®i VECE:(_)[;é ed 'E?ti ng ﬁ%ert. Bder | ment s

8-1 1 neprébkent| coated SGtti ng2.bnset.s tGatihpve4 bt her cdati ng sph@es
t her eons 4 TALQAGTd POFMRIIHibO8F GEARN F¥inckA? G'ﬁﬁf‘eﬁﬁes POMa9R QRd m3gn4cq ohar dness
of experinents 7 through 11 are presented in Table 4. Process paraneters
such as target power, substrate bias voltage, working pressure and
deposition tenperature are sh? |n Table 5. Test 2 conprises the high
speed face mlling in alloy s eef usi ng cenented carbide inserts of the
foll ow ng geonetry: Experimental Process Parameters

Experiment | PTargetl | PTarget2 | USubstrate pN2 Temp.
No. (kW] [kW] [V] [Pa] [°C]

7 3 5 -40 3 500

8 3 5 -40 3 500

9 3 5 -40 3 500

10 3 3 -40 3 500

11 3 5 -40 3 500

Table 6
Test Results in high speed face milling ia alloy steels for Test 2
Experiment No./ Coating Description Coating Number of passes™***
thickness [pm]

7 AICtN +TiAIN/AICrN-multilayer + AICPN * |5 9.5
8 AICIN + TIiAIN/AICeN-multilayer + AICTN** |5 5
9 AICrN + TiAISIN/AICtN-multilayer + AICIN |5 7
10 AICrN + AITiCrN/AICtN-multilayer + AICtN |5 8

11 AICrN + TiAICtN/AICrN-multilayer + AICrN |5 5.5

*  Coating in experiment 7 is the same as experiment 6.

**  |n experiment 8, four AICr targets and two TiAl targets are used, while in experiment 7
two AlCr targets and four TiAl targets are used.

*** At a wear criterion of v may = 0.3 mm.




SDPT1204PDSRGB2. The workpi ece material is an alloy steel 4140 (DI N 1.7225,
42CrMo4). The cutting paraneters are as follows: cutting speed vc = 300

m mn; Fewo 2nexeofsa 0.2 nmtooth; Depth of cut ap = 4 mrRCTWSdwR/08f83guUt ae 6
1 mm Pass length 1= 610 nmm Cool ant: dry; and Wear criterion: Vb max
0.3mm The test results for Test 2 ar&set forth in Table 6 bel ow Table 4
Target Conpositions and Resultant Coating Properties as neasured per the
Uni on of German Engi neers' GQuidelines VDI 3198 and VDI 3 824-4 Table 5

Experi t : ed face

m g R ey e A D ARG I3 T R m R e O Rl Sare e
exper i niffbrefit kihds dfmelxipgrer ceuning8 Alfeady nﬂ;brﬁr/emangmt@rrmadsdrvm tHe Al targets

are us eine ment two_ Al Cr ar ndf r TiAl targets are
used. ebwclmlar %%&gﬁ%et%meeﬁwafrl %Emple— a % Fascrvedapp Hecoritthar
Experi npgitg 1s7de%§ht;|egi i¥ el iU LA &Eﬁ;erﬁ%n@w @h&vé’@tﬁ@ ni3EstolkifleRA R hafllef f er ent
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Table 7
Test Results in face milling in carbon steel for Test 3
Experiment No./ Coating Description Lifetime |Notch Corner
[min] wear [mm] | Wear [mm]
12 AlCrN +TiAIN/AICrN-multilayer + AICTN * |21.6 0.29 0.14
13 TiN + TiAIN** 8.2 0.31 0.14

*  coating in experiment 12 is the same as in experiment 6 and 7.

#*  state-of-the-art coating available on this tool in the market

In Test 3, a coated cutting insert of the invention (Experiment 12) was tested against the
state-of-the-art coated cutting insert (Experiment 13). A significant 2.6 times increase in
lifetime could be observed in this cutting test. The maximum wear was found as a notch wear

on the tool flank.

[0057] Test 4 comprises a test of three coated cutting inserts (Experiments 14-16) in
the face milling in alloy steel using a cemented carbide insert of the following geometry:
SDMT1205PDR-HQ-M. The workpiece material is an alloy steel 4140 (DIN 1.7225,
42CrMo4). The cutting parameters are as follows: cutting speed v, = 180 m/min; Feed rate

£,= 0.2 mm/tooth; Depth of cut a, = 4 mm; Coolant: dry; and wear criterion: vy ma = 0.3mm.

Table 8 presents the results of Test 4.



* coating in experinent 12 is the same as in experinent 6 and 7. **
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[ 0058] Test 5 corrprlses a test of four coated cutting inserts |n medi um
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Vb mex fisQes38heMAximum wear could be observed on the corner of the cutting tool,

[0058] Test 5 comprises a test of four coated cutting inserts in medium high speed
drilling in Gray Cast Iron using KSEM style modular cemented carbide drilling inserts. The
workpiece material was Class 40 Gray Cast Iron (~250 BHN). The cutting parameters were
as follows: cutting speed v, = 198 m/min; Feed rate f,= 0.35 mm/tooth; Drill diameter=12.5
mm; Hole depth = 62 mm; Coolant: Castrol Syntilo synthetic emulsion, with the mode of
delivery through tool cooling with pressure 15 bar. The wear criterion was Vi max = 0.38 mm.

The results are set forth in Table 9 below.

Table 9
Test Results in medium high speed drilling for Test 5
Experiment No./Coating Description Cutting length [m] | Corner Wear [mm]
17 AICrN +TiAIN/AICrN-multilayer + AICrN | 73.9 0.5
18 TiN + TiAIN 45.4 0.74
19 AITIN 454 0.75
20 TiN / TiAIN nanolayer 34.1 0.73

The results of Test 5 show again a comparison of the inventive coated cutting insert
(Experiment 17) against the standard available coating on this kind of modular inserts for
drilling in the market (Experiments 18-20). This test was done at medium high cutting
speeds. A performance increase of close to sixty-three percent (63%) could be detected. In

this test, the maximum wear could be observed on the corner of the cutting tool.



The results are set forth in Table 9 below Table 9 Test Results in nedium
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reducti on thermal cracking in the substrate typically increases the

usef ul dubfteatointérfase casults imgp fedsaion. (of BOGO]zalbeorsiskayiof iheamhhcradkt i s appar ent

t hat usg of.the. al um num chram nitride top, coating,layer, helps to inpede
the tr anERaiogrn R AP Rt S Tsh e PR AR pG IR - o p
i nterfa{e}ﬁicgl@y fnbRasulisd ERES 1IANEF GO kingKeARsSt rate interface. One result is
that much of the heat remains in the chip. Another result is that heat that

transf e[r0§6{-unt ot %0&%6&9@&1&23 it Qﬁiﬁ?en‘f‘&ﬂa't SR LRI citbmesh h@Rg W thin

the titanium al um numnitri coating layer because the heat transport
occur s top cadtingdayee belpe rsinfedg the tramsir df 2 sighifiomtperopenefiheal om thesculigld  as
parallel to the surface). decreﬁses t he conéentr tion, af

. Thi heat
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tenperature fromthe top coati ng. down to the substrate-coating interface.
The layer will spread in all directions within the titanium aluminum nitride coating layer because

the heat transport occurs in all directions (e.g., in a direction perpendicular, as well as parallel
to the surface). This decreases the concentration of heat generated at the top coating-chip
contact area near the cutting edge, dissipating the heat over a larger surface area and
decreasing the temperature from the top coating down to the substrate-coating interface. The
combination of the coating layers in the multilayer-nanolayer coating sequence within the
base layer is that heat transfer is alternatively blocked or spread away from the substrate.
Finally, the presence of another aluminum chromium nitride coating layer between the

substrate and the base layer helps to protect the substrate and the coating-substrate interface

against the heat transter.

[0061] The principal emphasis of the above description of the specific embodiments
is on coated cutting inserts use in a chipforming material removal operation. However, there
should be an understanding that coated cutting inserts are but one specific embodiment of
inventive coated articles. There is the contemplation that the coated articles encompass other

coated articles such as, for example, wear components.

[0062] The patents and other documents identified herein are hereby incorporated by

reference herein. Other embodiments of the invention will be apparent to those skilled in the



conbi nation of the coating layers in the nultil ayer-nanol ayer coating
sequence within the base layer is that heat transfer is alternatively

bl ocked owogpesadisaway fromthe substrate. Finally, thePpTasensassts anot her
al umi num chromumnitride coating | ayer between the substrate and the base
| ayer helps to protect the substrate-zand the coating-substrate interface
agai nst the heat transfer. [0061] The princi pal enphasis of the above
description of the specific enbodinents is on coated cutting inserts use in
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articles enconpass other coated articles such as, for exanp

conponeffpiing Pemﬁconfhef haiRREO™ n FheHesco B IR LY |ﬂ%fe1ﬁt’?f¥“ioédls Wetcaled ar e
herebylﬁﬂﬁ@&ﬁ&kﬁﬁ? 9% reference herein. Qther enbodinents of the invention
w || be "apparent ose skilled in theart froma consideration of the
specification or a practice of the invention disclosed herein. It is

i ntended that the specification and exanples are illustrative only and are
not intended to be limting on the scope of the invention. The true scope
and spirit of the invention is indicated by the follow ng clains. WHAT IS
CLAIMED IS: 1. A coated cutting insert for use in a chipformng nmateri al
renmoval operation, the cutting insert conprising: a substrate and a

wear -resi stant coating scheme wherein the wear-resistant coating schene
conprising: a nediate nmulti-periodicity nanolayer coating schene containing
titanium alum num chrom um and nitrogen; and the nediate

mul ti-periodicity nanol ayer coating schene conprising a plurality of sets
of alternating |ayer arrangenents wherein each one of the alternating |ayer
arrangenents conprises a base |layer conprising titanium alum num and
nitrogen and a nanol ayer region conprising a plurality of sets of

al ternating nanol ayers wherein each set of alternating nanol ayers conprises
one nanol ayer conprising alum num chromum titanium



and nitrogen and anot her nanol ayer conprising alum num chromum titanium
and nitrogen, and the base | ayer having a base |ayer thickness and the
nanol ayerwoegidnotsavi ng a nanol ayer regi on thi ckness wheceius2eises4sase | ayer
thickness is smaller than the nanol ayer region thickness. 2. The coated
cutting insert according to claim1l whirein the base | ayer conprising
(TiyAli -y)N wherein 0.2 <y < 0.65; and the one nanol ayer of the set of

al ternating nanol ayers in the nanol ayer region conprising

(Ti nyXW’HAiﬁl@ﬂMMW@:” 0 <x <0.15 and 0.2 £y £ 0.65, and ot her
nanol a | ternating nanol ayers in the nanol ayer region
conprising (TipAl i +01)-) N i < <. 0. < 0:<, 0.65
and (p + q) < 1. g%‘fhaetg(ggg%%gm\cé%?? i ndgge?nn%g}lp %ggén%rfg?[ﬁggls %88?%ioﬁ1er%l%erei n

t he weahe c@sihg gt c6@ptising schene further including: an underlayer
contai ning alum num chrom um and nitrogen; a top |ayer containing

al um num chrom wR@ehtOhid £98M-redRANVORLISE BeHehR WG kiRy@sarRedigighicl oser to
the substrate than the top layer;a lower transition coating region

conpr i stoagn@sqheue gbinpyisiog: sets of alternating | ower transition nanol ayers
wherein each set of alternating | ower transition nanol ayers conprises one
| ower transition smandh@yesltiqenpdicsy ngnadyeniouime schmondonmining tisaniwm and
nitrogen and anpther |ower transition nanolayer conprising alum num
chrom L?pr‘r‘mﬁ“f‘bﬁﬁl?mlﬁwd‘nﬂiw%ﬁ&ﬁndand the | ower transition coating region
providing a transition between the nmediate nmulti-periodicity nanol ziL er
coating scheme arf8c fsdiafaBit-parodiciypapepes W?%Cg?%ﬁc%ﬁrﬁl%a Pt %’h

conpr i sifngarRYhAdd My farnSfien s fhdefiNALh D MRRELIdRANZ h§PN nanol ayers
al 1

wherein each set o ernattng nanol ayers conprises one upper transition
nanol ayeranganarts semnprisak apbseuayerchmpnisingtitdnigrandlumnandaml tiroggarandad anot her
upper transition nanol ag/.er cg ri sifn a%%n‘i num chromu ti tanliFum ?nd
ni t r ogefNORNE RGN GRBERSIPE aRLITeHEHT STarT A PAGEIANYRET BPHGIEAER ST ti on
bet wee “alieﬂ%tiﬁ'g%@él%em&rﬁpﬁ%% bR bty e AN AV al GRRUM) i eh@AE Bt he top
| ayer; and thé mediate multi-periodicity nanol ayer coating schene being
medi at eandfnitrégen and another nanolayer comprising aluminum, chromium, titanium and nitrogen,

and the base layer having a base layer thickness and the nanolayer region having a nanolayer

region thickness wherein the base layer thickness is smaller than the nanolayer region

thickness.

2. The coated cutting insert according to claim 1 wherein the base layer
comprising (TiyAl,.,)N wherein 0.2 <y < 0.65; and the one nanolayer of the set of alternating
nanolayers in the nanolayer region comprising (TiyCryAl;.y))N wherein 0 <x <0.15 and 0.2
<y <(.65, and other nanolayer of the set of alternating nanolayers in the nanolayer region

comprising (Ti,AlqCriprq)N wherein 0.2 <p <0.65 and 0.01 <q<0.65and (p +q) <1.

3. The coated cutting insert according to claim 1 wherein the wear-resistant

coating scheme further including:
an underlayer containing aluminum, chromium and nitrogen;

a top layer containing aluminum, chromium and nitrogen, and wherein the

underlayer being closer to the substrate than the top layer;



| ower transition coating region and the upper transition coating region. 4
The coated cutting insert according to claim3 wherein the | ower

transiti oNoco@ti7ag4r egi on having a | ower transition thi ekmasggosiokes3gipper

transition coating region having an upper transition thickness, and wherein

the I ower transition thickness being-1ess than the nanol ayer region

t hi ckness, and the upper transition thickness being | ess than the nanol ayer

region thickness. 5. The coated cutting insert according to claim3 wherein

t he underl ayer bejin ut 20
nanonet ers and abouglg%%%ﬁgﬁ3%§]%$¥§{ gh&ﬁ@%giéﬂﬁﬁﬁgQﬂsg?hggaﬁmﬁﬁgop | ayer
t hi cknds@er @agitidg rheslween wabeii cadb Sctndnhembeisloardtrabititn 200@ysanonet er s;

each set of the alternatjing |layer arrangenents being of a thickness ranging
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nanonet er s~ an nanonet er s The coa cutting I nsert according
to cl alamd?mtwtgerl,ednd thé heven ndasili@y@ratiog iqpiésprogid{ndd a @inkidhMetvared thsherei n 0. 2
< ac< 7;. the top ger co r|S|ng éAI Cr1-3)N, and wherein 0.2 < a < 0.7,
t he onem%fb%@mtlwﬁ%? lahnﬁlﬁlg FLYREfIig %Heﬁnﬂége(‘ﬂdﬁ YN i . (c+y))N wherein 0

< x <0.15 and 0.2 < < 0,65, and other upper transitiaon nanal ayer
conpri sing (Ti pAIa(lePPQI’(tFﬁF’@U)ONCﬂﬁé}gefﬁ&lOO compriping aglualiy @f ectpef dtegnating. 65 and

Eglycﬁﬁl<egT§ﬁ ?? Wﬁgggln hl%mﬁg%|¥§8 %%%8%%%%&m%%gﬁ@b§k d"BPRer 1 ower

tranS|ummmunamah&y@fc@@pﬁﬂh§&h@n@ﬁnpﬁ¢@ﬁhﬁn@&mmmﬁhh&hmmgmmmﬂiamﬁmp < 0.5
and 0.01 < < 0.65 ﬁ, + < 1.. 7. The coated .cutting insert accordlng
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underl a erna co du ity being | ess than the base ayer t hermal
conducnwnobymwamdu;hﬁmhopndémeoph@vmagda top layer thermal conductivity,
and the top |ayer thermal conductivity being | ess than the base |ayer

t hermal conduct i \thé shediate multi-periodicity nanolayer coating scheme being mediate of the

lower transition coating region and the upper transition coating region.

4. The coated cutting insert according to claim 3 wherein the lower transition
coating region having a lower transition thickness, the upper transition coating region having
an upper transition thickness, and wherein the lower transition thickness being less than the
nanolayer region thickness, and the upper transition thickness being less than the nanolayer

region thickness.

5. The coated cutting insert according to claim 3 wherein the underlayer being
of an underlayer thickness ranging between about 20 nanometers and about 500 nanometers,
and the top layer being of a top layer thickness ranging between about 300 nanometers and
about 2000 nanometers; each set of the alternating layer arrangements being of a thickness
ranging between about 200 nanometers and about 1400 nanometers; and the sets of
alternating nanolayers having a periodicity ranging between about 2 nanometers and about 50

nanometers.



8. The coated cutting insert according to claim3 wherein the underl ayer,
the top | ayer, the upper transition coating region, the |ower transition
coat i ng rwgi2o/o7oxsd t he nmediate nul ti-periodicity nanol ®¢EUScaaiB43gs scheme
each further conprising one or nore of the netals from Goup |IVb, Vb and
VIb of the Periodic Table and alum nurgand silicon. 9 . The coated cutting
insert according to claim3 wherein the underlayer, the top |ayer, the
upper transition coating region, the |ower transition coating region, and
the nediate nmulti-periodicity nanol ayer coating schene each being applied
by physical vapor deposition. 10. The coated cutting insert according to
claim1l wherein thelhmdart eutinktingerdcodimigtty chhan8lveeegincoat i ng schene
further conprising carbon, and the base |layer conprising (Ti Ali -J,) Csht
and wherein 0.2 <shyusdeéPlab& RRriSing (ALEr L) NL ARl Witeein@mok aydr.7,0f theset of
alternating nanolayers in the nano | ayer region conprising

(TiyCr xAl'i - (X+y) )ifes Ny MO8 L8 ri9n§(Klﬁr&%ﬁ-ﬁ&nﬁ%e%igo.ﬂ ¥a<00;,65 and s +t =
1, and the other nanol ayer of the set of alternating nanol ayers in the

nanol ayer region ISl i bom (PO ei q 0.5
and 0.01 < g < Otgggﬁg{fﬁf ggi‘(%ﬂ)“’q@a%%‘i‘k%r C(s()%ﬁ %S)ng%ﬁldgyc\f%gr'ﬁ'ﬁ)zNgﬁ%{egﬁgcﬁti ng
insert aodondi ng ¢ v <dl.&l, and othheugientridpiti we@me lagsi @henisingdat, Ahg rsghgNe

further jincluding: ap underlayer conprising alum num chrom um nitrogen

and car%‘&eﬁelé@c?oiaiﬂgﬁa%dgﬁéff ?r@tﬁ%aar;‘BAP +(§r)ﬁﬁe?5‘ Nt, and wherein 0.2 < a <
0.7, and s +t =1; a top layer conprising alum num chromum nitrogen and
carbon accor di ng theorhlevwesranfitton pnakeyer comprogr(LakdMhensNivisrond X< 0. 7,

and S b 13 afd 0bNey Undey 'aﬁla/S{hepﬁmgtrgm&{naﬁqgla}/aeco%ﬂggg{g%?@ f@gn(g;q) top

| ayer; a lower transition coatlng region cOnNprrsing uralit sets of
al t er nawhdiginlOmrven <t 0.anad D0 nadcdSayndr(s +wf)er ki n each set of alternating

| ower transition nanol ayers conprises one | ower transition nanol ayer
conprising alum num chromum titanium nitrogen and carbon and anot her

| ower transition nanol ayer conprising alumnum chromum titanium

tr"r ta [] g?teinognd car bpnyh ARG et QW eritdcadtair 10 R1aHAB W NGeih @ @HleRiRYI di ng a
having an underlayer thermal conductivity and the base layer having a base layer thermal
conductivity, and the underlayer thermal conductivity being less than the base layer thermal
conductivity; and the top layer having a top layer thermal conductivity, and the top layer

thermal conductivity being less than the base layer thermal conductivity.

8. The coated cutting insert according to claim 3 wherein the underlayer, the
top layer, the upper transition coating region, the lower transition coating region, and the
mediate multi-periodicity nanolayer coating scheme each further comprising one or more of

the metals from Group IVb, Vb and VIb of the Periodic Table and aluminum and silicon.

9. The coated cutting insert according to claim 3 wherein the underlayer, the
top layer, the upper transition coating region, the lower transition coating region, and the
mediate multi-periodicity nanolayer coating scheme each being applied by physical vapor

deposition.

10. The coated cutting insert according to claim 1 wherein the mediate multi-
periodicity nanolayer coating scheme further comprising carbon, and the base layer

comprising (TiyAly) CsNy and wherein 0.2 <y <0.65 and s +t = 1, the one nanolayer of the



between the nediate nulti-periodicity nanol ayer coating schene and the
under | ayer; an upper transition coating region conprising a plurality of
sets of awDepwwat7Prsg upper transition nanol ayers wher ei nPE€RAIS2@81084368

al ternating nanol ayers conpri ses one upper transition nanol ayer conpri sing
al um num chromum titanium nitrogers and carbon and anot her upper
transiti on nanol ayer conprising alum num chromum titanium nitrogen and
carbon, and the upper transition coating region providing a transition

bet ween I.: i-periodici nanal .y - t} sch e top
Cayer s TR B Falthisn e B Bl s e BT PGB R SR AT T
medi at &) ok <t Mes heher Ly angstdndn coat | g thegihemnaan byt thpge bl dlteansingi on
coating region.12. The coated cutting insert according to claim1 wherein
t he cutrtamﬂ‘gwrﬁ sbthe nARRIpYRY reERR CUTPTieRE Ik e sNutiueiad.2 £Re ¢-ared

surfaCQ§OfQh@¥§g§5£¥gjﬁ§§<quggg45yg§aces to formcutting edges at the

intersectio er eo he coated cutting insert according to claim1l
wherein the substrate conprising one of the follow ng: high speed steel,
cenment ed carbi des including cobalttungsten carbide, ceram cs including

Si Al ON and al um d silicon ni.tride, cernets. including titanium
car bi de- based nateri escf)atﬁﬂﬁu%]ﬂ%éqsﬁﬁraac‘%‘r&f’%ll‘? glpin | WOetren Rig VSRR cubi ¢

boron nidhfihdenand et efgchigfi.anond. 14. A coated cutting insert for use in
a chipformng nmaterial renpval operation, the cutting insert conprising: a

substrate and a WﬁQEﬂ&%ﬁé?Eﬁﬂﬁ%ﬁﬁg?gﬂgh QﬁﬂﬁnMﬂPﬁR&@mﬂBﬁi . resistant

coating schene conpri si mul t’i - peri odi ci £y nanol ayer coati ng
schene aomtlaigrb g forhalai( ACra) 0N wiehsio i2uma aiid7, Xnd t he =nedi at e
mul ti-periodicity nanol ayer coating scheme conprising a plurality of sets
of alternating |ay®p lakr angpieit duhentichreaah, ainegef atder@ntecadtigng | ayer
arrangenents conprises a base |layer conprising titanium alum numand X and
a nanol By Ermukifdet- e orfph didigheren U4 g18it Y7 ofd$et's™ 6f al t er nati ng nanol ayers
wherein each set of alternating

the underlayer being closer to the substrate than the top layer;

a lower transition coating region comprising a plurality of sets of alternating
lower transition nanolayers wherein each set of alternating lower transition nanolayers
comprises one lower transition nanolayer comprising aluminum, chromium, titanium,
nitrogen and carbon and another lower transition nanolayer comprising aluminum, chromium,
titanium, nitrogen and carbon, and the lower transition coating region providing a transition

between the mediate multi-periodicity nanolayer coating scheme and the underlayer;

an upper transition coating region comprising a plurality of sets of alternating
upper transition nanolayers wherein each set of alternating nanolayers comprises one upper
transition nanolayer comprising aluminum, chronxium, titanium, nitrogen and carbon and
another upper transition nanolayer comprising aluminum, chromium, titanium, nitrogen and
carbon, and the upper transition coating region providing a transition between the mediate

multi-periodicity nanolayer coating scheme and the top layer; and

the mediate multi-periodicity nanolayer coating scheme being mediate of the

lower transition coating region and the upper transition coating region.



nanol ayers conpri ses one nanol ayer conprising alum num chromum titanium
and X and anot her nanol ayer conprising alum num chromum titaniumand X
wher ei n Xvoanpri7gisag any one of the follow ng nitrogen, PCRUSRIVS/ORBEON,
carbon and nitrogen, boron and nitrogen, carbon and boron and nitrogen,
nitrogen and oxygen, carbon and oxygemnj- boron and oxygen, carbon and

ni trogen and oxygen, boron and nitrogen and oxygen, and carbon and boron
and nitrogen and oxygen; and the base |ayer having a base | ayer thickness
and the nanol ayer| egi.0Raa VR HAANMLANEL 1§ QAT Witk GH ORSRUIERSIN, Lhe
base | ayer thickness 1's smaller~than the ngno ayer region thickness.15. The
coat ed lawrirdgirake surkeed anddbmk dinrfacet ahe bakie muitdecoieeseating hiee edrsurfesisse ant
coating schene further including; an_underlayer containing alum num

chr oni URTTBSHIIRE cgegsap thedplerseedt BElPhg al uni num  chromium and X, and
wherein the underl ayer being closer to the substrate than the top | ayer; a
| ower transition coating region conprising a plurality of sets of

al ternating | ower 4 rﬂf&%&ie%uﬂ?ﬁ %s%y[%%&rﬁﬁ%rt@icﬁirﬁq‘%e?&fl t}%fsu%tfal% hating

| ower transition nanolayers conprises one Fower transition nanol ayer

conpr i siongpralngnine winthecthowingmhigh ispaadi strel, aacheed natbales irtcardidgwdeltt r ansi ti on
nanol ayer conpri.sing al.um nu chromum titanium.and X . and the | ower
transiﬂP&ﬁ“ﬁU&ﬂwab‘%EGPSHHHPH%@éRﬁgﬁgaP?&ﬁ@PF? PRI HETRES at e

mul ti pepkigin 'tﬁ%iﬁ}ﬁQ%bﬁ%as@@%&teﬁﬁls?&ﬂﬁ'ﬁ?eﬁ@ﬁh hARHMBAR By ElinteRA cUBRET
transition coating region conprising a plurality of sets of alternating
upper thoamsnitiidmandanotay drasnonder ei n each set of alternating upper
transition nanol ayers conpri ses one upper transition nanol ayer conpri sing

al um num chromum titaniumand X and anot her upper transition nanol ayer
conpri sing aluninggl%chro ium titaniumand X .and the upper transition
[

coating region pr CRYCLCHHRR LT 51 U5 it P R GRS "TRIPYA peri odi ci ty

nanol aygfer£Rat ihBgusnpene tabhptibagt op layer; and the nediate
mul ti-periodicity nanol ayer coating schene being nediate of the

a substrate and a wear-resistant coating scheme wherein the wear-resistant

coating scheme comprising:

a mediate multi-periodicity nanolayer coating scheme containing titanium,

aluminum, chromium and X;

the mediate multi-periodicity nanolayer coating scheme comprising a plurality
of sets of alternating layer arrangements wherein each one of the alternating layer
arrangements comprises a base layer comprising titanium, aluminum and X and a nanolayer
region comprising a plurality of sets of alternating nanolayers wherein each set of alternating
nanolayers comprises one nanolayer comprising aluminum, chromium, titanium and X and

~

another nanolayer comprising aluminum, chromium, titanium and X;

wherein X comprising any one of the following nitrogen, carbon, boron,
carbon and nitrogen, boron and nitrogen, carbon and boron and nitrogen, nitrogen and
oxygen, carbon and oxygen, boron and oxygen, carbon and nitrogen and oxygen, boron and

nitrogen and oxygen, and carbon and boron and nitrogen and oxygen; and

the base layer having a base layer thickness and the nanolayer region having a
nanolayer region thickness wherein the base layer thickness is smaller than the nanolayer

region thickness.



| ower transition coating region and the upper transition coating region.

16. The coated cutting insert according to claim15 wherein X conprises any
one of thwofo0ddomisng: nitrogen, carbon, boron, carbon amdTAiSLeSYSL338 bor on
and nitrogen, carbon and boron and nitrogen, nitrogen and oxygen, carbon
and oxygen, boron and oxygen, carbon-zhd nitrogen and oxygen, boron and
nitrogen and oxygen, and carbon and boron and nitrogen and oxygen. 17. A
nmet hod of applying a coating schene conprising the steps of: applying a

medi ate mul ti - perj0diCi : i i Ri i j {m
At urm namchr o iy ot Sied3ah Rl R ERAg S EHAREs SRRl Motk kARl
mul ti - peatingschieiny fmalnolieyelingoat i ng scheme conprising the steps of:applying
a plurality of sets of alternating |ayer arrangenents wherein application

of each alternatifgddey@fer 85At@ANGRHRhinG B Bhlosiife ah&; st eps of 1 applying a
base | ayer conprising titanium alum numand X; and applyi ng a nanol ayer

region conprising ﬁoB@ay%If ERfaifing ARRIMID Bh@nRhHBAd K ¥ndhvhe&elshef al ternating
nanol ayers conprising the steps of: applying one nanol ayer conpri sing

ti t ani umdediyembenmckiverdrithimyubaimaie Xanamdtoadmiteyi ng anot her nanol ayer
conprising alum num chromum titaniumand X 18. The nethod of applying a
coating schene actiondr trgnsitioncdoating degidnuotyeisinganpiuiaityndf sthef shepsimnf :
providing a cutting insert substrate; prior to applying the di ate

mul t i - PENFOEETYR TRANSYHy é\ffle%@%ﬁ@e RERBAAKOMPT HGOSILY BA0RYese | osest

to the &Hﬁﬁ%é@&% loA8: HARRIANRE1FARGRIORLAD Al Bro LA MTLANA % the
step of applying a nediate nulti=-periodicrty nanol ayer coating schene
and another lower transition nanolayer comprising aluminum, chromium, titanium and X, and
the lower transition coating region providing a transition between the mediate multi-

periodicity nanolayer coating scheme and the underlayer;

an upper transition coating region comprising a plurality of sets of alternating
upper transition nanolayers wherein each set of alternating upper transition nanolayers
comprises one upper transition nanolayer comprising aluminum, chromium, titanium and X
and another upper transition nanolayer comprising aluminum, chromium, titanium and X, and
the upper transition coating region providing a transition between the mediate multi-

periodicity nanolayer coating scheme and the top layer; and

the mediate multi-periodicity nanolayer coating scheme being mediate of the

lower transition coating region and the upper transition coating region.

16. The coated cutting insert according to claim 15 wherein X comprises any
one of the following: nitrogen, carbon, boron, carbon and nitrogen, boron and nitrogen,
carbon and boron and nitrogen, nitrogen and oxygen, carbon and oxygen, boron and oxygen,
carbon and nitrogen and oxygen, boron and nitrogen and oxygen, and carbon and boron and

nitrogen and oxygen.

17. A method of applying a coating scheme comprising the steps of:

applying a mediate multi-periodicity nanolayer coating scheme containing
titanium, aluminum, chromium and X, and the step of applying the mediate multi-periodicity

nanolayer coating scheme comprising the steps of:



further including applying the nediate nulti-periodicity nanol ayer coating
schene to the underlayer; and applying a top layer to the nediate

mul ti - perwodbneyaryisaanol ayer coati ng schene wherein the POp/US2a§08/08433%1t ai ni ng
al um num chromumand X. 19. The net hod of applying a coating schene
according of claim18 further includi.pg-the steps of: after applying the
under |l ayer and prior to applying the nediate multiperiodicity nanol ayer
coating schene, applying a |ower transition |layer conprising a plurality of

set's of al ter nat gy OYepLFIRDSH ko0 ARNGLAY B, SOIBELSLOGHERS, St ops

of :applying a plu erna transi tion nanol ayers
conprising the stapicaion cdppdhyilirehating ldyevetarigemasi dongmisingnind styiesrofconpri si ng
titanium alum num chrom um and X, and applying another |ower transition

nanol ayer conpri sing alpgiifdiibaseMRptspridihd BRahMM, ARshiXumahl 67 aaPp! Yi ng the
medi ate multi-periodicity nanol ayer coating schene, applying an upper

transition |ayer conpnﬁﬁhg%%gngkmﬁg}kﬁxng%n§?¥§gqﬁeﬁ&&gﬁnating upper

transi ti on nanol ayers sing the steps applying a plurality of sets

of alternating upper transi %h%%%ﬁﬁhﬁ%}?{)?se?socgg)arlt'eﬁfaﬁ?% M}l%laﬁ{'%%gi%g%frrsm

appl yi ng one upper transiti ayer- conpri si ng aniu nu
chromum and X, and appl yithgs@epodther upper transition nanol ayer conprising
al umi num chromium titaniumand X. 20. The nmethod of applying a coating

schenme according to claim 17 wheygiyingomaBbiasascoaiyisPaeitafiuthhguh@uhdow ng:
ni trogen, carbon, boron, carbon and nitrogen, boron and nitrogen, carbon

and boron and nitrogen, nitrogerchsemdiuexyaer. aehr bon and oxygen, boron

applying another nanolayer comprising aluminum,

chromium, titanium and X.

18. The method of applying a coating scheme according to claim 17 further

comprising the steps of:
providing a cutting insert substrate;

prior to applying the mediate multi-periodicity nanolayer coating scheme,
applying, so as to be closest to the substrate, an underlayer containing aluminum, chromium

and X;

the step of applying a mediate multi-periodicity nanolayer coating scheme
further including applying the mediate multi-periodicity nanolayer coating scheme to the

underlayer; and

applying a top layer to the mediate multi-periodicity nanolayer coating scheme

wherein the top layer containing aluminum, chromium and X.

19. The method of applying a coating scheme according of claim 18 further
including the steps of:

after applying the underlayer and prior to applying the mediate multi-
periodicity nanolayer coating scheme, applying a lower transition layer comprising a plurality

of sets of alternating lower transition nanolayers comprising the steps of:



and oxygen, carbon and nitrogen and oxygen, boron and nitrogen and oxygen,
and carbon and boron and nitrogen and oxygen. 2 1. A coated article

conpri si YO 2009Ibsstir at e and a wear -resi stant coati ng sciremaSavs/08isas t he
wear -resi stant coating schenme conprising: a nediate nmulti-periodicity
nanol ayer coating schene containing tiGk-ani um alum num chrom um and
nitrogen; and the nediate nmulti-periodicity nanol ayer coating schene
conprising a plurality of sets of alternating |ayer arrangenents wherein

each one of the alter %?Ef%ﬂ%ud n}?)ﬁﬁ'ii%f(5%%%HE&aWBWe?@%sﬁiﬁ%ﬁpﬂa?&@r

conprising titanium a and 'nitrogen and a nanol ayer region

conpr i siongriainglthe épstof: of sets of alternating nanol ayers wherein each set
of alternating nanol ayers conpri ses one nanol ayer conprising al um num
chromium titani um and nit rapglgand lenetthakitioanehdyert coappsingiingival,um num
chromum titaniumand nitrogen, and the base |ayer having a base |ayer

t hi cknedyniggm demighdhdye ¢ egi on havi ng a nanol ayer regi on thi ckness
wherein the base | ayer thickness is smaller than the nanol ayer region

thi ckness. 22. The coated appiyoigengthsotadionFanstien aanglayetcopBisgien t he base

| ayer c risin TiyALI -y)N wherein 0.2 <y < 0.65; and the one nanol ayer
of the*@@BH%FLgﬁP§VW§f$%@uﬁgﬁlﬁgyers i n the nanol ayer region conprising
(TiyCrxAli.(X+y))N wherein 0 < < 0.15 aqs.O.Z < < 0,.65, ;and ot her
nanol ayer of theE&%fmﬁ%”&?ﬂ@?ﬂ%ﬁ@ﬁ@“ﬂ%ﬁ%?% 84%“¥Wkﬁﬁﬁxﬁgﬂ%ﬁg§%?’region
conpri sjRgideli Crhns{eEahydN Fi§ihB a Qi Zalfty 1 Setd oPaltedt¥in® uBper fradlsifiod . 65
and (p fﬁgggirgﬁkg3f1$hé)co%t£d g#ti%l% accgrding to claig1g%:mherein t he
subst r atagoleperpcompngnoie sefpstohie fol | owi ng: hi gh speed steel, cenented
car bi des including cobalt-tungsten carbide, ceramcs including SiAlON and
al um na and silicon niapplyite; a pleratigt of dersoiflatiemgtitg tiei uansttamiadelapased
materials, and uperh%gd materials including sintered cubic boron nitride
and si fOBPEFING; B iRRs. oL

applying one upper transition nanolayer comprising titanium,

aluminum chromium, and X, and

applying another upper transition nanolayer comprising

aluminum, chromium, titanium and X.

20. The method of applying a coating scheme according to claim 17 wherein
X comprises any one of the following: nitrogen, carbon, boron, carbon and nitrogen, boron
and nitrogen, carbon and boron and nitrogen, nitrogen and oxygen, carbon and oxygen, boron
and oxygen, carbon and nitrogen and oxygen, boron and nitrogen and oxygen, and carbon

and boron and nitrogen and oxygen. -

21. A coated article comprising:

a substrate and a wear-resistant coating scheme wherein the wear-resistant

coating scheme comprising:

a mediate multi-periodicity nanolayer coating scheme containing titanium,

aluminum, chromium and nitrogen; and

the mediate multi-periodicity nanolayer coating scheme comprising a plurality

of sets of alternating layer arrangements wherein each one of the alternating layer
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arrangements comprises a base layer comprising titanium, aluminum and nitrogen and a
nanolayer region comprising a plurality of sets of alternating nanolayers wherein each set of
alternating nanolayers comprises one nanolayer comprising aluminum, chromium, titanium
and nitrogen and another nanolayer comprising aluminum, chromium, titanium and nitrogen,
and the base layer having a base layer thickness and the nanolayer region having a nanolayer
region thickness wherein the base layer thickness is smaller than the nanolayer region

thickness.

22. The coated article according to claim 21 wherein the base layer
comprising (TiyAl;,)N wherein 0.2 <y < 0.65; and the one nanolayer of the set of alternating
nanolayers in the nanolayer region comprising (Ti,CryAlj )N wherein 0 <x <0.15 and 0.2
<y <0.65, and other nanolayer of the set of alternating nanolayers in the nanolayer region

comprising (Ti,Al4Cri.p+q)N wherein 0.2 <p <0.65 and 0.01 £q<0.65 and (p +q) < 1.

23. The coated article according to claim 24 wherein the substrate comprising
one of the following: high speed steel, cemented carbides including cobalt-tungsten carbide,
ceramics including SIAION and alumina and silicon nitride, cermets including titanium
carbide-based materials, and superhard materials including sintered cubic boron nitride and

sintered diamond.



