COATED ARTI CLE W TH NANOLAYERED COATI NG SCHEME BACKGROUND OF THE | NVENTI ON
[ 0001] The invention pertains to a coated article, as well as a nethod for
applying the <coating schenme. Mre specifically, the invention pertains to
a coat ed w¢§@§;@9Mer _ei n _the coati ng schene i ncl udes Wﬁf}ﬁ&m sggnt ai ni ng
al um num chromum titaniumand nitrogen, as well as a ne 0d°% app! yi ng
the coating schene. Exenplary coated.articles include without limtation
cutting inserts and wear conponents. [0002] Referring to a coated cutting
insert as one exanple of a coated article, a coated cutting insert
typically co i ind j ] . The cutting
i nsert exhi bn”&gbg@g%%ﬁ?‘ ?gtgﬁggﬂtyﬁaitw ?%R?ﬁo%}gﬁf/&%gggﬁgﬁrfaces and
flank surfaces wherein there are cutting edges at the intersection (or
juncture) of the rake sBAGKERQUNDIGR THEAKVENTIAKes. For coated cutting
inserts in general, any one of a nunber of different techni ques can apply
t he coatlP¥Y!schenéhtiovertion sotrtsiateoadhesdetachiliguesiedio Aelugarehem cal

vapor d j.ti.on. | an i cal vapor deposition (PVD). |[0003] Coated
car e ng asrp @t SYRE sAReRDY B ol RD SRS Rt sl Hbsrerrpt or m ng

mat er i alconterpoviadmedpendd ingiblayehi ph@miinGuiBL Al ERbmfugTB¥RlunPRRMALI QRS

i ncl ude, V\A&Eput limtation, mlling, turning, boring, drilling and |ike
oper at i SRECUASE Behod [ gpriy g thatoating sehepatg dixeanlusy kysitasaetialgstincledse cut ti ng

i nsert anithowolfdKiRi:iOf ButTBY inbhsTa8l AkkMBnhOn&Ach other. A great ampunt of heat
can exist at the point (or surface) of engagenent between the workpi ece and

cutting [pousert (i Rererring W § bddged AEHE L7 EMLOG G0) coctlanster, of gyhe heat
at the cut,tlgang-chi p Ilﬂr? erface into&tlﬁe sau%ﬁscﬁxglﬁlgégﬁ C?%ée@%r%tl%rafc%tgébet ween
t he coatPiige sepreh calidcarissubs Prtetew(th 2 eogting sdteimghsubstihatatihat er f ace)

can be oLl : [ t.nse erf or mance. re specifically,

t r ansf e?&tg]& eﬁ%glgsaglt %%ﬁﬁgyé‘%ggl?a 3 g? gm%trl]iﬁ%? Ehlgg%% af?‘?gapg/glﬁglf ?'E@%e"i"meéﬁil? ace

cr eat es lprematutieg elgecesgshyieieneaiondb: ihauebathogike Sueheexaessise wear of the
coating rghgsrreF trxgi c jltt shortens the useful life of the coated cutting

i nsert. ? 02 The oAt ﬁjé‘gsc‘?ﬁ%i?egefl?ﬁ]iﬂé%‘?‘? o APPRBH CE SRt BRknigites of heat

t ransf eraf #79ip hbeoatiaybdhen@ 1d M8 SiHsr&BI PrdsBtRRABGR LPinkNE: SRSt aL.e, and

coati ng-subs.tr?qt%\zpi nterface. The thermal conductivity of the coating schene

is a prdpartign ) @k PhIEd gy dppesitivenR¥D1he extent of such heat transfer.
A coati ? Scherre éhat exhibits an overall |ower thermal conductivity

typi cal |@)0 bduces 198 g msedT arpasafulifer thieensmyblot mateiahimdh chtpforreng

coat i NG Hbist Ak Gl lbBLEk §ACEN -l e BOYGLEGR b0, eat,, transt er
typically r esSI ts iag Ta‘ll onggpl%&ggﬁgg?metrégﬁelﬁvgl g}f’fg ‘3‘?10 Shnécqg t t1IRg" nsert in
conpar i §BRRi@, Rilboattedingutaringglrilivgent] likhaperdoes whetirexfiubigtingrtr educt i on in
heat tr r.. : he past, coated cutting inserts have exhibited
vari ous%g%i tldn\gérg}%%ggn‘%@? b SWB%%(%%%fa % @r@mﬁe{?‘é‘ﬁ‘ﬂgr 'Y K£EF oMb BuBY i cat i on
No. US 2866Mm@269788atAkn bastlas ticlalma(@PREat s g dsehi0sfvah iRMIALLAG | ayers

of Al CrTidSléJ}thh differi ng}gcosgpéozi tions between the |ayers. According to the
Engl i sh¥4b3fPedes™ (ippatiiedisedcaministpie) c hispger e lpe0n tes0808-cAR t o
hthUkihﬁﬁﬁ@éhmﬁﬁéaﬁﬁﬁﬁﬂﬁéﬁmgﬁﬁé"eE%Q%&ﬁﬂ&Eﬁﬁn@giwgggﬁﬁﬁg§$%§Téz to

Hi dem’t?u et al. each provide a disclosure that appears to Include

al t er nat'i®n§ottagerstgle intericet Nn Bsdetrinteatat rapttinginsies paffovapscepidsent i n each
coat i ngslegiyiehliy. [FARAB1WR..2006/ 4 A ndrino (assigned to Uniaxis

Bal zer / (%) iapgéarr s toy%%asg)l osge&té%ge ?J@Ieth%) 24an® ﬁl‘bégﬁgi“ﬁ?{gge g64fi ng | ayer and
an Al Cr Neoatuey exeeratve mgar dyler coaibe dhudh agetstvethar BNgE tedinghstmact, Japanese

Pat ent I i . | 0381 A2 t.o Yasuhi ko apparently di scl oses a
surfacegﬁgélgfﬁ%k%%\lt%)ﬁegjggéGq%?ftcgﬁlted Rbtimg?‘,nﬁ%, 670 B2 to Derflinger et al.

(assign o CC Qerlikon Bal zers AG ears to teach that AN is a

benef i c@gpchcoati %e ﬁ%ﬁ18?isgeme‘[%%ﬁ‘ﬁ]y@@‘gg‘ﬁéﬁ@rﬁmﬂb‘iﬁh@@éf@gﬁf iy kiscat i on No.
US 2005400¢0462-ohlip iherf¥enmmmt beiatcind cBRPRAIERIY iHkS5098s 1R 5gat i ng | ayer
of (Ti A Cri)N ig an alternating coating scheme. U.S. Patent No. 6,730,392
B2 to VEP{WHTVEY obihe coaligpachopic i spely thit can stemaktinflegnectt exigntsEheire wher ei n
the | ayensrhare MichiRbeMentqRliQRL:S; ' LEankam:and. chrom um as
wel | as different ni tfogerlT/pe 3’3*;32*%‘&%%%%%@‘“& Ppgh b ,d%lé?i 88 B2 to
Toi har aase e smosnishamt il ferratitagntadid qgtidcagbstras mangenehth usi ng Ti Al N
and CN. Further, the follow ng patent docunents seens to show vari ous
coating schenes with alternatingcoating |layers: U S. Patent No. 6,103, 357
to Selinder et al., US. Patent No. 7,056,602 to Hailing et al., U S
Patent No. 7,083,868 to Honing et al., and PCT Patent Publication WO

2006/ 041366 Al to




Astrand et al. [0008] The followi ng three patents apparently show the
utility of (Ti Al C)Nfilnms U S. Patent No. 6,824,601 B2 to Yamanoto et
al., US. Patent No. 6,919,288 B2 to Yamanpto et al., and U S. Patent No.
7,186, 324 B2 nmoto et al. 3 SUMMARY OF THE | NVENT] 1000911 n one
aspect of the(h??\%gﬁ?i on there is provided a coated cuﬁl\gﬂgs\%ﬂﬁsé‘?ﬁwfor use
in a chipformng material rempval opefration, the cutting insert conprising:
a substrate and a wear-resi stant coating schene wherein the wear-resistant
coating schene conprising: a nediate nulti-periodicity nanol ayer coating
schene 1 I I | i n chrom um ni trogen; ~and the

medi at egﬁiuﬁlgﬁr{}%grgait%ﬂg%%%t%% 5?%1%?3”%3183%? H@efgiéﬂ@ﬂge EE ST LS dnsat i ur al ity
of set s cofpaiste rorratoang clidyeinsat rangeTRM ShiMIer iR 8AGM-oNEneE, t he
alternating | ayer arrangenents conprises a base |layer conprising titanium

al unmi nuiAH ni t rioglerpean dostcdANIgaY®Fs LOGIQRHEIHOSE AfkiA &'h%?é.iﬁey of sets
n each set of alternating nanol ayers

of alterpating, | ayer.s wherei, h _

Compri S S5 E UiArTGIoRL SR AN Pl RN ARDSERFINS dri o 1 arpcared
ni t r ogem disukehe ANQhARE INRRATAVEFTIRAMRS diSES, ) ' ti tani um and
nitrogen, and th? base | ayer havli ng albase Og{pggH%Slb% n%?é%ggnyc?rst‘he

nanol ay &F°Fegs dnthn 508l ahStmarolaayrsse Pasgit BnblicaliokNes®0dher@Rmtthe base | ayer
t hi cknessisis s APhddetpdmpa | Hgoi i,ckness.. [0010] In yet

anot her asspegt “of the i n&g&%ﬁ?ggﬁ{lﬁ%ﬁgﬁégo@%%@@g%@zéo ?@%f%‘dgbiﬁjfﬁaﬁg i nsert
for usePioidg adisclopwntizshepoems 6 inglude enmvaihs tyersalf TN Nen GitchioRGurk nser t
conpri sjng...R %g&%ir{ﬁ%% c@@igl wear -resi stant coating scheme wherein the
wear - r esi St dnt oAt | ng sche ayffibnpri sing: a nediate nmulti-periodicity

nanol ay oatin taining titanium alumnum chrom umand X
wher ei nﬁ{)(zﬂ@orrpr i g%é%gﬁéﬁ%%@géf LPﬁélgrf‘W ‘Ilaﬁf\}ﬁr}?@ thipiesiy Sl zechEbameab oy on,

car bon dindomitha @genan ATIngR dodinkNAGLMd £34L 1200 oﬂf&fjccgﬂﬁ%ﬁy&nd ni trogen,
rbon and oxy boron and oxygen, “car bon and

ni trogen and oxygen, cC en, on an

ni t r ogeR°&H H%Wg%ﬁr}ghﬁgﬁ%wa%n@%‘ﬁs? g@@ﬁ PaRlicagry hen2004Md0drAfolm and bor on
and ni t Ye@eikoapsraxy aebiosdshe ' hr Regi pdl clty er coating
schene gonpri s?jﬁ}g ay.pl urali ﬁ?@% %%ae?gmé{#é!gﬁ' BZ’?h%??n?\&aﬂl ég%ﬁpg}gﬁzatﬂgenent S
wher ei nPEdEgen el Fsignel e ePmrikpn §alkay i) appange meok &2CQIRNIises a base
layer cupfidificBinkim a0 4m alum numand X and a nanol ayer region conprising
a plurality of sef's of alternating nanol ayers wherein each set of

al t er nafyj nano iLse ne nanol aye ri.sing alum num
Chr ot o, e R Ao RS BscooSQTBhZ i de Sk
chr oni wipl eptaaamiiydisdnsks X coating; 1hfie oDAS &\l lcayein Mavkmeid Dase aygr thickness

and t he-nangl ayer I aving a nanol ayer region thickness wherein the
base |:%/§'rﬂ51 %%ﬂ%g‘ﬁn%zg@%@ |Y‘f§‘%“ PRaCIReo sissrageticragnoerating sdopms s .

[0011] lahestiis He Lanatier diasRaCLo@h B HER:@RunbAEL o PLOYLAEd @ met hod
of appl t:fngraa_coatl ng schene conpri si n% the steps of: applying a nedi ate
mul ti ;fﬁ TOUINETAEG RarEST B eF Heat st e HN8.688 Be onT aihari nppehistiastionm

al um NURernei QTGP 18RG affanMBREA! : ' ny one of a group consisting
of nitrogréln,1 ggarﬂgo@n,ﬁggr ?)I}_l, cgf%’giﬁ%%g\ﬁr%%?@Seﬁf%ﬁ%%r{o}%‘ﬂ“gﬁt? gen, carbon
and bordSRUBHE PMF Bgeaw vAliewsegameantknex wgen ceanhomaandagxygen, boron and

, ‘R tr d njitr d , d
o bon P Al P g B SR B . AR Mot Sapphys n e -

medi at @arent M. 78886 licibyinp and), ayEPC T DakhTe LS SEAR G ONRYHShhgAt he steps of:
appl yi n, trg(pLU{ality of sets of alternating |ayer arrangenents erein
applicatio B each alternating | ayer arrangenent conprising the steps of:
appl yi base ].ay, conprising titanium alumnumand X; and applying a
nanol aﬁ@rﬁg} egi on+}E?Jeﬁ{5?W’§g ¢ PRIt Aparenty stapphy gy af glidd &N finsf sets of
al t er nat$.myrcRanNel6E8ars® | GO NasaRgd 261 St.EPS gggt No2RBl ¥higzone nanol ayer
conprising titanjium al um num chrom um and' . and applyihg anot her

nanol ay@HaEgist tlsidag Uat- dafentity. 6 SR i to tYatramowmtand X, [ 0011A] I n sti |
anot her aspect of the invention there is provided a coated article
conprising a substrate and a wear-resi stant coating schene wherein the

wear -resi stant coating schenme conprising: a nediate multi-periodicity

nanol ayer coating schenme containing titanium alum num chrom um and
nitrogen; and the nediate nulti-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 |ayer
conprising titanium alum num and nitrogen and a nanol ayer region
conprising a plurality of sets of alternating nanol ayers wherein each set
of alternating nanol ayers conprises one nanol ayer conprising al um num
chromum titaniumand nitrogen, and another nanol ayer conprising alum num



100131FIG 1 is an isonetric view of a coated cutting insert of the

i nvention wherein the coated cutting3insert conprises a substrate and a
wear -resi stant coating scheme and a portion of the coating has been renoved
to expose the substrate;SUMMARSY GF PHESINVENA®OD i c view of a specific
enbodi nent of a wear-resistant coating schene of the invention; 100151FI G
2A is dADQY| ar gednsapammect ef xhieéwwmﬂ%@r%wr)&gd@ql acaafes ﬁattmggwﬁ 8t the
wear - r agk sinant chisfairhing sateeiak rahol Gop2ationS thOQLBIT GiseB canjrising: a

gggélomsg&%%@%{h a(We&ﬂe?is%lth a8n Q?eeg")e ‘glﬁé?giﬁ %He?x&é%%‘és?s@int %b&[r%%%ﬁ@%e of a
Barrerciy renmia e doalnd Sl i RTE ftihser

i nvent i GRS §H’6W§atF He!
[ 00171 R@ingm, shishvworand moge zenh atdy thhmgdinte muli-pemdegtytnarelsyq @ating
t r ansm sghdBd c@hPedifOn mrﬂtt9$)€ e@y of Ellféwlatﬁlfg layxe anangdnayrey whaain sagh bagi on of a

f t ; G 4A
Spef'ff'réfc ,’3‘3%@59?%% %ﬁl??e’ﬁ %%B&%ﬁt ac bl RGN ELAPrisiD g‘?‘%ﬁh Lot
(FCO) CHyBtam A (RIQER. 69 oA SHBEIPYTC b AP RBRE g b R ErfEn T €5 of ant

coat i nglisohEne ; nanbhypB0 WG dBch ssehrpixalteyatiigh hamdayesh cgmaplesong he
wear - re@u@!a?éﬁ déﬁ@hls;ﬂg SHAGHEM! hatros WS titdheuRr 8sENEaodn, t wal faeetegcent ered

o Al ATyt AT e

| atti célaﬁwga?reh?’é? layqy th esﬁn?n &Py e, hayingHaTIICEYCHERESH PTI ON
10020] Rhidkndss intherein {hedired layer thicknessfis andlsatied thmmmmhgel regentthickndshe

i nventi on (generally desi gnated as_ 20, Coated cutting gsert 20 caonprises a
subst r d0818l2 and [ xehanether swrenef & inyenigr theap 1%?“’(‘4‘@ &Y “BHhas been
r enovedniat fox pesm 4 deploubsigmaiteridZemdig opemtiomgthechme igskri @ngmisidge sur f ace

of the aplgﬁﬁs'tﬂa& hﬂlﬁ%r%eﬁ%ﬁéﬁaﬁtt ottt &%&@%1@&&1@ r‘tﬁe'tﬂ@a@&ésﬁﬁht%ﬂ&hﬁgt s flank

sur faces, 26 and exi s

i nt erse%?%l?%ﬁscogﬁpn?]ﬁg Pllgﬁcﬁatgwglc%?oféc i n%anra gr S?ﬁt*ng S e Og%bm{]% ate 22
can be tiayiusnaluptingmp ghtoayiunfandeXePharein Surqmapises &§Yém§dl§st¥‘? &bowiBg use as
a cut t i fgogdrs efboh,row]i cathonhind mebdgdni booadntl mitrddee, Eabdromdbormatedi al s:

hi gh t t d
Do 5 RRRfe Shroadh qjg(g N Bﬁ%&arﬁf}ﬂﬁsﬁw%d&sﬁ”?’°§§%ﬁ?ﬁ & ¢ SfoGpaRl de,
ncl udi HEOET S PO Bt e, T apen, o G Bo abd b a8F bifflgea
i ncl udi am@ skygeer ethec nisilinte orati-patiedicide nanglayer 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,
titantum and X and another nanolayer comprising aluminum, chromium, titanium and X;
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.

[0011] In still another aspect of the invention, there is provided a method of
applying a coating scheme comprising the steps of: applying a mediate multi-periodicity
nanolayer coating scheme



sintered di anond. [0021] Coated cutting inserts, such as cutting insert 20,
are useful for the renoval of materid in a chipfornmng material renoval
operation. Chipformng nmaterial renoval, gperatio i ncl.ude, w thout

| mi t at SOBHRINIRE [GHHED, ERFHIHE, 31H8W‘H’@,a“ér§1 Mhﬁlefnaﬁﬁcmiéseapaé%?ﬁeo 2nher ei n
a cuttiggup Reitin@NEraPe6zeh, \Warion] Be®n\Wedrbot hed aitkddeng bbivsesdd andganr kpi ece

novi ng reEI)ativ to ea%h ot her . é reat, appunt é)% heat, can exli)st atdthe

poi nt (6f %?If(g@%ﬁono?n @%@g‘a]erfﬁ PEPEe 8N & e SHEPR SRR YSRY RAPT RS i nsert

(i.e., ougthngrionsednitcigep andbeydeacsjron Indindfogen add oheehesnd catbonRedcut ti ng

. {oRiD , ‘ _ ) ' ‘n

e SR A TSt PR R B LR R e
det ri meranalaypo cogtng Agemes ermprpng dhenstrpe. ofvowelaple @ Plugdlity yof setardf er of

heat _toazieﬁ?aﬁ'ﬁg%t& akSnARtnthonGoatd ?EcéﬂéﬁS)tfre_aé}?alitéi‘ﬁﬁfrfgﬂﬁ?er%@ﬁg@ﬁerﬁ he
adhesi on of the ‘coating tq the subsirate, which creat ﬁ%ligrerrat 3{3‘8 xcessive

wear of CONEISEE P Hi§PS Gu dPPIERESLEsY BY RIS R Rtepigay, i pReRd cally
shor t engplifife Usedudlayki Feief cbhgriciaattae seapstamgppleBer & .plth@BR23Mbas wdat i ng

schene typically influences.the extent of heat transfer.fromthe cutting
nser ¢ - Sidsine, Grele benaah o iRy OhotEbind BRI K SRt ace.

Si nce ttwanturpnafiminuof chestipmanchde Xperidahpplyieg camdior endpebityer tcompheingubst r at e
and thealﬁ&%dn?%h?o%ﬁ%g%giﬁﬁﬁkace is detrinmental to the integrity of the

coating, a codting s at exhibits overall thermal conductivity
proper tjgagiApat reOYGLaRMER REak JFROSVRAtdS (RAY ANSBIRRES: colfdSartiSle SO

because such a reduction jn heat transfer typically results in a | onger
usef ul EBARTITRG & SEBraich@d fIYGAFECSTHEE COARHE é&‘%}%l&rwg?fﬁ% CAVEEAEBH Ut ti ng
insert ¢hahgdQASMBOtonpitidy: t a anédad Cinnlibpéribdieigt nhhslBgretoating tdhempr esent
enbodi nent s, . by .us{é‘l%g slel ect ed ﬁoat.i ng s(gcw nces, the vera.lt co%tﬂiwng
scheme SSPBINESTBORYE] FUERR e S OSHEC A 1gofﬁ’)‘?ncbpzénrdti &9 TRAPA B ze t he
ext ent pdriddésty tanahsérecoafingsthdre campriisige i pdenlityodfi @t of dtdreatmg(layercont act
zone chj p- i . t L.Ng- a

ot or  arb BebATRIL BEE phol BE, SUBShLR 1B A NREBRT SHPRIA Base,
whi ch clnta¢omepréing Geniroy eluwarnngd mifegen e pethEr AegiPy AYMDAINE Ar oni um
and ni t ;RAeR 68 sBis of IR P RHERYEA M :LiRT d8dh shbCRdAIng hRVRKckher mal
conductivity, and one or nore |ayers. that contain titanium. alum nym and
Ni t r ogefPIURIISES O (NPBRIRYR RIMASHgN AR SRrORETE HITRREMAaTH| BHFORST: HEF mal
conduct hitthiet nahblbpg cbh@sieing \Wursiaai| digolaytey Staniuneand s@itrogén)und ahe bageum

nitride and titantumalumnumnitride, in a particul.ar _arrangenent (or

ar chi t et 3§Vinged ttfﬁesla?eﬁt Icgﬁ‘asﬁc?flfi&ﬂe P%?Ol?ﬁeﬁ??ﬁl%ﬁ?%% ad}an?%gerg%gltont ransf er
f rom t héhickmtss wigeréin sler hase hiypr fhitkeefsde emddsmthanaht hancdayss regvrethakdesshe
coating-substrate interface. [0024! More specificall use of the alum num
chrom umnitride topBRIEH BESCRIBTIONDHIHE DIRAMINGhe transfer of heat
fromthe cutting insert-chip interface to the substrate and _

coat i ngt9dBEt r at e Thaifcdlomirgisadaicf desorptippaethedrayings thabfgma part 940§t t he

al um nUﬁ&t&Wa@ﬁiiwﬂﬂoﬁi tride. As a result, sone of the heat remains in the
chip and does not pass into and through the coating and into the substrate
and coaj(gngt subst Fa%.e] iinberifcae@ric s of whidated beting iisscanof 2 invapjneci ati on
that use.of .a to oating with a | ower therpmal conductivit: vi.des
advant ag8&eiy, &g g‘fﬁgﬁgﬁmggﬁ&?/e& “BOVPE et &E’:sérﬁ1 t gn(geat %F?rrérﬁ%%ﬁagi)g%aatglge
excessi vehenenaodatpodidnof thd cdatiap hat becheemordd tagxpagehe swhisghter esul ts in t ool
failures at the cutting edge. [0025] To overcone the presence of excessive
heat at [@044] cut ti FiC.clfea delemapctview b speeitic egnbodipeent wiftshweartiesietantt her mal

conduct E(Yait{n)é@cl?en‘}@@ftth@ﬁw%ﬁtﬂﬁ{m can have an underlying coating |ayer of
titaniumaldm numnitride, which has a higher thermal conductivity,

under negjgsf he al ot MANCAY @1hAdEd Billefadle viedy 8f the HAgolupeohihd Bgtmadfl ng

| ayer serves to.dissipate fhe h i,n the top coating |layer so that heat
will spf a"(‘ﬁeqr‘ﬁeséﬁt?m&f’%g’(gtsic N E’ﬁﬁ[@fz in a direction perpendicular, as well
as parallel to the surface) within the titaniumalum numnitride coating

| ayer. Such heat dissipation (or spatial distribution of heat) renoves the
excessive concentration of heat at the cutting edge. [0026] As the heat
transfer proceeds sequentially fromthe top coating |ayer to the innernost
coating layer, the coating layers in the nultilayer-nanol ayer coating
sequence (or coating architecture) are such that the al um num chrom um
nitride coating |layers inpede or block heat transfer and the titanium
alum numnitride coating |ayers dissipate or spread-away heat. The result
of the coating functioning to alternatively block heat transfer or

di ssipate heat results in a reduction of heat in the substrate and at the
coating-substrate interface. Further, the presence of another alum num




resi stant coating schenme generally designated as 40 of the invention.

Physi cal vapor deposition (PVD) is the technique used to apply coating
schenme 40. The wear-resistant coating scheme 40 conprises an underlayer 42,
whi ch conwas fige/edoyyri num chrom um and nitrogen. The copé}lggzﬁ&%g%g 40
further contains a top layer 46, which contains alum num chrom um and
nitrogen. The underlayer 42 and the top |ayer 46 each exhibit a | ower

t hermal conductivity as di scussed above. The coating schene 40 al so
contains a nediate multi- -8 periodicity nanol ayer coating schene (see

br acket whi 0t .al | i . 1 hu rom um.and .nitrogen. The
wear - r egﬁ}g%}an‘t cgﬂgt(}i? 285 f%rﬁzorrﬁéb%g&hg@ *é@%:gé;%?l nsgél 1?)ﬁ%1%ﬁf3ﬁ/éas(§mﬁ\§é1&ﬁr§?c°? bet ween
about 1500snsaificrebetisennd tabwos-siGioA00 a RenerRERES .of FRendhfifehentoeoat i ng

| ayers | i at | ti-perjodicity nanol ayer coating schenme can be of
differ e'FIHtg Cé%%{)%@?% %C%%g?arl%({ateﬁﬂ‘émﬁlilwrgent t hermal “conductivities. By

sel ecti yghky, arrangi-ng.the coatin ayers in the nediate nulti-periodicity
nanol ayﬁﬁnz}oati ngﬁg‘c é%?élo‘@ﬁ‘é“a%“ﬁg% \é’%l%%ts?"\l@ IHER Mt WEIHFEOR hat functi ons
to alt ecleatdnvelysbipockERQAL tht hansdyer C&Em?ie’gﬁjﬂ%h DGRl WingR: f/5ul ts Tn a
reduction_.of heat in the substrate and at the coating-substrate interface.
10028. 1%“%6%‘?7%@@’8%‘1%“%@0 includes a |l ower transition coating |ayer 43
that is an top OF{ the underl ayer 42. The lower transition coating |ayer 43
provi del0UL8k r ansififott et i eqtidrheatigdekdnaye F EMDhtt shevretherde agreered

mul ti - paEOTHCeT) ki | - . There i s an.upper transition
coating |ayer %E%tq{%g?&sﬁgﬁgf&e Q%h(?f&gﬁ(gﬁ? %rﬁﬁlélgtw\ﬁgléﬁegfﬁgc t&‘f%{éﬁem’

nul ti - p&i odi city nanol ayer coating scheme 44 and the top |ayer 46.
[00291In this specific enbodi nent, the underlayer 42 is closest to the
subst r all81¥nd t h&'lEopislanyery difiricsiof graphesthe fveamctiienisuistorat@ae (e nedi at e
mul ti-perl.Qai.Gi.t | ayer coating.s 44 i s nmedi ate of the | ower
ransi e aart SR Hahe SRR A TS Soriahufelon codii g Fayir 45

Ther e sHiouk thitre panmeppracilal nemcthaihg @ PEY. suRderdiay enstukokiimlhige! e coating
| ayers) could he | aocated between the underlayer 42 and the surtface of the
substralfaéa.meﬁfe—r[gd‘?%&ﬁ‘?)d’c%ﬂr 82 HeflenSappreci ation that a top coating |ayer
(or top coating |ayer sche mul tip
top of the top |ayer 46. [O08383¥

IR REVEON? exhi bits an underl ayer
t hi cknelgﬁ 0? whi %g ranges between about 20 nanoneters and about 500

nanonet 8P The B 1Ay porsiris v scogied spttipajnsert ethe kmegonDenaskich ranges
bet weenieabaitd 200 rARQARLEH ‘r@é}gz(ﬁp&hﬁ' rSoaore preferably,
the thickness of the top Ia%ler 46 1S 6}852%%b9?£§%? REM F“p esgﬁfo achi eve
an opt i wifieRer halcodiiae Pt érs betheemmde rd ayese #@sihasatal L orpaskdigon of
(AlaCrig.apN rei 2 o535 0 7 and a. nor referred conposition of 0.5
< a 5103?69. %goﬁgﬂé Slggécgrﬁ% Cﬁg%ibénsggﬁ%%gﬁeiz nES?te%Nt%lins_ ):N wherein 0.2 <
a 510. 7xhigne lanknoirfecepPéhet rkelsio RO, tC0Mh e B o5t thOinBkecfHQ32 11 n

refer engeqto d ecemggi a ekrrul i - %ri odi ci t%y nanol ayer coating schenme 44, it
conpri ses A prufar Fe §PoP SR EcH it SraT it 3rgn Pagetongof angehents (see

br acketrsat@fs HRabib4s a &BstrdSor 6@ ANLuBR) inslPEIEdShO [eciation

t hat t?e1 nunber of alternati ng | ayer %)géns .é“r ra Qghéglﬁ?@nﬁ%bktg%hat of

br acket VIR masHRY: epwsed el rsoRnenh eabiderintivdingppiaiicatdson chibidet he cutting
i nsert ceRBf@nAdRngnd G AAONLNLER Tangenent 50, which is
representati ve ttl)fn% he ot her " a tlerdﬁgiélgﬁagpzé%fCegfl?téhnﬁe%%&n”ﬁ?rangenent 50
cont ai Rarbilease maiyiats, 6ud suphibetl reoenpal§ Belsdini tiariadmubialburnnsirdand ni t rogen.
Al ternatihg & ggd arrangenment 50 further conprises a nanol ayer region (see
br acket 66‘%i % 2] Referring to FIG 2A, the nanol ayer region 66 conprises

a pluradd of sgfs. of alternating nanolayers (68, 70, 72, 74, 76 and 78)
mhereirhgﬁ nano?%%%gxgﬂ%égﬁgﬁﬁgggﬂéw H%ﬁ%ﬁ?38ﬁ¥%ﬁ$%gﬁ”ﬂ@%@ﬁ@ﬁﬁﬁénd

ni t r ogemjerian aahgtiretnnanet dyenho@d osQmnl SESyRHHRL MR CREQMUM titani um
and nitrogen. .The co ten@s.of the alum num chromum titani um and nitrogen
in t he “BA PREAGTE ey B9 tafiatye, MEHAS- (Fping abarpe atvidling and diks ppdrgsionone of t he
el ementwered £ @i i@Thsetl QRLDE oA LBLGHAhe L a6 ALN DY Wor%ﬂ!ag moym, titanium
and nitrogen in_the other nanolayer 84. In sone Instances, e " €hr omi um
cont enteltye {heacB REehah 8reayarotng olherbern eoist ddeatosnt f@rsorfadeosuch i nst ances,
t he one nanol ayer has a conposition of (TiyAl .3,)1\1- wherein 0.2 <y

<0. 65, and the other nanol ayer has a conposition of (TipA qCri.(p+ON
wherein 0.2 p 5 0.5and 0.01 5 g S0.65 and (p + ) <1 (and nore
preferably 0.3 5_p s: 0.5 and 0.2 .< q 0.65 and (p q) <1). In those

i nstances in which chromumis present in both nanol ayers, the one

nanol ayer of the set of alternating nanolayers in the nanol ayer region
conprising (TiyCrAl]-(x+ON wherein 0 <x 0.15 and 0.2 <y <0.65, and ot her

| e coati ng | ayers) could be on the



bet ween about 100 nanoneters and about 900 nanoneters. Further, for each
set of alternating nanol ayers (68, 70, 72, 74, 76, 78) the alternating
nanol ayers (82, 84) therein have a periodicity rangi ng between about 2
nanonet er w@andoedoeyit 50 nanoneters. The base layer 64 has,. % &Z@gstséayer

t hi ckness 0, which ranges between about 100 nanorneters an 500
nanoneters. The base | ayer 64 has a gpnposition of cliyAll -ON and wherein
0.2 <y < 0.65, and nore preferably 0.3 <y 0.6. The base | ayer thickness G
is smaller than the nanol ayer region thi ckness F. [0034]In reference to the
| ower tr Gat ti Ia.e 3 conprises a
plurali tﬁgh%?&%g?g of 3‘@?"@&#’ at FﬁIég%LgIrIlgé%f/er@ fng i ﬂ“%’é‘te e | over

t ransi t ilowsisanohapent acbapriisssseal-cip mbHT(fac@I’mltd)ﬂma wiBstrdtt b ir@de ni trogen,

and ano si tion nanol a /er conprises alum num chrom um
titani uI'hEIgIIldII Ir%??é%lné &e‘ﬂ% @@ﬁf&?ﬁ@tegfe tch’é Bg-HS it ReYpubls  ti t ani um and

ni t rogerietnmenﬂaato@he]ngdmem pérfamgndel Olorb 8RRl fAYEY, 1GATer ?hea@ﬂgt&%&s ly are at
| east for ttloqne of t different fromthe contents o al um num

chromi ufifd PF EPEY I'Iat”ﬁ?t’?"?%@e‘r?ﬂfqiils tsedbestray of |t wontinerta s Stubfﬂmtmanol ayer. In
sone i nshaneRStes pthRnshEQE H@v@e‘a%i@tﬂé h ver . Lr i £1on nanol ayer
is al most or equals zero. ISn such |ns(t:daaﬁ8% §uc§I’%§ceg§’veW ?IIIECS?IEIgtr on

nanol ayé‘rhelﬁaéypépaéﬁﬁ&%@nﬂhéhsﬁtﬁ HETpiAE boa@N onttizpéisart0. 2 < y <0.65, and the

ot her | ov\er transi tion nanol ayer has a conposition of (TipA gCri.(p+ON

wher ei nl®22 sp 5015 cagfineGeipmeSypjcatl yonm&nmdhe( @(telm))flfeaﬂ.trf(r@fedfrﬂﬂrtﬁc preferably

0.3, T RS 0. 65 n those instances
in whi cultclzrﬁgrlo?ﬁ%uﬁ]n?&gwggétgﬁ ugwha(sfi ?I“ﬁ‘ﬁ%éf}gp%@ﬁ%éﬁ 1I‘Ief)fIQIC‘*haqﬁ’r’%ﬂ"'aIIQﬁ‘ers t he one
| ower t frans&ir of om, raaahcslpagreiry 08PivE 888, IWHRrBbfrl MY Uk &at%@ B 2 <y <
0.65, a t nsi ti.on nanol ayer conprises (TipAl gCrkp-0)N

wher ei n&ger% %ISSQEJW&“I% OaIFI infregy of thy cwapigs Garral&;@@hemqi)at exlibitsthverallhi ckness
of the themed chrdansiityipaip-aRatiaNGdhAREEL KAPGSSrDE! uty, 50, panoneters
and about 200 nanoneters. Further, for eacﬁésel?S \(I)I?SI&Igtge]r%naftr ng *hanol ayers,
the al t &CAEFSHE aTAMSHSY B hsat iFapist fypisalieresu! penaimhgm ztsglfur @ngifadorhes ween about
2 nanong@ipSn@ndn ahemisaf nce 0.t he upper
transiti on, ee0at Irllg %%gr IO% E&Ilﬁ YII%Ig)FI‘?ay"SF A5 %ﬁﬁ?qtugté@l Bheturality
of set staspfep| Iﬁébmrﬁengermkmdeneim ayrsmg wit:crearmhlagge;l‘:@ehwﬁethé e@ran 66. One
upper tra rrs al.um num. chrom um titanium and

ni trogen. II%I h%ﬁ%%lﬁ\“& gnano g@?}g’?a COMBF I EBP aPTHS Al R S Hhuss et Pf ani um and
ni t rogehm?ai ﬁf'rimefecfmmehti Sty ihded-cRl pLiRicPEen (of AR BHR: chibl-aRtdeandy pj trogen in
t he ong tra srttr on_nanol ayer can be and typically are aI | east for
one of é‘r""é%%‘ﬁIC&a R PRI 8 t he contents of the al umi num chromi um
titani ﬁg@ﬁnd nit ﬁggen i.n the other upper transition nanolayer. In sonme

i nst an Jthe chPOTREEHIF commgnthens f@hewﬁéamaemw whish téorgrinnanatrayer

i s-al rmﬁéreersataguma tRR & Ohtaih BlgHED, | RS er lransition
nanol ayer has a conposi trgn of (TiyA %%ﬁmﬁgﬁg % %Rlp < 0.65, and the
ot her UPELR e Vbish ha‘*riﬂoip'a?@hem’a&éC(&ldc@msantlromonho:(eTamA th@Cri - (p+q)) N
wher ei Rofkaid +19fhimf)- @un% nore preferably
0.3 Sp 0.5 and 0 Bgmgmg&%rgg&(ﬁg( H%f”ﬁ‘j‘ Iy ’)"9‘Iniﬁldtehr()”z‘é°%1fh‘§f‘ances in

whi ch Gighenihemmail sorpiruetsem Ustughlotsh twip@ering rans)itel, Q}Iﬁnﬂﬁﬁp&ﬁ&%{dﬁl t he one

upper ti nanp | ayer ri ses iyCr, 41] )N wherein 0 <x < 0.15
IQ"I&%‘?I‘“‘HR@B““ and %8&“@&& Paﬁréhé F“Ef?‘?ﬁ@imﬁ%fﬁ@l aaglérecteemsmaes

(T| pAI g@dﬂe(@ﬂ{@)}ﬂﬁnﬂtﬁ&&i}%f@re&eﬁ tRin§FeOrdB dand b %€§ghf§ ]IQIEIQ?CE%%Q/ p+aq <

1. The&tT@Fé]lrﬁ?ess he upper transition coati ng I ayer “ranges fween about

50 nan TR s ?at@@tﬁ“bﬁﬁr&WGW@t@r@s Further, for each set of

al ter n?@?‘? nanol ayers, the alternating nanol ayers therein have a

peri odi 8 r angVRG Peti el wpelite Zluﬁamm@emsmamm@b«wmaﬁﬁ)g raaerro neters.
100361 Thes 4NEREdAYEL ¢ cti he base
| ayer 649has% base Iﬁ%é?g%ag?%%q%{b% gIIsre&hct n%I‘IaFIgCGIIIIgIae %Iéi atn er mal
conducf‘i’a\ﬂnﬂvuﬁ’%failee%@l’f%ﬁhzﬁﬁe torthe ba»sethlemyércorudmemmlofmmduﬁhumrcmmﬁhe t op

I i d wh h I h I
S O T A e P e A T

regard&k@Oﬁheau@nﬁ@ﬁmﬁwmnmmhn&hﬁmm@amn&aﬁhﬁ&ﬁﬂk cRat iig SEReME, any one or
nore of the underlayer and the top layer and the nediate nulti-periodicity
nanol ayer coating schene may, in addition to or in place of the already
mentioned netallic el enents, each further conprise one or nore of the
nmetals fromGoup IVb, Vb and VIb of the Periodic Table and silicon. Mre
specifically, any one or nore of the underlayer and the top | ayer and the
medi ate multi-periodicity nanol ayer coating schenme may, in addition to or
|n place of trtanrun1 chronrunr and aIunrnunr each further conprrse one or

NN NN =l



-12- 0.2 <p <0.5and 0.01 <q<0.65and (p+q) <I| ands +t =1. In
the other situation, there should be an appreciation that the chrom um may
be different between the two nanol ayers. [0039] There should be an

appr eci at inmdbdebidshe wear-resi stant coating schene Caﬁ‘c*ﬂﬂﬂobﬂfmss
non-netal li ¢ conponents other than carbon and/or nitrogen. ITn thrs regard,

the wear resistant coating scheme inciudes an underlayer containing
al um num and chromium and X, and a top |ayer containing alum num and
chromium and X. The underlayer is closest to the substrate and the top

| ayer i sphrasikhiRshaibomtbscsuh Mtﬁta%w%h&r}éﬁﬁéo'naﬁﬁfv% g%a&égg&\iaﬂﬂ schene

further 1ncludes a nmediate nmulti-periodicity nanolaytr coatl ng ;% Yene t hat
i s medi #%0iSrch hlayeidgenelhgarbealaindmel bepuscayerssiva 00%OdiFuibh bekeat knhd he

Si tuat | ofy heil myLARMBAR-GRSLRIAN 4eogLl ng, scheme can i ncl ude

non-netal | 1€ conmponents ot her Kor ni trogen, the nediate

i - i»@di Ci ting. scheme, contains .titaniu al um num
Chr on USRI R R FOaTE A Snih ot iyt BE Gt it Senene
conpr i sesatag (yer alth & Yovet tehhadrcoadicign), ayedtinalsERngeB Nhs Mhengimeach one of

the alternating layer arrangements conprises a base |ayer conpri'sing

titani ufi’ &F '6%9‘}1?}?#%{%1&1“ ?{ugﬂ “Wé‘f?ol’“gggﬁmr 2Giebyr Bmp oaflvrg VAt er nat i ng
nanol ay efderaasiet flu@ iR GROhAWETROMRES. SES Glil&Hh maﬁﬁ% fé?&-@%% ghrom um and
X and anot.her nanol ayer conprises alum num chromum titaniumand X. In

this codtFiRYe Brlasidersntr watng rerap thaphea hell smead ingll Hagwioss ((;:)g.,_daa conpri se
any onedefct : QM jjit r.Ror ron,., carbon and nitrogen,
bo)r/on ang&ﬁﬁ)?rﬁ%rgéeﬂr? ,I/ngzﬂé’r bé%l Haa%g%ggerléﬁ%g% ?ﬁef ?"btglé‘ﬁ?e t%ﬁ’%l?l@& A oxygen,

car bon &ifddcaeygeraydob e leadlisippgen(or satbbdis@inckion dfhegerrane xygen, boron

T0041) Tabre t Ol BB B B LRBE Wrmnei one of 'a costing schent s such
e LI 1 S 0 e LA UL B IS S B En R g Seher
( nanomeeesoi’ cobtigylaya) the tduteknees ivfhetrhetiepald.ndidse e, sequence {or

coating architecture) are such that the aluminum chromium nitride coating layers impede or

block heat transfer and the titanium aluminum nitride coating layers dissipate or spread-away

heat. The result of the coating functioning to alternatively 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,

[6027] 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
depesition (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-



5120 1500-15, 000 t hi ckness of underlayer (42) 200 4160 4 20-500

1000- 11,000 n* ,.. thickness of nediate nmulti-periodicity nanol ayer coating
schene (44) D thickness of to. la er (46) 600 300-2000
WO 2009/079184 PCT/US2008/084838
8-

periodicity nanolayer coating scheme (see bracket 44}, which contains titanium, aluminum,
chromium and nitrogen, The wear-resistant coating scheme 40 has a coating thickness A
equal to between about 1500 nanometers and about 15,000 nanometers. The different coating
layers in the mediate multi-periodicity nanolayer coating scheme can be of different
compositions that have different thermal conductivities. By sclectively arranging the coating
layers in the mediate multi-periodicity nanolayer coating scheme one achieves a coating
architecture that functions to alternatively block heat transfer or dissipate heat, which results

in a reduction of heat in the substrate and at the coating-substrate interface.

[0028] The coating scheme also includes a lower transition coating layer 43 that is on
top of the underiayer 42. The lower transition coating layer 43 provides a transition between
the underlayer 42 to the mediate multi-periodicity nanolayer coating scheme 44. There is an
upper trapsition coating layer 45 that provides a transition between the mediate multi-

periodicity nanolayer coating scheme 44 and the top layer 46.

[0029] In this specific embodiment, the underlayer 42 is closest to the substrate and
the top layer 46 is farthest from the substrate, The mediate multi-periodicity nanolayer
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 laver scheme of

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

10030] ‘The underlayer 42 exhibits an underlayer thickness B, which ranges between
about 20 nanometers and about 500 nanometers. The top layer 46 exhibits a fop 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 30, 52, 54, 56,

.S 8, 60 and 62). There should be an appreciation that the number of alternating layer



t hi ckness of alternating |ayer arrangenent (50) [conbined thickness | of
nanol ayer region (66) and base |ayer 529 200-1400 WO
2009/ 079184PCT/ US2008/ 084838 -13 - ' (64)] F t hi ckness of nanol ayer

regi on (6o BhsAHPQ- 900 G thi ckness of base |ayer (64)})6117%920&890%&8%90
t hi ckness of one pair (68) of alternating nanol ayers

9.

arrangements like that of bracket 50 can vary depending upon the specific application for the
cutting isert. Referring to alternating layer arrangement 50, which is representative of the
other alternating layer arrangements, arrangement 50 contains a base layer 64, which
comprises titanium, aluminum and nitrogen. Alternating laver arrangement 50 further

comprises a nanolayer region (sec bracket 66).

[6632] Referring to FIG. 2A, the nanolayer region 66 comprises a plurality of sets of
alternating nanolayers (68, 70, 72, 74, 76 and 78} wherein one nanolayer 82 comprises
aluminum, chromjum, titanium and nitrogen, and another nanolayer 84 comprises aluminum,
chiromium, titanium and nitrogen. The contents of the aluminum, chromium, titanium and
nitrogen in the one nanolayer 82 can be, and typically are at least for one of the clements,
different from the contents of the aluminum, chromium, titanium and nitrogen in the other
nanolayer 84. In some instances, the chromium content in the one nanolayer is almost or
equals zero. In such instances, the one nanolayer has a composition of (TiyAl )N wherein
0.2 =y <0.65, and the other nanolayer has a composition of {(TipAloCripeq)N wherein 0.2 <
p<05and0.01=q<0.65and (p+q) <1 (and more preferably 03 <p<05and 0.2<q<
0.65 and (p + g} < 1}. In those instances in which chromium is present in both nanolayers,
the one nanolayer of the set of alternating nanolayers in the nanoclayer region comprising
(TiyCry Al xeyy)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 comprisin g (T1,A1Crupeq))N wherein 0.2 <p

<0.65and 0.01 £q<0.65and (p +q) < L.

16033] The nanolayer region 66 has a nanolayer region thickness F equal to be
between about 100 nanometers and about 900 nancmeters. Further, for each set of
alternating nanoiaye;s (68,70, 72, 74, 76, 78) the alternating nanolayers (82, 84) therein have
a periodicity ranging between about 2 nanomeiers and about 50 nanometers, The base laver
64 has a base layer thickness G, which ranges between about 100 nanometers and about $00
nanometers. The base laver 64 has a composition of (TiyAl., )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.

10634] In reference to the lower transition coating layer 43, this coating layer 43
comprises a plurality of sets of alternating nanclayers like region 66. One lower transition

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



1 4" 2-50 thickness of one nanolayer (82) 1.3" 1-16 thickness of other
nanol ayer (84) 2.7"" 1-34 X thickness of |ower transition coatingJ 80 |la er
43) 1 50-200 thickness of upper transition coatingl 80 a er 45)i 50-200

* The ovewad bovdrispness (A) of the coating scheme Pa”.P@HBQ@&&%hh d by
controlling the thickness of the nmediate nulti-periodicity layer (C), which

can be controlled by changing the numper of the repeated |ayers.

transition nanolayer comprises aluminum, chromium, titanium and nitrogen. The contents of
the aluminum, chromium, titanium and nitrogen in the one lower transition nanolayer can be,
and typically are at least for one of the elements, different from the conients of the aluminum,
chromium, titanium and nitrogen in the other lower transition nanolayer. In some instances,
the chromium content in the one lower transition nanolayer is almost or equals zero. In such
instances, the one lower transition nanolayer has a composition of {(TiyAli )N wherein 0.2 <
y =0.63, and the other lower transition nanolayer has a composition of (TipAlgCry peg )N
wherein 0.2 <p 0.5 and 0.01 <q <0.65 and (p + ¢) < 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
lower transition nanolayers, the one lower transition nanolayer comprises (TiyCrAl| ey )N
{TipAlCripog)N wherein 0.2 <p < 0.65 and 0.01 <q < 0.65 and (p + q) < 1. The thickness
of the lower transition coating layer ranges between about 50 nanometers and about 200
nanometers. Further, for each set of alternating nanolayers, the altermating nanolayers therein

have a periodicity ranging between about 2 nanometers and about 50 nanometers.

[0035] In reference to the upper transition coating layer 45, this coating layer 45
comprises a plurality of sets of alterating 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 ajuminum, chromium, titanium and nitrogen in the one upper transition nanolayer can be,
and typically are at [east 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 (TiyAl;.)N wherein 4.2 <
y £ 0.65, and the other upper transition nanolayer has a composition of (11,81 Crypeg)N
wherein 0.2 <p <0.5and 0.01 < <0.65and (p + ¢) <1 (and more preferably 0.3 <p <0.5
and 0.2 <¢<0.05 and (p + q) < 1). In those instances in which chromium is present in both
upper transition nanolayers, the one upper transition nanolayer comprises (THCr Al )N
wherein 0 <x £0.15 and 0.2 <y < 0.65, and other upper transition nanolayer comprises

(Tip Al Cripeg)N wherein 6.2 <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 260



** Measured by transm ssion electron mcroscopy (TEM analysis. 1.0042JFI G
3 is a photom crograph (with a 10scale) taken via optical mcroscope of a
speci fic enbodi mrent of a coating schenme of the invention (Inventive

Speci men Mm 20b0bi@t shows the corner cutting edge of m-geabl@dsfudting
insert. The substrate conprises cenented (cobalt) tungsten carbide that has
a conposition of about 10.5 wei ght percent cobalt, about 6.3 weight percent
tantal um about 5.4 weight percent titanium and about 3.1 wei ght percent

ni obiumw th the bal ance being tungsten carbide grains. The substrate has
the fol h@WnRErHIOPeEL k@SachBe NNl BASHI 6 g@@ca%fr%ﬂgn&ngaag&@ iRfgeedure in
ASTM B311) equal to about 12.3 granms per cubic centineter, coercive force
(HO (mea&{riayradiesr Bngige byvaASTVoBEB MRy e antl ebai S0 narkBC:toer st eds, a grain
size (determ ned by reference to the conparative chart in ASTM B390) equal
to aboul?086b ni crowends&yeraidhanahandtness tequalcotdicibiout Tebas Roclkwel | A.

FIG 3 gh -L6s] stant .coat | schene conpri ses an underl ayer
that is 01(‘)&/\%l S% E?%ﬁég@i"@g%‘%ﬁﬁ% Z olfﬁdgg%ﬁr Pr]?g%a(rfr%(tmeF £y g Jr??fsm%f] B8 mposi ti on
of al unbmemyanterint omiduen amd The topdgyen 46 Thex 1 Biver eGSR antlu@Bati ng schene

al so has £ ayer that is of.a thjcknes ual to about 600 nanoneters
and has Wé‘grc?‘ ﬁg%éé’ip%(?YShé“S?naéF‘Eﬂ‘ﬁ”ﬁt&’ﬁﬁyéﬁhﬁc‘ﬂ?’bﬁ%ff S%Bi%’af %F’Eﬂ? GeNlucH0943] Sti | |

referri @ﬁ FIG, 3, the wear-resi stfggt coating scheme also has a nediate
mul ti - p@r%r” i ci ty"REAT B yECORBEE Ry O 'SER WRE TR RoFtBS SRS ®YSPEPhe upper

transit iore dfayeindand et AR thOWBNaykf 2t MOMaledNBH -perl B iRBAKAL &1 coating
mul ti-periodicity nanol ayer coating schenme conprises a plurality of

al t er natSRGE MRy P adHehigereheiacatdreilirabappioned wetalivelealeberaati ng | ayer
arr angeRLS: HRL bRES n%ré)el?@tﬁe ELRYE £ G0 @Pgdﬁgypgy% éﬁogﬂb%%e%e%wum and

nitrogen and a - nanol ayer region co ernating nanol ayers
wher ei nTaneansanigloay doreawpficdbs aml amionumye ehhomidaryyet mtdané wmlareami t r ogen

and ano r._conprises._al um nu chrom um, .titani um and nitrogen.
[0044] PR e B B 8BS R B PO ik A eTier & of gttt e
base | ayeniuashramtuni, ekhgasiroin, aboutrtef Qomphemit ef Sornd wilgenanol ayer regi on
has a thickness @gﬁal to, ﬁbout C§50 nanoneters. The total thickness of the
wear - r e5T8t A MeOAITHY: BCREHe 21458t Hal to about 5120 nanometers (i.e.,

200nm + m + 8x(170 +350nm ) + 80nm + 600nm . |n the nanol ayer region,
t he tot Qﬁ%}hi ckné&@refsg?”]‘ég%?‘fl grecktion fhabeaRbrr 498 baadrst 4y die sitiogereigiad  t o

about  4:HpaR BRSNS Or tRAhddNg et ol IC - > ik N Regi on
(Cr-poor) and I)IZ\I Ct)r'IIl'l Nr Re%i or{rh?a-r?%phgap%rsﬁggﬁi §c%1§r@:gf)d£‘tﬁgé%ﬂnca oneters. The
t

rati o ofePPRyEKREEEEshre. thhauchi sl rtnReg iusder b G hpoorimmmtioAlb O TN, Regi on
(Cr-ric o . dhAlLCr i : : i Region_(Crsrich), is equal
to abou'{ﬁ%\: 1W}?efedr(l)§l-§]ﬂ “GN?Wsﬁgﬁ%%%g@gggga%B(ﬁ%’taﬁg%l 10 1l’ iT F &Pl e) taken
vi a tr aaswritesd ommlsgioh oM ire AN opleréiT BN)< & 0 Ohendane! payfenbly g on  of

| nventiy eci_men kgR 1.. The.chem.stry of .the nanol ayer regi on of
| nvent i T}g'6 2Ci°men No- ef%”ﬁng S S e erﬁﬂm‘%éﬁlméa@ng%ﬁ}t%(ezgﬂél%é At al
Met al | | is€ospash b b@ﬂp@ftiob&ﬂ@ii%})ﬂ%lﬁ) Regidanvieteih Nyent £ ¥es SpRGhden No. 1 in
At omi ¢ R%slagl I%?e] L:on! El egent TIAICN Regio (Atomc Ratio) (Cr-poor) AICrTiN
Regi on }:(r rablyd g*(}f:ﬁ N Mtti"o§' 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 ) CN,
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 (TipAlCry. ) CN, wherein 0.2 <p <0.5 and 0.0l <q <
0.65 and (p + q) <1 (and more preferably 0.3 <p <0.5and 0.2 <q < 0.65 and p+rg<h
and 5 +t=1. In another situation where both nanolayers contain chromium, the one
nanolayer of the set of alternating nanolayers in the nanelayer region comprises (T1,Cr Al

per JON wherein 0 <x £0.15 and 0.2 <y <0.65 and s +t = 1, and the other nanolayer of the

sel of alternating nanolayers in the nanolayer region comprises (T 1pALGCrip)CsNy wherein



' [ [ ' 1FI G
alum num 0. 483 0.519 titanium0.494 0.354 chrom um 0.023 0.127 10046
4A is a selected area diffraction pattern taken via TEM that shows the face
centered cubic (FCC) crystal structure of Inventive Specinmen No. | of the

: ) i : st G
wear - r esi st@dooBagd Nng schenme. This is evi dent fromth f g{ﬂﬁ eris _
rel ative diameters of the rings of the diffraction pat?er;ref’. %@ﬁ%gFIG 5is
an x-ray diffraction pattern of the wear-resistant coating schene of .

| nventive Specinen No. 1 that shows the presence of two face centered cubic

(FCC) crystal WD 2009/ 079184PC|T/ Us2008/ 08t4ﬁBB -1_5ti-ostzgct K;te:tj rgesg?ughf
g an e posi :
2l ong Ofpkaﬁm'élh%q%%r%}&gggi %)%beéﬁraé é“mfc@é}ﬁ‘ﬁ CrappErat igcusef ul for

al ong the horizontal axrs. rred
t he applshedd bom giprachagor tat thaghromium may be different between the two nanolayers,

[0039] There should be an appreciation that the wear-resistant coating scheme can
include non-metallic components other than carbon and/or nitrogen. In this regard, the wear
resistant coating scheme includes an underiayer containing aluminum and chromium and X,
and a top layer containing aluminum and chromium and X. The underlayer is closest to the
substrate and the top layer is farthest from the substrate, The wear-resistant coating scheme
further includes a mediate multi-periodicity nanolaycr coating scheme that s mediate of the

underlayer and the top layer.

10640] Further, in the situation wherein the wear-resistant coating scheme can include
non-metaliic components other than carbon and/or nitrogen, the mediate multi-periodicity
nanolayer coating scheme contains titanjurn, aluminum, chromium and X. The mediate
multi-periodicity nanolayer coating scheme comprises a plurality of alterating layer
arrangements wherein each one of the alternating layer arrangements comprises a base layer
comprising titanium, aluminum and X and a nanolayer region comprising alternating
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 nifrogen, carbon and boron and
nitrogen, nitrogen and oxygen, carbon and oxygen, boron and oxygcen, carbon and nitrogen

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

j0041] Table 1 sets forth the typical dimensions of a coating schemc as such sct forth
in FIGS. 2 and 2A.

Table !
Typical Dimensions for Coating Scheme of FIGS. 2 and 2A
Dimension | Description Example (nanometers; = Range (nancmeters)
AT overall thickress of the coating scheme | 5120 1500-15,00C )
B thickness of underlayer (42) 200 20-500
cr 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 altemating layer 520 200-1400
2 arrangement {50} [combined thickness
! | of nanolayer region (55) and base layer \




schene is shown and described in European Patent No. 1 186 681, as well as
in US Patent No. 7,025,863 to Seeli et at Each one of these patent
docunents are hereby incorporated by reference herein. [00491In regard to

t he appl i ¢as 106p-09fs4speci fi c enbodi nents of the wear-relgé !{J%ﬁ@%g ting
schene of the invention by the above-referred PVD system 388 sition of
the multilayer Ti-Al-(X)-NAl-Cr-(X)7N:-coatings were performed using an

i ndustrial coating system (Type RCS, NNO\/A) of the conpany Cerlikon

Ral zers Coating. A description of this coating systemis described in

Eur opesd : Mﬁh ription

in Colu 7,1 th 9 e—25+—wheneint-he—above-Eur opean

pat ent Ers] herebymgﬁ@imﬁhﬁh@efZ:r!e7 e—-herei-f: ?O'b'apzited St-at-es P

equi yal ent ot ‘Fon'e'rp f;f@ﬂZ eP%ng At S—4; S—-Pat '15“, 5 025,863 to

Seeli el al., and,j, diN§"Pext is at Col um™®, 1ine 22 through

Col um K ted—-St-at-es—pat-ept—-s—hereby

i ncor porated b i 0650} Fo—producethdbe coatings. cl eaned
PO y el ELEnsR, el [ 0050] Fo—produce-—thgse coatiAgs-<

perts QSpECI at I C%&SQ)HB {Eidgﬁ-tllhb ting! €T et 10t et gé_@get er—wer-e—munt ed

ei t her jusing dougyaem@)r triple rotation on a substrat rousel and four

mel ti ngymetartungleals LACELEH T = A - t arget s ant - po—powder—

met al | urgi cal ne@ygrgg)tﬂﬁr% %1 dérc ? arogets i ch Wg' pl aced in silx

cat hodi ¢ "are sources on the side waltsof—the—coat+hg-chanber—The-geonetry

of the ar??rﬁ’géf#ﬁrﬁ‘tmlﬁﬁleg‘ﬁt(ﬁeOfféﬁgeﬁtf@glsehemlcah&zeokeitnohecdbybgontrhmngdieagonal | ayout

0! o' BRERLORE b Ko B 26 R GOR 00 BYSHET 50 ALSRLUR, QBROSL e 1 0 each

ot her arranged heating seg nts EQZH%yi ng

t hree c@m@wfihveepam@hged are cat hodes For t he present experinments, an

Al - Cr-Target was nounted opposite in each mddle position of one segnent,

but in pf Meeiupalbywansoissot degeh neiclangeTeEPLS aganide used for deposition of
this kind of coatings. At |least two arc cathodes in a geonetrically

equi val Bif¥2]posi t iFd6. havehtonbeogssid fior: depasidd) Mkeh MRSBHEOAEDYSpe
[0051]8 ntI t he arts |ch shoul d be coated, were heat ed up to

ar ound %(?O%g%g ‘?%m?né ACPRE AkEod RRRN TR DAl dnysek apreitep Nrolint ed i n t he
coat | ngthStyﬁbﬁmheAIuh@huftth% eheea&ﬂma&aeemag%@wﬁ?@csebaiaetéagmta@gtS was cl eaned
by Argon etchi n% usin DC bi as voltage of - 5 n an Argon

at nos ph&renige (¢ F}éé%gﬁ?eé cgpidg izt pgs a cantiBsitipn 0OFR L. T wwighigpetasot

Al - Cr - sQiLI y I bstr Le bi as oI t.age of -40V
during a t?%g®g%%a€%%% %@ﬁﬁrﬁ%uésgb\%g?g“%s%ypﬁmm ltramuglnal}ﬁ ﬂgunderl ayer
with a VHERkaesst nofbivn sdhdhdhaan baﬁhgmngﬁmwxéqmmrw@bm@b dQuge Ti - Al

target posi L t he i.tion layer for two
m nut e:fo ﬁé#v&gﬁégﬁgﬁza @é?jﬁ%lsﬂ“lfeﬁgflcf%?@g t%%awg&%% Y iFHg Laldeposi t ed
wher e ab about$2.3foounts Pir elAhe saUmers aabeiRoWRE (19f) (APRNRY 'aEE?skﬁbQ’ 0 kKWwere
used f\(l)ﬁ{ @4@%3%2 of aro ? m ng{ies and at second the two Al-Cr-sources
vere svrt %eqéﬂﬁlcﬁ)ta BhaPY gertiedsy p&rabiire (Seamming o icirengotertbes t hat a

Ti Al - CreoMph) f chagsn heTWEBR o0 uas toarhs T 6%?1@59191%&“8{@ 1AL o BRRE OXI mat el y
7 mnutes. For the existing enbodinment th I'ayer package was repeat ed
sever al2Ppiifes Reskyel Aa [OvERoz6aat thy ‘vt’ﬁﬁtrtﬁtsn?e@sccafmg fberconphetsedamedi at e

mul ti - nengl. -Cr targets and four Ti-Al targets
wer e uggigé]%gbﬁlg%%%lt t gxﬁéﬁ%u£h$ ﬁt\%{') BRI A FEYBEHEO t wo mi nut es.
At the aérm@mmagaqi phrommAnd@i dgeho Fhayed; redisimgodihg ssafmR parasetgrs as for

t he unq elsogaﬁu%ncsoatl g ti rreﬁ%f around 6(? m nutes, with a thickness of
0.6 um e osi SACHIE SRt RP R EE G8F P SRR bRl B s pher e at
a pr essmaiehromlﬁpmcbﬁtrﬂ@tnel y 3 Pa and a bias voltage of around -40V. In
general, the working pressure for each single |layer can be in the rat-nme of

0.5to [&)4Ba but St efefiies et WerNwbhrGeafith: 20Ag sERMeLRE ndepRsiiti.on of
nitrides. a pure nltro%@n atrmsphere or a mxture of nitrogen and a noble

gas, | MKREUEFHEHEIY CapolpeT eoRing mevx)l"i@r"%W‘C@fﬁp&tﬁw@%ﬁmlttmé@en and a

car bon 6O 3 M RGnIaS | f bonl trides.
Furthernore for theﬁ%lr g%c?ﬁ%hﬁgﬁg{e%gg?ﬁ%{?agor 06 Lly(ée(l)rcl atmg e“ﬁ | ms, oxygen
or bor 6AMEGHE APHIA G praematamlabe avaxathdnptohctdiecacbabi oighpalasesisg 10053) The
fol | ow tr eutlllt and performance of the coated
cutti nggpylgrnég%e(a?l &% aﬁﬁ%& ‘%heeia‘g/\eracro 9 8%‘?‘%%%{“%8@{1] ?@H@Wené‘?&i

i nvention. [0054] Test 1 conprises a test of six coat ed cutting inserts

| abel ed Experinments 1 through 6. Experinents |I through 5 represent the
actual state-of-the-art coated cutting inserts in the conmercial market.
Experiment 6 is the inventive coated cutting insert. Test 1 conpares the
performance of high speed face mlling in alloy steels using a cenented
car b| de i nsert of the foI I OWI ng georret ry: SDPT1204PDSRGBZ The wor kp| ece

oA -— N P



V\D‘2009/ 079184PCl YUS2008/ 084838 -17 - Table 3 Test Results in high speed
face mlling in alloy steels for Test 1 Experiment No./ Coating Description
? |1 Coating Ithickness liftim Nunber of passes* I TiN+ TiCN + Ti N

PVD Ti CNwlaasesi)roda5 4 2 TIN + AITIN + TiN (PVD AITiN pased) J 4.9 1 3 TiN
ErTiCN+CVD-kappa-AI203' 6.5 3.54TiN+T.0\|+C\/Da‘?‘B§a-%(“56¥. 6.1 5

-14 -

nanolayer region comprising alternating nanolayers wherein one nanolayer comprises
aluminum, chromium, titanium and nitrogen and another nanolayver comprises aluminum,

chromium, titanjum and nitrogen.

[0644] For each alternating layer arrangement of which there are eight, the base layer
has a thickness of about 170 nanometers and the nanolayer region has a thickness egual to
about 350 nanometers. The total thickness of the wear-resistant coating scheme is equal to
about 5120 nanometers (i.e., 200nm + 80nm + 8x(170nm +350nm ) + &0nm + 600am). In
the nanolayer region, the total thickness for each set of alternating nanolayers is equal to
about 4 nanometers 5o that the total thicknesses of the TIAICtN Region {Cr-poor) and
AICrTIN Region (Cr-rich) is equal to about 4 nanometers. The ratio of thicknesses of the
TIAICeN Region (Cr-poor) and AICrTiN Region (Cr-rich), i.e., TIAICTN Region (Cr-
poor):AlCrTiIN Region (Cr-rich), is equal to about 2:1.

[0045] FIG. 4 1s photomicrograph (with a 10 nm scale) taken via transmission
clectron microscopy (TEM) in the nanolayer region of Inventive Specimen No. 1. The

chemistry of the nanolayer region of Inventive Specimen No. 1 is set forth in Table 2.

Tabie 2

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

Region/ Element TIAICIN Region {Cr-poor) AICITIN Region (Cr-rich)
(Atomic Ratio) {Atomic Ratio)
aluminum ) (1.483 0.519
titanium 0.494 10354
| chromium | 0.023 0.127
[0046] FIG. 4A 15 2 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 1s evident from the characteristic relative diameters of the rings of the

diffraction pattern.

[0647] FIG. 5 is an x-ray diffraction pattern of the wear-resistant coating scheme of

Inventive Specimen No. | that shows the presence of two face centered cubic (F CC) crystal



5 TIN+ TiCN+ AlI203 + TIN(CVD) t 9.9 4.5 6 AICN +Ti AINAICrN-nmul ti | ayer
+ ACGNI 5.0 9.5 at a wear c erion of VvE,,"," = 0.3 mm Test 1 shows a
conparison of the lifetine 01;1 coat ed I(:teman':]ed fﬁ;t)l ?ﬁel _ns\e/r';]fi 1/2 gogl gg

i gscation. These results show
zgteteidnguit tr?;@é?}tgﬁ??lﬁmg., Experinment 6) exhibits an incr ea]s)&é'p/f’r PYPEF e by a
factor greater than two conpared to FExperiment 1 the commercial tool
benchnark. 10055] Test 2 conprises a test of five coated cutting inserts |
(Experinents 7 through 11) wherein Experinent No. 7 is an inventive coate

hat have
ttin HEXR resent coated cutting inserts t
g? helr ggﬁ%ﬁg& sTc errglgrgt g%i%’ﬁﬁ %LJ'I] é%%t"%‘%&%p%‘é% E’t”ldgf?‘? R s ﬁﬁé‘miiﬁﬁﬁkﬁ%ss
adhesi onloagite hwrigerdtiaxdness of experinents 7 through 11 are presented in

bi as vol t age,
Tabl e 4. Process paraneters such as target power, substrate
wor Ki ng{W&ssure @nm;a:d‘?eproémauﬁg abyRReY R8T Bor McLapS RANBn bithd @(paltﬁ% 5. Test 2

| teel using cenented carbide
Cobr t o bl o AR R R hA0R Eliope itk Yo POreTo wﬁw%mam@w mat or i al
is an aNOOYOSi E@ t04&240cr(aDI Bbc]a oE@8%34%%di’z)cumm§?l%%%bg%c8 é)eLs ?)reet ﬁs
fol |l ows: cuttln . Speed vO 300 mMmn; Feed rate Ti ¥ p

of cut Crf neepeRR W dt h of cut a, = 61 ram Pass length lu 610 nm

d Wear criterion: Vb,Ilnax = 0.3mm The test results for
%g{ agt H’tﬂggget aP dperearhtothneligise b meci AEr200B/0RO1 84 REH.AIS2R08/ 084838
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Experi nent target conpos
multilaver Ti-Al- (X)—\UAE Cr- (X)—N coatmgs were performed using an industrial coating

system (Type RCS, INNOVA) of the company Oerlikon Balzers Coating. A description of
this coating system is described in European Patent No 1 186 681 in Fig. 3 through 6 with a
written description in Column 7, line 18 through Column 9, line 25, wherein the above
European patent is hereby 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.

16056} To produce these coatings cleaned parts, especially carbide inserts, related to
their diameter were mounied 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 piaced 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 (OQerlikon Balzers) coating system in which two
opposite to each other arranged heating segments separaie 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 deposifing these coatings.

[0051] Subsequently, the parts, which should be coated, were heated up to around
500°C by uwsing 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.
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10652] Following two Al-Cr-sources, using a power of 3 kW and a substrate bias
voltage of -40V during a time of around 18 minutes, were used to form an AI-Cr-N
underlayer with a thickness of around 0.2um. Then, two Al-Cr targets and four Ti-Al targets
were used to deposit the lower Ti-Al-Cr-N fransition layer for two minutes. Afierwards an
alternating layer arrangement coating was deposited where at first four Ti-Al-sources at a
power of approximately 5 kW were used for a time of around 5 minutes and at second the
two Al-Cr-sources were switched on additionally to the four running Ti-Al-sources that a Ti-
Al-Cr-N layer was formed. All six sources together ran for approximately 7 minutes. Forthe
existing embodiment this layer package was repeated several times to get a given coating
thickness of the completed mediate multi-periodicity nanolayer. Then, two Al-Cr targets and
four Ti-Al targets were used to deposit the upper Ti-Al-Cr-N transition layer for two minutes.
At the end, again, an Al-Cr-N toplayer, using the same parameters as for the underlayer and a
coating time of around 60 minutes, with a thickness of 0.6 um was deposited. All coatings
were deposited in nitrogen atmosphere at a pressure of approximately 3 Pa and 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 m'ﬁrogen
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.

[0654] Test | comprises a test of six coated cutting inserts labeled Experiments 1
through 6. Experiments | through 5 represent the actual state-of-the-art coated cutting inserts
in the commercial market. Experiment 6 is the inventive coated cutting insert. Test |
compares the performance of high speed face mitling 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 v = 300 m/min; Feed rate ;= 0.2 mm/tooth; Depth of cut a, = 4 mm; Width of cut g, =
6! mm; Pass length 1 = 610 mm; Coolant: dry; and wear criterion: Vimax = O.3mm. The test

results are set forth in Table 3 below.
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Table 3
Test Results in high speed face milling in alloy steels for Test 1

Experiment No./ Coating Description j Coating Number of passes*

| thickness

| {um]
I TiN+ TiCN + TiN (PVYD TiCN based) 13.5 4
2 TiN + AITIN + TiN (PVD AITiN based) 4.0 ]
3 TiN + TiCN + CVD-kappa-Al; O, 6.5 3.5
4 TiN + TiCN + CVD-alpha-Al,0O4 16.] 5 N
5 TiN + TICN + ALO; + TiN (CVD) 9.9 4.5 i
6 AICTN +TiAIN/AICeN-multilayer + AICIN [ 5.0 9.5

* at a wear criterion of Vi, ma = 0.3 mm.

Test 1 shows a comparison of the lifetime of coated cemented carbide inserts in a high speed
cutting application. These results show that the inventive coated cutting insert (i.e.,
Experiment 6} exhibits an increase in lifetime by a factor greater than two compared to

Experiment 1 the commercial tool benchmark

[0655] 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 8-11
represent coated cutling 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 hias 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:
SDPTIZ204PDSRGR2. The workpiece material is an alloy steel 4140 (DIN 1.7225,
42CrMo4). The cutting parameters are as follows: cutting specd v, = 300 m/min; Feed rate
£=02 mmﬂtdoth; Depth of cut a, = 4 mm; Width of cut a. = 61 mm; Pass length 1= 610 mum;
Coolant: dry; and Wear criterion: Vi ma = 0.3mm. The test results for Test 2 are sei forth in
Table 6 below.
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Table 4

Target Compositions and Resultant Coating Properties

Experiment ‘! target composition coating | Adhesion* | micro-
No. target 1 | target 3 thickness hardness
j [pm] {HV0.03]

Alat% | Crat% | Tiat% | Alat% | X at% 1

7 70 30 50 50 | - 5 HF1 C2609

8 70 30 50 50 - 4.9 HF1 bo2690

9 70 30 45 45 1 Si=10 4.8 HF1 2635

10 79 30 20 65 1Cr=15 5.1 HF1 0846

It | 70 30 42.5 425  Cr=15 4.9 HF 1 2466

* as measured per the Union of German Engineers” Guideiines VI)I3198 and VDI3824-4

Table 5

Experimental Process Parameters

Experiment! PTargetl | PTarget? | USubstrate pN2 | Temp.
No. (kW) (kW] [Vl | {Pa] [°C1
7 3 5 -40 3 500
8 3 5 -40 3 500
9 3 5 -4 3 500
10 3 301 40 3 500
13 R 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 [um]j

7 AICN +TIAIN/AICeN-multilayer + AICIN * |5 9.5
8 AICHN + TIAIN/AICrN-multilayer + AIC/N** !5 5
5
5

9 AICrN + TIAISIN/AICtN-multilayer + AICIN 7

10 AICIN + AITICAN/AICTIN-multlayer + AICIN g

{11 AICIN + TIAICIN/AICIN-multilayer + AICIN |5 5.5

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

**  In experiment 8, four AICr targets and two TiAl targets are used, while in experiment 7
two AlCr targets and four T1Al targets are used.

*EE Ata wear criterion of Vi max = 0.3 mm.
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It is apparent that in Experiments 7 to 11 various target materials were used to deposit
different kinds of multilayer coatings. Already improvements in comparison to the
benchmark coatings (see Experiment 1 in Example 1) could be observed, but the coating,

which is described in the invention (Experiment 7}, showed the most promising performance.

19056} Test 3 comprises a test of two coated cutting inserts (i.e., Experiments 12 and
13) in the face milfing in carbon steel. The coated cutting inserts were cemented carbide
inserts that had the following geometry: SDMT1205PDR-HQ-M. The workpiece material
was carbon steel 1045 (DIN 1.1161, Ck45). The cutting parameters were as follows: cutting
speed v, = 350 m/min; Feed rate f,= 0.2 mm/tooth: Depth of cut a, = 4 mm; Coolant: dry; and

wear Criterion: Vi = 0.3mm. Table 7 presents the fest results.

Table 7
Test Results in face milling in carbon steel for Test 3
Experiment No./ Coating Description Lifetime |Notch Comer
[min] wear [mm] | Wear [mm] |
112 AICIN +TIAIN/AICTN-multilayer + AIC/N * [21.6 (.29 0.14
13 TiN + TIAIN** 8.2 10.31 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.

[6057] 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:
SDMTI1205PDR-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 critcrion: vy g = 0.3mm.

Table 8 presents the results of Test 4.
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Table 8
Test Results in face milling in alloy steel of Test 4
Experiment No./ Coeting Description | Lifetime | Notch Corner
[min} wear [mm] | Wear [mm]

14 AICIN +TIAIN/AICTrN-multilayer + AICTN*® [11.9 £.286 0.3

15 TiN + TIAIN*# 6.2 0.314 0.3

16 TiN + TiAIN** 6.3 10.266 0.3 |

*
e e

The

coating in experiment 14 is the same as coating in experiment 6, 7, and 12.
state-of-the-art coating available on this tool in the market

result of Test 4 show again a comparison of the coated cutting insert invention {i.e.,

Experiment 14) against the standard avaiiable coating on this kind of inserts in the market

{(Experiments 15 and 16). This test was done at moderate cutting speeds. A performance

increase of eighty-nine percent (89%) as compared to Experiment 16 could be detected. In

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

[6058] Test 5 comprises a test of four coated cutting inserts in medium high speed

drilling in Gray Cast Iron using KSEM styie modular cemented carbide drilling inserts. The

workpiece material was Class 40 Gray Cast Fron (~250 BHN). The cutting parameters were

as follows: cutting speed v. = 198 m/min; Feed rate £;= (.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 135 bar. The wear criterion was Vianax = 0.38 mm.

The results are set forth in Table 9 below.
Table ©
Test Results in medium high speed drilling for Test 5
| Experiment No./Coating Description Cutting length [m] | Corner Wear [mm!
17 AICIN +TIAIN/AICeN-multilayer + AICIN [73.9 0.5
I8 TIN + TiAIN 45.4 (.74
19 AITIN 454 0.75
120 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.
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0659] It 1s apparent that the wear-resistant coating scheme of the present invention
exhibits advantages over earhier coating schemes. In particular, the wear-resistant coating
scheme of the preseht invention exhibits a lower thermal conductivity by using selected
coating sequences and coating compositions. Such parameters affect the thermal
conductivity of the whole coating, and thus, mfluence the extent of heat transfer from the
cutting insert-chip interface (or contact zone chip-coating surface) to the substrate and
coating-substrate interface. 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 subsirate

typically increases the useful life of the cutting insert.

[0060] More specifically, it is apparent that use of the aluminum chromium nitride
top coating layer helps to impede the transfer of a significant amount of heat from the cutting
insert-chip interface to the substrate and coating-substrate interface. One result is that much
of the heat remains in the chip. Another result is that heat that transfers into the top coating
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-nanclayer coaiing sequence within the
base layer is that heat transfer 1s alternatively blocked or spread away from the substrate.
Finally, the presence of another aluminum chromium nitride coating laver between the
substrate and the base layer helps to protect the substrate and the coating-substrate interface

against the heat transfer.

[6061] 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 onc specific embodiment of
inventive coated articles. There is the contemplation that the coated articles encompass other

coated articles such as, for example, wear components,

{0662} ‘The patents and other docurnents 1dentified herein are hereby incorporated by

reference herein. Other embodiments of the invention will be apparent to those skilled in the
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art from a consideration of the specification or a practice of the invention disclosed herein. It
13 intended that the specification and examples are illustrative only and are not intended to be

limiting on the scope of the invention. The true scope and spirit of the invention is indicated

by the following claims.
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aluminum, chromium and nitrogen; and

the mediate multi-periodicity nanclayer 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, aluminurs 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 nanclayes
region thickness wherein the base layer thickness 1s smaller than the nanolayer region

thickness.

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

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

3. The coated cutting insert according to claim | 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;
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and nitrogen, 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 altemating
upper transition nanotayers wherein each set of alternating nanolayers comptises one upper
transition nanolayer comprising aluminum, chromium, titanium and nitrogen and another
upper transition nanolayer comprising aluminum, chromium, titanium and nitrogen, and the
upper transition coating region providing a trénsition 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.

4, The coated cutling 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.
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in alloy steel of Test 4 Experinent No./ Coating Description Lifetime mn
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5.

6. The coated cutting insert according to claim 3 wherein:
the underlayer comprising (Al,Cri..)N, and wherein 0.2 <a <0.7;
the top layer comprising (Al,Cri.)N, and wherein 0.2 <a 0.7,

the one upper transition nanofayer comprising (Ti,CreAlj peryy)N wherein 0 <x

< (.15 and 0.2 < v <0.65, and other upper transition nanolayer comprising (TipAlyCrigeq)N

wherein 0.2 <p <0.5and 0.01 <g <0.65and (p+ g} <1, and

the one lower transition nanolayer comprising (TiyCreAlay)N wherein 0 <x

wherein 0.2 <p<0.5and 0.01 £g<065and{p+q)<1.

7. The coated cutting insert according to claim 3 wherein the underlayer
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 metads from Group IVh, 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
medizte 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 (Ti,Al,) CN; and wherein 0.2 <y < 0.65 and s + t = 1, the one nanolayer of the
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are set forth in Table 9 bel ow. Table 9 Test Results in medi um hi gh speed
drilling for Test 5 Experinment No./Coating Description ' Cutting |len
Corner Wear [m] 17 AICrN +TiAINAlerNnultilayer + ACrN 173.9 0.5
Ti AN 145.4 0.74 11. The coated cutting insert according to claim 1 wherein the wear-resistant

coating scheme further including:

an underlayer comprising aluminum, chromium, nifrogen and carbon
according to the formula (Al,Cr)CN,, and wherein 0.2 <a <0.7,and s+t = 1,

a top layer comprising aluminurr, chromium, nitrogen and carbon according to
the formula (AL Cr ) CNiand wherein 0.2 <a<0.7, and s+t = 1;

the underlayer being closer to the subsirate 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,

Castrm

gth [n
18Ti N +

nitrogen and carbon and another lower transition nanolayer comprising aluminum, chromium,

titanium, nitrogen and carbon, and the lower transition coating region providing a fransition

between the mediate multi-periodicity nanclayer 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 nanclayer comprising aluminum, chromvium, fitanium, nitrogen and carbon and
another upper transition nanolayer comprising aluminum, chremium, 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.
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' nanolayers comprises one nanolayer comprising aluminum, chromium, titanium and X and

another nanolayer comprising aluminum, chromium, titanium and X; 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.
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cont ai niEJORFURTSINT CRRIEHcEN ARYTHPE P HgRH etween the medjat ayer

CoﬂtainF&Qx@EHﬂE&HE&mQ&%ﬁHQﬁﬂkﬁ@@nﬂhﬁhﬁﬁ@ﬂawﬁﬁd wherein the underlayer
being closer to the substrate than the top 1layer; - a | owner

transition coating,y, r%ﬁ@%&daﬁh%%gmpédﬁéﬁlsh Ya AliraB8E 5 Ofs RhLLGhRAaL Ng
| ower transition nanol ayers erel ach set of alternating tower

t ransi t upger anstiay erelgonprlicses careset ofwieritatiag sppdrdnnsiiomhapdryesonpri si ng
al umi num_ chromium titaniumand nitrogen and another l.ower t.ransitdon
nanol ay &Y ERIES F1S FHRE SO O E o RUH o 4 WRU APATHICEr g 3K he

| ower t ansiciiep Dpf@dtahiBor 8RR FRWIrRinRG haniGANSirbin@in RREMEE NN e anedi at e
mul ti-periodicity nanol ayer coating schene and the under] ayer;

an uppethetupaﬂlsﬁl'%ﬁsél@n@@a’{ﬂliMQEHOé@f@ﬂ\f%@{é apensiioybeweenithg madjaigmulist s of

al t ernat L ady URPEE 1L ANRLIH O NANAk AYRI Sowherel each set of al ternating
nanolaygrs ConpriSée~ohe u%per Fansi t 1N “nano ayer conprising alum num

chromum titanium and..ni trogen. and_anot.her upper iransi.tion.nangl.ayer
conprising alumn an%%$8ﬁFﬁ%?eqq %%?ﬁﬂ@%ﬁa°8§§E66§ He %%Egﬁ%m%ﬁ%é¥y
tran$'t%Rﬁﬂ%@ﬁﬁhﬂﬂcéﬁﬁ%Q&ﬁ&ﬁQ%hﬂbﬂﬁpﬁt&&ﬁﬂ@ﬂbé&@%b@ﬁ&@en the nedi ate

mul ti-periodicity nanollayer coating schene and the top | ayer; and

the nmediate nmulti-periodicity nanol aycr coating schene being nediate of the
| ower transition coating region and the upper transition coating region.

4. The coated cut 16 niynatyelral applovwedi wgtirosdrae sPBPyFeE dieslamelapreing
transition.coating. region havin | i-tion. thi t he upper
transit?gﬁd@%g Pﬁgﬁ?égﬁ%ﬁ*ﬁgﬁﬁ%gC§ﬁ“§%%E?£§?@ﬁ%ﬁ@%gﬁ£?ﬁ§t1%@@??%and wherein
t he | owgliroinfian shd Kowhtdick nesgriieiangohesta gbap coizastingodhiaypesn, kadioan

t hi ckness, and the upper transition thickness being | ess than the nanol ayer
regi on PePBKGE and nitrogen, boron amfl nifrREeR 0at ed cutting i nsert according to
claim3 wherein the underlayer being of an underlayer thickness ranging

bet ween about 20 nanoneters and about 500 nanoneters, and the top |ayer
being of a top layer thickness rangi ng between about 300 nanoneters and
about 2000 nanoneters; each set of the alternating |ayer arrangenents being
of a thickness rangi ng between about 200 nanoneters and about 1400
nanoneters; and the sets of alternating nanotayers having a periodicity
rangi ng between about 2 nanoneters and about 50 nanoneters.



-25 - 6. The coated cutting insert according to claim3 wherein: the
under| ayer conprising (AlaCri.a)N, ang,wherein 0.2 < a < 0.7; the top |ayer
conprising (AlaCri,a)N, and wherein 0.2 < a < 0.7, t he one
upper transition nanol ayer conprising (liyCr, Al14x Hy))N wherein 0 <x <
0.15 and 0.2 <y < 0.65, and other upper transition nanol ayer conprising
(TipAltiCri-(p-FON wherein 0.2 < . d + q) <
1; and “¥PoR a(n@ boron %ﬂvﬁenﬂgor%% Holé%%ren%%l gﬁ sY"t(?e:ﬂ b%ag}?l(g%o%éoﬁ %%gﬁ%)?%gﬁﬁgyé& i

(Ti y Cr xAor( 2t thd goh @fi@ by @n BorsiDarlimi@sgdn@nd oytygenDaibcariamcindtbbam dndwer
transition nanol ayer conprising (TipAlICri-(p+g))N wherein 0.2 < p < 0.5
and 0. Ottregey ad@xggeand (p + < 1. 7. The coated cutting insert
according to claim3 wherein the underlayer having an underlayer thernal
conductivity and Rkthbstse of aypdyingtheinmylisze radepérayerittieiaser cwemdttict i vity,
and the ynderl a ex.thr%aI(ﬁonductivity being |l ess than the base | ayer

t her mal ® Hﬁd@?&%@@ﬁ; St He top |ayer having a top |ayer thermal
conductivity, and the top layer thermal conductivity being less than the
base | ayer thermal conductivity. 8. The coated cutting insert
according to claim3 wherein the underlayer, the top layer, the upper
transition coating region, the lower transition coating region, and the
medi ate mul ti-periodicity nanol ayer coating schene each further conprising
one or nore of the netals from Goup I1VID, Vb and VIb of the Periodic Table
and al um num and silicon. 9. The coated cutting insert
according to claim3 wherein the underl ayer, the top | ayer, the upper
transition coating region, the lower transition coating region, and the
medi ate nulti-periodicity nanolayer coating schenme each being applied by
physi cal vapor deposition. 10. The coated cutting insert
according to claim1l wherein the nediate nulti-periodicity nanol ayer
coating schene further conprising carbon, and the base |ayer conprising
(TiyAll.y) CsN and wherein 0.2 <y 0.65 and s t= 1, the one nanol ayer of
the -76 - set of alternating nanolayers in the nanol a.yer region
conprising (TiyCrxAli (,,y0C N( wherein 0 <x 5 0.15 and 0.2 <y < 0.65 and
s +t =1, and the other nanoi ayer of the set of alternating nanol ayers in
t he nanol ayer region conprising (Ti pAlgCri.(1,+q0C, N, wherein 0.2 < p 5_
0.5 and 0.01 <g50.65 and (p +qg) <1 and s + t=1. 11. The
coated cutting insert according to claiM1 wherein the wear-resistant
coating schene further including: an underl ayer conpri sing

al um num chromum nitrogen and carbon according to the foinula
(AlaCri.a)C N, and wherein 0.2 <a <0.7, and s t =1; atop
| ayer conprising alum num chromum nitrogen and carbon according to the
formula (AlaCri.a) CsNit and wherein 0.2 <a <0.7, and s t = 1; the
under| ayer being closer to the substrate than the top |ayer; a
| ower transition coating region conprising a plurality of sets of
alternating lower transition nanol ayers wherein 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
nitrogen and carbon, and the lower transition coating region providing a
transition between the nediate nulti-periodicity nanol ayer coating schene
and the underl ayer; an upper transition coating region
conprising a plurality of sets of alternating upper transition nanol ayers
wherei n each set of alternating nanol ayers conpri ses one upper transition
nanol ayer conprising alum num chromum titanium nitrogen and carbon and
anot her upper transition nanol ayer conprising alum num chromum titanium
nitrogen and carbon, and the upper transition coating region providing a
transition between the nediate nulti-periodicity nanol ayer coating schene
and the top | ayer; and the nediate nulti-periodicity nanol ayer
coating schene being nmediate of the |lower transition coating region and the
upper transition coating region. 27



12. The coated cutting insert according to claim21 wherein the cutting
insert having rake surfaces and flank,surfaces, the rake surfaces
intersecting the flank surfaces to formcutting edges at the intersection

t her eof 13. The coated cutting insert according to claim1l
wherein the substrate conprising one of the follow ng: high speed steel,
cenented carbides including cobalt-tungsten carbide, ceramcs including

Si AION and alum na and silicon nitride, cernmets including titanium carbi de,
and superhard materjal s includi Sint e cubi.c baron nitride and sintered
di anond. applymgﬁll? EUKI 1%‘6%{%8' Oéf Ettﬁl%g}% %{géefrdtlgﬁ %@Tqﬁ{s{'&e&yﬁg% chi pform ng
mat erial renoval peEAibhoNeachR@edufiid lagriaRagFdm@ObRApSdingthe steps of: a
substrate and a wear-resi stant coati ng schene wherein the wear-resistant
coating schenme conpri $ipBGing a base layer comprRidReh @t AdbdihurPehd Meived ty

nanol ayer coating schene ' containing titanium alum num chromum and X;

wherein X conprises a?%ggﬂgg%ﬁm@k@&ﬂ%@oﬁQ&%bﬁﬁh@@xﬂiqﬁkﬁ?099”1 car bon

boron, carbon and nit oron and nitrogen, carbon and boron and
nitrogen. nitrogen and oxygen;..car . C ] I . ...carbon
and nitrogen and oxygen, b%%gﬁngﬁi %@P ogéﬁé§%§ﬂﬁ§%glﬁgn§% 1§§¥ggﬁﬂn-d
boron and nitrogen and oxyg&#steps of: the nmediate multi-periodicity
nanol ayer coating schene conprising a plurality of sets of alternating

| ayer arrangenents wherein each @pBuforkhendhicecaapdisig hayen, duhangenment s
conprises a base | ayer conprisin%ltitaniu ~alum num and X and a nanol ayer
region conprising a plurality ofchsemsginpfndl ékthati ng nanol ayers wherein
each set of alternating nanol ayers conprises one nanol ayer conprising

al um num chrom um titani um ancpdyargknaihet hrolajemnoigyiens cbwprimsi ng

al um num chromum titanium and_ X; and ani d t he base | ayer having
a base |ayer thickness and the nahOMEVEAGEYTSRY Kavi ng a nanol ayer region

t hi ckness wherein the base | ayer thickness is snmaller than the nanol ayer
regi on thickness. 28 15. The coated cutting insert according
to claim14 wherein tRenW8ad of §5iviidloatifatdRcsehemIRghMERLRRT 6 itGesdi Nng: an
under | ayer containing alum num chrom um and X; a top |layer
cont ai neemgprdingribagieps ofir omi um and X, and wherein the underl ayer being
closer to the substrate than the top |ayer; a lower transition
coating regi on compridsigrgeudtip] insad subyraé, sets of alternating | ower
transition nanol ayers wherein each set of alternating |lower transition
nanol ayers conpr i s&s t0agplyiopelic hedins niulopeniadicitayeatolonpratiag sghealeun num
chromium titaniumand X and anot her | ower transiti.on nanol ayer conprising
al umi nuARPLERECRIZG ) b ‘il’t"%?ﬁ‘itar‘ili-eash‘lis%*eaéﬁ&%ﬁﬁ]@y?r&ﬂ’éwﬂt‘?%ﬁ%lﬁl?%fh C@Eﬁ’éﬂ“ﬁlg regi on
providig&j%.transition between the nediate nulti-periodicity nanol ayer
coati ng schéne and the underl ayer; an upper transition coating
region conprisingyapl %rf%éfgi&%fg%f Sghe Al BbEGHARE AdNIIYAP&Ratihd @RSk ON

nanol ayers wherein each s of “alternatin upper transition nhanol ayers
conpr i séstengiclidp@rapblyansiht inonlisamoaliayeiodoayphchyg cabting scheme ehthom um
titanium and X and anot her upper transition nanol ayer conprising alum num
chr oni udelRYghrY and X, and the upper transition coating regi on providing
a transition between the nediate nmulti-periodicity nanol ayer coatjng scheme
and the top | ayerappivige a top layer to the medige maHi-perodiilyianplays: saptEiesghsiaol ayer
coat i ng, SeNGM Bl 0 TRdh Al b iinl, HBRiLLANG!LI on coating region and f he
upper transition €o I ng reg@bn. . A nmethod of applying a
coating schene conprising the steps of: applying a nedi ate

mul ti-periodicity nanol ayer coating schene containing titanium alum num
chrom um and X, weergidmXhedopdppsase arvatingechefmeacgirdinp of olasn 37 furtheof

ni trogen, carbon, boron, carbon and nitrogen, boron and nitrogen, 28a

car bon EsHdburtbesigptohi t rogen, nitrogen and oxygen, carbon and oxygen

boron and oxygen, carbon and nitrogen and oxygen, boron and nitrogen and
oxygen, and car bopftermaplydreohe arderiayerag enonvdPpRyethe mediate multi- — “3nd t he
Somn: of Pg@@#@ﬂ@@%@@ggﬁi@g ShTHL LRl Q81 fhsRRARAY E5mERaHd PEEERETe

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



29 applying a plurality of sets of alternating |ayer arrangenents wherein
application of each alternating |ayer;arrangement conprising the steps of:
appl ying a base layer conprising titanium alum numand X; and applying a
nanol ayer region conprising the steps of: applying a plurality of sets of
al ternating nanol ayers conprising the steps of: applying one nanol ayer
conprising titanium ! QM A : WEPRX

nanol ayer conpri sing %}pﬁ{ﬁi}%ﬂ%ﬁ%ﬁ%&é lQJBrSnO?? %%%f%%gand %lééh{%g n%m£ﬂ%r
The et bedidingahpkyebngl:a coati ng schene according to claim 16 further
conprising the steps of: providing a cutting insert substrate,;

prior to applying the nedi apglymg dok@edi@diitbh Mardnet ayesisigadtmigms chene,
applying, so as to be closest to the substrate, an underlayer containing
al um nuspmahm shrgmigada; X, and the step of applying a nediate

mul ti-periodicity nanol ayer coating schene further including applying the
medi ate nul ti-periodicity ranbigeepthevlmichyasdimmanplayetrempigeel ayer; and
applying a.to ayer -to the nmediate nulti-periodicity nanol ayer coating
schene %H%?%L}“ﬁ Chlh%ml%lp%péw #ontai ni ng al uni num chromi um and X.

18. The nethod of applying a coating schene according of. claim217 further
i ncl udi ng the st 1’81?[3/13’“1 the mediate n%i%ﬁ:@%ngﬁa%ae (f?é‘tlﬁ%ﬁc@fe’inﬁyer and

prior tg,2nRb Y Bghet Rendld 184@ OMpEibinP 8 ph@slii¢ b YerDanMemahy GARE bAgkigwhene,
applying 'a lower transition layer conprising a plurality of sets of

al t er natamipykowemprisagshe stops efanol ayers conprising the steps of: 30
applying a plurality of sets of alternating |ower transition nanol ayers
conprising the steps ofpplying a plurality of sets of alternating \gyppt yamgioomendlaveey
transition nanolayer conprising titanium alum numchromum and X. and
app! yi ntgPBHSTHE FEREPTt r ansi tion nanol ayer conprising al um num chroni um
titani um and X; after applying the midi ate myl.ti-periodicity
nanol ayer coating schene, aFPINRSCARPHIFEFICR R EYHHOPRYERE KB si ng a

pl ur al i%ﬁim%uﬁ%%m%maﬁd%”z%tdi ng upper transition nanol ayers conprising the
steps of: ' i ’ .

17.

applying another upper transition nanolayer comprising

aluminum, chromium, titanium and X,

19.The method of applying a coating scheme according to claim 16 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.

20.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



applying a plurality of sets of alternating upper transition nanol ayers
conprising the steps of: 2 appl yi ng one upper
transiti on nanol ayer conprising titanit alum numchrom um and X, and
appl yi ng anot her upper transition nanol ayer conprising alum num chrom um
titaniumand X 19. The net hod of applying a coating schene
according to claim 16 wherein X conprises any one of the follow ng:

nitrogen, carbon, boron, carbon and nitrogen, boron and njtrogen, carbon
and bor SHABHHItOBRERSS hidse Byercoadissg/ganumetirpaonma Al Bikipgahandibr on and
oxygen, ; (g : £ it ; ygen, and
oo bon B o R B AR L 9P e

a subst phtreatdmrhaaclsgat co@piist ant nawddyengorsatisineal winéren ehtdneivwe dranfu@si st ant
coating scheme conprising:. =~ .. .a.nedigte multi-periodicit

nanol ay 8K BHRET T CeRRRELERY S IR om Ko RRR G OiosRy

ni trogennd MR baseddy@hhANG 8 FRRLSy S FTe8LMHd LA dyBYREI A WAPIL RiAfoIk{d-ani um
al um num and nitrogen and a nanol ayer region conprising a plurality of sets
of al t erqga@ii tépknensothayen elhes leyer thigloress stsnuflenihpe theatanplgyerangbayer s
conpris%%dgpgsnanolayer conprising alum num chromum titanium and
nitrogen and-4anot her nanol ayer conprising alum num chrom um titani um and
nitrogen, and the base |ayer having a base |ayer thickness and the

nanol ayer region having a nanol ayer region thickness wherein the base |ayer
t hi ckness i s snal Réstht heated hiéchanalrdyeiio elaigh 8t whhicok thedsse layer comprising

R i T B e SRS R B RN T,
set of @aletrandlafer REioARDObANRS (sr‘é,mm nggmmé@mek % €@ BMnd Ompt | si (NG5, Gkdl y Cr XAl
.2 <y <

1yN wherein 0 <x <0,15 and O s .65,  and ot her nanol ayer of the set of
al t er nafihsynHwHILRYEhe st ot plangBggiaaglayers Byite AArOBSE FedioyCcqmmrisMEqCri ") ) N

wher ei : < : + - 22.Th
COS[gh“&ﬁv%%?ﬁwa@ggagﬁﬁgOgggiﬁgﬁﬁ5§8%§%3$g?&R?ﬁ%g uﬁgjréte conprisi ng one ©

of the follow ng: high speed steel, cenented carbides including
cobal t-tungsten carbide, ceram cs including Si AlON and alumina and silicon
nitride, cermets Ehéheerary aiielancqordieaioside Pheberewgherubatrae camprisuper har d

mat eri alg. | AGE Wi S hHELE GUB! &nRAARAAL iHSuARE o St Gh &AL ANRNd.
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,



