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1 TITLE OF THE | NVENTI ON Coated Hard Tooﬂiﬁg¢rﬂé"8

Mul ti-Laypr BACKERAIND~-OF THE | NVENTI ON (PpGEel d of the
| nventi on %ﬂLA%Eﬁf%ﬁﬁB%ent §Gventtion relates to a coated hard t ool
used as a EﬁD&kﬁgu&pobq&g ______ geag rfesi stance, or other wear
resi st ant| Pookim®pr e: 54 QLWi % &’fpresent invention relates to
an i npr ovepEDfawRigVyeas, gsl_s"ta sei zure resistance of the
tool. 10 g&gptl%iegﬁiﬁh pﬁéﬁkground Art Conventional ly, a
super harid_all oy has ‘been usedteor a cutting tool. Such a super hard
all oy may include a WG Co at to which a carbide, a nitride, a
nitrided carbide or the like of Ti, Ta, Nbo or the |like are added,
for 15 exadpt&E OF THE INVENIdON:|y as the speed of cutting increases,
a type of coated hard tool has cqne to_be fre uentl .used, in

whi ch a hard coati Qe8¢ Hgxd FﬁP&kH@?&ngfmgﬁﬁdtL§Y Coating,out 20[err]m
Is fornmed by ( C L.tjon) on a surface of a hard
base naterialgggégggéﬁg g% § P§%§%& Eqlalloy, a cernet an al um na based

ceram c, a SikJ; ni.t [ sed ceram c or the I|ke Afilm
containing a %1%Rﬁ Of th& &hv ﬂ%%??de a nitrided carbide, a nitrided

boride g5 a”Tﬂé‘S%eQEn@”;ﬂb%E%@Bn‘Qeﬁ AR 40 a°Coltel ndkd' BBo1

used as a cutting tool requiring wear resistance, or other

wear resistant tool. More specifically, the present
invention relates to an improvement of wear resistance and
seizure resistance of the tool.

10 Description of the Background Art

Conventionally, a super hard alloy has been used for
a cutting tool. Such a super hard alloy may include a WC-
Co alloy to which a carbide, a nitride, a nitrided carbide
or the like of Ti, Ta, Nb or the like are added, for

15 example.

Recently, as the speed of cutting increases, a type
of coated hard tool has come to be frequently used, in
which a hard coating having a thickness of about 3 to
about 20pum is formed by PVD (Physical Vapor Deposition) on

20 a surface of a hard base material such as a super hard
alloy, a cermet, an alumina based ceramic, a silicon
nitride based ceramic or the like. A film containing a
carbide, a nitride, a nitrided carbide, a nitrided boride
or an oxide of an element in group 4A, 5A or 6A of the

25 periodic table or of Al may be used as the hard coating.
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25 periodic table or of Al may be used as the hard coating.

The hard coating deposited by the PVD nethod inproves the wear

resi stance of the base material while not deteriorating the strength
of the base material. Therefore, the hard coating is widely used for
cutting tools which 5 require strength, such as drills, end mlls and
t hr onaway ti ps (exchangeabl e, disposable tips) for mlling.

Japanese Patent Layi ng-Open No. 8-127862 discl oses a coat ed hard
tool including a hard coating of multi-I|ayered structure. Fig. 3 is
a schematic cross section of a part 10 of the coated hard tool

contai ning such a nmulti-Ilayered hard coating. The coated hard too

of Fig. 3 incThdeband coatingaddpositedgby thep8YDt mgtbadainpravegsshe
material 1'. In the hard coating 2', a plurality of |layers of two or
nor e typas xesiptpnaeccafytbeabree patpsdpdavhylewnel each | ayer 15

having a thickness in the range of about 1 to about 100 nm Each
| ayer incl udeBietarinEaking that phgengthapti kBpuhasgnwaterial.  Theyetore,

GO oo b e Tb 3 b, 8wie S BbSR sBr, pmsciol EPbIECaRRER. 2o o
oo g TR ok ez Opurh BB AN, CERAL pratl aR bRy
crystal |attiEQPQOTQQQHLﬁgEQB&e?V§i§bbggbh& tips) for milling.

Japanese Patent Laying-Open No. 8-127862 discloses a
coated hard tool including a hard coating of multi-layered
structure. Fig. 3 is a schematic cross section of a part

10 of the coated hard tool containing such a multi-layered
hard coating. The coated hard tool of Fig. 3 includes a
hard coating 2’ deposited on a hard base material 1’. In
the hard coating 2’, a plurality of layers of two or more
types are repeatedly stacked periodically, with each layer

15 having a thickness in the range of about 1 to about 100 nm.
Each layer included in the hard coating 2’ may include one
or more compounds selected from a nitride, a carbide, a
nitrided carbide and an oxide containing at least one
element selected from periodic group 4A elements, periodic

20 group 5A elements, Al, B and the like.

In the hard coating 2’, adjacent layers of different
types have crystal lattice constants that are slightly
different from each other, and include a crystal lattice
étructure partially continuing at interfaces therebetween.

25 In such a multi-layered film including crystal lattice
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different fromeach other, and include a crystal lattice structure
partially continuing at interfaces therebetween. 25 In such a
multi-layered filmincluding crystal lattice

3 structure partially continuing at the interfaces between

the |l ayers, considerable internal strain is generated by an elastic
conpl enentary effect between the |ayers, and as a result, a greater
har dness than the inherent hardness of 5 each single | ayer is obtained.
Fig. 4 is a schematic cross section of another exanpl e of a coated
hard tool including a hard coating of mul ti-layered structure. The
coated hard tool of Fig. 4 is simlar to that of Fig. 3, except that
an i nt er medi &tguctpre pagtdraldly icontiinring et dhewdatanfatamdetwaenial 1
and mul ti-layered coating 2' in Fig. 4. Internediate |ayer 3

i s provided %8 MAYSKS 'amld%qi’é{%e‘ﬁmr%ﬁ’lﬁlbasﬁ% dr§ generated; 'byng

mul ti-layered coati . Anitride, a rbi de, a Itrided caybide or
the |ike of r?élrieg‘(ﬂsggé:r SIFRARma N ARH eﬁf?fc“- ﬁﬁﬁvﬁ‘@ms@f g'salf%:i AN AR at e
| ayer 3'. As described above, .ver i gh,_hardness is, obt ai ned
because of it &Eetitun ao&ﬁﬁfe%?ﬁ ‘Q’?sﬁj s écq}%’t’} erent aq%’ged’nfe
coating g2’ a%a%?f)‘%‘ldgle':il%y :} qr %tﬂ: Jf}E_?éi—iowever, unl ess strain

i bil i Zed )

mat chi ng between layers i's “stabi appropriately, the coating 2

may be subjected g, 4 is YMUIHIMARN RREA LR ord ¥ Wty | nternal

stress.
example of a coated hard tool including a hard coating of

multi-layered structure. The coated hard tool of Fig. 4 is
similar to that of Fig. 3, except that an intermediate

10 layer 3’ is interposed between hard base material 1’ and
multi-layered coating 2’ in Fig. 4. Intermediate layer 3’
is provided to improve adhesion between hard base material
1’ and multi-layered coating 2’. A nitride, a carbide, a
nitrided carbide or the like of periodic group 4A element

15 may be used as the intermediate layer 3’.

As described above, very high hardness is obtained
because of interaction between layers in such a multi-
layered coating 2’ as shown in Fig. 3 or Fig. 4. However,
unless strain matching between layers is stabilized

20 appropriately, the coating 2’ may be subjected to
embrittlement because of too high an internal stress.
Particularly, the internal strain increases as the
thickness of multi-layered coating 2’ increases. Therefore,
when the coating is too thick, coating 2‘ may suffer from

25 brittle fracture because of shock experienced during

s -3 -
This Sheet Has Been

i



Particularly, the internal strain increases as the t hi ckness of

mul ti-layered coating 2' increases. Therefore, when the coating is
too thick, coating 2° may suffer from 25 brittle fracture because of
shock experienced during 4
cutting. SUMVARY OF THE | NVENTI ON In view of the

probl ens of the prior art, an object of the present inventionis to
provi de a coated hard t ool 5 havi ng superior wear resistance and
superior seizure resi stance, by inproving characteristics of a hard
mul ti - | ayered coating. The coated hard tool in
accordance with the present I nvention includes a hard base materi al
and a hard cosukthdngio | ayer formed on a surface of the base material.
The coatin Ia%er i ncludes a plurality of sublayers of types A

and B. On theS¥ eOBf THRe INYENTARNeri al , starting from type A or

type B, a total of _at |east four, bu referab . ten or r.e
subl ayers are stacEédV%FWhoghéhPyB§9£AgEﬁd°§ t%% prl&FtEF%atPHgg%PFﬁteach

oMo e S BRE, eibebhRe AR By, i, b BPORARECS HebleR Rer IRl 100
Sy 2eKe 602 haying BiGRRGet"lpte SESUAAERIGE, oEpdh sEcaRtauGTLD! ayer
froma nitridess3¢ahfhdepy® iRpkbvind ERbRadec214t30s0%fd8 hard multi-
layered coating.
The coated hard tool in accordance with the present
invention includes a hard base material and a hard coating
10 layer formed on a surface of the base material. The
coating layer includes a plurality of sublayers of types A
and B. On the surface of the base material, starting from
type A or type B, a total of at least four, but preferably
ten or more sublayers are stacked with the types A and B
15 alternating with each other. The sublayer of type A has a
thickness within a range of 100 to 5000 nm, and includes a
plurality of types of secondary sublayers stacked in a
periodically repeated manner. Each secondary sublayer of
each type includes at least one type of compound selected
20 from a nitride, a carbide, a nitrided carbide and an oxide
including at least one element selected from periodic
group 4A elements, periodic group 5A elements, Al and B,
and has a thickness within the range of 1 to 50 nm. The
sublayer of type B is formed of a single layer containing

25 one or more compounds selected from a nitride, a carbide,
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I ncluding at | east one el enent selected from periodic group 4A

el enents, periodic group 5A elenents, Al and B, and has a thickness
within the range of 1 to 50 nm The subl ayer of type B is forned of
a single layer containing 25 one or nore conpounds selected froma
nitride, a carbide, a nitrided carbide and an oxide

I ncl udi ng at | east one el enent selected from periodic group 4A

el enents, periodic group 5A elenents, Al and B, and has a thickness
in the range of 100 to 5000 nm 5 It is preferred in the
coated hard tool in accordance with the present invention, that the
coating |l ayer as a whol e has a thickness of 0.5 to 10[err]m
Preferably, thenieaiaddhanghide and ancoxddecdnoilulding at lelastposeent
invention further includes an internmediate 10 | ayer additionally

i Nt er posed at edementeskbieetled dreom periodic groupf 4&e edemend shaPeriRddc al
and the subl ayer, which i nternedi ate | ayer includes one conpound
sel ected fromgaoup 5A elemends, Alcamns de, a3dhhas; dedhdskmed® 4fd B8 oxi de
of a peri odic group 4A el ement and has a thickness of 0.5 to 15
10[err]m NbEéngeePdr 300y tor BO006RM-ng | ayer and the i nt er nedi at e
| ayer have a thickness of 1 to 14[errkgg % oi ng -

and ot heP obj ects, IftedfuPEeiersd A °ta§:|[ﬁ"? 2AFEhE90ds 18 at-lc-:lrﬁl:g’gg%ls nt
ovent on i briBfe iR Pefent invelRARE brlatO B UG R
whole has a thickness of 0.5 to 10um.
Preferably, the coated hard tool in accordance with
the present invention further includes an intermediate
10 layer additionally interposed at an interface between the
surface of the base material and the sublayer, which
intermediate layer includes one compound selected from a
nitride, a carbide, a nitrided carbide and an oxide of a
periodic group 4A element and has a thickness of 0.5 to
15 10um. More preferably, the coating layer and the
intermediate layer have a thickness of 1 to 1l4um in total.
The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
20 present invention when taken in conjunction with the
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic cross section of a part of a

coated hard tool in accordance with one embodiment of the

25 present invention.
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20 present invention when taken in conjunction with the
acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
Fig. 1 is a schematic cross section of a part of a coated hard t ool
i n accordance with one enbodi nent of the 25 present invention.
Fig. 2 is a schematic cross section of a part of the coated hard
tool in accordance wth another enbodi nent of the present invention.
Fig. 3 is a schematic cross section of a part of a 5 hard tool in
accordance with a prior art exanple. Fig. 4 is a schematic
cross section of a part of a coated hard tool in accordance with
anot her prior art exanpl e. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBCDI ENB3. 12 is a schématic schesstsection shbwes paxt osf tketion
of a part of the coated hard tool in accordance with one exanple of
the present i¢Rekeddkardhoebaiedaeerrdaree wikh rrether embodipent @bting
| ayer 4 stacked on a hard base material 1. Coating layer 4 includes
a plurality ofh %LEF%S@H% mveptian. type A as well as a plurality of
subl ayers 4B of t e sublayers 4A and 4B of types and B
respegtlvely are yﬁig '3 is a schematEE dross sectfkn oP 3&’ A%

5 hard tool in accordance with a prior art example.

Fig. 4 is a schematic cross section of a part of a
coated hard tool in accordance with another prior art
example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 Fig. 1 schematically shows a cross section of a part
of the coated hard tool in accordance with one example of
the present invention. The coated hard tool includes a
hard coating layer 4 stacked on a hard base material 1.
Coating layer 4 includes a plurality of sublayers 4A of

15 type A, as well as a plurality of sublayers 4B of type B.
The sublayers 4A and 4B of types A and B respectively are
stacked alternately on the surface of base material 1, to
provide a total of at least ten layers. The alternate
repeated stacked layers are shown as starting from

20 sublayer 4A of type A in Fig. 1. However, the stacking may
start from sublayer 4B of type B.

Sublayer 4A of type A has a thickness in the range of
100 to 5000 nm, and includes a plurality of secondary

sublayers 4Al, 4A2, etc. of two or more types successively

25 stacked periodically and repeatedly. Each of the secondary
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stacked alternately on the surface of base material 1, to provi de a

total of at least ten layers. The alternate repeat ed stacked | ayers

are shown as starting from 20 subl ayer 4A of type Ain Fig. 1. However

t he stacki ng may start from subl ayer 4B of type B

Subl ayer 4A of type A has a thickness in the range of 100 to 5000 nm
and includes a plurality of secondary subl ayers 4Al1, 4A2, etc. of two
or nore types successively 25 stacked periodically and repeatedly. Each
of the secondary ) 7

subl ayers may include at | east one conpound selected from a nitride,
a carbide, a nitrided carbide and an oxi de I ncl udi ng at | east one

el ement sel ectsatbXayepgpandywdirclude at Jrengt ohee|cipitnd pRslietiad ghwap SA

el enents, Al and B, 5 and preferably has a thickness in the range of
about 1 to a nitahbidlg, 50 gambide, a nitrided carbiakd amlilEmyestidB of type
Bis formed of a ] single layer. Sublayer 4B may include at |east one
conpound sel ecinsdluydigtg @thitedste one cdamant seldatedidiron periaghirhi de and
an oxi de including at |east one el enent, sel ected from periodic group
4A el enents, B4R glsments, prerioddic@nqup S& edfmeRtsandilprasiedbl y
its thicg?ess iS,in the ran of about, 10Q to about 5000 nm
It is preterr &4 Rrefsrakly B%sas iqkfiepscddt ithp range of about 1 to
about 50 nm.
By contrast, sublayer 4B of type B is formed of a
single layer. Sublayer 4B may include at least one
compound selected from a nitride, a carbide, a nitrided
10 carbide and an oxide including at least one element
selected from periodic group 4A elements, periodic group
SAIelements, Al and B, and preferably its thickness is in
the range of about 100 to about 5000 nm.
It is preferred that the thickness of hard coating
15 layer 4 as a whole is within the range of about 0.5 to
about 10um. When the thickness of coating layer 4 is
smaller than 0.5um, a sufficient improvement in wear
resistance is not ensured, and when the thickness exceeds
10um, the coating layer 4 tends to be abraded.
20 The inventors have found that the coated hard tool
such as shown in Fig. 1 has a stable and superior wear
resistance and seizure resistance. As described with
reference to the prior art, sublayer 4A of type A exhibits

an extremely high hardness because of interaction between

25 each of the plurality of very thin secondary sublayers 4Al,
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15 | ayer 4 as a whole is within the range of about 0.5 to about
10[err]m When the thickness of coating |layer 4 is smal | er than
O.5[err]m a sufficient inprovenment in wear resi stance i s not
ensured, and when the thickness exceeds 10[err]m the coating |ayer
4 tends to be abraded. 20 . The inventors have found that the coated
hard t ool such as shown in Fig. 1 has a stable and superior wear
resi stance and sei zure resistance. As described with reference to
the prior art, sublayer 4A of type A exhibits an extrenely high

har dness because of interaction between 25 each of the plurality of
very thin secondary subl ayers 4A1, 4A2, etc.

i ncl uded t heréAd, ¢bmevingludedtthekebss dfowensdy, the thsidirees ofA dach
limted to at nost 5000 nm and hence the internal strain in each
subl ayer 4A otkklayer bddohe limitedeke ratehysthi 500 Fum: hand kemteybhe 4B,
which is a single 5 | ayer with [arge thickness inserted between the
plurality inteynaliptyaiy un caghcsublaven 42| dRes ot WP strain in
subl ayer 4A. As a result, the coating |ayer 4 of the . coated hard t ool

shown in Fi g. SALIRIR LY/ ‘_&hhi e 1""_Yer \ﬁIBt'hé‘mi‘gh‘p‘rq 12 | HitS,
enaDl e 5t ) P PRl ke Ehlerdbhy  [RRLFLATOR, BRRoLRY iRl LS
of sublayers 4A, functions to relax the internal strain in
sublayer 4A. As a result, the coating layer 4 of the
coated hard tool shown in Fig. 1 achieves a high hardness
without embrittlement, enabling stable and superior wear
10 resistance and seizure resistance.

Fig. 2 schematically shows a cross section of a part
of a coated hard tool in accordance with another example
of the present invention. Though the coated hard tool of
Fig. 2 is generally similar to that of Fig. 1 and a

15 redundant description is omitted, in the example of Fig. 2
an intermediate layer 3 of a single layer is inserted
between hard base material 1 and hard coating layer 4
which includes sublayers 4A and 4B of types A and B
respectively. Intermediate layer 3 may include a compound

20 selected from a nitride, a carbide, a nitrided carbide and
an oxide of periodic group 4A elements, and it has a
thickness respectively greater than both sublayers 4A and
4B of types A and B. Preferably, the thickness is in the
range of about 0.5 to about 2um.

25 Such a thick intermediate layer 3 improves the
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of a coated hard tool in accordance with anot her exanple of the

present invention. Though the coated hard tool of Fig. 21is
generally simlar to that of Fig. 1 and a 15 redundant description is
omtted, in the exanple of Fig. 2 an internediate layer 3 of a single
| ayer is inserted bet ween hard- base material 1 and hard coating |ayer
4 whi ch includes subl ayers 4A and 4B of types A and B

respectively. Intermediate |ayer 3 nmay include a conpound 20 sel ected
froma nitride, a carbide, a nitrided carbide and an oxi de of
periodic group 4A elenents, and it has a t hi ckness respectively
greater than both sublayers 4A and 4B of types A and B. Preferably,

t he t hi cknessadises ion Heetween comgnoflagpentd and thrspowmrterial | angd
Such a thick internediate |ayer 3 inproves the . . £
adhesi on bet weeraddit oy, | by cfunchirnp e Fetax|the 1intggnal strajn o
addition, it functions to relax the internal strain of ., .coatin é ayer
4 as a whol e.CoReiRg otayenrbas M ofhRle ot £herefoxyey, shen |1§‘%ﬂ4fé% t he
t hi ckness of coating |ayer 4, ca be Jincreasgd to, sone, extenj, dit
i's preferred t#RT thets Pro‘”t‘g?‘g# E‘h‘?c?lh’e‘é]%n%"?si%fe?%ﬁ%?elg%%lgr&f%d
Coatlng!%ayerbe increased to some extent, and it is preferred that the
total thickness of intermediate layer 3 and coating layer
4 is within the range of about 1 to about 1l4pm.
Each sublayer of hard coating layer 4, and
intermediate layer 3 as described above may be deposited
10 by an ordinary PVD method. However, deposition by arc ion
plating or sputtering is more preferable.
Table 1 shows samples Al to A7 of the present
invention corresponding to Fig. 1, and comparative samples
Bl to B7 corresponding to the prior art of Fig. 3. 1In all
15 of the coated hard tools in accordance with the samples of
the present invention and the comparative samples, a super
hard alloy of ISO-P30 having the shape designated as

SDKN42MT was used as base material 1, and various hard

coating layers were deposited by arc ion plating.
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4 is within the range of about 1 to about 14[err]m Each

subl ayer of hard coating |ayer 4, and I nternmedi ate | ayer 3 as

descri bed above nay be deposited 10 by an ordinary PVD nethod. However,
deposition by arc ion plating or sputtering is nore preferable.

Table 1 shows sanples Al to A7 of the present I nvention
corresponding to Fig. 1, and conparative sanples Bl to B7
corresponding to the prior art of Fig. 3. In all 15 of the coated hard
tools in accordance with the sanpl es of t he present invention and the
conparati ve sanples, a super hard all oy of |1SO P30 having the shape
desi gnat ed as SDKN42MI' was used as base material 1, and various hard
coating Iayersmaﬁig ﬁep05|ted by arc ion plating.

10 Tabl Ao No—tayer & tayer Amouh@y§E 1B
Wear No. |i i}hﬂc@:m @err] Alayer qxerr] m LayeA MBl rf-}u

500nm 0. 1155mMm Tot.al-5008m—TH-NA50Rm—A2 2[&%6}..]

Al N: 50nm Ti N{100nin 0. 122ym ﬂB@hﬂJ@DOOnr1 Hf C: 20nm

3.1[err]m NoO 20nm Al T4B500nm  AlN:AIehm  Tot BEN120ARR 0.115mm
ZrCN: 5nm A4 10. 4[errJm TaN 5npmTotal:508m@ 50J00nm 0. 265

Total : 120nm N8 nm A5 6[err] wiN:50nkN: 8rim Ti C 1 200nm
0.264mMm 9 | a2 | 10.2um AIN:50nm TiN 100nm 0.122mm
B Total:5000nm
g HfC:20nm
S 1 a3 | 3.1ipm NbO:20nm TiC 500nm 0.232mm
o Total:120nm
ﬁ ZXCN:5nm
W Ad 10.2um TaN:5nm SiC 5000nm 0.265mm
o Total:120nm
o VN:8nm
a | A5 6um BN:8nm TiC 200nm 0.264mm
8 Total:1000nm
v Alo03:1nm
Ab lum TiCN:1lnm TaCN 100nm 0.245mm
Total:100nm
TiAlN:2nm
A7 2um TiNs:2nm TiN 150nm 0.154mm
Total:150nm
o9 Subl Amount of
No. | Layer ublayer Wear
TiNs: 1nm
" Bl 4um AIN: 1nm , 0.444mm
2 TiN:50nm
% B2 10.2um ALN:50nm 0.325mm
w HfC:20nm
g B3 3.1pum NbO: 20nm 0.432mm
! ZrCN:5nm
E B4 10.2um TaN: 5nm 0.369mm
) VN: 8nm
g‘ B5 6um BN: 8nm 0.367mm
&} Al203:1nm
B6 lum TiCN: 1nm 0.301imm
TiAlN:2nm
B7 2um TiN:2nm 0.258mm
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Tot al : 1000nm Alferr]Jerr]:1nm A6 lerr]m

Ti CN: 1nm TaCN 100nm 0. 245mm Tot al : 100nm
Ti AL N: 2nm A7 2[err]lm Ti N: 2nm Ti N 150nm 0. 154mm
Tot al : 150nm No. Layer 2 Subl ayer Anount of
Wear Ti N 1nm Bl 4[err]m AN 1nm
0. 444mMm Ti N 50nm B2 10.2[err]m Al N: 50nm
0. 325nm B3 3.1[err]m Hf C. 20nm 0. 432mMm
NbG. 20nm Zr CN: 5nm B4 10. 2[err]m TaN: 5nm 0. 369nMm
VN: 8nm B5 6[err]m V: 8nm 0.367mm BN: 8nm
B6 lerr]m Alferr]dJerr]:1nm 0. 301mm
Ti CN: 1nm B7 Rbeerkihg toTTAbNe20 in sample Al of the presénmt
Ti N: 2nm Referring to Table 1, in sanple A of the
pr esent invenefbhpncoatahgnjayaeyeh hawidngngnasnsarer erototsdal
t hi ckness of 4[err]mis deposited on base material 1. Sublayer 4A
cont ai ned in tbatkngskagér 4dmhis depheikedsonobaggomaerisl 1.3sSebIRveE
in which a sublayer 4al of TiN having a t hi ckness of 1 nn1%nd a
subl ayer 4a2 A pPNtRippdgin coatingt hpyREc4shas 2 hhigKEesE LEeql0 nm
alternately and repeatedly. . Anogger su I%yer 4B cgntained in coating -
| ayer 4 Ps’ foRfed whole, ap whirhgPeSpRyevess 4piNCIndiNaBaX 1P Bkness of
>00 nm thickness of 1 nm and a sublayer 4a2 of AIN having a
thickness of 1 nm are stacked alternately and repeafedly.
Another sublayer 4B contained in coating layer 4 is formed
of a single layer of TiN and has a thickness of 500 nm.
10 In comparative sample Bl which is to be compared with
sample Al of the present invention, coating layer 2’ has a
thickness of 4um, similar to coating layer 4 of sample Al
of the present invention. However, the comparative sample
does not contain any sublayer which corresponds to the
15 sublayer 4B. More specifically, coating layer 2’ of
comparative sample Bl simply includes a sublayer of TiN
having a thickness of 1 nm and a sublayer of Al having a
thickness of 1 nm stacked alternately and repeatedly to a
large number. This corresponds to the single sublayer 4A
20 of sample Al of the present invention with the thickness
increased.

As for samples A2 to A7 of the present invention and
corresponding comparative samples B2 to B7, these have
respective thicknesses and compositions as shown in Table

25 1, similar to the case of sample Al and comparative sample

- 11 - i
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10 In conparative sanple Bl which is to be conpared with

sanple Al of the present invention, coating |ayer 2' has a t hi ckness
of 4[err]m simlar to coating |ayer 4 of sanple A of the present

I nvention. However, the conparative sanple does not contain any

subl ayer which corresponds to the 15 subl ayer 4B. More specifically,
coating |layer 2' of conparative sanple Bl sinply includes a subl ayer
of TiN having a thickness of 1 nmand a sublayer of Al having a

t hi ckness of 1 nm stacked alternately and repeatedly to a | ar ge
nunber. This corresponds to the single sublayer 4A 20 of sanple Al of
the present invention wth the thickness I ncr eased. As
for sanples Agito A7 of the present invention and correspondi ng
conparative sanples B2 to B7, these have respective thicknesses and
conposi tions as shusingnthebkamp26s oflthei prkaentoihhentien ahdsanple Al
and conparative sanpl e B1. Usi ng the
sanpl es of theoppasanﬂvénsempiea ghdwn in Tabdepar asi ¢uttingl 8épPsho@dn in
Table 1 as cutting tips, cutting test of cutting alloyed stee

bl ocks was pe€RsEAng test OfuﬁaéﬁlﬂﬁeaiéPYSGAﬁﬁeéénH#PFBﬁswaﬁnBeﬁfP§§ﬂﬁt|ng

flank wear
under the following conditions, and a resulting flank wear

amount of each sample was measured.
(Conditions of cutting test)
Cut material: SCM435 (hardness: HB250)
Method of cutting: milling
10 Manner of cutting: dry
Speed of cutting: 200 m/min
Depth of cutting: 1.5 mm
Feed of milling: 0.25 mm/blade
Cutting length: 2 m
15 Table 1 also shows the flank wear amount measured for
each sample, as a result of the cutting test described
above. As is apparent from comparison of the flank wear
amounts of samples Al to A7 and comparative samples Bl to
B7 in Table 1, samples of the present invention have a
20 stable wear resistance and hence the amount of wear is
remarkably reduced, as compared with the comparative

samples.
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anount of each sanple was neasur ed.

Cut materi al:
mlling 10
200 M mn

0. 25 mM bl ade
t he fl ank wear

cutting test
fl ank wear

B7 in Table 1,

(Conditions of cutting test)
Met hod of cutting:
Speed of cutting:
Feed of mlling:

SCW35 (hardness: HB250)
Manner of cutting: dry

Depth of cutting: 1.5 mm
Cutting length: 2 m 15 Table 1 al so shows

anount neasured for each sanple, as a result of the
descri bed above. As is apparent from conparison of the
anounts of sanples Al to A7 and conparative sanples Bl to

sanpl es of the present invention have a 20 stabl e wear

resi stance and hence the anmount of wear is remar kably reduced, as
conpared w t hTahkecdnparative sanpl es.
13 Tapi € 2| Tt er near at £ Aount -0 . 1Lavel. 2
Layer 4A | Nger| ddyer 4 | Layeyer 4A LayénarB Icermediate m"ﬁtl\f:”inm
TiN[err] Cl |—4fefrim—A~A-N-Lam 500a+H FEREILL ord]-mTCRE 032
Tot al : 500nin Ti RENSHRT TiN
Cl 4um AlN:1nm 500nm TiN lum 0.032mm
Total:500nm
o TiN:50nm PiN
S| c2 [10.2um| AlN:50mm 100m TiN lum 0.045mm
ﬁ Total:5000nm
2 HfC:20nm Tic
S]c3 | 3.iym | NbO:20mm 500nm | HEO 0.5um | 0.125mm
o Total:120nm
ﬁ ZrCN:5nm sic
wi! C4 110.2um TaN:5nm 5000nm TiCN 0.5um 0.135mm
o Total:120nm
4 VN:8nm Tic
al C5 6 um BN:8nm 200nm TiZrN 2um 0.119mm
= Total:1000nm
w Al203:1nm TaCN
Cé 1pum TiCN: 1nm 100nm TaC 0.5um 0.125mm
Total:100nm
TiAIN:2nm PiN
Cc7 2um TiN:2nm 150nm TiN 0.5um 0.098mm
Total:150nm
No Laver 2 Sublaver Intermediate Amount of
) 7 7 Layer Wear
TiN:1lnm
D1 4pum ) TiN lum 0.325mm
E :?i?}i?m
% D2 |10.2um Aistoﬁ TiN lpm 0.225mm
tn :
°| b3 | 3.4m gig.ggﬂ HfO 0.5um | 0.398mm
> -
orf :
3| pe |10.2um| ArCH:OMR TiCN 0.5um | 0.321lmm
H -
o :
8| 05 | 6um ;ﬂ.gx TiZrN 2um | 0.310mm
0 *
& Al sl
D6 | 1um Ti’-cob?_h’:mm TaC 0.5um | 0.299mm
p7 | 2um Tﬁénzi;‘lm TiIN 0.5um | 0.248mm
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|l




C2 10.2[err]m Al N 50nm TiN TiN 1[err]m 0.045mm Total :

5000nm 100nm Hf C. 20nm TIC C3 3.1[err]m NoQG 20nm 500nm
Hf O 0.5[err]m0.125mm Total : 120nm ZrCN:5nm C4  10.2[err]m
TaN: 5nm SiC TiCN O0.5[err]mO0. 135mm Tot al : 120nm  5000nm VN: 8nm
C5 6[err]m BN: 8nm Ti C TiZrN 2[err]m 0.119mm Tot al :
1000nm 200nm Alferr]dJerr]:1nm C6 ferr]m Ti CN
1nm TaCN TaC 0.5[err] m 0. 125nm Total : 100nm
100nm Ti AN 2nm Ti N Cc7 2[err]lm Ti N 2nm

TiN TiN O.5[err]m 0. 098mMm Tot al : 150nm 150nm

No. Layer 2 Subl ayer I nternedi ate Amount of

Layer WealTable 31 shogfsedrventivieNsample numbers C1 to C7 Ti N
ferr]m 0.325mm Al N: 1nm Ti N.50nm D2 10.2[err]m Al N 50nm

TiN 1[err]m
0.5[err]m O

correspendingpto Figh.egr] and ppgpayasdve sample numbersyDd

.39 NbG 20nm D4 0.2[err]m  ZrCN:. 5nm
Ti CN 0. 5[ er r 5% %%nfi’me?mﬂslﬁﬁﬁg to V&]%F%HBE agltef] fig. 4.pNChawgh

Ti ZrN 2[err]
0.5[err]moO.
Ti N 0.5gerr]

B T, AR s e T 5

e s . ... 14
Tabl e 2 showg&P%5§ﬁ?gU§lg§%SFetﬁuﬁﬁ@?%ecflt8fC?able 1, &b pAEISAGPRG WO

Fig. 2, and
prior art of
in Table 2 i
additional ly

10

15

20

25

SRERRUg 45 SATRLAGRIAE 1a0h- 5 ppvatl B ROCHSRRATNG)M0 e
2nd Zorme@! BEr Wike SsithiPariyP, S8ERbPed cPTtd 3BT Cot th
present invention shown in Table 2 are otherwise similar
to samples A2 to A7 of Table 1, and additionally include
intermediate layers as shown in Table 2. Comparative
samples D1 to D7 of Table 2 are otherwise similar to
comparative samples Bl to B7 of Table 1, and additionally
include intermediate layers as shown in Table 2.

A similar cutting test as that performed with the
samples of Table 1 was performed using the samples of the
present invention and the comparative samples shown in
Table 2. Table 2 also shows the flank wear amount of each
sample measured as a result of the test. As is apparent
from comparison of the respective flank wear amount of
samples C1 to C7 of the present invention and of
comparative samples D1 to D7 of Table 2, the samples of
the present invention have a stable wear resistance and
the amount of wear is remarkably reduced, as compared with

the comparative samples. As is apparent from comparison

between samples Al to A7 of the present invention shown in

- 14 -
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includes an internediate |ayer 3 having a thickness of 1[err]m and
formed of TiN. Simlarly, sanples C to C7 of the present invention
shown in Table 2 are otherw se simlar to sanples A2 to A7 of Table
1, and additionally include 10 intermedi ate | ayers as shown in Table 2.
Conmparative sanples D1 to D7- of Table 2 are otherwise simlar to
conparative sanples Bl to B7 of Table 1, and additionally i ncl ude
internedi ate | ayers as shown in Table 2. A simlar cutting test
as that performed with the 15 sanpl es of Table 1 was perforned using

t he sanpl es of the present invention and the conparative sanpl es
shown in Tabl e 2. Table 2 also shows the flank wear anount of each
sanpl e neasuredbde a whivht def nbbeiheltdeAanysinppamediate layekr amd
conparison of the respective flank wear anmount of 20 sanples Cl to C7
of the presentampieat Chntand70bf the preseptar dhveatianpshewblinhoTBBlef 2
Tabl e 2, the sanpl es of the present invention have a stable wear
resi stance anbaving inteemedbahe dayers; ther eamplkebl 9fr tbecédyeatiovnpared
W th the conparative sanples. As is apparent from conparison 25

bet ween sanpl Withlingepmediatgelpyesenhavavantnshherofhabhlized wear

Table 1 which do_not include any internediate |ayer and saml es Cl1
to C7 of°the pREiBRENFAVEAL| BRNSROTAS AMPUBEeCS Wear ispfyrkhernrernegrat e

Hayers. the sagplec ol SMGLIVERLLOL of tne"thlehlLSATRAL LS LBNTRY e

any intermediate layer.
As described above, in the coated hard tool of the
present invention, the wear resistance of the surface
10 layer is stabilized, the amount of wear is remarkably
reduced and hence the life of the tool can be made longer.
Although the present invention has been described and
illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
15 to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of

the appended claims.
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5 resi stance and hence the anount of wear is further reduced, as
conpared with sanples of the invention not including any
mtern‘am;mmm)mgml As descri bed above, in the coated hard tool
of the ’"Hvention, t he wear resistance of the surface 10

|l ayer is stabili"zed, the anpunt of wear is remarkably reduced and
hence the life of the tool can be nade | onger. Al t hough the
present invention has been descri bed and illustrated in detail, it
is clearly understood that the sane is by way of illustration and
exanple only and is not 15 to be taken by way of limtation, the spirit
and scope of the present invention being limted only by the terns of
t he appended wHAT NES CLAIMED IS: 16 WHAT | S CLAIMED I S:

1. A coated hard tool including a hard base nmateri al (1) and a hard
coating (4) on a surface of said base material (1), wherein _
said coating (4) includes a total of at |east four 5 type A subl ayers
(4A) and type B subl ayercoatél) hsrat kel includiingmendiead) base matenialh a
type A sublayer (4A) or a type B sublayer (4B) at least indirectly
on sai d surfatk) odnd a hardgepbineg (hl PRap $uyface of said base

material (1), wherein
said coating (4) includes a total of at least four

5 type A sublayers (4A) and type B sublayers (4B) sﬁacked
alternately starting with a type A sublayer (4A) or a type
B sublayer (4B) at least indirectly on said surface of
said base material (1),

said type A sublayer (4A) has a thickness in a range

10 of 100 to 5000 nm; and includes a plurality of at least
first secondary sublayers (4Al) and second secondary
sublayers (4A2) successively stacked periodically and
repeatedly with each other, wherein said first secondary
sublayers (4Al) respectively have a first composition

15 including at least one compound selected from a nitride, a
carbide, a nitrided carbide and an oxide containing at
least one element selected from periodic group 4A elements,
periodic group 5A elements, Al and B, wherein said second
secondary sublayers (4A2) respectively have a second

20 composition different from said first composition and
including at least one compound selected from a nitride, a
carbide, a nitrided carbide and an oxide containing at

least one element selected from periodic group 4A elements,
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said type A sublayer (4A) has a thickness in a range 10 of 100 to 5000
nm and includes a plurality of at |east first secondary subl ayers
(4Al1) and second secondary subl ayers (4A2) successively stacked
periodl '] repeatedly with each other, wherein said first
second ﬂﬂlﬂﬂ"ﬂ' ”ﬁul"ﬂﬂkrs (4A1) respectively have a first conposition 15
i ncludi g &t tea%t one conpound selected froma nitride, a carbide, a
nitrided carbide and an oxi de containing at | east one el enent

sel ected from periodic group 4A el enents, periodi c group 5A el enents,
Al and B, wherein said second secondary subl ayers (4A2) respectively
have a second 20 conposition different fromsaid first conposition and

i ncl udi ng at geanisid i eyl B e Satatisd AY GAd By tdridierheérein eadiar bi de, a

nitrided carbide and an oxi de containing at | east one el enent

sel ect &b f r oragiel issdiondgnyu bl sgleaneg(dissl,, 4A2) has a thickness in a

17 periodic group 5A elenents, Al and B, and wherein each 25
sai d secondampngsplafydr YA myy?) has a thickness in a range of 1
to 50 nm ..said type B sublayer (4B) consists of a single |ayer
contai ning at | eaf@ighd b lagrec 1 (B  camnsdstia afua single layew bi de,

a nitrided carbide gnd an oxi de containing at | east one el enent -

30
sel ected frofMoPdAisding @odpapt anensaupound selectedyifzapn sunigaidement s,

Al and B, and havi a .
a carﬁ%&e, a nitrided carbide and an oxide containing at

30 least one element selected from periodic group 4A elements,
periodic group 5A elements, Al and B, and having a

thickness in a range of 100 to 5000 nm.

2. The coated hard tool according to claim 1, wherein
said coating (4) as a whole has a total thickness in a

range of 0.5 to 10um.

3. The coated hard tool according to claim 1, further
comprising an intermediate layer (3) interposed between
said surface of said base material (1) and said coating
(4), wherein said intermediate layer (3) contains a

5 compound selected from a nitride, a carbide, a nitrided
carbide and an oxide of a periodic group 4A element, and
has a thickness in a range of 0.5 to 10um, and wherein
said coating (4) and said intermediate layer (3) together

have a total thickness in a range of 1 to 14um.

4. The coated hard tool according to claim 3, wherein

- 17 -
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t hi ckness in a range of 100 to 5000 nm wher e

(4) includes at |least 8 of said type A and B subl aye
2. The coated hard tool according to claim1l1, wherein

(4) as a whole has a total thickness in a range of

3. Th according to claim11, further

I nt ermmﬂﬂmllmgummﬂl nt er posed bet ween said surf
mat eri at (¢1) tand s&i d*coating 5 (4), wherein said inte
(3) contains a conmpound selected froma nitride, a

n said coating
rs (4A, 4B).
said coating
0.5 to 10[err]m
conprising an
ace of said base
rmedi ate | ayer
carbide, a

nitrided carbide and an oxide of a periodic group 4A el enent, and

has a thickness in a range of 0.5 to 10[err]m and wherein

sai d

coating (4) asdigaidtbPhetiatealayedyed)(ebnkageshessentiallfavE a total

thickness in a range of 1 to 14[err]m 4. The coated hard

t ool accordi nginglel angyed, ofhenei bf TiN, TiCN, TiZrN, TaC, and HfO.

18 said internediate |ayer (3) consists essentially of a

single layer of one of TiN, TiCN, TiZrN, TaC, and Hf O 5. The

coated hard tool according to claim4, wherein sai d

type B subl ayer

(4B) consists essehti dThg efaved bird tool Taegomiing TN baim St C wheveisni d

first and second

said type B sublayer (4B) consists essentially of one of

TiN, TiC, TaCN and SiC, and said first and second

secondary sublayers (4Al, 4A2) of said type A sublayer

5 respectively consist essentially of combinations of

compounds selected from TiN/A1N, TiN/TiAlN, TiCN/Al;0s3,

HfC/NbO, ZrCN/TaN and VN/BN.

6. The coated hard tool according to claim 3, wherein

said thickness of said intermediate layer (3)

than said thickness of said type A sublayer (

is not less

4A) and is

not less than said thickness of said type B sublayer (4B).

7. The coated hard tool according to claim 3, wherein

said thickness of said intermediate layer (3)

lum.

is at least

8. The coated hard tool according to claim 3, wherein

said thickness of said intermediate layer (3)

greater than 2 um.

is not

9. The coated hard tool according to claim 1, wherein
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secondary subl ayers (4Al, 4A2) of said type A sublayer 5 respectively

consi st e ' I nations of conpounds sel ected from
Ti N Al N, ﬁiﬂmwmuﬂjm |[err]derr], Hf ¢/ NbO, Zr CN/ TaN and VN BN.
6. The coakedc har o6l according to claim3, wherein sai d thickness
of said internediate |layer (3) is not |ess t han sai d thickness of
said type A sublayer (4A) and is not |ess than said thickness of said
type B subl ayer (4B). 7. The coated hard tool according to
claim 3, wherein said thickness of said internediate |ayer (3) is at

| east 1[err]m 8. The coated hard tool according to claim
3, wherein said thickness of said internediate |ayer (3) is not
greater thans@iflecopting (4) is arr@ng@leddivetédyhandandolinacootdchg to
claiml1, wherein 19

sai d coatingwith paidr sunfededpfesnligd basanmatgriant a9 - with said
surface of said base material (1). 10. The coated hard tool
according to claim1,

10. The coated hard tool according to claim 1,
wherein said coating (4) consists of said type A sublayers

(4A) and said type B sublayers (4B).

11. The coated hard tool according to claim 10,
wherein each one of said type A sublayers (4A) consists of
said first secondary sublayers (4Al) and said second

secondary sublayers (4A2).

12. The coated hard tool according to claim 1,
wherein said type B sublayer (4B) consists essentially of
one of TiN, TiC, TaCN and SiC, and said first and second
secondary sublayers (4Al, 4A2) of said type A sublayer

5 (4A) respectively consist essentially of combinations of
compounds selected from TiN/AIN, TiN/TiAlN, TiCN/Al;03,

HfC/NbO, ZrCN/TaN and VN/BN.

13. The coated hard tool according to claim 1,
wherein said hard base material (1) comprises one of a
cermet, an alumina based ceramic, a silicon nitride based
ceramic, and a superhard alloy selected from a WC-Co alloy,

5 and a WC-Co alloy containing WC, Co, and at least one of a

- 19 -~ .
This Sheet Has Been Repla

M




wherein said coating (4) consists of said type A sublayers (4A) and
said type B subl ayers (4B). 11. The coated hard tool according
to cl ai wherein each one of said type A sublayers (4A) consists

Iﬂ !M’ i{' ﬁm dary subl ayers (4Al) and said second
seconda 12. The coated hard tool according

to claim1l, mhereln sai d type B subl ayer (4B) consists essentially of
one of TiN, TiC, TaCN and SiC, and said first and second secondary
subl ayers (4A1, 4A2) of said type A sublayer 5 (4A) respectively
consi st essentially of conbinations of conmpounds selected from
TINAN TIiNTIAIN, TiCNA[err]derr], Hf C/ NbO Zr CN TaN and VN BN.
13. The coat etR¥taide { ov|ndexcidelj nond ;a adiimided carbideref misalehdtarahease
material (1) congeses one of a cernet, an alum na based ceramc, a
silicon nitri®e ébr, anddanic, and a superhard alloy selected froma
WC-Co alloy, 5 and a WC-Co alloy containing W, Co, and at | east one of
a 20 carbide, a nitride, and a

nitri r bi n
trided carbide c44éﬂ Tﬁ%a%%é%é% hard tool according to claim 1,

wherein said coating (4) includes at least 8 of said type

A and type B sublayers (4A, 4B).

15. The coated hard tool according to claim 1,
wherein said coating (4) includes at least 10 of said type

A and type B sublayers (4A, 4B).

16. The coated hard tool according to claim 1,
wherein said coating (4) includes at least 13 of said type

A and type B sublayers (4A, 4B).

17. The coated hard tool according to claim 1,
wherein each said type A sublayer (4A) includes at least

24 of said first and second secondary sublayers (4Al, 4A2).

18. The coated hard tool according to claim 1,
wherein each said type A sublayer (4A) includes at least

75 of said first and second secondary sublayers (4Al, 4A2).

19. The coated hard tool according to claim 1,

wherein each said type A sublayer (4A) includes at least
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of Ti, Ta, and Nb. 14. The coated hard tool according to claimi,
wherein said coating-(4) includes at |east 10 of said type A and type B
subl ayers (4A, 4B). 15. The coated hard tool according to claiml1,
wherein i ncludes at |least 13 of said type A and type B
subl ayerlmuw g"rm"mll 16. The coated hard tool according to claiml,
wher ei n sai dut ype *A subl ayer (4A) includes at least 24 of said first
and second secondary subl ayers (4Al, 4A2). 17. The coated hard tool
according to claim1l, wherein each said type A sublayer (4A) includes at
| east 75 of said first and second secondary subl ayers (4Al, 4A2).
18. The coated hard tool according to claim1l, wherein each said type A
subl ayer (4A) ioclofesaial fieasd anw&embrmmchmm;ammmm d@dndary
subl ayers (4Al, 4A2).

4A2).
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