- 1 - CERMET FOR TOOL The present invention el ates to eernetis for use in
as coating tools, spike pins, scrapers, hobs, reaners and screw
Conventionally, TiC base and Ti (C, N) base cernets have

t ool s such
drivers. 5

been paid attention because a) the raw materials are inexpensive
cernets have strong oxidation- resistance so that tools nade of Sm@migf]
et erials are | ess subject to oxidatiom guei ng high-speed cutting in whi
the 10 tools are exposed to high tenperature,

b) the

il

c) such cernets offer strong

adhesi on-resi stance at hi gh tenpeCBRME®. FORITIDLsuch cernets are chemcally
stable. So the tools nade of these naterials are less |liable to wear which

occurs due

to t herheapteseny invehbiont velatesotpecemmetsaforcusesdns

éalloys (cenented carbide). This tépe of cernmet, however, has a_limted
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resistance so that tools made of such materials are less

subject to oxidation during high-speed cutting in which the
tools are exposed to high temperature, c) such cermets
offer strong adhesion-resistance at high temperature, and
d) such cermets are chemically stable. So the tools made
of these materials are less liable to wear which occurs due
to their affinity to the material to be cut than WC base
alloys (cemented carbide).

This type of cermet, howevér,_has a limited scope of
application because 1) its mechanical breaking-resistance
(referred to as breaking-resistance hereafter), 2) crack
extension-resistance due to thermal shock or uneven
distribution,of heat (referred to as thermal shock
resistance hereinafter), and 3) plastic deformation
resistance at high temperature or under high pressure
(referred to as plastic ¢eformation-resistance hereinafter)
are not quite satisfactory.

Lately, sintered bodies having a hard dispersed phase
(carbonitride_phase) made of carbide, nitride and -

carbonitride of transition metals in Groups IVa, Va and VIa



-2- have been proposed to overcone the probliensesdeséri bed aové. Further,
vari ous proposals have been nmade on the structure and conposition of such
sintered bodies with the aimof inproving the properties of cernets (see
Japan 5 Published Exam ned Patent Application No. S 63-3017). For instance,
a proposed cernet containing N has WC and carbide, nitride and carbonitride
of transition netals in Goup Va. Strychurally, such a cernet contains a
hard di spersed phase conprising Ti N single phase particles 10 (single

Struct ur alp g 'héer “prépisddt®toPB9asebmb! thb proBl dhisC Relsbt ibdars are 1| ch

I n G oups trans and the outer Tayers are rich 1n Goups Va

and Vl a trghsvdl ONFaBEReS, VRYEYRSE. pfopbBatscHalalpbebn madeS v thdard
di spersed 15 phase has not successfully enhanced such performance

char act er i gtsSt@be binakeogpo8it£6AN6E, shibh Sihtelreak boddess wditte thend
pl astic deformati on-resi stance without inpairing the cernet’'s inherent

properti esaidbo jwptroeihgrthe ptopebtiescef cermets \(Eemndaparcar bi de,
nitride, and carbonitride of Goup Va transitional netals are added to a
cer net § o PulplishedrExaminedr Batentindpplication ¥boecB- 68si3901F)ce, and

pl astic deformati on-resi stance, dual phase particles grOM/in nunber, which
reduces mechani Bor wiastarce starpropesedr cermet contsindng Nebas: ¥ece

herei nafter), and adhesi on-resi stance at high _tenperature (referred to as
t enper at urand,Fasbide, rpitridacand.carhgnitfide of transition metals

in Group Va. Structurally, such a cermet contains a hard
dispersed phase comprising TiN single phase particles A
10 (single structural particles) and dual phase particles in
which the cores are rich in Groups IVa transition metal and
the outer layers are rich in Groups Va and VIa transition
metals.
However, a sintered body having such a hard dispersed
15 phase has not successfully enhanced such performance
characteristics as breaking-resistance, thermal shock-
resistance, and plastic deformation-resistance without
impairing the cermet’s inherent properties. o=
More particularly, if substances such as WC and
20 carbide, nitride, and carbonitride of Group Va transitional
metals are added to a cermet to improve breaking-
resistance, thermal shock-resistance, and plastic
deformation-resistance, dual phase particles grow in
number, which reduces mechanicalIwear-resistance (referred
25 to as wear-resistance hereinafter), and adhesion-resistance
at high temperature (referred to as temperature adhesion-

resistance hereinafter).



-3- According to the invention there is provided a cernkt fos use in'tools
conprising: 70 to 95 volune percent of a hard di spersed phase conprising 5
to 50 vol une percent of Type-l particles, 5 which are single phase
particles; and 95 to 50 vol une percent of Type-Il particles, which are dual
phase particles, said hard di spersed phase containing at | east one G oup
Ma transition netal, at |east one C?oup /g transition netal, tungsten

carbon and nltrogen mh rein 10 (a Ie rati o ,of _the tot amount, of
Group | Va transit PGS 59% B‘r?’?ﬁstjﬁ fﬁ”t & SEEY e

t ot al amuntﬁmh@ﬁ&gﬂlmﬂmﬂ 0: 0.85-1.0, (b) the mole ratio

_of Group IV tran [ tal t t

°0.50-0. 85 : % Iorlu%%tflﬁ%rg#a(?ﬁ{‘ftam Uumts t@{dégst;n%sgﬁg IIf/a
transition mrimm«; &nttadl 50 ivolumel percent of Typethpartislesial , the
e r el s Shith e BiRnd Yifade! }#@méémaﬂaetﬁ (59 8¢ Yoftwle: 1 and

“the mol e ratho anta transjtion netal(s) .30 -1.0

1.0, (d) thpensent &f Fyre-Ig partislies, wWhichare @1@14@1!?% 0.10-0. 60
and (e) thegﬂ?ﬁ&ﬂd Oﬁiwlﬁafwmépbfﬁdn%ﬁw dritaueing rat bedspe- |

Borposed of NG IGERIP Gi¥E GXIPARAGR MREAL, Tk TAAR o8 GFOMF \WRnl i on has
superi or br aafeiniditidn MMl atmgsten ndarbion land ikt rogen, whlepeist i c
o g (i WAl IEhE, J¢ ™ B i &R0 Fva"
transltlon metal, Grbup Va transition metal and tungsten to
the total amount of carbon and nitrogen is 1.0 : 0.85-1.0,
(b) the mole ratio of Group IVa transition metal to Group
Va transition metal to tungsten is 0.50-0.85 : 0.05-0.30 :
15 0.05-0.30, (c) titanium is used as a Group IVa transition
metal and tantalum is used as a Group Va transition metal,
the mole ratio of titanium to Group IVa transition metal(s)
is 0.8-1 : 1 and the mole ratio of tantalum to Group Va
transition metal(s) is 0.30 =1.0 : 1.0, (d) the mole ratio
20 of carbon to nltrogen is 0.40-0.90 : 0.10-0.60 and (e) the
mole ratlo of nitrogen to carbon and nitrogen in the Type-~I
particles is 0.25-1.0 : 1; and 30 to 5 volume percent of a
binder phase composed of at least one Group VIII metal.
. The cermet of the invention has superior breaking-
ot 25 resistance, thermal shock-resistance, and plastic
deformation-resistance without impairment of wear-
resistance and temperature'adhesion—resistance.
(a) The Type-I particles account for 5-50 volume
percentage of the hard dispersed phase and are
30 ' '




(a) The Type-l particles account for 5-50 vol use pércpntageSof';he har d
di spersed phase and are 30 -4- single phase particles conprising at

| east one nitride or carbonitride of a Goup IVa transition nmetal, wherein
the ratio of Nto Cand Nis 0.25-1to 1. (b) The Type-I1 particles
preferably contain nmore 5 Group IVa transition netal in the outer |ayer
than in the core while said particles cgontain nore G oup Va transition .
metal and Win the core than in the oft&r 7 ayer, and the ratio of Goup IVa

S A . q

Seauent | ol P3urs PRaReCHRrYg1pE" Boblledia’ ag, Aot SHERMEIAR AY  On' has
' ' Typesl

ar i ol es TrroohfEride BY 8 cRBRplTON Sxpieye1 ol sakal bakain e, e

Type-1 paria€i&SothfS€oCe RRANE i BN 2521C#Pihde, nitride and carbonitride

of Goup IVa transition netal ané whose outer ‘ayers are rich in solid

sol utions of carppyitrTHe PYpé-o¥Ppat¥icl¥s PPULErably2Rdntalh W S the

cernet devel ops increasingly poorer wear-resistance and 20

br eaki nfj- résoupalvVa trahbitiohcmetalcin kheodutet Aayer thar i R@i&f ore,
i mportant to keep the formation of solid solutions thin in the outer |ayers

and di spercereavhitecsaidcpartiGlespcbritainamorie Group Ma ttrangition a

T

metal and W in the core than in the outer layer, and the

ratio of Group IVa transition metal to Group Va transition

metal to W changes gradually and sequentially from the core e
10 to the outer layer.

The present invention has been made upon the
following background.

i) Background on Type-I particles

If a sintered body containing N for use in cermet

15 contains Type-I particles whose cores are rich in carbide,
nitride and carbonitride of Group IVa transition metal and
whose outer layers are rich in solid solutions of
carbonitride of Groups IVa, Va and VIa transition metals
the cermet develops increasingly poorer wear-resistance and

20 breaking-resistance as the outer layers become thicker.

It is, therefore, important to keep the formation of
solid solutions thin in the outer layers and disperse
particles rich in Group IVa transition metal throughout a
cermet. This way the cermet is provided with high wear-

25 resistance, adhesion-resistance and breaking-resistance.

ii) Background on Type-II particle

Carbide, nitride and carbonitride of Group IvVa



cernet. This way the cernmet is provided with high wear * 25 resi stance, .
adhesi on-resi stance and breaki ng-resi stance. ii) Background on Type-I|
particle Carbide, nitride and carbonitride of G oup |IVa transition netal
and WC are commonly added to a sintered body containing N for use in cernet
to increase thermal shock-resistance, breaking-resistance and plastic

def ormati on-resi stance, which produces, _ag a conponent of a 5 hard

di spersed phase, dual phase particles whefein WC abound in the cores while

Goup |Va a“@réﬁs#faﬁiﬁ&&l ”ﬁ%&' ﬁcaﬁgﬁg&ig{nﬂofﬁﬂgt a4b8l +8Y &’ Bintlekaauoh the

dual phase particles 1 nprove er mal ck-resiStance, breaking- resistance

~and plastic sedprashtainifg Rt #66Cube InCeeiAbE €6 SKEPBhseBhermAl St ance
and adhesi on-resi stance which are inherent properties of a cernet decrease

as the anouréhedékJvesistanseé] i bréaking+~cesistance &natpirasthedy. I n other
aords, it is essential to restrain the devel opnent of the dual phases in
Type- 11 partdefesmationerebistance} rwhichnpréduces; basi ar compoheatGofua Va
transition nmetal and WC are added. Based on the background descri bed above,
we have b schaxd cdispers&dpphasepaduall pbasevpagticlest wherein Wed t he
conponents shown in Fig. 1(a) significantly inprove the 20 above-descri bed
per f or nance ¥peundtinjtheceoveswhilecbroup IVa. andsya tyeansitdomnd t he
outer layer of a Type- Il particle are conpared in terns of the anount of

each cornpondiftalrabeund;in fhe opter layereqnphithongh thecdual phase
particles improve thermal shock-resistance, breaking-
ot resistance and plastic deformation-resistance to a certain

10 extent, wear-resistance and adhesion-resistance which are
inherent properties of a cermet decrease as the amount of
Type-1I particles increases in a sintered body. 1In other
words, it is essential to restrain the development of the
dual phases in Type-II particles when carbide, nitride and

15 carbonitride of a Group Va transition metal and WC are
added.

Based on the background described above, we have
discovered that Type-II particles having the structure and
the components shown in Fig. 1(a) significantly improve the

20 above-described performance characteristics of a cermet.

_In Fig. 1(a), the core and the outer layer of a Type-
II particle are compared in terms of the amount of each
component therein. Likewise, Fig. 1(b) compares the core
and outer layer of a conventional particle. The curved

25 1lines of Fig. 1 schematically indicate the amount of each
component in the core and the outer layer and do not

reflect the actual ratio therein.



and outer |ayer of a conventional particle. uThe cuﬁved 25 anes of Fig. 1
schematically indicate the anount of each conponent in the core and the
outer layer and do not reflect the actual ratio therein. -6- As Fig.

| (a) shows, a Type-IIl particle present in the cernet of the present

I nvention has a weakly devel oped dual phase structure without a clearly
defined |line distinguishing the core and the outer |layer. The core is 5
rich in Goup Va transition netal, Wantl T, while the outer layer is rich

D VA A T i %%EP%3?%’%%‘4%&‘?%@?19°ﬁ§32§35ﬁt
of GroUp Wbl hd |l "B ke ﬂ@diWJfﬁ‘figﬁ‘sﬁésf&O?b&ﬂlgh&e%iB 858 ol

core, while I on converse Creases romt e core ’

to the su h’i’s"ﬁ t,F@,pﬂ t r 8a'iipke shown in Fig.

1(b) has gjmel deve‘?ﬁ]‘oedhﬁI p égée§?$%i u?gfiaher%Fﬁ the core is richin .
Wand C Waiﬁiﬂ@ﬂﬁﬁiglayercweraﬁa the Gatér! Yayép.an¢h¥acbrangist i On
nmetals and N. A Type-11" particle present in the cernet of the present

i nvent ison rlich i f1wtieraly v fEtrdansitionthétal | oN-and Carwhille thet baterhe
core abounds in Goup Va transition netal. Due to the above-descri bed

struct ur e layerdepasich adn GfoupeIvai transitiondmetazr gnd Maoufheof solid
sol utions of carbide and carbonitride of Goup Va transition nmetal and WC
in Type- | lcqntrent: | xatio oficthese cconponentsrgradually and
sequentially changes from the core to the surface: the
amount of Group Va transition metal and W increases from e
10 the surface to the core, while Group IVa transition metal,
conversely, increases from the core to the surface. On the
other hand, the prior-art particle shown in Fig. 1(b) has a
well-developed dual phase structure, wherein the core is
rich in W and C while the outer layer is rich in Group Iva
15 and Va transition metals and N. A Type-II particle present
in the cermet of the present invention distinctively
differs from the prior-art particle in that the core
abounds in Group Va transition metal.
Due to the above-described structure and composition,
20 there is contained a larger amount of solid solutions of
carbide and carbonitride of Group Va transition metal and
WC in Type-II particles in the cermet of the present
invention than in the conventional particles, which allows
performance characteristics of carbide and carbonitride of
25 Group Va transition metal and WC such as thermal shock-

resistance to be fully developed, while breaking-

resistance, a performance characteristic of WC, is also



i nvention than in the conventional particlestswhich al Lews perfornmance
characteristics of carbide and carbonitride of 25 Goup Va transition netal
and WC such as thernmal shock- resistance to be fully devel oped, while
breaki ng- resjstance, a performance characteristic of WC, is al so -7-

i nproved. Furthernore, the reduction of tenperature adhesion-resistance,

Wi ch is caused by addition of WC, is mmimzed. Since a | arge anount of
solid solutions of carbide, nitride and carbonitride of G oup Va transition
5 netal areimpxovedad iFurthernmre, tdhe mEdudiccdn refitenperaturenhanced.
Further, the reduction of wear-resistance caused by addition of G oup Va
transition mdheision-resisitanteneohish tise canaashiby agddibtorsmf W€pl 18i ons
“of Group Va transitional metal is lowin the outer |ayer. W have

perforned efdaimizedy ofinge @ daadge amquntyrofngalid aﬁ@q‘-y:}ﬁn?f |of
.essentially constitutin a hard dlxgggsed phase., The cqntent

“Type-1 part P& cﬂfalqlip%éfﬁ]e%r a-'f-\"f‘?%e ratio

which maxi m z the perf nan racteristi di.scovered. W al one,
excl udin %8# @P 1R t & iGRT Sret %h qKrresiEtance i on’

e oas ?3' 35, R %ﬁ'clti’sedirgcﬁb‘é‘#é*a@?;ﬁ{ev TR0 20" ne

structure iyl ga[ d Hya dd?é(:%% S:If By W ST fd Bdea T efore,

br eaki ng-resistance”i s 1npair
minimized because the content ratio of solid solutions of

Group Va transitional metal is low in the outer layer.

10 We have performed experiments on the content ratio of
Type-I and Type-II essentially constituting a hard
dispersed phase. The content ratio of Type-I particles to
Type-II particles was gradually changed until the ratio
which maximizes the performance characteristics was

15 discovered. |

W alone, excluding Mo, of the Group VIa transition
~metal is used for this invention because solid solutions
made of Mo and Group IVa and Va transition metal are easily
' formed in Type-~I particles if Mo is added, which renders
20 the structure in the outer layers of Type-I particles
fragile. Therefore, breaking-resistance is impaired.
Moreover, addition of Mo would reduce thermal shock-
resistance and breaking~-resistance because the formation of

’ solid solution of W and a binder phase is limited due to

25 the fact that Mo more easily forms a solid solution with a
binder phase than W does.

The following are the reasons that the structure and



Mor eover, addition of Mo woul d reduce thernnl-éhoéﬁ-'nésiStance and

br eaki ng-resi stance because the formation of solid solution of Wand a

bi nder phase is |limted due to 25 the fact that Mo nore easily forns a
solid solution with a binder phase than Wdoes. The followi ng are the
reasons that the structure and -8- conponents for the present invention
have been determ ned as descri bed aboyve, 1) The vol une percentages of the
hard di spersed phase and of the binder phase (70 to 95% and 5 to 30% 5

for the | TRSrbntl 60 Bhe rdln® fRfahed OH Bh 08 mHRl AR e g Ab (o s

for the f cernet contains less t ume of

a hard di \f'desbPivaE ov@f € t han 30% by vol une of a bi nder phase
wear - resi stance, tenperature adhesion-resistance and 10 pl astic

def or mat i on-r esixyt ancerifd arcsilines vcaitfyés of Xhé Masdhaispapdedi f the
vol une percentage of a hard di spersed phase is over 95% or the vol une

per cent agphxser andidef thedeindebcphase’{70rtak9sy- andi St £oc308nd t her mal
shock-resi stance are adversely affected. 15 So, these perfornmance
char actSer irespactively) | in dthve| cexmiet f of htheopreseptr tomentdonohasrenar d
di spersed phase and that of a binder phase is set in the range from70 to
95% and f reers deteogmined sferithe| folrowing Treasens.ratio of Group |Va

transition nmetal to 20 Goup Va transjtion netal to W(0.5 - 0.85 to 0.05 -
0. 30 If a cermet contains less than 70% by volume of a

hard dispersed phase or more than 30% by volume of a binder
phase, wear-resistance, temperature adhesion-resistance and -

10 plastic deformation-resistance are adversely affected. On
the other hand, if the volume percentage of a hard
dispersed phase is over 95% or the volume percentage of a
binder phase is below 5%, breaking-resistance and thermal
shock-resistance are adversely affected.

15 So, these performance characteristics are fully
developed if tﬁe volume percentages of a hard dispersed
phase and that of a binder phase is set in the range from
70 to 95% and from 5 to 30%, respectively.

2) The mole ratio of Group IVa transition metal to

20 Group Va transition metal to W (0.5 - 0.85 to 0.05 - 0.30
to 0.05 - 0.30) has been determined for the following
reasons. *

If the amount of Group IVa transition metal in the
above ratio is below 0.5, the content ratio of single phase

25 particles (Type-I particles) is too low, which results in a
reduction in wear-resistance and temperature adhesion-

resistance. Further, such a low amount of Group IVa



to 0.05 - 0.30) has been determ ned for the tplmeﬁﬂg ridaséns. [ f the
anmount of Group IVa transition netal in the above ratio is below 0.5, the
content ratio.of single phase 25 particles (Type-1 particles) is too |ow,
which results in a reduction in wear-resistance and tenperature adhesion-
resi stance. Further, such a | ow,anbunt of G oup IVa -9- transition netal
réduces the fornatlon of a solid soluto® of Group IVa transition netal in
the outer layers of Type- Il particles, hence nmaking the cqntent %FIO of
G oup Va trtnsnsibnonemata&nne@mpﬁStﬁbeoﬁpﬁmatéyﬁr 08 FPdid solut

Consequently, wear-resistance, and tenperature adhe |on- resi st
_inpaired. |9ft@xouRDINA EFBBﬁiFWQntPgE§FtiBntHEtQ ex }ﬁgegﬁb§&P&§HQ)

fﬁ;if?é;obﬁfsuge ﬁe%ﬂ?éﬁpﬁgiinﬁiﬁ“e?@%ﬁegr Sgﬁk“gsgéﬁs R DR, 100

ow. cesgive

“particles ¢ rmiﬁ%ﬁ%*%i RBRCHCenL ke, PRsel 4 8Fed) 880, L] U o,

because %&HEanglowggrgggggfﬁgbggl?PapgégﬁgﬁuﬁuggadﬁﬁggidQJJn met al

becones cores properties of G oup
Va tran5|tlgg §EE hcé”gr¥ﬁ g?iggdghernal shock-resi stance and breaki ng-

resi stance are re uced ore, if the amount of Group IVa transition
netal in the abovesr gheOamSufitt ckehpeevaltransdtiofSmetthd in the above
ratio exceeds 0.85, thermal shock-resistance and breaking-
resistance are impaired because the content ratio of Type-
10 II particles becomes too low. Excessive solid solution
easily forms in the outer layers of Type-I particles to
affect wear-resistance and breaking-resistance.
Furthermore, because the content ratio of solid solutions
of Group IVa transition metal becomes too high in the cores
15 of Type-II particles, properties of Group Va transition
metal and W such as thermal shock-resistance and breaking-
resistance are reduced.
Therefore, ifithe amount of Group IVa transition
e metal in the above ratio is set between 0.5 and 0.85, the
20 above-identified characteristics are maximized.
(3) The mole ratio of Group Va transition metal to
Group IVa transition metal to W (0.05 - 0.30 to 0.5 - 0.85
to 0.05 - 0.30) has been determined for the following
reasons.
25 If the amount of Group Va transition metal is below

0.05, the content ratio of the components (especially W and

Group IVa transition metal) does not change gradually and



20 above-identified characteristics are naxiﬁ$z$d.?(3L:Thé hole ratio of
Group Va transition netal to Group |Va transition netal to W(0.05 - 0.30
to 0.5 - 0.85to 0.05 - 0.30) has been determ ned for the foll ow ng

reasons. 25 If the anpbunt of Group Va transition netal is bel ow
0.05, the content ratio of the conponents (especially Wand Goup |Va :
transition nmetal) does not change gradugyly and -10- sequentially and

particles simlar to the conventional dual phase particles having cores
rich in Weeguentiallyyand pacticles siniliz toathe iconvertionwle dadl | ¥
formed to reduce thermal shock-resistance and plastic deformation- 5

resi st ancephase tpartioles havingrcores riichodncW andeocuter Tayers |
particles contain too much Group Va transition netal, resulting in

reduct i on BECheli -Greunt TWactransition meteisare easidysfloxmeshtare apt to
formin the outer 10 | ayers of Type-1 particles to reduce wear-resistance
and br eaki FRAVER| tharwa %OFheresﬁetansﬁdanﬂf pipstiedefarmatianr- va
transit on %%§¢ is set in the range fromO0.05 to 0.3, the above-identified

per f or ARPRristics are maxinzed. 15 (4) The nole ratio
of Wto C?oup I tr,ansition taI to p,.Vva transition netal (0.05 -
0.30 to 0.5 - the apeun dne of %o?"ﬁ‘és bg nthe BP eé‘V&F‘tﬁ’J Fé’lﬂ%vm ng
reasons.

II particles contain too much Group Va transition metal,

resulting in reduction of wear-resistance. Further,

excessive solid solutions are apt to form in the outer

10 layers of Type-I particles to reduce wear-resistance and
breaking-resistance.

On the other hand, if the amount of Group Va
transition metal is set in the range from 0.05 to 0.3, the
above-identified performance characteristics are maximized.

15 (4) The mole ratio of W to Group IVa transition
metal to Group Va transition metal (0.05 - 0.30 to 0.5 -
0.85 to 0.05 - 0.30) has been determined for the following
reasons.

If the amount of W is below 0.05 in the above ratio,

20 growth of Type-II particles is checked and wettability of
Type-II particles by a binder phase is decreased.
Therefore, Type-II particles become fragile and impair
thermal shock-resistance and breaking-resistance.

If the amount of W is over 0.3, Type-BI solid

25 solution of W and Group IVa and Va transition metals

(especially those in Group Va) does not form and solid

solution rich in WC deposits. Then, the content ratio of



If the amount of Wis below 0.05 in the above tatios 26°growt h of Type-1I1
particles is checked and wettability of Type-I1Il particles by a binder phase
i s decreased. Therefore, Type-1Il particles becone fragile and inpair

thermal shock-resi stance and breaki ng-resistance. If the anmobunt of Wis
over 0.3, Type-Bl solid 25 solution of Wand G oup |IVa and Va transition
metal s (especially those in Goup Va) <daes ot formand solid solution rich
in WC deposits. Then, the content ratio of t he conponents does not
change gr adthél gompdnentisedoral hptf changeegradualily and seguentdadly t o
reduce wear- resistance and tenperature adhesion-resistance. Moreover,
si nce W doeframt thescbyesokdi kbewoutexn layerspso TeoMce WedF1 s apt to

“occur, producing pores and bl owhol es. Cbnseguently, wear - resi st ance and

br eaki ng- r cEe8ighancgcandatenperaturs: adhesloRsresdstange. . Menaqyesyo, o
ratio is set between 0.05 and 0.3, superior f nce 10 racteristics
“can be obt afhBge Y’551°35TﬁetnﬁP§iiXt ceRging f"g%h ?‘(r) epo&pgsﬁg:%r& of dP 6)
has been de&erni ed for the folhpmhng reasons. IL tg%gg unt of Cis nore
than 0. 9%andSt ABtaFBURECYF / \PFOAEd Dy, pores and, blg € ratio, growth of

(he part1 o GnaRRBRntaRs bekySreRlatERRsTaRR BreRkind-ae AT I

t he outer.!a¥85§a$E.Type-l particles so t hat fewer Type-1 particles (single
phase particles orm
Therefore, if the amount of W in the above ratio is

set between 0.05 and 0.3, superior performance
10 characteristics can be obtained.
(5) The mole ratio of C to N (0.4 - 0.9 to 0.1 -
0.6) has been determined for the following reasons.
If the amount of C is more than 0.9 and the amount of
N is less than 0.1 in the above ratio, growth of Type-I and
15 Type-II particles becomes excessive so that the diameter of
the particles become too large. Excessive solid solutions
easily form in the outer layers of Type-I particles so that
fewer Type-I particles (single phase particles) form.
W Further, because solid solutions of Group IVa transition
20 metal form at too high a rate, performance characteristics
obtained by addition of W and Group Va transition metal are
reduced, thenredcced characteristics being wear-resistance,
breaking-resistance, thermal shock-resistance and plastic
) deformation-resistance..
25 - If the amount of C in the above-described ratio is
less than 0.4 and the amount of N in the above-described

ratio is more than 0.6, decomposition of N easily occurs to



Furt her, because solid solutions of Goup.lyda trankiti®on 20 netal form at
too high a rate, perfornmance characteristics obtained by addition of Wand
Goup Va transition netal are reduced, the reduced characteristics being
wear - r esi st ance, breaking-resistance, thermal shock-resistance and plastic

def ormati on-resi stance. 25 If the ampunt of Cin the above-described
ratio is less than 0.4 and the ampbunt. 95 N in the above-described ratio is”
nore than 0.6, deconposition of N easily occurs to - 12 - produce pores

and bl omhgxeauc?@m'& Ha Fidwhdled Y Perié doritént CPaE6 0BESTYpa~-RW.

Further, Type-Bl solid solution of Wand Group IVa and Va transition netal s
(especi al parttiedes bddongs o done. n@uithier AMType+BI solidi solutdbnin 5
WC deposits. Consequently, the content ratio of the conponents does not
change gr afuM landGroum) EVa iand Wi reransit bon caetsls h¢especialdyers. |f
too nuch Nis contained in the cernet, the range of sintering tenperature
becones t éhdsiegiin Gxroup rajuldoes: niet staxm sand dsebidtsokution rdchednily
formed in the outer layers of Type-Il particles. For these reasons,

wear - r 8si WGdapositanki Rpnaequently, the contentiratiada€sthe-resistance
decrease. If the nole ratio of Cto Nis_in the range of 0,4-_.0.9 to

0. 1-0. 6, Fﬁ@ﬂﬁﬂqnﬁﬁnﬂﬂﬂ?(ﬂﬁﬂzﬁﬂ%ﬂg%t9¥ﬁﬂgﬁ¥;X5‘§G ?GBFPt%B}IYhErRBIe

ratio of Fradnds 654 | QRele "Bl & OHP 60 ' RS0R 4 20 BBhEhunddd V1O
in the cermet, the range of sintering temperature becomes
too high. As a result, excessive solid solutions are ~
10 easily formed in the outer layers of Type-II particles.
For these reasons, wear-resistance, breaking-resistance,
and temperature adhesion-resistance decrease.
If the mole ratio of C to N is in the range of 0.4-
0.9 to 0.1~-0.6, the performance characteristics are
15 superior.
(6) The mole ratio of Group IVa transitional metal,
Group Va transition metal, and W to C and N (1 to 0.85 -
1.0) has been determined for the following -
reasons (IVa+Va+W/C+N ratio).
20 If the amount of C and N in the above-described ratio
is less than 0.85, a harmful chemical substance
materializes ‘to impair breaking-resistance.
If the amount of C and N in the above-described ratio
is more than 1.0, a graphite phase easily deposits and the
25 stoichiometric composition of a sintered body becomes
imperfect to reduce breaking-resistance.

If the ratio is 1 to 0.85-1.0, a superior



1.0) has been determined for the follow ng r&asdns(lsVa+Va+W CtN rati o). 20
If the anobunt of C and N in the above-described ratio is |less than 0.85, a
harnful chem cal substance materializes to inpair breaking-resistance. |f

t he amount of C and N in the above-described ratio is nore than 1.0, a
graphi te phase easily deposits and the 25 stoichionetric conposition of a
sntered body becones inperfect to reducg, breaking-resistance. If the ratio
is 1 to 0.85-1.0, a superior - 13 -“~cFracteristic mentioned above is

bt ai . L . _ : i
?héa:gr”iitwegc AERRFeFReFAF BePeionn BREVACHs braRped VA pachet agtl N,
metal + N gatkQ | ' [

“Group I'Va trg%égt P’%nh%%Fgfngnﬁs. Qy(ll%xg f}ga'grsrggggl%ye?e%?ﬁdpgcft ?(#ét htehe
fol | ow ng fgéaQEér £hiet hgcaﬁﬂ E’:QrtiBI F']lg, maipgs Egngi%_ﬁe@%h@ foup’/avd dEtdl on

_metal increases, wear-reSistance, 10 resistance, and plastic

'defornatiop+rg§5§bavgem§galb¢ fyeant edtlie Haprove. Also, if the ampunt of
Zr and Hf is nore than 0.2, the degree of sintering |owers, hence reducing

wear - resgst ance aggl)br eahaomotéei patl6cof! vit bo adlethet Group IVato all the
Goup IVa 15 transition netals is 0.8-1 to 1, superior performance
char act eri stransidtéonbmaitade. (0.8-1 to 1) has been determined for the
following reasons.
As the amount of Zr and Hf in the Group IVa
&): transition metal increases, wear-resistance, thermal shock-

10 resistance, and plastic deformation-resistance can be
expected to improve. Also, if the amount of 2r and Hf is
more than 0.2, the degree of sintering lowers, hence
reducing wear-resistance and breaking-resistance.

If the mole ratio of Ti to all the Group IVa

15 transition metals is 0.8-1 to 1, superior performance
characteristics are obtained.

(8) The mole ratio of Ta to Group Va transition
v metals (0.3-1 to 1) has been determined for the following
~ reasons.

20 Ta and Nb, which are Group Va transition metals, are
added to improve thermal shock-resistance and plastic
deformation-resistance. It is common to use Nb in part in
the place of expensive Ta. However, if the amount of Ta in
the above-shown ratio is less than 0.3, restraint on

N 25 particle growth in a hard dispersed phase becomes extremely

weak and wear-resistance, breaking-resistance and thermal

shock resistance deteriorate.



(8) The nole ratio of Ta to Group Va transitién
been determ ned for the foll owi ng reasons. 20

Goup Va transition netals, are added to inprove
and plastic deformation-resistance. It is commobn
pl ace of expensive Ta. However, if the anount of
ratio is less than 0.3, restraint on 2? particle
phase beconmes extrenely weak and wear - 3sistance

netabs (0.3-1 to 1) has
Ta and Nb, which are
t hermal shock-resi stance
to use Nb in part in the
Ta in the above-shown _
growth in a hard di spersed”
br eaki ng-resi stance and

t hermal shock r?@%%n ]get:eare ?fs?%tf# tfut‘% a‘grq\;/ ratio of Ta to

all the Goup Vatransition neta

e- nenti oned

perform”%%a%‘t&@rﬁ&de% 1% P @OF-54WE'1 O'thd Abdvé-ndneioneal of Nto C
and N in Type-I 5 particles (0.25-1 to 1) has been detern1ned for the

fol | ow ngpmmncwmrwtrdtrdms ideddif® superdee. snall in size, large
I n nunber, and evenly distributed throughout a sintered body, inprove
wear - r esi st ance (Shr eathegmole ratdicsioae tonrdl N iin Type-I
deformati on-resistance. |If the nole ratio of Nto C and Nis |less than
0.25, &xcpasiticles i(®.25-k it Kadids besnxeterminedifor| thers of Type-

particles and particle growh becones excessive,
above- des&ol3owing meamonss 15 characteristics.

whi ch deteriorates the

Type-I particles, if they are made small in size,

large in number, and evenly distributed throughout a

sintered body, improve wear-resistance, breaking- N

10 resistance, and plastic deformation-resistance. If the

mole ratio of N to C and N is less than 0.25, excessive

solid solution easily forms in the outer layers of Type-I

particles and particle growth becomes excessive, which

deteriorates the above-described performance

15 characteristics.

If the ratio of N to C and N is 0.25-1 to 1, these

performance characteristics become superior.

(10) Type-I particles account for 5-50 volume

percentage of a hard dispersed phase.

This percentage has

20 been determined by the following reasons.

Generally, the outer layer of a dual phase particle

comprises solid solutions of Group IVa, Va, and VIa

transition metals. It is known that the thicker the layer

is, the poorer wear-resistance and breaking-resistance are.

25 Therefore, it is important to secure a

predetermined

percentage (5 - 50 volume percentage in this invention) of

the single phase particles in a hard dispersed phase by



If the ratio of Nto Cand Nis 0.25-1 to 1,:these performance:
characteristics becone superior. (10) Type-I particles account for 5-50
volune percentage of a hard dispersed phase. This percentage has 20 been
determ ned by the follow ng reasons. Cenerally, the outer |ayer of a dual
phase particle conprises solid solutions of Group I'Va, Va, and Vlia
e(an3|t|pn nmetals. It is known.that the %gicker the layer is, the poorer
wear - r esi stance and breaking resistance 25 Therefore it is inportant

to secure a det I [
invention) ngg ﬁgP S%é§§§%§ cgg% |ﬁﬂﬁ Oa%§$ |sperse hégetBLS
-15- maki ng L.Qggn euhel i@ﬂe E&etaiéﬁ -Iié%%st%% o MRRI-T rﬁh&*’éﬂéﬂ.@@ el

“br eaki ng-resrs ce of |c es are guara teed |s a
i nport ant tguarepseed.G iﬁlélﬁ%tmqr&? r}mﬂ Type- |
,particles 5t£:ah§altqonhmawuv@xﬁ) -\t!eep*artﬁmhésmce and

rereral B | (34ng e phasn %h%”“%eﬁip& a&%&i&éiﬁ@i ekt oy e (Ao ©°)
cligf fL gﬁt gg}ngmﬁh&m@f a_li:iih@s:i‘lfo?r-&,esﬁstadwd mmmqﬂmsesommqbei ess
deformati o(n 2 sg’gﬁ‘&g 3‘ &regarti eﬁ%rﬁ rPéflessr v aﬁl)ﬁft: | gf
G oup 1Va t ddspieirisen ticeuaipnosrec(pitaeﬂh‘iaj dﬁmﬁi@ﬂnnﬁsmai@%ol ution in
Type-11 particlesphb ighe, $0U hard iRt sed Prdde RURRIEMIA s
10 than 5% by volume of Type-I pafticles, high wear-resistance
and plastic deformation-resistance can not be obtained.
Further, an excessive amount of Group IVa transition metal
is contained in the form of solid solution in Type-II
particles if there is only less than 5 volume percentage of
15 Type-I particles in a hard dispersed phase. Consequently,
performance characteristics of Type-II particles such as
breaking-resistance and temperature adhesion-resistance
deteriorate. |
on the other hand, if a hard dispersed phase contains
20 more than 50 volume percentage of Type-I particles, there
is contained too small an amount of Type-II particles,
which causes deterioration of wear-resistance and thermal
shock-resistance. Moreover, since much of Group IVa
) transition metal is used to form Type-I particles, there is
25 not enough solid solution of Grbup IVa transition metal in
the outer layer of Type-II particles. Thus, wear-
resistance decreases.
If a hard dispersed phase contains in the range from
5 to 50 volume percentége of Type-I particles, the above-
30 identified performance characteristics improve.



15 Type-I particles in a hard di spersed phaéei é%nséhuéntly, per formance

characteristics of Type-11 particles such as breaking-resistance and

t enper at ure adhesi on-resi stance detergj te. On the other hand, if a hard
di spersed phase contains 20 nore than vol ume percentage of Type-|
particles, there is contained too small an anount of Type-Il particles,

whi ch causes deterioration of wear-resistance and thermal shock-resistance?”
par i ol s, therbel EmBoAgmantapL KHE BARFBT dPELBRLobe Mtk Beon
docr ease X ELhEE BEYFLRRT LRl o ontai s in the range froms to 50
thar actor1 sti oA Eehmd¥P¥ox DAL L dECLRY EpeWpa A e RE M STICE

w il be eﬁ‘%@fﬂ@éu?@ﬁeiﬁ fferfofiﬁﬁiﬂﬁdmgg50300|s for the present |nvent|on .

I's manufactured 1nt oW ng et Irst, solid solutions used as

materials forpepgept s%uaanvéwwéﬁfduﬁam edmatle@indlsS SPOYN cermbdd! € 1
whi ch are connerC|afIy avai |l abl e powder netallurgical materials, are m xed

in a ratigrehpaputactapkd.2 in a stainless-steel ball mll. Solid sol utions
not containing nitrogen, (Ta, W M) C

' Powdered materials shown in Table 1 which are
commercially available powder metallurgical materials, are
mixed in a ratio shown in Table 2 in a stainless-steel ball
mill. Solid solutions not containing nitrogen, (Ta, W, Mo) C
and (Ta, Nb, W) C, are manufactured by means of heating in
vacuum at a temperature ranging from 1500 to 1800 degree
centigrade for one }o five hours while solid solutions
containing carbonitride, (Ti, Ta, W) (C, N), are manufactured
under the same conditions except that heating is performed in an

air stream under nitrogen partial pressure of 50 to 650 torr.
Then, the manufactured solid solutions were milled to obtain
solid solution particles having mean particle diameter
ranging from 1.0 to 1.7 micrometer.

The mole ratio of the components contained in the
pbtained solid solution powder was measured by chemical
analysis. The results are shown in Table 2. X-ray
diffraction was performed to confirm that the mole ratio of
the components such as carbide, nitride, and carbonitride of

Ta, Nb, W, and Mo contained in the s0lid solution powder

does not change throughout the powder; that is to say, the

solid solutions have a uniform composition.
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and (Ta, Nb, W C, are nmanufactured by neans of heatfég:fn vaguung at: & .°
tenperature ranging from 1500 to 1800 degree centigrade for one to five
hours while solid solutions containing cactbeppitride, (Ti, Ta, W (C, N,
are manufactur.ed under the sanme conditions except that heating is perforned
in.an air streamunder nitrogen .partial pressure of 50 to 650 torr. Then,

t fie' manuf act ur edSesland soleutpoad efee emiin e @dpreROT e oP £d LReuBRAVe -
particles havingpnean particle dianeter ranging from1.0

C : tg 1.7 _m crquoeter
The ol e raPeBtiPnefe PRRREARAES ShEWNaiRedaPhe: fc2hBt ShRcl 98Fr9e§8F&g$8n

powder wee TESSUl cdo TR SOl Aol iot sy The nesuli2ore END By obhs >
Component s SHoh e PhRh yplt £ ARSI L1 £EchaTd, Muotipdndsl®
powder | nohakag! R 3t isselid S8 WU LTy SR LB RATSS tboRz0
show: |1 Tahbed ek abous: 0ehd" Wi pl ddky ndnpsbereuin eotaling?

added to thygog Hylifeignbeot A %a}éed il50mi3kd 01428 RoE mixtureher,

drying was perforred and paraffin t Ing 1.0% by weight of the mxture is
m xed into ¢henl prescuréhe? NI el sdudr&mPElinéter eisi appldedr tios

applied to the m xture. After the pressed m xture was degreased, it
the mixture. After the pressed mixture was degreased, it
is heated for about three hours until the mixture reaches a
temperature ranging from 1,000 to 1,200 degrees centigrade in
a vacuum furnace. The mixture is now held in an Ar gas
atmosphere under.a pressure ranging from -60 to -25
centimeter Hg at a temperature ranging from 1,400 to 1,550
degrees centigrade for one hour. Furthermore, the mixture
is cooled down to 1,000 degrees centigrade at a rate of 5 to
30 degrees centigrade per minute to obtain Sample Sintered
Bodies from No. 1 to No. 60 shown in Table 4.
Chemical.analysis was performed on the sample sintered

bodies (referred to as samples hereinafter) comprising a hard

dispersed phase to determine the components of said hard

dispersed phase, the components being Groups 1Va, Va and VIa transition
metals, C and N. The mole and volume percentages of the transit;on
metals contained in the harq

dispersed phase were determined by using a transmission
electron microscope. The results of the chemical analysis
and the microscopic measurement are shown in Table 4. The

ratio of N to C and N in Type-I particles of each sample was



is heated for about three hours until the mixture réachkes a,tenperatureg'
ranging from 1,000 to 1,200 degrees centigrade in a vacuum furnace. The

m xture is now held in an Ar gas atnosphere under a pressure rangi ng from
-60 to -25 centineter Hg at a tenperature ranging from1,400 to 1,550
degrees centigrade for one hour. Furthernore, the m xture is cool ed dows-
to 1,000 degrees centigrade at a rate of ¥8to 30 degrees centigrade per -

' [ . ' Bodi fr, 1 ~ 60 i _Tab
3 Chom cof CeRaRs ERER B Bl T ARGeE Bhixe 8T phe Zareres oo selt becRerrod
to as sanpjegneyLi PR{LRT LreOHid Stibodiféh fs b medpPaasat! A niteintignne
t he conponents of said haré di spersed phase, the conpoﬁents bei ng G oups

| Va, Va angeybaot 28Ngirt mdtTet dlarmfa Ahbktah QDéecﬁndstkaanieersen%ages
of the transition nmetals contained in the hard di spersed phase were

det er m nedgéradbbiizad! pRASE SWere" HRGIVEE iA Gies€ 0PE- theThamples! iy onf
the chem cal analy$is and the m croscopi c neasurenent are shown in Table 4.

The ratio R6.N te egand N in Type-1 particles of each sanple was - 18 -
al so determ ned by Auger analysis; the ratios of Sanples No. 1 to 24 which
are the enbodi nhes cabitiad izeds aliphabets iofh thee €1 €f 25coiumnr of Mableul3
subst ances such as graphite or a decarboni zed phase were observed in none
of the sangesster diheNosdmbin®0ioméeof aphieal dompbsid pienret 6f othehsampfles,
colum of Table 3 denote the conbinations of the conpositions of the
sanpl es, of which E, F, G, I, and J are the combinations of the
samples for the present invention and A, B, C, D, H, K, and
L are the combination of the samples provided for the purpose
of comparison and are not combinations according to the
present invention. Likewise, Samples No.1 to 24 of the
Table 4 are the sintered bodies for the present invention
while Samples No. 25 to 60 are sintered bodies provided for
the purpose of comparison. Table 4 shows the mole
percentage of each element of each hard dispersed phase, the
volume percentage of the hard dispersed phase and the binder
phase in each sample, and the sintering temperature at which
sintering was conducted for each sample. ~
The structure apd composition of the particles contained
in Samples No. 1 to 60 were studied to identify the following
five types of particles: Type-I, 11, 1II, IV, and V
particles. The samples for the present invention (Samples
No. 1 to 24) uniguely consist of Type-1 and Type-II
particles, whose structure and composition have already
been described in detail above. Therefore, no further

description of the two types of particles is provided.

Type-11I particles are dual phase particles having cores



of which E, F, G |, and J are the conbi nati ons of tﬁé sénples for tthe .°
present invention and A, B, C D H K, and L are the conbination of the
sanpl es provided for the purpose of conparison and are not conbi nations
according to the present invention. Li kew se, Sanples No.1l to 24 of the
Table 4 are the sintered bodies for the present invention while Sanples No.
25 to 60 are sintered bodies provided for % e_purpose of conparison

Tabl e 4 shows the nole percentage of each el enent of each hard dispersed

phase, the vopydg Fgrégﬁgﬁtgﬁvﬂf tEQﬁsﬁigéndhéﬁﬁ'is‘iﬂdp%%i%”%f _'&‘%olii;;{‘Qfa‘

phase in each sanp e sintering tenperature at which sintering was

conduct ed foragachraaePhfisithénShetals’ @naPBute¥Peayleran ralch % R s
contained in Sanples No. 1 to 60 were studied to idéntify the foll owng

five types ofaparvis! esansifeoh: metalkl!, 1V, and V particles. The
Sanples for the present invention (Sanples No. 1 to 24) uniquely consist of
Type-1 and Type-1| pgpé+IVeparvbotessaraciuat phdseoparticiles Whoseal r eady

been described in detail above. Therefore, no further description of the
two types Bf @arescare richrini GedupTYflie- tkrhnpition metale andaldeyieisk of
particles having cores -19- rich in Goup IVa transition netal and

devoi d of G o&poun IVa and Vaahransdtiopt netadsdapd: vhosg euter) diryersa oup
Va and Vla transition netals. Type-I1V particles are dual phase particles
whose 5 cor es@EeerifRninnGreeppIiVaaandaNai transitden me%adsdvoi d of

Type-V particles, formed only in the hard dispersed
N phase manufactured by the combination denoted by K of Table
10 3, are single phase particles without cores and have solid
solutions of Group IVa, Va and Vla transition metals
uniformly distributed throughout therein so that the mole
ratio of the components thereof does not change
distinctively from the core to the surface.
15 Table 5 indicates the types of particles included in
the hard dispersed phase of each Sample.
The operational lives of Samples No. 1 to 60 were
estimated by the following four cutting tests.
Test 1 (turning)
20 Tip shape: Japan Industrial Standard SNP432
Work material: Japan Industrial Standard SNCMS
(Brinell hardness: BH300)
cutting speed: 200 meter per minute
Feed rate: 0.2 millimeter per revolution
25 Depth of cut: 1.5 millimeter
Estimation of life: Time (minutes) required for flank wear

(VB) to reach 0.2 millimeter (under a dry condition where



G oup IVa and Va transition netals and whosé, 6ut er daydrs *ate.rich in G oup
IVa and Va transition netals. Type-V particles, forned only in the hard

di spersed phase nmanufactured by the conbi nati on denoted by K of Table 10 3,
are single phase particles wthout corgsn?nd have solid solutions of G oup

IVa, Va and Vla transition netals uniformy distributed throughout therein -

so t hat dOE1AME Swd Sl hdt Ohiséd§ conponents thereof does not change hat
distinctively fromthe core to the surface. 15 Table 5 indicates the

types of partTeses2i n(hilkingh the hard di spersed phase of each Sanple. The
operational lives of Sanples No. 1 to 60 were estimated by the foll ow ng
four cutTipgshapes.Jdpan Industnial) SEandapdsBRpd22Japan | ndustri al

St andard SNP432 Wrk material: Japan Industrial Standard SNCMB (Bri nel

har dnes WoxkiJuatecial t ndapancindusdrialcStpndardn8CM4KROHd rate: 0.2
mllimeter per revolution 25 Depth of cut: 1.5 mllineter Estimation of
life: Time (mnutes) reqU|red fo(Brﬁaﬁllmbardpﬁsﬁ-tBﬂﬂéadh 0.2 mllinmeter

(under a dﬁz condltlon - cool ant was not used) Test 2
(mi | I'i ndfuttiHng Hapee aaﬁﬁﬂ ?ﬁHGStPFEImSPHEGard SPP422 Work material: Japan

IndUStrlﬁgeénan ard ? m?i&imeter per revolution

Depth of cut: 3 millimeter
Estimation of life: Time (minutes) required for flank wear
(VB) to reach 0.2 millimeter ( under a dry condition where
coolant was not used)
Test 3 (milling)
Tip shape: Japan Industrial Standard SPP422
Work material: Japan Industrial Standard SCM440H
(Brinell hardness: BH240)
Cutting speed: 150 meter per minute
Feed rate: 0.25 millimeter per revolution
Depth of cut: 1.5 millimeter
Estimation of life: Number of impact frequencies until broken (under a dry
condition)

Test 4 (turning)

Tip shape: Japan Industrial Standard SNP432
Work material: Japan Industrial Standard SNCM8
) (Brinell hardness: BH300)
Cutting speed: 200 meter per minute

Feed rate: 0.38 millimeter per revolution

Depth of cut: 1.5 millimeter

Estimation of life: Number of impact frequencies until broken

(under a condition that water -



. (Bri-nell hardness: BH240) Cutting speed: 244 neter per minute Feed rate:
0.12 mllimeter per revolution Depth of cut: 3 mllineter Estimtion of
life: Tige (mnutes) required for flank wear (VB) to reach 0.2 mllinmeter (
under a dvy condition where _ coolant was not used) Test 3 (mlling) Tip
shape: Japan Industrial Standard SPP422 Work material: Japan Industrial
St'andard SCMA40H (Brinel |l hardness: BH24%)3 Tutting speed: 150 neter per
mnute Feed rate: 0,25 mllineter revolution Depth of cut: 1.5
rril|irret%¢1t&le¢rﬁ99hﬁfl%fwwf%9p}\m§e$° ofhenb ? frequencies until broken

(under a dry it es tur 94 £ n I ndustri al

St andar d SNP4§%€?) ¢< %?vé é}i'e 18355#? é r| a?g@?anégg "SNCMB (Bri nel |
‘hardness: BH300) Cutting speed: 200 neter per nminute Feed rate: 0.38
mllimeter per revolution Depth of cut: 1.5 mllinmeter -
Estimation of life: Nunber of inpact frequencies until broken (under a
“condi tion that water - -21- soluble coolant was applied to the

tip)
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Tabl e 6 shows the results of the four testSe ' o - 23 -
TABLE 2 \VEI GHT RATI O OF R@ | O OF THE COVPONENTS THE M XED
OF THE SOLI D SOLUTI ONS CC]VPCIJNDS(l) Nb WC TaC. NbC. WC 1 1
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TABLE 3 REFERENCE COMVBI NATI ON SYMBOL FOR EACH HARD
DI SPERSED PHASE Bl NDER COVBI NATI ON
PHASE A Ti C+Ti \+TaC+WC B ' Ti C+Ti NH+TaC+WC+MOR2C C
menmaa Nb)CHWC D ¢ Ti C+Ti NtTag(W M) € E* Ti (C, N) +(Ta,
Nb, WC F* Ti(C, N+(Ta, ‘WC Ni +Co G Ti (C,
Wﬂﬂ Ta, WC H TiN+(Ta,. WC I* Ti N+(Ti, Ta\NCN
(Ti, Zr)(C N +(Ta, WC K TABEE 2ra, W(C, N) L Ti(C, N +(Ta,
W IVb) C * - I I\/EI\I'I'C‘ COD T !‘)RLVEI\I'I' L NN/EENITL O]
COVPONENT S e SRR AR I BEE PHACEggtgHﬁxwib OF THE ggﬁgONﬁﬁﬁé BI NDER
SA ¢ |comMtROERCENT OF HE S TR ~ MOLE RATIO
VOLUMVE T E P M EACH ELEMENT | N or EACH
GROUP [ FO et F—t B— VETALS
N Grops | 7 (R iE MG e N PERCENT
I E E N Tac g'ﬁ%c wswc& via
M XED 1 :N zR N Al @a0.?a Ndo.Wy Wo. M)
T O 3 = J : - ] (Ta0d35 NBO.200W0.45)C
R 1 1 3 4 (Ta0.10 Nb0.51 W0.39)C
(2) (Ti, Ta, W)(C, N)
TiC : TiN : TaC : WC _ '
2.8 :3.2: 2 :2 |[(Ti0.82 Ta0.09 W0.09)(C0.6%1 NO.39)
1.8 : 2.2 : 2 : 2 |(Ti0.76 Ta0.12 W0.12)(C0.64 NO.36)
N\, 2.8 : 3.2: 2 :4 |[(Ti0.76 Ta0.08 W0.16)(C0.65 N0.35)
2.8 : 3.2: 4 : 2 |(Ti0.75 Ta0.17 W0.08)(C0.65 NO.35)
(3) (Ta, W, Mo)C
TaC : WC : MoyC
1 1 3 1 (Ta0.26 W0.25 Mo0.49)C
2 :3 : 1 (Ta0.29 W0.43 Mo0.28)C
3 :2 : 1 (Ta0.44 W0.29 Mo0.27)C
TABLE 3
REFERENCE COMBINATION
SYMBOL
FOR EACH HARD DISPERSED PHASE BINDER
COMBINATION PHASE
~ A TiC+TiN+TaC+WC
B TiC+TiN+TaC+WC+MO>C
C TiC+TiN+(Ta, Nb)C+WC
D TiC+TiN+TaC+(W, Mo)C
E* Ti(C,N)+(Ta, Nb, W)C
F* Ti(C, N)+(Ta, W)C Ni+Co
G* Ti(C, N)+(Ti, Ta, W)C
H TiN+(Ta, W)C
I* TiN+(Ti, Ta, W)C
: J* (Ti, 2r)(C, N)+(Ta, W)C
K (Ti, Ta, W)(C, N) .
L Ti(C, N)+(Ta, W, Mo)C

* EMBODIMENTS FOR‘THE'PRESENT INVENTION
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52 24 24 86 14
1400 57 | @& 10 10 18 62 10 28 72

88 4 8 1450 58 L 65 10 10 5 10
26 88 4 8 1450
12 24 57 - 12 36 77 23 -
1450 60 €3 10 10 65 15 =
28 SFABLE 5 4 g 1450 -26- TABLE 5
_Ixees_ca_JaxulgL%g -NQ
[ PES OF PARTICLES
OO N T TN vy OF T
ES OF ALL TYPES
| TEPREH § Sbl SPERSED PHASE:lALL TYBE
24 2 35 X
o " PARTICLE
TYPE-I|TYPE-11|TYPE-I11 TYPE-TV D DISP éb
HASE
7 6 32 S X X
X X 24 2o O
26 20
2 X 35 X X T4~ 10 3 23 X X
11 39 X X 28 12
3 23 X X 17 I3 13 45
35
4 28 X X 19
5 13 X X 7 ~
6 32 X X 20
7 35 X X 25
8 36 X X 26
9 20 X X 14
10 36 X X 25
11 39 X X 28
12 31 X X 17
13 45 X X 35
14 30 X X 19
e’
15 31 X X 16
16 39 X X 31
17 15 X X 7
18 56 X X 46
19 36 X X 27
20 39 X X 34
21 31 X X 28
22 37 X X 39
— 23 34 X X 27




14 30 X X e . 19.58 ¢ .

31 X X 16 16 39
X X . 31 17 15 X X
7 18 56 X X - 27 - 46 19
3'6/ X X 27 20 39
= X 34 2 31 X X
34 — ; 27 27— TABEES
(conti wua%‘llo_n 24 §5 35 X X X X
‘26 25 25 33" x y,cram —_—r25 S 7aN
X 27 32 33 _ X "X xX X 0 28
33 26 34 X X — lx— 1Y 28
X X 0 3& 18 - X
X 27 0 3T 32 30 X X X 0 _
0 32 33 _ - X 0 33
36 28 33 X X X X 0 $4 0 31
X - X : ' 0 3% 31 X
X 29 ) 36 28 34 X X X 0 X
0 37 35 X X 0 38
31 30 18 K X X0 0

37 —3% X 0

o 32 33 X 0

33 36 X X 0

34 31 X X 0

35 31 X X 0

36 34 X X 0

37 35 X X 0

38 31 X 0

39 33 X 0

40 37 X 0
o/ 41 19 X X X 0

57 ~35 X X X -

43 - 37 X 0

44 18 X X

45 8 X 0
s 46 X)) X X X

47 | 58 X 0




39
37

X 43
19
0 46

X 50
51
35

0 55
14

X 59
28

33 X M . . 0 40
0 41 19
X X 0 42 39 X X
37 _ 28 - X 0 44
X X 45 8 X -
59 : . 7 58
0 ﬁ%-sTﬁﬁﬁtﬁn‘(‘%Bhé?ﬁuation) 48 65
65 X 49 33 X
36 X 0
TS0 68 X X A U o
48 . X 0 53 3
49 A 33 D) 04x X I X .
56 X 05
50 36 X X 0 57 0 28
X 0 58 29 X 4
51 |23 36 X X X 0 0 6
X X 0
52 35 X 0
53 23 X 0
54 3'-/ X 0
55 56 X 0 7_,
56 14 X 0
57 28 X X 0
58 - 29 X X X
59 23 X X 0
60 28 X X 0




. -29- TABLE 6 TEST 1 TEST 2 TEST 3 SAMPLE TI ME REQUI RED
NUVMBER OF NO.  FOR FLANK 4---- | MPACT WEAR TO REACH
FREQUENCHES 0.2 nm UNTI L BROKEN (M NUTES) 1 16
23 J 963 716 2 18 25
1046 875 3 13 - 29 - 15 1195
087 4 18 25 1052 947 5
16 21 825 704 6 18
25 1174 1ORPLE © 19 27
1064 ST ©/9 O] TEST 221 | TEST 3_ <20 1005

846 P F 19 875 729 10
22 | saMPLE | TIMEREQUIRED 793 NUMBER OF 654 11 19
26 NO. |FOR IPEANK ¢----1105| ipacT 17 «---=22

.1041 WEAR TO RBACHP 19| FREQUENCIES 22 1165
891 [14 0.2 Ifm 23 UNTIL HHOXEN 1105 15
16 (MIMUTES) 974 . 956 16 19
25 1102 1007} 17 17 22
806 1 16695 18 23 19 963 28 71641
1092} 19 17 24 1049 Q74 20
23 2 2018 %% 1046 g22 21 87%5
31 729 713| 22 25 32
652 3 1334 15 1195 1087

: 3 18 25 1052 947
o

5 16 21 825 704

6 18 25 1174 1049

7 19 27 7064 979

8 21 28 7005 846

9 77 19 875 729

70 22 28 793 654

T 79 26 1192 7105

12 17 22 1041 879

13 19 ~22 7165 891

|71 18 23 1770 7105

75— TE 37 974 556

16 19 25 1102 1007

17 17 22 806 695

18 19 28 1241 1092

" 19 77 24 1049 974

20 23 29 965 822

) 37 35 37 739 773

22 25 32 652 634

23 8 15 >3000 >3000




23 8 15 >3000 * ' 53000, 4 30 -
TABLE 6 (continuation) 24 >40 >40 342
214 25 >40 BROKEN 30 <10 <10 26
<2 <2 >3000 ~ - >3000 27 15
21 743 621 28 16 20
367 420 29 TABLEL® (continuation)?2 235 _
127 30 11 17 743 524 31
23 24 340 >40322 342 <10 R2 274 21
21 529 341 33 13 20
345 25 »4978 34 BROKEMN <1019 <10 g20
543 343 8 14. 218 820 138
17 26 2%2 <%24 >3000 452 g7 23000 45
20 467 40711.38 — 10 .~
879 4(—1 12 | 2 724
<2 28 716 4%3%6 367 729 4p 420 4
21 —_— 1.0 423| 43 43 —t7
322 29 85 44 22 235 5 127 255
793 45 3+ 3 —49_3.0 24 2346
<2 30 o1 ”ﬁio ! 39 4f 524 3
17 37 <53 25 <10 322 <10

32 21 21 522 341 -

\q

33 13 20 345 378

34 ' 19 820 £43

35 8 14 718 629

36 17 22 624 452

37 15 20 467 401

38 10 15 992 735

39 1 16 1032 879

40 12 19 1003 724

41 <2 7 1246 729

-

42 16 21 <10 123

43 13 17 322 275

a0 <2 <2 725 793

45 10 13 210 123

a6 <2 <2 <10 39

47 13 17 <10 <10




- 31 - TABLE 6 (continuation) 48 | 8 Y

<2, . o
<10 <10 49 19 28 <10
476 50 : 10 14 974 652 51
10 . 16 g7e -~ 31 - 613 52 13
17 764 657 53 7 9
974 963 54 10 _ . 14 934
728 55 11 TABE 6 (continuatianmh 675 56
6 8 524 ' A32 57 9
10 o 478 363 58 8 13
847 — w59 5 0| : ip Tt <10 007
296 60 48 - 8 | 1% a2
- 32 - @1—? c-l-ea'r'l'iyg-sl'ro'wrri r ~S-
are sintered fbodies for tod cernet for{the present
superi Y RTTTO- TR T St ance, - I"STANCE, 974 Lenpefarure 52
adhesilon-Tesi|st ance, | asti c deforjmti on-resi stance pecause Sanple No
l1to ZI—EITS ave [the cq NS snhowg 1N [Tabl € 4 gk consi s of Tyge3l and
Type- 1|l partijcles as the stjuctural types of the particlep as shown in
Tabl e 553 13 17 764 657

53 7 9 - 974 963
54 10 14 934 728
~ S5 T — 7| <70 675
56 ' 6 £ 524 432
57 5 L 378 . 363
58 8 13 847 776
59 6 T 664 256
60 8 0 742 666




Sanples No. 1 to 24, which are sintered bodies for ioof cerget forsthes!
present invention, have superior wear- resistance to those of Sanples No.

25 to 60 provided for the purpose of conpg ison as the results of Tests 1
and 2clearly indicates. The results of Test 3 and 4 show that Sanples No. 1
to 24 take a greater nunber of collisions to break than Sanples No. 25 to ™
60, thereby pragi ag tlearly shoaki ig- thesitesinaesnilti pSasphes INbe 4.
The cernmet for tools for the present invention has the predeterm ned

conposi t i bas 24nd viyheh| axed sipteredphadiessfor (trol Feametal foypdhens

the particles as described above, which inproves mechani cal

br eaki ng- pgeisentcdnventinn shhave rsupanies brepkingrgesistance,

def ormati on-resi stance without sacrificin sugsgior mecha

wear - r esi $h9cks To%d &tAARSat ur o ERMRATAINT QS| ﬁ&é"ﬂﬁ?&ﬁqiéﬁglnfﬁmr and
Comor | si nBAAREico deformarionereshetapce pachine Eroede i’ Jonfhi 34y 5
bar t1 ol eshagRy Ehe’ GonRpaAsians HHhowh, £5; TapHe. | oBhr cppidst Mrme-t |
PVa transAr bt yae £ 1P b BN "L ERS, FELACY Ea cgpeis Tof eHud

E?LBOHI32gagkgg@@§13§Myyaaﬂ1fg)iggléIyq nole ratio of the total anmount of

’ Samples No. 1 to 24, which are sintered bodies for tool
cermet for the present invention, hage superior wear-
resistance to those of Samples No. 25 to 60 provided for the
rurpose of comparison as the results of Tests 1 and 2clearly
indicates. The results of Test 3 and 4 sﬁ;w that Samples No.
1 to 24 take a greé;er number of collisions to break than
Samples No. 25 to 60, thereby proving superior breaking-
resistance of Samples No.1 to 24.

The cermet for tools for the present invention has the
predetermined compositions and Type-I and Type-1I particles
as the structural types of the particles as described above,
which improves mechanical breaking-resistance, thermal shock-
resistance, and plastic deformation-resistance without
sacrificing superior mechanical wear-resistance and

temperature adhesion-resistance which are inherent properties

of cermet.



transition netal, Goup Va transition netal and tung§ﬁeq“to the tpteﬂ% .
anount of carbon and nitrogen is 1.0 : 0.85-1.0, (b) the nole ratio of
Goup IVa transition nmetal to Goup Va transition nmetal to tungsten is :
0.50-0.85 : 0..05-0.30 : 15 0.05-0.30, (c) titaniumis usﬂ'ﬂ :
transition metal and tantalumis used as a G oup Va tran mwm'mmm”“m
e ratio of titaniumto Goup IVa trans3zi-en netal (s) i§ 0°8-41 :* 1sand
the nole ratio of tantalumto Goup Va transition netal (S) is 0.30-1.0 :
1.0, (d) the 20 nole ratio of carbon t CLAEM®gen is 0.40-0.90 : 0.10-0.60;
and (e) the nole ratio of nitrogen to carbon and nitrogen in the Type-|
particles isle. 25-A eermet fay uge: dnstoele eoPRrd&dngss a bi nder phase

iconposed of at | east one Goup Vil tal, 2 : A _cernmet according to
a1 wher 20 ESr /8 Folume BRreenk Oty chas,alanersed, PhERE: ona ni (i de

boni tride of €] | iti | d -34- ,t.he Type-11

Sarticlos areSHaRiaing B Ba, 3B kbitEn bEFERRt oL RYmRsT PAREHALEE o | cast
G Vi L | t . t ' t

e o |Ps VouhigRche CRARE1 phRel BRERLETep]. ap 5B] B! sBCYBIMNY O

f 4, s ' t | ai m 3,

whorern the BérdehEisE #pBelurharfifies  yhifnCBEE"hudITBhERD O M AT

| east one oubgrtiayres, 8at@"Ras@da®bpaPseaPphlBe! ¥8ntaining at least

one Group IVa transition metal, at least one Group Va

), transition metal, tungsten, carbon and nitrogen, wherein
10 (a) the mole ratio of the total amount of Group IVa
transition metal, Group Va transition metal and tungsten to
the total amount of carbon and nitrégen is 1.0 : 0.85-1.0,
(b) the mole ratio of Group IVa tranéition metal to Group
Va transition metal to tungsten is 0.50-0.85 : 0.05-0.30 :
15 0.05-0.30, (c) titanium is used as a Group iVa transition
metal and tantalum is used as a Group Va transition metal,
the mole ratio of titanium to Group IVa transition
metal(s) is 0.8-1 : 1 and the mole ratio of tantalum to
Group Va transition métal(s) is 0.30-1.0 : 1.0, (d) the
20 mole ratio of carbon to nitrogen is 0.40-0.90 : 0.10-0.60;
and (e) the mole ratio of nitrogen to carbon and nitrogen
in the Type-I particles is 0.25-1.0 : 1; and 30 to 5
volume percent of a binder phase composed of at least one
f_ Group VIII metal.
25 2. A cermet according to claim 1 wherein:
the Type-I particles are composed of at least one

nitride or carbonitride of a Group IVa transition metal and



¢t

10 transition netal than the core, and the core is qomposed of nDrs Cipup
Va transition netal and tungsten than the at |east one outer |ayer. 5.
cernet according to claim3 or 4, wherein the conposi
particle varies gradually and 15 sequentially fromt rﬁl“”ﬂlﬂ“’ﬁlﬂ%ﬂm
successive outer |ayer. 6. A cermet according to clat mel substantlally a§‘
described with reference to any one of ;i: nples 1 to 24. 7. Tool s

S

fabricated at least in part of a cernet
precedi ng cl ai ns

10

15

20

20 clained in any one of the
the Type-II particles are composed of at least one

Group IVa transition metal, at least one Group Va
transition metal and tungsten.

3. A cermet according to claim 1 or 2 wherein the
composition of the Type-II particles varies from a core to
a least one outer layer.

4. A cermet according to claim 3, wherein the
composition of the Type-II particles varies such that the
at least one outer layer is composed of more Group IVa -
transition metal than the core, and the core is composed of
more Group Va transition metal and tungsten than the at
least one outer layer.

5. A cermet according to claim 3 or 4, wherein the
composition of the Type-II particle varies gradually and
sequentially from the core through each successive outer
layer.

6. A cermet according to claim 1 substantially as
described with reference to any one of Samples 1 to 24.

7. Tools fabricated at least in part of a cermet as

claimed in any one of the preceding claims.

- gl



