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[0001] The present invention relates

system cenented carbi de having high streng?%*and hi gh

toughness and is excellent in wear resistance,
HIEAUZNABRETHCOERBNDED CRRBSDBNARDAMATHOSr FBR PROBKCING THE

resistance, and is also applied for tools for cold
gaferaging, rolls, bits for mning tool, crushing

bl ades, cutter blﬁdes and wear resistant toofﬁ The
Conprises. not onl'y hard grains. composed Ll 3“ MIIWHINII\\illlllllllllll
and iron group pupkak pERISE 0Bt ALDERYTER:

0002*
at | east one ki conS|st|n§0

r.b nitri carbonitri de and bori de of
FlSﬁQn@ﬁ gﬂ TeVSh % Pva Va and Vla of the Periodic

Tabla § iludlng WC, as hard grains. Description of
the RBPAtdd Art [0002] A commercially available wear
resi stant cenmented carbide is a conposite material of
vcﬁhﬁrarﬁﬁﬁgE anyeatesn retarephhced YrgCpssystem
typlcal one of di spersion type alloy. Mechanica
Ce@ﬁ@ﬁéﬂtFé§bﬂﬁérééﬂldépéh@hoﬁtFﬁégghaﬁﬁdshzéhoFOPEEneis and

is excellent in wear resistance, toughness, chipping
resistance and thermal crack resistance, and is also applied
for tools for cold forging, rolls, bits for mining tool,
crushing blades, cutter blades and wear resistant tools. The
WC-Co system in the present invention means that it comprises
not only hard grains composed mainly of WC and iron group
metal powder containing Co, but also at least one kind
selected from the group consisting of carbide, nitride,
carbonitride and boride of elements in Groups IVa, Va and VIa

of the Periodic Table, excluding WC, as hard grains.

Description of the Related Art

[0002]

A commercially available wear resistant cemented
carbide is a composite material of a WC hard phase and a Co
metal phase, and is a typical one of a dispersion type alloy.

Mechanical properties thereof depend on the grain size of the



WC hard phase and the anmount of a Co bi nder net al
phase and, particularly, hardness and toughness are
antinomc with each other. To fully make use of
extrenmely excellent hardness of the cenented carbide,
various proposals have been made on a cenented
car bi de having high strength and hi gh toughness.

[ 0003] For exanpl e, Japanese Exam ned Patent

WCPHQkHC?BéQQ ah KOKQKUI mden t 4d £ 230489 Qi§§é95ﬁ§t§lhbﬂgse and,
strength oy conprising tungsten carbid
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force through rolling while heating using a fine

tungé?%ﬂ tarbide as a starting material. [0004]

Furt hernore, Japanese Unexam ned Patent Publication

(KokBPY Rampbep7dgpanest aksamiped Pabfmbl Bgylieption

manuf acturing an ani sotropi ¢ cenented carbi de conpact

(Knkokny Nexcél'rerP48rdércppopagat hoahr esrshahbeadioy

toughness and describes a nmethod conprising the steps
comprogiidgztnggatevemenbiédecpi brdeshabedhghasnal haudyg

sintered, followed by -2
unequal sizes, wherein a maximum size is 50 um or less and
the maximum size is at least three times larger than a
minimum size, and Fe group metal. However, the plate-shaped
tungsten carbide having unequal sizes is hardly applied for
various wear resistant cemented carbide products which
require a near net shape because an oriented WC grain growth
structure is obtained by applying a shear force through
rolling while heating using a fine tungsten carbide as a
starting material.

(0004]

Furthermore, Japanese Unexamined Patent Publication
(Kokai) No. 02-274827 relates to a technology for
manufacturing an anisotropic cemented carbide compact having
excellent crack propagation resistance or toughness and

describes a method comprising the steps of oxidizing a

cemented carbide, which has already sintered, followed by



reduction and further carbonization to obtain a WC Co
m xed powder havi ng ani sotropy. However, it is a

nmet hod using the used cenented carbide after
regeneration and a leased facility is required, and
therefore it is difficult to cope wth such a
probl em [0005] These inventions relate to a nethod
for producing a cenented carbide having high hardness

red@fdthbghahgughpessr c%@béhlﬁéﬁlgﬂttéebytéﬂthrWC Co mixed
structure, by enploying a specific grain formsuch as

po@8b§OBEOEMgV€5956t9§p9rFﬁéﬁé%éfXShﬂlsté”Mgﬂﬁﬂh using the
carbi de as"a hard phase. On the other hand, a netho
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i'SC es a Ireft conp05| mat eri a conprrsing
wiggrfacg ortlon having a ceramic grain growh
rictr 8 FWe interior enriched with a netal

phaaf ﬁgiCh is produced by inpregnating with a grain
gro RO elerator from the surface of a conpact and

firing the conpact after drying [ 0007] _Furthernore,
Japaﬁg§éePéP@ﬁPtEﬁgiaﬁ?ﬁéHePEBI?c%?FBﬂd ??5k%¥?d%61ng a
2002- 249843 di scl oses that a conposite materi al
cergvtAg FRgR1Aar BAESEI hilgh §€F€ﬁ@§ﬁ and high toughness,
t oughness, which has a grain growth structure and a
whighebadi rahérenal unefasmkstgucture, by employing a specific

grain form such as anisotropy WC grains or plate crystal
tungsten carbide as a hard phase. On the other hand, a
method for producing a high strength cemented carbide as a
composite material is also proposed.

[0006]

Japanese Unexamined Patent Publication (Kokai) No. 08-
127807 discloses a gradient composite material comprising the
surface layer portion having a ceramic grain growth structure
and the interior enriched with a metal phase, which is
produced by impregnating with a grain growth accelerator from
the surface of a compact and firing the compact after drying.

[0007]

Furthermore, Japanese Patent Unexamined Publication
(Kokail) No. 2002-249843 discloses that a composite material
having high hardness, high strength and high toughness, which

has a grain growth structure and a three-dimensional network



structure in the surface layer portion, is obtained by
formng a m xed powder of non-oxide ceram c grains and
nmetal grains into a conpact, and coating the surface
of the conmpact wth a boron conpound-contai ni ng
solution, followed by sintering. However, these
proposal s only nake nmention of toughening due to a
rain gromh structure of the surface |ayer portion
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[0008]

On the other hand, Japanese Unexamined Patent
Publication (Kokai) No. 04-128330 proposes a sintered alloy
having gradient composition structure wherein the
concentration of a binder phase gradually increases from the
surface to the interior and also the mean grain size of a
hard phase gradually increases, which is produce by coating a
pressed compact made of a sintered alloy comprising a hard
layer composed mainly of a metal carbide and a binder layer
made of a ferrous metal before sintering with various
diffusion elements, and subjecting to liquid phase sintering

thereby reacting the diffusion element with the binder layer

on the surface of the hard phase.

[Patent Document 1] Japanese Examined Patent Publication

(Kokoku) No. 47-23049



Publ i cati on (Kokai) No. 02-274827 [Patent Docunent 3]
Japanese Unexam ned Patent Publication (Kokai) No.
08- 127807 [ Patent Docunent 4] Japanese Patent

Unexam ned Publication (Kokai) No. 2002-249843

[ Pat ent Docunent 5] Japanese Unexam ned Patent
Publ i cati on (Kokai) No. 04-128330 [0009] Since the
shape of a cutting and turning tip as a main

P§9§%£C§$&8ﬂ% 1ceneﬁfg%1§%§30k%§§ﬁfkgacgg{gﬁkche

ove des plate crystal WC and

PuBTLéQ%iQ 5¥{é§§eN QbL§¢4§§ﬁy easily, however, it

s very to app or a wear resistant cenented
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intered all oy hav t conposition
Pué#?ﬁéfﬁ?% kﬁ%?%ﬂ ﬂ @ %%gﬁ§§2nally been proposed, is
not suited for ractlcal use because it shows
[PabRPAS BPFV’@P?tsﬂ*B]II d.%afw@r&ee Paﬁ?%ﬁ&ﬁﬁ%r}% of a
bi nder Iayer fron1the surface er to the interior
Pubhdcatingl (Kpkpd) oNor néPB4ses ?ﬁ4 he mean grain size
of a hard phase, and al so fracture toughness of the
[PatiephcBOFEyEnTi §Tnot réaranats WHNRBVRE FrEHYI ti es
are formed in the structure. -5 SUMVARY OF THE
PupfVERTLON TKekafor ¥o-t Aé-pE8388At inventors have

intensively studied for the purpose of providing a
product having a

[0009]

Since the shape of a cutting and turning tip as a main
application of a cemented carbide is decided by die molding,
the above described plate crystal WC and anisotropic WC are
applied very easily, however, it is very hard to apply for a
wear resistant cemented carbide product having a complicated
shape produced by various molding forming technologies. Also
a sintered alloy having a gradient composition structure,
which has conventionally been proposed, is not suited for
practical use because it shows comparatively small difference
in concentration of a binder layer from the surface layer to
the interior and a small rate of increase in the mean grain
size of a hard phase, and also fracture toughness of the

surface layer is not remarkably improved and cavities are

formed in the structure.



conplicated shape with a conposite structure
conprising a surface |ayer having high hardness and
hi gh toughness and an interior having a high
strength, and found that grain size gradient of hard
grains and concentration gradient of a binder |ayer
can be controlled wth good accuracy by separately
controlling grain size gradient of hard grains and

concentration gragdiialryolort AgbimndenTIayer W t hout
control ling sinulftaneousty em an Us the present

'nvaﬁ éPQEBfQV'Qﬁé Brdesh{ eth i+ ahargh PRt efi &hsively

e present I nventors have |ntenS|ver st udied
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haylng skel etal structure nmade of ultrafine and
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metal, and the inner portion having a grain dispersed
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amount of a binder nmetal. Thus, the -6 present
sepaveneﬂanChasrbéémngogphenedlZﬁbqéa9leatfpfshard grains and

i nvention provides a nethod for producing a cenented
cooacbhidetiahegiralienonpfi shagbihdest épger without

controlling simultaneously them, and thus the present
invention provides a desired ultrahard material.

(0010]

The present inventors have intensively studied in light
of the fact that an ideal high toughness cemented carbide
must comprises the surface layer portion having a skeletal
structure made of coarse hard grains with a smaller amount of
a binder metal, and the inner portion having a grain
dispersed structure made of fine hard grains with a larger
amount of a binder metal, while an ideal high strength
cemented carbide comprises the surface layer portion having a
skeletal structure made of ultrafine and fine hard grains
with a smaller amount of a binder metal, and the inner
portion having a grain dispersed structure made of fine hard

grains with a larger amount of a binder metal. Thus, the

_6._



of subjecting a Wz Co system conpact contai ni ng ML2C
to MBC type double carbides (Mrepresents one or nore
ki nds selected fromthe group consisting of Ti, Zr,
H, V, Nb, Ta, C, M and W and one or nore kinds
sel ected fromthe group consisting of Fe, Co and Ni)
as a main conponent of the surface |ayer portion to a
carburization treatment, subjecting to liquid phase

préb@ﬁ@rhﬂgenéﬂgnaHhHSEégg &Bﬁpns@@d grain size of the
surface |layer WC using a liquid crystal sintering
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i nvention; fine gralns o surface l[ayer portion
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ase si
era ure as i ndi cator _are_converted into
oqu?BA?F éngg?awﬁscsrstﬁ?@ecawaﬁﬁg dEhEEpuRp eaC o MaC
carhides wth t osition of ML2C to M3C |
tYPsrﬁe blg ?ﬁéb%GFFaégnFS9é?seBBFtPBﬁ 8F Fﬂ&ecﬁhﬁﬂﬁtseleCted
and i s then deconposed by subjectin
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WC grains. Therefore, it is possible to formfine WC
angr §ir nandhagengrt mergr &itRdsi geleghpehfremotiet grouy

times smaller than that of the inner portion and
copgassenYCogr afns Pavamg Nhe agraima i zeompgnierht i &f 1tise

to 10 tinmes |larger than that of the inner portion, on
surlieceudlbgee bayérnopotbi encetbuhézsknbar édea¥mpody

using a liquid crystal sintering tenperature as an
subfddiccahgr tbnlfignakd bhgeedsphaseisgpt endngdj(160itd the mean
grain size of the surface layer WC using a liquid crystal
sintering temperature as an indicator.

According to the present invention, fine grains of the
surface layer portion obtained by sintering using the same
starting material and using a liquid phase sintering
temperature as an indicator are converted into ultrafine
grains or coarse grains, and double carbides with the
composition of M;;C to M3;C is formed in the surface layer
portion of the compact and is then decomposed by subjecting
to a carburization treatment to form very fine and active WC
grains. Therefore, it is possible to form fine WC grains
having the grain size, which is 0.3 to 0.7 times smaller than
that of the inner portion and coarse WC grains having the

grain size, which is 1.5 to 10 times larger than that of the

inner portion, on the surface layer portion of the sintered



Furthernore, the present inventors have intensively
studi ed for the purpose of inproving the hardness of
the surface |ayer portion and inparting conpressive
residual stress and found that a high strength
cenented carbide conprising the surface |ayer portion
having a low friction coefficient, which is extrenely
t oughened by gradient of the concentration fromthe

b089f6§9§g|QVQEqQQBtb995E913§1h859£h$ teﬁ?@ggfu953§§ an
can be oObtained by coating the surfac ayer ortion
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te"DEBBEEE within a range from1, 200 to 1, 350C
mhic ower than a |iquid phase sintering
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B%' ddS gpr|5|n t he ste s of cogb ge surf g
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sintering of a WC-Co system conpact containing ML2C to
SuwéecetngeaoasrélearlPeeémeﬁFFéaeegeﬁpgeéﬁévsrrﬁﬁﬂéual
ki nds selected fromthe group consi sting of Ti, Zr
stpessyangp foyad thatve haAR WETSRETBnEcBRNABReCRFRdSS
selected fromthe group consisting of Fe, Co and Ni)
cogpra simign tbenpoméaceof avhe potiasehpiyeg podprWofriction
wi th a conpound containing boron or silicon as a
coedlfticngnpei mhidépriessiktmenmkdyetivughdnsedbpectiragiestt of the
a diffusion heat treatnent at a tenperature within a
conhaerge raftiom fr200the $u356Ce Whiyelr psritdawer tbhan anterior
liquid phase sintering tenperature. According to the
biseeen@hiageenich@npbel bbtained by coating the surface layer
portion of the sintered body with boride or silicide and
subjecting to a diffusion heat treatment at a temperature
within a range from 1,200 to 1,350°C, which is lower than a
liquid phase sintering temperature. Therefore, a second
invention provides a method for producing a high strength
cemented carbide, comprising the steps of coating the surface
of a sintered body, which is obtained by liquid phase
sintering of a WC-Co system compact containing M;2C to Ms3C
type double carbides (M represents one or more kinds selected
from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo
and W, and one or more kinds selected from the group
consisting of Fe, Co and Ni) as a main component of the

surface layer portion, with a compound containing boron or

silicon as a melting point depression element and subjecting
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is possible to obtain a high strength cenented carbi de
sintered material for a WC-Co system conpact

contai ning ML2C to M3C type doubl e carbides (M
represents one or nore kinds selected fromthe group
consisting of Ti, Zr, H, V, No, Ta, Cr, Mo and W
and one or nore kinds selected fromthe group
consisting of Fe, Co and Ni) as a main conponent of

togg'ledi§f'l5§:@<9r? hAYErt P LA CONt A UG POF O ByOfhin a range

Ilitcon SI in an anount wthin a range from0.010 to
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fr%rgr%, %)(3/0 WS 9 }356*@,hi vgrﬁ_{éﬁcf P(yv?{)ﬂmérlx gﬁléngfc%@fd Sg?nc"ase
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. . ' i or. . thi,rd i_nventi j -
sthDb R I PEMEET AU e SRR Qhyehedon, it
. i nvention and provides a cenented . carbi de mater.i al
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represents one or nore kinds selected fromthe ro%P

setopbedt fAgMothaigrovp ¢pnsistiNyg J8, T, M Hind b, Ta,
and one or nore kinds selected fromthe group

Creolsi sndng, ofnfeon€oonrmionNe ) karda sl ectodpbhenttihd group
the surface |layer portion to a carburization

cotnskat megt of - Fesulfjeearnddii)o d9 quing iphasengingrdr iafg the
obtain a sintered body, coating the surface of the

sustfater tadybodyonk L bn acosoapoimg lcondmi Bi og bdIdeowrSi in an
silicon as a nelting point

amount within a range from 0.010 to 1.0% by weight, the

surface layer portion comprises hard grains having higher

distribution density than that of the interior.

[0012]

A third invention is a combination of the first
invention and the second invention and provides a cemented
carbide material having grain size gradient of hard grains
and concentration gradient of a binder phase from the surface
layer portion to the interior, and is characterized by
subjecting a WC-Co system compact containing an M;,C to MsC
type double carbide (M represents one or more kinds selected
from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo
and W, and one or more kinds selected from the group

consisting of Fe, Co and Ni) as a main component of the

surface layer portion to a carburization treatment,
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depression el enent, and subjecting again to a
diffusion heat treatnent at a tenperature within a
range from 1,200 to 1,350C, which is lower than a
liquid phase sintering tenperature. According to the
third invention, it is possible to obtain a high
strength cenented carbide sintered tool having
excel | ent nechani cal properties nmade of a WC Co

suﬁyé&é‘ﬂha' B&eiﬁguPQthg%‘t@thé‘glﬁ@ P2GHEype Hoybheered
car bi de M represents one or nore kinds sel ected from

boﬁg? %&Q Cgﬂé'§E£§9c8fig'thgr31ﬁter@a @@d Taicfra M
and

one nore ki nds sel ected fron1the group
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of the surface |ayer portiopn transfers to, the

t al
1 ?ﬁPeFroWhéFHelshéPUﬁéSEhéF ?hélqgh?fEﬁés?a§éPt$6?P90n
hardness HRA of 91 to 95, and toughness Klc of 15 to
tepRekREHBe2. AFCOEIHIG S DO HiEl 1D EBtA e high 15
strength cenented carbide sintered tool having
poegébllEeht ohbehanhchigpr epeenpgel famenbedacyybige sintered
system sintered body containing an M2C type double
tocar badéngMereplésaht seohenadralnprepkihidessmnbhdet el frdarCo
the group consisting of Ti, Zr, H, -10 V, Nb, Ta, Cr,
sybbemanditeard bndyoronbeénkngdsnsHlLcttaref dombltehearbide
group consisting of Fe, Co and Ni) as a nmin conponent
(Moteplessuttaceacl ayemoper kinds shéeceagntedmcahbi deoup
sintered
consisting of Ti, Zr, Hf, VvV, Nb, Ta, Cr, Mo and W, and one
or more kinds selected from the group consisting of Fe, Co
and Ni) as a main component of the surface layer portion, the
cemented carbide sintered tool having structure gradient
wherein a mean grain size of the surface layer portion WC is
0.3 to 0.7 times smaller than that of the inner portion,
concentration gradient wherein a binder metal of the surface
layer portion transfers to the interior side, hardness of the
surface layer portion hardness HRA of 91 to 95, and toughness
Kie of 15 to 23 MN/m%?. It is also possible to obtain a high
strength cemented carbide sintered tool having excellent
mechanical properties made of a WC-Co system sintered body

containing an M;;C type double carbide (M represents one or

more kinds selected from the group consisting of Ti, Zr, HE,
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tool having structure gradient wherein a nean grain
size of the surface layer portion WCis 1.5 tines or
nore | arger than that of the inner portion,
concentration gradient wherein a binder netal of the
surface | ayer portion transfers to the interior side,
hardness of the surface [ ayer portion hardness HRA of
88 to 92, and toughness KID of 20 to 30 MV nB/ 2.
v, [ @B13Fa, Asrdemer bhadyabana, cAECOEdinBget RihHS PELESREd from
invention, it is possible to provide a sintered too
tnBaYEBERacBYRE bdingt bHCIEE © MhCKEl NG, SU (AL | ifonent
portion and 1 nner “portion substantially differ in
o CRALAGHEELSL 65, cANdoLDEOR] NEALHenbAPLal SaPXEAL! EPhtered
i n hardness, wedF rBSrs ante, tougﬂness, chi ppi ng
resistance_and thermal crack resistance of the_. .
cob Lol ERG sERUrEaEec draoaat aliBraI RSt a0 nefrinenize of
i nvention, it is possible to rovide a high toughness
thea AL 8o C ARBPCPRAET 8RN ENaSs ir PabEtet oObaREEnT REASY than
is fornmed of coarse hard grains, and to provide a , :
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‘be machined is forned of fine hard grains for cutter
blﬁﬁﬁée@?tﬁﬂo@ﬁe§§?véué¢é§eaﬁéY8Faﬂpﬁg1P60F§?“Pﬁers to the
addi tion, the cenmented carbide can be applied for
intesierf 6ideol Bardaeasand thet shsfgraglararnPAgties| bardness
rolls, bits for mning tool, -11 crushing bl ades, '
HR&ubteBBbitadd? , anddwsanghasest Knt fodlls.to B EN/m*/%.
DESCRI PTI ON OF THE DRAW NGS [ 0014]
[0013]

As described above, according to the present invention,
it is possible to provide a sintered tool having a hybrid
structure wherein the surface layer portion and inner pértion
substantially differ in characteristics, and the sintered
tool is excellent in hardness, wear resistance, toughness,
chipping resistance and thermal crack resistance of the
resulting cemented carbide.

According to the present invention, it is possible to
provide a high toughness cemented carbide wherein the surface
to be machined is formed of coarse hard grains, and to
provide a high hardness cemented carbide wherein the surface
to be machined is formed of fine hard grains for cutter
blades, progressive dies and drawing tools. In addition, the
cemented carbide can be applied for tools for cold, warm and

hot forging, canning tools, rolls, bits for mining tool,
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Fig. 1 is a front view showing a helical gear wherein

the screw portion has a gentle spiral shape. Fig. 2 is

a front view showing a die of a helical gear. Fig. 3

is a front view show ng a digging tool wherein a Sb5C

supporting hardware is brazed with a cenented carbi de.

Fig. 4 is a netal photom crograph of a cross-sectiona

structure of a sintered body which is coated by
crggﬁphagblgdés,9@@99@£IBgaégguah@nwgsrffgslgaaﬁtg£@¢p§

(grain size: 1 pm of B4C and heat-treated using

a nethod for produ0|ng .a sintered tool according to

the exanple, and Fig. 4(A) shows the inner portion

and Fig. 4(B%RiE9MEE§E§I§EE6ﬁCSF YL pREFELESN,

respectivel y—Frg—5 s a netat photomcrograph of

crosz agg |onaI structure of a sintered body which is

coat 8 y'dipping in a 9%coating solution of coarse

hard r ai grain sjze:

hont FEpaat ol 05 ﬁoatn%fﬁ%ds?%v1$$n%u%?%bC% $FaF evagrein

tool according to the exan? and Flg (A) shows
theh&CrRRePORbEPIoR3ENE EFRLLS( BPIERLWS ?ﬂ% surface

| ayer portion, respectively. Fig. 6 is a grap

showFig- a2changefFANhay #AEsENPHiRGea dEpt P d?r%%%%%ﬁl gear.

fromthe surface of a sintered body according -12 to

Exanplie- 330fst hefppeseritevngbaring. aFgIgngstacyrapprein a

showi ng a change in hardness in the depth direction
S5bEosuphersianpaberdivaanothebraaderéthbadgemanteddragbide.

to Exanpl e 4.

Fig. 4 is a metal photomicrograph of a cross-sectional

structure of a sintered body which is coated by dipping in a
9% coating solution of fine hard grains (grain size: 1 to 2
um) of B4C and heat-treated using a method for producing a
sintered tool according to the example, and Fig. 4(A) shows
the inner portion and Fig. 4(B) shows the surface layer
portion, respectively.

Fig. 5 is a metal photomicrograph of a cross-sectional
structure of a sintered body which is coated by dipping in a
9% coating solution of coarse hard grains (grain size: 3 to 6
pm) of ByC and heat-treated using a method for producing a
sintered tool according to the example, and Fig. 5(A) shows
the inner portion and Fig. 5(B) shows the surface layer
portion, respectively.

Fig. 6 is a graph showing a change in hardness in the

depth direction from the surface of a sintered body according

_12_



Fig. 8 is a graph showi ng a change in hardness in the
depth direction fromthe surface of another sintered
body according to Exanple 5. Fig. 9 is a schenmatic

vi ew showi ng a CV/D systemfor formng a coating

| ayer. Fig. 10 is a graph show ng a change in hardness
in the depth direction fromthe surface of a sintered
body according to Exanple 6 of the present invention.

toFEQamblel § 8£0tARNL300WALPY i A ELELBHLI On Of hardness
fromthe surface |ayer portion to the interior by Hv

Nbas?ﬂ&”eﬂtlsFég éh'éh@wgﬁgpg éHQM%8919'§££aQQ§é°Dn the

of Co >concentrat fromt surf | ayer portion t

de%@ﬁ BQESEE?Bn ?¥OED@%éaE?k¥§E§ no%ﬁekss?PFere? body

hot om crograp e eva ua Ion resu

fracture toughn y an | F nethod. DETAILED
acﬁ%%hf‘@ﬁ&\rﬂ&m ig IQNVENTI ON [ 0015] (Fl r st

Enbodi men ),The resent invention can

oop FAB 1B 18 cTERDh. 1308y Rhem ERRRRE TRohtAIIFRG R the

ML2C t o MBC ty e double carbide (Mrepresents one or
deﬁﬁPedRFﬁﬁ§l§8léEP@dtPFoﬁPfﬁécﬁr8§pa“86E§FsFFﬂ5e6?dTP°dY

Zr, H, V, Nb, Ta, C, Mo and W and one or nore

acgprdsngetecEgamplentt he group consisting of Fe, Co

and Ni) as a main conponent of the surface |ayer
port Fég. Pnis a schematic view showing a CVD system for

forming a coating layer.

Fig. 10 is a graph showing a change in hardness in the
depth direction from the surface of a sintered body according
to Example 6 of the present invention.

Fig. 11 is a graph showing distribution of hardness
from the surface layer portion to the interior by Hv
Measurement.

Fig. 12 is a graph showing distribution of Co
concentration from the surface layer portion to the interior
by EDAX analysis.

Fig. 13 is a photomicrograph showing the evaluation

results of fracture toughness by an IF method.

DETATLED DESCRIPTION OF THE INVENTION

[0015]
(First Embodiment)

The present invention can be widely applied for a WC-Co
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the foll ow ng enbodi rents, a WC-Co system sintered
body will be mainly described. First, a WC powder, a
Co powder and other additive powders are mlled to
forma uniformy dispersed m xed powder, and then wax
as a lubricant is added to obtain a raw material. This
raw material is conpressed into a conpact having a
predet erm ned size and shape, presintered for the

syBHEROSEmBAct de¥AKE NFiAGdah hﬁ%cf RbNPdc i By e adBEBIc NEhrbide
shaped conpact having a predeterm ned size and shape.

MTPé?réggﬂégtoH@SorpH69§'k¥n9£ 301£6c2Q ¥PLJO thd %P@up
ow ng step, a double carbi de phase having

coflghgg%ag Ehalsle, fZJJ_I mHJ.s f\pr rg%j 'Ina t I@r SLMJ aé:rgj lV@)’ea[nd one

portion o? t he 'conpact in ‘a vol une rat’e of vol % or

ocTREFs it g%ga%t @aa%ea%”g% oo il G TR, <

andol) % &) ’éﬁéﬂt LR Colpbnot s hEC s bt paE b VP RORFIRT- In
Ti _and Ta) 0016£ The nethod for formng.the dg IS {11
lW Y W1

thEaFBF&SWFHSIGHEQ 8P FBus?nBtRbAsSYEbFMeRdthFESda
doubl e carbi de phase is -14 forned by-oxidizing the
besupine¥ F&geriPth various acids and heat- treatlng
thereby causing the self-reduction reaction, or
doubFérehr bpdBCj Qogﬁﬁf}aﬁl90fB@W@ﬁrb?n@dQBF%Fn@dQVFbﬁg
in the surface layer portion using a Wsalt solution,
povdekewede bylieHetsp fpeat aennifcuntedihepersaddoiked powder,
carbide is formed
and then wax as a lubricant is added to obtain a raw material.
This raw material is compressed into a compact having a
predetermined size and shape, presintered for the purpose of
dewaxing and then formed into a near-net shaped compact
having a predetermined size and shape. This compact has
porosity of 30 to 50 vol%.
In the following step, a double carbide phase having
the following phase form is formed in the surface layer
portion of the compact in a volume rate of 50 vol% or more
and a depth within a range from 3 to 5 mm from the surface.
M12C [C06W6C], MGC [CO3W3C, C02W4C] and M3C [CO3W9C4]
(A Co element may be replaced by a Fe or Ni element, and W
may be a solid solution with Ti and Ta)
[0016]

The method for forming the double carbide includes

various methods. For example, a double carbide phase is

~14~



by depositing chloride on the surface | ayer portion,
followed by a heat treatnent. Apart fromthese

net hods, to sumup, the conposition of the surface
| ayer portion may be within a WCy-fl three-phase
region of a Co-WC ternary phase diagram Fornmation
of a ML2C doubl e carbi de phase is required for
refining of surface |ayer portion grains of the fina

foshBLeh§doR0dY 1 AGA: fOT 8BE EQBe Of a fe MBE: QUL £i 6@ bAEEds and
phase is ‘requiréd for grain coarsening. [0017] Then,

he%ggtgggp%ﬁgcéﬁgig ypégﬁgiﬁ gﬁ@°§@9§£9e@ﬂct§8§j?@%éﬂgon, or

0 a car izing heat treatnent to forma fine an

. T . h Lo . _
o GEbbLE ME-RNaRcs TUEn RUBLE EOTRLAH"BoBol i, rons o
to the double carbid

carho &) hase .

thE o RBEPaFty bONPEnPRL & PRnGEL Ao BobaTD 4 4Bhen afgtiowed
thus ultrafipe WC grains are obtained. [0018] . The '

oY Ar BEPF 2 hEPOITER Eat MO ERAIHE M2 CRHRAT e aias Formed
phase nust be perfarnmed. at |ower tepperature and the. .

bYCHPBGFT FAPFORNLPEASREAD bhot AR RBESAORNFE BSFbi OB PS110ve
phase nmust be perfornmed at higher tenperature. -15 In

byt pi Beatagecabmantri AP heRion r TR MetiH s pm up,
performed. It is very difficult to nitride o

theoreeresdhabPnet §hei Aerfpefelaryert RETRiPR| BRKgPe within a
reaction of fine and active WC grains produced on

WCdygconpbsieeirphask rhgidoubfeac@pbiWdeé tphascyi Bhpegadyedram.

nearly identical with the carburization,
Formation of a M;»2C double carbide phase is required for

refining of surface layer portion grains of the final
sintered body, and formation of a M3;C double carbide phase is
required for grain coarsening.

[0017]

Then, the double carbide phase is decomposed by
subjecting to a carburizing heat treatment to form a fine and
active WC phase. The double carbide phase is decomposed into
two WC and Co phases by supplying carbon (C) to the double
carbide phase at a temperature within a range from 600 to
1,100°C, and thus ultrafine WC grains are obtained.

[0018]

The carburization treatment of the M;2C double carbide
phase must be performed at lower temperature and the
carburization treatment of the M3;C double carbide phase must

be performed at higher temperature.
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and WCN and WN can be easily fornmed within the sane
tenperature range, in addition to WC and Co. [0019]
Finally, liquid phase sintering is perfornmed at a
tenperature within a range from1,300 to 1,500C and
the grain size of WC grains of the surface |ayer
portion is controlled. Refining of the WC grains is
performed by sintering at |ow tenperature of 1,350C,
and gf aiRi§03¢$681 NG nisr PELASTHES: byrSd @it NGadtalso be
hi gh tenperature range of 1400C or higher. The fine
pefBrAchl ver MG Phass, i &f Y&l @l 1d 7§k i a8 1B RFd it Hal we
| ow t enperature of 71, 350C, thereby causing
ucl eati d J gt F N easeS et
grgggéf heﬁr%vxétaﬁ’ u%ﬂr?elsr%ledlaj\%rg# gellgngsb oLB:Aa ase phase. As T
a result, fiine MC grains_having a graj '
ne RE R RabrBr e e P e b o na?! fhe: Sp8FrEoqt tFLae
roduced in_the surface,l ayer ortpon., At the . .
PhSPR &Fi RGOAFCRNGRoEBhPel APUFEoBE TEABOE B C2hPgRbpation:
very fine and actjve WC phase is preferentjall
anfelitidaBds Bl 6Ant Re eaf Vd%@raﬁPhWbEhFanha B%Q%e
sintering, resulting in grain gromh. -16 The degree
tegpegpriiregraRweR. i $ni AffhEheBdtByWEhandchfposition of
t he doubl e carbide and tendency of grain growth
i ncr éd8é8las the anount of conbined carbon increases.
[ Tendency of grain growth] ML2C < MbC < MBC [0020]
Finally, liquid phase sintering is performed at a

temperature within a range from 1,300 to 1,500°C and the
grain size of WC grains of the surface layer portion is
controlled. Refining of the WC grains is performed by
sintering at low temperature of 1,350°C, and grain coarsening
is performed by sintering at high temperature range of 1400°C
or highef. The fine and active WC phase is crystallized by
sintering.at low temperature of 1,350°C, thereby causing
nucleation, and thus grain growth nucleus increases together
with unmelted WC grains of a base phase. As a result, fine
WC grains having a grain. size smaller than that of fine WC
grains of the inner portion are produced in the surface layer
portion.

At ﬁhe sintering at high temperature of 1,400°C or
higher, a very fine and active WC phase is preferentially
melted based on the Ostwald growth on liquid phase sintering,

resulting in grain growth.
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In the conposite material thus obtained, the depth of
the grain size control range of the surface |ayer
portion is wthin a range fromO0.5 to 4.5 mm The
grain size is 0.3 to 0.7 times |larger than the inner
grain size in case of mcrofine grains and the grain
sizeis 1.5 to 10 tines larger in case of coarse
grai ns. Regardi ng the anount of a binder netal,

har dfigssq@frébecr syrd ageglaver POrihPIuAhOSE 19y at e
size was controlled is alnobst the sane as that of the

co% BEEtFQBtB?ntH@CQHéﬁléfcérbﬂ&éaéh&r9&8déﬁ&§°8f“@£&bn

ntrols the distance between WC grains to a given

grgak einéggg%%g 59 EH?tgﬂghB£08f|cgﬁﬁgge&hggrﬁgﬁlincreases.

surrace o resulfting sintere y materiral 1s

.t h wder . of i
comnricana? REnenf cafeu®lh T SGiFracien naat o

trea&gggé at a tenperature within a range from 1,200
to 1, J the binder netal of the surface |ayer
portion is reacted with boron or siljcon ther

s

eb
convéPt FR§ CPHPBSALFi BAF&r ph BhuS B0 ERLBCBor BRE ofepth of
silicon diffuses into the solid phase at the , _
thengepfiaceiBet ReBRTPher3BPPdOHhEER SYTPIBFRJERYRELBPTHAGN 1S
the liquid phase. Therefore, conversion of the solid
wishaseai KE698 Firqui 8-phhsedppoBBedsTRIdIEHEN |SHfR dis 0.3 to
phase noves to the interior. Thus, the amount of the
0.Bi hdmes Aetgkri hhehetbar fiaver| ayeinpeiekfonnr eaaekabl y
decreases to obtain a structure enriched with netal
micmofflheei greiner and the grain size is 1.5 to 10 times larger
in case of coarse grains.

Regarding the amount of a binder metal, hardness of the
surface layer portion whose grain size was controlled is
almost the same as that of the inner portion because of a
metallurgic action which controls the distance between WC
grains to a given value.

[0021]

In the additional step, when the surface of the
resulting sintered body material is coated with a powder of a
boron compound or a silicon compound and then subjected to a
diffusion heat treatment at a temperature within a range from

1,200 to 1,350°C, the binder metal of the surface layer
portion is reacted with boron or silicon thereby converting

into a liquid phase, and also boron or silicon diffuses into

the solid phase at the interface between the solid phase

-17-



[0022] Finally, nechanical properties such as high
hardness and hi gh toughness, for exanple, hardness of
the surface |ayer portion HRA of 88 to 95 and
toughness Kip of 15 to 30 MV nB/2 are inparted and
mechani cal properties such as high strength is
inparted to the interior. Furthernore, since
conpressive residual stress is applied in the surface

biha¥ermepait bAR EREI ODgquifephgsyl t i HRuct dshhesdion of
suited for use as various forging tools, pressing

thEogbiianﬂhHEBi@HtBogl§iqﬁ@8r§BQsQiSPOEQéQSSSﬁﬁsﬁhESliquid
applied on the surface. [0023] The present invention

phggggpggfgeﬁgrgh di9¥eﬁg¥59f fhﬁgfat é”aﬁﬁﬂﬂ@ £ A8 Pfnder

rging die, a igging tool cutter bit as an

X e Exanple 1 0 LT c
me iR e R hel LRAP o g8art YR NG EAP e araERAnt fodsbFpgtes to
crew_portion having.a ent spiral .shape, .as shown
obF iRl g STy R R et g s BRERR iR BForBEeTast:
pi ni on shaft. The helical gear has -18 conventionally
been[Bpga&ced by cutting but has recently been
produging by col d forging. However, since forging and
nol df Ag2arEr pBPFBRRRERUNBEPPGEE YR HCPr @8shieh Rardness
burning or cracking occurs_at the gear tooth portion
angf haghplt@uUighngs s  edPFycsprBee, r B3GARFAF PA YBPySYRERES

lifetime. To sol ve such
layer portion HRA of 88 to 95 and toughness Kic of 15 to 30

MN/m®/? are imparted and mechanical properties such as high
strength is imparted to the interior. Furthermore, since
compressive residual stress is applied in the surface layer
portion region, the resulting product is best suited for use
as various forginé tools, pressing tools and mining tools
wherein high loéd sfress is applied on the surface.

[0023]

The present invention will be described by way of a die
for helical gear of a cold forging die, and digging tool
cutter bit as an example.

[Example 1]

[0024]

[Trial manufacture of die for helical gear]

A helical gear comprises the screw portion having a
gentle spiral shape, as shown in Fig. 1, and is typically

used in an automobile pinion shaft. The helical gear has
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a problem we are intended to apply an alloy of the
present invention. [0025] 1) Trial Manufacture of
Raw Material 30 Kg of a weighed raw material with the
base conposition of WC-15%Co (C/WC = 4.09% is
prepared using a 1.5 p WC powder and a 1.1 p Co
powder, subjected to atriter mlling using an al coho
solvent for 30 hours, kneaded with a paraffin wax and

coh et S4h BLY eskd 0 SF Sk S i@% éﬂ\D@hﬁ&{ a8 Nths 1 @@ P been
a conpl eted powder. [0026] ress Mol ding To obtain a

prédf@n§imd esbng ARSIl HARRYON GRR2 ¥orkkRgland

press nolding (coefticient of linear contraction F =

mo%d]%é% éx_s? %é%é%féjdt&uﬁ% Ny & o PBASHd NG ER{ P or

I mary esi nt eri ng Dewaxi ng was

carried out_ under, .a ' . p e at.
o kb e B diTh v P56 00 S A REE AR 18 an
esinterin carried out heat treat t under
ea Bl VoG Sa e LTl ER il oSty SNafr S Bt et 1R8] Y, g19¥ sucn
range from850 to 900C for 2 hours. der %?is
a PEMPEFAL u¥e REACHRFRICHEC cHRRTART it behat orhe present

_arises. [0028] Form ng
invention.

[0025]
1) Trial Manufacture of Raw Material

30 Kg of a weighed raw material with the base
composition of WC-15%Co (C/WC = 4.0%) is prepared using a 1.5
p WC powder and a 1.1 p Co powder, subjected to atriter
milling using an alcohol solvent for 30 hours, kneaded with a
paraffin wax and then subjected to granulation and screening
to obtain a completed powder.

[0026]
Press Moiding

To obtain a final sintering material dimension 55 x
115 L, press molding (coefficient of linear contraction F =
1.25) is performed to form a compact measuring ¢75 x 170 L.

[0027]
Primary Presintering

Dewaxing was carried out under an N, carrier gas
atmosphere at a temperature within a range from 350 to 400°C

and presintering was carried out by a heat treatment under a
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A wor king size was cal cul ated by cal culating a
contraction ratio of a presintered body with high
accuracy and the presintered body was forned into a
conpact having a size, which is about 1.25 tines

| arger than that of a sintered material shown in a
schematic view, using an NC |athe. [0029] Secondary
Presintering To inprove the strength of the conpact,

vaEB@mCQHH@S%héﬁé aEr§St8&§é§QtHBQe&1@hY§CaUP&§§80§PBﬁr@50 to
at 100C for one hour. " [0030] ppi ng Treat nent As a

90665%59%*138{199 t g, danct o0 @ém lyf@gicmmlqi

an oxidi zing agent, an aqueous 40% sol ution o

COBH?Q%E??Brﬁééggég@¥ﬁglf$?8 used. A dipping treatment

o' owi ng procedure. A stainless

st eel b&mz having the size enough to contain a

conpég s filled with an inpregnating solution so

as.to sufficiently inpregnate the conpact with the
FOIBi0Li on, and then the conpact is dipped for 30
“seconds. After the dipping treatnent, the conpact is

-20 PaKerkdng ahact Hed FﬁgEH%%Féﬂybﬂr?%Hcﬁ§aglﬂgy%r at

a tenperature of 120C. [0031] Reducing Heat
contEackeRn FALLRi 9ferarpPELINECKedt POFEaVAEAL DA accuracy

perfornmed under a
and the presintered body was formed into a compact having a

size, which is about 1.25 times larger than that of a
sintered material shown in a schematic view, using an NC
lathe.

[0029]
Secondary Presintering

To improve the strength of the compact, the compact was
presintered under a vacuum atmosphere at 1,100°C for one hour.

[0030]
Dipping Treatment

As a solution having the function of supplying both of
W and an oxidizing agent, an aqueous 40% solution of tungstic
acid (H;WO,) was used. A dipping treatment was performed by
the following procedure. A stainless steel tray having the
size enough to contain a compact was filled with an
impregnating solution so as to sufficiently impregnate the
compact with the solution, and then the compact is dipped for

30 seconds. After the dipping treatment, the compact is
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vacuum at nosphere at 1, 000C for 2 hours. The X-ray
diffraction due to T.P reveal ed a doubl e carbi de of
two phases Cob W6 C [ML2C] and Cos WVB C[M6 C] , in
addition to a W, Co phase, in the surface |ayer
portion. To obtain a grain refined structure by fina
liquid phase sintering, the presence of an ML2C type
doubl e carbi de phase is essential and the reducing

taREAl ohfCahaPPhent GHRESRLHE Sy ér%&hwr & §apge Lom 900
to 1,100C. [0032] Carburizing Heat Treatnent By

teﬁpgggghgglgfcgggu&[zing gas in a furnace within a
pre

eterm ned tenperature range, the doubl e carbide
phas Oogigduced in the inpregnated region is
decoﬁpose to produce a very fine WC, Co phase.

R Preteragle cgrbu ization tenperature is within a range
eHPGi800°85 9668 "$HE carburization was performed at a
tenperature of 900C for 30 minutes at a CO + a
rﬁ
qEmeq wader a

f1 owlnr BP&Sof X3P HE/ n? nhEATt hFS2EREHDI B2 S Ther

used may -be a carburizigg as and the tenperature
varyHBe aEBPERBBEARIA Tt 6, 400ShI FATpRaBEUFEgi oD X WY Co,

‘and therefore phase -21 transformation into WC + Co
dlfféﬁ??hé“d@U@léOCEFBiéévﬁéleﬁeﬁf@PHﬁaee%PFéﬁﬁﬁyogtﬁﬁPy

and easily. Wen the treating tenperature is higher
phekas CoaBeC, [Mslli @nsblGesiol dMe€drbdn iadidataototphas¥C,

proceeds, a possibility of generation of free carbon
Coi phageal lioythe surface layer portion.

To obtain a grain refined structure by final liquid
phase sintering, the presence of an M;»C type double carbide
phase is essential and the reducing heat treatment
temperature is within a range from 900 to 1,100°C.

[0032]

Carburizing Heat Treatment

By supplying a carburizing gas in a furnace within a
predetermined temperature range, the double carbide phase
produced in the impregnated region is decomposed to produce a
very fine WC, Co phase.

Preferable carburization temperature is within a range
from 600 to 900°C. The carburization was performed at a
temperature of 900°C for 30 minutes at a CO + H; gas flow
rate of 20 ml/min in this example. The gas to be used may be

a carburizing gas and the temperature range corresponds to a

solid phase region of W-C-Co, and therefore phase
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structure during |liquid phase sintering increases.
[0033] [Process of Nitriding Treatnent] In the above
process, a nitriding heat treatnent can also be
carried out. By subjecting the produced doubl e
car bi de phase to N2 and N2 + NH3 gas nitriding
treatnents, very fine WCN, WN phase can be produced
by deconposition of the double carbide phase, in

traddicbirRAtient REt¥CucCe pRageomThReNHbUbUENGakBide is
preferably perfornmed at a tenperature of 800 to 1000C

per@%r%ehoe%t?@ﬁé§%agt§bg§saBBO@bE§§§ of about 20 to
/min. Inthe following liquid phase sintering, a

partWﬁEangésHEEakEngegHﬁEQEStQEe”QEWHE?HE§S§H5§ r'100°cC,

| ess e nal nt al as to preven egaSS| ng

sollgng %tqgherkalarbA% ESSHIEO ngg 9&8 @éd av
he

core “Structur e wier el I'nter I's"ma nd

¢ .
PO Pdiaty 8 ?@F’fﬂ%%e'tlﬁnhsit %rss. EF‘&?&’&PS lpoazufﬁ‘éyqu. d
Phase Slg ering_A treatnoent was.perforned in a vacuum

staugtaren§Urdriadd U4 RNPERpSLRLaFENgr 11856E5FSr 1.5
hours. Durlng sintering -22 at |ow tenperature of
1, 3508036ke fine and active WC phase is crystallized,
thereby causi ng nucleation, and thus grain growh

[ Brgsiesss Oiftndriéaded ndogeeRérmenitt h unel ted WC grai ns of
a base phase. As a result, fine WC grains having a
grai An $hee abeake| @XOCRER tﬁaﬂléﬁlﬂﬂﬁé Meagr 4ra3teenthean
i nner portion

also be carried out. By subjecting the produced double

carbide phase to N; and N, + NH3 gas nitriding treatments,
very fine WCN, WN phase can be produced by decomposition of
the double carbide phase, in addition to the WC, Co phase.

The nitriding is preferably performed at a temperature
of 800 to 1000°C for 1 to 3 hours at a gas flow rate of about
20 to 100 ml/min. In the following liquid phase sintering, a
partial pressure in a furnace of normal pressure or less may
'be maintained so as to prevent N, degassing from the material.
As a result, grown grains have a core structure wherein the
interior is made of WC and the growth portion is made of WCN
or WN, and are extremely excellent in heat resistance.

[0034]
Liquid Phase Sintering

A treatment was performed in a vacuum sintering furnace

at a temperature of 1350°C for 1.5 hours. During sintering
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are produced in the surface layer portion. As a result
of structure observation, a refined structure having
a grain size of 0.5 to 1.0 pmcould be confirmed in
the surface layer portion including the inside

di aneter surface. [0035] Coating with Boron Conpound
The inside dianeter surface of the sintered body
material thus obtained is coated with an al cohol

atShYLT YemPa¥Lgra BN ¢onsent! athons o 2046808t L HE€MIC phase
dried by a dryer set at a tenperature of 40C for one

isQ%S&atg99§§Ld D%BéHéEQHfEEQEanﬁé&ﬂ@&%iéﬁ}eénéoéﬁﬁgggrain

rying, the material (s sUbjected to a diffusion

grgggh BFS?EH@n&n?kg%sggog?Q%EhgrthEﬁ'uﬁ%@fg?d Wctﬁgains of

oncentration gradient o oride is forned from

urfac to the interior, the liquid nhase of e .
a éﬁ??aggafgyer Spaor ?%‘ﬁﬂc’onﬁllrheuov‘ll’}gl%/rdaqﬂiqp ﬁlsae\glr}i:go e "
dnterioc. Fipall th i nder, .netal is scarcel .
SipBnamnluernthAb LPFact PADS: ICBFeiDR PEQERR diipes portion
metal -rich structure is forned in the interior. -23
arfpPrYALESH bPoBBFtF8§f6FetLéY8€v8PBEéBHaIﬂﬁ? 3 HRSuLt of
obt ai ned are roughly classified into the follow ngs in
stgysEurgf obreryarfate Pajefipsft FEAUGRNTEhBAV PG fogralin

-24 [ 0037]
size of 0.5 to 1.0 um could be confirmed in the surface layer

portion including the inside diameter surface.

[0035]
Coating with Boron Compound

The inside diameter surface of the sintered body
material thus_obtained is coated with an alcohol slurry
having a BN concentration of 20% and then dried by a dryer
set at a temperature of 40°C for one hour.

[0036]
Diffusion Heat Treatment

After coating and drying, the material is subjected to
a diffusion heat treatment at 1,300°C for 2 hours. Since
concentration gradient of boride is formed from the surface
to the interior, the liquid phase of the surface layer
portion continuously diffuses into the interior. Finally,
the binder metal is scarcely remained in the surface layer
portion region and a metal-rich structure is formed in the

interior.
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Table 1 Specific Hardness Fracture Portion gravity
toughness g/cm HRA MNVm Surface portion of devel oped
alloy 15.05 92.2 22.4 Inner portion of devel oped
alloy 14.03 87.3 19.5 Conparative alloy WC-11Co 14.50
89.2 14.1 [0038] Production of Conparative Alloy For
a conparison with this devel oped all oy, a cenented
carbi de material having the sane size and shape was

pr Ookéééﬁani@éfgpfoﬁe&iké’\%m@?éﬂ 98 a1 Ry, byndde

follow ng procedure. The WC-I1 %o m xed material was

ob P4 EREY eg‘re pf%?hlggégggﬁl PI@&' %ﬁ@(?]eg‘l@t %C%)P&v d)'tc?gor@rg case

Into a redete ape an en subj ecte

of"@{%é‘“%fk@{:gogg?eé‘ %glﬁérg% £008; ,E%Jltca oeggflg a

nmold showmn in Fig. 2 mas produced. A casing materia
for protecting this devel oped cenented carbide is a
material of SNCMB and casing was performed by setting
an interference to the cenented carbide to 0.5 The

i nsi de di aneter surface of the cenented car bi de was
machi ned into a helical
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gear shape by el ectric discharge machining using a '
Cu-W -25 electrode forned into a male nold, and then
final finish |apping was perforned with tertiary
accuracy. After the conpletion of finishing of the
inside dianeter surface of the alloy, the product is
renmoved from the casing, subjected to TiC + TiN CVD
coating and then coated again to obtain a conpleted
mol dipp89#0] Eval uation of Actual Machine A
conventional die nolds are coated with CVvD (TiC +
rabh®) 7 In this exanple, a CVD treated product and a
non- treated product were conpared. The results are

shown in the fol|ow $geaidlilce. Iin cgggdnggsa Fracture
conpruraticue al | oy, bwravihty occdrred in very epr]| youghness

stage in a die Whichd/smhot trleated W& h CVD and MN/m’’*

Swifenedpeheionskdr [ est Igf gine, and a 9i$ which is 4
teeatapgdnal ho VD nadé of "a developeg alrl oy showed e

Irpegepdrtidretifme The1 rﬁgson why th§7l'fetine of tﬁ§5
Qe Xapeat edlodevel oped ér v is| not extended pecause '

Cofipatdtppienglbdy t he gear oth portion,i congi dered
t hatW@tld€ki ng i s gene?éré@ i n tihe cog?'gnd propaqa‘%&

to a cenented carbide base material As‘is apparent
fromthe fact, this developed alloy is an ideal too
naterb g ihiCh is excellent in wear resistance even
when L 6 P4 not subjected to a coating treatnent and i s

excel l ent in chippin% resi stance because of toughened
Production of Comparative Alloy

For a comparison with this developed alloy, a cemented
carbide material having the same size and shape was produced
using a 1.5 p WC based WC-11%Co alloy by the following
procedure. The WC-11%Co mixed material was prepared, press-
molded, presintered at 900°C, formed into a predetermined
shape and then subjected to vacuum sintering at 1,380°C for
one hour to obtain a material.

[0039]

Mold Forming into Helical Gear

A mold shown in Fig. 2 was produced. A casing material
for protecting this developed cemented carbide is a material
of SNCM8 and casing was performed by setting an interference
to the cemented carbide to 0.5 %. The inside diameter
surface of the cemented carbide was machined into a helical

gear shape by electric discharge machining using a Cu-W
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structural characteristics, and al so has remarkably
inproved -26 fatigue lifetine. [0041]] Table 2 CVD
treatnment Lifetime Cause of failure Division No. Yes
No of die (state of defects) Cracking and chipping 1
O 78,800 of gear teeth portion Burning of gear teeth
Devel oped 2 0 60,600 portion alloy 3 0 156 100 Wear of
gear teeth ' portion 4 0 134,200 War of gear teeth

e1B0ELLAD £3rfed?inP £rRgkENGo288d £H PRALEY PInQFaflnlsh
teeth portion Burning orlglnated Conparative 6

la%é ﬁowggo 996?@&@9%%158 t9a£L vaHuPéé‘Q of geaf

urnln gear” teeth

gg;f%ge%rgfﬁs%spﬂtm‘lg; e TELRLn P08 268 U o 2he

diameter surface of the alloy, the product is removed from
the casing, subjected to TiC + TiN CVD coating and then
coated again to obtain a completed mold.

[0040]

Evaluation of Actual Machine

All conventional die molds are coated with CVD (TiC +
TiN). In this example, a CVD treated product and a non-
treated product were compared.

The results are shown in the following table. 1In case
of a comparative alloy, burning occurred in very early stage
in a die which is not treated with CVD and showed the
shortest lifetime, and a die which is not treated with CVD
made of a developed alloy showed the longest lifetime. The
reason why the lifetime of the CVD-treated developed alloy is
not extended because of chipping of the gear tooth portion is
considered that cracking is generated in the éoat and
propégated to a cemented carbide base material

As is apparent from the fact, this developed alloy is
an ideal tool material which is excellent in wear resistance
even when it is not subjected to a coating treatment and is-
excellent in chipping resistance begause of toughened

structural characteristics, and also has remarkably improved
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A casing bit is a bit used for foundation working of
bui l ding structures. As shown in Fig. 3, it is a
digging tool wherein a S55C supporting hardware is
brazed with a cenented carbide. The ground is dug
fromthe surface of the ground to the underground by
applying a load while rotating a steel pipe after
fixing a tip of the pipe. The digging depth is the

fafl€ghb wprtpifebase rock layer having a sufficient
strength. For exanple, digging is allowed to proceed
by cenne ting the steel pipe in case of the depth of
30

characteristics of the cenented carbi de

30 mor 7 less. Digging performances are |largely
Tabm%
Wi

| yenced by
h”whi ch the bit

S

brazed. To avoid failure of the

D.Vcenented carlbi d¥p aresemmented| Tafdiide gqaymusesofigfailure
TVEdarse gy%lns hass cohvemiol onal | §f bien Usetate, tHwiafercts)
wear prioceeds in thelcutting poz%i&ﬂ)ntd&a@k;h@enmiphipping
cenent gd carlbide’in pn early|stage Decgause gdhggtewrh portion
per f or med_ unider very| hi gh pressgée OtruABuﬁ&khggoftgear teeth
pevégpessibl 2 |to fminthin di ggi{ng®®aphbi lligogcion t he
alatdyer rang, when a cenqsted chglgsoccmmmmsbﬂggédnhﬂeeth
or fing graijns is used, ~chi ppimng’ brlesd¢agenof the
cutting portfi on made| of the ng?”%S@ dardairdefr ggr ltgeth
proceeds, “sdnetines.|In this|c d I Jidigidaes not
proceed and [a Targe probl em guch dellara@kin®odd chipping
peri od ardsd. T’ sol ve these pr6%1(ﬁk, W aeari tdefdedrtion
to applynén al'l of [ the preseni I nvent|imitnikgger i@ ted
Compa¥=3URe( chani cal pfoperties, & Haf rbme 8R i i Of
allvey surf,?ce [ayer port|8n WS fr1%1 90 [tBurdind, ofilgkar teeth
- target portion
8 o 525 "Burning of gear teeth
portion

[Example 2]

[0042]

[Trial Manufacture of Casing Bit]

A casing bit is a bit used.for foundation working of
building structures. As shown in Fig. 3, it is a digging
tool wherein a S55C supporting hardware is brazed with a
cemented carbide. The ground is dug from the surface of the
ground to the underground by applying a load while rotating a
steel pipe after fixing a tip of the pipe. The digging depth
is the depth up to a base rock layer having a sufficient
strength.

For example, digging is allowed to proceed by

connecting the steel pipe in case of the depth of 30 m or
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fracture toughness KID was from 20 to 25 MV n8Bi 2.

[0043] Trial Manufacture of Raw Material In this

exanple, the raw material used in trial mnufacture

of the die for helical gear was used. [0044] Press

Mol ding To obtain a final size neasuring 40 x 22 x 40

of a sintering material, press nolding (coefficient

of linear -28 contraction F = 1.25) is perfornmed to
leEQEn1@i§€ﬁﬂ@?§erf@¥ﬁ%ﬁé@@ 206 X1 200 %, 15061 JOR4 by

Primary” Presintering Dewaxing was carried out under an

.er.gas. . catpns Rer e [ Le

chggaS@E?HQElggoof Eggoggﬁ%ﬁaég BaFBTRET @4 Uh eyt LA Eh% bit is

range rrom to resintering was carrie
by & heat.
ox g TR o i TR TR (dhod's e Ghg ] Gh0E s of Pmented

hours. 0046%. Forning A morking si ze_was calcxhatgd g
CaE§188|8 MRELRGNE CRBACFalt FORSr 4PPoCBRVE hreBPAt&r8gen usec:
body wi th high accurag ﬁnd the presintered bgdy S
HopsVREd WRES r@Sﬁﬁgétlﬁa§ ﬁgCHtt§B9eP°ﬁﬁF8ﬂ e ﬁbBE?the
1.25 tinmes larger than that of a sintered materi al
ceuRpRRd FazPdRedRt PE GREWY G5PHE PgFRBES digging 1s

performed under very high pressure, thus making it impossible

to maintain digging capability. On the other hand, when a
cemented carbide comprising middle or fine grains is used,
chipping or breakage of the cutting portion made of the
cemented carbide rapidly proceeds, sometimes. In this case,
digging does not procéed and a large problem such as delay of
work period arose. To solve these problems, we are intended
to apply an alloy of the present invention. Regarding
assumed mechanical properties, target hardness HRA of the
surface layer portion was from 90 to 91.5, and target
fracture toughness K¢ was from 20 to 25 MN/m3/2.
[0043]
Trial Manufacture of Raw Material
In this example, thé raw material used in trial
manufacture of the die for helical gear was used.
[0044]
Press Molding

To obtain a final size measuring 40 x 22 x 40 of a

sintering material, press molding (coefficient of linear
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cutters and grinders using a dianond tool. [0047]
Secondary Presintering To inprove the strength of the
conpact, the conpact was presintered under a vacuum
at osphere at 1, 100C for one hour. [0048] Di pping
Treat ment An aqueous 30% sol uti on of anmoni um
tungstate (AMI) and cobalt nitrate was used. The tine
of di pping the conpact was 29 20 seconds. After the
coft PREDGLA real menis) tHhe CoMpaGied Sto tadEN LWomdlkd hen
i mredi ately dried by a dryer at a tenperature of
med<L0& nd 00491 1 Rpduci fiy Heat Treatnment A heat treat ment
was perforned under a vacuum atnosphere at 1, 300C for
one 5] The X-ray diffraction due to T.P revealed a
doubl e car bi de of two phases Co2WIC [M5 C] and Cos W9

A I\/B§2 .1 addition to a WC, Co phase, in the
Prls%?%%ce‘l'?%%/%trerplo??i on. Since densification of the

compact )Proceeds at_a, t(g erat ure of 300C _or__hi gher,
i nt A9 MRS SO CArBon Hrtteetds NP rSEER Yotn
case of the follow ng carburizing treatnent. [0050

ALRATRRFTS | Py HeLEHF BAL WERt Y Tl & of BiAT Pt T wer? to 400°C

performed at a tenperature of
and presintering was carried out by a heat treatment under a

vacuum atmosphere at a temperature within a range from 850 to
900°C for 2 hours.

[0046]
Forming

A working size was calculated by calculating a
contraction ratio of a presintered body with high accuracy
and the presintered body was formed into a compact having a
size, which is about 1.25 times larger than that of a
sintered material shown in a schematic view, using various
cutters and grinders using a diamond tool.

[0047]
Secondary Presintering

To improve the strength of the compact, the compact was
presintered under a vacuum atmosphere at 1,100°C for one hour.

[0048]
Dippihg Treatment

An aqueous 30% solution of ammonium tungstate (AMT) and

cobalt nitrate was used. The time of dipping the compact was
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1,100C for 30 mnutes at a CO+ H2 gas flow rate of 20
mM/mnin this exanple. The gas to be used may be a
carburizing gas and the tenperature range corresponds
to a solid phase region of WC-Co, and therefore
phase transformation into WC + Co fromthe double
carbide is perforned extrenely stably and easily.
[0051] Liquid Phase Sintering The treatnent was

20PSELOREET Ik @ ¥ AN SIIAY | NG armibthd UAC& Rpdtt is
tenperature of 1,420C for one hour. [0052] Coating

ta%@ﬁthQVQEdCPHQHUEﬂmJ faﬁé%?rggieéuﬁ agedP%efhgt a

sintered body nmaterial t talned was toated with
n_al cohol sl y~having a B4C concentration of 20%
teﬁ %g?ﬁgﬁgd??egﬁgyca dryer set at a tenperature of 40C
for fﬁ 4§ﬁur. [0053] Diffusion Heat Treatnent After
coat @ d drying, the material is subjected to a
di ffusion heat treatpent at 1,300C for 2 hours.
ReghpapgyHeatndrep et netal is scarcely rendined in the
surface | ayer ortion region and a netal-rich
strubtipati SreaEReati w2t heer f ArBed orNdfe chart Carm
properties of the developed alloy thus obtained are
atmgsgheyechhssy BPBACI Ard ohe henrewiThys X raastiffraction

due to T.P revealed a double carbide of two phasés Co, Wy C
[MeC] and Co3WgC4q [M3C], in addition to a WC, Co phase, in
the surface layer portiqn. Since densification of the
compact proceeds at a temperature of 1,300°C or higher,
internal diffusion of carbon proceeds very slowly in case of
the following carburizing treatment.

[0050]
Carburizing Heat Treatment

The carburization was performed at a temperature of
1,100°C for 30 minutes at a CO + H;, gas flow rate of 20
ml/min in this example. The gas to be used may be a
carburizing gas and the temperature range corresponds to a
solid phase region of W-C-Co, and therefore phase
transformation into WC + Co from the double carbide is
performed extremely stably and easily.

[0051]
Liquid Phase Sintering

The treatment was performed in a vacuum sintering
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of the surface layer portion and the interior. As a
conparative alloy, a bit sanple and TP were produced
using a WC-14%Co al l oy having a WC grain size of 6 p,
and then conpared. -31 [0054] Table 3 Site Specific
Har dness Fracture gravity toughness ¢g/CVM3 HRA WN

/ MB11 Surface portion of devel oped alloy 15.05 90.8
24.8 Inner portion of developed alloy 14.03 87.7 19.6

fubRARAr ati ¥erahboy¥aVWerd 460 14428°87¢8r18n8 h£9955]

Producti on of sing Bit A supporting hardware
prod §§g2§r0n1a S55C forged product by cutting was
subjected to a heat treatnent, thereby adjusting the

COE?5ﬂ88§§tﬁRgbpgéhbgmgoﬁggge from35 to 40, and ‘then

frequency raze h a cenented carbide materia

[ bl ad b '
o he LBl PERERCE Bha- AT bReBrEE Bafy TRESiq chus

oOEATHR FRe GRRLERLELLR PECRIGHICE Pﬁi{%@?ﬁrﬁ??? = B,
co%c%%%?aghgn g?GZBItaLg then dried by a dryer set at a
temperature of 40°C for one hour.

[0053]

Diffusion Heat Treatment

After coating and drying, the material is subjected to
a diffusion heat treatment at 1,300°C for 2 hours. Finally,
the binder metal is scarcely remained in the surface layer
portion region and a metal-rich structure is formed in the
interior.

Mechanical properties of the devéloped alloy thus
obtained are roughly classified info the followings in case
of the surface layer portion and the interior.

As a comparative alloy, a bit sample and TP were

produced using a WC-14%Co alloy having a WC grain size of 6 yj,

and then compared.
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commonly attached to a tip of the pipe in the sequence
of -R RL-RRL- and was attached to a casing pipe in
this sequence. [0056] Eval uation on Actual Mchine A
casi ng pi pe used for digging had a dianeter of 2200
mm and the total nunmber of bits used for the tipis
36. Specifically, the nunber of R type bits was 24
and that of -32 the L type bits was 12. As a result of
geol pgpheal survey, a sand gravel layer and boul der
are present at the depth ranging from8 to 12 mand a
ra@ganadi ggi ng depth of a foundation pile was about 18
m Lifetine of the bit was evaluated by the nunber of

bits Bepeaced per foswpedtiiion pill e. HaAflhess t he Fracture
conpl etion of diggi ngrieityhe floundati on pil e| of tb8ghness

m the entire pi pe wasy/cefoved |and t RAvear ed| st ateN of’”

[72)

Sudtacebpbrinas oliser ved. When t hg replgﬁe nt i 8
degeil aped, at hey bi { ma§5rgﬁlacec by a“hew one. [005734'

THnegepoesidd fare shown.in thel|followng table. As is
apparanrid tLooyt he resdft83 1ifgtine 8f - {he deuelopé§'6

cahponatilvet alsoydll{to 18 tines I gnger than that|of a

conper-atsicee nat éri al t4né?stablle hi gA'rffeting is 18-8

obtained. Table 4 Size of Nunber of bits Division
foundation replaced Failure pattern pile Rtype L

type[0055]

Production of Casing Bit

A supporting hardware produced from a S55C forged
product by cutting was subjected to a heat treatment, thereby
adjusting the hardness HRC within a range from 35 to 40, and
then high frequency brazed with a cemented carbide material
in the from of a insertion blade to obtain a casing bit. The
bit includes L and T type bits, and the bit shown in the
schematic view is an R type bit and the bit in the opposite
direction (linear symmetry) is an L type bit. The bit is
commonly attached to a tip of the pipe in the sequence of -R-
R-L-R-R-L- and was attached to a casing pipe in this sequence.

[0056]
Evaluation on Actual Machine

A casing pipe used for digging had a diameter of 2200
mm and the total number of bits used for the tip is 36.

Specifically, the number of R type bits was 24 and that of
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Bit made of Alnobst all of developed alloy 2.2 in 0.22
0.10 failures were dianeter caused by wear 8 Bit
made of x 18 mOO of failures conparative alloy 2.56
1.81 were caused by breakage [0058] (Second

Enbodi ment) A sintered tool is integrally forned of an
inner portion and a surface |ayer portion forned by a
heat -33 treatnment so as to surround the inner

thQOLtt9ﬁeaB§tsb@§g caply.as thedN®r JOJdAbLIYRIAFvey, a
hard grains and a binder netal for binding these

saH&a!t;Péveinléiﬂér ?ﬁ&ngoﬂ@ég'QPé‘tpréé‘ént?UéEa@ﬁe Ji%f@tﬁ

porfion essentially contains hard grains, boron

raﬁg%gff%ﬁl' %.Oﬂ Sh 5 thpéuéfﬁ%&&n §1‘¥§gﬂ?§r&é E‘h”@f’

In a er neta ut pre tains the

fouPHgﬁ netahelwathgboggnygt S r than fﬁ e bléx%%S
e Inner portion, substa y con al NS no

nd t f h " ,
erBBeg%d"EaabhéﬁaﬁﬁeeSn' ?héeﬁﬁnfapﬁécé‘ﬁﬁpeﬁéﬁé‘ﬁ%%gtlon pile.
carbide, nitride or carbonitride. At |east one Ki

AfESR bBesEPERLEHIOR B ?ﬁ%%%uﬁ%oﬁ@?s{f?H@d%'FlW: Piri*%: of 18
TaC, NbC, VC and Cr2C3 as the carbide, and at |east
mroﬁ@ek?ﬁﬁléﬁnPbEesgﬁécféﬁoF?Gn?nd the weared state of the -

bit was observed. When the replacement 1s required, the bit
was replaced by a new one.

[0057]

These results are shown in the following table. As is
apparent from the results, lifetime of the developed alloy
bit is 11 to 18 times longer than that of a comparative

material and stable high lifetime is obtained.

Table 4
Size of Number of bits _
Division foundation ' replaced Failure pattern
pile R type L type

Almost all of

Bit made of 0.22 0.10 failures were

developed allo 2.2 in

P Y . caused by wear
diameter S -

. 80% of failures

Bit made of x 18 m
, 2.56 1.81 were caused by

comparative alloy
breakage

[0058]
(Second Embodiment)
A sintered tool is integrally formed of an inner

portion and a surface layer portion formed by a heat
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the group consisting of Ti N, TaN, NoN, VN, Cr2N and
ZrNis selected as the nitride. [0060] As the binder
netal, at least one kind is selected from the group
consisting of ferrous netals, for exanple, Fe, NI and
Co. In view of corrosion resistance, heat resistance
and oxidation resistance, N or Co can be preferably
enpl oyed. Ni and Co forma solid solution with B in

tréQ@méHf f %eaé aﬁ'grsuPPéﬁh@nth@nijmquf pbisi bard porpgei a1y,
he  copresence of WC and contribute to

théu{{%ﬁéf 45‘8‘£€' 6‘1‘1 ”80 el hs C}ﬁé‘fc?' %EQIH?? an?oé'ﬁldr?c?éf‘txhé’{‘al for

| e Sur ace - ortion
Ni
blfq&%?ga{}q% dgfg}.lff‘s 4ﬁhe ﬁ\é%o%r?ﬁe%?nbo%qt% éJUtt%Sé ds%rface

tere ralns and a bin
1a gk SF L £ Sgr SPRL %%Heﬁ?n P8 R B s hE Z?O%Onaé
that of . hard grains is within _a range from 5:95 to
an b oS He Bl i B AT A ot e v tain a
netal to that of hard grains is |less than 5:95, a
blgijﬁfe‘i“%’élalbolaytc%ﬁ%%?r%lff’o?%ﬁab‘é%aﬁ%% Bindep Bagd} in the
content of the binder netal. Wen the ratio is nore
ampRak anasbert kbansthaker &g baey ehnklpe beNanfPPET &P yOT
har dened because of too snall content of the hard
supptantipdbp2fonThénsg anp obohdehemebal ep? % thelbperse
netal to that of
surface hardness.

[0059]

Hard grains in the sintered tool contains carbide,
nitride or carbonitride. At least one kind can be selected
from the group consisting of WC, TiC, TaC, NbC, VC and Cr;Cs;
as the carbide, and at least one kind can be sélected from
the group consisting of TiN, TaN, NbN, VN, Cr;N and ZrN is
selected as the nitride.

[0060]

As the binder metal, at least one kind is selected from
the group consisting of ferrous metals, for example, Fe, Ni
and Co. In view of corrosion resisténce, heat resistance and
oxidation resistance, Ni or Co can be preferably employed.

Ni and Co form a solid solution with B in the surface layer
portion, and form its hard boride NiWB, CoWB in the
copresence of WC and contribute to surface hardening.

Silicon Si forms a solid solution with Si in the surface
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hard grains is preferably within a range from5:95 to
30:70. This ratio is selected depending on the
application of the sintered tool. In the application
whi ch requires surface hardness and toughness,
particularly inpact resistance, are required, the
content of hard grains is decreased and the content
of the binder netal is increased. In the application

FCho PRI bhCU ﬁ&'¥o£ﬁQUiE$Sh§P&f§£§1@§£Q”ﬁ§ﬁsﬁﬁd M@W£14 and

ESI tance, the content o grains Is increased

coft ERLO: %h€oa£’8¥§%£é‘”19§ d&QQﬁgyerAS descri bed

erer na 28 the suUrface portion -35 of the
S'ntf5§ﬁli°°|’ a boron and/or silicon Si-containing
| aye ein boron B and/or silicon Si are diffused
fromtihe, surface of the sintered body, duri
e ot hEntnBFE {REEE Spht b5 diF Byt v R Y He EpoyRay of Hdrd
nposi ti on, L0064 In th resent |nvent|on th|
9r84PPaged ayBinpeFt rghal contar nE2bbP ot BEBF SPRTERR “of the
.alone or in conbination in the_ anpunt within a range
bipdgk Dedbad £8 phat, 8y Mergngrainst ke wikhiaca rayes from
portion, distribution density of hard grains is
5: §§JG§téQ 8- hien the vttt Heate grontrnG mferthe binder

portion. It is particularly preferable that the
metemt éat tbhtbofohaod gskingsohsoleshetbanf ac@S) agesintered
portion is within a range from 0.050 to 1.0% In case
bodfy centatnbagfboimhdbbecauaado§i tocoamali heohbeat of the
anount is preferably within the above range.
binder metal. When the ratio is more than 40:60, the
sintered body cannot be sufficiently hardened because of too
small content of the hard metal.
[0062]
The ratio of the content of the binder metal to that of
hard grains is preferably within a range from 5:95 to 30:70.
This ratio is selected depending on the application of the
sintered tool. In the application which requires surface
hardness and toughness, particularly impact resistance, are
required, the content of hard grains is decreased and the
content of the binder metal is increased. In the application
which particularly requires surface hardness and wear
resistance, the content of hard grains is increased within
the above range.

[0063]

As described hereinafter, as the surface layer portion
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[0065] The content of the binder netal is |less than
that of the inner portion. The content of boron B or
silicon Si is from0.010 to 2.00% so as to secure
har dness of the surface |ayer portion O hardness.
When the content of boron or silicon is |less than
0.010% diffusion magration of the binder netal from
the surface layer portion to the interior becones

f'EﬁBfEhﬁtQPEddHBbTQ shsogbﬁfgﬁaparhgﬁilésﬁasneeéntgmnlng
he ot her hand, when the content exceeds 2.00% the

lag Ef@ﬁgrehﬁygggeﬁrﬁ'gﬂd¢8 SsE?%cSH”éQrg}QOdY9£H§§d from the

ange cause I nterna usi on of the bi nder

su?ggél ﬁe QQHFEQEQ ?? Hﬁ£?ﬁ§tgﬁgcﬁé f?eg%ﬁghy of the

occur Url n rea ment

. f I dj d h
1P RRgaST Po  ShaHE, 2o e oPPRASF BREE The bi nder |

net al B%gg1the surface Iayer portion to the interior

can & hanced and al so the effect of effectively

preventlng surface cracking is exerted. Conseq uentlg
lOI’l

in thB SOPfREESCPhy&RVEBFEPEN, tRhe SBRFRAE b YERePOT

binder nmetal is relatively decreased and the content
coptapasdbgrannd ps phéieasediaglonsnparéd @PRRIpAEiOn in the

i nner portion. Consequently, it is possible to
amggpteadshanneanadogst anew @epﬁéeﬁoaajﬁeehy naight. In the

grains. \Wen estimted with the volune, distribution .
sudénset yayetr berdignai Assiksiboreonhdanshay of hhedi gheins is

portion and surface hardness is nore than that of the
adijoseedpaot haghky vhilgk deasi tiiabaof ghai msner portion. It
is particularly preferable that the content of boron or
silicon of the surface layer portion is within a range from
0.050 to 1.0%. In case of containing both boron and silicon,
the total amount is preferably within the above range.

[0065]

The content of the binder metal is less than that of
the inner portion. The content of boron B or silicon Si is
from 0.010 to 2.00% so as to secure hardness - of the surface
layer portion @ hardness. When the content of boron or
silicon is less than 0.010%, diffusion migration of the
binder metal from the surface layer portion to the interior
becomes insufficient during the diffusion heat treatment. On
the other hand, when the content exceeds 2.00%, the surface

layer portion does not conform to volume change caused by

internal diffusion of the binder metal phase, and thus
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[00661. Distribution density of hard grains is the

hi ghest in the vicinity of the surface in the surface
| ayer portion and decreases toward the depth
direction of the surface |ayer portion, and
approaches to distribution of the inner portion. Wth
gradient distribution of hard grains, the content of
the binder netal is less than that of the inner

suP@htLop bRkt NG 1SUTIREEy | BYCECPRFtE@Pin@NEh&l §Pffusion heat
hardness distribution is" gradient so as to decrease

trELPRLhPe VA Didne Q’for‘Ltr@\tSlef ol A NG INNKT is adjusted
portion. [0067] -37 The nmean content of the binder

wi?ﬁ&ﬂlae¥§g§82?k§ﬂe8!§§§r@9|y 8%6baiﬁ?&gf$n05flﬁ%§d%%$ﬁér

e sur surface [ayer porfion to t
f,0.5 As described _above,.the_surface ] ayer
me DAl FRRMOF RSO BoFS of YRb BYEEERT CPnudbr 1 BRI Lor can be
ubstantially copposed_of. a har rain phase, a ..
enfgpend shasel o arRe efeftr caf et brdbl Ve Pu R e rtutipace
hardness of .the tool surface_ is obtained by hardenin

SuaﬁécﬁocrﬁﬁﬁﬁggaﬁPoﬁX%Ftﬁ%rdQﬁ%ﬁqﬁy%ﬂﬂﬂ%xn%ﬂ1¥ﬂﬁu%ﬁr ace
silicon conpounds. 0068] In the sintered tool of_the
lageespArtiARenthencorhentedh theabPhnderemotahatd Fearhsvely
in the sintered tool is preferably wthin a range
detreppod2and tBepaprnpsnhapl Brafngraiesnbpelnereaped, as
har dness i ncreases. Wen the grain size is less than
copparpeh wihb aheuntseof peohbbned Cardrmeard i titogen of

possible to decrease a mean distance between adjacent hard
grains. When estimated with the volume, distribution density
of hard grains is more than that of the inner portion and
surface hardness is more than that of the inner portion by
h;gh density hard grains.

[0066] .

Distribution density of hard grains is the highest in
the vicinity of the surface in the surface layer portion and
decreases toward the depth direction of the surface layer
portion, and approaches to distribution of the inner portion.
With gradient distribution of hard grains, the content of the
binder metal is less than that of the inner portion in the
surface layer portion, and also hardness distribution is-
gradient so as to decrease from the vicinity of the surface
to the inner portion.

[0067]
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the hard grain phase vary and it becones inpossible to
mai ntain stability of surface hardness. On the other
hand, when the grain size exceeds 15 pm wear

resi stance deteriorates and therefore the grain size
within the above range should be avoided. The grain
size of the surface |layer portion and the inner
portion vary depending on the application and shape

of thg.tpak, by t@ngeaﬁ eﬁélglﬁaéf h&taPrei &habtyis

wi thin a range rom pm [ 0069 In the

pr§9r§ n?yo?¥fh¥pg RE 0931?§§C% Bﬁdtﬁgoﬁﬁrfégg of the

con f h rret? ecr ease
t - 38 t t]
o ralts YaPer BRaligh GeolhEnifebtiil Pra hia, 4 Hea@ifbed

betme agcent hard rains_of tE S ce_l
A0B3Er | SHeCaH b6 BedruaEeHORE LoBonFarEs SPPR b egﬁﬁneresent
ortion. Such a fine structure of the surface | ay yep
inSSPEROR 1 AcFEASEETRARINYSEOBPOFRE Sl FaBBrd| GFarn bhase, a
portion conposed of hard grains containing boride,
boéééﬁe§§é§eaaﬂﬂ/@FlénséééFﬁF€|Eﬁ?seanéngnﬁéﬁ5e§uﬁEéFe
resistance and strength at high tenperature. [0070]
hapgingesceitb&dicaboed, sunéasar facebrayardpbyt Pardepandi Age to
both hard grains and boron, and boron is conbined with
aggrebanden wét Akrdogtedmsaahdr bouonnendl obosidéconhibepounds.
a boride exists as a precipitated phase between hard
grai n€068n iron group boride itself is hard and
therefore hardening is
In the sintered tool of the present invention, the mean
grain size of hard grains in the sintered tool is preferably
within a range from 0.2 to 15 pm. As hard grains are more
refined, hardness increases. When the grain size is less
than 0.2 pym, the amounts of combined carbon and nitrogen of
the hard grain phase vary and it becomes impossible to
maintain stability of surface hardness. On the other hand,
when the grain size exceeds 15 um, wear resistance
deteriorates and therefore the grain size within the above
range should be avoided. The grain size of the surface layer
portion and the inner portion vary depending on the
application and shape of the tool, but a mean grain size is
preferably within a range from 0.5 to 10 pm.
[0069]

In the surface layer portion, as described above, the

content of the binder metal is decreased. In the structure
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recogni zed in the surface |ayer portion by
contribution of the iron group boride. The boride
contains FeWB, NiVWB or CoWB in the copresence of WC
The silicate contains NNWsi4 or CoWsi4 in the
copresence of WC. [0071] As described above, in the
sintered tool, WC as a nain conponent, or TiC or a

m xture thereof can be used as hard grains, and N or

ofC@h@aguPPaééeﬁagé:tﬁ@kﬁﬁﬁwerff@%aﬁarfsgfﬁhn§X@ﬂ@|&éﬁgely
the tool, when I's used as hard grains and Co is

d1§§§gb9§e&h §'€€§;m€§gaélsﬁgﬁ%ér?é#wé%“té ééht hard

conposed o e and a ltc Co p ase

gr%gﬁéd ?oéﬁélgg}fgée %y;gr %ﬁftg ﬁ'gaghggede¥4é£%%£9?s

ositron deci ded erm ned anount

the surface t t
copPRERY Hibost Poat %%ﬁ%@%ﬂ?? WG SRR, or
er mal | _ anount of id | uti
e orlEAphab e Oh Botti e CorreReet Z@%?dr‘ﬁ%ﬁ o5 e Bufrace
contains a finely deposited CoSi?2 h as e aWip2
laygfePorhicn cempePad| afehasnd %ﬁ%l%?l?%%E%l%h%%eborldef

[0072] Surface hardness Hv of the WC-Co sintered too
degreapes présbatienveref bhctependdndnehad dFRIsWeIr t he

inner portion, but is 1,000 or nore, usually within a
regapagente opand 490rendth sab, hagl peeperabiye 2, 300 or

nore. [0073] When the thickness of the surface |ayer

portion70k

As described above, the surface layer portion contains
both hard grains and boron, and boron is combined with_a
binder metal to form a ferrous metal boride, while a boride
exists as a precipitated phase between hard grains. An iron
group boride itself is hard and therefore hardening is
recognized in the surface layer portion by contribution of
the iron group boride. The boride contains FeWB, NiWB or
CoWB in the copresence of WC. The silicate contains NiWSi,
or CoWSis in the copresence of WC.

[0071]

As described above, in the sintered tool, WC as a main
component, or TiC or a mixture thereof can be used as hard
grains, and Ni or Co can be used as the binder metal. As an
example of the tool, when WC is used as hard grains and Co 1is

~used as the binder metal, the inner portion is composed of a

WC phase and a metallic Co phase (Co solid solution) as a
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defined as a distance, which is required for the
linear portion of a hardness distribution curve from
the surface to the interior to reach the nmean hardness
of the inner portion, the thickness of the surface

| ayer portionis 2 mmor nore, and preferably 4 nm or
nore. [0074] As described above, the surface | ayer
portion of the present invention exerts the surface

£i @r €0k ng HB%SC&lg%ethQC£8ﬂ§8s9éléﬂedgéﬁéé&yb9f athe

ous bor i and I nner ortion can

pr%ﬁ%‘ﬂrer& ﬁnég{ﬁxgogﬁthQﬁ%%e Pﬁ‘éd%?faég %a %EGBQ% 18X

the hard grairns an

conE%?LFeéogéskhaggcgﬁglnglgegy de 5“?9eé°§oﬁé°§H§é89 s a

pr esen |nv rst
tered bog roduced A conveﬂglon .
CopBlpSPe uhearned B EoRBrbbsPRGIAL Hf xBdCBosibt dopoLution
hard grains and an_iron group binder tal to froma
Phééﬁﬁagﬁ RabPRyS HE§FFedq%H%ge Chhi THEFC] plgyer portion
subj ected to a conventional |iquid phase sintering.
comkainsaa génsiyi 6GPARLEBANTSSht ePdte Bty # Wobt atdwer and a
According to this sintering nmethod, the entire
CoWGipadtYPs gbntbredlilAfate pbaﬁ@erung, the resulting
sintered body can be appropriately machined into a
desi fé@78hape with accuracy by a cutting, grinding or
el ectric di scharge machining operation. [0076]

Surface hardness Hv of the WC-Co sintered tool of the
present invention depends on hardness of the inner portion,
but is 1,000 or more, usually within a range from 1400 to
1800, and preferably 2,300 or more.

[0073]

When the thickness of the surface layer portion 1is
defined as a distance, which is required for the linear
portion of a hardness distribution curve from the surface to
the interior to reach the mean hardness of the inner portion,
the thickness of the surface layer portion is 2 mm or more,
and ﬁreferably 4 mm or more.

[0074]

As described above, the surface layer portion of the
present invention exerts the surface hardening effect by
increase of the density of the ferrous metal boride, and the

inner portion can secure desired toughness, hardness and

strength by desired mixing of the hard grains and binder
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Then, a boron or silicon coating layer is forned on
the surface of the sintered body. To formthis kind
of a coating |ayer, a boron coating agent containing
boron is coated, and then the sintered body
conprising a boron coating layer is heated by a heat
treatnent to forma surface |ayer portion enriched
. wWith boron or silicon. [0077] |In this heat treatnent,
me%gg_sintered body conprising a boron coating |ayer is
eated and mai ntained in a vacuum or inert gas,
preffégpgr nitrogen gas atnosphere, at the tenperature
within a range froma liquid phase tenperature in -41

the jnner ,portion_of the sintered bedy.to the
R AP LTS O kP CHOT SR b L Thate SR SH et gineered tool

tepperature _of the_boron-,containin hase in the
of FREePEa°BBLy  PEF b 0Rsi f LESE B, S BErTRG PRAY hba(Produced.
treatnment, boron in the boron coatlng layer is ,
A BPPYE8E4OPAONPLRBCEGHT BRRY of St ARTIFRAERrRY HOBRTESS AR 2
interior to forma surface |ayer portion enriched with
miggeoRowdgRdof Rerd graine 3ndfarelrayefrpuptpbpdes metal to
diffused and mgrated to the inner portion, and then
framser cbupheh Hewshgya deshhed ghabas vhithelsukhage
| ayer portion of the sintered body is increased.
sulpfieetedobbi agrohvenhionadi Ligohdi phapeesipteaied. asThis, a
bori de and/or silicate phase containing a binder
demstidliednuhhéosmr aneekagiebogpr f s oobtainbtiai MAeaording to
sintered tool conprising a hardened surface | ayer
thper kiBerihQ0M8thod, the entire compact is sintered. After
sintering, the resulting sintered body can be appropriately
machined into a desired shape with accuracy by a cutting,
grinding or electric discharge machining operation.

[0076]

Then, a boron or silicon coating layer is formed on the
surface of the sintered body. To form this kind of a coating
layer, a boron coating agent containing boron is coated, and
then the sintered body comprising a boron coating layer is
heated by a heat treatment to form a surface layer portion
enriched with boron or silicon.

[0077]

In this heat treatment, the sintered body comprising a
boron coating layer is heated and maintained in a vacuum, or

inert gas, preferably nitrogen gas atmosphere, at the

temperature within a range from a liquid phase temperature in
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Wil e details of the nmethod for producing a sintered .
tool of the present invention were described above by
way of the sintered tool, hard grains contain
carbide, nitride or carbonitride and, particularly,

at |l east one kind selected fromthe group consisting
of W, TiC, TaC, NbC, VC and Cr2C3 is used as the
carbi de and at | east one kind selected from the group

theoRshati perefiohi Ne T8N shaNer YN bGngk@nghgrQEhﬁergﬁﬁge

as the nitride. As the other binder netal, ferrous

f -
whﬁ%ﬁaks HQﬁﬁE¥ tfbn! ?ﬂSEuQBEtEb”g%%ﬁeF§£89%e$£2£H e%Bgfn

group I sting and
B ' g .
cofiefaie i B b goBkats, B-0c & pebleea ine
i ,all | - W B [
pug3n, hs, BRsT Beatend, Perph.ah Phanbarel Finsho Laver
.t t f | f Ni Co d th b
5o GRBEHECOTREPEY 616, SHERPORY BEoF hRi SWBPZeg| PB§Yof athe
. Co-WB or Co-WSi alloy is enployed for a heat )
integdekeht dREM &sSHESBFPDERYREr BPRARPBr nEishRApHE FBnPoTON,

of hard grains in the surface Iag portion is
anpdn@r Bgdéd 18s taenparédcenileerheorfnen pér didhusgfddand
thus enployed for surface hardening. [0080] A ratio
migiratied ¢ontést ioherhporswomat endakthen Hapdrigpsinsg density
the content of the raw material of the binder metal
ofi dagdeberabisy iwi thiensarfange layem 5095ivo 80: The Fhhsered
ratio
body is increased. After cooling, boron or silicon 1is
precipitated as a boride and/or silicate phase containing a
binder metal in the surface layer portion to obtain a
sintered tool comprising a hardened surface layer portion.

[0078]

While details of the method for producing a sintered
tool of the present invention were described above by way of
the sintered tool, hard grains contain carbide, nitride or
carbonitride and, particularly, at least one kind selected
from the group consisting of WC, TiC, TaC, NbC, VC and Cr,;Cj;
is used as the carbide and at least one kind selected from
the group consisting of TiN, TaN, NbN, VN, Cr,N and ZrN is
used as the nitride. As the other binder metal, ferrous
metal, namely, at least one kind is selected from the group

consisting of Fe, Ni and Co.

[0079]
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of the content is selected depending on the
application of the sintered tool. In the application
whi ch requires both surface hardness and toughness,
particularly inpact resistance, the content of hard
grains is decreased and the content of the binder
nmetal is increased. In the application which
particularly requires surface hardness and wear

res'ﬁﬁéﬂcﬁ 5Eec809£eﬁﬁé°%%%§%f ALELNSch A NEECRSEH 53, the
W t hin € above range € nean grain Size
w0y Db nelgs b Tl eoblyys ok gy 0oy Ao

Cogg]tﬁéggﬁrfgch§ iy tg%or??@ﬂg 89§%gngﬁngrsﬁo&aén §-w-si

e Iay Pt oR"i
uct IS og i ned by the sint

A 1385 2oy SBEREnERaBuE SOLLALS HEBURGRERTBNOFNBN A L1oy of N

ﬁg plication and shape of the_t ool Particularly, the
ornkgnagfafFhespPeves caapadar ai TRETSETRy &M dF el Qodii—W-Si

is wthin a range fromO0.2 to_15 pm As_ descri bed
aldpgver guFpaleBhardRes¥-Pacréds¥siasemataygfafns aaheat

more refined. Wien the nean grain size is |ess than
trgazmepiy anbHe amodassrébedohbiraddatarbeondaatirabutdgenct hard

of the hard grain phase vary and it becones
granpessnbkbet sumiirneailpyest pbickiiby 0f surfesecHardnesspared

On the other hand, when the grain size exceeds 15 pm
winkatheesnstanperdeberi andt ehuandmployed for surface
hardening.

[0080]

A ratio of the content of the raw material of hard
grains to the content of the raw material of the binder metal
is preferably within a range from 5:95 to 30:70. This ratio
of the content is selected depending on the application of
the sintered tool. In the application which requires both
surface hardness and toughness, particularly impact
resistance, the content of hard grains is decreased and the
content of the binder metal is increased. In the application
which particularly requires surface hardness and wear
resistance, the content of hard grains is increased within
the above range.

[0081]

The mean grain size of raw hard grains is preferably

within a range from 0.2 to 15 um, and more preferably from
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therefore the grain size wthin the above range shoul d
be avoided. The grain size of the surface |ayer
portion and the inner portion vary dependi ng on the
application and shape of the tool, but a nean grain
size is preferably wwthin a range fromO0.5 to 10 pm
[0083] A m xed powder of hard grains and a bi nder
nmetal is conpressed into a conpact having a desired

o0.5hape; ?ngmthe conpact is then sintered simlar to the
case 0 conventlonal sintering conponents. The
conpgg f presintered and then sintered to obtain a
dense Sintered body. For exanple, -44 conventi ona

i qui d $ha§eeS|nt én can be a § aln[g 4]O%rkﬁge

bor on® oh" coa ep 0
vent t he surface o% a si ntered ﬁ oat ed

SuRERC ol SEb5 PRECAGR AEPEonEa] MRRGE oY 6 l%%f Jsr.w'?%%npr%%‘act

a_boron coating material used for gogtlng cont ai ns 3%
togdr b eBhpolAd b&th%I§b“E%ﬁ%%9n§n BRT det e A AT 4

or a carbide of boron, or precursor thereof, for
vagkafprererdéngbenatae ?Pﬁlh9@FbQPd%ndF%Pa%%aﬂﬁl%he tool.

SiB6, BN, B4C, B203, H3 BGB8 , borane or an organic
Pabbichlashpouhliecanabedtasd Fhzehef chbardngraas et afhe

The silicon coating nmaterial contains a silicon
siobapedntoahdial sothont ai nangechrbinde. drta hbtumde A

boride, or a precursor thereof, or an internetallic
desorpbaddabo®pecshirfaezahpkdsesheirofeanes ude SardSyHdins

Si Cl4, SiC, Si3N4,
are more refined. When the mean grain size is less than 0.2
pm, the amounts of combined carbon and nitrogen of the hard
grain phase vary and it becomes impossible to maintain
stability of surface hardness. On the other hand, when the
grain size exceeds 15 um, wear resistance deteriorates and
therefore the grain size within the above range should be
avoided. The grain size of the surface layer portion and the
inner portion vary depending on the application and shape of
the tool, but a mean grain size is preferably within a range
from 0.5 to 10 pm.

[0083]
A mixed powder of hard grains and a binder metal is

compressed into a compact having a desired shape and the
compact is then sintered similar to the case of conventional

sintering components. The compact is presintered and then

sintered to obtain a dense sintered body. For example,
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Si B6, or CoSi2, MdSi2, CSi2, W2, or silanes,

pol ysil ane polyners, and organic silicon conpound.
[0085] The boron coating material nmay contain these
boron conpounds and coated on the surface of the
sintered body. This coating material may be directly
applied to this surface, but is preferably coated on
the surface of the sintered body after a slurry-1like

cogeehkmgn§9'y£gefd ﬁhgégpéiﬁgep¥n%dbéﬂeﬁé'99 ihege

oron compounds In water or a noh-aqueous ol vent so

as t?oggggre satisfactory coating. In case of

coating, nmet hod of brush coating a coating sol ution
sintered. od of

on the -45 surface of. t?
spra§ R bt Rgrafacs ~hotaed eragt %%. Yoo F ey it et
in a,coati sol ution bha % t he, coat ed

ingRRE&PBA botySaFEatSent TnehiCeReY RoATi hS SORGERONLTS 2

dried on the surface of the sintered body, thus
CopERBNRAG EhECRBAL PAEINBPEPT aPT FBéBG?n'Tﬁ%dcﬁa??ﬁ@n

solution may be coated over the entire surface of the
cogfhngr BatBsdyl WAeA fRAE SOREARE £enbeinfapdRABaN ofofpeuUNd

sintered tool is limted and the coating of the
andoailsagcarateinal anf okhdeot Aenisuifacerpar cpshifdg of boron,

prevented by a proper masking, the surface |ayer
orport porcigsotokthedeofil yfon ekamgésiradcarbangyethe a

heat treatnment step and surface hardening of the too
hydanxhdeperfaor nexaryyl¢ heSiBdyr fRte BayerBynrt ilarROsandorane

t hus other surface portion is
or an organic boron compound can be used in the coating
material. The silicon coating material contains a silicon
compound and also contains a carbide or a nitride, a boride,
or a precufsor thereof, or an intermetallic compound.
Specific examples thereof include Si, SiH,, SiCl,, SiC, Si3Ng,
SiBg, or CoSi,, MoSi,, CrSi,, WSi,, or silanes, polysilane
polymers, and organic silicon compound.

[0085]

The boron coating material may contain these boron
compounds and coated on the surface of the sintered body.
This coating material may be directly applied to this surface,
but is preferably coated on the surface of the sintered body
after a slurry-like coating solution is prepared by
dispersing these boron compounds in water or a non-aqueous

solvent so as to ensure satisfactory coating. 1In case of

coating, a method of brush coating a coating solution on the
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relatively soft and can mai ntain high toughness.

[0087] In the step of coating with boride or

silicate, there can also be used a nethod of

introducing a chloride, a fluoride, a hydride and an

organi c netal conpound into a heating furnace,

deconposi ng them and coating on the surface of a

sintered body surface through deposition. This nethod

nly as C [ [

Suf%ﬁéfng? L s£§E§%é§g%§§Y, a S &ERI R VSPYY &%%%E%% &Y a

met hod. on to a conventional nornma

sure . h c r .
me R TRot: “a PPkt U BRtRd PO R eI T T hn Pach
lLaser ., CVD net hod have recent| en.-46_devel gpe nd
ang hBSHHTHRT QPTG Tar Eot s DUGRE Honoei | Gr rusefhor gty the
to.0.1 sec_of re. [00881 Exapples of_the
CoTraiBHi 3P HEGHN oS OF St vl of 15l SUBERES. OF rEffqaintered body,
chloride such as boron trichloride or boron
thyugt FERALBENAetne| GO7 T HRIsBRReES2boron trifluoride or
silicon tetrafluoride; hydride such as boron hydride
(bor &R@§6] di borane, pentaborane, di hydroborane or a
derivative thereof; and silicon hydride (silane)
i ncl Tdescadhbry | apdubioniBay dpe. coEka@pPesr ofhe hentire
organi ¢ netal conpound include organic boron conpound
supfagegahi thei biobarednpodnd, Wran extenpluxface to be
trial kyl boron, chlorosilane or al koxysilane. Specific
haedanptesft hbeesintackddeodti et hyhboednand the coating of
triethyl boron, tri- n-propyl boron or tri-n-butyl boron,
thandodtthbhomatethyl sbfatke other surface portion is

prevented by a proper masking, the surface layer portion is
formed only on the desired area by the heat treatment step
and surface hardening of the tool can be performed by the
surface layer portion, and thus other surface portion is
relatively soft and can maintain high toughness.

.[0087]

In the step of coating with boride or silicate, there
can also be used a method of introducing a chloride, a
fluoride, a hydride and an organic metal compound into a
heating furnace, decomposing them and coating on the surface
of a sintered body surface through deposition. This method
is commonly referred to as a chemical vapor depositibn [CVD]
method. In addition to a conventional normal pressure CVD

method and a reduced pressure CVD method, a plasma CVD method,

a thermo-CVD method or a laser CVD method have recently been
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chl or odi et hyl sil ane, chlorotrinmethylsilane or
tetranet hyl sil ane. Exanpl es of the other conpound

i nclude organic boron acids. [00891 Specifically,

t hese conpounds are converted into gaseous conpounds
and the gaseous conpounds are introduced into a
heating furnace set, at a tenperature at which the
conmpounds can be deconposed, using a carrier gas at a

deQEfg asrghaegh£'9 ﬁaksr?ggg EQ@@ anboni ﬁed8ﬁ0§i£i8§t§s

ep03|te on the sur the sintered body by

imé?gveQ698”B°§'hﬁggegfthﬁ of@mpound. Wien conti nuous

econposition - and deposition reaction proceeds for
a prgﬁség mned time, a coated netal |ayer having a
pred ned thickness is formed on the surface of
t he Elnte ed b gh Thetthlc ness  of the co %
cont FBFBUSBy° §alatEhheent T 3R, 05?V|%? GhL2t Barree
heating tenperature and a tlne 0090]
1“§$upﬁeFHﬁPF§g§pPH§Pn@S AbfsRAeFrAG0LeEL8E OF HOBGRI e
silicide heated to a sem - nelted state over the
te§aﬁﬁaé@réﬁe t Keuerater 84Choay BPranntyhtiypeidg gengélicon
metal coat made of a boride of silicide can be
tetgpfdgoridanphydrafiet Rechorpdeorandhgfrigedébpranade
SiB6, SiC, Si3N4, BN and B4C. [0091] In the heat
dibpeanmenpenthbosinter ddhpddpbpkose surfaderivative thereof;

and silicon hydride (silane) includes monosilane or disilane.
Examples of the organic metal compound include organic boron
compound or-organic siiicon compound, for example,
trialkylboron, chlorosilane or alkoxysilane. Specific
examples thereof include trimethylboron, triethylboron, tri-
n-propylboron or tri-n-butylboron, and dichloromethylsilane,
chlorodimethylsilane, chlorotrimethylsilane or
tetramethylsilane. Examples of the other compound include
organic boron acids.

[0089]

Specifically, these compounds are converted into
gaseous compounds and the gaseous compounds are introduced
into a heating furnace set, at a temperature at which the
compounds can be decomposed, using a carrier gas at a
predetermined flow rate, and then a boride or silicate is
"deposited on the surface of the sintered body by the

decomposition of the compound. When continuous decomposition
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is coated with a dry coating material containing boron
or siliconis heat-treated while naintaining with
heating in vacuum The tenperature of the heat
treatnment is lower than the solidus tenperature or
eutectic tenperature decided by the conposition of an
all oy of the hard grains and iron group binder netal
and is the tenperature at which a nelt is not forned

anégﬁ%E§F%998£ ?8%%%98n°@r&9§e%£”%8£69 B?%dgf%%ﬂﬁ%%ﬁeFime, a

ron o e Sintere ody, and
t th tecti { Lur: I . I Nj
cob B0 MEFeL ThIEH FahGich abbhaeoh-ingh ol REkel b B%orme

| ayer on_the surface, . apd a ﬁi der nmetal. -48 [0092]
on\EBSr 8PRGSFS Phet BreStRtSFRUCRDRSN, a melt is

partiallg formed only on the surface or_surface Aayer

port FBR BYLClPeFPzPhgtRRecPatt 18 hat thel ket oy the 9as

tenperature of the sintered bodg cont ai ni ng boron or
COBFPREBALLSNY ofRFrERANIRAaf 1OVf FRRE/ sPRREIRE bEyerature and

cont ai ni ng neither boron nor silicon, and setting the
hepgangt té@ei-ng tenperature to the tenperature between

those eutectic tenperatures. This nmelt is conposed of

al ro§008P01 of boron and a ferrous netal and a portion

of hard grains, and is remained as a solid. [0093]

In thg WieCnadygt epraynher edpbwder aggrsgappartnd Poonde or

a phase di agram of a WC-Co pseudo-two-di mensi ona
sialicaye hbatedutechi eecherpelatdr etasecabodt th8268Crface of

while the Co side
the sintered body at a high rate, a dense metal coat made of
a boride of silicide can be formed. Examples of the boride
and silicide include SiBg, SiC, Si3Ng, BN and B4C.

[0091]

In the heat treatment, the sintered body whose surface
is coated with a dry coating material containing boron or
silicon is heat-treated while maintaining with heating in
vacuum. The temperature of the heat treatment is lower than
the solidus temperature or eutectic temperature decided by
the composition of an alloy of the hard grains and iron group
binder metal and is the temperature at which a melt is not
formed in the inner portion of the sintered body with the
composition of the sintered body, and is also higher than the
eutectic temperature of an alloy containing boron or silicon

and hard grains from the coating layer on the surface, and a

binder metal.
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eutectic point (nanely, the eutectic tenperature of
Co-Co3B) is about 1,110C in the Co-B sintered tool,
and thus the heat-treating tenperature is within a
range from1,150 to 1,310C, and preferably from 1, 200
to 1,300C. [0094] 1In the WN based sintered tool,
as is apparent froma phase diagramof a WC Ni
pseudo-t wo- di nensi onal alloy, the eutectic
tempegg@bpfe i s about 1,390C, while the N side
eutectic point (nanely, the eutectic tenperature of

N - M 3B ralfg 30U nd. 00Cen BNEh Ll 40 Deflrd rEali i a1y

tenperature range from1,150 to 1, 38
and .preferably from:49 1 ZRQ 3 i: é ? n
roB e G T e T el BThRECs e N b Lo n 2P TR &Y
the |i u'ﬁ p?ase ea at the_ tenperature of ago t
ut3555p8 LRA T Rer e Fhe RRBTCEHearrRoct BHBET abtr 67 s
.pref erabl from1l1,6200 to 1,250C in, the Ti G Co based
515 AT efCOREY H3RRER BT AE PREON oBF 551 FLFPhet ol €985 ogn that
the eutectic tenperature, of the M)2C-N based ,
ofstheepéntessf PedubeaRrtainiog, nedtpetshPeroneapr silicon,
treatment of the Ti C-M2C-Ni based sintered tool can
angesehfingdtbat haatatreapéndt beBPOF R hiACat P aklge Femperature
1,200 to 1,250C. In this based sintered tool, m xing
begeenND2osanestppr ésstempbrdbugeai n Yriowreith ishecomposed
Ti CCo based and TiC-N based sintered tools and can
ofi apmose silht efabbkbhyandAppéaranue métaheahdqai dopbhage of
during the above heat
hard grains, and is remained as a solid.

[0093]

In the WC-Co system sintered tool, as is apparent from
a phase diagram of a WC-Co pseudo-two-dimensional alloy, the
eutectic temperature is about 1,320°C, while the Co side
eutectic point (namely, the eutectic temperature of Co-Co3B)
is about 1,110°C in the Co-B sintered tool, and thus the
heat-treating temperature is within a range from 1,150 to
1,310°C, and preferably from 1,200 to 1,300°C.

[0094]

In the WC-Ni based sintered tool, as is apparent from a
phase diagram of a WC-Ni pseudo-two-dimensional alloy, the
eutectic temperature is about 1,390°C, while the Ni side
eutectic point (namely, the eutectic temperature of Ni-Ni3B)

is about 1,090°C, and thus the heat-treating temperature is

within a range from 1,150 to 1,380°C, and preferably from
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treatment process anddiffusion mgration are the sane
as in case of silicon, and the Co side |iquid phase
of the Co-Si based sintered tool appears at about
1,200C and the tenperature at which the liquid phase
appears is lowered to 1,000Cin the Ni-S based
sintered tools with the conposition of N -30%&5i .
Consequently, the silicon diffusion heat treatnent
aju bp the WC-Co systemalloy is within a
Lo ?gggggf?o%?016250 to 1,320C, and is within a range
fro véeég? to 1,350C .in a WC-N based alloy. [0096]
-50 he heat treatnEnt is perforned within the
abov { epper at ti a
heatf?r Eﬁe ?,g ofgSQE org% 8%% a%ngh%P%%% tOOlS’
r on_the_ sur ace of the sjntered bod
enpodShutl PREpS: pBRSa RS aF Oier RETPSERFAES §5 FaTIFal 270°C
boron-containing melt with |ow tenperature, eutecti
andohBBEFLPER BHetH%aEUFFﬁeEln%|E€@ ﬁ%tPﬁ?e%FoPr%?er?%%y
sintered bodﬁ contai ns no boron is solid without
e

fragl i A§0atot 2§PeﬁtFﬁgtP%nﬁé?a¢9r€aSV@tﬁn§ Thpshigpased

the heat treatnent tine, the nelt at the surface
~sipsereentaelss et theTmp X e $ines i dre Atk gens rRmRerature

into the interior. As a result of penetration and
ofdithtu¥pofi-¥f bheedebintaredt heoli hseabount 1h250°C,

amount -of the nmelt decreases in the vicinity of the
dis@insdoe ardtt husathentonfehheaTiGnMos CeNst babeadi sintered

density of hard grains increase.
tool can be carried out at a temperature within a range from
1,200 to 1,250°C. 1In this based sintered tool, mixing of
Mo, C can suppress carbide grain growth in the TiC-Co based
and TiC-Ni based sintered tools and can improve sinterability.
Appearance of the liquid phase during the above heat
treatment process and diffusion migration are the same as in
case of silicon, and the Co side liquid phase of the Co-Si
based sintered tool appears at about 1,200°C and the
temperature at which the liquid phase appears is lowered to
1,000°C in the Ni-Si based sintered tools with the
composition of Ni-30%Si.

Consequently, the silicon diffusion heat treatment

temperature in the WC-Co system alloy is within a range from
1,250 to 1,320°C, and is within a range from 1,150 to 1,350°C

.in a WC-Ni based alloy.

[0096]
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[0097] This region where the content of boron or
silicon increased and density of hard grains
increased is the surface Ilayer portion. In the
surface | ayer portion, the distance between adjacent
grains is snmall and the residual anount of boron or
silicon increases. \Wen cooled or air-cooled after
desired treatnment tinme, the surface |ayer portion

formengn €RaPRuRd W-Lh: hofen; rpéff&fﬂ@daﬁgtﬁiﬁi@ﬂ%rabove

metal, and thus boride or silicate is precipitated.

tegggﬁgggggcfaég¥erinpgﬁtiﬁftf fsggégéegfat%@yﬁéat treatment,

0 [de or silicate hard gral ns havi ng

bo?hﬁgiﬁgfh%gggé%ﬁggge $%£¥h k@&§¥§£ghigi?gcf§£géggoﬁOthe

grains are ensified

wi_t hout _growi n ghe urface | ayer portion har deni ng
SuSFarReofUF RRcE LA BA PRaVi Z8aCCFOBOBT TTRECRariGht of™ the

baoron or silicon of the surface Iaégr Eo%tion after
SUFRECReLP fPERt AeRPTEARCHBLEOREREI FEATbY thel OFi hamBprature

the boron or silicon conmpound in the coating nateri al
eupersie FABPAEATiPReaRnERE, SHAB2ERe atgiff 0ie bigtdrigr of

silicon coated per surface area of the sintered body
theypfiaterefobodexaapkainshecahpuan, of tbdfoACl hdt Hethout

boron coating layer is preferably within a range from
medtdngoasOthg/ trRabasgdtempehatuceat iWhigtls ua flearese ref the

terns of a nmetallic boron B elenent. Wthin the above
hepaéngeeathensutfimee khgemepor ttohheanuchatai porbooonmBlts

in the anmount within a range from 0.050 to 0.50% by
metal in the interior and penetrates into the interior. As a
result of penetration and diffusion of the melt into the
interior, the amount of the melt decreases in the vicinity of
the surface and thus the concentration or distribution
density of hard grains increase.

[0097]

This region where the content of boron or silicon
increased and density of hard grains increased is the surface
layer portion. In the surface layer portion, the distance
between adjacent grains is small and the residual amount of
boron or silicon increases. When cooled or air-cooled after
desired treatment time, the surface layer portion forms a
compound with boron or silicon and a bihder metal, and thus
boride or silicate is precipitated. The surface layer

portion constitutes a layer composed of boride or silicate

and hard grains having high distribution density. However,
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wei ght, as descri bed above. Such hi gh content of boron
in the surface |layer portion is realized because
boron is present in the formof a conpound of ferrous
metal. In case of silicon, the sane shall apply
hereinafter. [0099] Wen the nethod of the present
invention is applied to a WCCo sintered tool,
surface hardness varies depending on the hardness of

ackéﬁgaﬂ eEODQBESOHetﬁya '§1HE§fﬁéﬁé'% rhVhEKers highly

har particularly 1,00 nore than

de§g£E§8 wgﬁﬁﬁﬂﬁs r8&15§et%gn§ﬁi?§%% Qyiﬁng%kéio

ran rom

ha r§%§L§$éce%PSSgPrfgg [ngoke Z%gflégg thickness of

por i 6Ri 8% dé as a di stance,
mhlcE ég geqU|red for the linear portion of a
har dh8 istribution curve fromthe surface to the
interjor to reach_the nean hargness of the inn
por t B, COPRE thPEKRBESM 0P ¥ t ALL SGPRaRE F%?e?uﬁg???ohayer
is 3 mMmor nore, and preferably 6 nmmor nore, OlOll
POTR& 08| AfEPEdth6ohedt £ReapMERENEaNNR_NFPBRreAheHebY the
w dely applied for cutting tools, plastic working
kingop§, téﬁdboﬁéékoérBPﬂPﬁQHbFP§PPEPdniﬁ|h@eaﬁ@aéivglmaterlal
engi neering and building. [0102] Exanples of the
beforei hhet bekti hekatmestngbadt bbe bhadet of boron or silicon

coated per surface area of the sintered body surface. For
example, the amount of boron in the boron coating layer is
preferably within a range from 5.0 to 40 mg/cm2 based on the
coating surface in terms of a metallic boron B element.
Within the above range, the surface layer portion can contain
boron B in the amount within a range from 0.050 to 0.50% by
weight, as described above. Such high content of boron in
the surface layer portion is realized because boron 1is
present in the form of a compound of ferrous metal. In case
of silicon, the same shall apply hereinafter.

[0099]

When the method of the present invention is applied to
a WC~-Co sintered tool, surface hardness varies depending on
the hardness of the inner portion, but is preferably (Vickers
hardness Hv) 700, particularly 1,000, more than the surface
hardness of the inner portion, and is commonly within a range

from 1,400 to 1,800, and preferably 2,300.

_52_



fraise, drill and reaner. Since drill and reaner are
made of a sintered body of ultram crofine hard grains
having a grain size of 1.0 pmor less and a ratio of
the dianmeter Dto the tool length L, (L/D), is high,
a material having high toughness is required. Wth a
fine structure of the present invention in which the
center portion has high toughness and the surface

| ayefopgp§i on had high hardness, the surface |ayer
portlon has hi gh hardness, which is advant ageous for

Cons@héHtkﬂg 9£1§kﬁ€8%hgfotgé Enganufa$QP|p$£{§ hMBs

I NCr ease es of the wor |ng

de%oaeglnC|Ud§e$ §%§0 gﬁhlsfggg ?egiﬁo?n hguﬁggeaﬁe

he Sin € presen I nventi on can
plied_the re H ﬁﬁ for exa

POgERRPAGT & BORORREPo éﬁggl 4635s E4PEE, Skl ﬁﬁnesur ace to

or .an Ni based cenent ed carblg The ceranbc Ls |i gt
the, iNEgELaTePf SEECBNF BB FI§*AndaFERFSSaPf{ F BT £ IPOF “Phition,

cenented carbide to constitute the netall og ragglc
thet thdckpessHowe e, suadesrdilAYSLoPPREIPResEng MM Or more,

i nvention, when a WC-Co system sintered body is
anﬁu@Fééﬁéébﬂa & BBr O BPEPusi on heat treatment thereby

i npregnating with boron, resulting in high

di st {0BALilon density and hi gh hardness of hard grains,

and thus obtaining a nold having long lifetime with

hi ghTheasintesesdt ancé, ofidhbsi pnepeststianeptand can be

corrosion resistance. [0104]
widely applied for cutting tools, plastic working tools, and
rock drilling bits for mining and civil engineering and
building.

[0102]

Examples of the cutting tool include single tool blade,
fraise, drill and reamer. Since drill and reamer are made of
a sintered body of ultramicrofine hard grains having a grain
size of 1.0 pym or less and a ratio of the diameter D to the
tool length L, (L/D), is high, a material having high
toughness is required. With a fine structure of the present
invention in which the center portion has high toughness and
the surface layer portion had high hardness, the surface
layer portion has high hardness, which is advantageous for
constitution of a tooth point, and thus tool lifetime can be

increased.

[0103]
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The working tool also includes drawing die for stee
pi pe and wire draw ng plug, and a conventi ona

cemented carbide has a problem such as burning and is
used after coating the surface of the cenented
carbide with TiN so as to prevent burning. However,
burning is likely to occur. When a WC-Co system
sintered tool of the present invention is used and

sg?1@§$ﬁ91é§ 3t boRON, S f {51 @b hepic It pRdds OMB and

Si) of the surface |ayer portion decreases a

fogﬁpﬁgvgﬁe ngﬁuﬁ&ﬁntanahyﬁen?%ﬁ@&ré& @Qéf'@fetﬁ@ present

e adhesion resistance and to extend t

1nvenﬁiagecg£ B? aéﬁ?ied[pgggéf ?é cxﬁhj ﬂ%ﬁ&“ f(gﬁﬁyple, a

a ho rusi on m num'al
sing a sintered tool o ese t |nvent|on
moffi° E?acgaﬁ?lagcbﬁv%%w%%fog%le% PRISHGE a goramie Material
adhesi on resi stance i s | ved an extru5|o
or;ghpliapared GEmaPLEE SHBOE N t nJaﬂ‘éol\)»(nsto

or CoWsi phase, of , the surface Ia¥ portlon and th
cCagpg PPFERFReCRARPHRI RRPrbbeds £ 6Bful?uF?ﬁeF%%r%em%nted
col d forging gunch for backward extrusion applies
carpige EBnPPESSIBATFORARNGCBALLOGFIPRIGhSTFRFEEFBNnaltiowever,
force with the workpiece and is therefore used under
acsevdingcondthionsesFner envertipn, i shent @nWused susteB
state of being subjected to a coating treatment.
siAteoedi hgdyt dst hebpeetedt tongehokon, diffusiposkeédte to
prevent breakage
treatment thereby impregnating with boron, resulting in high
distribution density and high hardness of hard grains, and
thus obtaining a mold having long lifetime with high wear
resistance, adhesion resistance and corrosion resistance.

[0104]

The working tool also includes drawing die for steel
pipe and wire drawing plug, and a conventional cemented
carbide has a problem such as burning and is used after
coating the surface of the cemented carbide with TiN so as to
prevent burning. However, burning is likely to occur. When
a WC-Co system sintered tool of the present invention is used
and subjected to a boron diffusion heat treatment, CoWB (or
Si) of the surface layer portion decreases a friction
coefficient, thus making it possible to improve adhesion

resistance and to extend the lifetime of the tool.

[0105]
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acci dent because of poor roughness of the punch and to
reduce burning wear of the bearing portion of the -
punch, resulting in inproved tool lifetinme. Exanple 3
[0107] In this exanple, commercially avail abl e
tungsten carbi de WC powder with an average particle
size of 1.5 pmand netal cobalt Co powder with an
average particle size of 1.3 mwere mxed to prepare

"‘XtéfﬁérmﬁéPk%ég Qééfefﬁgiu&§¥e$ShOQfeQQP@éi@n'dfé for
WC- 10% Co and 20% Co materials. The

alH{ggh%eélX‘@geaﬁg”p&ﬁéﬁegsfﬁgegl Qiﬁ@eIerCQHBPC%f WAL Clresent

wer e subj ected to inter ate sintering

1n88'nEEL '”9?1 ;Qée SQ”BaSSnQ{eEE‘gBBQE gwéfrws }E (i

T rensi ons di anet e | engt
. ft h t
adﬁgg12686§%ha§?hsgcaan%wﬁfgiﬁashgugﬁ e%Bf%Fh?ﬁr£empera£ure
' intered material s

e aPBRReo Bt it HEE PRS0, 35 SonrhE OFer OW?heanse of

preparati on of a boron-containing coating material,
th@oﬁﬁé?éFﬁlP?ngaPPEBF@nbo?BH EBPBi déSBAEIGREMBaFRD De
~mlled with ethanol for 30 hours to prepare a slurry
impgRVEARi ng 9% B4C to which pol yet hyl enei mi ne was
added to give a boron-containing coating slurry.
[0109P10%he sintered material was dipped into the
coati ng
Furthermore, a cold forging punch for backward

extrusion applies large compression loading and very high
frictional force with the workpiece and is therefore used
under severe conditions. Therefore, it is often used in the
state of being subjected to a coating treatment. According
to the present invention, it is possible to prevent breakage
accident because of poor roughness of the punch and to reduce
burning wear of the bearing portion of the punch, resulting
in improvéd tool lifetime.

Example 3

[0107]

In this example, commercially available tungsten
carbide WC powder with an average particle ;ize of 1.5 pym and
metal cobalt Co powder with an average particle size of 1.3
pm were mixed to prepare mixtures with two different levels
of cobalt, i.e., WC-10% Co and WC—20%lCo materials. The

powder mixtures were compressed using dies to compacts which
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slurry bath, and was dried in a drying machine at a
tenperature of 40C to be provided for the exanple.
[0110] For conparative exanples, the sintered nmateri al
was used instead of applying the boron-containing
coating thereto. A diffusion heat treatnent was
conducted on the sanples of the exanple and
conparative exanple, wherein the sanples were placed

wei;:% t 260E84 NSt | Rle S AL E UDFRte PI AT SHEE cmslimké;ed the

e"range trom 40-80 Pa 1nside the furnace, and

coﬁg FDSEQ H lgan £n fh éjéaﬂ%n;I@heugfagedﬂﬁﬁeter of

al ne hr ee | eve treat ment

ratu es g% 6 200C 250C and. 1 865% ours
Yf%r i %?o%& Teat reaa& £ e ea\‘{
the sanples were cqQoled in _the furn ﬁiOlll The h
sipteripgcWRddCanRbPEsOREr Bt HE0Q(C d“l“g‘?ﬂ@ opun sEq@f, one hour,
and the cut surfaces polished were observed with a
obkpipiagopespeshiyeafiRtered Rateriatdness was measured
on the gollshed surface while changi ng nmeasuring
poi nf81@8bng the depth from a surface of the sanple.
[0112] As to a boron coating-treated sintered too
cont Hentngboyen 20askide Binwas weedbasian&RePupp dansaey For
a sintered body having a conposition of WC 20% o
theoppepasragibnr dfparborbrsconhaining ¢oatiparmatérial,
(particle size: 1-2 pn) into a 9% B4C
" commercially available boron carbide B,C was ball milled with
ethanol for 30 hours to prepare a slurry containing 9% B;C to
which polyethyleneimine was added to give a boron-containing
coating slurry.

[0109]

The sintered material was dipped into the coating
slurry bath, and was dried in a drying machine at a
temperature of 40°C to be provided for the example.

[0110]

For comparative examples, the sintered material was
used instead of applying the boron-containing coating thereto.

A diffusion heat treatment was conducted on the samples
of the example and comparative example, wherein the samplés
were placed in a vacuum heating furnace under pressure
controlled in the range from 40-80 Pa inside the furnace, and

at a temperature-rise rate of 5°C/min. The furnace was

maintained at three levels of heat treatment temperatures of
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coating slurry to forma boron coating, and then
performng a diffusion heat treatnent with the boron
on the resultant sintered body. Wth regard to the
cross sectional structure of the sanple on which the
di ffusion heat treatnent with boron has been
perfornmed, as shown in Fig. 4A in the photograph of
the structure of a core, a nultiple of clear white
eas I oph r ecved. i : :
1280007 Poadoq HHL pIRNETESE B RS R ool diftusion
lay k.S ' bi i n ;
hea®/ Ereflnble;, BN AEAREFRR FRR"aHERICs; BegR EER g in
This_ is attributed to the result of -57 transform ng
th&ffﬁﬁgaﬁgfal Co phase fromthe vicinity of the
surf38§ h yer toward the core. However, it should be
not e ¢ ﬁparing Fig. 4Ato Fig. 4B that carbide have
alnmost no difference in particle size between &Fe
aPfy

surf 388 hspé&rtzRatedesapEp SSr¥§F8n9“FOTISTm§§Pﬁ1
sanpl es were prepared _by dipping sintered bodies .
amﬁla\;%ﬁg cute sazdRceisopodisheLyeEs RPERrYedr ¥d thypppdsroscope.
particles (particle size: 3-6 Nm, into a 9% B4C _
Theggaifitgr s Vickenso hagdres shypenneagregd 6 ithe polished
surface, and then subjected with a heat treatnent
sugifiaieeh whid edichiangdagi megsukdngr podhtsnalongt theddspih. from
Figs. 5A and 5B are m crographs show ng the cross-
a sauifiagenlofstthectsampdeof a core region and a surface
| ayer,
[0112]

15 mm,

As to a boron coating-treated sintered tool containiné
WC-20%Co, a sample was obtained by dipping a sintered body
having a composition of WC-20%Co comprising hard particles
that are fine particles (particle size: 1-2 pum) into a 9% B4C
coating slurry to form a boron coating, and then performing a
diffusion heat treatment with the boron on the resultant
sintered body.

With regard to the cross sectional structure of the
sample on which the diffusion heat treatment with boron has
been performed, as shown in Fig. 4A, in the photograph of the
structure of a core, a multiple of clear white areas of a
metal Co phase are observed in WC particles. Fig. 4B shows
the structure of a surface layer of this sample wherein
Carbide WC is densely present and almost no white metal phase

is observed. This is attributed to the result'of
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respectively, of a sanple for conparison. Figs. 5A and

5B indicate that, during diffusion heat treatnent,

the binder netal phase (which particles ook white in

Fig. BA) are reduced in the surface |ayer (see Fig.

5B), conpared with the core (see Fig. 5A); however,

it is also seen that the particle size of hard

particles (WC particles) has hardly changed between

: trghgfb?ﬁgﬁ agg thHe mQt81 &gl%ﬂkselfr8ﬁn£ﬁ35¥lci9i %hgf the
nmet al ﬁ1crostructure In conpar ati ve exanpl e

su@?k%gtErgﬁgeggwﬁghrﬁﬁéego¥kth Qéng?hlﬂoshBﬁi ®be noted

Fuc ange was o serve the surface -58

co&% %&ﬁg gfé é? % FﬁgICHngﬁgtSE L@&F ﬁg&§o§fm8;t no

he resu ness
gsasurenent are.shown
di

BEPDRP APoRrERBSRFei8e ROCHFeR: RET arannan ffveRngnd the

hardness di stribution was observed for a
corBatPAGPreated material. Wthin the extent of the

heat treatnent shown above, as the treating

t enpdPa&dde is lower, hardness at the surface is

hi gher and the thi ckness of the hardened surface

| ayefimdlamdy| epampdeshrereaprepasedehyY diBRpBIatIfntered

is higher, the diffusion of nolten netal to the core
bodseprbnwned ar gomppisAgion peWCeB@&RoywéthacparereFarbide

surface | ayer and a | ower surface hardness. That is, a
patitficdeanqpairtikiedsdze :b8t-6Gean) {, hénsor £ad8 Baye¢oa¢ihg

the core is in the range fromHv 300 to 600, and
sluanpl ¢o [fexin tr batreth coating on its surface, and then
subjected with a heat treatment with boron diffused into the
resultant sintered body.

Figs. 5A and 5B are micrographs showing the cross-
sectional structures of a core region and a surface layer,
respectively, of a sample for comparison. Figs. 5A and 5B
indicate that, during diffusion heat treatment, the binder
metal phase (which particles look white in Fig. 5A) are
redﬁced in the surface layer (see Fig. 5B), compared with the
core (see Fig. 5A); however, it is also seen that the
particle size of hard particles (WC particles) has hardly
changed between the layer and the core.

[0114]

In contrast, for the metallic microstructure in the

comparative example which has been untreated with coating, no

large structural change was observed in both the surface
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at a higher tenperature have a |arger depth of
hardness gradient. [0116] Table 5 No. Co Boron

Treat ment Hardness Hv Surface (% source tenp. (CO
Surface Core |ayer |ayer thickness (nm 1 10 BC 1200
1740 1350 1.5 2 10 BC 1250 1660 1350 2.5 3 10 BC
1280 1570 1320 2.5 4 20 BC 1200 1620 1040 1.0 5 20
BC 1250 1510 1050 1.0 6 20 BC 1280 1420 1060 2.0

1a%gl' 1ZJ\d' éﬁe ngrgE aghfeﬁ %8pE Qimhi‘&g Ngs SthSse of Fig.4A.

orresponding to a diffusion zone of boron B, so that
Rai seqp{s{he heat treatnent tenperature is considered
fo 5 . ! \
to prono boron diffusion to the core. A major

%@gtt:ﬁerrfo{ in;rms? Y mangf i}pazh réj nse Sn‘f’eaisnu} heenﬁc' urgeacs%own in
ayer T attri Uted tO a reductt om 1 h i ntetvars
tween_hard particles. on the side of the surfac
TaB{peb AB8 FAT5 ondvil LI RRRFSRT G Phate iy dre =
.surface | i S presyned taat anot her factor_for

. ayer. It
digkingty QE?be“Fano‘v'Pﬁghaf efig, GhaEEIPUTIAR Y37 pRFerved

CowWB. It is a matter, of course, .
for a coating-treated material. Within the extent of the

heat treatment shown above, as the treating temperature is
lower, hardness at the surface is higher and the thickness of
the hardened surface layer is smaller. As the heat treatment
temperature is higher, the diffusion of molten metal to the
core is promoted, resulting in the tendency of a thicker
surface layer and a lower surface hardness. That is, a
difference in hardness between the surface layer and the core
is in the range from Hv 300 to 600, and samples heat-treated

at a higher temperature have a larger depth 'of hardness

gradient.
[0116]

Table 5

No. Co Boron Treatment Hardness Hv Surface
(%) source | temp. (C°) |Surface |Core layer

layer thickness
(mm)

1 10 BC 1200 1740 1350 1.5

2 10 BC 1250 1660 1350 2.5

3 10 BC 1280 1570 1320 2.5

4 20 BC 1200 1620 1040 1.0

5 20 BC 1250 1510 1050 1.0

6 20 BC 1280 1420 1060 2.0

[0117]
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that the hardness distribution of untreated products
was al nost uniform [0118] Specinens were cut out at
a depth of 2 mmunder the surface away fromthe
sanpl es to nmeasure the boron B contents on the
surface of the specinens in accordance with the | CP-Ms
nmet hod. The anal ysis results of 280-330 ny/ kg were
obt ai ned, which confirns the boron diffusion. Exanple

4 [l dbenti DLRLCYs "RLEEHALS PLEPBELdshBnEXAYPLS a
mntE I ﬁ?p

1 were coOate BAC slurry wth three levels o

. Is cept Lons, L.e % % 4% _T t he
a16385s 00 2ERCEE BAFORTS, by thef Bplfel of the THEH:
condi tions of a heating rate an% a, heat

h f 5 '
CxBRBRPREN T CPERFBFAEOr 350FoR2505PSr o8 PrgeRs pateh

ours.
di 12Q] %anghes t hus obtained were cut at their center
156PEEORs F© A8 CRER-their cross sectional structures
wer e _observed in m_croscopy. Thereafter, hardness
measfr BRIRE $FAStEEr FPEJiBRrOVEPeRt\IBKBREIAGFANLRsthe
tester, changing the depths fromthe surfaces
sugfaceoflayee Isedftribateds fowa FRAVESLENciAndnErgVals,
[0121] Table 6
between hard particles on the side of the surface layer due
to a removal of the metal phase from the surface layer. It
is presumed that another factor for the effect of improving
the hardness is the form of CoWB. It is a matter, of course,
that the hardness distribution of untreated products was
almost uniform.

[0118]

Specimens were cut out at a depth of 2 mm under the
surface away from the samples to measure the boron B contents
on the surface of the specimens in accordance with the ICP-MS
method. The analysis results of 280-330 mg/kg were obtained,
which confirms the boron diffusion.

Example 4

[0119]

The sintered materials prepared in Example 1 were
coated with B,C slurry with three levels of coating

concentrations, i.e., 9%, 18%, 24%. Then, the products were

heat treated in heat treatment conditions of a heating rate

of 5°C/min and a heat treatment temperature of 1280°C for 3
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No. Co Boron Treat Hardness Hv B'in Surf. (% source
tenp. Surface Core surf. layer ($) (C layer |ayer
thick. (%9 (MM 11 10 BC 9% 1280 1570 1320 0.16 2.0
12 10 BC 18% 1280 1530 1280 - 5.0 13 10 BC 24% 1280
1540 1300 - 5.0 14 20 BC 9% 1280 1420 1060 - 2.5 15
20 BC 18% 1280 1350 980 - 2.5 16 20 BC 24% 1280 1370
1040 0.39 3.0 [0122] Referring to Table 6 and Fig. 7,
hohg . sanpl es of WC- 10%Co and WC-20%Co i ncl udi ng
tungsten carbi de WC powder with a particle size of
?gl%nflcated a relatively large diffusion depth
conpared to Exanple 1, which denonstrates
that the diffusio ept h i ncreage t
t he %%?%le%o%%entgbglgﬁe? “The %%gt?ﬁgghef éeﬁibr gbrtlons
it is fo setting of the
anb HhRh t%flaoﬁfgﬁtra?F§h°Pﬁ'ft REFRGERFRG WaTerPhperved in
e., the anount of boron added to the surface
mSEBSFﬂEYheaTh‘t’F%%E‘FFe‘ht ’é?ﬂ?e’tsat“tﬁaes‘b"cﬁt’tﬁ’t df?ssp}’rﬂ{ﬁ’tféi out
an appropriate hardness distribution in the surface
by| ay¥ickpgsohprdxessy tasteracehangangl fResdamsheafFemgthe

out in the
surfaces thereof. The results are shown in Table 6 and Fig.

7.
[0121]
Table 6
No. | Co Boron Treat | Hardness Hv B in Surf.
(%) source temp. Surface Core surf. layer
(%) (°c) layer layer | thick.
(%) (mm)
11 10 BC 9% 1280 1570 1320 0.16 2.0
12 10 BC 18% 1280 1530 1280 - 5.0
13 10 BC 24% 1280 1540 1300 - 5.0
14 20 BC 9% 1280 1420 1060 - 2.5
15 20 BC 18% 1280 1350 980 - 2.5
16 20 BC 24% 1280 1370 1040 0.39 3.0
[0122]

Referring to Table 6 and Fig.7, the samples of WC-
10%Co and WC-20%Co including tungsten carbide WC powder with
a particle size of 1.5 pym indicated a relatively large
diffusion depth of 2-5 mm compared to Example 1, which
demonstrates that the diffusion depth increased in proportion
to the boron concentration in the coating material.

[0123]

Thus, it is found that proper setting of the boron
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surface | ayer of the sanples that were heat-treated in
Enbodi nent 4 and indicated certain intense peaks in
the spectrum corresponding to a conpound CoVWB. It is
consi dered fromthe above results that the presence of
hard boride particles has a significant effect on an
i nprovenent in the hardness of the surfaced | ayer.
Exanple 5 [0125] A powder m xture was prepared from

coﬁemkgwhhylﬁv?hgaébst%pﬂwghmt h;j a0 . aveR898mount of

particle size o cobalt " Co’ powder,

onBkOHhHQHC?Bb?ﬁmhICgE% QOTQ Lr2NGdnqVeHa%hydt CRLOL ffe f

owder ave a alerage parficle size o

tef‘gééﬁ%ﬁggé Friafd Phe-bifandn <Al et

d.mtxté_ﬁrg was .conpressed to give a corrpact havi ng a
1gtEaRuEASBe 1R FRehEVEERESEANEF -as i n Exanple 3, the

conpi@i \Nils subjected to internediate sintering,

foll 4 y cutting into cylindrical bodies of 30 nmm

in diameter and 30 mmin_length. Simlarly to Exanple

1, tKeray dhffragtionganplusis Yaeecarriedegutinir the

vacuum at 1350C for one hour to produce sintered
supfacei dryeropft &bei agmPles2thatawesat hagtstyeaged in

cont ai ni ng boron carbi de B4C was used as the
Embodameptnéapndngndagaitad sertainl inkenhe peaksnannthe

as in Exanple 3. Further, a BN-coating slurry al so was
spectrum corresponding to a compound CoWB. It is considered
from the above results that the presence of hard boride
particles has a significant effect on an improvement in the
hardness of the surfaced layer.
Example 5

[0125]

A powder mixture was prepared from commercially
available WC powder with an average particle size of 0.55 um,
metal cobalt Co powder, chromium carbide Cr;C, powder and
vanadium carbide VC powder, all of which have an average
particle size of 1.3 um, to have a composition of 20%Co,
0.7%Cr, 0.4%V (each by weight) and the balance WC.

The powder mixture was compressed to give a compact
having a given shape. In the same manner as in Example 3,
the compact was subjected to intermediate sintering, followed

by cutting into cylindrical bodies of 30 mm in diameter and

30 mm in length. Similarly to Example 1, the cylindrical
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prepared wherein conmercially avail abl e hexagona
crystal boron nitride (h-BN) was ground in ethanol by
a ball mlIl for 30 hours after which

pol yet hyl enei m ne was added to the resultant 9% h-BN
slurry to prepare a BN coating slurry. [0127] The two
types of coating were allied on the sintered
materials, nanely, a coating treatnment with the

bo§§é§oﬂéé%”LEQte§£HrLXd%Pdﬁ v ﬁﬁﬁﬁtgtfiggbiéﬂf%rzgﬁgrﬁgﬁr to
coa w t e

i ng treatnent t containing slurry. The

R B T8 =0 SBOEE o epared i
Exa é$ é After drying, the diffusion heat treatnent
masnE ? ?ned on all the sanples at 1280C for 3

hours. [0128 or the heat-treated sanples rdness

noe RocbUFRY ARRFEY CRANERNBLDR DRERR nEREr L (R wae used

surfaces thereof, using a _Vickers hardness,  tester.
asTlkBer BOGPRSCPRERLBENG, g°§ﬁb&ﬁ pateriplcin ERg pRpegmanner

[0129] -63 Table 7 Boron Treat Hardness Hv Surface

aspipdExapetgl 3¢ ofusthete feBP-coaFiRgeStBFEY- phjerwas

(CO | ayer thickness ( 21 20Co-0.7Cr-0.4V BC 9%
prepggedowbergipn gopmercially available hexagonal crystal

boron nitride (h-BN) was ground in ethanol by a ball mill for
30 hours after which polyethyleneimine was added to the
resultant 9% h-BN slurry to prepare a BN coating slurry.

[0127]

The two types of coating were allied on the sintered
materials, namely, a coating treatment with the BC-containing
slurry and, separate from this, another coating treatment
with the BN-containing slurry. The BN coating treatment was
performed on the sintered materials of WC-10%Co and WC-20%Co
prepared in Example 1. After arying, the diffusion heat
treatment was performed on all the samples at 1280°C for 3
hours.

[0128]

For the heat-treated samples, hardness was measured
while changing the depths from the surfaces thereof, using a
Vickers hardness tester. The results thereof are shown in
Table 7 and Fig.8.

[0129]
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22 20Co0-0.7Cr-0.4V h-BN 9% 1280 1840 1280 3.0 23 10
Co h-BN 9% 1280 1580 1300 2.0 24 20 Co h-BN 9% 1200

1410 1300 2.0
in a sanple having a

WC- 20%Co- 0. 7%Cr - 0. 4%/, whi ch includes WC powder
havi ng an average particle size of 0.55m belonging to

a super fine particle class,
ched 2050 Hv after the BC coating treatnent,
the diffusion heat treatnent being

S

> effect of

t he surface hardness

t

[0130] Referring to Table 7 and Fig. 8,
conposi tion of

hus,

re

of

ang

andg

togni zed. [0131]

3 to 4 nmm which
I a hardness of t

| BiBien et-ali ((h) B

Barons ohskneadd

Hexdnes® HAC- 109

Nourget i n
is smalle
he surfac

dtempv e
r (cthar
e layer

Sugfacesi
Lhyger of
snal | er

&eréeq
Exanp
t han

Syrface
tRayer
ghjckness
t (B

2bf

ER8ap? 74104V ne

BC B&s per¥2fitred

2980t he

di3RPer

ddo

22t

get-BNh 9x

IB40s i s

d288eq

3.0

ePocat$. TIr9r- d¥ar MARE&D 1.

23romot fat h-BN i s sjtladdNe 98t [a1380gharlS88nper atu30e, (200

24 hq20h€oBN coul d noth+B¥ad% w120 hd 1#d0al phds@0wi|t2h O

ease. [Exanple 6] [0132] In this exanple,
usi ng boron trichloride [BC13] as a netal chloride and
hydroB & is described as -64 the netal

depo§ £78 coatlng step. A CVD apparatus shown in Fig.

9 was used. Ap ared _gas is sugplled from gas, bonbs
11, Refgrzing Gp EaPéﬁ 7 °and F , in a sample having a

composition of WC-20%Co-0.7%Cr-0.4%V, which includes WC

an exanpl e

powder having an average particle size of 0.55um belonging to
a super fine particle class, the surface hardness reached
2050 Hv after the BC coating treatment, thus, the effect of
the diffusion heat treatment being recognized.

[0131]

It is observed that the WC-10%Co and WC-20%Co with BN
coating have a diffusion depth of 3 to 4 mm which is smaller
than that of Example 1 and a hardness of the surface layer
smaller than that of Example ltreatment was performed on the
sintered materials of prepared in Example 1. This is caused
from that h-BN is stable at a higher temperature, so that h-
BN could not react with the metal phase with ease.

[Example 6]

[0132]

an example using boron trichloride

In this example,

[BCl;] as a metal chloride and hydrogen [Hz] is described as
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trichloride [BC13], nethane [CH4] and hydrogen [H2] to
a heating furnace 1 via a floweter 3 and a
regulating valve 5 A liquid-piston punp 2 is
connected to the heating furnace 1 so that the
pressure in the heating surface is set to a desired
reduced pressure. In the heating furnace 1, two Kkinds
of sintered bodied used in Exanple 3 are placed and

enbNB0: Sybhesb et 1 9nac YD L eat gent under the chenical

eposition conditions s In the foll ow ng table.

The éfﬁ%érgﬁggﬁg%ug'gﬁé%éilﬁwgf§neg &g%tygééyrﬁﬁgﬁfgﬁfed

t he ies a the treat nent was nea

As.a result, it _was_ _abput, 12.to [

92 By ipP S50 had TEoTy 2af oBnte by PRt 2 b EBer e uas

erforned. To_further incr t he t hickness, a

tr DB A e B eL roda nar g o] coB oSSRty 1HE) JEac?
thereb¥ obtaining a desired thickness of the cpatin

hephjpg. TugBargi1i3ylaTapfeognepar %eﬁ‘agi?iBﬁg%ﬁHi"f“?oﬁglve >
[tems Conditions BCl13 5 vol% CH4 5 vol % H2 bal ance

A Yoy dreastPBnPEBRPEr 4 uFenNneobedota2bbe heakipgofprnace 1
rate 10 1/mn Reaction tinme 5 hours In the above

socoheingheapeesspredénethenkgatingusinphace is set to a

desired reduced pressure. In the heating furnace 1, two.
kinds of sintered bodied used in Example 3 are placed and
then subjected to a CVD treatment under the chemical
deposition conditions shown in the following table. The
thickness of a B4,C film formed on the surface of the sintered
bodies after the treatment was measured. As a result, it was
about 12 to 15 um.

In this example, the CVD treatment under reduced
pressure was performed. To further increase the thickness, a
thermal-CVD method or a laser CVD method may be used, thereby

obtaining a desired thickness of the coating layer.
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heat treatnment effect was recognized by the sanme heat
treatnent as that in Exanples 3 to 5. [Exanple 7]
[0134] Since the cenented carbide used conmonly in
the warm or hot region has a WC nean grain size of 3
pmor nore, evaluation was performed using a WC
powder of so-called mddle to coarse grains. A
commerci ally avail abl e WC powder having a nean grain
si ze @i3§ 7 pm a comercially available Co powder
havi ng a “mean grain size of 1.3 pm a commercially

raB18! habhtc Mepostero, haviqig gy fpan grain size of 1.5

er were ed in accordance with

the co 3 él on of WC-[13%Co- 29 9 [ 15LB] and
w&% @ [122HB] aﬁglckiégﬁfxpd A_gonpact

haV| ng tpelsanme shape as i n Examplwi1y was produced

66 ‘Frnmfho rgc~|||f| fa) mvod naouwdor Aand o Crted to

LA LA Z LI} LLLEEANA ] | SASAALS A I armu—ouu] \®
liquid pmHase sintering in vacudmvatlt$1380C for |one
hour—to obtarm—each Simtered matertal. _THem, 3

coating mterial was prepared¥i¥§ EPLFcon ccrbi'de

Cas a silicon source of a t Ir nt. The
sk aF | AFHRCABRC & | ho sah8 s RAPC b Ecamj e 1
and @ 5% % S5€ont ai nijng et hanojg qoatihng agent |was

prepared. The surface of the sintered material was

coatm@lactt)ioa dippi ng nlet hod, fobl nwess by dryi ng and

£ hao AL £ £ hao + v Aot et T [ + +
ot hRer—aHustoenr——meat treatmrent—heneat—tr<eat nent

was performed at a tenperature

T

In the above coating layer, predetermined diffusion
heat treatment effect was recognized by the same heat
treatment as that in Examples 3 to 5.

[Example 7]

[0134]

Since the cementgd carbide used commonly in the warm or
hot region has a WC mean grain size of 3 um or more,
evaluation was performed using a WC powder of so-called
middle to coarse grains.

A commercially available WC pdwder having a mean grain
size of 5.7 um, a commercially available Co powder having a
mean grain size of 1.3 um, a commercially available Ni powder
having a mean grain size of 1.5 um and a Cr-C powder were
weighed in accordance with the composition of WC-13%Co-2%Ni-
1%Cr [15LB] and WC-18%Co-4%Ni-1.5%Cr [22HB] and then mixed.

A compact having the same shape as in Example 1 was produced
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of 1300C for 3 hours. A sanple nade of a non-coated
materi al was al so eval uated for conparison. The sanple
subj ected the heat treatnment was cut at the position
of 15 mmin length and, after polishing the cut
surface, the structure of the cross section was
observed. Then, hardness was neasured at various
positions (different depths) using a Vickers'

frBﬁrgH@S§eE§§E§ﬁg ﬁ@x@drﬁéwbérOfaﬁ@es§BgH§EQBeto liquid
observation, an”™ inprovenent In distribution density

phggeV\glgrcgE[ﬂﬁ %g vgsepgngze%%ee kbe drat ﬁoh? @QOHBtgln
gur ace

fromt ayer portion. Wen e depth 1s

r n_t.h range, the structure contained a
eaggrgé%gﬁﬁﬁét%a?g? glblnder metal. The results of the

_hardEFss neasur nment a and

o1 RRRR  Te e E T w2k 0D yaBera88nEed ARE RG] f1picon
Non Coat S Coat _.Non Coat S f
Caf§gée %3605%1§ogeli§gﬁcsgér§|§o°%oéo ?ggrggggtémﬁéo The

1170 730 900 2 920 1050 740 830 _3 930 900 740 710 4
preperefgonpsmerhgd is the same as that in Example 1 and a 15%

SiC-containing ethanol coating agent was prepared. The
surface of the sintered material was coated by a dipping
method, followed by drying and further diffusion heat
treatment. The heat treatment was performed at a temperature
of 1300°C for 3 hours. A sample made of a non-coated
material was also evaluated for comparison.

The sample subjected the heat treatment was cut at the
position of 15 mm in length and, after polishing the cut
surface, the structure of the cross section was observed.
Then, hardness was measured at various positions (different
depths) using a Vickers’ hardness tester.

As a result of the structure observation, an
improvement in distribution density of WC grains was
recognized when the depth is about 2 mm from the surface
layer portion. When the depth is more than the above range,
the structure contained a large amount of the binder metal.

The results of the hardness measurement are show in
Table 9 and Fig. 10.

[0135]
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5 920 930 730 720 6 920 930 730 730 7 930 920 740
730 8 920 920 730 740 9 930 930 740 730 10 930 920
740 740 11 - - - - 12 920 930 740 740 13 - - - - 14
- - - - 15 920 920 740 730 As is apparent fromthe
results shown in Fig. 10, the hardness showed
conparatively | ow val ue because coarse WC grains are
used. Conparing with the inner portion, a drastic
rabDErgase in hardness of the surface |ayer portion was

recogni zed. \Wen regarded as hardness gradi ent
Dportlon li ffussom -68 depthsof s|!icarphe smal | er222H8
. ?ilgéh trﬁﬁ; i NN6RS&Af Bor o - dbhfus ?nNémt&;altal agdc coat
u
e reasan | 9a60as! dered apeac differpfRd N | 1300°c
CTTIAr AL T CT 1o T US UCTT V\IC II UUI U1I allu T T CUIT CI CI Clit o.
However, it wa®30ecogni zed 1khat di {fusi GRO m grjati orp8o
of —a—binder—etat—+s—the—sane—asthat—of boront+t—— s
very useful feaore for todll§oto be applded for highoo
tenperatune range to be providedwth—the—effeqt——of
surkace qonprexdi ve rlesi dua@bOstress on740ppregsi on &30
freat—cracking :
3 930 900 740 710
4 930 910 730 720
5 920 930 730 720
6 920 930 730 ' 730
7 930 920 740 730
8 920 920 730 740
9 930 930 740 730
10 930 920 740 740
11 - - - -
12 920 930 740 740
13 - - - -
14 - - - -
15 920 920 740 730

As is apparent from the results shown in Fig. 10, the
hardness showed comparatively low value because coarse WC
grains are uéed. Comparing with the inner portion, a drastic
increase in hardness of the surface layer portion was
recognized.

When regarded as hardness gradient portion, diffusion
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which is fatal to warm and hot tools as well as heat
resi stance and oxi dation resistance. Wen SiB6 is used
as the coating material, characteristics of the
surface | ayer portion, which are conposed of both
characteristics of boron and silicon, are obtained.
[0136] [Performance Test] Production of Sanple A
conmercially avail abl e WC powder having a mean grain

depthCo fs%l?cBHWﬁQdﬁﬂafpepoﬁﬁgﬁ yeLe Ygighed bp boron

ccor dance e conposition of WC 14% o and

di?k?ﬁgoncﬂgﬁg§g o?ggﬁ%ﬁi9'§é§s§£e§£ PO &89@ h?%

an e ano and “cenented car |de

dl?@d Lhen grou d anger gcgog égeeHOHS§OnT$§d:§fPlé$gg

ergpu?r was“ e rge rn-a STrifer and
va 0 t he sol vent 5% af fi
SARREse ngdvelf,omovwos Wﬁgﬁ%@%%%me% i 700
to -69 obtalnaco | et owder. Siml ar]
ml@éﬁﬁéPEuﬁfl? bipdeFa FEaaa goﬁﬁérsﬁﬁéuﬁﬁ Bh%%aﬂfg?%fﬁn It

size of 3.2 pmand a Eomder wer e melghed in
isa¥esydareéuhi fRaERESCcEABOSPPLBNTEf PeverRYsed fag high

m xed, followed by mlling, drying and further n1X|ng
teppeRakure sbraPnta benprevedegowdbh. thei a§fach2st npnriace

press nold, a die cavity was filled with the _
comprpket&d peamenaéndtrhespgmdeupmasSQKQQSQﬁ hadercaacking

pressure of 1 ton/cnR2 to obtain a conpact neasuring
whiépB5ix 88tal to warm and hot tools as well as heat
resistance and oxidation resistance.

When SiBg¢ is used as the coating material,
characteristics of the surface layer portion, which are
composed of both characteristics of boron and silicon, are
obtained.

[0136]

[Performance Test]
Production of Sample

A commercially available WC powder having a mean grain
size of 1.5 pm and a Co powder were weighed in accordance
with the composition of WC-14%Co and mixed, charged in a
stainless steel pot, together with an ethanol solvent and
cemented carbide balls, and then ground and mixed for 30
hours. The resulting raw slurry was charged in a stirrer and,

after vaporizing the solvent, 1.5% by weight of a paraffin

wax was added, followed by mixing with heating to 70°C to
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L nm The resulting conpact was decreased and
presintered in a presintering furnace at 900C and
then subjected to a gradient treatnent (PD). A
partial presintered body was subjected to vacuum
sintering at 1,350C to obtain a sintered body, which
was then subjected to a gradient treatnent (SG.
Additionally, a sintered body of a WC-170Co al |l oy was

obEEQHuseéoMEneeea ﬁo%d@?’VV%fMW%K?lf”“BtéB%hé%EHé%ﬂﬁ“’

ent treatnment (VG under al nost the sare

av89TgbﬁE°W§288Lg%g7La§%§g §nﬁegﬁe g?ﬂtsig ?fSB 2 um and a

exa was USG as a

Coﬂ?éeéé%lwggégﬁggépgad%or §4g688¥ge&i rend" Q4 o%gggon of

ours. Fur ernore,

terial ed by PEl s pr ared an he
WOgRd & farPOuP-Heds g%fiﬁses Yt bf SoDoRb aRg e FuFther
.si,ntered body, which are S§E ect ed t be a gradi ent
migdBgt WaxméPeOb?BleoﬁtEBm %Feg BPE Fern1ned amount
of the coating materi al foll owed, by drying and
furtHéangradpgﬁtmmrea?ﬁénmohﬁde@ d%%r?%&étEoH@Fthﬁ%ed with
shown in Table 10. Each sanple of the
thgr gemphetedenprdesl ey thasrerdarnedswascegedi HngpE 2
center and polished, and then structure observation,
prelsement ofcdntentcafi bn ahtbk§si &8 anuphAQrdneasuring 925 x 30
nmeasur enent were perforned. [0138]
L mm.

The resulting compact was decreased and presintered in
a presintering furnace at 900°C and then subjected to a
gradient treatment (PD). A partial presintered body was
subjected to vacuum sintering at 1,350°C to obtain a sintered
body, which was then subjected to a gradient treatment (SG).
Additionally, a sintered body of a WC-17%Co alloy was
produced using a 3.2 um WC powder and then subjected to a
gradient treatment (VG) under almost the same conditions.

[0137]
Gradient Treatment

In this example, #200-B4C powder was used as a
diffusing material. Ethanol and the B4C powder were ground
and mixed in a ball mill for 5 hours. Furthermore, a B4C
coating material adjusted by PEI was prepared and the
external surfaces of the presintered body and the sintered

body, which are subjected to be a gradient treatment, were
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Tabl e 10: WC (1.5p)-140Co gradi ent treatnent
conditions Sanple Object to be subjected D ffusing
mat eri al Vacuum sintering No. to gradient treatnent
and coating weight conditions PD125 Presintered body
B4C 20 ng/cnz 1250C x 60 mn PD130 Presintered body
B4C 20 ng/cm 2 1300C x 60 mn PD135 Presintered body
B4C 20 ng/cne 1350C x 60 min PD140 Presintered body
cod&d 20i eR/ &5&4&9@&1&@& MibusCled ANt L0 RPN B4G a1,
20 ng/cnz 1200C x 120 mn SG125 Sintered body B4C. 20
fofyéﬁgg Q%SQ fn%zgn@1ﬁur Q é%&géﬁkafgggméﬁézégher
mg/ cn? 1300C x 120 mn i0139 Structure
rac IS ] I PD125 P ,
Va%%%?e{:l?ﬁa%%%fa?ls e%hg‘ﬂgegﬁng%gfd? sﬁi’r sé% r&& 5?’11“%2“ p?otosf é:rh Y
remai ned and are . jn the state. of including. internal
9 o B < BETERE AT by bt A S AT oY (O Fenter
roduced ysing,such a material, it is -71 apparent
and| 8L Faef oof 5 LR PRCT T B WEE HPP S Vil §PRNOT Lo e
after the initiation of use because "cavities" serve
congentrafhep 7R bY$HF N R FENSSRPNRS BB Ah ¥ PERL 40
wherein the gradient treating tenperature increased,
pergayPefles” as internal defects are scarcely observed
because of conplete sintering densification, but
concEdtB@tion gradient of a Co binder phase is
drastically unclear fromthe surface to the interior.
Talthe i@as®d i(&.ophsldeCedorhdient | § g thehiaseornppebrss

hao

P +
1T I

Sample | Object to be subjected | Diffusing material | Vacuum sintering
No. to gradient treatment | and coating weight conditions
PD125 Presintered body B,C 20 mg/cm? 1250°C x 60 min
PD130 Presintered body B,C 20 mg/cm? 1300°C x 60 min
PD135 ' Presintered body B,C 20 mg/cm? 1350°C x 60 min
PD140 Presintered body B,C 20 mg/cm?’ 1400°C x 60 min
SG120 Sintered body B,C 20 mg/cm? 1200°C x 120 min
SG125 Sintered body B,C .20 mg/cm’ 1250°C x 120 min
SG130 Sintered body B,C 20 mg/cm? 1300°C x 120 min
[0139]

Structure Characteristics

In the samples PD125 and PD130, apparent “cavities”
seen as dispersed black spots aré remained and are in the
state of including internal defects as an alloy material.

When an alloy tool is produced using such a material, it is
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entire base material and therefore the concentration
of the 1liquid phase becones uniformw thin a range
fromthe B diffused region of the surface to the
interior undiffused region. A difference in the W
grain size between the surface |layer and the interior
is not recognized. In the sanples SGL20, SG1L25 and
SG130 wherein the gradient treatnent was perforned

apEEQHhEh@h§€aEﬁeoﬁoBmelssfﬁééfﬁgeQOQYthlﬁa¥|§é§§ sR8rt time
Internal defects are not observed. As the gradi ent

afFEEUGBHr§n1E$HE§B r 8kl Q8. 9hadLgBL 95a@1€?e9“”9@£v8h§§9

romthe surface | ayer portion to the 1Interior can
y rmed. As described above, contrastive
er ggg%ngggggdlent i s exhi bited when the gradient

trea# b for fro gg tate of t

or ot it & sdssﬁaé e ety Fali hEreipneny pEadiont

. ge%for fron%the state of the gtergd bOdﬁE and. it
rPetiBEndTBeha P Aot PEREAERGL gFﬁHF hES”t PRat HERENES

perfornmed at the tenEerature at which the -72 liquid

de6ﬁ§§é apFeaFareelynePserVer RECpUSE Rt 6PTRICtEr STntering
lower. Even if the gradient treatnment is perforned

deﬂﬁéﬁﬂ?ﬁél§ﬂatéu§fCOPH@“EF@§FﬁPe9éad5689 ofng gPabhnder
growth structure is not observed. [0140] Hardness

phergr a6t driastiicglbysupcbaarofirem KhedAesSageofRPt hBe interior.
surface layer portion to the interior by Hv .

Theeasesenents conshdemednthiag. allig8idcphasheappapkesin the
PD125 and PD130 exhi bit dispersion in neasured

entire base material and therefore the concentration of the

liquid phase becomes uniform within a range from the B

diffused region of the surface to the interior undiffused

region. A difference in the WC grain size between the

surface layer and the interior is not recognized.

In the samples SG120, SG125 and SG130 wherein the
gradient treatment was performed from the state of the
sintered body, “cavities” as internal defects are not
observed. As the gradient structure, concentration gradient
of a Co binder phase from the surface layer portion to the
interior can be clearly confirmed. As described above,
contrastive structure gradient is exhibited when the gradient
treatment is performed from the state of the presintered body
and the gradient treatment is performed from the state of the

sintered body, and it is found to be important that gradient

treatment is performed at the temperature, at which the
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val ues, description of data was omtted. First, in the
gradi ent treatnent of the presintered body, an

i mprovenent in surface hardness Hv of about 300 is
recogni zed as conpared wth the internal hardness of
the base material in the sanples PD135 and PD140.
This reason is considered to be a synergistic effect
of an inprovenent in hardness due to a decrease of

l1&B§dcﬁh958d§ﬁp839§eo@”PHQtsQBté?QH& BYadk Mmbberisyl f8selower.
"ayer portion and an inprovenent in hardness due to

EvéH'h@ §Eéu5k981éBE999éQ€HéH§f95 Bé?fb?héétfPGm the state of

strengthening of a diffusion elenent. Conparing

B R R T R

radlgnt treat nent fron1the presintered body, B and
ments used in the present invention,

parti ﬁi 8L|y a B element has small active energy and
exhi bP €8 igh diffusion rate, and thus diffusion

rapi dly GFEroceeds in the presence of -73 aliquid

Haﬁﬂﬁgés BFerbrElSthESstate concentrated in the

surface | ayer portion is not attained and the el ement

scar BePyréBREEPBUPEshRBIRBAAr kBB et BB FAr§3F @t taner portion

strengt heni ng and precipitation strengthening. On the
toother ipgRALCENPYhEVSsHAPBEEEBENR01B0SBEABOINWHEF el A1t heSince

gradient treatnment was performed fromthe state of
theheampheer @8186dgndaPPénflr kablieitngispenenoni insuesageed

hardness is entirely recogni zed. Wen the gradi ent
vaflueat i dgsctéppépat nfedahar vasespitheddepiirsf, tire the

gradi ent region tends
gradient treatment of the presintered body, an improvement in
surface hardness Hv of about 300 is recognized as compared
with the internal hardness of the base material in the
samples PD135 and PD140. This reason is considered to be a
synergistic effect of an improvement in hardness due to a
decrease of the Co binder phase amount of about 3% in the
surface layer portion and an improvement in hardness due to
solid solution strengthening or precipitation strengthening
of B as a diffusion element. Comparing with the surface
hardness due to SG125, 130, the hardness Hv is low by about
200 to 300.

In the gradient treatment from the presintered body, B

and Si elements used in the present invention, particularly a

B element has small active energy and exhibits high diffusion

rate, and thus diffusion rapidly proceeds in the presence of
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to increases. By the way, when the gradient treating
tenperature increases furthernore, for exanple, when
treated at 1400C, a liquid phase appears in the
entire material and therefore surface hardness
decreases to the sanme level as that of the sanple
PD140. [0141] Conparison of Co Concentration and

Hv- Co Rel ati onship A graph show ng distribution of Co

a £986SALFALLEN HiPe Ad1& SWHACR i@y o Rt &P ltrhe;he
inferiof by EDAX analysi's is shown in Fig. 12

sugggggn géko og£§gﬁ'9§tﬁ89 Q{tgfﬁedsgﬁal RQ&%? nt

ected to a gradient treatnent: rom

sc%%@%? OEO{IP?%%E&”Egr?Qm%PQXbié‘Cégffﬁsséw{'l%

sur nt éri or NCreases very s
ncentrati.on g g of the surfacellnterlor

Strgnaﬁg?swgmgndaié%apl SRR FRAAER S8 RE o he
other hand, in t nples SG120, SGl12 30
of tHB BP%S%E?anQ%ﬂ i o the %im%%%%eﬁﬁfgf o %ﬁf%%
surface is very snall and tends to rapidly increase at

whepginpbbet P6AdERNENEIGRERANE yWoE PﬁéfgﬁW?chr?Q ha¢ state
apart fromthe surface). The value bs/bi cal cul ated

ofj ﬁhﬁhél§§ﬁ*§eﬁahﬁ€k’rl 3 roBRykaphe| IEBreBERENS: 1KGIYpLace
0.54, SG125 = 0.39, and SGL130 0.28. [0142]

hagdakgat ieneot iFeapt ueeoJolghdes Jdn g apeadignyy Yreating

the present invention, |arge conpressive residua
temperature increases, the depth of the gradient region tends

to increases. By the way, when the gradient treating
temperature increases furthermore, for example, when treated
at 1400°C, a liquid phase appears'in the entire material and
therefore surface hardness decreases to the same level as
that of the sample PD140.

[0141)]
Comparison of Co Concentration and Hv-Co Relationship

A graph showing distribution of Co concentration from
the surface layer portion to the interior by EDAX analysis 1is
shown in Fig. 12. Co concentration distribution of the
samples PD135, PD140 subjected to a gradient treatment: from
the state of the presintered body increases from the surface
to the interior but increases very slowly, and concentration
ratio bs/bi of the surface/interior is as follows: D135 =
0.66 and PD140: 0.87.

On the other hand, in the samples SG120, SG125 and
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stress is generated at the gradient surface |ayer
because of the structure constituted of a high

har dness surface layer in which the anount of the

bi nder phase decreased drastically, and the interior
in which the anount of the binder phase increased. An
exanpl e of evaluation of fracture toughness by the IF
nmet hod will be described. This drawi ng shows cracki ng

scPsOPagated Hresehl ihPERPishi opnefcédheosuehacetiaNess the
The Iength of crack propagated fromthe surface to

suzgscénisrbekyo mh € gﬁadtgﬂa BLTHEEYE Sy WRSC PELEENRE Yihe
shorter than that of crac mﬁlch I's perpendicular to
he. aho ck. Thi s _phen n esh st
vop PS4 00P 4R, EA0r BTl DR BT R0 AR Bon ALt erom e
likel t.Q occ because effective, comressive .
SUFEEFalal THT LRI HE BT M 16 1Tk SUrtiee 15y SPRer s
t he gradient _structur th res Lnveption, and
Ve Lo 50085 SOLhEVEF aaPLAP obr Bkt s BLaP Fra B esahd S6130
inyention has both high hardness and -75 high
Poaéhness which are antinomc with each other. [0143]
The above results are summari zed. As a netall oid based
el entAt42B4C was particularly selected as a conpound
of B fromthe group consisting of B, Si and P and a
Evgludicénan ofr EappbHrewdsuehnrefedoduburinadet herevari ous
eval uations were perfornmed. As a result, the
fol | dwi hhef pcesener énfenhdond) lange heoppesenpive residual
invention, a sintered body is subjected to a gradient
sttreeat iBNntenemteedabhtdehecgsadoentdt sarigee layer because of

the structure constituted of a high hardness surface layer in
which the amount of the binder phase decreased drastically,
and the interior in which the amount of the binder phase
increased. An example of evaluation of fracture toughness by
the IF method will be described.

This drawing shows cracking propagated from Hv
indentation of the surface layer. The length df crack
propagated from the surface to the interior of the gradient
structure was extremely shorter than that of crack which is
perpendicular to the above crack. This phenomenon suggests
that fracture from the surface to the interior is less likely
to occur because effective compressive residual stress is
imparted to the surface layer by the gradient structure of
the present invention, and also suggests the gradient

structure of the present invention has both high hardness and
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2) In the gradient treatnent of the present invention,
har dness gradi ent (Hv = about 400 to 500) is obtained.
3) In the gradient treatnment of the present invention,
a gradient structure is obtained regardless of the WC
grain size. 4 In the gradient treatnment of the
present invention, a gradient structure is obtained
because the concentration of a binder phase of the

hl?HrE@GShh@¥§rwB§HﬁrK§Q|Xngfﬁéﬁﬁéeﬁltﬁ)eéBht8€hQEad'ent
reatnmént of the present invention, WC grains do not

grOMI@fQ3? gradi ent structure is obtained regardless
of control of the grain size. 6) In the gradient

trea%ggngb8§ ESSQEE eQEe'QMﬁﬂéfoed f&ﬂgtuﬂ%ta1101 based

toug ness o e sur ace Iayer IS extrerre Yy |n'prov
elFﬁlcalu_se C reSSI V re

S n n
surt aFa@%r ?y %% 8 %gt?§ vg?ﬁég Pa ot B
resent i nventive WC- ystem cenent e carb
ExiyFRG SRPYR §PP§h§Fﬁn8n89g|%'hS: iy C?lesﬂt
in wear resistance, toughness chi ppi ng re3|stance
trgAGMEREr HAF ERAERSIr 8YFst aRdetheD Yﬁ5%°P§ guplpations were
applied and useful for tools for cold forging, rolls,

PEBEPEMEr Mhi hgreDelt, cFRRhigl obingeacieuttere bR

and wear resistant tools. -77 CLAI M5
1) In the present invention, a sintered body is subjected

to a gradient treatment, internal defects do not arise.

2) In the gradient treatment of the present invention,
hardness gradient (Hv = about 400 to 500) is obtained.

3) In the gradient treatment of the present invention, a
gradient structure is obtained regardless of the WC grain
size.

4 In the gradient treatment of the present invention, a
gradient structure is obtained because the concentration of a
binder phase of the surface layer remarkably decreases.

5) In the gradient treatment of the present invention, WC
grains'do not grow and a gradient structure is obtained
regardless of control of the grain size.

o) In the gradient treatment of the.present invention,
fracture toughness of the surface layer is extremely improved
because compressive residual stress is generated in the
surface layer.

[0144]
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1. A nethod for producing a cenented carbide material,
conprising: subjecting a WC-Co system conpact

contai ning an MLl2C to MC type doubl e carbide (M
represents one or nore kinds selected fromthe group
consisting of Ti, Zr, H, V, No, Ta, Cr, Mo and W
and one or nore kinds selected fromthe group
consisting of Fe, Co and Ni) as a main conponent of

Ingggtr§ugtggfab§y§£ portion to a carburization
treatfrent; and subjectlng the conpact to |iquid phase

B R LR MO RIS, gy ine
hlgﬁpsgg £ Lh§Uh$ﬂﬁr¥8§ﬁ gn&sréggeifgp€r§ﬁuwsaés

Or pro ucing a cenent ed
id d
re&asjseg.23%8U9ﬁ965g§§§5é%500ﬁp FEone %?ﬁ?ﬁ%r%ﬁénﬁaﬁcFrack
doubl bid M KL nd
resiPEarEa. FPobPTheth DAP RBnSPRl iR GPOTRoSERL FPY 1pols

No, Ta, Cr, M and W and one or npre kinds selected

fory 6mieh&ogedng E@ﬁ%?stPhﬁsofoFeml@bnSnHORﬂ) GEUSN R n
conponent of the surface |layer portion to_a

bladebur FaatrsnblrdgatneRe HWeas reehpeERrAFuFRObF- 600 to
900C; and subjecting the conpact to liquid phase
sintering at a tenperature of nore than 1, 300C, to
forma sintered body having a grain size gradi ent
structure where the nmean grain -78 size of the surface
| ayer WC is smaller than that of the
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.original material. 3. The nethod for producing a
cenented carbide material according to claiml,
conprising: subjecting a Wo-Co system conpact

contai ning the M3C type double carbide (Mrepresents
one or nore kinds selected fromthe group consisting
of Ti, Zr, H, V, No, Ta, &, Mo and W and one or
nore kinds selected fromthe group consisting of Fe,
Co and Ni) as a main eameent of the surface |ayer
portion to a carburization treatnment at a tenperature

1.07 8R0nd Onda 100C o A0GL SUDY eFtd & Ay CRIRACTe s dd AU O

phase sintering at a tenperature of nore than 1, 350C

b a sintered body having a grain size gradient
cos?f%%éﬂ?e where the nmean grain size of the surface

! ayeéug\ﬁeég%ljlqa_rgeﬁcl cggsgf%f?ém oéod's&baect O&Brgll_yﬂlutré% an M;,C to

mat err ar . he et produci ng a cenen
rbi de, material . a cogpin to claiml, further .
ME T ST T GRUTTHGR M TSRS 1y St I or i
i ntered bod wi th a conpound contai ni ng boron and/or

Sei?FF%@ngﬁ% X%b?]é%‘fﬁ’ nﬁoggjes%%‘? et sTht efBd %gdyvt oy Ta,

diffusion heat treatnent at a tenperature within a
Cry ageahfoth 12p900R® ©1 Bape, kindy selesked of TYR bR FEPuP

a high strength cenented carbide nmaterial,
copphpELBINGE F0 SabpedtNhy as - @inyseepeeenpaef the

contai ning an ML2C to
surface layer portion to a carburization treatment;
and subjecting the compact to liquid phase sintering, fo form
a sintered body having the mean grain size of the surface
layer WC which is adjusted depending a liquid crystal
sintering temperature as an indicator.
2. The method for producing a cemented carbide material
according to claim 1, comprising:

subjecting a WC-Co system compact containing the M;,C
type double carbide (M represents one or more kinds selected
from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo
and W, and one or more kinds selected from the group
consisting of Fe, Co and Ni) as a main component of the
surface layer portion to a carburization treatment at a
temperature of 600 to 900°C; and
subjecting the compact to liquid phase sintering at a

temperature of more than 1,300°C, to form a sintered body

having a grain size gradient structure where the mean grain
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MBC type doubl e carbide (Mrepresents one or nore
kinds selected fromthe group consisting of Ti, Zr,
Hf, V, Nb, Ta, C, M and W and one or nore kinds
sel ected fromthe group consisting of Fe, Co and Ni)
as a mmin conmponent of the surface |ayer portion to
l'iquid phase sintering, to forma sintered body;
coating a surface layer portion of the sintered body

si¥bt frac gOMPQUAL-CONLRLAI G DOr 9Ra BNGE Ofhsh | 690 @Ndthe
subjecting the coated sintered body to a diffusion

- t at a tenperature within a range from
'°r?§g%%lt%§@%?§§%c, which is lower than a |iquid phase

L eri ¢ h . .
5 oA L AechSTDED e S Pund 8 SR ANKL L oy PE PR SAIGE Ao
er.ein %Qzﬁ?oron coating%la er contains metal boron

wh
acgpraipgdy Ayl per CHBPHFStRE  coating area. 7. A

high strength cenented carbi de sintered tool mhicqé

CompPHEaEC AL 0. BoVGyt o ST T of T Boty- Ukt W TR hgH A MsC

ML2C tipe doubl e carbide (Mrepresents one or nore d
tyRendeuBerecrERIde  fth FRBIGPBUPS cORSI ST i RQrof kands Zpelecte

H, V, Nb, Ta, C, M and W and one or nore kinds
frem| EBeedrPEBNFPAELIGESDB OEoRai sEFngibf ¥e,No Bad &F) Mo

as a mai n conponent of the surface |ayer ﬁortion,
angh®y ekndt heesarf mese| kjedscanpersed &rograha greer

gradi ent structure where the nmean grain size of -80
conhéssinfjacé FayefoWendsNQ) 3asoaOmini gespenantepit haa

t hat of :
surface layer portion to a carburization treatment at a
temperature of 800 to 1,100°C; and

subjecting the cpmpact to liquid phase sintering at a
temperature of more than 1,350°C, to form a sintered body
having a grain size gradient structure where the mean grain
size of the surface layer WC is larger than that of the
original material.
4. The method for producing a cemented carbide material
according to claim 1, further comprising:
coating the surface layer portion of the sintered body

with a compound containing boron and/or silicon and
subjecting the coated sintered body to a diffusion heat
treatment at a temperature within a range from 1,200 to
1,350°cC.
5. - A method for producing a high strength cemented carbide

material, comprising:
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the inner portion and a concentration ‘gradi ent
structure wherein a binder netal of the surface |ayer
portion transfers to the interior side. 8. The high
strenth cenented carbide sintered tool according to
claim7, which the surface |ayer portion has a
mechani cal property provided with hardness HRA of 91
to 95 and toughness KID of 15 to 23 MN /M3/2. 9. A

hi ghs g4 €801 g cenpated Spsbime-shpd &f et O n il ¢dh M;,C to
conprises a WC-Co system sintered body containing an

MQ/B& &y u@wbé?er&aa@i AM FERBSENR e i r X iG1ds
I Nds r

sel ect ed om the group consisting of Ti, Zr,

T .and_ene. or re-kinds
Seggfgc?eg@??oﬁp?ﬁéragguggg%¥%F§? n%gofl’ e?PC%fhng’hFE’ ta
cr25u8 gganwcogggnggé OL %ggesgigggeséfgg{edp ££$09he group

Wherern 't hé surface ?ayer conprises a grain size
radi ent structure where.the nean grain size of the
cod5EPhER0 ShyER. WS 809 Btk Snor oMo PRoSOPRPRER L Ranthe
that of the inner portion and a concentration

sugfagfehyYSFrRerhienwher i fuad BRAGEr SHREGF 108, the form a

surface layer portion transfers to the interior side.
sinpergfePAfyh strenth cemented carbide sintered too

according to claim9, which the surface layer portion

has @cahbtfiani sarfprepbaygr ppoytded of t Bhdas HnessedRpdy

of 88 to 92 and toughness Kic of 20 to 30 MN nB/ 2.
with. aAchinghustlr engthiséngnbedosagbiidersshtéced a0dl

which -81 conprises a WC-Co system sintered body
subgataingnghancha2€dt eintered body to a diffusion heat
treatment at a temperature within a range from 1,200 to
1,350°C, which is lower than a liquid phase sintering
temperature.
6. The method for producing a cemented carbide material
according to claim 5, wherein the boron coating layer
contains metal boron of 5.0 to 40 mg per cm®’ of the coating
area.
7. A high strength cemented carbide sintered tool which
comprises a WC-Co system sintered body containing an M;,C
type double carbide (M represents one or more kinds selected
from the group consisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo
and W, and one or more kinds selected from the group
consisting of Fe, Co and Ni) as a main component of the

surface layer portion, wherein the surface layer comprises a

grain size gradient structure where the mean grain size of
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MBC type doubl e carbide (Mrepresents one or nore
kinds selected fromthe group consisting of Ti, Zr,
Hf, V, Nb, Ta, C, M and W and one or nore kinds
sel ected fromthe group consisting of Fe, Co and Ni)
as a mmin conmponent of the surface |ayer portion,
wherein the surface |ayer portion contains boron or
silicon of 0.010 to 1.0 w. % and conprises hard

th8r§uP§a@§V1§9eP'ﬁ@eistsﬁrt@U@'@ntﬁﬁg§'§ﬂéif@¥‘EHEH Hat of
the interior. 12. The high strength cenented carbide
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cont ent ratio o I ron met a m)re t
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13. The_ . high strength cenented car bide

to4€ﬂ%e$§8efb%F She%ordin
g to claim1ll, wherein the

o.SULTRES AEUET POLLIO WAMLD 2. dopih of, 8 g gpm
acgggggng_gg claim 7, which the surface layer portion has a
mechanical property provided with hardness HRA of 91 to 95
and toughness Ky of 15 to 23 MN/m*/2.
9. A high strength cemented carbide sintered tool which
comprises a WC-Co system sintered body containing an Mi;C type
double carbide (M represents one or more kinds selected from
the group consistinglof Ti, Zzr, Hf, Vv, Nb, Ta, Cr, Mo and W,
and one or more kinds selected from the group consisting of
Fe, Co and Ni) as a main component of the surface layer
portion, wherein the surface layer comprises a grain size
gradient structure where the mean grain size of the surface
layer WC is 1.5 or more times larger than that of the inner
portion and a concentration gradient structure wherein a
binder metal of the surface layer portion transfers to the
interior side.
10. The high strenth cemented carbide sintered tool
according to claim 9, which the surface layer portion has a
. mechanical property provided with hardness HRA of 88 to 92
and toughness Kic of 20 to 30 MN/m3/2.

11. A high strength cemented cérbide sintered tool which
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comprises a WC-Co system sintered body containing an M;;C to
M3C type double carbide (M represents one or more kinds
selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta,
Cr, Mo and W, and one or more kinds selected f;om the group
consisting of Fe, Co and Ni) as a main component of the
surface layer portion, wherein the surface layer portion
contains boron or silicon of 0.010 to 1.0 wt.% and comprises
hard grains having higher distribution density than that of
the interior.

12. The high strength cemented carbide sintered tool
according to claim 11, wherein the content weight ratio of
iron family metals (more than one kind selected from the
among Fe; Co and Ni) to hard grains WC in the interior side
is from 5 : 95 to 40 : 60.

13. The high strength cemented carbide sintered tool
according to claim 11,.wherein the surface layer_portion
within a depth of 0.5 mm from the surface contains less than

2 wt.% of binder metal.
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