H GH STRENGTH CEMENTED CARBI DE AND METHOD FOR PRODUCI NG THE SAME
BACKGROUND OF THE I NVENTION Field of the Invention [0001] The present
invention relates to a WC-Co system cenented carbi de having high strength
and hi gh toughness and is excellent in wear resistance, toughness,

chi pping resistance and thermal crack resistance, and is also applied for
tools for cold forging, rolls, bits for mning tool, crushing bl ades,
cutter blades and wear resistant tools. The WC-Co systemin the present

wC and i r ot oupenet & CRIRRER oAt ar REny eoeRuP0rEE SROPARERCOREE na

sel ected f%Q@%Ehe group consisting of carbide, nitride, carbonitride and
bori de of nts in Goups IVa, Va and Vla of the Periodic Table,
excluding WC, as hard grains. Description of the Related Art [0002] A
commercially avail abl e wear resistant cemented carbide is a conposite
material of a WC hard phase and a Co netal phase, and is a typical one of
a dispersion type alloy. NethEeReBYDpPbpeiki e¥VENEEBNf depend on the grain

size of the -1 WC hard phase and the anmobunt of a Co binder netal phase and,
parti cul arfyeldarlnidss Hmdetbiughness are antinomc with each
[0001]

The present invention relates to a WC-Co system
cemented carbide having high strength and high toughness and
is excellent in wear resistance, toughness, chipping
resistance and thermal crack resistance, and is also applied
for tools for cecld 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 alsc 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 c¢ne of a dispersion type alloy.

Mechanical properties therecf depend on the grain size of the



other. To fully make use of extrenely excellent hardness of the cenented
car bi de, various proposals have been nmade on a cenented carbi de havi ng
hi gh strength and hi gh toughness. [0003] For exanple, Japanese Exam ned
Patent Publication (Kokoku) No. 47-23049 discloses a high strength all oy
conprising tungsten carbi de pl ate-shaped grai ns having unequal sizes,
wherein a maximumsize is 50 pmor less and the maxinmumsize is at |east
three tines larger than a mninmumsize, and Fe group netal. However, the

Vari ous ik LT STRRT® CaMbnt K8 GHY B Hos bradet & GAFERTFBuPPACR. ABAr et

shape because an oriented rain gromh structure is obtained bg
appl yi ng @Fher Fort¥ thi ouyhss raffi hgUaRRFeshahei ARt LePRYCa 't File=RGHgst en
carbide as a starting material. [0004] Furthernore, Japanese_ Unexam ned

Pat ent PulftiR&%i of© ( PG WO 2H 827 rulee ST A YHC TGRS T ot
manuf act uri ng an ani sotropi c cenented carbi de conpact having excellent
crack propdtatioreresd stareedor faughnesBrapdsadeskavpekeanngefiedon &
conprising the steps of oxidizing a cemented carbide, which has already
si ntered, dtgoved byroXe duuctiom b $urehethcandohigat tonchocsbtain a
WC-Co m xed powder having ani sotropy. However, it is a nethod using the
[0003]
For example, Japanese Examined Patent Publication
(Kokoku) No. 47-23049 discloses a high strength alloy
comprising tungsten carbide plate-shaped grains having
unequal sizes, wherein a maximum size is 5C 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



used cenented carbide after regeneration and a |eased facility is required,
and therefore it is difficult to cope wth such a problem [0005] These
inventions relate to a nethod for producing a cenented carbide having high
hardness and hi gh toughness, which has entirely uniformstructure, by
enploying a specific grain formsuch as ani sotropy WC grains or plate
crystal tungsten carbide as a hard phase. On the other hand, a nethod for
produci ng a high strength cenented carbide as a conposite material is also

proposed. qgoai. Japanese qgexanined Pat ent Publication (Kokai) No. 08-
127807 di SETORES: Y gidi BT CCOnpOSF PEnrat b PAI LRORBr FAfing CheC ool Fake
| ayer portion_ having a ceramc grain rowh structure and the jnterior
enriched WeH A g B "PraRESOWRPRR: | SIStRIced by § ripregmad nigs Wd h-R€ grai n
growt h accelerator from the surface of a conpact and firing the conpact
after dryittfd FOBOTIeEWFE FHeldoreitohpaneseePat tak @hdxanifsdetubl i cation
(Kokai) No. 2002-249843 discloses that a conposite material having high
har dness, Taghl stY ehyt feahbr ¢ gher@duighdessorani ehishasfaignatntgr owph
structure and a three-dimensional network -3 structure in the surface |ayer
portion, ivwltgbtsidted byrolemi ng a mi xed powder of non-oxide ceramic grains
and net al
[0CC5)
These inventions relate to a method for producing a
cemented carbide having high hardness and high toughness,
which has entirely uniform structure, 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.
[CC06]
Japanese Unexamined Patent Publication (Keokail) No. 08-
127807 discleses 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
{Kokai) 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



grains into a conpact, and coating the surface of the conpact wth a boron
conpound- cont ai ni ng solution, followed by sintering. However, these
proposal s only make nention of toughening due to a rain growth structure
of the surface I|ayer portion and do not make no nmention of the fact that
the grain size of the surface layer portion is decreased than that of the
i nner portion. [0008] ©On the other hand, Japanese Unexam ned Patent
Publ i cati on (Kokai) No. 04-128330 proposes a sintered alloy having

gradi ent conposition, structure_wherein the concentration.ofgabbinder phase

0

gradual | y §rictedses ¥t of$ i E 54T act’ $o PRl + PR er i BroBhdtaf<oPY he nean
grain size of a hard,ghase gradual ly increases, which is produce b

coating a FPred¥EF tPHEGET off &R TRt e GFF I CoBp? P ngRa %%¥ﬂ1
| ayer conposed mainly of a netal carbide and a binder |ayer mnade of a
ferrous mtERLIBefOte 3 ERHEG wi 3 varioliad e f usT baCel ehehd, camgact
subjecting to liquid phase sintering thereby reacting the diffusion
el ement wiwiH-h e Wrderciegemd ot el sing atel vficmhe hatHophaskey [ Pat ent
Docunment 1] Japanese Exami ned Patent Publication (Kokoku) No. 47-23049 -4
[ Pat ent Dociuviemirg]. Jiparese , Utdrss pewbrlPatedmt orRybinace inem{iKokail) No.
02- 274827 [Patent Docunent 3] Japanese Unexam ned Patent
toughening due tc a rain growth structure of the surface
layer portion and do not make no mention of the fact that the
grain size of the surface layer portion is decreased than
that ¢f the inner portion.
[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 alsc the mean grain size of a
hard phase gradually increases, which 1s 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 ferrcus 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. 08-127807 [Patent Docunent 4] Japanese Patent
Unexam ned Publication (Kokai) No. 2002-249843 [ Patent Docunent 5]
Japanese Unexam ned Patent Publication (Kokai) No. 04-128330 [0009] Since
the shape of a cutting and turning tip as a main application of a cenmented
carbide is decided by die nolding, the above described plate crystal WC
and ani sotropic WC are applied very easily, however, it is very hard to
apply for a wear resistant cenented carbi de product having a conplicated
shape produced by various nplding form ng technologies. Also a sintered

al | oy havi hEp el deverterbnpdsi t | o PR dinexaniiiach <eonvent i onal |y
been proposed, is not suited for gractical use because it shows

conpar at i VR kRt 1onyi ffekahte¥oi nlé¢onétBtfati on of a binder |ayer fromthe
surface layer to the interior and a snmall rate of increase in the nean

grain sizePafert Reduptases] land alage rfesac trescandugithesst aoft the  surface
| ayer is not remarkably inproved and cavities are forned in the structure.
-5 SUMVARY WGF- THEE I NVENRD IGNL THep ef @3 el 2T1$H@7 present i nventors have
intensively studied for the purpose of providing a product having a
conpl i cat ePssteape MddumentcodPosi t & aglamieclel fea teorprirsdtignimedur f ace | ayer
havi ng hi gh hardness and hi gh toughness and an

Publication (Kokai) No. 2002-249843

fPatent Document 5] Japanese Unexamined Patent

Publication (Kokai) No. 04-128330

[0009]

Since the shape of a cutting and turning tip as a main
applicaticn 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 technoclcgies. 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 alsoc fracture toughness of the
surface layer is not remarkably improved and cavities are

formed in the structure.



interior having a high strength, and found that grain size gradient of
hard grains and concentration gradient of a binder |ayer can be controlled
wi th good accuracy by separately controlling grain size gradient of hard
grains and concentration gradient of the binder |ayer without <controlling
si mul taneously them and thus the present invention provides a desired
ultrahard material. [0010] The present inventors have intensively studied
inlight of the fact that an ideal high toughness cenented carbide nust

conprises the surface |ayer p?ftion hav%n % skel etal structure nmade of
coarse hard grains with a snéLﬁ%@gﬁhﬁﬁhLigimiﬁﬁﬂﬁ5ﬁ¥1 nmetal, and the inner
portion having a grain dispersed structure made of fine hard grains wth a
| arger amount ofSEbiNcRr et aPreoRit el aveh et hryh SRFengtneléenent ed
carbide conprises the surface |ayer portion having a_ skeletal structure
made of ulirdi®e v Fiaeharesgraf ndrowi¢hna anarPercanbaninefaa bi nder
metal, and the inner portion having a grain dispersed structure nade of
fine hard cqtal e d slapargeth anourtrof i be bb hdestweeafomThusinghe - 6-
present invention has been conpleted. Nanely, a first invention provides a
met hod f orsupfaotuciayea keweny eul garib: dénaas exhal higbnpeiughngsshandt eps  of
subj ecting a WC-Co system conpact containing ML2C to MBC type double
car bi des (iMireaprasentsimonen drigoret kémglish sededt 8dund that grain size

gradient of hard grains and concentration gradient of a

binder layer can be controlled with good accuracy by

separately controlling grain size gradient of hard grains and

concentration gradient of the binder layer without

controlling simultanecusly 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 amcunt of

& binder metal, and the inner portiocon having a grain

dispersed siructure made of fine hard grains with a larger

amocunt 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



fromthe group consisting of Ti, Zr, H, V, Nb, Ta, C, No and W and one
or nore kinds selected fromthe group consisting of Fe, Co and N) as a
mai n conponent of the surface |ayer portion to a carburization treatnent,
subjecting to |iquid phase sintering, and adjusting the nean grain size of
the surface layer WC using a liquid crystal sintering tenperature as an

i ndicator. According to the present invention, fine grains of the surface
| ayer portion obtained by sintering using the sane starting material and
using a liquid ggase sigteri eratu;e aa an indicator are converted

RbcHo

n te

into ul traftne™ yraihs" ?O%o%$§eb§? i 8P ubl e carbides with the
conposition of MI2C to MBC_ js fornmed in the surface |ayer partion of the
conpact and is tWERSdecotposeHt by STh £eRi REOVidea 2aPBERPZatPén treat nent
to formvery fine and active WC grains. Therefore, it is possible to form
fine WC grRf PRUCHAYi AgCR RN yPAi R EP2ee WAFEeR1As, 0°8MPEL01 7Tt FREsSEREFI er
than that of the inner portion and coarse WC grains having the grain
size, whi chf iSU]&CcEHNa 02 tWHESC | ay geent hampenht conrtehringne For £5:6n, on
the surface |layer portion of the sintered -7 body using a liquid crystal
si ntering t¥petatiie earlandes ndil ceepresantsnanel pyuindrphhisedsi aeeerhgd
[0011] Furthernore, the present inventors have intensively studied for
t he purposer@f tiimprovewmy tdres har dnesst ofTihetr, HE, 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,

subjecting to liquid phase sintering, and adjusting the mean

grain size of the surface layer WC using a liguid 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 intoe ultrafine
grains or coarse grains, and double carbides with the
composition of M;C to M3C 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



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 extrenmely toughened by
gradient of the concentration fromthe surface |ayer portion to an
interior binder phase, can be obtained by coating the surface |ayer
portion of the sintered body with boride or silicide and subjecting to a
diffusion heat treatnment at a tenperature wthin a range from1,200 to

1, 350C,

V\/r‘gcg is | ower fhan, | i qwg ghase sinteri ng tenger ature.
Ther ef or e, X BetHNYE § vERALTONCPY BV Hes A FELRBdEFBFEH7bAGEI A a"hi gh
strength cenented carbide, conprising the steps of coating the surface of
a sint er ed- Mo twhi th T 5 bt bt dedd by P ub 4 pRASRYI - sintering of a WG Co
system conpact contai ning MLI2C to MBC type double carbides (Mrepresents
one or nore kinds?&kllected fromthe group consisting of Ti, Zr, H, V, Nb,
Ta, G, M and W and one or nore kinds selected fromthe group
consi sting of Fe&umlohambng,) He nesenicohpomentrofhatie iguenaceeldyer
portion, with a conpound containing boron or silicon as a nelting point
depr essi orsel@mentf@nd subpectdsng 8 improdififushenhheatetseatnehe at a
tenperature within a range from1,200 to 1,350C, which is |ower than a
| i qui d phaserfasiatlervary penperatane®. ieeor tdhagetoptbes seeondsiduention, it
is possible to obtain a high strength cenented carbide sintered materi al
for a WG G rsyssd enccofimpact ot ad ningh Ml2€ength cemented carbide
comprising the surface layer portion having a low friction
coefficient, which is extremely toughened by gradient of the
concentration from the surface layer portion to an interior
binder phase, can be obtained by ccating 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 liguid phase
sintering of a WC-Co system compact containing M;,C to MiC
type double carbides (M represents one or more kinds selected
from the group cecnsisting of Ti, Zr, Hf, V, Nb, Ta, Cr, Mo
and W, and cne or more kinds selected from the group
consisting of Fe, Co and Ni) as & main component cf the

surface layer portion, with a compound containing boron or

silicon as a melting point depression element and subjecting

_.8._



to M3C type doubl e carbides (Mrepresents one or nore kinds selected from
the group consisting of Ti, Zr, H, V, Nb, Ta, C, M and W and one or
nore kinds selected fromthe group consisting of Fe, Co and Ni) as a nain
conponent of the surface |layer portion containing boron B or silicon Si in
an anmount wthin a range fromO0.010 to 1.0% by weight, the surface |ayer
portion conprises hard grains having higher distribution density than that
of the interior. [0012] A third invention is a conbination of the first

i nvention taonda t@lef?econd i hvention and provides a cg{arﬁnt ed. carbide

mat eri al having gr Al S Z eagtra fShEBT h%?dagF%Ifqﬁ%r ﬁec‘ﬁjr‘l%%h?r%t‘f%rﬁge
gradient of a hj hase fromthe, surfac | ayer portjon tg the interior,
and is ché&ﬁ%?g#ﬁggé'ﬁ?%ﬁ:ﬁ%§é€1i$hﬁ%PV&§ CeSET Bt oﬁp%b?uﬁgn?%?ﬁ?ng an
ML2C to MBC type doubl e carbide %% represents ?gg or nore Kkinds, selected
fromthe gt i SRy DS coyding Gy they SagENE R WM and one
or nore kinds selected fromthe group consisting of Fe, Co and NN) as a
mai n conporfetOTi > fe TS HEE |ayerdpot i Torotd aeranbid i carPoAet r eat ment ,
-9 subjecting to liquid phase sintering to obtain a sintered body, coating
t he surfacde ofeiate i itieraed sodye WiGtCa s conpbupiteant a6 v byl horont ol

silicon as a nelting point depression elenent, and subjecting again to a
di f fusi on Utedi:C tiweat denblat carbédeesr diurepmiassint sa arenge” from K206 t o

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 containing boron B or silicon Si in an
amount within a range from 0.010 to 1.0% by weight, the
surface layer portion comprises hard grains having higher
distributicn density than that of the interior.

[C012]

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 M3C
type double carbkbide (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,

_9_



1,350C, which is lower than a liquid phase sintering tenperature.
According to the third invention, it is possible to obtain a high stren
cenented carbide sintered tool having excellent nechanical properties nade
of a WC-Co system sintered body containing an ML2C type doubl e car bi de
represents one or nore kinds selected fromthe group consisting of Ti,
H, V, Nb, Ta, &, Mo and W and one or nore kinds selected fromthe gr
consisting of Fe, Co and N| as a nmmi n conponent of the surface |ayer

portion,

wherein a me*a%eC(::f(ﬁa{l1 92 %111l h%h%ﬁ?fﬁﬁ ?5%/%9 1;—)(t?)r

cenented c r sintered ool haV|ng?gtructure radlent

At 2776550 0.7

times smal,ler than that q{ the pnner portion, congentratlon gradlent
o)

MHemeﬂﬁﬁ%r%ﬁﬂg

¢ e 6l ace’ FayeP I pbriron tidnkfEfs?to the

gth
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Zr,
oup

interior side, hardness of the surface |ayer portion hardness HRA of 91 to
95, and t SUgHHEEE %QQﬁ%ﬁn%ﬁﬁtQPQ%“N@Fn@?%lc?? $% 289l pdREi BPE to obtain a

high strength cemented carbide sintered tool having excellent mechanic

propert i e FRITE DO SAGTE oy stiedn Spi @F BENHodya 1k ohe af nfhElanis 2=t ipe

doubl e carbide (Mrepresents one or nore kinds selected fromthe group
consi sti ng-iffaten{zrat | temp@ratung wighicra Nengadf yemahdZ6hetor nore
ki nds selected from the group consisting of Fe, Co and NN) as a nain

conponent 1,0f5GHe sUrfdceld ayereporhtdomn theuteneneed sanbedengi nt er ed

tool having structure gradient wherein a nean grain size of

| ayer por tlicompaaBtivsrel. S5Aticoesiiony or eHeargerra hanvention, it is

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;2C 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 cne
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 te 95, and toughness
Kic 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 cne or

more kinds selected from the group consisting of Ti, Zr, HE,

-10-
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that of the inner portion, concentration gradient wherein a binder netal
of the surface |layer portion transfers to the interior side, hardness of
the surface | ayer portion hardness HRA of 88 to 92, and toughness K=c of
20 to 30 MW/ nB/ 2. [0013) As described above, according to the present
invention, it is possible to provide a sintered tool having a hybrid
structure wherein the surface |ayer portion and inner portion

substantially differ in characteristics, and the sintered tool is
si.st.ance and

excel l ent jn hardness [ resistance, toughness chi.pping r

t her mal cr%bQQ?b5|%té%qug? ?%% ﬁfe%ﬁﬁt?ﬂ% gﬁn@ﬂf%dkéﬁggiaggeﬂgggr FRY to
the present. invention, it is possihle to rovide a high toughness cenented
car bi de whet®i fiFt'He %‘Eﬁ?h@émgooge%lr%crﬁ%égwfé\“f ortred g‘i‘alcrba LR UL Y
grains, and_to provide a high hardpess cenented carbi de wherein the
Surface (O bESeCH TR | 5 YoF e biOF ne" haf #GR BFASCRBP1EGt PeP tebPddes,
progressive dies and drawing tools. In addition, the cenented carbide can
be applied3vr RP6HW o eoFdre vaFasdapet Woerebh gp ngeaRaBhRrhY 868FsOTrol | s,
bits for mning tool, -11 crushing blades, cutter blades and wear resistant
tools. BRIFF DESCRPT O OPITHE DRWE NGS [ 0D1a}reFigr nmors hafegent thpew

showi ng a helical gear wherein the screw portion has a gentle spira
shape. 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 88 to 92, and toughness Kic of 20 to 30 MN/m*/?,

[0013]

As described above, according to the present invention,
it is pessible to provide a sintered tool having a hybrid
structure wherein the surface layer portion and inner portion
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 foughness 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,

__] 1_.



Fig. 2is afront viewshowing a die of a helical gear. Fig. 3 is a front
vi ew show ng a digging tool wherein a S55C supporting hardware is brazed
with a cenented carbide. Fig. 4 is a netal photon crograph 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 pm of B4C
and heat-treated using a nethod for producing a sintered tool according to
the exanple, and Fig. 4(A) shows the inner portion and Fig. 4(B) shows the
surface | ayer t respectively. .Fig. is._a netal  photom ¢crograph of
a cross-se% ?%%gﬁé %?%%%%Urgugﬁeﬁ %%%?%?eﬁngoﬁ§aﬁhfgﬁlﬁggggaggaigy di ppi ng
ina 9%coating solution of coarse hard grains (grain size: 3 to 6 pn) of
B4C and heat-treated using a nethod for producing a sintered tool
according to the exanple ng Fig. 5 A% shows the_inner portion and Fig.
5(B) shows the surface | T AWENGES 6 | s a graph
showi ng a change in hardness in the depth direction fromthe surface of a
si ntered body acHﬁ?thg -12 to Exanple 3 of the present invention. Fig. 7
is a graph show ng a change in hardness in the depth direction fromthe
surface of anotherdsihtet etl Hody: abeorehegite Exanpieal gEpy. wBersia graph
showi ng a change in hardness in the depth direction fromthe surface of
anot her silthersdrdpdyertion has a gentle spiral shape.

Fig. 2 is a front view showing a die of a helical gear.

Fig. 3 1s a front view showing a digging tool wherein a
S555C supperting hardware is brazed with a cemented carbide.

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
porticn, 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
um) of B4sC 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

...~12M



according to Exanple 5. Fig. 9 is a schematic view showing a CVD system for
formng a coating layer. Fig. 10 is a graph showing a change in hardness in
the depth direction fromthe surface of a sintered body according to
Exanple 6 of the present invention. Fig. 11 is a graph showi ng distribution
of hardness fromthe surface |ayer portion to the interior by Hv
Measurenment. Fig. 12 is a graph showi ng distribution of Co concentration
fromthe surface |ayer portion to the interior by EDAX analysis. Fig. 13

i s a photom howi the evaluation. .results of fracture toughness
by an IF %%%%A?L@g %g%&?%%%ﬂ b e pReENT on [0015] (First
Enbodi nent) The igesept.inventi n can be mﬁdeﬂ% agplied fgr a MC—Cg -13
syst em conpact contai hi hy an? MEZE TA°RBE t §ped0ebl &7 cR? bFaeSS (#Mr epfesent s
one or nore kinds, selected fromthe grou consisting of Ti, Zr, H, V, Nb,
Tac O, VSR W S e CEI noie REPHSCRePBctBAL T BnPt RECGPBUBCBRs] 5t i ng
of Fe, Co and N) as a mai n conponent of the surface |layer portion. In

the fol | oVt P et rrents2 Rl $Acd Co system sintered body will be mainly

descri bed. . , , .
Fig. 8 is a graph showing a change in hardness in the

depth direction from the surface of another sintered body
according to Example 5.

Fig. 9 is a schematic view showing a CVD system for
forming a coating layer.

Pig. 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 CF THE INVENTION

10015)
(First Embodiment)

The present invention can be widely applied for a WC~Co

_..13_.



First, a WC powder, a Co powder and other additive powders are mlled to
forma uniformy dispersed mxed powder, and then wax as a lubricant is
added to obtain a raw material. This raw material is conpressed into a
conpact having a predeterm ned size and shape, presintered for the purpose
of dewaxing and then forned into a near-net shaped conpact having a
predeterm ned size and shape. This conpact has porosity of 30 to 50 vol %
In the followi ng step, a double carbide phase having the follow ng phase

f is f j ti h i
oI b (SRl ot sy opopLEoR ol iy oISty Lol

rate of 50 vol % or re and a W t romthe
surface. M@Ql’ C . CO2W and C | Jes A Co

el ement na&%%%%?aoed %@@aoxl[:gﬁ)g,o%@ﬁflﬁsen%% ?Ca%%wgﬂ?oﬁa%}% eggljg lid _
ncl udes VAT oUs RO bd Par e Kol . b dduDl & Tarl dE Dbs TS O
formed by oxidizing the surface | ayer with various acids and_ heat-treating
t hereby calsity % H‘gl%cgfl f2 Lﬁeeo%cefcii ﬁ?%a%\gﬁ? oREOWY A FHbUbIRY cBF biffe i
simlarly fg{ne% g%iadsorbing Wions in the surface |ayer portion using a
Wsalt soldft9 o,/ 561 1R By PRt t7Rat B nt Ul FiF e he? WdF ePC R 48Ubl €1

carbide is fornmed by depositing chloride on the surface |ayer portion,

fol | oned B £ Heldtwitreatrtratineagait ¥ ridfmEheses et hobst e ¥ed sherypyill

be mainly described.

First, a WC powder, a Co powder and other additive
powders are milled to form a uniformly dispersed mixed powder,
and then wax as a lubricant is added te 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 te 5 mm from the surface.
M12C [COsWsC], MgC [CosWiC, CoaWyC] and M3C [CoszWeCy]

(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

variocus methods. For example, a double carbide phase is

_14_



the conposition of the surface |layer portion may be within a WCy-p

t hr ee- phase region of a Co-WC ternary phase diagram Formation of a ML2C
doubl e carbi de phase is required for refining of surface |ayer portion
grains of the final sintered body, and formation of a M3C doubl e carbi de
phase is required for grain coarsening. [0017] Then, the double carbide
phase i s deconposed by subjecting to a carburizing heat treatnent to form
a fine and active WC phase. The doubl e carbi de phase is deconposed into

WC and L yj he, doubl bi.d
2t tenmer SLUTS Wt RO EET Rhge P SR Bdoet b4y P 1bof TR ShacZartrar o we

grains are_obtai ned..[0018 The carburization treatnment of the ML2C doubl e
ohade T pet FP¢ cnpbf starech

carbide phase st Y& Bt dCat St oter "t efpef af GrECGAG1 fEACTIoN, oF

carburization treatnent, of the MBC doubl e carbhi de phase nust be perforned
at higher 1 etHpdtat re L% 17 THISLSF hyet oA RRLPY d PYORBAEIt FedPHEnt can
also be perfornmed. It is very difficult to nitride conventional WC
grains. HOvEReTUr 3 nta¥sai iyt FeeR t "ohnof @ ¥ nea hhdsakyt ven, WEo g arag
produced on deconposition of the double carbide phase is regarded nearly

i denti cal W tth R Carbiri et i o ur tREAEN arfd AANITEn drerkeladd |4 flrriiaH

wWithin the same tenperature range, in addition to WC and Co.
by depositing chleoride on the surface layer portion, followed

by a heat treatment. Apart from these methods, to sum up,
the composition of the surface layer portion may be within a
WC-y-1n three-phase region of a Co-W-C ternary phase diagram.
Formation of a M;;C double carbide phase is required for
refining of surface layer portion grains of the final
sintered body, and formation of a Mi;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;»C double carbide
phase must be performed at lower temperature and the
carburization treatment of the M;C double carbide phase must

be performed at higher temperature.

M15_g



[0019] Finally, liquid phase sintering is performed at a tenperature
within a range from 1,300 to 1,500C and the grain size of WC grains of the
surface |l ayer portion is controlled. Refining of the WC grains is
performed by sintering at |ow tenperature of 1,350C, and grain coarsening
is perfornmed by sintering at high tenperature range of 1400C or higher.
The fine and active WC phase is crystallized by sintering at | ow
tenperature of 1,350C, thereby causing nucleation, and thus grain growth

nucl eus i ncreas together  with unpelted ains_pf a _base ase, As a
Tl ts e W brares by & SrarieCioersthitEfPhaft chaf BF%% The e
grains of the.inner partion are produced in the surface |ayer., portion. At
the sinter?Tg Q" gh terper it eC{JUT%u C,"‘?t](fogoormttﬁ %r?O%V%§W$?%ew§nd
active WC phase is preferentially ne|lted based on the Ostwal d growm h on
liquid phade®sinte ON&,Ver'eéiﬂeti%gtlﬁ%ﬁj%ifi’?ag%td\&rh.gf- 16- The et eer Bt grain
gromh is influenced by the conposition of the double carbide and tendency
of grain "W cWH-PHorEASECAsCR hetapRmt 1 biokorbi Hed €arBbf FREPEESes.

[ Tendency of grain growth] M2C < MsC < MBC [0020] In the conposite
material tHiAS Dbt i P rd$ wepthy ofderhibcyl avhtisi Heeconrberitahgenof the

surface | ayer portion is
and WCN and WN can be easily formed within the same

temperature range, in addition to WC and Co.

[0019]

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 higher. 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 the 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 ligquid phase sintering,

resulting in grain growth.

Wl6..,.



within a range fromO0.5 to 4.5 nm The grain size is 0.3 to 0.7 tines

| arger than the inner grain size in case of mcrofine grains and the grain
size is 1.5 to 10 times larger in case of coarse grains. Regarding the
anount of a binder netal, hardness of the surface |ayer portion whose
grain size was controlled is alnost the sane as that of the inner portion
because of a netallurgic action which controls the distance between WC
grains to a given value. [0021] In the additional step, when the surface

of the resulti sintered bpdy naterial_ _is.coat with owder of a

bor on conpound ggm% %??{%%nogo%ﬁ h%dgﬁﬂﬁt%héﬁ %ﬁgﬁgé?gﬁd?BQaEHEiffusion
heat treatnent at, a tenperature wthin a range from, 1,200 to 1, 350C, the
bi nder  met &PTITS T heCRUrT aca® | g Le poR Frofic] SR hPEaTRIt RTbBFBATor si |1 con
t hereby converting into a |liquid phase, and al so boron or silicon diffuses
into the S0P phaSECatet he®i hi@r fALe" bePheERMPhReEoFPE°PRASBCI 475 B nder
metal and the |iquid phase. Therefore, conversion of the solid phase into
a |iquid phase pﬁ%@é%ﬂ%Qéﬁﬂft%%a4$q%?@Wt%hasethQe% ¥ théBfnterior. Thus,

t he amount of the binder netal in the surface |ayer portion remarkably
decreases to obt#Hi4Ph structure enriched with nmetal in the interior

[0022] Finally, nmechanical properties such as high hardness
In the composite material thus obtained, the depth of

the grain size control range of the surface layer portion is
within & range from 0.5 to 4.5 mm., The grain size is 0.3 to
0.7 times larger than the inner grain size in case of
microfine grains 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
metaliurgic 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 soclid phase

__17_



and hi gh toughness, for exanple, hardness of the surface [|ayer portion HRA
of 88 to 95 and toughness Kip of 15 to 30 M\ /M12 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

| ayer portion region, the resulting product is best suited for use as
various forging tools, pressing tools and mning tools wherein high |oad
stress is applied on the surface. [0023] The present invention will be

escr bed by-dey ploay dLey LRE DeLl.eal oRedt ofpa.cold, Lorgl g, ol ey 208

di ggi ng too cutter an ex

nanufactur f &y for hellc e A he ical gear go I,S the scr.ew
portion haV|%gS§i g f%es%?ralg ga%%ldag SRoWH Oﬁeﬁg ngTd gﬁa tﬂ%qfly&cally
used in an autonnblle on shaft, The helic ear

convent | ondiTy° DERFE Br SaUbRY ByFCit i ng e pahd GRRoTS Boerhe o ng by
col d forgi wever, |n§e forging and  nolding are_perfornmed under very
hi gh pressmf%e bt Ny oFE %?%ak%@roeem:éoat r?ﬁ@f@@am 88ERePBFFI bR of a

nmold in an_ early stage, resulting in very short lifetinme. To solve such a
probl em VRPERE | hit BrEaet 158 appY AR aV L Y BEtehelpr BBEniNtEAVEALI ON.

(0022]

Finally, mechanical properties such as high hardness
and high toughness, for example, hardness of the surface
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 forging tools, pressing tools and mining tools
wherein high load stress 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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[0025] 1) Trial Manufacture of Raw Material 30 Kg of a weighed raw
material with the base conposition of WC-15%o (CWC = 4.09% is prepared
using a 1.5 p WC powder and a 1.1 Ip Co powder, subjected to atriter
mlling using an al cohol solvent for 30 hours, kneaded with a paraffin wax
and then subjected to granulation and screening to obtain a conpleted
powder. [0026] Press Molding To obtain a final sintering nateri al

di mension (p55 x 115 L, press nolding (coefficient of linear contraction F

ori ey proaPELLOI RS 10 0L B SRRAA! PARHELRG HOL s flekp sy Y OBEEh

7
Primary Presinterin s carfied out under an N2 Carrier gas

at nospher t enper at u ithin a range from350 to 400C an
Bresi nt or | P e KArF ot Bt LBY B heat oAt et ifier> S & P uum
at nosphere_at ,a teqﬁeratqﬁe\M%fnn a range from850 to 900C for 2 hours

Under t hi S*TEHpa? at Ut & Tondi 15 dn " dor %%ﬁ}’r}éjc‘i?‘}i‘oﬁr%%ﬁ‘éi‘/?orb‘éi‘%‘ég.Of0028]
Form ng A working size was calculated by calculating a contraction ratio

in
of a presiThENEd DI W T £ i gt &RUF abyoth portion’of a mold in an

early stage, resulting in very short lifetime. To solve such
a problem, we are intended to apply an alloy of the present
invention.

[6025]
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
B WC powder and a 1.1 u Co powder, subjected to atriter
milling using an alcohcl solvent for 30 hours, kneaded with a
paraffin wax and then subjected to granulation and screening
to obtain a completed powder.

[0026]
Press Molding

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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and the presintered body was forned into a conpact having a size, which is
about 1.25 tinmes larger than that of a sintered material shown in a
schematic view, using an NC |athe. [0029] Secondary Presintering To

i nprove the strength of the conpact, the conpact was presintered under a
vacuum at nosphere at 1, 100C for one hour. [0030] D pping Treatnent As a
sol ution having the function of supplying both of Wand an oxidi zing
agent, an aqueous 40% sol ution of tungstic acid (H2ZWX) was used. A

91001 . LSRR ¥E3-DELLE"JE Yy LDE oLl vl r gopdice 5L gHD! poe

steel tray having Si’ze enoug

i npregnat i solution so as tq sufficiently inpregnate the . conpact with

t he sol utié(;%? (gngojf Hen ¢ hie® Co(r?i’{%g?tr i's i p efr%t‘%(ﬁ) %Cérbcgln CAfTRr the

di pping treatnent, the conpact is,-20 taken out and then i medi ately dried
by a dryerC@tECt Empr AU B2 ADBRE - [ 0031] Reduci ng Heat Treatnent In
this exanple, a heat treatnent was perforned under a vacuum at nosphere at

1, 000C for 2 hout¥<ehe X-ray diffraction due to T.P reveal ed a doubl e

car bi de of_two
Forming

A working size was calculated by calculating a
ceontraction 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 an NC
lathe.

[0029]

Secondary Presintering

Tco 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 agqueous 40% solution of tungstic
acid (Hp;WCys) 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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phases Co6WsC [ ML2C] and Co3WBC [M6C], in addition to a WC, Co phase, in
the surface | ayer portion. To obtain a grain refined structure by final
liquid phase sintering, the presence of an ML2C type doubl e carbi de phase
is essential and the reducing heat treatnent tenperature is within a range
from900 to 1,100C. [0032] Carburizing Heat Treatnent By supplying a
carburizing gas in a furnace within a predeterm ned tenperature range, the
doubl e carbi de phase produced in the inpregnated region is deconposed to

produce a ine ' p .Preferabl e .carburization tenperature is
within a r%%%%y ?Qn$%%6t§%n9%@%§dﬁ%ég£§r§g%§§a yo% aégéﬁe?Fogned at a
tenperaturge of 900C for 3£2§1 utes at a CO+ H2 gas flow rate of 20 m/mn

inthis ex%%%ﬁ%fa %?g%% bé'used may be a carburizing gas and the

tenperature rangﬁgﬁ?rresponds to a solid phase region of WC-Co, and

t heref ore phase - transformation into WC + Co fromthe doubl e carbide is
performed extrenely stably and easily. Wien the treating tenperature is

hi gher th LaHHE, Hedlo| TIP3 GTM % Fon of carbon into a Co phase proceeds, a
possibility of generation of free carbon in an alloy structure during

| i qui d phase si réﬁhﬂfiQﬁgmgéﬁﬁ_a[@@%@]treatment was performed under a

vacuum atmosphere at 1,000°C for 2 hours. The X-ray
diffraction due to T.P revealed a double carbide of two
phases CogWeC [M12C] and Co3zWiC [MegC], in addition to a WC,
Co phase, in the surface layer portiocn.

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 suppliying 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 + Hy; 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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[ Process of Nitriding Treatnent] In the above process, a nitriding heat
treatnent can also be carried out. By subjecting the produced doubl e
carbide 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
addition to the WC, Co phase. The nitriding is preferably perfornmed at a
tenperature of 800 to 1000C for 1 to 3 hours at a gas flow rate of about
20 to 100 mM/mn. In the following liquid phase sintering, a partial

pressure |n furnac f nor p e sure or ntalned SO as
to prevent- dggﬁg%? g f1o naﬁ% %rl arT t%@ °$§¥u|Faf§ag grai ns have
a core structure wherein th interior is made of WC and the growth portion
i s made of? %ﬁﬁb IR VR tﬁﬁﬁﬁg¥e ?i%n@?? %ﬁﬁéernt in heat resistance.

[ 0034] Liquid Phase ntering A treatnment was perfornmed in a v m
si ntering furnaé@“ﬂbt%ﬁE HUreeBre B0 { bf ﬁl%hﬁﬁquanDhrfﬁgy
sintering -22 at |ow tenperature of 1,3500C, the fine and active WC phase
is crystali9Led, SQ#R%%RB'%%u%@?EP%uém%%t@o%o RS E hDEOGRafA, drowt h nucl eus
i ncreases together with unnmelted WC grains of a base phase. As a result,
fine WC grktsisihlitig of grenerakioe ehaffe? emdpophdl of #1HGYWC grains of
the inner portion are produced in the surface |ayer portion. As a result
of structilrei@bses vt org bigefd nethst ratteeihavingrasgeai n

[0033]

[Process of Nitriding Treatment]

In the above process, a nitriding heat treatment can
also be carried out. By subjecting the produced double
carbide phase to Ny and N, + NH3 gas nitriding treatments,
very fine WCN, WN phase can be produced by decomposition of
the doubkle 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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size of 0.5 to 1.0 pmcould be confirmed in the surface |ayer

D ffusion Heat Treatnent After coating and drying, the materi al
subjected to a diffusion heat treatnent at 1,300C for 2 hours.

portion

i ncluding the inside dianmeter surface. [0035] Coating with Boron Conpound
The inside diameter surface of the sintered body naterial thus obtained is
coated with an al cohol slurry having a BN concentration of 20% and t hen
dried by a dryer set at a tenperature of 40C for one hour. [0036]

is
Sin

ce

concentat4on, g oL gDL g Dor oy rPETEd L1 OTLLNGLSUELRSSe b Lheos
di ff into the i ior. Finall t he bind tal i I
o1 Tuses pLo.the L erlor, oY, e SLadee metal Lo searcely.

Mechani cal properties of the develgped al

inthe interior. -2
obt ai ned AFEoT Qg L R astl 11 e T at CIREF Bl T bReNGETs L g

sBC 8f

#¥e

remai ned

#Br med

t hus
Surface

| ayer portion and the interior. -24 [0037] Table 1 Specific Hardness

Fracture

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. As a result of

structure observation, a refined structure having a grain

size of 0.5 to 1.0 um could be confirmed in the surface layer

portion including the inside diameter surface.
[0035]

Cecating 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 liqgquid 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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Portion gravity toughness g/cm HRA Surface portion of devel oped all oy
15.05 92.2 22.4 Inner portion of devel oped alloy 14.03 87.3 19.5
Conparative alloy W>-11Co 14.50 89.2 14.1 [0038] Production of Conparative
Al'l oy For a conparison with this devel oped alloy, a cenented carbide

mat eri al having the sane size and shape was produced using a 1.5 p WC
based WC-11%Co alloy by the following procedure. The WC 11%o m xed

mat eri al was prepared, press- nolded, presintered at 900C, forned into a

pr edet er m ned ape and_ then subjected. to vacuum sinter] at, 1, 380C for
one hour to obtg%#%??ﬁﬁ%ai%ﬁgp?% Oik#hﬁ 7 hY ngE T t%i£€¥iE%T$GEar A
nol d shown in Fi 2 was produced. A casing materi al or . protecting this
devel oped %Qﬁﬁﬁﬂ%ﬁi?ﬁﬁtﬁ gk ya?%%ﬁ%%fb?d g?t%hﬁﬂ% gﬁﬁiﬁﬁ§$ﬁﬁ %ﬁscﬁg?forned
by setting an . interference to the cenmented carbide to 0.5 % The inside

di anet er e DIC 1 CoMEnt P ok M de Nkl fratAFRBYCT nto a helical gear
shape by electric discharge nachining using a Cu-W -25
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el ectrode fornmed into a nmale nold, and then final finish |apping was
performed with tertiary accuracy. After the conpletion of finishing of the
inside dianmeter surface of the alloy, the product is renoved from the
casing, subjected to TiC + TiN CVD coating and then coated again to obtain
a conpleted nold. [0040] Evaluation of Actual Machine Al conventional die
nol ds are coated with C/D (TiC+ TiN) In this exanple, a CVD treated
product and a non- treated product were conpared. The results are shown in
the foll ow ng tapé{%j,]l n case of a conparative alloy, burning occurred in
very early stage" in a die which is not treated with CvD and showed the
short est If’feiirr]g, and a die which is not treated wwth CVD nmade of a
devel oped a‘?k?oil howed the | ongest lifetine. The reason why the lifetine
of the CYD-treated devel oped al lqyedigicnot [extended because ofrLhtuppl Ng |of
the gear |tooth pertiem is consigdeserky hat |craCRFAGETS gener abednihasd he
coat and | propagated to a cenented/eaf bi de|base maleri al As 1 snmappdr ent
fromthe [fagkraddipprdeyel@ped alToy 1s an|ideal tool material which is
excel | ent] i neweabps@siistance evehvihen it [is noPZ2stibj ected to % -doating
treat ment. anghés pcexgehlent {in chi Epl ng resi stance becausge of toughened
structurdl charaepedisticgs, |and al$d’has renarkabfy3inproved -Z6
Comparative alloy

WC-11Co 14.50 89.2 14.1

[0038]
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 inte 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 intc a helical

gear shape by electric discharge machining using a Cu-W
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fatigue lifetime. [0041] Table 2 Division No. CVD treatnent Lifetine
Cause of failure Yes No of die (state of defects) 1 0 78,800 Cracking and
chi pping of gear teeth portion Burning of gear teeth Developed 2 0

60, 600 portion alloy 3 O 156,100 Wear of gear teeth portion 4 0 134,200
Wear of gear teeth portion 5 0 12,500 Cracking and chipping of gear teeth
portion Burning originated Conparative 6 18,900 fromchipping alloy 7 0O
173 Burning of gear teeth portion 8 0 525 Burning of gear teeth portion

[ Examle 2L LO0Z1c [ Trhah MuTackute ol GRolng Bl A gagiagbit, s 2 b
Is a dlgglfgbping was performed with tertiary accuracy.

After the completion of finishing of the inside
diameter surface of the allcy, the product is removed from
the casing, subliected 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 resultis are shown in the following table. In case
of a comparative alloy, burning occurred in very early stage
in a die which is not treated with CVD and showed the
shortest 1lifetime, and a die which 1is 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 tcooth portion is
considered that cracking is generated in the coat and
propagated to a cemented carblde base material

As 1s apparent from the fact, this developed alloy is
an ldeal tool material which i1s excellent in wear resistance
even when it is not subjected to a coating treatment and is
excellent in chipping resistance because of toughened

structural characteristics, and also has remarkably improved
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tool wherein a S55C supporting hardware is brazed with a cenented car bi de.
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

pi pe. The digging depth is the depth up to a base rock | ayer having a
sufficient strength. For exanple, digging is allowed to proceed by
connecting the steel pipe in case of the depth of 30 mor -27 less. Digging
performances are largely influenced by characteristics of the cenented

car bi de mﬁ%h whi ch tpe bit is brazed. To avoid failure of the cenented
carbi de, a dehBhtet’ ' CatBfte conprising coarse grains has conventional |y
been used. Fbmey$@4 wear proceeds in the cutting portion made of the
cenment ed car bi de 4 early stage because digging is perfornmed under very
hi gh pressure, thus naking it inpossible to maintain digging capability.
On the othe?“Hand, when a cenented carbi de conprising mddle or fine
grains [i's_Used, —Chi ppi Mg By p PEEAKALE (OF [T IEF Sl T RALU LN e Of T
cement ed EAY B r apit yproceeds, spmetiness i thi §Gaseor & OgRY dogs
not praoceed and a targe proviemsuch-asdetay of Qﬁ%cggh?ogugggggpig
sol ve tlhese probl ems,’ we ar& intiended to appi8Plan |ald Qy,0 téggigkg§ggg
i nventiion. Regar di ngassunmed nechani cat—properties; & jeth rgﬂgs ERAof
the surfrceibayger pértion s from 90 to QQQEﬁKhnciigﬁggE b?ractuﬁggaﬁ

t oughness KigoWwas from 20 to 25 W18/ 211 0043]
" : O 156,100 |Wear of gear teeth
pOI‘thl’l
! O 134,200 | Wear of gear teeth
portiocn
5 O 12,500 Cracking and chipping

of gear teeth portion
Burning originated

. 6 Lo
Comparative O 18,2900 from chipping
11 i
alloy 5 O 173 Burn}ng 0f gear teeth
portion
5 O 505 Burn%ng of gear teeth
portion

[Example 2]

roco42]

[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 S555C 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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Trial Manufacture of Raw Material In this exanple, the raw material used in
trial manufacture 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 forma conpact neasuring 50 x 100 x 150. [0045] Primary
Presintering Dewaxi ng was carried out under an N2 carrier gas atnosphere
at a tenperature within a range from 350 to 400C and presintering was
carried out by a . heat. treatnment under a vacuum at nosphere at a tenperature
Ghi o REe f IORHSY (T GOOETEE 2 iU T bosBT DRI h A vior ki g
Size was gﬂ%culated_b%,calc Ia%in a contractign ratjo of a Fresintered
body with Fiyh ATt 2tySant the %?@%?E?%r%ﬂrB69? Wast 8hael FhEoPatcémpact
having a size, which is about 1.25 tines larger than that of a sintered

material sHAFFTn dSAveHet ife Vit Usitiy varioused i ietde amtl GRITerS

using a dianond tool. [0047]
carbide comprising coarse grains has conventicnally been used.

However, wear proceeds in the cutting portion made of the
cemented carbide in an early stage because digging is
perfoermed under very high pressure, thus making it impossible
to maintain digging capability. Cn the other hand, when a
cemented carbide cemprising 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 proceed and a large problem such as delay of
work period arcse. 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 porticn was from 90 to 91.5, and target
fracture toughness K was from 20 to 25 MN/n*/?.

[0043]
Trial Manufacture of Raw Material

In this example, the 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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Secondary Presintering To i nprove the strength of the conpact, the conpact
was presintered under a vacuum at nosphere at 1, 100C for one hour. [0048]
D ppi ng Treatnent An aqueous 30% sol uti on of anmoni um tungstate (AMI) and
cobalt nitrate was used. The tinme of dipping the conmpact was -29 20
seconds. After the dipping treatnent, the conpact is taken out and then
imedi ately dried by a dryer at a tenperature of 120C. [0049] Reduci ng
Heat Treatnment A heat treatnent was perforned under a vacuum atnosphere at

chrbi de. of Tho- Dreced Coawht | MG P Eha- Ch3tec [NEL © FRIGAGI(ion (o a VE

Co phase, e sufface yer rtion. Since densification of the
conpact prr!éé(}ae%%ﬁ%ﬁ %6ten%)éé€a>f u}gé)bf 1, 300C or higher, internal diffusion

of carbon proceefosoﬁ\(/i]:y slowy in case of the follow ng carburizing
treatnment. [0050 buri zi ng Heat Treatnent The carburization was
performed at, a tenperature of 1,100C for 30 mnutes at a CO + H2 gas fl ow
rate of 20°°THI™ rrlrg)‘?ens%rht?esr%npl e. The gas to be used may be a

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
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]

Dipping 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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carburizing gas and the tenperature range corresponds to a solid phase
regi on of WC-Co, and therefore phase transformation into WC + Co fromthe
doubl e carbide is perforned extrenely stably and easily. [0051] Liquid
Phase Sintering The treatnment was perforned in a vacuumsintering -30
furnace at a tenperature of 1,420C for one hour. [0052] Coating with boron
Compound The external surface of the sintered body material thus obtained
was coated with an al cohol slurry having a B4C concentration of 20% and

then dried,by a dryer at t erature of 40C fqr one hour., [ 0053]

B fTus on FOECTENE et SRt < GG B Ty (3 AuTEr el 18
subjected to a diffusion heat treatnment at 1,300C for 2 hours. Finally,
the bi nder*#32I°s %%%r%% Ty +%m%§%%ﬁefﬁ FheSeuPY aRedFB5Eratpdrti on region
and a netal-rich structure is formed in the interior. Mechanica

properti es-GIPRHE-He et opee @ 1 oy thus obtained are roughly classified
into the followings in case of the surface |layer portion and the interior.

As a conparativel®4%y, a bit sanple and TP were

Reducing Heat Treatment

A heat treatment was performed under a vacuum
atmosphere at 1,300°C for one hour. The X-ray diffraction
due to T.P revealed a double carbide of two phases Co,W,C
[IMgCl and CozWsCy [M3C], in addition to a WC, Co phase, in
the surface layer portion. 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.

f0050]
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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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 Hardness Fracture gravity
toughness g/cnB8 HRA MV ns2 Surface portion of devel oped all oy 15.05 90.8
24.8 Inner portion of developed alloy 14.03 87.7 19.6 Conparative all oy
WC-14Co 14.22 87.2 18.8 [0055) Production of Casing Bit A supporting
har dwar e produced froma S55C forged product by cutting was subjected to a
heat treatnment, thereby adjusting the hardness HRC within a range from 35
to 40, and. _then hjgh frequency brazed.w,th, enented _carbide material in
Dt BIGES LB obpai B A2 tadi b

the from of “a"Tnsetti dn" Blade"t b BbY G bPES HRBL “bit includes L
and T type bits, the bit shown in the schematic viewis an R type bit
and the bit in th osite direction (linear symetry) 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-Cod- Ms” bt deted t ©°BPea3fng pipe in this sequence.

The external surface of the sintered body material thus
cbtained was coated with an alcohol slurry having a B4C
concentration of 20% and then dried by a dryer set at a
temperature of 40°C for cone hour.

[0053]

Diffusion Heat Treatment

After coating and drying, the material is subjected to
a diffusion heat treatment at 1,300°C for 2 hecurs. 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 developed alloy thus
obtained are roughly classified into 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%Cc alloy having a WC grain size of 6 p,

and then compared.
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[ 0056] Eval uation on Actual Machine A casing pipe used for digging had a

di aneter of 2200 mm and the total nunber of bits used for the tip is 36.
Specifically, the nunber of R type bits was 24 and that of --32 the L type
bits was 12. As a result of geological survey, a sand gravel |ayer and
boul der are present at the depth ranging from8 to 12 mand a nean di ggi ng
depth of a foundation pile was about 18 m Lifetinme of the bit was

eval uated by the nunber of bits replaced per foundation pile. After the
conpl eti on of dia@@g for the foundation pile of 18 m the entire pipe was
renoved and the areJd state of the bit was observed. Wen the replacenent
i's requi re,ﬂ J%he bit was replaced by a new one. [0057] These results are
shown in thetIT owi ng table. As is apparent fromthe results, lifetinme of
the develjoped all@yte DIt Ts [IT Tk st cmes [T ongerghban That Ofraxture
conparatijve material and stabl eghikgix}ifetime is obtained. TabhendsSi ze of
Nunmber of bits Division foundatiog/rgplaced FailTuym pattefn pinle’Rtype__
L type Bilt stadecOfpoAtABsicall 0f  devéloped altoy 2. 21 n P.22 0.10 Tailyres
wer e developed alloy 15.05 90.8 24.8

Inner portion of

developed alloy 14.03 87.7 19.6
Comparative alloy
WC-14Co 14.22 87.2 18.8
[0055%]

Production of Casing Bit

A supporting hardware produced from a S55C forged
preduct 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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di anmeter - caused by wear Bit made of x 18 m 80% of failures conparative
alloy 2.56 1.81 were caused by breakage [0058] (Second Enbodi nent) A
sintered tool is integrally formed of an inner portion and a surface |ayer
portion formed by a heat -33 treatnment so as to surround the inner portion
and, basically, the inner portion contains hard grains and a bi nder netal
for binding these grains. In the second enbodi nent, the surface |ayer
portion essentially contains hard grains, boron B and/or silicon Si. The

surface | ayer portio contain bi nder eferabl cont ai ns

the bi nder® et tY%erﬁngga%%nfé RRY R S Mgt Qg el bl SEN Al

portion, or ubsta | ins_no binder netal so as to |ncrease
Bbsbr<rattr o

surf ace hd?ﬁh sE-ay A hdeT 2 ERePEFAERF et BBF €BRER ns
carbide, nitrjde or carbonltrlde At | east one kind can be selected from
the group CUMEIE i P8 WS TF &) F%€, 2 NBERN & @adner 2eBthagft e car bi de,
and at |east one kind can be selected from the group consisting of TiN,

TaN, NoN, fain@gieamnt B ves akeflect@dnas LtiHe hing ol tif00s0] was

evaluated by the number of bits replaced per foundation pile.
After the completion of digging for the foundation pile of 18
m, the entire pipe was removed and the weared state of the
bit was observed. When the replacement i1s regquired, 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
Bit made of 0.22 0.10 ?lm§8t all of
developed alloy 2.2 in ) : atlures were
. caused by wear
diameter .
. 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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As the binder nmetal, at |east 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, Ni or Co
can be preferably enployed. N and Co forma solid solution with Bin the
surface layer portion, and formits hard boride NiVWB, CoWB in the
copresence of WC and contribute to surface hardening. Silicon Si fornms a
solid solution with Si in the surface -34 | ayer portion, and forns its hard

silicate hggggéheéé?wg4 gng contrip%t setonsurfage hardgning.a%OOG ; The
i nner portion i's nhade” of®a"$i ntet ey’ 0§9 ot "REF dPOgF aPhs?BAd 32 Bi Rdér Y et al
and a ratigo of, the content of the binder netal to that of hard grains is
Wi thin a rahgelFom b S50 oAbt B Vere ( RES AEI 6701 = R EoAUBRE= bf LbRe
bi nder tal to that of hard grains is |less than 5;95, a sintered body
cannot be TOIHE beteiR St 18 Do dialtilc FREHT TR Y rd P SretH L2 hen
the ratio is nore than 40: 60, the sintered body cannot be sufficiently
har dened bESHRISP DIt 1Td 3Rt iebht ettnbtlinhehhad dohetas. PoODE2]E The ratio
of the content of the binder netal to that of hard grains is preferably
within a rEEHyeT romBo5 b 3GTr0.surfifics rdanier ixp el ey deperdihgd on t he
application of the sintered tool. In the application which requires
surface binder metal, but preferably contains the binder metal in the
amount smaller than that in case of the inner portion, or
substantially contains no binder metal sc asgs to increase
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 selected from
the group consisting of TiN, TaN, NbN, VN, CryN and ZrN is
selected as the nitride.
[006C]
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 resistance, 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 feorms a sclid solution with S8i in the surface
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har dness 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 which particularly requires surface hardness
and wear resistance, the content of hard grains is increased wwthin the
above range. [0063] As described hereinafter, as the surface |ayer portion
-35 of the sintered tool, a boron and/or silicon Si-containing |ayer
wherein boron B and/or silicon Si are diffused fromthe surface of the

sintered body during.the heat_treatnent, of .the,,siptered_body. w.th the
Sbove compuRTTt oo LoUGA1 S e L HES ol ESeRt E R noGhi Fohe URTSTeu, FALE t ag?
portion contains boron B or_silicon Si. alone or in conbination in the
amount wi tFTRCEIPANGR TP oTHBI 9D ERT2R9E By weight. In the surface |ayer
portion, distribﬁfiggkdensity of hard grains is adjusted to higher val ue
than that of thel9% portion. It is particularly preferable that the
content of boron or  silicon of the surface |ayer portion is within a range
from 0.050 to ILfReINMIPE R bfokoht dldiage bot hs bokoreandedy | PEohardt he
total amount is preferably within the above range. [0065] The content of

t he bi nder9fietat drd |deindan ezl odndtherdhheroporheonontrhet coht ehe of

boron B or silicon Si is
binder metal to that of hard grains is within a range from

5:95 to 40:60. When the ratio of the content of the binder
metal to that of hard grains is less than 5:95, a sintered
body cannot be formed because of too small content of the
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 5:395 to 30:70.
This ratio is selected depending on the application of the
sintered toocl. In the application which requires surface
hardness and tcoughness, 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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fromO0.010 to 2.00% so as to secure hardness of the surface |ayer portion
&0 hardness. Wien the content of boron or silicon is less than 0.010%
diffusion mgration of the binder nmetal fromthe surface |ayer portion to
the interior beconmes insufficient during the diffusion heat treatnent. On
t he ot her hand, when the content exceeds 2.00% the surface |ayer portion
does not conformto vol une change caused by internal diffusion of the

bi nder netal phase, and thus -36 surface cracking is likely to occur during

the diffusion heat. treatnent, Wien the content of.borop.or silicon.is

adj usted Wi tHIR & PERGESf ToRY 0. 0500 ST 1709 Shi T bFon of CRE-BLRAGE netal
fromthe surface |ayer portion to the interior can be _enhanced_and SO
the et fectLBrERTYRETT Voo b Rver A P Ao Shi FACE" of Acki Rodf SLORER: B4 £h
Consequentlg, in the surface |ayer portion, the content of the binder

metal is r¥ %ﬁ%wfe feereHsed andPPhe Cont At tF Rard GFarReSrS PhckBEsed
as conpared with the inner portion. Consequently, it is possible to
decrease &R U SRAHE S Dl videh AepEeerPRaFHt g ai ns. Wen estimated with
the volune, distribution density of hard grains is nore than that of the

i nner portion andC&4rface hardness is nore than that of the inner portion
by high density hard grains. [0066] Distribution density of hard grains
is the highest iIm e pbedant yiofenheosurflace $urfhee slayaceprdayeenporti on

and
contains boron B or silicon Si alone or in combinaticn in the

amount within a range from 0.010 to 2.0% by weight. 1In the
surface layer portion, distribution density of hard grains is
adjusted to higher wvalue than that of the inner portion. It
is particularly preferable that the content of boron or
silicon of the surface layer portion is within a range from
0.050 te 1.0%. In case of containing both borecn 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 0.01C to 2.00% so as to secure hardness of the surface
layer portion 2 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 velume change caused by

internal diffusion of the binder metal phase, and thus
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decreases toward the depth direction of the surface |ayer portion, and
approaches to distribution of the inner portion. Wth gradi ent
distribution of hard grains, the content of the binder netal is |ess than
that of the inner portion in the surface |layer portion, and al so hardness
distribution is gradient so as to decrease fromthe vicinity of the
surface to the inner portion. [0067] -37 The mean content of the binder
netal elenent is preferably 2% by weight or less fromthe surface of the
surface qu ortion to the

er depth.of 0.5 mm As_descrijbed. .above, fhe
surface | ayeriHor t7oh ot h St§g¥e%¥ tReCPrated rl?%véh?ighf?ESth Aeat
substantial |y conposed of a hard grain se, a boride phase and/ar
silicate Sfrh%aet,m 'd" hi &ﬁ%%&@“gcrﬂ}tdr?gggoo?oﬁﬁéftwl fie 19 THthi ned
by hardeni ng due to aggregation of hard grains_and boron and/or silicon
conpounds.*T o8] 13 Thef St ©reed t o1 L of ¢ el pfesbpe PhvEREi BAt9the nean
grain size of hard grains in the sintered tool is preferably wthin a
range fromeEP tords Wi e faeel hreghsPareliomreo tlei heber hak dagsshe
increases. Wen the grain size is less than 0.2 pm the anounts of

conbi ned &iFborethd il talotfertiod eifrchar o beot phase paeyeaRENYt becones
i npossible to maintain stability of surface hardness. On the other hand,

when the graifrest zere)dceerist 4 e ptewar Goesicstuamge y, in the surface

layer portion, the content of the binder metal is relatively
decreased and the content of hard grains is increased as
compared with the inner porticn. Consequently, it is
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 1s mcre than that of the inner portion by
high 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 poertion, 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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deteriorates and therefore the grain size within the above range should be
avoi ded. 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 fromO0.5 to 10 pm [0069] 1In the
surface | ayer portion, as described above, the content of the binder netal
is decreased. In the structure -38 of the surface |layer portion, fine hard
grains are densely distributed and the nean di stance between adjacent hard

grains of the s yer i n be decrea ared with the
i nner portion. gﬁ%%%%ééﬁngogggﬁ%tgfegﬁ b%%gegu??éﬁg ?gy@ gg%?ion
i ncreases hardness., of ,1 he surfac a partio ed of _hard grains
contaln|ngp%ogl%%blyd%&?%%sgglghgr?ﬁti%ﬁs gﬁ??lgpgnﬁ iﬁﬁeeﬁﬁaﬁégs wear

resi stance_and str th at high te erature, 070 As descri bed, above,

t he surfac%p¥g@%$ §%§?¥090E5h 3i he %%tﬁeBEPdLgrgr s"3nd BordrecarE bor on
is conbined with a bi nder netal to forma ferrous netal. boride, while a
bori de exi’t&tas %ﬁFﬁ%ﬁﬁ?ﬁ?a%%ﬂeﬁh%%étb%@méénth%rHO@%aPﬁsth%onﬁéﬁntgroup
boride itself is hard and therefore hardenlng recogni zed in the surface
| ayer por tHofPHy ¥onts i Hifd ornbialihecrrphs g otp doRrEE. ITRENDBRREE, @

contains FeWB, NiWB or CoWB in the copresence of WC The silicate contains
Ni Wi 4 boride phase and/or a silicate phase, and high surface

hardness of the tool surface is obtained by hardening due to
aggregation of hard grains and boron and/or silicon compounds.

[C068]

In the sintered tocl 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 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 tocl, but a mean grain size is
preferably within a range from 0.5 to 10 um.

[0069]

In the surface layer portion, as described above, the

content of the bkinder metal is decreased. In the structure
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or COANGi 4 in the copresence of WC. [0071] As described above, in the
sintered tool, WC as a main conponent, or TiC or a m xture thereof can be
used as hard grains, and NN or Co can be used as the binder netal. As an
exanpl e of the tool, when WC is used as hard grains and Co is wused as the
bi nder netal, the inner portion is conposed of a WC phase and a netallic
Co phase (Co solid solution) as a --39 fine grain phase with the
conposition decided by a predeterm ned anount, while the surface |ayer
portion cojgttiensS ar%/\c hase and a finely, deposited CoWB ghasg §‘I5f a Co
phase exi st's, V& vEFy 35l 12 5o U T ot °% bl 301 P Lof LE 3R = phas®) s’ a

bori de phase._ Al.so, the surface |ayer portion contains a fjnely deposited
CoSi 2 phas ,S%rwiﬁeclﬁa%$ e I%ea‘td%ﬁ arl“é?/e}Pe%‘ée?‘ﬁeag?‘??%%Fehf)%%se. [0072]
Surface hardness Hv of the WC-Co sintered tool of the present invention
depends orfarties’s O therfafrer! otk i M T 1Ot C#3 RS 0BBCBRAABF €25 Usual | y
within a range from 1400 to 1800, and preferably 2,300 or nore. [0073]
When t he tHi"Eaess with hehsuktare Peaglekopor tSush is fidef istedrds %8 dist ance,
which is required for the linear portion of a hardness distribution curve
fromthe SUI & tare thayenteayoron ol neaehs e hehapdne har dhetie ofurhacenner

portion,
layer portion composed of hard grains containing boride,

decreases a friction coefficient, and enhances wear
resistance and strength at high temperature.

[007C]

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
exlists 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 CoWsSisy in the copresence of WC.

[0071)

As described above, in the sintered tocl, 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 is
used as the binder metal, the inner portion is composed of a

WC phase and & metallic Co phase (Co solid scluticon) as a
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the thickness of the surface layer portionis 2 mmor nore, and preferably
4 mmor nore. [0074] As described above, the surface |ayer portion of the
present invention exerts the surface hardening effect by increase of the
density of the ferrous netal boride, and the inner portion can secure
desired toughness, hardness and strength by desired m xing of the hard
grains and binder -40 netal. [0075] According to the nethod for producing
a sintered tool of the present invention, first, a sintered body is
produced. _A conventional sintered body is.obtai ed.g¥ cgnpressing a mxed
powder of hEFY GrathsPante aht T o GroUpPBF hHLP netat “€3 °¥rdm a conpact
havi ng a desirqg sha %ﬂ which is then subjected to a conventional liquid
phase si nt®r¢Hyce ed Angianki FYR fintRer AP EF ATBr cBY BHAYCT 518Bt ai ned.
According to this sintering nethod, the entire conpact is sintered. After
si nt eri ng, "N 123 tH NPl it eted Doliynehn Berappropriafel yhafachifed into
a desired shape with accuracy by a cutting, grinding or electric discharge
machi ni ng ‘CHetRIVMEXITOT612 HEh, siea bbrahoert s¢fi 2oho cdat i dgsphyeions
formed on the surface of the sintered body. To formthis kind of a coating
| ayer, a bgraaeicost indagedt Korai nigdortdre isidioateed,aydwd portion
ceontains a finely deposited CoSi; phase, a WSi, layer and a
CoWSiy; layer as the silicate phase.
[0072]
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
18C0, and preferably 2,300 or more.
[0073]
When the thickness of the surface layer portion is
defined as a distance, which is required for the linear
portion of a hardness distribution curve from the surface to
the interior tc reach the mean hardness of the inner portion,
the thickness of the surface layer portion is 2 mm or more,
and preferably 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 the sintered body conprising a boron coating layer is heated by a
heat treatnment to forma surface |ayer portion enriched with boron or
silicon. [0077] 1In this heat treatnent, the sintered body conprising a
boron coating |layer is heated and maintained in a vacuum or inert gas,
preferably nitrogen gas atnosphere, at the tenperature within a range from
a liquid phase tenperature in -41 the inner portion of the sintered body
to the tenperature which is higher than an eutectic tenperature of the
bor on- conta%n'ng phase in the sintered body for a desired tinme. During
the heat t'®alment, boron in the boron coating layer is diffused fromthe
surface of the sintered body to the interior to forma surface |ayer
portion enriched W4t boron, and a nelt in the surface | ayer portion is
diffused and mgrated to the inner portion, and then distribution density
of hard grains it He G flat e hayertiped tfon BFodHe! 39 nt ef Bt e hBdyt e+
increased. After cooling, boron or silicon is precipitated as a boride
and/ or sil9%dtiee phzsertontiginra, bl ngler aretalt¢ped Hecdyr facerpayesd-
portion to obtain a sintered tool conprising a hardened surface |ayer
portion. # Oo¥gjewWhidreeldetiaitisradl hddy nes hodcd oreprioduecdngrassingesed too
of the present invention were described above by way of the sintered tool,
hard grai nsicoht@ivieardl degrdidrades oand an iron group binder metal to
from a compact having a desired shape, which is then
subjected to a conventional liquid phase sintering. Thus, a
densified uniform sintered body is obtained. According to
this sintering method, the entire compact i1s sintered. After
sintering, the resulting sintered body can be appropriately
machined into a desired shape with accuracy by a cutting,
grinding cr 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 1s

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 ceoating 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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carbonitride and, particularly, at |east one kind selected fromthe group
consisting of W, TiC, TaC, NbC, VC and Cr2C3 is used as the carbide and
at | east one kind selected from the group consisting of TiN, TaN, NoN, VN,
Cr2N and ZrNis wused as the nitride. As the other binder netal, ferrous
metal, nanely, at |least one kind is selected fromthe group consisting of
Fe, Ni and Co. [0079] -42 When Ni or Co as the binder netal contains B or
Si, the eutectic tenperature of a NN-B or Ni-Si alloy or a Co-B or Co-S

alloy, a N-WB or N-WSi_alloy or a Co-WB or - i .alloy_is_|lower
than a sor%%%sl?%%%e$%¥%%%no?%a%hglF%?ggfeﬁﬁbogycgﬁvgﬁ% Fﬁ@pﬁ%gégrgarbide.
Therefore, a. l\}il-.\NBhor Ni-%/%Si allog or.a Co-WB or CO-¥VSL aEI oié IS

enpl oyed 8P heat " 9heat hBAt andSURECHEScFPBRATREFEENFt EPC BPEPPI buti on
of hard grains ip the surface |ayer Eortion i.s increased as conpared wth
the inner Pdrtsbinand s enployddnFeFedurParet Ohaf deRPNGSI 5BBET A
ratio of the content of the raw material of hard grains to the content of
the raw net'erizd Oie theabi hied thetdl Lpsoprenefhdl YorphraahipdangaYEfom
5:95 to 30;70. This ratio of the content is selected depending on the

appl i cati ors ctifiheed| hrer doh¢ odhrLapet A ahpl feateondwhPrel Feqtlfes both

surface hardness and toughness, particularly inpact
interior to form a surface layer portion enriched with boron,

and a melt in the surface layer portion is diffused and
migrated to the inner portion, and then distribution density
of hard grains in the surface layer portion of the sintered
body is increased. After cooling, boron or silicon is
precipitated as a boride and/or silicate phase containing a
binder metal in the surface layer porticn to obtain a
sintered tool comprising a hardened surface layer portion.

[0078]

While details of the method for producing a sintered
tocl of the present invention were described above by way of
the sintered tool, hard grains contain carbide, nitride or
carbonitride and, particularly, at least cone kind selected
from the group consisting of WC, TiC, TaC, NbC, VC and Cr;C;
is used as the carbide and at least one kind selected from
the group consisting of TiN, TaN, NbN, VN, Cr:N and Z2rN 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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resi stance, the content of hard grains is decreased and the content of the
bi nder netal 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 nean grain size of raw hard
grains is preferably wthin a range from0.2 to 15 pm and nore preferably
from-43 0.5 to 10 pm [0082] Using the raw hard grains, the grain size
of the surface layer portion and the inner portion in the product tool is

obtained by the i nfeglng.and heaf, tr %&’E@mefgi varLeg depending op the
application and shape of thée tool. articul arlry; the"fean grain size of

hard grains_J intered tool is,within g.range.from0.2 to 15 pm As
descri bed %%%%%%Pgu? %%%r%§¥8%e%£ fnct eBs®s @é“ﬁéraléPéiﬁ§ aa&8”éo?§
refined. en, 1t he an grain.sjize is . less.th 0.2 t he_amounts_of ,
conbi ned cé?g%h %%§§%1t$o€%%W6$ ?ﬁeﬁhéﬁaglg?gﬁﬂypﬂﬁsgnbﬁfv"ﬁnari?Obgééﬁes
i npossible to mjntain stability of surface hardness. On the other_ hand,
when the YrEih &7 7GRN 13 Ht Hear CPBREERLAER Bét 8Ri BF aPBsCANY?
therefore the_ grain size within the above range shoul d be avoided. The
grain si zeofCt S UrEacE P Eg eF2 PoFEF on HREadREe i eVt bk ion Ny S1

dependi ng on the application and shape of
alloy or a Co-W-B or Co-W-51 alloy is employed for a heat

treatment and, as described hereinafter, distribution of hard
grains in the surface layer portien is increased as compared
with the inner portion, and thus employed 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. 1In the application
which particularly requires surface hardness and wear
resistance, the content of hard grains is increased within
the above range.

[C081]

The mean grain size of raw hard grains is preferably

within a range from (.2 to 15 pm, and more preferably from
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the tool, but a mean grain size is preferably within a range fromO0.5 to
10 pm [0083] A m xed powder of hard grains and a binder netal is
conpressed into a conpact having a desired shape and the conpact is then
sintered simlar to the case of conventional sintering conmponents. The
conpact is presintered and then sintered to obtain a dense sintered body.
For exanple, -44 conventional |iquid phase sintering can be applied.

[0084] In the boron or silicon coating step of the present invention, the

surface ofyassintg eﬂnbody is coated with a coating agent containing boron
or silicon, and a boron coating material used for coating contains a boron
conpound and aI@9iﬁ? tains an oxide, a nitride or a carbide of boron, or,
a precursor ther d%, or exanple, a carbonate or a hydroxide. For exanple,
Si B6, BN, B4 C,(FZOB, H3B03, borane or an or%anic,boron conpound can be
used in the coatiig'® futeridl DM €3 iton ot ¥hat fet£F¢ aPL coitai ns a
silicon co und and al so contains a carbide or a nitride, a boride, or a
precur sor THer¥Eot , Lare APyt e et | e chmpoungcrt 5peci i ehexarprestt her eof
include Si, SiH4, Sid4, SiC Si3NM1l SiB6, or CoSi2, MSi2, CSi2, W2,

or si | anestO%ol i TRl NedI Yrellee  wet oF bani endi heeont coapoend: PODSS]

varies depending on the application and shape of the fool.
Particularly, the mean grain size of hard grains in the
sintered tool is within a range from 0.2 to 15 um. As
described above, surface hardness increases as hard grains
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 bascomes 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 um.

(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 cbtain a dense sintered body. For example,
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The boron coating material may 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-like coating solution is prepared by

di spersing these boron conpounds in water or a non-aqueous solvent so as
to ensure satisfactory coating. In case of coating, a nmethod of brush
coating a coating solution on the -45 surface of a sintered body, a nethod

of spray c j met hqd_of _di ppi a_sintered body.in a coating

sol ution bg h%gg%gggﬂﬁl%%%uﬁg Pﬁ%s%oggﬁggg%ﬂﬁeFéa §8d§p3¥éeQSed. Then, the
coating solution @? gfied on the surface of the sintered body, thus
remai ni ng the 005 % material. [0086] The coating solution nay be coated

over the entire _surface of the sintered bod¥. When thﬁ surface to be
hardened of the 57 nte? daPIYdIOF S+ hFPRdCAAHLEReSERRL PRgEBE PYRESRbati ng
material of the other surface portion is prevented by a proper nasking,
the surface'Va&yetOporthionSistasdrfed? ofl jrohetineodEsi Fefoaked Bythha heat
treatnment step and surface hardening of the tool can be performed by the
surface | &y 13Ot el Ehsl vy Nepranr pacel poeeionand argpseivel y soft

and can nai ntain high toughness. [0087] |In the step of coating w th boride
or silicat®@altheganaterial used for coating contains a boron compound

and also contains an oxide, a nitride or a carbide of boron,
or, a precurscr therecf, for example, a carbonate or a
hydroxide. For example, SiBg, BN, ByC, B,03, H3BOs;, borane
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, & boride,
or a precursor thereof, or an intermetallic compound.
Specific examples therecf include Si, SiHs, SiCls, SiC, SizNg,
SiBg, or CoSi,, MoSi,, CrSi,, WSi,, or silanes, polysilane
polymers, and organic silicon compound.

[0085]

The boron cecating 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-agueous
solvent so as to ensure satisfactory coating. In case of

coating, a method of brush coating a ceating sclution on the
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can al so be used a nethod of introducing a chloride, a fluoride, a hydride
and an organic netal conpound into a heating furnace, deconposing them and
coating on the surface of a sintered body surface through deposition. This
method is conmmonly referred to as a chem cal vapor deposition [ CVD]

method. In addition to a conventional normal pressure CVD nethod and a
reduced pressure CVD nethod, a plasma CVD nethod, a therno-CVD nethod or a
| aser CVD met hod have recently been -46- devel oped and the filmformng

h h iti i i d 0. . [ 0088
ool oo o FEROSLE Onod BeahERIBLEY, L 8 Retr B S8 CaPEa T FRartld Bhfofi e

h as b trichlorid b tetrachl oride; fluorid h as b
Crif 1 uor i e br°Si 71 cOPPERYraf THorPiec oY o8 SuSA=asiBoF6R hydR: ath

(borane), _diborane, pentﬁgorane, gih¥droborane or a derivative thereof;
and si | i cothyidft e s ane§ FoRtEides  bRESHI BRR8Y of Fi $FFane. TR EXanptes of
t he organic netal conpound include organic boron conpound or organic
silicon comuhs Folvekdmte, driedaPRyrber snrieatopbsthaneiptered body,
al koxysi | ane. Specific exanples thereof include trinethyl boron,

triethyl bor'Bis ¥emaiming opyt beraniey B#ieridutyl boron, and

di chl oronet hyl si |l ane, chl orodi net hyl silane, chlorotrinethylsilane or

t et ramet hyl si | an0&5danpl es of the other conpound include organic boron

aci ds.
The ccating soluticon may be cocated over the entire

surface of the sintered body. When the surface to be
hardened of the sintered tool is limited and the coating of
the coating material of the 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 porticn is
relatively soft and can maintain high toughness.

[0087]

In the step of coating with beride or silicate, there
can also pe 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 deposition [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



[0089] Specifically, these conmpounds are converted into gaseous conpounds
and t he gaseous conpounds are introduced into a heating furnace set, at a
tenperature at which the conpounds can be deconposed, using a carrier gas
at a predetermned flowrate, and then a boride or silicate is deposited
on the surface of the sintered body by the deconposition of the conpound.
When conti nuous deconposition -47 and deposition reaction proceeds for a
predetermned tine, a coated netal |ayer having a predeterm ned thickness

is forned u C f-the sintered bpdy, The thickness.of the coat
5 cont roi terbPr et blethEont B FabhEhE “eab ey s Toteh (HERPPEELChnLar i ng
tenperature _and heating, tinme. [0090 By thermal ly spraying a powder

aggr egat e O boTi e @rl @FF?%%d%rh Ated to a senmi-nelted state over the
surface of the ﬁhﬂ%ered body at a high rate, a dense netal coat nade of a
boride of silicidet&n be forned. Exanpl es of the boride and silicide
include SiB6, SIiC, Si3N4, BN and B4C. [0091] 1In the heat treatnent, the
sintered body WHOSERIFT dtfe the et eth i 134 F v chalt i hyt prat et apurce
contai ning boron or silicon is heat-treated while maintaining with heating
in  vacuumnCrile bt Bt eS'oth the hendn trebehbhtids PHWRPTPRaN

tetrachloride; flucride such as boron trifluoride or silicon
tetrafluoride; hydride such as boron hydride (borane),
diborane, pentaborane, dihydroborane or a derivative thereof;
and silicon hydride {silane) includes monosilane or disilane.
Examples of the organic metal compound include organic koron
compound or organic silicon compound, for example,
trialkylboron, chlorosilane or alkoxysilane. Specific
examples therecf 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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the solidus tenperature or eutectic tenperature decided by the conposition
of an alloy of the hard grains and iron group binder netal and is the
tenperature at which a nelt is not forned in the inner portion of the
sintered body with the conposition of the sintered body, and is al so

hi gher than the eutectic tenperature of an alloy containing boron or
silicon and hard grains fromthe coating |layer on the surface, and a

bi nder netal. -48 [0092] According to the present invention, a nelt is
partially urface or urtace Ia orti b ut|I|2|ng
Phe fact (Hit Treden %@I?.}Q?enﬁ%?a fogteitl Fa%%a RYehahehhhi antinthi Ay
boron or silicon wer th n that of the, sinter cont ai ni.n

ot Cher | borehEEs i Pk a‘aa%%@t?n@r?ﬁ%tﬁaaw? eBBEﬁ nESipePat GFEto

t he tenperature bet ween t ose eutectic tenperatures. This nelt is conposed
of al most A I/6} BoroHe %ﬁﬂ a-fer?ouke ?a?ngﬁd a portion of hard grains,
and is remai ned %§ a solid. [0093 In the WC-Co systemsintered tool, as

i s apparent from% Phdseiagrantlest eHC- peettol t68- 8y nehsi ohal al | oy,
the eutectic tenperature is about 1,320C, while the Co side eutectic

poi Nt ( narfREeT e ehitoct §RT ¥ B9 edat uF BOwf *Toe CoRBting hHBRErataT1ocand t he
Co-B sintered tool, and thus the heat-treating tenperature is within a
range froreETBW tioime.

[0090]

By thermally spraying a powder aggregate of a boride or
silicide heated to a semi-melted state over the surface of
the sintered body at a high rate, a dense metal ccat made of
a boride of silicide can be formed. Examples of the boride
and silicide include SiB¢, SiC, SizNg, BN and BsC.

[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 cof 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 alsc 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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1, 310C, and preferably from1,200 to 1,300C. [0094] In the WC-N based
sintered tool, as is apparent froma phase diagramof a WC N
pseudo-t wo- di mensi onal alloy, the eutectic tenperature is about 1, 390C,
while the NN side eutectic point (nanely, the eutectic tenperature of

Ni -Ni 3B) is about 1,090C, and thus the heat-treating tenperature is

within a range from1,150 to 1,380C, and preferably from-49 1,200 to
1,370C. [0095] In both of the TiCGCo and Ti CG-N based sintered tools, the
i quid phase app ngt the tenperature of about 1,270C and therefore the
heat-treating tenperature is preferably from 1,200 to 1,250C in the Ti C Co
based and Ti C-Ni, based. sintered tools. Furtherpore, since the eutec#'c
temperature of tHe %Rﬁr&otﬁﬁﬁxpg?%?%?eﬂnY%%{l?g’a%oﬂ? %, 55003 L yF #ﬁsion
heat treatgent f the Ti G M2C N. based sin%ered tool can be carried out
at a tenper@ e WWithi A" a-ranger f7om ©4, 2BHLE6S11280E. PPR EAlsPBased
sintered tool, mxing of M?2C can suppress carbide grain growmh in the

Ti C Co bastid- L ari e ki faphskr si Hheredteobl ¢ hAAPeBALFAPr BYethe
sinterability. Q?pearance of the liquid phase during the above heat

treat ment Jr AP Wi $PRisT DL ratPonchr el heoBane 48vWeH thasetbpt
silicon, and the Co side |iquid phase of the Co-Si based sintered tool
appear s atcabdin SiPppGanbdhecontaining neither boron nor silicon,

and setting the heat-treating temperature to the temperature
between those eutectic temperatures. This melt is composed
of almost all of boron and a ferrous metal and a portion of
hard grains, and is remained as a solid.

f0093]

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-RBR 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 1,080°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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tenperature at which the liquid phase appears is lowered to 1,000C in the
Ni -Si based sintered tools with the conposition of N -30%i . Consequently,
the silicon diffusion heat treatnent tenperature in the WC-Co system all oy
is wthin a range from 1,250 to 1,320C, and is within a range from 1, 150
to 1,350C in a WC-Ni based alloy. [0096] -50 When the heat treatnent is
performed within the above tenperature range, in an initial stage of the
heat treatment, boron in the boron-containing coating |ayer forned on the
surface ofltP@Os'gt?rggOﬁgdy reacts with ferrous netal on the surface to
form a boroh-containing 't with |ow tenperature eutectic conposition on
t he surface. Sinﬁﬁ%%$f interior of the sintered body contains no boron, it
is solid wthout ing at the treating tenperature. Wth a | apse of the
heat treatnent t] the pelt at, the surface portion nelts netal in the

\ | . .
interior and pengtrated Pht' o't nklirterdod. Tas™H: bPestftSHRTBEREt FAPLdn and

diffusion of the nelt into the interior, the anount of the nelt decreases
in the vicif ty @F1d tier 3qr @2 BHd? | hbide t heteereEnEeatfoalertdilsE€r PGt i on
density of hard grains increase. [0097] This region where the content of
boron or s119 doerefrredded it dersitinoef tampdrgiarasisneredsedoly the

surface
from 1,200 to 1,250°C in the TiC~Co based and TiC-Ni based

sintered tocls. Furthermore, since the eutectic temperature
of the Mo, C~Ni based sintered tool is about 1,250°C,
diffusion heat treatment of the TiC~-Mo;C-Ni based sintered
tool can be carried out at a temperature within a range from
1,200 to 1,250°C. 1In this based sintered tecl, 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-3i
based sintered tool appears at about 1,200°C and the
temperature at which the liguid phase appears is lowered to
1,000°C in the Ni-Si based sintered tools with the
composition of Ni-30%5i.

Consequently, the silicon diffusion heat treatment
temperature in the WC-Co system alloy is within a range from
1,250 te 1,320°C, and is within a range from 1,150 to 1,350°C
in a WC-Ni based alloy.

[0C96]
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| ayer portion. In the surface |layer portion, the distance between adjacent
grains is small and the residual amount of boron or silicon increases.
When cool ed or air-cooled after desired treatnent tinme, the surface |ayer
portion forms a conpound with boron or silicon and a binder netal, and
thus boride or silicate is precipitated. The surface |ayer portion
constitutes a | ayer conposed of boride or silicate and hard grains having
hi gh distribution density. However, -51 according to this nethod, since

hard grai ns are /highl ensified without growng the surface |ayer
portion, harden! %bcgk? e%ﬁr?%%%t%%ﬂtbésr%%¥$?gﬁ?d[365%}n gﬂ% %%ﬂY%nt of
boron or silicon of the surface |ayer, ?ortion after the heat treatnent can
be control TEP B THES KGHF of R h&" borbh-dr SFRPROAL cbipoliR@ti nTEAE™EBAL i ng
material before the heat treatnent, and the anmount of boron or silicon
coat ed perPSth% ate WeaPOFOR HECRFHtRiRY BOdYLRYr fA¥er FOFTeexahiplBe the
amount of boron in the boron coating layer is preferably within a range
from 5.0 tTERRY/ Thet Bastorre¢heboevateagtsuribieel pAreef niebplachethflic
boron B element. Wthin the above range, the surface |ayer portion can
contain bBIORE ¥ theran i it Gent al e dhgend Eony DL 500V ot ONBEYR by re
wei ght, as described above. Such high content of boron in the surface
| ayer portdwredisie eanized berause boe osuiacpr esentcd rhehel flormof &f
conpound of ferrous nmetal. In case
the sintered body contains no boron, it is solid without
melting at the treating temperature. With a lapse of the
heat treatment time, the melt at the surface portion melts
metal in the intericr 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,

focs7)

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 adijacent grains 1s 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 gilicon and a binder 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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of silicon, the same shall apply hereinafter. [0099] Wen the nethod of
the present invention is applied to a WC-Co sintered tool, surface

har dness vari es depending on the hardness of the inner portion, but is
preferably (Vickers hardness Hv) 700, particularly 1,000, nore than the
surface hardness of the inner portion, and is commonly within a range
from1,400 to 1,800, and preferably 2,300. -52 [0100] When the thickness
of the surface layer portion is defined as a distance, which is required
for the Iirgggrdportion of a hardness, distribution, curve L%?S%%he surface

to the i MErTor 1o rRach T HE et hat dResdebf halinndre A, the

t hi ck f the surf | tion is 3 . _and preferably 6
i or o ECTOTON e A nt G EBot o S he o csBREE | HUBAFBN can be

widely applied for cutting tools, plastic working tools, and rock drilling
bits for ﬁ?%‘ﬂ%“%ﬁﬁj %ﬁgvﬁf?ege%‘?]?ﬁe%ﬁ?i%na% IHutt#ERg. [0102] Exanpl es of
the cutting tool include single tool blade, fraise, drill and reaner.
Since drill and Ff¥%fr 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 D
to the e content of boron or silicon of the surface layer

portion after the heat treatment can be controlled by the
kind of the boron or silicon compound in the coating material
before the heat treatment, and the amount of bcron or silicon
coated per surface area of the sintered body surface. For
example, the amcunt of boron in the boron coating layer is
preferably within a range from 5.0 to 40 mg/cm® 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 amcunt within a range from 0.050 to C.5C% by
weight, as described above. Such high content of boren in
the surface layer portion is realized because boron is
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.
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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 |ayer portion had high
har dness, the surface |ayer portion has high hardness, which is

advant ageous for constitution of a tooth point, and thus tool lifetine can
be increased. [0103] -53 Exanples of the working tool include press nold
and forging die and punch, and the sintered tool of the present invention

can be applied nggﬁg?r The nmold, for exanple, a nold for canning is
conventional ly a ceramc naterlal or an NI based cenented carbi de.

The ceramc is | er se surface chip and it is difficult for
t he cenent ed c&k Q% E%h§¥n?%ﬁe fh%h%ﬁf%ff% ?abﬁY%rs??ﬁEfﬂ?elsFbmever
according to_the present i nvention, when a WC-Co system sintered body is
subj ect ed ¥ ' Hdrivh fa.q‘%%%%ﬁehe‘alﬂlderé%ltﬁ%wlfﬁ@réﬁy Fhpr égRgEFng with
boron, resulting in high distribution density and high hardness of hard
grai ns, arRPTiHus %t%%ﬁW%SWHS%W%@W%n@UWq?efif% Whehshr §aChehP
resi stance, adhesion resistance and corrosion resistance. [0104] The

wor ki ng t ddie all e el udesr ¢ixawi ige dieat ohasdeess pf pehantnigrerdranbng
pl ug, and a conventional cenented carbide has a problem such as burning
and i s usddafttterckness of the surface layer portion is 3 mm or more,

and preferably & mm or more.

(01017

The sintered tool of the present invention can be
widely applied for cutting tools, plastic working teocls, 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. 3Since drill and reamer are made of
a sintered body of ultramicrofine hard grains having a grain
size of 1.0 pm 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 advantageocus for
constitution ¢f a tooth point, and thus tool lifetime can be
increased.

[0103]
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coating the surface of the cenented carbide with Ti N so as to prevent

burni ng. 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 treatnment, CoWB (or Si) of the surface |ayer portion decreases a
friction coefficient, thus making it possible to inprove adhesion

resi stance and to extend the lifetinme of the tool. [0105] -54 O her working
tool includes a hot extrusion die for alumnumalloy and, when using a
sintered tool of_the present . invention in place,of a conventjonal ,steel

for hot die, ad%%??%%é?e%fs?%%c%o{gl? #%Qle%ﬁlﬁﬂele?EEi%ﬂigeﬁﬁgrature
of about SEOC in the presence of a%éDVB or, Co\W&i phase of _the surface

| ayer porti S A thuR i RUEFRet 78 £a% BENCPhpRovedl PH1BBF PEGFERES nore,
a cold forging punch for backward extrusion applies |arge conpression

| oadi ng anjom(%F'glcPﬁ ofPr 7% cRPRRERY f bR RES TR ER- t @W%ﬂec@%rﬁ@%"%%ﬂ%f ore
used wunder severe conditions. Therefore, it is often used in the state of
bei ng subjEtted o @EOHRY NS t FeAT Rt onALtBrERAg ofoat Rerpregenaterial
invention, it is possible to prevent breakage accident because of poor
roughness ®f ahélpurmte areeno red uerrb big ni M avesgrrafia He Peded g tporti on

of the punch, resulting in inproved tool lifetine.
cause surface chipping and it is difficult for the cemented

carbide to constitute the metallographic structure. However,
according to the present invention, when a WC-Co system
sintered body is subjected to a boron diffusion heat
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
51) 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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Example 3 [0107] In this exanple, commercially avail able tungsten carbide
WC powder with an average particle size of 1.5 pmand netal cobalt Co
powder with an average particle size of 1.3 pmwere nmxed to prepare

m xtures with two different |levels of cobalt, i.e., WC10% Co and WC- 20%
Co materials. The powder m xtures were conpressed using dies to conpacts
whi ch -55 were subjected to internediate sintering (or calcining), the
conpact after the sintering had di nensions of a dianmeter of 30 mm by a

| ength of 30 mm _ Thereafter sintering was carr ut at
1400C under vacUlm$or” %9¢ﬁnﬁégﬂ(ﬂﬂigiﬁﬁﬁ§ ?e@%@cg¥gﬁu§?ﬂ?e?%% ﬁ%%erials
[0108] Next, boron carbide B4AC was used as a boron source,

prepar at i gnt YA o? bR G Nt e cdat T Age naf BF FEFC t%%ﬁn%FcFﬁ?l9r%§ﬁFFable
boron carbjde BAC was ball nmilled with ethanol for 30 hours to prepare a
slurry conta$ithiPWBAC 3% hiCPoY et hyrehef HEhe Was Adbed €o give a
boron-containing coating slurry. [0109] The sintered material was dipped
into the cUHtIHEP, sTeFFS-PaTh, Land waevediled ¢#h aXHrysheR nEeAPAB2ARY 4

tenperature of 40C to be provided for the exanple. [0110]
of about 500°C in the presence of a CoWB or CoWSi phase of

the surface layer portion, and thus die lifetime can be
improved.

[0106)

Furthermore, a cold forging punch for backward
extrusion applies large compression lcading and very high
frictional force with the workpiece and is therefore used
under severe conditions. Therefore, i1t is often used in the
state of being subjected to a coating treatment. Acccording
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 improved tool lifetime.

Example 3

[0107]

In this example, commercially available tungsten
carbide WC powder with an average particle size of 1.5 um and
metal cobalt Co powder with an average particle size of 1.3
um were mixed to prepare mixtures with two different levels
of cobalt, i.e., WC-~1l0% Co and WC-20% Co materials. The

powder mixtures were compressed using dies to compacts which



For conparative exanples, the sintered material was used instead of

appl ying the boron-containing coating thereto. A diffusion heat treatnent
was conducted on the sanples of the exanple and conparative exanpl e,
wherein the sanples were placed in a vacuum heating furnace under pressure
controlled in the range from40-80 Pa inside the furnace, and at a
tenperature-rise rate of 5 mn. The furnace was naintained at three

| evel s of heat treatnent tenperatures of -56 1200C, 1250C and 1280C for 3

hours to perform.diffusio heat treat pent nd.thereafter, .the sanp]es
were cool TR Shicrtncke TTRamraRhEE hiaforiadr (B b r et RaTe B ar a
| ength of 15 apd the cut, surfaces i shed were obseryed with a

m croscope‘.’omgl%r‘]é? e%#]’t"%‘?,t c%’e’?geﬁ’a?‘élnlégg %@eﬁﬁhgﬁ?eﬂ‘g ofd ‘gﬁ@m%%?f:sﬁgd
surface whj| e changi ng neasuring points along the depth froam a surface of
the sanpl &30 [T 12y aﬁge‘?%t}é %rg% TRat i MRy SR PRBP cont ai ni ng
WC- 20%Co, a sanpl e was obtained by dipping a sintered body having a
conposi t i oH-HFeIARO WED carpiedi oigthardlp8PEE cirder t Waguar ef ¥ nenpahenEl es
(particle size: 1-2 m) into a 9% B4C coating slurry to forma boron
coating, @RtalnPperdspespva shteradonahenialseatnent with the boron on

the resultant sintered body.
{0108]

Next, boron carbide B;C was used as a boron source. For
the preparation of a boron-containing coating material,
commercially available boron carbide B,C was ball milled with
ethanol for 30 hours to prepare a slurry containing 9% B4«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-ceontaining coating thereto.

A diffusion heat treatment was conducted on the samples
of the example and comparative example, wherein the samples
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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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 nmultiple of clear
white areas of a netal Co phase are observed in WC particles. Fig. 4B
shows the structure of a surface |ayer of this sanple wherein Carbide WC
is densely present and alnost no white netal phase is observed. This is
attributed to the result of -57 transform ng of the netal Co phase fromthe

vicinity o rface | ayer toward the core. However, it should be noted
conpari ng L@éﬁﬁiufi#§QFﬁg?ngB§?ﬁétcc%?ﬁi P RARTR E?nB%fEﬂﬁm ﬁ???ﬂ?éﬁ%e in
particle size between the surface |ayer and the core region. [0113

B0 @ ar |y DEEhPeaR Giet p Sk, BUSBSSEEEB: nohe | FREPLOS BBAPeEoROfint a
conposition of WC-20% o with coarse carbide particles (particle size: 3-6
pn), into HYBEERARating slurry to forma boron coating on its surface,
and then subjected with a heat treatnent with boron diffused into the

resul tant sinterE@t¥ddy. Figs. 5A and 5B are micrographs showing the cross-
sectional structures of a core region and a surface |ayer, respectively,
of a sanple forWhﬁnhﬂﬂ%ﬂ#ﬂeﬂ#%ﬂLSqukﬁﬁiQﬁ¥ei¢RWo%¥eath%mgtHu¢$nbﬁ mm,

di ffusion heat treatnent, the binder netal phase (which particles | ook
white in Rind 8% cute surfaces polished were observed with a microscope.

Thereafter, Vickers hardness was measured on the polished
surface while changing measuring points along the depth from
a surface of the sample.

{0112]

As to a boron coating-treated sintered tool containing
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 um) into a 9% B,C
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



reduced in the surface |layer (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 the |ayer and the
core. [0114] 1In contrast, for the netallic mcrostructure in the
conparati ve exanpl e which has been untreated with coating, no |arge
structural change was observed in both the surface |layer and the core,
which were simlar to those of Fig.4A [0115] Further, the results of

har dness asur enent are_shown i Table 5 and Fig,. 6. As.is apparent from
the Fro. cEransfrEning, of, B onelan PReShaPANEERIELS: YhGiPORYURE EBSer ved
for a coatin -treﬁggd material,. Wthin the extent of the _heat treatnment
shown abov&TERCE AYeEatPHRrEehber GPHPe Fewevster ttharardédsPat "PR&sur f ace
i s higher and the thickness of _the hardened surface |layer_is smaller. As
the heat t$¥RFEIRY FidpetttPefig: ntBnehatt aarhideuspyvh aimaBFtBA netal to
the core is pronoted, resulting in the tendency of a thicker surface

| ayer and 4% nag rindea bl ehessizghaetveen gthe sncfaneclanehaptdetbe

bet ween the surface |ayer and the core is in the range fromHv 300 to 600,
and sanpl egrtreateg¥@nted at a higher tenperature have a | arger depth of

hardness gradient. [0116] Table 5
[0113]

Similarly, samples were prepared by dipping sintered
bodies having a composition of WC-20%Co with coarse carbide
particles (particle size: 3-6 um), into a 9% B4C coating
slurry to form a boron 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-
secticnal 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
reduced 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



No. Co Boron Treatnent Hardness Hv Surface (% source tenp. (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__ T20 _ 20 BC 1280 1420 1060 2.0
[0117] -59 The gradient zone of hardness is corresponding to a diffusion
zone of boron B, so that Raise of the heat treatnent tenperature is
considered to pronote boron diffusion to the core. A major factor for

| mpr ovene in hardness in the _ surface layer_is attrjbuted_to. a reduction
in intervat®®het ﬁh%a?ﬂr%arY?t?%sw%ﬁetﬁémﬁ%ﬂﬁ bp theseurfakidr 4er due
to a renoval of the netal phase fromthe surface layer. It is presuned
that another fackt®3br the effect of i nproving the hardness is the form
of CoWB. It is a matter, of course, that the hardness distribution of
untreated pEyFidEr widhe Fefisitssif handqepsigjeasurement are shown in

Table 5 and Fig. 6. As is apparent from the Fig. 6, a

distinct gradient in the hardness distribution was observed
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 meclten 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

[O0117]
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Speci nens were cut out at a depth of 2 mmunder the surface away fromthe
sanples to neasure the boron B contents on the surface of the specinens in
accordance with the I1CP-M5 nethod. The analysis results of 280-330 ng/ kg
were obtained, which confirns the boron diffusion. Exanple 4 [0119] The
sintered materials prepared in Exanple 1 were coated with B4C slurry with
three levels of coating concentrations, i.e., 9% 18% 24% Then, the
products were heat treated in heat treatnment conditions of a heating rate

of 5/ mn and a heat treatnment tenperature of 1280C for 3 _-60 hours.
[0120] Sanpl es THISTHILEHEF M OL A2EENERB| 15 cEAFEFSPOPELBAsECaRd t hen

their cross, sectjonal structures were observed in m.croscopy. Thereafter,
har dness ridEstRERMtZoRE ehrPPeen 0Bt spythati Rrépe aflr Bheskefbster,
changing the depths fromthe surfaces thereof. The results are shown in
Tabl e 6 antFeafgrenty temponatumgpie eompidesefotonryerateHapdfA®ss Hv B in

surf. (9% source tenp. Surface Core surf. layer (%9 (O I|ayer |ayer
t hi ck. diffusion to the core.

A major factor for improvement in hardness in the
surface layer is attributed to a reduction in intexrvals
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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(%9 (m) 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% 128 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 W& 10%o and

WC- 20%Co i ncl udi ng tungsten carbide WC powder with a particle size of 1.5
Etmindicated a relatively large diffusion depth of 2-5 nm conpared to
Exanpl e 1, which denonstrates that the diffusion depth increased in

pr oportionhotosthe boron concentration in the coating material. [0123]
Thus, it i3°Y¥H8nd that proper setting of the boron -61 concentration in
the coating mat eéélfi I.e., the anmount of boron added to the surface

| ayer, and the h 9} eat ment tenperature conditions provide an
appropriate hardness. distribution in the surface |ayer. [0124] X-ray

di ffracti on anal SATRLIGRSEREF roRPBRRD| FR¥ReCut LR T aERELByePR BET t ReX E4RDBFes
that were heat-treated in Enbodiment 4 and indicated certain intense peaks
in the spRdriigRoEhetpPRrsy sechiendboshuchypes| vers ebasrvededn

microscopy. Thereafter, hardness measurement was carried out
by a Vickers hardness tester, changing the depths from 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 um 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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fromthe above results that the presence of hard boride particles has a
significant effect on an inprovenent in the hardness of the surfaced

| ayer. Exanple 5 [0125] A powder mi xture was prepared fromcomercially
avai l abl e WC powder with an average particle size of 0.55 Fun, netal

cobalt Co powder, chrom um carbide Cr3C2 powder and vanadi um carbi de VC
powder, all of which have an average particle size of 1.3 pm to have a
conposition of 20%Co, O0.7%r, 0.4%/ (each by weight) and the bal ance WC

The powder m xture was conpressed (o give a compact hayjng_a giyen_shape.
I the. sartoRATREr=5Eon o xahe €03t ond BEERIALT Ge8- subRBorRaTPE of
internedigte sintering, followed_ b utting into cylindrical bodies of 30
mmin dia ?%ﬁn;ﬂé?egotﬂn$?% ?%ﬁﬁ?ﬂg gfﬁ?Far?thEhEx%ﬁﬁFetE?aFﬁﬁnt
cylindrical -62 bodies were sintered under a vacuum at 1350C for one hour
to produckeRperatete et ket previdengn feRd@priatechrrdgesfurry
cont ai ni ng_boron carbi de BQC was used as the boron-containing coating
materi al 9§ HelRuREC e cthe ssurfaeRah@yer3. Further, a BN-coating slurry
al so was prepared wherein comrercially avail abl e hexagonal crystal boron
nitride (h-BN) wés4flund in ethanol by a ball nill for 30 hours after

whi ch pol yet hyl enei m ne was added to the
X-ray diffraction analysis was carried out in the

surface layer of the samples that were heat-treated in
Embodiment 4 and indicated certain intense peaks in the
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 pm,
metal cobalt Co powder, chromium carbide Cri;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

D



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
treatment with the BC-containing slurry and, separate fromthis, another
coating treatnent wth the BN-containing slurry. The BN coating treatnment
was perforned on the sintered materials of WC-10%o and WC-20%Co prepar ed
in Exanple 1. After drying, the diffusion heat treatnent was perforned on
all the sanples at 1280C for 3 hours. [0128] For the heat-treated

sanpl es, [}% ness was neasured while changing the depths fromthe surfaces

t her eof | e W‘?ﬁ%k%’r%"‘%‘?@ln‘é%‘é‘”?e%tE?C“‘T’HeaFe%Wsct‘ffé’f e BB HAWN i n
Tabl e 7 and ‘g %{}?129% -63 Table 7 Boron Treat Hardness Hv Surface

Bi nder mat%‘f"‘% < ¢ t%’a:f‘ﬂa%ef%rEesF%&‘ér (CO |ayer thickness
(mm 21 20Co-0.7Cr-0.4V BC 9% 1280 2050 1320 4.0 22 20Co-0.7Cr-0.4V h-BN
9% 1280 1840 128P% 23 10 Co h-BN 9% 1280 1580 1300 2.0 24-T20 -Co h- BN

9% 1200 1410 1300 2.0
A coating slurry containing boron carbide B,C was used

as the boron-containing coating material in the same manner
as in Example 3. Further, a BN-cecating slurry also was
prepared wherein commercially 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 drying, 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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[0130] Referring to Table 7 and Fig.8, in a sanple having a conposition of
WC- 20%Co- 0. 7%Cr - 0. 4%/, whi ch includes WC powder having an average particle
size of 0.55m belonging to a super fine particle class, the surface

har dness reached 2050 Hv after the BC coating treatnment, thus, the effect
of the diffusion heat treatnent being recognized. [01311 It is observed
that the WC-10%Co and WC-20%o with BN coating have a diffusion depth of 3
to 4 mmwhich is smaller than that of Exanple 1 and a hardness of the
surface Iaygle | ler than that of Exanple |treatnment was perfornmed on the
sintered matertals of prepared in Exanple 1. This is caused fromthat h-BN
is stablejat aj hi gher tenperat Umroao thHalrcht BMacanéss not redgurvhed {he
nmetal phase w |Bireikee neftExamp) ¢ s@lurcg013empl. n | Shrfaexaligbee arlaxaspl e
using boron trjchloride [BC 3] las a netgl (ghy ori deyénd hydrogerhfitRbess
described|as 64- the netal deposition|coating step. A|CVD appanmat us shpwn
in Fig. 9|was uzemh-0A7prepaded Bgaszi s suzgbl ed2bsom gas iBeobs 418, 12 anfd
13 of boror2 tr2add-ar.i7de-p BEi3] h-pet bane 126864] [asdohydr ogeso[ Hal.oto a
heating flesacleid od a a fl owmretlerBR and |azsegullabeog valiugod A.0

| i qui d- pi skan jpeoEe?2 1S connect edsioot he 12eat 1 ng4lornacei1Boo | 2.0

[0130]

Referring to Table 7 and Fig.8, in a sample having a
composition of WC-20%Co-0.7%Cr-0.4%V, which includes WC
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]
In this example, an example using boron trichloride

[BCl:] as a metal chloride and hydrogen [Hz] is described as

~G4-



so that the pressure in the heating surface is set to a desired reduced
pressure. In the heating furnace 1, two kinds of sintered bodied used in
Exanple 3 are placed and then subjected to a CVD treatnent under the

chem cal deposition conditions shown in the follow ng table. The

t hi ckness of a BgC filmfornmed on the surface of the sintered bodies after
the treatnment was neasured. As a result, it was about 12 to 15 pm In this
exanple, the CVD treatnent under reduced pressure was perforned. To
further increase the thickness, a thermal-CVvD nethod or a | aser CVD net hod
may be used'®tRef2byeBBaF hPhgCa2 Besf r 8HSPhi ckness of the coating | ayer.
-65 [0133] Table 8: BA4AC deposition conditions Itens Conditions BCl3 5

Vol % CH4A 5 vol % H2VDadRipRes Vo o5 gact i ohl @ enperat urecdo0d® tr SRS Gas
flowrate 10 1/mn Reaction time 5 hours In the above coating |ayer,
predet er mi F&d HF f $URP oRed heatnt geat henpset tect2wasdr édoghi 2e8OBy the same

heat treatnent as that in Exanples 3 to 5. [Exanple 7]
trichloride [BCl;], methane [CH;] and hydrogen [H;] to a

heating furnace 1 via a flowmeter 3 and a regulating valve 5
A liquid-piston pump 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
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 B4C 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 ceoating layer.
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[0134] Since the cenented carbide used commonly in the warm or hot region
has a WC nean grain size of 3 pmor nore, evaluation was perforned using a
WC powder of so-called mddle to coarse grains. A commercially avail able
WC powder having a nean grain size of 5.7 pm a commercially available Co
powder having a nean grain size of 1.3 pm a comercially available N
powder having a nean grain size of 1.5 pmand a C-C powder were weighed
in accordance with the conposition of WC 13%Co-2%Ni - 1%r [ 15LB] and

WC- 18%Co- 49N 1@3@ £22HB] and then m xed. A conpact having the sanme shape
as in Example 1 % oduced -66 fromthe resulting m xed powder, and

subj ect ed i%bJs q%u se Si nterlﬁéﬁ)d n vacuum at 1380C for one hour to

obt ai n T nt er pé’ﬁ%llonT HXFRing material was prepared using
silicon [carbide Si ? as a’siriconsource of a heat treatment. The
preparatijon method i§*The sanme as [that in EX4Npre" and a 15%

Si G-cont gi ning et harg:g coati ng aggnt was prepargd. The surface of the
sintered {materi.al _was "éoat ed by a dipping _nethod, followed by drying and
further diffusion heah, treat ment .| The heat 4 RRALMENt Was perforned at a

t enper at ure—of—13060C+o6r—3—hours—A-sanpte—rmade—of—a—non—qoated materi al
was al so ieval uated fdt: conparison.| The samplaczubpetted the heat treatnent
was cut at the

Reaction temperature 1000 to 1200°C
Gas flow rate 10 1/min
Reaction time 5 hours

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

[Exanple 7]

[0134]

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

A commercially available WC powder having a mean grain
size of 5.7 pm, a commercially available Co powder having a
mean grain size of 1.3 pm, a commercially available Ni powder
having a mean grain size of 1.5 pm and a Cr-C powder were
welghed in accordance with the composition of WC-13%Co-2%Ni-
1%3Cx [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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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' hardness tester.
As a result of the structure observation, an inprovenent in distribution
density of WC grains was recognized when the depth is about 2 mmfromthe
surface layer portion. Wien the depth is nore than the above range, the
structure contained a | arge anount of the binder netal. The results of the

har dness asurenment are show in _Tabl 9 and Fig..10. [0135] ,-67 .-Table 9
AN ot S S R T N ST St ST R
surface ( 1300C 1300C 1300C 1300C 0 930 1220 730 980 1 920 1170 730 900

2 920 1050PF2%F SRR GHH Yoo FAeUT 19t 42930C o4 pr 7302 7291 592008301 730 720

6 920 930 730 730 7 930 920 740 730 8 920 920 730 740
each sintered material.

Then, a ccating material was prepared using silicon
carbide SiC as a silicon socurce of a heat treatment. The
preparation method 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 sectlon 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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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 increase in hardness of the surface |ayer portion was recognized.
When regarded as hardness gradient portion, diffusion -68 depth of silicon
is smaller than that in case of boron diffusion material, and this reason

is conside as.a difference in characteristics between boron and silicon
el ements. e? it was recogni zed that diffusion mgration of a binder
nmetal is fhe Sane as {hat oI, poron. Tt shé ver/ us?%ﬁ featjure § Bt oolk to
be appli ed fegrthhifgbm {e erq%ure rlange g F OV mnth th% ? gict of
surface cammessime fes %Rmif%ﬁress ot ﬁﬁ re>S| Yeat whi ch
is fatal to_warmand hot }#HHE as wel 113588 °Reat reEFH}éhrp and 18P datio
resistance. When SiB6|is usgd as the cqabhng nmpteri gkg 980

1 920 1176 730 900

2 920 1050 740 830

3 830 900 740 710

4 930 910 730 720

5 920 930 730 720

6 920 930 730 730

7 830 929 740 730

8 920 920 730 740

9 930 930 740 730

10 930 920 740 740

11 - - - -

12 920 930 740 740

13 - - - -

14 - - - -

15 $20 920 740 730

As is apparent from the results shown in Fig. 10, the
hardness showed comparatively low value because coarse WC
grains are used. 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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characteristics of the surface |layer portion, which are conposed of both
characteristics of boron and silicon, are obtained. [0136] [ Performance
Test] Production of Sanple A conmercially avail able WC powder having a
mean grain size of 1.5 pmand a Co powder were wei ghed in accordance wth
the conposition of WC-14%o and m xed, charged in a stainless steel pot,
together with an ethanol solvent and cenented carbide balls, and then
ground and m xed for 30 hours. The resulting raw slurry was charged in a
stirrer an fter vaporizing the, sol vent . 5% by weight of a paraffin
wax was ad%ee%&lf% |%~'€£Jdc%’§/ TRy {ht}ﬁ%%t%?@ttbxﬁﬁf oOf-}%@r‘Ei'Et ain a
conpl eted powder., Sim| ar| a comercial | avai |l abl e WC powder having a
mean gr ai n(PJs%ilg%SJo‘?n @%t%ﬁ%]nd %{ngd)h]p%mﬁ%?g%résm%‘f’@ﬁéﬁe?‘ﬁgaﬁﬁo?dance with
the conposition of WC17%Co and m xed, followed by mlling,_ drying and
further f%‘g[%?c%vak“ t P G FE B bRl R B powdeF O LBPAgS al €p2B mm press
mold, a die cavity was filled with the conpl eted powder and the powder was
pressed urffetMaPt Hr eslowcy et 1t sigysc i acgrolnes ikl te shipalots vasuri ng p25 x
30 L mm The resulting conpact was decreased and presintered in a

presi nt er g Falrifdc e fata JoOTIandeheh subjleeteame oaa that of boron. It

is very useful feature for tools to be applied for high
tenperature range to be provided with the effect of surface
compressive residual stress on suppression of heat cracking
which is fatal to warm and hot tocls as well as heat
resistance and oxidation resistance.

When SiBe 1s 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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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 17%Co
all oy was produced using a 3.2 pm WC powder and then subjected to a
gradient treatnent (VG under al nost the sane conditions. [0137] G adient
Treatnent In this exanple, #200-B4C powder was used as a diffusing

mat eri al . Ethanol and the B4C powder were ground and mxed in a ball mll
for 5 hours. Furthernore, a B4C coating material adjusted by PEl was
prepared antd-he ae%?@?ﬁ% edUPPULRE - of S} ?ﬁ%%ﬁrﬁeﬁéﬂp?ﬁﬁ®agﬁﬂ t he
sintered body whi ch _are subjected to be a gradient treatnent, were -70
coat ed wi tFVal prebetF nPrede AndRint ef 2t Re2BodERRY AREEr PAl 3 - 2f BTNl B@daby
drying and further gradient treatnment under various conditions shown in
Tabl e 10. Eackwdmplecdt Yheohed ath enecordaned dirbythhusonbraihédanwas cut
in the center and polished, and then structure observation, elenent
concent r at¥ont &¥ad y3id mhdehar Gnebevadabyrerthinger erypegf andedurf0e38)
Tabl e 10: WC (1.5p)-140Co gradient treatnment conditions Sanple Object to
be subj ectreik g farsi v niat erhad ivaz ucomsl atedi pgwiler.t o gradi ent treat ment

and coating weight conditions
Using a 25 mm press mold, a die cavity was filled with

the completed powder and the powder was pressed under a
pressure of 1 ton/cm® to obtain a compact measuring @Z5 x 30
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 pm WC powder and then subjected to a
gradient treatment (VG) under almost the same conditions.

[0137]
Gradient Treatment

In this example, #200-B,C powder was used as a
diffusing material. Ethanol and the B;C powder were ground
and mixed in a ball mill for % hours. Furthermore, a ByC
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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PD125 Presintered body B4C 20 ng/cn2 1250C x 60 mn PD130 Presintered body
B4C 20 ng/cnR2 1300C x 60 mn PD135 Presintered body B4C 20 ng/cn2 1350C x
60 mn PD140 Presintered body B4C 20 ng/cnR2 1400C x 60 mn SGL20 Sintered
body B4C 20 ng/cn2 1200C x 120 mn SGL25 Sintered body B4C 20 ng/cn2 1250C
x 120 mn SGL30 Sintered body B4C 20 ng/cm 1300C x 120 min [0139]
Structure Characteristics In the sanples PD125 and PD130, apparent
"cavities" seen as dispersed black spots are rermained and are in the
state of including, internal defects as an allo¥ material ., Wien an all oy
Lool is prodbed Usihg" SUEROGL REEERPAI 2MORET] §1- TASaBBaF SRE FRAECELAL’t ool
is fractured within a very short tinme after the initiation of use because
"cavi ti es"teEFVEEAsOR AFYERY RS of PEFREY | AreAse’hnpr8atrgns HAdePDL40
wherein the gradient treating tenperature increased, "cavities" as
internal ERFEREs redskhrrel yhovsetVedabéealSe diadonpretle sphtlehe ng
densification, but concentration gradient of a Co binder phase is
drasti cal |19rameteart feared hel bay f bleest edthenedt eapoeut FThetheasentes
considered that a liquid phase appears in the entire base material and
t her ef or e arhe oncEMdatdph dien het ritquired phasevhetoneselainéotm within a
range fromthe B diffused region of the surface to the interior undiffused
concentration analysis and hardness measurement were

performed.
[0138]

Table 10: WC (1.5p)-14%Co gradient treatment conditions

Sample | Chject to be subjected | Diffusing material | Vacuum sintering
No, to gradient treatment | and cecating weight conditions
PD125 Presintered body B,C 20 mg/cm® 1250°C % 60 min
PD130 Presintered body B,C 20 mg/cm? 1300°C * 60 min
PD135 Presintered body B,C 20 mg/cm’ 1350°C x 60 min
FD140 Presintered body B:C 20 mg/cm® 1400°C = 60 min
8G120 Sintered body B,C 20 mg/cm® 1z0c°C % 120 min
SG125 Sintered body B,C 20 mg/cm? 1250°C = 120 min
SG130 Sintered body B,C 20 mg/cm? 1300°C % 120 min
{0139]

Structure Characteristics

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

When an alloy tool is preduced using such a material, it is
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region. Adifference in the WC grain size between the surface | ayer and the
interior is not recogni zed. In the sanples SGL20, SGL25 and SG130 wherein
the gradient treatnent was perforned fromthe state of the sintered body,
"cavities" as internal defects are not observed. As the gradient

structure, concentration gradient of a Co binder phase fromthe surface

| ayer portion to the interior can be clearly confirnmed. As described
above, contrastive structure gradient is exhibited when the gradi ent

treatment |j f or fromihe state of the .presjintered bod and_ t he
gr adi ent t%é%%ﬁ%%? ?%g%eég%r%%%lf%%nffﬁgtgfg?ewégh%ﬂea E?ﬁFe¥88r ody™“and
it is foundf%o bﬁ%i ortan%.that gradient treatnent. is,perfornmed at the
tenperat ure: “af WAT ch't he?t ¥ | PHura® phaseappear &bt ¢ heS§FKEefPng base
materi al , fr lower. FEven if the gradient treatnment is perfornmed fromthe
state of tHEPIESiMEEYEY body, any grain growth structure is not observed.
[0140] Hardness_ Characteristics Distribution of hardness fromthe surface
layer portion t5 tHe iTR&Ei9T DY e MbaBit theriereignbip grafignti1l. Since
t he sanpl es PD125 and PD130 exhibit dispersion in neasured val ues,

descri pti FrF oIt S-SR oniHiedngreased| n cavityeadi ent inkreanadnt of the
presintered body, an inprovenent in surface hardness Hv of about 300 is
recogni zedlafsedohparedcarcely observed because of complete sintering

densification, but concentration gradient of a Co binder
phase is drastically unclear from the surface to the interior.
The reason is considered that a liquid phase appears in the
entire base material and therefore the concentration of the
liguid 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 $G120, 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

A72W



with the internal hardness of the base material in the sanples PD135 and
PD140. This reason is considered to be a synergistic effect of an

i nprovenent in hardness due to a decrease of the Co binder phase anount of
about 3% in the surface |ayer portion and an inprovenent in hardness due
to solid solution strengthening or precipitation strengthening of B as a
diffusion elenent. Conparing with the surface hardness due to SGL25, 130,
the hardness Hv is | ow by about 200 to 300. In the gradient treatment from

e P ] BhEfa Do n?ﬁﬁgr§lo§lﬁggn%fngéggn oh0E REERETLY MHETLEAL:.

particul ar as snmal Ve~ ener and' ex

di ffusion e d thus di ffusion,_rapjdl eeds the pres e of

-73 a |IQUId§%h%52€h%h% %?%t ﬁ%ag?%ﬁt %%n@ f?ﬁ?%g ?ﬁo?h esﬁg?ggeorayer
portion is not attai ned enent . scarcely contributes to remarkable
o1 0 50l TP P PTG artl b1 GLF b L AL POR" 26 T EHGEHERI b5, 16h the. of her
hand, in the sa es SGL20 to SGL30 wherein the gradient treatnent was
per f or med $¢OmM e state of the sintered body, a remarkabl e inprovenent in
surface hardness is entirely recognized. Wen the gradient treating

t enperature i ncrlddsds) the depth of the gradient region tends to

i ncreases. By the way, when the gradient treating tenperature increases
furt her norL467S eyXdmAaC t st t¢2at ed  at 1400C, a |iquid phase appears in

the entire material and
Distribution of hardness from the surface layer portion

to the interior by Hv Measurement is shown in Fig. 11. Since
the samples PD125 and PD130 exhibit dispersion in measured
values, description of data was omitted. First, in the
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 PDI35 and PD140C. 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 8G125, 130, the hardness Hv is low by about
200 to 300.

In the gradient treatment from the presintered body, B
and 51 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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t herefore surface hardness decreases to the same level as that of the
sanpl e PD140. [0141] Conparison of Co Concentration and Hv-Co Rel ationship
A graph showi ng distribution of Co concentration from the surface |ayer
portion to the interior by EDAX analysis is shown in Fig. 12. Co
concentration distribution of the sanples PD135, PD140 subjected to a
gradient treatnent: from the state of the presintered body increases from

the surface to the interior but increases very slowy, and concentration
nd PD140:

ratio bs/bj pf _th rfaceldinterior is . as follows: D135 = . 66

0.87. On't ePlcfi{%lecr? Eﬁrgansds‘ i nﬁ}%reefsoarrﬁjl ed'SSE7g: ¢ ﬁfﬁ%%ateﬁ?&%& of the
pr esent inven%%on, the Co concentration of the, surface is very small and
tends to rapidly®inefease ht et S postt#bhainednendi ﬁi??e%?n he surface
(2 mmapart fromthe surface) The value bs/bi calculated in the sane
manner is SYATSS ST A PO FOvES SeEdpkabpe 530l 5 98lut gong and SGI130 =
0.28. [0142] Evaluation of Fracture Toughness of Surface Layer In the
present i n/erfttEMeN Hrye TONDF eeEh Ve F Bl delareneth@’sngs generated at the
gradi ent surface |ayer because of the structure constituted of a high

har dness surfac® &yer athenHiat t+ het dirintaradle heSbl Adero phasead decr eased

drastically, ‘
wherein the gradient treatment was performed from the state

of the sintered body, a remarkable improvement in surface
hardness is entirely recognized. When the gradient treating
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 concentraticon from
the surface layer portion to the interior by EDAX analysis is
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: C.87.

On the other hand, in the samples SG120, $G125 and
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and the interior in which the ambunt of the binder phase increased. An
exanpl e of evaluation of fracture toughness by the IF nethod will be
described. This drawi ng shows cracking propagated from Hv indentation of
the surface layer. The length of crack propagated fromthe surface to the
interior of the gradient structure was extrenely shorter than that of
crack which is perpendicular to the above crack. This phenonenon suggests
that fracture fromthe surface to the interior is less likely to occur

b f d t d.to th f
ayer by (RE' 87 agf oniCobFostire: BY Enator ERRnrS: ROBREPBRS “Afn a?siwe
suggests the graglent struct e of t resent erntlon has bg E

har dness and - h?gﬁef%ua%ﬁ s Ul etﬁnFPﬁe & W'Fhe88Eh° 6t hBF.

[0143] The above results are supmari ze As a_netalloid based _el enment,
was parti cufattiPletecta %Cén%Bﬁpﬁﬁ Hh%fSBrfPF8n1?h@mg?BﬁﬁtcéﬁgmsFFﬁg
B, Si and P and a gradient _treatnment was carried out, and then various
eval uat i o3 WA e perft Mtk LAP S e iA kS ukTHeE S ol oW g TR S MRR e ¥Dund.
1) In the present invention, a sintered body is subjected to a gradient
treat ment ,VERY etial L det e 5l d0s notChEP se. 02341 nSEhaSgrali 8At EPdabrBAP of
t he present i nvention, hardness gradient (Hv = about 400 to 500) is
obt ai ned. 3)0148 ¢ he gradlent treatment of the present invention, a

[0142)

Evaluation of Fracture Toughness of Surface Layer

In the present inventicn, large compressive residual
stress 1s generated at the gradient surface 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 amocunt 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 of crack
propagated frocm 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
Lo 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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gradient structure is obtained regardless of the WC grain size. 4 In the
gradient treatnent of the present invention, a gradient structure is
obt ai ned because the concentration of a binder phase of the surface |ayer
remar kably decreases. 5) In the gradient treatnment of the present
invention, WC grains do not grow and a gradi ent structure is obtained
regardl ess of control of the grain size. 6) In the gradient treatnent of
the present invention, fracture toughness of the surface layer is

extrenely hf@ﬁ %ggﬁq?gggu§ﬁl rgs va|?a§§|?%§L?sgagﬁS°£ﬁ enerated in the

surface | aye hé presen inventive WC Co

systenlcenented ge haV|ng hlgh strength and hi gh toughness is
excellent in mea i stance, toughness, chipping resistance and thernal
crack resistan sa that an be a plled and useful for tool for cold
Forging. rofl e % SHOTS i HECT oore EFHRRThGeabl difod TANA BRI At hng
wear resistant tools. -77 CLAIMS 1. A nethod for producing a cenented

car bi de neteTRHRt- %ﬁﬁmﬂ?%lW@Ft%%%}%E%Yn%eéQVE?@ba§y§t%ﬁmEBHﬁQCP cBnt ai ni ng

an ML2C to o , ,
from the greocup consisting of B, Si and P and a gradient

treatment was carried out, and then various evaluations were
performed. As a result, the following facts were found.

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.

6) In the gradient treatment of the present invention,
fracture toughness of the surface layer 1s extremely improved
because compressive residual stress is generated in the
surface layer.

[0144)]
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MBC type doubl e carbide (Mrepresents one or nore kinds selected fromthe
group consisting of Ti, Zr, H, V, No, Ta, C, M and W and one or nore
ki nds selected fromthe group consisting of Fe, Co and NN) as a main

conponent of the surface |layer portion to a carburization treatnment; and
subj ecting the conpact to liquid phase sintering, to form a sintered body
havi ng the nean grain size of the surface |ayer WC which is adjusted

depending a liquid crystal sintering tenperature as an indicator. 2. The

met hod forlrpgggy%ngvglfg}%pgg carbide material according to claiml,

conpri si ng jectin system corrpact contai ning the ML2C type

doubl e carbj nges e nds_selected _fro th up
consi sting 0}?991;{}\4 I—ifne\p%tﬂg @% ?;bem A gea%dc%%%l(g% n%‘r”gn i nds

I df h fF
of the  SUTAhe TEPMT RO EThab HOLAPBUNE2at) ﬁc?mi{“ﬁeh? fgag comonen

t enperature of 600 to 900 and s ectl ng the conpact to phas
sintering &t°%° ?%%%’er%?‘ﬁ?q@“%?sm? PRandI 178868 2R 5Sf B th Ekgg’ﬁ? r@Haﬁgdy

having a grain size gradient structure where the nean grain -78 size of the
surface | a&YEt-METE sl | &2t hdh tRarPef a?ﬂéleﬁr?@ijn%eﬁ’é%e?i’él toglsthe

met hod for_producing a cenented carbide material according to claim1,
Conpr|3|ng&3r celd forging, rolls, bits for mining tool, crushing

hiades, cutter blades and wear resistant tools.
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subj ecting a WC-Co system conpact containing the M3C type doubl e carbide
(Mrepresents one or nore kinds selected fromthe group consisting of Ti,
Zr, H, V, Nb, Ta, &, No and W and one or nore kinds selected fromthe
group consisting of Fe, Co and Ni) as a main conponent of the surface

| ayer portion to a carburization treatnent at a tenperature of 800 to

1, 100C, and subjecting the cpnpact to liquid phase sintering at a
tenperature of nore than 1,350C, to forma sintered body having a grain

si ze gradient structure where the(ﬁﬁgﬂq rain size of the surface |ayer WC
is larger than that of the original ndterial. 4. The nmethod for producing

a cenent ed, car bi de terial according to clai %, further c rising:
coating th%'surfa&@gﬁgv%rg%ﬁr?¥%§u8fngh@ E?ﬂ?%gé B%HélQﬁAPﬁggB&S ound
contai ning_boron and/or silicon and subjecting the coated sintered body to
a diffusi onat®* %9 eatnent at a temperature within a range from 1,200 to
1,350C. 5. A nethod for, producing a high strength cenented carbide
material, conpri$HMECETY sUbfect? ngY &t - coRySE errBbAbAERI cont Hizki 1§ an
ML2C to MBC type doubl e carbide (Mrepresents one or nore kinds selected
fromthe dfdufYeensi®HLfy Srrbride M Mpragents e oomond ahedsy and one
or nore kinds selected fromthe group

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;

and subjecting the compact to liguid phase sintering, to 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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consisting of Fe, Co and Ni) as a main conponent of the surface |ayer
portion to liquid phase sintering, to forma sintered body; coating a
surface | ayer portion of the sintered body w th a conpound containi ng
boron and/or silicon and subjecting the coated sintered body to a
diffusion heat treatnent at a tenperature within a range from1, 200 to
1,350C, which is lower than a |iquid phase sintering tenperature. 6. The
nmet hod for producing a cenented carbide material according to claimb5,
wherein th r tin e ng; Al 0 o] o] ng per
cnR of theg%%gt?ﬂggﬁgriggf%egAiﬁygﬁ @?rgg ?ﬁgggngnggg cgngdgksfﬁgered t ool

whi ch co i if. stem sintered body contai ning an ML2C type
doubl e car %? represen 5§ one or nore kinds selected fromthe group

consi stin of Ti Hif Ve Nb one nor e, ki nds
sel ect ed ??onwtr%p%ﬁ%ﬁﬁpdd %?s?¥%€u%*n$e %%m%%ﬁﬁﬁ ?aﬁg Qenﬁ?ﬁ €Ebiponent
of the surface hﬁ% |on wherein the surface |l ayer conprises a grain
si ze gradi®HO<T t?ﬁe HP el t NePHRahS §r@i n size of -80 the surface | ayer

Wis 0.3 to 0.7 tinmes smaller than that of the inner portion and a
concentration grithiEit 9t @t e-° whet efh SO Hefer cRREalnHRIt hee sthd ace

| ayer portlon transfers to the interior side.
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 compocnent of the
surface layer portion to a carburization treatment at a
temperature of 800 to 1,100°C; and

subjecting the cpmpact to liguid 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°C
5. A method fer producing a high strength cemented carbide

material, comprising:
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8. The high strenth cenented carbide sintered tool according to claim?7,
whi ch the surface |ayer portion has a nechanical property provided with
har dness HRA of 91 to 95 and toughness Kic of 15 to 23 MN'nB/2. 9. A high
strength cenented carbide sintered tool which conprises a WC-Co system
sintered body containing an MBC type double carbide (Mrepresents one or
nore kinds selected from the group consisting of Ti, Zr, Hf, V, Nb, Ta,
Cr, Mo and W and one or nore kinds selected fromthe group consisting of
Fe, Co and N) agua.na%n conpone t of the surface Ia%er. Eortion %?erein
the surface |ayef tohpriigsia gr PnS¥FLe™ GPRAFRENt CSPFALPAPE RRele S He nean
grain size Q; the s rﬁgﬁg layer WCis 1.5 or nore tinmes |arger than that
of the innét- Pditi G nt'f ot FIOFE 7 AP PR sPF LB ER X hEF ei n a

bi nder netallof the surface |ayer portion transfers to the interior side.
10. The hi gt Strent hire8nkhted  @apPbreBssrhiteea’t 66r “&ecHidi g P8 clairm 9,
which the surface |ayer portion has a nechanical property provided wth
har dness HRA dfe 887¢ o 92anandng odghhess Kiedsf sgdecse80fwNmnBh2. 9XPUPA hi gh
strength cemented carbide sintered tool which -81 conprises a WC-Co system
si ntered bedystoRta® nPhgFan M 2@ndolVi MB&st gpeadoubbepeaebidef( Mheepr esent s
one or nore kinds selected fromthe group consisting of Ti, Zr, Hf, V, Nb,
Ta, Cr, Muahdceylayer operbromore kindsdsphestedifitemitbe groliprin a

sintered body;

coating a 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°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, 2r, 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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consisting of Fe, Co and Ni) as a main conponent of the surface |ayer
portion, wherein the surface |ayer portion contains boron or silicon of
0.010 to 1.0 wm.% and conprises hard grains having higher distribution
density than that of the interior. 12. The high strength cenented carbide
sintered tool according to claim11l, wherein the content weight ratio of
iron famly nmetals (nore than one kind selected fromthe anong Fe, Co and
Ni) to hard grains WC in the interior side is from5 : 95 to 40 : 60. 13.

The hi gh b d, 11,
aor i t e GurTaS Fay §9rcﬁ oh Oapt R Ca T aBR0RSor 108 ST R B L RE OF

0
surface CottalngnégngEQIOH and a/%ggcghggg%lggtgradlg%t structure

wherein a binder metal of the surface layer portion transfers
to the interior side.

8. The high strenth cemented carbide sintered tool
according to claim 7, which the surface layer portion has a
mechanical property provided with hardness HRA of 91 to 95
and toughness Kyc of 15 to 23 MN/m°/%.

9. 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 lavyer 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 teo 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/m®/?.

11. A high strength cemented carbide sintered tool which
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comprises a WC-Co system sintered body containing an M;C to
M3: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 portion
contains boron cor silicon of 0.010 to 1.0 wt.$% and comprises
hard grains having higher distribution density than that of
the interior.

1z2. 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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