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This invention relates to a hard alloy having excellent
hardness, toughness, wear resistance, fracture resistance,
plastic deformation resistance and thermal cracking resis-
tance, in which7§iate—crystalline tungsten carbide (here-
inafter abbre&iated to "platy WC") is crystallized, specif-
ically to a‘'platy WC-containing hard alloy suitable as cut-
ting tooléﬁsuch as an insert, a drill and an end mill, a
base material of a coating super hard tool, plastic working
tools such as a drawing mold, a die mold and a forging mold
and shearing tools such as a punching mold and a slitter, a
composition for forming platy WC and a process for prepar-
ing the platy WC—-containing hard alloy.

In general, hardness, i.e., wear resistance and strength
and toughness, i.e., fracture resistance of a hard alloy
can be changed by a particle size of WC, a Co content and
an addition amount of other carbide so that the hard alloy
has been widely used for various purposes. However, there

is a problem of antindmy tendency that if wear resistance



15. tools such as a drawing nold, a die nold and a forging nold and

shearing tools such as a punching nold and a slitter, a conposition
for formng platy WC and a process for prepar- ing the platy
WC-cont ai ning hard all oy. 20 I n general, hardness i.e., wear

resi stance and strength and toughness, 2i ~e., fracture resi stance of a
hard al | oy can be changed by a particle size of WC, a Co content and
an addition amoynty of 0l O&ls Cal 46,30 L3t HSehggdlé‘wéPXd wh 1 Sif’fee“
wi dely used for~vari T oUS pur poses. Wever, ere bro'ﬁenro :
ant i nony tendenéyactuxe|#esm§manm§sa§tQﬁgghtened, wear resistance is low-

- 2- i's hei ghtgned, fracture resistance is |lowered, while if

fracture resistance is heightened, wear resistance is | ow ered. 5
As one course for solving this problem there may be nen- tioned a

means obt ai med Ry ¢y idEarEd edd @d1vAnaNk8ekl pP¥blem, Of hd®s hay} G men-
characteristics, due %o crystal .faces

cificall for exa
a means rel ati ngt¢%° Qﬁ|%Bfalnedr%YWRPXHHB|3€§9%E9%&|E¥S Eg}oaty
WC has a shape oépnecham.cadercthactab)teaiisrtﬁaagtieeptat erystal hﬁa«agsartaﬂ We.ate

and has a %%%U%I Y drf [ t
(001) face since t%—)f %iﬁ Zﬁfogro 1Ie gt a%gnﬁoréfgﬁﬁée&; %rh%d al'ﬁoy
har dness and t h&n dvieh ivkpof W @%G@Fsﬂawbl§hoﬁéaty Wcthﬁﬁrﬁgﬁhﬁﬁeeﬁ%ﬂﬁQT:
nmodul us, or A PEOSESS BhPra RERAIGIRIhBeeldr §aABxagonal plate and has a

(001) face preferentially grown in the direction of the
(001) face since the (001) face of WC crystal shows the
highest hardness and the direction of a (100} face shows
the highest elastic modulus, or a process for preparing the

15 same.

As representative examples of prior art technigques relating
to platy WC, there may be mentioned Japanese Patent Publi-
cations No. 23049/1972 and No. 23050/1972 and Japanese Pro--
20 visional Patent Publications No. 34008/1982, No. 47239/
| 1990, No. 51408/1990, No. 138434/1990, No. 274827/1990 and
No. 339659/1993.

Among the prior art techniques relating to platy WC, in
25 Japanese Patent Publications No. 23049/1972 and No. 23050/
1972, there has been described a process for preparing a
platy WC-containing hard alloy by using mixed powder which
comprises colloidal tungsten carbide powder containing a
porous agglomerate for growing platy WC and powder of Fe,
30 Ni, Co or an alloy thereof.

In Japanese Provisional Patent Publication No. 34008/1982,

there has been described a process for preparing twin tung-

sten carbide in which (001) faces are bonded as a twin face
35 by adding a small amount of an iron group metal salt to



As representative exanples of prior art techniques relating to platy

WC: there may be nentioned Japanese Patent Publi- cations No.

23049/ 1972 and No. 23050/1972 and Japanese Pro- 20 visional Patent
Pubtications No. 34008/1982, No. 47239/ 1990, No. 51408/1990, No.
138434/ 1990, No. 274827/1990 and No. 339859/ 1993. Anong the prior

art techniques relating to platy WC, in 25 Japanese Patent Publ i cati ons

No. 23049/1972 and 50/ r(1)97 th ire hagﬂQg ﬁ?j%‘a pr.ocess
for preparing a® QEF5W$P °§oﬁ arne 8 Rard©atfo y sing™ & p&ﬁﬁer
whi ch conpr itsesl Zigld ¢m@am1KMngstendearbede1@@mder ontalnlng a

porous aggl onerate for growi ng platy WC and powder of Fe, 30 N, Co or an
al I oy thereof. I n Japanese Provisional Patent Publication No.

34008/ 1982, Ryydihethad hdapaneser Previaiprat cBaten Bsati@nswie -t ung-

sten car bi desin MY 16801 hnkiases ane4bondedo astiRet eV Hhd B dedtriddd BY a
smal | anmpbunt of an iron rouggneta

s
- 3- m xed RFRaFES R&Hnﬁu?véﬁ‘geﬁlwiér@ GSERE ¢ R R gtarting
boni zi ng t he m watreriwider Bedtidngolution &fir (WeTi, Ta) d apamvdsiePrromigsitenal

Patent Publ i cat g5,y 1.5 4239048900200 Mee, 13PARAL ISP LT eg pacer

descri bed a process prepari ng using, as a starting
mat eei al , a soI|Qﬁk&ﬂﬂyngopléﬁY(WFTﬁtTEFQZFhmﬂh¢5rﬁxmﬁﬁﬁﬁng1underb@ﬁ@ﬁd@9|s
cont ai ned | pga super-saturated state and crys-

Next, in Japanese Provisional Patent Publication No.
274827/1990, there has been described a process for prepar-
ing an anisotropic hard alloy by subjecting a used hard
alloy to oxidation, reduction and then carbonization to

15 obtain powder, molding the powder and then subjecting the

resulting molded compact to sintering or hot pressing.

In addition, in Japanese Provisional Patent Publication No.

. 339659/1993, there has been described a process for prepar-

20 ing é hard alloy containing platy WC by subjecting mixed
powder comprisiné WC with a size of 0.5 um or léss, 3 to 40
% by weight of a compound with a cubic structure and 1 to
25 % by weight of Co and/or Ni to sintering at 1,450 °C or
higher.

25
In the hard alloys or the hard alloys obtéined by the
preparation processes described in these 8 publications,
the growing rate of the (001) crystal face of WC is low,
all of the a axis length, ¢ axis length and c¢/a ratio of

30 the WC crystal are small and the ratio of platy WC con-
tained is low, whereby there is a problem that all of vari-
ous characteristics of the hard alloy, particularly hard-
ness, wear resistance, strength, toughness and fracture
resistance cannot be improved. Also, in the preparation

35 processes, there are problems that it is difficult to con-
trol a particle size, it is difficult to heighten the ratio



tallizing platy WC at the tine of sintering under heating. 10 Next, in

Japanese Provisional Patent Publication No. 274827/ 1990, there has been

described a process for prepar- ing an ani sotropic hard alloy by

subt ecting a used hard alloy to oxidation, reduction and then

carboni zation to 15 obtai n powder, nol di ng-tée-powder and then subjecting

t he resul ting ol ded conpact to sintering or hot pressing.

addition, in Jap S|onal Pat ent . Publicatio / 3,

t here has been d%géiﬁﬁaa 6ngglne Orsa%g %Focﬁ seQ é%?rﬁﬁcﬁ%ﬁ 03 6%¥%

cont ai ni ng pl at ytoA& ﬂ;axsmlﬂ]é@m AQ whxeu comppsmﬂewn@bmmmn@ﬂm:met R ian-

size of 0.5 [errjsm Aﬂﬁ“@re%g%%tﬁgn cos Y %%ht of a conmpound with a
1

cubic structure an % by weight o “and/or Ni to sintering at

1,450 C or hi gher. 25 In the hard all oys or the hard all oys
obt ai ned by she preparati on peQEEce ORIaHE iRgNTIoNNese 8
publ i cati ons, the growng rate of the (001) crystal face of WC is | ow,

all of the a axis length, ¢ axis length and c/a ratio of 30 the WC crystal
are smal |l and thehe ginesaft inaentiBnchas solvédi tieel prsobleams vahaercﬁgcrti]bede

is a probl emthaédbo@lé %Ind’%' Object U Fﬂér@%%ﬁétiﬁ rP{ch‘%shacr ﬁg‘xﬁ&e

particularly h resi stanc oughness
fracture r e RAtde W?arm@ttabélpﬁphévédalmx oexhl*b%ﬂfﬂé'lspraemlﬁ%ﬁt&&

processes, uler G ff&td k?P'l'ﬁ'?ﬁ: tha%hnégsl Shilihf E&6ind S5 GG high 9tdlerdth
particle size, it is difficult, tg&pgl hten the,ratio

-4- of pIaIEhQM34ﬁ¥ S¥eds pWﬁEEsﬁ%%lﬁEﬁP?ﬁe%ﬁnﬁ*Qﬁ}%ﬁﬂFy toughg 4
hard all oy i n wheds cdamdgh apdakhleonpoaettisearesisttance is excellent,

which cannot be considered in a conventional hard alloy,
and achieving a long lifetime by heightening all of the
15 growing rate of a WC (001) crystal face, the a axis length,
c axis length and c/a ratio of WC (001) crystal and the
ratio of platy WC crystal contained, and to provide a pro-
cess for preparing the same, by which platy WC can be eas-
ily incorporated into a hard alloy by sintering under heat-
' 20. ing mixed powder of platy WC-forming powder comprising com-
posite carbide containing an iron group metal, W and C or a

precursor thereof and carbon powder.

The present inventors have studied for many years in order

25 to improve strength, toughness and fracture resistance of a
hard alloy without lowering hardness and wear resistance
thereof, and consequently found that such an object can be
achieved by heightening all of the growing rate of a WC
(001) crystal face, the a axis length, c axis length and

30 c¢/a ratio of WC (001) crystal and the ratio of platy WC
crystal contained. In order to obtain such a hard alloy,

- by adding carbon powder to composite carbide comprising an
iron group metal, W and C or powder of a precursor which
forms this composite carbide during heating and then heat-

35 ing the mixture, platy WC satisfying the characteristics



Ited, and preparation cost is high. 5 SUMVARY OF THE
| NVENTI ON The present invention has solved the problens as descri bed
above, and an object of the present invention is to provide a platy

WC: €ont ai.ning hard alloy exhibiting a synergistic 10 effect by high

har dness, hi gh toughness and high strength- 5 —~that hardness is high, wear

resi stance is excellent, tough- ness is high and al so fracture
resistance is e%%ﬁ" @ 4 ab annot . P onsug red |% a conﬁg tional
hard all oy, & achred ﬁ?je C?%n 51 Tt ¥re Jhtr&"i‘u g O o CHhR ™ 15
growi ng rate of tallizadadh, ctysaatompbesh thmapxesen;luawgﬂt;on C axis

| ength and c/a ratio of WC (001) crystal and the ratio of platy WC
crystal contained, and to provide a pro- cess for preparln% t he sane,
by which platy WhatanShethgsplaty WEycenmipistathard midoy kir hal psgsept

sintering unsler jRQRIntidd ikNE HhXQUa POYE Qfh éh RickiptiWesk Qr %bngop%\f\ﬁgv 4 c
an

conprising com de contalnln an iron_group neta
or a precur?@ﬂupﬁepéoﬁ § ﬁrBBﬂS%oﬁRRﬁ ning atﬂ#%aﬁFe§€ﬁt°Fn%EﬁPors
have st udi ed fogroapy mgeals (aobater (Cd) , troidkeglr o\dE )stamendtdon (Beghnassaand

fraCthe-rESiStﬁﬁﬁ% of mﬁon ntbnéﬂda{lkgybé(‘iféﬁ‘@&tc%én%t el p%%rs E%%P%Qgﬂﬁar

resi st ance ereot sequen Object can
achi eved by hequmQﬁtﬁg @Brbéﬁeth@rgt@NW$EFneﬂ&;hﬁdeadﬂgtalnlegoip &r hxt al

face, the a;@xi g,d1em@! Br §e§§l 8¢/ sngé:hp@mi 3P /R il s@fu¥Eyd01)
crystal and the ratio of y WC ystal cqontained. In qQrder to obtain

such a hard all @FleCtedb§r8{9dPHgl‘?:%?Bo?P%d%@é?aﬁl?}%n'"ﬁ’@sFltléréélebPéethe 4a
conprising an (tiitafdu@r QTR) netafcoﬂymd(ﬁprampmkﬁm@in gugnecupsor whi-ch

o T SO aRBRO S CHE bR AT R e BTy oo B 1
(chromium (Cr), molybdenum (Mo) and tungsten (W)) group
15 element of the periodic table and mutual solid solutions
thereof, and inevitable impurities, _ '
wherein when peak intensities at a (001) face and a
(101} face in X-ray diffraction using Ko rays with Cu being
a .target are represented by h(001) and h(10l1l), respective-
20 ly, said tungéten carbide satisfies h(001)/h{(101) = 0.50,
and the platy WC-containing hard alloy of the present

invention has three features described below.

DESCRIPTION QF THE PREFERRED EMBODIMENTS
25
In the following, the present invention is explained in
detail.

As the binder phase of the platy WC-containing hard alloy

30 of the present invention, there may be specifically men-
tioned, for example, Co, Ni, Fe, and alloys such as Co-Ni,
Co-W, Ni-Cr and Fe-Ni-Cr. If the amount of the binder
phase is less than 4 % by volume, sintering becomes diffi-
cult so that cavities remain in an inner portion, or the

35 rate of forming platy WC crystal is lowered so that
strength and hardness are lowered remarkably. On the other



-5-2 descri bed above can be easily fornmed by reaction and crys-

tatlization, to acconplish the present invention. That is, the platy
WC- contai ning hard alloy of the present 5 invention is a hard alloy which
conprises 4 to 40 % by -volunme of a binder phase containing at |east one
of iron group netals (cobalt (Co), nicke¢ {Ni) and iron (Fe)) as a

mai n conponent; and the bal ance of a hard phase conpri sing tungsten
car bi de, or tungste de cont |ni | ue .qr_ | ess

conpound with aq%ﬁb 'c ™ ructﬁpgun N3 ec eégfroﬁ¥éﬁo st éﬁma%&pug%rggde

and nitride of tWe sz:ludln@t pﬂan;aunryitgll 2 reokiiting1ar )denmbasEfchisemthat).)
22 ) Svanad uhdoed i bbbk eB00AA0L A {didd e ifhrkapalhr O U

(Cr), nol ybdenum tungsten group 15 enent periodic
tabl e and nutual solid solutlons t hereof, and inevitable inpurities,

wher ei n whenspeals itrtteewnipo@s;dawlah( 80&)b{ acst ARek @re in &rﬂé)alaft@cwc-eon-

X-ray dlffractlon Jusi r rays get are
represent ed by H lel?& %( %}?Y P@sEéEt?V%Se@E) Hl"‘gﬁn%"aﬂrﬁ ttﬁ’r‘r’&ﬁ BRYcBPoi de
satisfies h(OOl)sm(cb(fl)capéM lne@t50ned, fandexdreple atTatCNht aistzngvaard
aIon of the pre n th feat e I

DESCRI PTI ON OF @E%EP&H&E@E%%&N@H 4EN. | 6 1) ﬁceckﬁ Calr{év)me(ﬂ’q%%t gehen.
present inventi &&f itheggoanteadfi the compeand. Wlth a Apichestrusdarephase of

the platy Wconhaidddd shagdpg! L8Yusd, Qlfxetékﬁod%@%%twd MRALARg PI8kS W@y
be specifically nen- tiioned, for exanpl , N, and al’l oys Such

Fe,
as Co-Ni, C&W%atéweéh’ddﬁérﬁlﬁsﬁi SPfthyk }éﬁ]‘fﬁﬂﬂs%faf’tqqé'-%ﬁgﬁé’éss are

lowered remarkably.

In the first preferred embodiment of the present invention,

15 the platy WC-containing hard alloy comprises 4 to 40 % by
volume of the binder phase containing at least one of iron
group metals (Co, Ni and Fe) as a main component; and the
balance of WC, wherein when peak intensities at a (001)
face and a (101) face in X-ray diffraction using Cu-Ka rays

20 are represented by h(001) and h(101), respectively, said WC
satisfies h(001)/h{(101) 2 0.50. If the peak intensity
ratio of h(001)/h(101) is less than 0.50, the growing rate
of the WC (001) crystal face showing the highest hardness
is low, whereby improvement of hardness is small. The peak

25 intensity-ratio of h(001)/h(101) is preferably 0.55 or
more, particularly preferably 0.60 or more.

In the second preferred embodiment of the present inven-
tion, the platy WC-containing hard alloy has a feature that
30 the WC crystal has an a axis length of 0.2907 nm or more
and a ¢ axis length of 0.2840 nm or more. 1If the a axis
length is less than 0.2907 nm or the ¢ axis length is less
than 0.2840 nm, inner distortion of a WC crystal lattice is
small, whereby an effect of increasing hardness is small.
35 Further, the platy WC-containing hard alloy of the present
invention has a feature that the ratio of the ¢ axis length



phase is |less than 4 % by vol une, sintering becones diffi- cult so that
cavities remain in an inner portion, or the 35 rate of formng platy WC

crystal is |lowered so that strength and hardness are | owered

remar kably. On the other - 6-
hand, if the amount exceeds 40 % by vol une~ fhe amount of WC i ncl udi ng
plate crystal is relatively decreased so that har dness and wear
resistance are |98\BE1§‘£’ 4 IRk akingtn of5 the EB?sEQﬂE@HEdaMIsh £.&Ubigne c/a
structure in the platy, WC-con- tainin o the present

i nvention, there*dadP bks Par%&af’iléfalﬂrff%éﬁ'gllgngdg ¥8r°Exﬁ% e, TaC, NoC,

V4C3, VC, (WTl)C (WTi,Ta)C, TiN zZrN, (WTi)(C N and (W Nb, Zr) CN.

| f the anmount of 0 ructure eds % b
vol une, the armun{'hg?gwl#l%%%%e&r%ﬁ%%ﬁm%l é% tfi t?ve de%r?‘é%%geogn
t hat hardnes$ anthe aplptie HC—gantainingvbesd rékavkhdbya featur¢ nthate the st
preferred embodi i) Ofaéé‘eoﬂartﬁﬁeﬁxfc IdRREI0Rs éﬁleﬁ{:‘édpiﬁtﬂa%fé’ft@d 4 ng

hard all oy conprises 4 to by vol ume of the binder phase contalnlng
at | east one of PF%%Surlzegq oﬁ?p?q'rétrhlas mog@ 1ngj SEﬁH Fe) exRibitepRienfaiotint ;
and the bal apesp@it }\C, Mbtr eis) when peakpeakensténsst tésdaf 0He (001)

f d 101 ff t 20

Fapr ecent od by HEOOL=Mhd s 100D FalE. el vHE, Re GPutTEL by i
h(001)/h(102P [ efrdcigometry foff lve fgeek b men@ﬂe»}c to saidiprosstrDodd /Frdd])
is |ess than 0. %dtilefagéé"’ﬂ %fp%tnﬁlculaef thlaeew@ £P01)eSEYSER ed AGF

showi ng the hi ghest har dne | o wher eb }/ |rrproverrent of har'dness is
smal | . The peak p(001), p(lOl), h(OOl) and h(101 respectively,

p(001)/p(101) > 1.2 x h(001)/h(101) is satisfied. If this
relative peak intensity ratio does not satisfy the above

15 formula, the orientation rate of the WC (001) face in a
specific direction is decreased to lower anisotropy of
hardness, which is not suitably used for exhibiting proper-—
ties by improving hardness in a specific direction or face.

20 In the platy WC-containing hard alloy described above, it
is preferred that 20 % by volume or more of platy WC having
a ratio of the maximum length to the minimum length of a WC
particle in a sectional structure of the WC particle being
3.0 or more is contained, whereby all of various character-

25 istics such as hardness, wear resistance, strength, tough-
ness and fracture resistance are improved. It is particu-
larly preferred depending on the case that'the average par-
ticle size of WC is 0.5 Um or less. Platy WC in the sec-
tional structure of the hard alloy is contained preferably

30 in an amount of 40 % by volume or more, particularly
preferably 50 % by volume or more. |

The composition for forming platy WC to be used for prepar-
ing the platy WC-containing hard alloy of the present

35 invention comprises composite carbide containing 60 to 90 %
by weight of W, 0.5 to 3.0 % by weight of carbon and the



25 - intensity ratio of h(001)/h(101) is preferably 0.55 or nor e,
particularly preferably 0.60 or nore. In the second preferred

enbodi mrent of the present inven- tion, the platy WC containing hard
alJoy has a feature that 30 the WC crystal has an a axis length of 0.2907
nmor nmore ~ and a c axis length of 0.28408&mor nore. If the a axis .
length is less than 0.2907 nmor the ¢ axis length is |ess t han 0. 2840
nm inner dist orba@aneé @fV‘Et cré/asé@IoA@tdﬂ Gif-drS groupsa@b;bas\ﬁhahebabgma
effect of increasin i ness |s s Further, % é

WC- cont ai ni ng haPﬂral? éo%fh?Y%P?w%e h C°“9%?$eﬁF| ﬁaﬁﬁs § FBatBfe that
the ratio of theobtaxhedl ennshsaid composite carbide, there may be specifi-
to the a axis Ie o, st [ 1S, A B L 1o is
particularly g?g l&e%@% & rf%%ﬁ%g%ﬁB&éS doﬁﬁ?ﬁé’ °éﬁ? ﬁreF@rP&

enmbodi ment  of t h@OQW%erﬂla"‘h@enFPaﬂéc FeilsCol HeyWye- %@ﬁhtf@iﬁfﬁ%ﬂg sedrid al | oy
has a feature thgb1tPeons théds. face of the WC crystal is oriented in
parallel to a pressurized face in a nolding step to exhibit
orientation property. That is, when the peak intensities at the (001)
face and the (10thefpeecedstiher \Mirépfayxsnhaj the ¥laty #ickcohBaihiagthardry of

hereto are repr SSERTEar piRe BEIGET LA Ritaen ifsdoed foloRB RLILE bak-

respectivel 0 dep(001plafgd0oig- ﬁom@wmmp@iﬁms cembesibe. catbidé s

rel ative peak intghsiiyi v@té@ #4085 Nups Adeshy, wgnab@vsn&%rfarﬁyééuré&@
orientation rate of the face in a specific direction is
decreased to IomE?eﬁﬂ?got? Qﬁpowder and, if necessary, cubic compound-

forming powder, and then sintering the molded compact under

héating at 1,200 to 1,600 °C under vacuum or non-oxidizing
15 atmosphere. The process of the present invention is

carried out under the same.conditions as in a conventional

process for preparing a hard alloy, for example, for a

sintering-maintaining time of 30 to 90 minutes under

atmosphere of a non-oxidizing gas such as an inert gas or
20 hydrogen gas under reduced pressure, normal pressure or

pressurization.

The composite carbide in the process for preparing the
platy WC-containing hard alloy of the present invention is

25 the same as the composite carbide described above. Fur-

- ther, there may be mentioned those in which 20 % by weight
or less of the 4a, 5a or 6a group metal (excluding W) of
the periodic table is dissolved in the above composite
carbide such as Co3(W,Ti)9C4, Co2(W,V)4C, Co3(W,Ta)3sC,

30 {Ni,Cr)2WsC and (Fe,Mo)3W3C. The dissolved 4a, 5a or 6a
group metal is preferred in some cases since.it has an
action of controlling the size, shape and distribution of
crystallized platy WC particles simultaneously with forming
carbide by sintering under heating.

35



har.dness, which is not suitably used for exhibiting proper- ties by

| mprovi ng hardness in a specific direction or face. 20 In the platy

WC- cont ai ning hard al |l oy descri bed above, it is preferred that 20 % by
voJume or nore of platy WC having aratio of the maximumlength to the
m nimum | ength of a WC particle in a sedtional structure of the WC
particle being 3.0 or nore is contained, whereby all of various
charact er - h§tife é#&&@éowfi%%sm 1‘:@5&5&8983 ﬁtﬁﬁé'%{kfcé%@h‘
ness and fracture resistance are inprove F
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Co[err] Werrq ( aet] of Gog-ero | 3\igr rdelghtologr mhidher 0] €, by SwéDjiet rdW@i rdrd

N[err]Werr]CFelerrlWer ]Sy Eefqrient C Felersl WetrlG and it va

solid
Cr203-10 % by weight of Ni, each of which reacts with a

part of carbon powder added during sintering under heating
to form the above composite carbide.

15
As the carbon source compound in the process for preparing
the platy WC-containing hard alloy of the present inven-
tion, there may be specifically mentioned graphite, thermal
carbon, petroleum pitch and a thermosetting resin. Partic-

20 ularly when powder of the precursor of the above composite
carbide is used, it is preferred to use graphite having an
average particle size of 2 to 20 pum since formation of
platy WC is accelerated to increase hardness and toughness.
The amount of carbon may be any amount so long as it is an

25 amount sufficient for reducing residual oxygen in mixed
powder by sintering under heating and capable of forming a
platy WC with a W component, and also it is such an amount
that the composite carbide does not remain or free carbon
is not precipitated in the hard alloy obtained by

30 sintering.

In the process for preparing the platy WC-containing hard
alloy of the present invention, as the cubic compound-form-
ing powder to be added, if necessary, there may be specifi-

35 cally mentioned, for example, TaC, NbC, Va4C3, VC, TiC,
(W,Ti)C, (W,Ti,Ta)C, TiN, ZrN and Ti(CN).



The process for preparing the platy WC containing hard all oy of the
preesent invention conprises nolding mxed pow 10 der of platy WC-form ng

powder conprising conposite carbide conprising an iron group netal, W
and C and/or a precursor t hereof , carbon powder and, if necessary,
cubi ¢ conpound- form ng powder, and 4+ hkh sintering the nol ded conpact
under heating at 1,200 to 1,600 C under vacuum or non-oxidizing 15

atmosphere.  Thee P oGesseOfrdd'e HYe o ls'lﬂ\fgm.hgnuﬁéer hea R4 15l i under

t he sane condltlons as In a conventiona ess for preparin hard
alloy, for exanprecesorier Prepaéflﬁ{gertll’lﬁgpﬁféitﬁtEFnFﬁ@t%%W@fh@(ﬁt

m n;})eshugder the ﬁfwe.ﬂ'rﬁréﬂt1@anﬁCQiﬁﬁgbzhn919§§ §t@§b3§fafbfrﬂﬂé gas
or ydr ogen_gas_under ressure

pressuri zati on. cdifo ntﬁ] Cacrg?‘?‘p SR LERPPTS gﬂ‘é&% eg‘gﬁ?ﬁ BrERES g

t he pl atty - Vemont & mirmn twm!hmlrdeayalo‘andhé ﬁrlésﬁnl) ianckre ismrdrsl 25agkehe

sare a9 the CoMeSkenal lrls 5RO AR 30AYEorpBUlto corklEL o lIRL G dpR) be

mentioned those Tn a or

group netal (exsdutdmeiNplsty WC tlh:eap@eﬂsuabedabbelm@r%nsgdlmqss telnsl
above conposit erqoughkeddi de such as Co[err] (WTi)[err]Cferr], Co[err]
(WV)[err]C, Co[err] (WTa) [err]C, 30 (N ,C)[err]Werr]C and
(Fe,™M)[err]Werr]C.  The dissolved 4a, 5a or 6a group netal is
preferred i1n SOr® €S gsrSddiie ﬁ'dr Raepakting tnétbpatpfwmﬁ@mimy ttha-si ze,

Si ol t aneous!y LR 7 ey Preseth BryenaoBy nt b RPIMRT TedtA M 35
-O- As t heaplex waalenfandieorc oatadi Wepowdbi dibs f air¢ heomranioest as the
above precursor since the WC (001) face in the hard alloy
obtained is oriented in a specific direction to improve
15 anisotropy of hardness. That is, the flat faces of the W
alloy powder and/or metal W powder which are made flat by
mixing and pulverization are oriented in parallel to a
pressurized face in the molding step so that the (001) face
- of WC formed by sintering under heating is oriented in par-
20 allel to the pressurized face.

The platy WC-containing hard alloy of the present invention
has an action of improving hardness, strength, toughness
and fracture resistance of an alloy simultaneously by the
25 growing rate of a WC (001l) crystal face, the a axis length,
c axis length and c/a ratio of WC (001) crystal and the
ratio of platy WC crystal contained, and the process for
preparing the same has an action of forming platy WC and a
binder phase by reacting composite carbide comprising an

30 iron group metal, W and C with carbon.

EXAMPLES

The present invention is described in detail by referring
35 to Examples.



for. preparing the platy WC cont ai ni ng hard alloy of the pr esent

I nvention, there may be specifically nentioned a W all oy containing an
iron group netal, a mxture of Wand/or 5 Werr]C and an iron group netal
and a m xture of WC, oxide of the 4a, 5a or 6a group netal of the _
peri odic table and an iron group netal< Ifhere may be nore specifically
men- tioned, for exanple, powder of an alloy of W10 % by wei ght of
Co, m xed powderg:@fmplNeeryr] G- 10 % by wei ght of Co, m xed pow 10 der of
WC-10 % by weight of TiJerr]-10 % by weight of Co and m xed powder of
W10 % by wei ght of WC-2 % by wei ght of Cr[err]O[err]-10 % by wei ght of

N, each of whi cghirssactthenirielspect ivepaowdetscaf beommpenetoal laddech idiab ey W
sintering under 0 e e o site

t he carbon source corﬁ; e&agte %%Emcageggggg O%rggng £ eamTlS% ? wﬁs
WC- cont ai ni n§ hatshann @ SW/FRe 6Wé¥§n§niin{7@ﬁ1‘"r respw:l\rerﬂer'e Jn’ayll'@e fol-

speci fi cal |y nemtdvﬁan@gt&go%@)tgcatrbehr@hack wEBRDENs 1 01401 CLum M Clbrh 2
ernosetting resin, Parti rl e precursor o e
above conposite? ! &g’ Béga? %(dwg prlg?'gd}re%ﬁ %’6’ 8% 3pAi £8HRavi ng
an aver age path @J el&lezefofl 2ot @A {aefé]msgm imrafedommfe withpl aty
WC is accel erated, fqJ rxl} rl%%iﬁnh% ﬂggﬁﬁtﬁgg Qf;gé?ﬁ‘efé Table eana unt, oy

n an F§=d

carbon may be any anou anount suf icren
reduci ng re3Pdudintexppsis madei )@édstalnbgmleﬁtwl stegethen) widderesstegeand

capabl e of formgy@d@nt ankl %bil‘é\Cm&’dEhoé &V EEPRONENy . anﬁl@';ﬁﬁvdetrs' SeHech
an anount that the con'%om te carhide_does not remain or free carbon

is not precipit&&Fd Ahe Pré(rea’léf"fjofroﬁb?ﬁl RRyr g anh thendrisg to preparg
the process for minepapowdetise piratymifedopbader $gwdres (chargei |lioyt ofgrahe

present | nvent | gf; 35 LeSHCARONODS SR . vocdily N0 D added

I f necessary, ere may "5e°s TTone exa
NbC, V[rer]Eer dresgoreTwags about( YW TPy c,fo:;\/q: Tlhoma)@dém Nt ZemoerthiresN) .

shown in Table 1 to prepare composition powders P(1l) to
P(6) of the present invention and precursors P(7) and P (8)
for preparing composition powders of the present invention.
After these powders were fixed by X-ray diffraction, compo-
20 sitions and components were quahtitated by the intermal
addition method. The results are shown in Table 1.

Next, the composition powders in Table 1 and the xrespective
powders of the above W, C, Co, Ni, Fe, Cr and Cr3Cz, com-
25 - mercially available WC having average particle sizes of 0.5
pm, 1.5 pm and 3.2 um (shown as “WC/F", "WC/M" and "WC/L",
respectively, in the tables), W2C with a size of 1.4 um,
graphite with a size of 6.0 pm (shown as "G" in the ta-
bles), WO3 with a size of 0.4 Um, TiO2 with a size'of 0.03
30 Mum and a (W,Ti,Ta)C solid solution (WC/TiC/TaC = 50/20/30
in terms of weight ratio, shown as "WTT" in the tables)
with a size of 1.5 um were weighed in accordance with the
formulation compositions shown in Table 2 and charged into
pots made of stainless steel together with an acetone sol-
35 wvent and balls made of a hard alloy. The powders were
mixed and pulverized for 48 hours and then dried to prepare



- 10 - It is preferred that the sintering under heating in the
prrocess for preparing the platy WC-contai ning hard al |l oy of t he present
i nvention includes a first stage of farmng conposite carbide
represented by Merr]-[err]Werr]+X[err] (where Mrepre- 5 sents an iron
group nmetal and O [err] X [err] 1) and a secdohd st age ~of formng platy
WC from said conposite carbide since for- mation of platy WC is

?ccel er at ed tOtlrﬁEbEétiit M@etss:r@nquxed b@“ﬁ@ﬂgﬁiere %ﬂ?rééﬁtﬂec@ﬁ%ﬁ
or reparin a cont al ni a (0] e S
| overt part 9 | dRefad A PR ir et uiBEE @ BrRsP Ot PSP S e

I s/ are cont ai necbaa:se td=en couipact poddsr eachshamtngh& W4 00fl )abace 5 16 t:he
hard al | oy t |}p% |n?‘hor |.I?1rét %qhggffg gtfhglgyﬁg{%\/%é@e# rm{ oghe

ani sot ropy of har ness. aces
and/ or netal SW WlW%@%%G@df IcéFbBSl fibeg; xﬁlﬁ@t%ﬁldlfpiﬁlvérar@am on

are oriented in paad |e?dmdéi>hiiar1c p&l’e%%ﬁ%l %8d iBeetinothe m%ﬁ.}l@éﬁ{béo |
that the (001)

ornmed. b erin ating .is, oriented
i pars 20 al | A% o tHRRh A SePREa RkeS, Shown Tnnbale s Yo S i
hard all oy of thellwieserfi Hresemiti eslampleshastanlacanmncmﬁpamlrm/e rrgamples 1.
hardness, strength,,4oughness and fracture resistance of an all oy
Si nultaneously by t]he 25 growing rate of a WC (001) crystal face, the a
axis | engthl0 c axis length and c/a ratio of WC (001) crystal and the

ratio of platy Whpemestdlaoy %'aﬂ@desaﬂﬂukhébﬁ)éQﬁééswéPé subjé&%@rﬁcﬁgﬂéﬁe

sane has an action, of, form ng pl.at bi nder by reacting
conposi te carbi & sﬂﬁ‘l’é:% uFr"Bﬁ g?gﬁpd?'@f‘%’lld %%}fﬁl v%‘i‘?f‘eca’fr%on.

EXAMPLES prepare samples each having a size of 4.0 x 8.0 x 25.0 mm.
Each flexural strength (strength resistant to bending) was
15 mnmeasured (by a method corresponding to Japanese Industrial
Standard B4104 which is similar to ISO 242, 2804). .Fur-
ther, after one face (parallel to a pressurized face) of
each sample was subjected to lapping with 1 um of diamond
paste, Vickers hardness and a fracture toughness value Klc
20 were measured with a load of 198 N (by the so-called IM
method in which measurement is carried out by measuring
length of cracks formed from an edge of dent by using a
Vickers hardness tester). A structure photograph of the
face subjected to lapping was taken by an electron micro-
25 scope. By an image processor, the average particle size of
WC and the volume ratio of platy WC having a rétio of the
maximum size to the minimum size of 3.0 or more to the
whole WC were determined. Further, the ratio of the peak
intensity at the (001) face of WC to the peak intensity at
30 the (101) face of WC in X-ray diffraction using Cu-Ko rays,
and the lattice constant (a axis length, ¢ axis length) and
c/a ratio of the WC crystal were measured. The results are

shown in Table 3.

35 Also, approximate compositions measured by the structure
photographs described above are shown in Table 2.



The present invention is described in detail by referring 35 to Exanples.

ExXanple 1 First, the respective powders of commercially available W
havi ng average particle sizes of 0.5 [err]m 1.5 [errlmand 3.2 [err]m 5
(shrown as "WF"' , "WM and "WL" , respectively, in the fol- | owi ng
tabl es), carbon black with a size of 0.02-]eBr}m (shown as " C" in the
tables) and Co, N, Fe, C, Clerr](err] and TaH err] wth a size of
1to 2 [err]mwere weighed in accordance with the formul ation
conpositions shown in Table 1 and charged 10 into pots nade of stainless
steel together with an acetone solvent and balls nade of a hard all oy.
The powders were m xed and puI verized for 24 hours and then dried to
prepare m xed powiers The xe@ pgwdefs r¢ charged into gra-
phite crucibles and hegted ghdas [vachum|weefe gtnpspheric 15 pressure was
about 10 Pa for 1 hour |undet? atstlenperit uEeE(g’ shpwn in Table 1 to
prepare conposition po ems‘;P B to [ & [ B(6)ISdf fhe| present invention and
precursors P(7) and P($§ = 8] pr epdr)i chnposi-i] on powders of the
present invention. - A$tgr tfdsg poWdes| arie figkd by X-ray
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powders of the above W C, Co, Ni, Fe, & and Cr[err](err], com 25

mercially avail abl e WC havi ng average particle sizes of 0.5 [errlm 1.5
[errfmand 3.2 [err]m (shown as "W/ F', "WOM' and "WC/ L",
respectively, in the tables), WV2C with a size of 1.4 [err]m graphite
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Vickers hardness and a fracture toughness value Kic 20 were neasured with
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are shown in Table 4. - 19 - [err]

- 20 - Exanpl e 3 .M xed powders of Present sanples 6, 7, 9 and 15
and Conpar- ative sanples 6, 7, 9 and 13 used in Exanple 1 were charged
5 into netal nolds each having a sectional shape of about 16 X 16 mm
and pressurized under a pressure of 2 ton/cn@ by usi ng upper and | ower
punches to prepare green conpact nol ds each having a size of about 16 x
16 x 6.2 nm Th reen conpact nolds were sintered under heating by the
same 10 nethod%%ﬁggﬁéﬁg the same conditions as in Exanple 1.

Green compact molds of Present samples 1, 6, 7, 8, 10, 11,
15 and 16 and Comparative samples 1, 6, 7, 9, 10 and 13

5 used in Example 1 were heated by the same method and under
the same conditions as in Example 1, maintained at the res-
pective temperatures of 950 °C and 1,100 °C for 5 minutes,
cooled and then taken out. As to_the heated compact molds,
approximate compositions thereof were determined by the

10 internal addition method by X-ray diffraction. The results
are shown in Table 4.
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‘and
in 15 Table 5) and one face the side

Tabl e 5) of the sanples were subjected to
of dianond paste.1#s-to the respective p faces

the peak intensity ratio of the (001) face to the
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h face"

| apping with 1 [err]m

and h

The hard all oy sanples thus obtained were subjected to wet
faces,

processi ng using #230 di anond gri ndi ng stone,

and |l ower faces (shown as "p face"

faces (shown as "

by X-ray diffraction was nea-
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(101) face of the WC crystal




5 conparative hard alloys conprising the sane conponents. Exanpl e 4
M xed powders of Present sanples 9 and 13 and Conparative 10 sanples 9 and
12 used in Exanple 1 were charged into netal nol ds each having a
sectional shape of about 16 x 16 mm and pressuri zed under a pressure of
2 ton/cn2 by using upper and | ower purchés-to prepare green conpact

nol ds each havi ng a size of about 16 x 16 x 6.2 mm The green conpact
15 nolds were gi ned,under heating by the sane nmethod and under the
same condi ti ons%%és&r%'%—%‘l?%arrpl e 1 and then sub- jected to wet grinding
processing to obtain chips for cutting of SNGN120408 according to I SO
Standard: AS t O t [ , i ' t est coend e _
using 20 nol dsMulrjl_c gr Bt8 ﬁgefgtg)l PEWP%é%@n%cfﬁlr%éq% ] (r?éasg\llj\kragldagpi %g&t ??Tle%ar
until a flank we&ivensamPlBEcane’ 0. 3PN 1readkdl Exagpde 1 wehRswRharged

Tabl e 6. 5 Neier makal OmBeasUbach FkBPthg s dddtiloR@1r @hpe of abo¥t=1400
m m n Dept h_of, _cut:

d=1.5m_ . Feed: f,= 0.3 nm
Processi ng | i quid® OF) 2RgpRresSirizsd ifdes a pressMrfeﬂ’fp8V\158Pécﬂ% B¥ esent
sanpl es 12 and isiagdufpepasnti Vewer pwartpesol brapare3gureed compaabpl e 1
were charged in t S.e [ | qnal, shgpg, of ut 16
x 16 mm and 35 En%}ggs%%f:?egag%%graaggg%séwpr%&ﬁ a%féénﬁgn%(e?r'? @?us?ﬁg
upper ~and | gweenpgrERastt Bopdepeere retiersshpiderndleasingchy the same

10 method and under the same conditions as in Example 1.

The hard alloy samples thus obtained were subjected to wet
grinding processing using #230 diamond grinding stone, and
one face of the upper and lower faces (shown as "p faceJ in

15 Table 5) and one face the side faces (shown as "h face" in
Table 5) of the samples were subjected to lapping with 1 um
of diamond paste. As to the respective p faces and h
‘faces, the peak intensity ratio of the (001) face to the
(101) faée of the WC crystal by X-ray diffraction was mea-

20 sured. Further, as to the respective peak intensity ratios
obtained, the ratio of the p face to the h face was calcu-
lated. The results are shown in Table 5.

Table 5
25
Peak intensity Face ratio of
Sample ratio peak intensity
No. r face h face p/h
Pfesent sample 6 0.74 0.42 1.76
Present sample 7 0.80 0.49 .1.63
Present sample 9 0.67 0.44 1.52
Present sample 15 0.75 0.51 1.47
Comparative sample 6 0.31 0.32 0.96
Comparative sample 7 0.36 0.33 1.09
Comparative sample 9 0.33 0.33 1.00
Comparative sample 13 0.30 0.29 1.03




- 22 - having a size of about 16 x 16 x 6.2 mm The green conpact

nof ds were sintered under heating by the sane nethod and under the
sanme conditions as in Exanple 1 and then sub- jected to wet grinding
processing to obtain chips for 5 cutting of SNGN120408 according to | SO
Standard. These chi ps were subjected 24 pre-horning at -30 x 0.15 mm
and then charged into a CVC coating furnace. The surfaces of t he
chi ps were coat S T ek.L]

TiCN, 2.0 [err]%q(? ‘CF%% §%\é§hFS%f‘§1w%f9%\1féeéir%ojrr lgel{lr?gso er%’] ke %8%0
(total coating ttlha@kr‘ié@splﬂlf[ WErtaytaiming sh Qsatadd the pEgisgst

obtained, an i ntigrEntlienl ekt Bert B18kAoal eéﬁréﬁfth har MU @AY riglige
steel under the fol | owi nga&&ndltlons to gﬁasure alife time unt| | a

bl ade tip was blfQUgGssaatlafk whicleare T 3t 9585 9fmthehe resul ts
are shown i nsTakjomphrat@ve hard &Bleévsatomeriwirgitthe SHde (d&rrbbnén@é@oves)

Cutting rate: V—150 m mn Depth of cut: = 2.0 mm 20
Feed: f 0.25 mm Processing |iquid: dry type

Example 6 =~ 25 Eﬂmépév\ders of Present sanple 2 and Conparative sanple 2
used in Exanpl e 1 were pressurized under a pressure of about 2 ton/cn®
by using a dry hydrostatic pressure press device to prepare round bar
nol ds each havi Rg*@dPsieess 6f Presept nvampters et %ﬁ’EﬁWamﬁéVﬁound

bar nolds wepe Rmpliedt or gdaundensbeain Exdiplde s Bidiedanatrengdetal he
safme Condltlons aidgnegé%ngg$1%gagdség€gbﬁﬁ Jéﬁéé% oéjéﬁ%ut 16 x 16 mm and
pressurized under a pressure of 2 ton/cm? by using upper
and lower punches to prepare green compact molds each
having a size of about 16 x 16 x 6.2 mm. The green compact
15 molds were sintered under heating by the same method and
under the same conditions as in Example 1 and then sub-
jected to wet grinding processing to obtain chips for
cutting of SNGN120408 according to ISO Standard. As to
these chips, a lathe turning test was conducted by using
20 molds under the following conditions to measure a life time
until a flank wear amount became 0.35 mm. The results are

shown in Table 6.

Material to be cut: FC350

25 Cutting rate: V = 100 m/min
Depth of cut: d =1.5 mm
Feed: f = 0.3 mm

Processing liquid: dry type

30 Example 5

Mixed powders of Present samples 12 and 15 and Comparative
samples 11 and 13 used in Example 1 were charged into metal
molds each having a sectional shape of about 16 x 16 mm and

35 ©pressurized under a pressure of 2 ton/cm? by using upper
and lower punches to prepare green compact molds each



gri.ndi ng processing to obtain end mlls each having a | ength of 42.0

nm a blade tip dianmeter of 6.0 mm a bl ade nunmber of 2 and a helix
angle of 30[err]. As to these end 35 mnills, a cutting processing test was
conducted by using nmetal nold steel under the follow ng conditions to
measur e - 22 - . 23 - alife tine
untirl a flank wear anount becane 0.25 nm The results are shown in
Tabl e 6. Mﬁ%@hbah EQzQeofuébo§g£ﬂé b3 1él§tdﬂﬂnﬁ@teThe greeﬁvccmgéct
m mn Dept h of cut:

d
mm bl ade W Jed a5 wege: Smtere‘év“n‘ée"s Iﬁﬁﬁtlng I*fyoc‘,:é‘fsﬁ?ﬁ‘q MEERed apet
type (a mater-sabubkethel;aﬁgeabﬁdiﬂlons £§am¢ﬂﬁkéhple 1 dﬂdxe@epowdeps of

Present sanples % @g ZoaggEgggP ess %E°$e Iﬁfles %% c%b h§§ in Exanpl e

1 were pressuri &T und er u3|ng a dry
hydrostatic 5 cytédaar efp6§§§1a@w%ea¢@m:apmrteo AAA fdaingiglrdnol dhesgch

havi ng an OUtercﬂh%%eh%EeOEuﬁgeaﬂéda@o'ﬁE@HhékﬁHHH‘EE af30k2 x 0. 1%M@NEnad
hei ght of 40 nm and round | ds_each havin di aneter of 14 mm and

a length of 40 FREDPTRBAEgRAndRteaR: S %‘?ﬁ)t%%rfdlwerml Feensvg tacstePEd
under heating byneheh3ipBewere 8B&tOd @E@céﬁﬂﬁfei[yh&vm CDOIﬂEhI IfOMS NS 51.0

E)a;ghnplh:vilngngn gmt er@ezl aﬂg![ g(r:éo@“ %f V\FJ.C grial’rltgl nner % &ﬁgt dit 9 Bbﬁgl ilgl =
10 (total coating thickness: 11 um). By using the coated
chips obtained, an intermittent lathe turning test was
conducted by using steel under the following conditions to
measure a life time until a blade tip was broken or a flank
wear amount became 0.35 mm. The results are shown in Table

15 6.

Material to be cut: S48C (with 4 grooves)

Cutting rate: V = 150 m/min
Depth of cut: d= 2.0 mm
20 Feed: f =0.25 mm

Processing liquid: dry type
Example 6

25 Mixed powders of Present sample 2 and Comparative sample 2
used in Example 1 were pressurized under a pressure of
about 2 ton/cm? by using a dry hydrostatic pressure press
device to prepare round bar molds each having a diameter of

. 10 mm and a length of 56 mm. The round bar molds were

30 sintered under heating by the same method and under the
same conditions as in Example 1 and then subjected to wet
grinding processing to obtain end mills each having a
length of 42.0 mm, a blade tip diameter of 6.0 mm, a blade
number of 2 and.a helix angle of 30°. As to these end

35 mills, a cutting processing test was conducted by using

metal mold steel under the following conditions to measure



of 10.00 mm and a height of 30.0 mm and punches each having 25 a dianeter
of 9.95 mmand a length of 30.0 nm By using nol ds conprising a

conbi nati on of the die and the punch of the sane all oy anong the dies
and punches obtained, a press nol di ng test was conducted by using
powder under the followi ng conditions 23 weasure a life tinme until
flashes 30 were fornmed on the nold. The results are shown in Table 6.

Powder to be nD ed ferrite Si f .
t hi ckness: (¥ tﬁBFH Htlg a kignﬁ wgg%fgmoun%j%ﬁ?aﬁ%gldlng Cyclgﬁh
5 seconds/ rml d resulMs dineg sppwssmneTable ¢on/cn2

é 24|- o f Table 6 . Test item
anpl e ) _ Life tine Present sanple 9
27 minutes Maherdalute Bg cuPies®Rllsanpl e 13 34 ninutes of
'glrrga y " g( B@{’gﬂl% )ratgg(r)rpar ati ve sahenin 15 m nutes
arative sa e m nut e Present sanple 12
18 ni nut es qP 9 it Preéiﬁteééhﬁpb 15 25 ni nut es
Feed. = 0.02 mm/blade
width of cut: W= 3.5 m
. Processing liquid: wet type (a water-soluble oily agent)
10 | |
Example 7

Mixed powders of Present samples 3 and 7 and Comparative
samples 3 and 7 used in Example 1 were pressurized under a
15 pressure of about 2 ton/cm? by using a dry hydrostatic
pressure press device to prepare cylindrical molds each
having an outer diameter of 52 mm, an inner diameter of 12
mm and a height of 40 mm and round bar molds each having a
diameter of 14 mm and a length of 40 mm. The cylindrical
20 and round bar molds were sintered under heating by the same
method and under the same conditions as in Example 1 and
- then subjected to wet grinding processing to obtain dies
each having an outer diameter of 40.0 mm, an inner diameter
of 10.00 mm and a height of 30.0 mm and punches each having
25 a diameter of 9.95 mm and a length of 30.0 mm. By using
molds comprising a combination of the die and the punch of
the same alloy among the dies and punches obtained, a press
molding test was conducted by using powder under the
following conditions to measure a life time until flashes
30 were formed on the mold. The results are shown in Table 6.

Powder to be molded: ferrite

Size of mold: diameter: 10.0 mm, thickness: 2.0 mm
| Molding time: 1 second '
35 Molding cycle: 5 seconds/mold

Molding pressure: 3 ton/cm?



cutting of 7 mnutes st eel

Conparative sanple 11 (abnornmal wear by (Exanpl e 5)

pl astic deformation) Conpar ati ve sanple 13 12

m_nut es (chi ppi ng wear)

Cutting proces- Present sanple 2 224m—nut es - sing of netal

nol d st eel 17 m' nut es (Exanpl e 6)
Conparative sanple 2 (chi ppi ng ry\%g Pr esent
sanple 3 324 hours Press di ng Present sanple 7

517 hours —Exanple 7). Conparative sanple 3 178 hours

Conpar ative sanpl e tést item 15| hourssample No. fracty{ee +preUrred

The hard alloy [containing platy WC Ol the present 1rnyentron 5 has
remar kably excdllent effects t €Pelha8a i
nore at Hv20 arjdakber &8€8489t o glgaggﬁt sam5i§ 03 0.5| MPa emfihw@lesore ps
conpared with 4 oFodPeft i onal har-d—a-oy—hav-rg—the—sare—corpesi-toen—pnd
particle size, | (EXAgPRe4pro¢ e&ﬁpﬁeatmﬁepaampget@e sane 1fsasn1e:fuft%%ts t hat
e

o TC T UM P oo T I Ut

a 10 hard allqy having a high ontent of pl at nd a can- rollef
particle size d H — v mln“tes
Further, the efffect of the har{pakbextcoaimpiai 1g) plajy V\Clysml@,ﬁ;ttelge
present inventifqQn can,ge expecfed vvhe a co rfgl har d I% B prepa'ed
by covering thg 8Pt he reﬁen SaMP Y the

: L o] t
a hard fi1mcol LG °F a single | aver oL &1l i | Rusio g MLt on
' (Example 5) plastic deformation)

12 minutes
{chipping wear)

nr-o.c |nn

CIre PI COUITIL FrrveTreT oTT th

D

Comparative sample 13

Cutting proces-
sing of metal

mold steel Comparative sample 2 17 minutes

Present sample 2 25 minutes

(Example 6) (chipping wear)
Present sample 3 324 hours

Press molding Present sample 7 517 hours
(Example 7) Comparative sample 3 178 hours

15 hours

Comparative sample 7 (fracture occurréd)

The hard alloy contéining platy WC of the present invention
5 has remarkably excellent effects that it has a Vickers
hardness of 500 or more at HV20 and a fracture toughness
Klc of 0.5 MPa-m!/2 or more as compared with a conventional
hard alloy having the same composition and particle size,
and the process for preparing the same has effects that a
10 hard alloy having a high content of platy WC and a con-
trolled particle size can be prepared easily and inexpen-

sively.

Further, the effect of the hard alloy containing platy WC
15 of the present invention can be expected when a covered
hard alloy is prepared by covering the surface of the hard
alloy of the present invention with a hard film comprising
a single layer or a multilayer of at least one of carbide,



- 25 - nitride, oxycarbide and oxynitride of the 4a (Ti;, Zr and Hf ),
5a (V, Nb and Ta) or 6a (W M and Cr) group el enent of the periodic

table, oxide and nitride of Al and nutual solid sol utions thereof,

di anond, di anond-Iike carbon, 5 cubic boronitride and hard boronitride.

C ai ns: - 26 - 1. -Aplate-crystalline tungsten
car bi de-cont ai ni ng hard all oy which conprises 4 to 40 % by volune of a

bi nder phase 5 co talnln e Ay rQup tals | egie rom
the group con3|§fp %ﬁﬁbfﬁén q&qlt%%d% 8¥ tﬂg @g (§§( £§ ghé
mai n conponent ; Hihd Sae(%all&hw@fT@ m(ﬁmﬁabeMO anéloﬁﬁhgmgpt ?%‘h
carbi de al one, g Eﬂggﬁéffoﬁfé b&a@ﬁl.@ndax1de %Qld"/%lﬂr!aéuge A1 488Sme@tua

conpound with a cubic structure 10 selected f ron1at gait one of carbide

and nitride of €Réidasolutipersthexerin Hrmond peipBare-LikPecEPRRted from
the group 5 cepshistbBgoRittid@MndNHaktd boriond@tiide.(Zr) and hafnium

(Hf), 5a group elenent of the periodic table selected from t he group
consi sting of vanadium (V), niobium (Nb) and 15 tantalum (Ta) or 6a group
el ement of the periodic table sel ected fromthe group- consisting of
chrom um (Cr), nol ybdenum (M) and ‘tungsten (W and nmutual solid

sol utions thereof, and inevitable inpurities, wher ei n when
peak. intensities at a (001) face and a 20 (101) face in x-ray diffraction
using Ka rays with Cu being '



a target are represented by h(001) and h(101), respective- ly, said
tungsten carbide satisfies h(001)/h(101) [err] O.50. 2. The hard
alloy according to Claiml, wherein the 25 tungsten carbide contains 20 %

by -vol une or nore of plate- crystalline tungsten ca‘rbrde—haAALngM o]
of a maxi mum length to a mininumlength2én-a sectio ture of the
hard alloy of 3.0 or nore based on the whol e tungsten| ”m"a ﬁ I,

3. The hard abgoxr/ according to Claim1, wherein the: ymm
has an average 2fe size of 0.5 [err]mor | ess. 35 4. he® hard

all oy according to Caim1l1, wherein the alloy has a shape of a

pol yhedron, and the ¢081).gr al 6%
- 27 - : thelpl até gr%}stga%{ﬁ?%é tung st?éel}ln%satr o earlbsldgr Fgﬁfg(ljmng hard

paral l el to onealie¥ whichj @W%ﬁfé“dr%ﬁo 40 bﬁ( VOAUBRaPE- Br hiRGEY | phase
tungsten carpi deppeaiAlRg NGt NBEdkt Sormd |y 1\Man R rORURP et 83 s4sbDeded0 Biyom

vol ume of bi nd h { |
sel ect eg f?omI "the EgBSoﬁ‘&n%{;%%%ﬁ%qﬁﬁrib g%zo)?ggl)lgiﬁﬁcgg? (A Jrarrﬁ%'?: fon
(Fe) as a. nai n cwm))oaena male dahpomentof amdahe padsace ofcanipar@mgase

tungst en ‘car bi d%ﬂ%]p%“ %g(r: e%z?”e&%‘%ied 1, 1¢ r 2 %Gn%ééénveéyﬁdéﬂaﬁéss

of a conpound w ected | east one of
carbide and nit BPd& by Vpbumg_or less of a compound w1th a cubic structure

10 selected from at least one of carbide and nitride of the 4a
group element of the periodic table selected from the group
consisting of titanium (Ti), zirconium (Zr) and hafnium
(Hf), S5a group element of the periodic ‘table selected from
the group consisting of vanadium (V), niobium (Nb) and

15 tantalum (Ta) or 6a group element of the périodic table
selected from the group consisting of chromium (Cr),
molybdenum (Mo) and tungsten (W) and mutual solid solutions
thereof, and inevitable impurities,

wherein when peak intensities at a (001) face and a

20 (101) face in X-ray diffraction using Ka rays with Cu being
a target are represented by h(001) and h(101l), respective-
ly, said tungsten carbide satisfies h{(001)/h(101) 2 0.50.

2. . The hard alloy according to Claim 1, wherein the
25 tungsten carbide contéins 20 % by volume or more of plate-
crystalline tungsten carbide having a ratio of a maximum
. length to a minimum length in a sectional structure of the
hard alloy of 3.0 or more based on the whole tungsten

carbide.

30
3. The hard alloy according to Claim 1, wherein the
tungsten carbide has an average particle size of 0.5 pm or
less.

35 4. The hard alloy according to Claim 1, wherein the alloy

has a shape of a polyhedron, and the (001) crystal face of



group elenment of the periodic table selected fromthe group consi sting

of-titanium (Ti), zirconium (Zr) and hafnium (Hf), 5

the periodic table selected from15 the group consisting '

ni obi um (Nb) and tantalum (Ta) or 6a group el enment of gmnaﬂﬂmﬂ]ﬂﬂmun :
tabl e sel ected fromthe group consisting7of chromum (C+),¢c L ®v s =
nol ybdenum (Mo) and tungsten (W and nmutual solid solutions t her eof ,

and inevitable ippurities,_20 . erein_said,tungsten_carpide.has an a
B Temgtn of CRE'BlabESerileat ine MIHGR e Bn A0S B ERRPSHLHIET, o

nmor e in itsperadiel bgisne face & saithe@dlahedziohoey according to Caim
5, wherein'the 25 <crystal axes of the tungsten carbide have a ratio of the
c axis length to the a axis length of 0.9770 or nore. 7 The

hard al | oy accoPdi ngAt Blefarargstahbing rungsten ceahydecronarhPdBICcBATAI ns.
20 % by vol e an169r @h9EhPE&hSrisdl £rosial W Be kenambeBrCar Bidgehayhige a
ratio of a maxi nu .n.len th%to a mni n&]en th in a g ctional séryggure
of the  hardBPEBYILRI D LratorPbated 6R BRERNBFELEngS BRESd trom
car bi de. the group Bonsistindiarfl cldady dcoor, dndgked Q) nand et ei n
[he, Lungettagraal Aol AAMRLALS A NALGCSLER AR bR O
- comprising tungsten carbide alone, or tungsten carbide and
10 50 % by volume or less of a compound with a cubic structure
selected from at least one of carbide and nitride of the 4a
group element of the periodic table selected from thé group
consisting of titaniuml(Ti), zirconium (Zr) and hafnium
(Hf), 5a group element of the periodic table selected from
15 the group consisting of vanadium (V), niobium (Nb) and
. tantalum (Ta) or 6a group element of the periodic table
selected from the group consisting of chromium (Cr),
molybdenum {(Mo) and tungsten (W) and mutual solid solutions
thereof, and inevitable impurities,
20 wherein said tungsten carbide has an a axis length of
0.2907 nm or more and a ¢ axis length of 0.2840 nm or more

in its crystal axis.

6. The hard alloy according to Claim 5, wherein the
‘25 crystal axes of the tungsten carbide have a ratio of the c¢
axis length to the a axis length of 0.9770 or more.

7. The hard alloy according to Claim 5, wherein the
tungsten carbide contains 20 % by volume or more of plate-

30 crystalline tungsten carbide having a ratio of a maximum
length to a minimum length in a sectional structure of the
hard alloy of 3.0 or more based on the whole tungsten
carbide.



has a shape of a polyhedron, and the (001) crystal facQ_QL______Lhe_._~———
pl.ate-crystalline tungsten carbide is oriented in paraIIeI to

of -sai d pol yhedron. 10 10. A conposition for formng a /“ﬂ

t ungsten carbide, which is a conposite conposition

by wei ght or nore of a solid solution conpom&d—conpr|5|ng at Ieast one
ofdcobaLt (E%g nlgkel (Ni), iron (Fe) and chromum (Cr), tungsten (W
and carbon an e n LCesCOo of,at | east
one of carbon, 8. &ﬁ ﬁ§¥§ %ndigf%%ﬁggg?épgﬁéig% &CP sgpgygg?b%%ésource .
com poundtandsaeno@mde dreadiusnergocoppstaglef shee| @hsq - priEm or

of carbide and E Lgide of the 4a group el enent of the periodic table
sel ected fromthe group consisting of 20 titanium (Ti), zirconium(Zr) and
haf ni um (Hf ), 5a group el ement of the periodic table selected fromthe

group opnsbst i nghef nyaaagi usy (Abcoriialy Wo (dYafimasd wastalitnmthdaglloy
consi sti ng of cHRSRURREE) OF bl BEHEI TvD e d 75 Pandsterotty SHEE Rt ual
sol i d sol uti onsthheptate-angstalbirse tungsiferc albalti deCo}, ornenteﬁe;nand
chrom um (Qr) angrgyigf!to o%%atégggafr%%;a%q?lyhedro wherein said solid

sol ution conpouﬁ conpri ses ht "of tungsten (W, 0.5
to 3,0 % by weight of 30 carbon (C) and the balance of at |east one of

cobalt (Co)yp 10.Ni ﬁk%bmoybltlbﬁof'of FEo ﬁ%@rﬂ@t‘éﬂcﬁ@skalllne tuﬂtésté'lhle
conposi tion accor di m 10, wherein

g% Id solution

is at | east oneC8FP FerWTV?%r+TC%é?QTp°§iH%H9ﬁqﬂﬂ§ﬁFfen ngpfbf%??]%@ r]C
Co[err]Werr]C, bN'k@ﬁﬁhVVGfr$6keFﬁi§Hrddﬂiﬂfﬂdluﬂﬁ@becphmband]épmpr1s1ng
Fe[err]Werr] C andleasga one of cgﬁgiélPE%}?'&%EiéﬁhQngt'iron (Fe) and

chromium (Cr), tungsten (W) and carbon (C); and the balance

15 of a carbon source compound of at least one of carbon,
graphite and precursors thereof or said carbon source com-
pound and a compbsition—adjusting compound of at least one
of carbide and nitride of the 4a group element of the
periodic table selected from the group consisting of

.20 titanium (Ti), zirconium (Zr) and hafnium (Hf), 5a group
element of the periodic table selected from the group
consisting of vanadium (V), niobium (Nb) and tantalum (Ta)
or 6a group element of the periodic table selected from the
group cbnsisting of chromium (Cr), molybdenum (Mo) and

25 tungsten (W) and mutual solid solutions thereof, and metals
of cobalt (Co), iron (Fe) and chromium (Cr) and mutual
alloys thereof,

wherein said solid solution compound comprises 60 to
90 % by weight of tungsten (W), 0.5 to 3.0 % by weight of

30 carbon (C) and the balance of at least one of cobalt (Co),

nickel (Ni), iron (Fe) and chromium (Cr).

11. The composition according to Claim 10, wherein the
solid solution compound is at least one of Co3WgCyq, Co2W4C,
35 Co3W3C, CogWgC, NiaWaC, FepWsC, Fe3WiC, FeqWzC and mutual

solid solutions thereof.



- 29 - 12. A process for preparing a plate-crystalline tungsten

cafr.bi de- cont ai ni ng hard all oy, which conprises the step/_ni_.___‘é———————

m xi ng plate-crystalline tungsten carbide-form ng powder

solt+d sol ution conpound conpri sing at | east one of ﬂl‘ m‘ @‘“ﬂ!
(Ni), iron (Fe) and chromum (Cr), tungsten (W and

a precursor thereof, with a carbon source conpound of" at 10 | east one
of carbon, graphite and precursors thereof or sai d carbon source
conpound and a conposition-adjusting conpound of at |east one of

carbi de and nitARde &f prreess for preRAPiRY creMtatF-qryEtsddiiog cungsten

sel ected fromt l&‘ar%aepcontalﬁﬂ@él BB Oioy, WAidHNdohpl i séis’ €881 HELHET)
and hafnium 15 ( ), 5a group el enent of t’he periodic table selected from

t he group consi &fi: ng of vanadi um (V), niobium (Nb) and tantal um (Ta)

or 6a group ®lenment afixtihg peatédtﬁyéwihne tursfd el eirivide-tthemghgup
consi sting of chro

Mo d
it nal S0l A soPGRRBASCIBPEERLPELT STifl S Y SCORIEC( CORPE AP CRE) SEN ).
iron_ (Fe) dedsthooei am (:ﬁloalianbt:cvm,t ualcksll o(y@)t harremf (Fe) pesgar e

m xed powder; in d é}gg\%%[ onpact ;
and S|cr1?ter| ng salg rr%]"z&% conpact under eatl ng 9?92 025 to
1,600 [err]C un@éecvageﬁntbﬁr%ﬁk g% eh A g HeREce Compoundlsf Fhe

process accpgdi Ngake Ghai ¥ 1dar¥bie) efrgiie dladi® precurseikStakktBe bengst en
car bi de-form ng | east one sel ected fromthe

t
consisting of a ga\rqdaa‘s: EB?FBW%%W%’%@& ¢ SrFROfg t1on- “adtusting
Co[err]Werr] ( eotnppufid| ofr &t PeadtC, orfe [t rdaffrerdd @nan[lenrli]i@[ efrthe 4a
N [err err]C, F r et
rruE ual ! }s/\g)l [ d] solgutolu ngﬁ'?ﬁéirn\é\g& il% é:&[ieééﬂ Wé(gwl]e 0%8%“1[ 1—_& &g%
one of cobalt (Cepsistingi eﬁet11(M:9um| ¢'3blr‘) (Il’a)rmdU@hr(@m)unn(iCh?fmum

tungsten (Ws (Hfémdsé Bféﬁb'réijém@rt.t 3 S AR R 1WdiQN ce@TROYREH L PHR" ESLAY
35 oxide of the_4a group elepent of the perjiodic table sel ected from

the group consi @anrBFPt FeRATEMYEi9f vanadium (V). niobium (Nb) and
tantalum (Ta) or 6a group element of the periodic table

selected from the group consisting of chromium (Cr), molyb-
denum (Mo) and tungsten (W) and mutual solid solutions
20 .thereof, and metals of cobalt (Co), nickel (Ni), iron (Fe)
and chromium (Cr) and mutual alloys thereof to prepare
mixed powder;
molding séid nmixed powder into a molded compact; and
sintering said molded compact under heating at 1,200

25 to 1,600 °C under vacuum or non-oxidizing atmosphere.

13. The process according to Claim 12, wherein the plate-
crystalline tungsten carbide-forming powder is at least one
selected from the group consisting of a solid solution com-

‘30 pound comprising Co3WgCq, Co2W4C, Co3W3C, CogWeC, NizWyC,
FepWsC, Fe3W3C, FeqWoC and mutual solid solutions thereof,
tungsten (W), W2C, alloys of at least one of cobalt (Co},
nickel (Ni), iron (Fe) and chromium (Cr) with tungsten (W),
and a precursor of a solid solution compound comprising

35 oxide of the 4a group element of the periodic table

selected from the group consisting of titanium (Ti),



- 30 - zirconium (Zr) and hafnium (Hf ), 5a group el enent of t

peLIOdIC tabl e selected fromthe group consisting of vanadlum
ni obi um (Nb) and tantalum (Ta) or 6a group el enent of M\’(&m’“m
selected fromthe group 5 consisting of chromum (Cr), I

tungsten * (W. - 30 -

zirconium (Zr) and hafnium (Hf), 5a group element of the
periodic table selected from the group consisting of
vanadium (V), niobium (Nb) and tantalum (Ta) oxr 6a group
element of the periodic table selected from the group

5 consisting of chromium (Cr), molybdenum (Mo) and tungsten

(w) .
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