TI TLE OF THE-:I NVENTI ON A di anmond sintered body and a process for

t he production of the sane, tools and abrasive grains using the
same- BACKGROUND OF THE |- NVENTI ON 1. Field
of the I nvention This invention refates to a di anond sintered body, a

pracéss for the production of the saygpansk fud QRVENT®EN CUtting or
excavating using the dianond sintered body. The di anond sintered body of

the present inventibdiarondrsinteredrkadyyandpplpreeessofarobhe ppeduck kdnsof dhe same,
cutting or polishi n& ?f ngn-fer.rvous ar.nat al s og ceram cs, edge materials of
drill bits for excabPRet fgep R PRIVEFR2PS UaHIEa LS 8205 ai ns obt ai ned t hrough
pul veri zi ng. 2. Description of the Prior Art Synt heti ¢ di anond
.sintered bodies or materials of BAGKGRQNDOYF JHE WHBNEN cl assified in three
‘types, dependi png._.o i pteri terials used: [err] obtained by the
use of iron gr uBI%@g{]S&%?F%?e I'_f)n Co) and/or alloys thereof each having a
sol vent ef fectyhigSjmyent HheFd1a8ePtd@Chiamond sintdr8l ModpPladpiResdYob NBeuse of
silicon carbide (SIiC) as a sintering binder and [err] obt ai ned by
t he use ofpradectibomt hehgenagnd actaod| Sori cutdéeg on excavatipg ruséng rie bii anknd

J Pat ent, Laj d- Publ j cat | . 74766/ 1992 and 114966/ 1992
Type Lor 11 Moetrd Rk ortigt iabond RfTyacr: Peipef dha wresa BNGat i I8 Edm co

wi th Typesedrgbiy appidehefd todiCndtelidlg 07 SutGPRsiodesAPsyinBi hREnREADYEE T ON
cost and accordingly, conmmercially avail abl e ones are al nost Types[err]

and [err] matgin@r ¢dremics;redge madeniads af ditilldyisi tshtareexcavatiag spdtreleun or
car bi de. CIln additi (%n, tB t he above descri bed, there are natural
di anond sidrasHE SHUGS LR EY b@r’iﬁ\ﬁé‘) PULYRF & "8y ¢ not actual ly used on a

commer ci al scag epR&G3YSRN MmO bk HrNRrd hereof are not clear, dispersion of

the quality is large and the outputs-thereof are very small. The
above descri betynspetticediagont sinteded bodiesear hatbréglohf tthe grioorarérdan bmve
the foll ow n obl ens

cla sf?&ed in tﬁree types, depending on sintering materials used:

.G) obtained by the use of iron group metals (Fe, Ni, Co) and/or élloys
thereof each having a solvent effect, as a sintering binder,

@ obtained by the use of silicon carbide (SiC) as a sintering binder and

® obtained by the use of a carbonate having a catalytic action as a
sintering binder (Japanese Patent Laid-Open Publication Nos. 74766/1992 and
114966/1992). ' ’

Type @ needs sintering at a higher temperature and pressure as compared
with Types ©® and @, resulting in a considerably higher production cost and
accordingly, commercially availablg ones are almost Types® and @ using -
the ferrous metals or alloys thereof, and silicon carbide.

In addition to the above described, there are natural diamond sintered
bodies (carbonade), which are not actually used on a commercial scale because
the origins thereof are not clear, dispersion of the quality is large and the
outputs thereof are very small. |

The above described synthetic diamond sintered bodies of the prior art
have the following problems:

(a) In the case of the sintered bodies @ obtained by the use of iron
group ﬁetgls and/or alloys thereof, the diamond is reacted with the binder ma-

terial to lower the strength when the temperature is raied to 700 C or hgiher



(a) I'n the case of the sintered bodies [err] obtained by the use of iron
group netals and/or alloys thereof, the dianond is reacted with the binder
ma- = terial to | ower the strength when the tenperature is raied to 700

[ere].C or hgi her -2- and the
wear., resi stance or strength is | owered because of use of the netal as a
si nt%eri ng bi nder. (b) In the case-02 the sintered bodies [err]

obt ai ned by anhdheasieapfresisianen orcetrpngis b leveredtbectyig of vaeof tiemgtdathge
resi stance is i|nnf‘elr| o% nlagpause of use of the breakabl e carbide as a binder
material and Bl H‘& if L'anond grains wth each other is decreased so

that the wear rebptiantie t&sd of ahé Finbrealndi e @ Udheanfed by thORsE Ths Hid cdi ee
fromthe solvent action and catal ytic action for dianond. . (c) In the
case of the Csrbﬂderaé'dabﬁ@ﬁé‘é‘"géﬁﬂﬂ'er@bt*@i heaskpge TR s§arceofs 4nerior beseuRecohs

t bi
carbonat e oXAF Bt e Bt GOt ohitFrEat o B el rare R R BBl st el s
nore decr eaggeh Agcl QTREY €6l debidasbd@o afhaY etndenduri Radt&icat By efk 206l %écd@@rdf
and [err] the cost of the sintered body per unit volune is very high

because of ashiofheilicei caehidadfreediromitharsoiventahéigon mndseatatytiametisre for
bi ndi ng streng%h of dianond grains with each other is so weak that the
br eakage redi@®8ce is inferior, be- cause the carbonate has a relativel y

smal | catal yti ¢ (aftinOthedBikeS Bt \tﬁ@tmﬁﬁér'e@rbodles ® dofdired Byhene ase o2fa car-
i mrersing the above described.sintered body [err] in an ‘acid to renove the

iron group wenatlesapr sitderingl bimyer materist.s éhgmﬂememnéaMQ@'atﬂE%%tﬁneb

ot O A bV el B B TS PRE o B s,

at | east twa,pd QbbRIABeP asi dompd¥eRI iRk }234b0vESdcibAINeE sihtarel rﬁoﬁﬁé@@ hera@age

resistance, 111) inferior wear resistance and iv) needing a high

t enper at ur e tharmdshiofhtiper efshered bodys pert @ni hgolumer bs wety highabédagberofcodiigher
sintering cost at an ultrahigh pressure, and the binding strength of diamond
grains with each other is so weak that the breakage resistance is inferior, be-

- cause the carbonate has a relatively small catalytic action and solvent action.

(d) In the case of immersing the above described sintered body @ in an
acid to remove the iron group metals or their alloys, the strength and breakage
resistance are both low' and use thereof is limited to thét at a high teMpér-
ature.

As described above, the diamond sintered body of the pfior art meets with
at least two problems of i) inferior heat resistance, ii) inferior breakage |
resistance, iii) inferior wear resistance and iv) needing a high temperature
and high pressure by sintering to result in a higher cost.

A diamond sintered body using an iron group metal such as Co, functioning
as a catalyst capable of accelerating graphitization of diamond, has inferior
heat resistance. Namely, the diamond is graphitized at about 700 °C in an
inert gas atmosphere. Moreover, this sintered body does not has such a high
strength and tends to be broken because of the presence of the metal such as

Co in the grain boundary of diamond grains, as a continuous phase, and there



A di anond sintered body using an iron group netal such as Co, functioning
as a catal yst capable of accelerating graphitization of dianond, has
inferior heat resistance. Nanely, the dianond is graphitized at about
700ferr] Cin an inert gas atnosphere. Mreover, this sintered body does
not has such a high strength and tends {0 be broken because of the
presence of the netal such as Co In the“grain boundary of dianmond grains,
as a continuous phase, and there :

- 3- arises a problemthat thermal deterioration tends to occur due to

di f f er ence 8t{$8St AcHRAL eRIPRN ST bdetrrdaratien niends t@necwicaftsne differepge

order 10 1 aiSehethi Begind 831t AR gl dockR R eEaBREPOSC (o remove the

nmetal in the above descri-bed grai n boun by an acid treatnent. Thus,
t he heat resistlanceleretperbtautiee henti rgxiovadet of tabautbed?@Oo@seth o tdmve

strength is IargeLy | ower ed a§ about 30 % because the sintered bod%
becomes portBgdietal in the ApayR,AgFce et cgradn houpdaryi b a8 asidstreaiender Thus,

mat eri al | ekl : o .S te XU RI a.l 0
because of WhaTahoShs hee ehberabiier  £1aTovB (U Libofic, PHLE ehe Mththern
On the ot hge hagdly docdemdobyl aboutt 3 Schebaghe tbe dnteredrbivdpdieeodess poiust er -

ing aid is excellent in heat resistance and has a relatively high strength,

but for the prdd&tamoBf THHEFETr0dE diFdhesipragsd HBdeh 2t eipbria eyellent in
condi tions, §Q'_Es?§ﬁﬂ|9%,e1bu@texhﬁﬁ§§ a’ 1ok 'Qﬁngpﬁi b%QQ,Qel[@f th a%E@né:re.eW'briﬁcgi’ngfo

. . ~'hea
that it is 8| fi- cu to produce it on a commercial scale and it has n
been put tefpthectiamind gradéns 8ithceachaothenat es have a | ower catal ytic
capacity and | action of di anpnd

conpar cd wi th TRt BERE B v dLimend s ntered Jae3, SSIR, ¢ CEFRERTSE b SRR ng

81; egL:rmnd 18k aa'tiasiwekbeﬁ@ﬁh iAlNkRE reSidthnce HA MHaS! %ﬁm}ﬁ%ﬁ di;&g}ﬂgitfbn Efr‘\ﬁ[ ioglr

ge resi stance.

It is an obuedorothe peodncébamthdreafinseverert pressuve dadatafiperadude sond idi ens,

P gg?’sP g\r']'cg, oG a o '§3Ls §3 ThANSE ’201035 ke L el 225 Cnald e i e e
cult to produce it on a commercial scéle and it has not been put to practical
use. Since carbonates have a lower catalytic capacity and less solubilizing
and depositing action of diamond, as compared with the iron group metals of
the prior art, furthermore, Binding of diamond grains with each other is in-
sufficient, resulting in inferior breakage resistance. '

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a diamond sintered
body having excellgnt heat resistance, breakage resistance and wear resistance,
which can be synthesized at & relatively low pressure and temperature, whereby
the above descr%bed problems of the prior art can be solved.

It is another object of the present invention'to provide a process for
the production of & diamond sintered body having excellent heat resistance,
breakage resistance and wear resistance.

It is a further object of the present invention to provide a tool for cutt-
ing, polishing or excavating using the diamond sintered bady.

It is a still further object of the present invention to provide abrasive

grains obtained through pulverizing of the diamond sintered body.



whi ch can be synthesized at a relatively | ow pressure and tenperature,
whereby the above described problens of the prior art can be sol ved.

It is another object of the present invention to provide a process for the
production of a dianond sintered body havi ng excell ent heat resistance,

br eakage resi stance and wear resistance. It is a further object of
the present invention to provide a tool~ ffof cutt - i ng, polishing or
excavating usi n@hesleeomneamman shen%'élaembdbbﬁyl diamond sfimtered Hody jcppprigt fieh &P

opLect o 405 ALF S5l BLE7H oo VLSRG o Bl e ARG of

-4- The§ﬁ\%QEJcﬁCh$xéaaﬁhé%§ &t badompsin@Y(® 6 @Wlﬁd nter o¢l d10tyaset oo eE-Ng
50 to 99.9 volunme % of dianond and t he bal ance of a bi nder phase

consi sti ng oénta(Akisatgasedriran xidd grhas@omnséxmnf)dunq eacyh é%eﬂ@aﬁﬁ)o&@@ 86 )

f at | t | | ected.f t
Oarih of oneite dag S pndRE ekt 2 harTinly B tey Ciah Ryl BRI T miRES
i ron group H@fa%sand'\@lka\{mé"egﬂh' met'ﬂ% & 8 ANghadbkdius "@nfRMa (BBt & Sf Winehatdve

phosphorus conpound (B), or of the above described compound (C
conposi te (@&9cribed campourd d€) wfr ¢omposite (C') with an oxide of (ADETA LED

DESCRI PTI ON OF THE | NVENTI ON T ' a various efforts
to solve the problens of the DEHHI@P &%Fkﬂﬁ%@%% Y@E‘gﬁgﬁond si ntered body
having excel | enfrnfq%er{tﬁsg $edd @8de vbmakaa?omswtsametwgwmems @St ance,

whi ch can be synthesized at a rela- tively | ow pressure and tenperature,
and consequentdryartané developedl di émonfl giinteved bHady themiéemuemmsm

1) A di anond si ntered bod rising.50 to 999v ume f rabI

10 06. 5 ol breskeRs FsLStanc BPONESF TEbRaoas. il Gebed bt S HbniAaT i

bal ance of {a,di, R pRARER Qﬁélstbﬁéérgﬂjr@f a?adséd?@b eaflymm@ Riagss ane Follow-
conpound (C) or corrp05|te (C) | east one enent (A) selected from

t he group cmmlistrentgonmfandanbochaerttls el errents Group 3A, 3B, 4A, 4B and GB
el enents of Periodic Tabl iro tal g and alal%a[l

earth metals wi k) A meﬁggngered b%dy comprxsmg 50%' k&i 9 \%Flume prefer

to 99.5 volume %, more preferably 70 to 99 volume ¥ of diamond and the balance
of a binder phase consisting of a single or mixed phase of a compound (C) or
composite (C') of at least one element (A) selected from the group consisting
of rare earth elements, Group 34, 3B, 4A, 4B and 6B elements of Periodic Table,
iron group, Mn, V, alkali metals and alkaline earth metals with a phosﬁhorus.
compound (B), or of the above described compound (C) or composite (C') with an
oxide of (A).

(2) A diamond sintered body comprising 50 to 99.9 volume %, preferably 50
to 99.5 volume %, more preferably 70 to 99 volume % of diamond and the balance
of a binder phase predominantly consisting of a material obtained from a rare
earth element and a phosphorus compound. .

(3) A process for the production of the diamond sinteréd body, as described
in the above described (1) or (2), which comprises mixing a powder of at least
one element (A) selected from the group consisting of rare earth elements, Group
34, 3B, 4A, 4B and 6B elements of Periodic Table, iron group metals, Mn, V,

alkali metals and alkaline earth metals, a powder of at least one oxide of the



conpound (B), or of the above described conmpound (C) or conposite (C) wth
an oxide of (A). (2) A dianond sintered body conprising 50 to 99.9
vol une % preferably 50 to 99.5 volune % nore preferably 70 to 99 vol une
% of di anond and the bal ance "of a binder phase predom nantly consisting of
a material obtained froma rare earth.-egement and a phosphorus conpound.
(3) A procassertota)t be gir dehstt onencambodride (i aonhadnigigntier etemgotiy(A) ast dewderidfed

inth b d i bed (1 2), which [ | Xi t
| east . ongverURER of gt LERUCPRTtsBhI A gPONY Lonerke ReBs Bt et of
el ements, zﬁ%%ﬁ/ﬁ %@’ingﬁpﬁﬁfnﬁgiwi@éﬁé SEENUIn@Ini &Y boess Tnbbe prédsbe

group net , a nmetal s and al kaline earth netals, a powder of
at | east ame mpemtofe tcheditions in the thermodynamically stable region of diamond. - 5-

| enent (A t 1east ope d (D) containing the elenent (A), a
povdler of phoshoh BEoGHSSaion EifbrEsHEt LR ALE L ARBHARE Eon i tsadead

of di amonqeof,e ghARNIr (B8 1 A0RI A9, WS OIS SO kR oh AT LIS 1 A0

powders under pressure a enperature conditions I n the thernodynam cally

stabl e reQofpouwld (i)asDrat. least onedgleferntr pX)eseldeted tflhem thedurotp econgifstingeor
di anond sintered body, as described in the abgve described (1

or (2),
Wbt Ch ConmAaFS aTBh @JbiATEsy CEgvh R 81 (g 4 RUHABFIERTES O PERIORATES e
el ement h i L St inal t
& oup A ga Yrieh JReAL M"Y, SLEHR REARL Sh MRl pel Glcin GRELLL SLETRE Bas
Mh, V. al kedlei ptivepidras acvtkpadridalB)ner @aacdnposigteads the tcomgdund g&3 tandoate least one
phosphorus conpound (B) or a conposite of the coquund (é% and at ‘| east one

oxi de of tordde|ofEhe element fiAk; Adxingp® panderops the BRI (98 CBFPoS Hposit e
o h ! . . A ane it !
Fesul 11 hg Migh £ gofitiF i ond Bt 1T 1B NG BR w1RREVIRE RA dedirting

t her nody najiixedipowderst aidee pregswre @id thmperdtdre conditifis i theothessodyoamitchEly
production of the dianond sintered body, as described in the above
descri bed gtapleyregion ofydie®ndonpri ses previously preparing a thin

(5) A process for the production of the diamond sintered body, as described
in the above described (1) or (2), which comprises previously preparing a thin
piece, thin sheet or sintered body holding plate consisting of the compound (C)
of at least one element (A) selected from the group consisting of rare earfh
elements, Group 3A, 3B, 4A, 4B and SB elements of Periodic Table, iron'gfoup
metals, Mn, V, alkali metals and alkaline earth metals with at least one ﬁhos-
phorus compouhd (B) or a composite of the compound (C) and at least one oxide
of the element (A), combining a powder of diamond or graphite with the thin
piece, thin sheet or sintered body holding plate and subjecting the resulting
assembly to infiltration under pressure and temperature conditions in the
thermodynamically stable region of diamond, thereby sintering the diamond.

(6) A process for the production of the diamond sintered body, as described
in the above described (1) or (2), which comprises mixing a rare earth element
powder or an alloy powder containing at least one rare earth element, & phos-
phorus compound and diamond powder or a non-diamond carbon powder or a mixture

of diamond and non-diamond carbon powders and maintaining and sintering the



pi ece, thin sheet or sintered body holding plate consisting of the conpound
(C of at least one elenent (A) selected fromthe group consisting of rare
earth elenents, Goup 3A 3B, 4A, 4B and 6B el enent's of Periodic Tabl e,
iron group netals, Mi, V. alkali netalsgand al kaline earth netals with at

| east one fRESring PRIReY SrawoRarer i s (BleOprasstPENRGi teRp&ia tiite cemTROsHId 1§ Gheand
at Feast one oxide of the elenent (A), conbining a powder of dianond or

gr aphi t e wihenmadysanigiahly stetde, reghvmobsdemondr si ntered body hol ding pl ate

d subj ecti h |3 to.infij.trati
Fomper ot ur e oo R b ond BRERR b S itBE 1 Al SR Hodk! SS e Cer ey
thereby si efd R8o¥d1Qesirab®Nq1) or (2), (RIcH\cBARGEES pt&Viol g HMHLSIi AP aOf

t he di anond sintered body, as described in the above described (1) or (2),
whi ch conpramgesndnfsdmng tare aetie gt erent | aadephosplpous eompnundn max ingya powder of

containing . at |least one rare earth elenment, a phos-..phorus conpound and
di am)lndI pgﬁﬁ&eFeS&ﬁl%H‘gnB?ﬂpaF%“ﬁﬁh@‘ gLAm80 pB‘b‘%ﬁcﬁe?r (%r "%'M@Pﬁ({ (lé”%’lnngq" RO &nd
non- di amongl «¢gfPer AAMSHN EndRh-Riddhai dabbh BoWhess Mhera8tdiRthg and sintering

-6- resulting mxed raw nmaterials under pressure and tenperature con
in the thewenoebphbitigcnlded ravamdteriadgi wndenfpréssurerand temperat(y conditderesssnf or

t he production of the di n i ntered ho described in the above
descri bed Yhf)t mg%ﬂgmmﬁgﬁ ng)@ﬁrf"?ég" ﬁ?e‘ﬁ%@?f&sy synthesi zing a conpound
froma rare eafg)hs §Jr8aEsY 1@ end POSRBOIdASo£ AP UM BRbnd "8 Phit EbdBhdAPVIRY d&cr ibdie

resul ting conpound w th di anond powder or a non-di anond carbon powder or a
m xt ur e of irditkerahoveadesardbed il Ahond(2¢ anibdch govrdses daminabingt aishapad bedy of a

sintering the resul.ting nmxed raw erial.s under. pressure_and tenperature
condi t1 onsF TR SHRER (H1EPHE PR o8 1 SLoToPErepE SRBFR BT AR dshet one TarE @af iy
process f ugtd ' hat S [ '
Phe above Jenaf BAGH EhdsBlords doMfpAumac: Mh LS Rpel oty ol AN poRer 0ot
a rare eaa tnbhnelienwt cgnbed qowder an aanixdyrpofctanaeingrd nomgianontd essboropew-

e e g Bt e e P SRR G P8 e JRBSHRAR N O
non- di among.68faF RBMAitions in the thermodynamically stable region of diamond.

(9) A process for the production of the diamond sintered body, as described
in the above described (1) or (2), which comprises previously synthesizing'a
compound from a rare earth element and phosphorus compound, laminatingIa shaped
body of the resulting compound powder and & shaped body of diamond pow&er:or a
non-diamond carbon powder or a mixture of diamond and non-diamond carbon powders
and maintaining and sintering the resulting laminate under pressure and temper-
ature conditions in the thermodynamically stable region of diamond.

(10) The diamond sintered body, as described in the above described (1),
wherein the phosphorus compound (B) is represented by P. O\ in which ais 1
or 2and b is 2, 3, 4, 5 or 7.

(11) The diamond sintered body, as described in the above described (1),
wherein the compound (C) or composite (C') is .represented by
MN.(P.O,), (OH). in which M is a simple substance or solid solution of

at least one element selected from the group consisting of rare earth elements,



ders and nmaintaining and sintering the resulting | am nate under pressure
and tenperature conditions in the thernodynam cally stable regi on of

di anond. (9) A process for the production of the dianond sintered
body, as described in the above described (1) or (2), which conprises
previ ously synthesizing a conpound froma rare earth el enment and
phosphorus conpound, |am nating a shapeJ “body of the resulting conpound
powder and a shaped body of di anmond powder or a non-di anond carbon powder
or a m xt N sidhe sanmred coerts reod - 46 ahamadltsc af et i pbwdBade apddt ddi hiSaPRieng and

sintering the resulti | ami pat e under pressur, d r

condi t i on$UPFEaNRR %Phé‘:“ﬁﬂdiﬂ?&ﬁﬁ%ﬁ 99395%] ang eegl?%%nqo?élgggeﬁoagmaiw EI‘chJ".JO) The
di amond siBherind@4Yeroap gbestembhados Rek @i Taybe das cuil bed () x, ywawet @i n

t he phosphorus conpound ?B) is represented by P. O in which ais 1 or 2

and b is Are3especBvely In the ranga Df ITife Misanbfd 5F nY &F et 8dy, as descri bed
I n the above descrjbed (1), wherein the conpound (C) or conposite (C) is
r epr esent dd Shy? SM\?.S(P. Q), (OH). in which Mis a sinple substance or solid

sol ution of gl | AAsSki MR YiRREE b38),C68 WWséF ey titetiyy abgvecassat ednQl )of
rare earth el enents, al kaline earth elenents and 4B el enents of

Peri odi ¢ T@hl| e{10ncorN(L¥), awtsiraisl the bisster sphese ois senposed 6f (i FYIPOBRd 4F) |08ast

| t | ected f i t.h i Sti 8
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1 [err] x x[agérdartﬂf-éemér{t@[ r@rodp BEr BB, 4R, aBdand. 6Bedleherts[ & Prio@fe Table, (12)

The dianond sintered body, as described in the above descri bed, (1_’(1%: %2),
(10) or (1likon guoep aietathelbi Ndaedkaliamatals aodngldabieopardh ABtRLL RHM &)Phor-

cConsi ot i ngPtFUs 2Paraunn (P T BREHTLST BY Sup 4K Mugh G s LAVL B R S o o
Peri odi ¢ Tﬁbkeor 7! N o oReEe BElad! FoasMone \blembhal(R) weladtad dmdn thé grove eart h
nmetals with a phos- phorus conpound (B) represented by P.O_ in which ais 1
or 2 and bednsiting, of sarssemnrth7elamentan Gorupl@Aof3Bat 44,eﬁ%@n@)r§§ @e@%tot( gfn-
sel ect ed fgdc%rg 'It‘ar{)(:i‘e?ri%g group metals, Mn, V, alkali metals and alkaline earth metals.
 (13) The diamond sintered body, as described in the above described (1),
(2), (10) or (11), wherein the binder phase is composed of a compound (C) or
composite (C') represented by MN .(P.0. ). (OH) . in which M is a simple |
substance or solid solution of at least one element selected from the grogp
consisting of rare earth elements, alkaline earth elements and 4B elemént% of
Periodic Table and N is a simple substance or solid solution of at least one
element selected from the group consisting of Group 3B elements of Periodic
Table and sulfur, and x, y and z are respectively in the range of 1= x =
4.5, 1 = y = 5 and 1S z < 26, with an oxide of at least one element (A)
selected from the group consisting of rare earth elements, Group 34, 3B, 4A, 438
and 6B elements of Periodic Table, iron group metals, Mn, V, alkali metals and
alkaline earth nietals. _
(14) A diamond sintered body comprising 50 to 99.9 volume %, preferably
50 to 99.5 volume %, more preferably 70 to 99 volume % of diamond and the
balance of a binder phase predomlnantly consisting of a material obtained from

a phosphorus compound and carbonate compound.



consisting of rare earth elenents, Goup 3A, 3B, 4A, 4B and 6B el enents of
Peri- odic Table, iron group netals, M, V, alkali netals and al kali ne
earth netal s. (13) The dianond sintered body, as described in the
above described (1), (2), (10) or (11), gwberein the binder phase is
conposed of a d¢vdpdhed ig@ndosintergdoidye asCleseriepl s dhecaboby deseriped r(i¢R. O
), (OH) , in which Mis a_ sinpl substance or sol{d solutipn of, at | east
one el enent "léeé'leé%[ké‘a % gy tphgg%gf%lﬁ "‘p°58‘ﬂ§§s? i"ﬂée‘giph?%ﬁ sonsipt et Aetitsrial
al kal i ne eapfiniRbLTOMM 2 BRYpHd US| RRFIINE 4l cdPBbANd] Compadide @fddai dx$ded

si npl e substance or solid solution of at |east one elenment selected from
the group consi($8) Mhe ofia@rdupidBred| odgntes déscPébédodin the TRboVe descr ided f(ud)

and x, y and z e respectively in the range of err, err 4.5, 1
Corry’ 3 Copru8h° ahrain kel Fine Bpiss”it, Oflpache af 8.4 ek ahSid bonsstingnar o
el ement (A) €6l fobRaMel ShpSiraU h&fisNOx Qe-EbEnR" &dh ITE, i

G oup 3A 3%h0%?k&q%8 aand g'B elpenen?sﬁgcgﬁPirisodli(c Tabl e, ironpgérgupw&%?ﬁds,
Mh, V, al kakromretphosplaards campaind rmed earbdnatretcaingound, and grldXxidg. di anond
sintered body co t0.99.9 volunme % preferably 50 to 99.5 vol une

rising 50 tg e
% more pref eréﬁ'ﬂj) T%’élqlgm@g vOrerRd Balgr A %‘?ﬁﬁ’l‘igb%?néln (38 OBt ibe aBpvey des-
bi nder phasg, gl.gdanh nanthy), CARsb At &mﬁsgcmomt E6dpRlnd RbAdaNRY aft" Alst Bne of

phosphor us compound and carbonate co

- 8- ( 15rareneartihaetemgnts, ndeati mbtedy, alkaliewcedrtbdnatals,héraupoldts ¢ wodidsed
(14), wherein the binder phase is conposed of a m xed phase consisting of
a material eHWERFHO4 Ferapdis TAM&phorus conpound and carbonate compound, and

an oxi de. (ﬁ%)?)r{\{glﬁaﬂdm”?ﬁﬂelsédnﬂo%gie%gb%géﬂ@eﬁ fR%ny1diR%d ind MBoAPRYE:

descri bed (14) erein the er phase I's conpose a m xed
phase consi stibed @H4)ato Ph®)sprierein the bartdhate commund contgins ythbeass one of
oxi de- car bonat e conpound, obtained from.a {Jhosphor us conpound and

carbonat e c&MFoBRFR alfReRTS: oalkabi metals, @iiylingeearnith fatalsi e @pdd -body, as

O e ondiop e ok SRR, & WA L ot e

met al s, al kativee @antdr Ted)al wher8irotie Aiterdl dBCaimdd from the phosphorus compound
and carbonate compound contain at least one of rare earth elements, alkali
metals, alkaline earth metals, Group 3B, 4B and 6B elements of Periodic Table.

(20) The diamond sintered body, as deﬁcribgd in any one of the aone des-
cribed (15) or (16), wherein the oxide contains at least one of rare earth
elements, alkali metals, alkaline earth metals, Group 3B, 4B, 6B and 4A elements
of Periodic Table, iron group metals, Mn and V.

(21) The diamond sintered body, as described in any one of the above des-
cribed (14), (15), (16) or (19), wherein the material obtained from the phos-
phorus compound and carbonate compound is an apatite represented by
M [N ,COs(P.0s ).] in which M is a single element or solid solution of at
least one element selected from the group consisting of rare earth elements,
alkali elements, alkaline earth elements, Pb, Mn and V, and N is at least one
element or oxide, selected from the group consisting of rare earth elements,

Group 3B, 4B and 6B elements of Periodic Table and oxides of Group 4A elements



el ements of Periodic Table. (18) The dianond sintered body, as
described in any one of the above des- <cribed (14) to (16), wherein the
carbonat e conpound contains at |east one of rare earth elenents, alkal
netals, alkaline earth metals, M and V.9 - (19) The di anond sintered
body, as desEeilidic Tabhpr rédest of metaldov eldeents, @ndbedy (and)z §re (Tepective-

wherein th@ t%rlﬁﬁggbétallngd f om tlge pgo%phor{d% §O£rp§u da ahd gawbonate
% %

conmpound ¢ 8ast one*of raré darth el'€nments, met al s,

al kal i ne egigt B izetAlss, 4,Gsoop 73B, 4B and 6B elenents of Perlodlc Tabl e.

(20) The dianpnd sintered bod as described in any one of the above des-
cribed (15) 0f2%)16)progesss £9th tfv‘%@“@élﬁél@"c%ttaﬁr@amndl siderednkodys ssadesegibed

ol oment s Bt SBeordit e sRUC SRR HD B BpD R0kl 1588 mi B 30 h0se
di anond si gHeCh@ibeP Bl ectd fIRBRCtHDEDUD Loa SIS tIRE 0@f pHobshorie \enstRnd powaédzed
(14), (15, (16) or (19), wherein the material obtained fromthe phos-

phor us conq:mmmhtancbﬂwamﬁon@td@f%oBwnh@ruissc@hOWGt meouﬂépp@gem éad ippospiio-[ N

cast one Bircrtie-SER @bl hE G cnl JBRET o0f s bingB i, fnsia *

el enents, pldkal lan@!sIABStisg takkakinengan kdu gbmglt %s aPl@aw htﬁt@dldl\fmwaélq Nis
at | east one el enent or oxide, selected fromthe group consisting of rare

earth el enendes PPGSWpaIBBte’%rWe @B"@l@%ﬂg de therm %!“W-'&_UIYeS e ReB s

of Goup 4 Lenent s -9- of
Peri odi c T@%ﬁém%WQOX|des of netallic elenents, and x, y and z are

respective- k) R gracessnge thé prodwRtidn ¥ [t8E rdiaifondl§ Ritetedybdds, rds Qesenbed
[err] z [err] 6, ails 1 or 2 and bis 2, 3, 4, 5 or 7. (22) A process

for the prinaoyioos of thm@beﬁﬁmltﬂaﬂnﬂéﬂe@ K)%U)y W@§hd@@E¥MSBécPPeV¥P“§hX/ psee

of the above . descri bed rises. mxin e
menber sel BATHER & FYROER °§r%&g“f%oﬁ@sé¥] ng & gﬁSﬁ% 8P4 Eelﬁb(?ﬁp ﬁé&%s %\H’tg'r g‘
carbonat e £oBAHAY 1 AQNE YrSphRPRITRS LokifouRas, b@&?&oﬂaﬁé) BB BRksh OpMdepisorand
phospho- Tus” oxi de-car bonate conpound pomders at | east one oxi de powder
and di armnchrpommercoﬂ@nmdﬂ sndephasphariue axdderdcarbanate cowpoynddiend atakeast rang

materi al V“Ae ﬁowder, converting it into a powder, mixing the resulting powder and dia-

mond powder, and sintering the resulting mixed powders, as a raw material pow-
der, under preséure and temperature conditions in the thermodynamica11§ stable
regionof diamond. :

(24) A process for the production of the diamond sintered body, as described
in any one of the above descfibed {14) to (21), which comprises mixing at least
one member selected from the group consisting of phosphorus compound powders,
cafbonate compound powders, phosphorus-carbonate compound powders and phospho-
rus oxide-carbonate compound powders and at least one oxide powder to prepare
mixed powders, or previoﬁsly preparing a compound or mixture consisting of at
least one member selected from the group consisting of phoSpﬁorus compounds,
carbonate compounds, phosphorus-carbonate compounds and phosphorus oxide-car-
bonate compounds and at least one oxide, converting it into a powder, preparing

a thin piece, thin sheet or sintered body holding plate from the mixed powders



under pressure and tenperature conditions in the thernodynamcally stable
regi on of dianond. - (23) A process for the production of the dianond
sintered body, as described in any one of the above described (14) to
(21), which conprises previously pre-. @aring a conmpound or m xture

consi st i NgoOfthélpok@aSt amneonB AR a elest 6d df arumdt hregrphoty wttnshsttihny of
phesphorus conpounds, carbonate conpounds, phosphorus- carbonate conpounds

and phosphheds: oRiv&Eheal 96 riingered rhoduiedd engdp kte| Besubdpgt Ing ihger GROMIENE,
converti ngz(zjﬁstemtkl ?oaia?%) ﬁfi'onmﬁﬁhp rgéﬁréeﬁﬂlﬂgég?graqm‘@%nﬁ@%@‘?‘ﬁ.th nd

powder, and sinterin e resultrng mxed po as a raw naterial pow

der, under tHerfsdmami callly isesiler Bdgliére o€ Qildhdrid) NEhelr &byt BEntleh BigMokky damond! | y
stabl e regionof dianond. (2;6 A process for the production of the
di anond si nt ef ¥ BoHpnonds siteeed bedy comprisipgohd & 3Phelumbdeoid@smateptdl (14)

or otip EonsTeBT RGBT AR aBhin) R 3 ce PREE Bt BRE AR E Iabi Hoh Thos-

powders, pheRé@ndStheabdlanéd of camadnd powders and phospho- rus
oxi de- car bonat e conpound powders and at | east one oxi de powder to prepare

m xed powder s {26 The dianond| sinpereghodlig a5 desapbheddinotheriahever deseshbads(29)g of

at least qne nmenper selected fromt.he gro cqnsi st.Lng. of. osphor us
conpounds,'%eg_gfrbgﬁ%ltc m@%’fr‘%o i 1’n1%§5%q?o§ fg_e%%rﬁbg%ggxélogbﬁggﬁﬂedgggﬁhos— _
phosphor uspiy¢iiglasCalcompdi@d adofls LRATRO YN S aXideddr GEABL 3 KEmenti 6fe Pe£10AYE 'Mab W
It into a powder, preparing a thin piece, thin sheet or sintered body

hol di ng pl andepligsphenuseoxiidged powder s

- 10 - th ...and i ni f dj d. or ite,pith
Che thi o pi oo PR et AR R, R irser (e rh Y S e AR IS Y
the resul tjfgeintae Whyound doﬂf&i'nﬁﬁ%’ﬂ‘bi‘% YN ket 66 PUf RIPEGabRITRRS PhosL

conditions in the thernodynam cally stable region of dianond, thereby
si nteri ng phveusliisnompdiosphate of 2Gpup Idekamentl of i Peréodi¢ Pabdg. conprising 0.1 to

S0 oL e % Ol B S ARSI, 35 AL SRR I R0

cribed (25) to (27), wherein Group 3 elements of Periodic Table are B, Al and Y.

(29) A process for the production of the diamond sintered body, as described
in any one of the above described (25) to (28), which comprises using a phoé-
phate of Group 3 of Periodic Table in the form of a powder, as a sintefing
agent, mixing a powder of the phosphate with diamond powder or a non-diamond
carbon powder or a mixture of diamond and non-diamond carbon powders and main-
taining and sintering the resulting mixed powders under pressure and tempefature
conditions in the thermodynamically stable region df diamond.

(30) A process for the production of the diamond sintered body, as described
in any one of the above described (25) to (28), which comprises laminating a
shaped body of a powder of a phosphate of Group 3 element of Periodic Table,
used as a sintering agent, and a shaped body of diamond powder or a non-diamond
carbon powder or a mixture of diamond and non-diamond carbon powders and . '
maintaining and sintering the resulting laminate under pressure and temper- \

ature conditions in the thermodynamically stable region of diamond.



(26) The dianond sintered body, as described in the above described (25),
wherein the conpound containing Goup 3 elenent of Periodic Table and phos-
phorus is a conpound consisting of an oxide of Goup 3 elenent of Periodic
Tabl e and phosphorus oxi de. (27). The di anmond sintered body, as

described in bo i = ter gj.n RaiRE HeaPt aknidag

G oup 3 el em%ﬁ?oﬁepéﬁcgglggfo%g@?e&é@ tb?ﬂ)s?-? ﬁ‘lgh%%raﬁgnfgla@gﬁosphgie of G oup
3 el enent @fbddenhotiecabbabl described (R8B)r T¢30) divheveick tienpkosphiateody,a akosphate

described in any one of -the above des- <cribed (25) to (27), wherein G oup
3 el enent dwdratRerhysapgenphpinbaty ar pydoggenpigsghate hydrates) " A process for the

production of %3?)‘?’9% %f%c%gié';o?t%?pg'ﬁg@cgﬁ%n 3% GRSEdnbRS sihterd¥bolPe a@fc]icetshe

above describ rises using a phos- phate of G oup
3 of Peri q@ijgedTdh! el fbdvBeddsorivedf(20) powde), whareinsa ntigtunegof ageotide rafxi ng
a powder of the phosphate with di anond powder or a non-di anond carbon
powder or Gromp 3t erement ofi BerdadicaFablp®RdRheSBHATUE HX0E% ISoURFErSS &rtf el ine
taining and sjntering the resulting m xed powders under pressure and

t enper at ur¥®"tondi tions in the thernmodynam cally stable region of dianond.

(30) A procesgajofnd Brodessdiest ihenprofiudtiien @i athendi smond eintereddpdyaas des-

described in any one of the above described (25) to (28), which caonprises

| ami nat i nerdbeds inpkde ey descaibed\id8) oaf (39) pritephis & MEtesRh 28 fideeddt of
Periodic Tabl e, sed sinter] ent [ ;

- powder or EOHBA 8?%53’% g%rrl%itr? %%bagea?'goé] pgoﬁhg% %rogh%gﬁ ié;%g%mgﬂgnog PéFIBgic

non- di anongptarikonsdaonslar sirtesingn@ent.ai ni ng and sintering the resulting
| am nate under pressure and tenper- ature conditions in the
t her modynami c634)yThe apeeess g otheoproduetipm@f the diamond sintqrgq)bogfe 85 ¢fSsss

o " cSeab R0 b Bk Bl BeRITREF (R004n B el Y 4 B
hydrate, hydpeamnPiemPhat r Gt t#tud! ogenphosphat e hydrate. ' (32) The
process for the production of the dianond sintered bop¥, as gei_\miin

(35) A diamond sintered body tool for cutting, polishing and exca g,
characterized by the use of the diamond sintered body as described in the
foregoing items or the diamond sintered body obtained by the process as de;-

~ cribed in the foregoing items as an edge. .

(36) An abrasive grains obtained by pulverizing the diamond sintered body
as described in the foregoing items or.the diamond sintered body obtained by
the process as described in the foregoing items.

The present invention is based on finding that phosphorﬁs compounds each
containing at least one element (A) selected from the group consisting of Group
34, 3B, 4A, 4B and 6B elements of Periodic Table, iron group elements, Mn, V,
alkali metals, rare earth elements and alkaline earth elements are very effec-
tive as a sintering binder for a diamond sintered body.

In the above item (1), the binder phase can either be amorphous or cry-
stalline and the composite (C') includes mixed compounds, solid solutions,

mixed or composite oxides, each containing further compounds in addition to

the phosphorus compounds.



cribed in the above described (29) or (30), wherein a m xture of an oxide
of Goup 3 elenent of Periodic Tabl e and phosphorus oxide is used as a
stntering agent. (33) The process for the production of the di anond
sintered body, as des- «cribed in the apove described (29) or (30), wherein
a mxture of fhrvfs&?f@@%ffowcéuﬁle3pt@rsmm compauad j as@plel eTah[SEOIRE ‘hSpHEfSFpWhte
of G oup n ISl FalN=l g

(34) The %rtgélgrsgg mq‘fonﬁg pf%lég%%n?%ﬁkgfﬁ ?hleﬁgq"ellﬁtﬁ)naglgl n%’grée g%%dgg,lt‘zass 'des-
cri bed i nd,aByooneinfthiidoaindde tdeser rdsatts 280 beoodtdBjed. WHer &3 a1 Fopnd3
element is boron, alumnumor yttrium (35) A dianond sintered body

tool for Bhftt® fMPGIIti Yhishepnghy f@s&séwpgrftj a bipgeradekariigbdsniepresented of
the d b t
i aond sl E Dody S o7 RS e U5, £ 108 e, S EARE"G, SBERP syt

f or egoi ngof W€NEadt chd €idgent selectéﬁﬁbonﬁm@gmﬁﬂ ¥éhsPE Bin@So OB BEhDYIe-
pul veri zing the dianond sintered bod escribed in the foregoing itens

or the diranépd &ékﬁklélﬁe%Pfﬁbc%le%'ttalﬂlﬁé&Bb9lemﬁhés of FeabtudigsTagde @nl Bedsian t he
f or egoi ng resenf. invenfi.on Jjs ba n. findin
phosphor (& PRETsbriance o Sl R ioh PHoRt 188sd Ba STt R i PR Bometie
fromthe QfoﬁFrboﬁﬁfgiﬂiﬁtldlgGw‘up@BOélﬁme&@ o8B Ber i c 4idb B dnd Buet @iTedHaS x Ofy
Periodi c Tab i ron grouF el enents, M, V, alkali netals, rare earth

h

el enent s Wdzaﬁrl%a!'qsﬁéc%‘élﬁ 1n| theerenge af el very ef4.8¢-1=ty e Bgnd sintering
bi nder fo t he [0}V t t he, bi nder
{ & %er wl?fc'ﬂ ﬁfx%gtl*?@fj}’ acts ev |1‘|‘£§‘8 co%g sttﬁnée %ﬂ% % l@ufé

phase can elt anor ous or Ccry- e CoO

i ncl udes pounasl o@OdsmfduslctSI cmlimghsml ut i ons m xed or conposite oxides, each
containing further conpounds in addition to the phosphorus conpounds.

-12 - A By arenedprable anbpdiment, of pihe sgriesents iaieapinm dtheap sl proyfdeshowi ng
05 oL RSPl BRSPS RS WLk AR MISE B uefd
It is al swiuM%gd more preferably 70 to 99 volume % of diamond and the balance of a
binder phase obtained from a rare earth element and phosphorus compound,
characterized by the use of a mjxture or compound consiéting of the rare earth
element and phosphorus compound.
Functioning of rare earth elements, phosphorus compounds and otheés in
the present invention will now be illustrated.
a) Addition effect of rare earth elements
A rare earth element functions as a solvent for dissolving carbon and
accelerates sintering of diamond. When using rare earth elements in the form
of a single element or an alloy of a rare earth metal and ferrous metal as a
sintering binder material, however, they react with diamond to form carbides
which hinder the sintering action of diamond grains.
b) Addition effect of phosphorus compounds
On the other hand, a phosphorus compound has an action of preventing
rare earth elements from being carburized in addition to the catalytic or solu-

bilizing action in diamond synthesis and assists the solubilizing action of



that a conposition strongly functioning as a binder material is represented
by MN . (P.Q ). (OH) . , in which Mis a sinple substance or solid solution
of- at | east one el enent selected fromthe group consisting of rare earth

ele- ments, alkaline earth el enents ant® 4B el ements of Periodic Table and
Nis a sifﬁiﬂ 8388l MeBES-or solid solution of at |east one el enent selected

fromthe 9rouReARDSkoting AL OuSRLLEmOlhealoPRriAg for TR Enand

sul fur, and x, Z are respective e range of err] x [err]
4.5, 1[er lh]\d)phbﬁmﬂa]:eanamckmﬂel{mgrb]nder[mp}ef@ﬁabl\dﬂf@hsh'itfeemg oldiamods even
In the coexistence with various com gounds or oxides in conbination.

ljn a p(rjef élﬂhtﬂ“ex'é'#ﬂg‘b‘lflﬁié?ﬁ“%‘? teachep taak gt Mixtyen of oh rarh eaeth eleneplisddd  a
[ 9 99.5
Tot une. o PRUEREE: J8CHsSPTRY B B BB rigigh UP'diffontt o ELAIED haribal O 7 2

bi nder pha$@osqbt;alanedinpf)ﬂlﬁlrntﬁeﬁeaf anéar hdrmel gresdurand phosphorus conpound,
characterized by the use of a m xture or conpound consisting of the rare

earth el enenfuging pHPpHbPHL EHPpRANtH element and,phqspBatends d‘larﬁ”eYr gtahgdt h
| t h t { [
el ement s, ogsﬁ?rg?seeg%ﬁlogm‘:!?&’i dgﬂ? i E&? aé rlnoézpl@n earE‘ {HaY S hoq, ¥4

now be ill I'on e ect rar h el ene A

rare eart lséd Qe hihdLIGT $uRRSa AFglR pPa¥isuRNand Qenplira serlevang neBIrbqul racmdls in
accel erates sintering of dianmond. Wen using rare earth elenments in the
form of ethslanEQfeG@T’Pémteér Haveyerofhefcapbangaet déamand pATLEY rasrist erthous

nmet al as sinteri.n er h mond to
form car b%&%s é&]ngh&n ﬂg?ﬁslﬂg&gl%ﬁéw*{é"‘%\éﬁ%n#sOzflygf:g@g%%%éﬁog fH

b) Additi gamelchesd, pit RARSRPBANYS 160WPSMIEEntial infQenté& ot her hand, a
phosphorus conmpound has an action of preventing rare earth elenments from

bei ng car buri £¢cAddit kardeffiegh OtfoaltkhblIEaeaa'lt?tﬂleé&kﬁr Gesup-3B pnd 4B elgmentsi on i n
daond synthes & B diE Tab MAERIRMDI L4 19 2etion of e
coexi stence ofrpgsd BidmeRds trRsRIc@RIY have a low catalytic action for the synthesis
of diamond, but has an effect of lowering the melting point of the binder and
thus sintering diamond at a relatively low pressure and low temperature. That
is, the production cost of a diamond sintered body can largely be decreased,
thus resulting in a large commercia'l benefit, by producing it at a rela-tively
low pressure and low temperature. .

' d) Advantage obtained by using phosphorus compounds as a binder phase

The first advantége is that the phosphorus compound is excellent in
chemical resistance as well as strength and does not deteriorate the binder.

In particular, this advantage is larger in excavating or cutting in a corrosive
environment. '

The phosphorus compound has a thermal expansion coefficient of 5§ x 10-°,
closer to a thermal expansion coefficient of 2 ~ 3 x 10 ~° of diamond, and
accordingly, no thermal stress occurs in a sintered body even if it is used
at a high temperature, resulting in an excellent heat resistance.

The second advantage is that the melting point of the binder phase is



and phosphate in a sintering binder is preferable for sintering of dianond,
but an X-ray diffraction teaches that a mxture of a rare earth el enent and
phosphate is dissolved in the stable region of dianond and finally changed
al nost in a conpound thereof under 'norrrgi pressure. Such a conpound
of arare earth .ele n osphate-i S* har dl_y che : edg i an
aci=d or al ar?“egn%f‘dﬂgg'; taeﬁ”?fdggn g(g"e %"lf@ﬁatt"ﬁ%lﬁs @tﬁ ng%gg%nggéa %Wﬁg%‘r
such a hi ghdpiagey @annd bEvapeddainafy @ase,N0fe.r By wonpasiag the binder phswe of a
car bonat es. However, the-carbon of dianond partly reacts with the conpound
to form carshngles CoORPIURPD Pt & PEWIRRHLINBE COPPO¥YY-ures thereof in some cases,

but this resul teﬁm hnalpgf)e@égﬁé?%io%hgg%kéfp%g% c) Addition effect of

al kaline earth a enent s of Periodic Table

and sul fur GeA&raq ¢y £IpROFINbL Bus 66IABS tca Bey répesented @y BALal yihecimeh+ on for
the synthesis of dianond, but has an effect of |lowering the nelting point
of the bi nders dwaue tfiousd $hat @r nyrgeiiod rabasphar ia agidsat iV @hich 8vingr b SatiEyakie

| ow tenperature.. That ..i.s. the pro t.ion _cost, . ' i r dy
can | ar gel oﬁbjgwdg%rcé’agbﬁfms't Hﬁ"sep?esgxﬁ?q'il @mgnacélﬁéragg%gg%?cﬁ%gﬁéﬁgﬁ oltg'? '~ by
producing it aty a 1 Q@lkas igngly/ = 4,09 @r esgpre and | ow tenperature. d)
Advant age obt ai ned by using phosphorus conpounds as a bi nder phase

The first advariftaie fustiemafountdhphdoprddi tisnctmpotheghesphesiCens idnt hypaphos-

chem cal resistance |, as, strengt.h and does not Lerat e £ he

bi nder. | r??’Bﬁ'rct B¢ Zﬁ“,%ﬁui? %\Wa?f?ﬁ'gtév?’s r}f’ﬁredtg?plieh %%f@é@%? |8’r?g’ or}}‘@Utetchg
in a corrosindenet8MUspREVTRMoid (HPO:) dhRcPRRIPhRESS 8erg0LH\d pbBphasphberoTatids
expansion coefficient of 5 x 10[err], <closer to a thermal expansion

coef fi ci entsuok & pwnophospBoxiclacidertrfphosphirdeacdd. dnimetaphaspbeniglacidpdetra-

thermal stress occurs.in sintered body .even if it is used at a high

t enper at ur &, °§I§§’ﬁf‘f iaﬁb&’i ﬁ%l%tnc%‘}@&eqcéh‘feqﬁeb& u";feéiSi stance. The second
advantage is thgt gffagt 63! bompAumie! flpr&entdlf vPiMAS(P.BIAS GOR)S

- 14 - lowered and sintering at a l'ow tenperature is thus rendered

possi bl e.  Si mA aompound of MN .(P.0s), (OH). in which M is Ce and N is Al is known

as CeAls (PO«)2(OH)e (florencite). The first effect obtained by the use of the
compound for the binder phase is that the compound has such & low melting point
that diamond can be sinfered at a lower temperature by 300 to 400 C as coﬁ-
pared with the carbonate catalyst of the prior art and the pressure caﬁ largely
be decreased by 1 GPa (10000 atm) or more. The production at such a low pres-
sure and low temperature largely contributes to reduction of the production
cost of the sintered body and provision of an_inexpensive product.

The above described compound is strong for acids and alkalies and excel-
lent in corrosion resistance so that it is suitable for use in an edge of a
drill bit for excavating petroleun.

The compound of MN .(P.O. ), (OH) . is particulhrly useful when M is
a simple substance or solid solution of at least one element selected from the .
group consisting of rare earth elements, alkaline earth elements and 4B elements
of Periodic Table and N is a simple substance or solid solution of at least

one element selected from the group consisting of Group 3B elements (Al, B,



advant ages can be obtained in any case, i.e. by conposing the binder phase
of a single conmpound or a plurality of conpounds. e) Shape effect of
phosphor us conpounds General | y, phosphorus oxi des can be represented
by P.err]. The inven- tors have foufd that a nunber of phosphoric

aci ds, inGahileh H)antl Ber o Sfaple hed Sﬁtﬂkﬂrovdﬂdgx.canmdttms rgsaeetiyely in the

so1ub|I|Z|n actio serve fo sinter anond a=1o0r 2 and b =

2, 3, 4, %’ 1;1%%{]%'lefulr%ﬁ(ergrg fh&tgﬁwaddltlonto

ort hophOSphor Weer@Qhe, coRpAMANRS di sppPsdi aﬁl&k GERBGaer Jorrestsat s aesddiogd i ve,
for exanple, as Ce(H3PJerr])[err] [err] Herr]0, etc. and netaphosphoric

aci d (HPCakove] Famfb?eczitvievel y acts. I\/breover pol yphosphoric acids such as

pyrophosphoric ag d trinetaphosphoric acid, tetra-
phosphori ¢ ac® E‘°"c§ﬁpe§?frélc?qr§%@\3 ®he used. f) Effect of conpounds
represented by M\lbbﬁud ﬁasosﬁmal)onu( Q‘Q&l%ﬂiﬂ for the ﬁnﬂ%?@tb@ddﬁfmow but

[err](P.gerr]), (OH)[err] Ce and N i known
CeAl [err] aP$q canr:]e)agemtr ]f(JC]-ll)Jﬂemng t(lé Intaltarmgl paint o'lfhéhe‘ bm;tererfhheetandtﬁyatmds by

t he use of the conpoun nder phase i e co ound has such
a |'ow nel tPPRPTAEYTS: © th5‘9°“8| é\’rﬁ?ﬁ?‘ eog ‘g’“g‘? r’i‘t‘é‘? @dg%‘is"étmluﬁvﬁﬂ“ PR &P by
300 to 40Qtf&f bl @ @SmpoRAA. PRREEk tbd, Nl faRnkenake aﬁaéf@haﬁbquowamgpaa or

art and the pressure can |argely be decreased by 1 GPa (10000 atm
nore. Thempderdtitng carturizaiden af | the qarepartly @lenents, ledev t enper at ur e I ar gely

contributes tQ,.reduction t he prod ctlo gost .of. .th ter b

provi si on of %ﬁ ’Fﬁég éhgf%gtp?:} ?ﬂ%@?un S contaiping zfﬁg?/lé tae:tgir qﬁﬂ?f‘ rnggh‘d‘% s
strong fogaph dfereRbs,abkalp &5 U@ EBCremeht@Nbs iPdr fRATE GRbAN T esi stance so
that it is suitable for use in an edge of.a drill bit for excavating
petrol eum The fihst wﬁgniumj thdt ke Pbcwre] qmqm $omppendr |s e@cc:ﬂ)le{xtarm] is -
particul ar bst ance

et oo chdnidah res Ly are ds a0 bt SRR B Grey Bot dgtatiotapotisb et 3
el enents, pabiabidle et BavahSdRNisS 18pdr 4R gi&v&&tng oPbufi8hé Qdi £ chalsgvand N

is a S|ine substance or solid soiution o | east one el enent selected
fromthe gnmeirpnmemisi sting of G oup 3B el enents (A, B,

The phosphorus compound has a thermal expansion coefficient of 5 x 10-°,
closer to a thermal expansion coefficient of 2 ~ 3 x 10 ~* of diamond, and
accordingly, no thermal stress occurs in a sintered body even if it is'used
at a high temperature, resulting in an excellent heat resistance.

The second effect is that the meiting point of the binder phase is
lowered and sintering.at a low temperature is thus rendered possible. Similar
effects can be obtained in any case, i.e. by composing the binder phase of a
single compound or a plurality of compounds.

i) Addition effect of oxides, in particular, oxides of alkali metal ele-
elements, alkaline earth elements, Group 3A, 3B, 4B and 6B elements of Periodic
Table, iron group metals, Group 4A elements of Periodic Table, Mn and V

The addition effect of these oxides consists in lowering the sintering
temperature and improving the corrosion resistance or strength of the binder

phase.



- 15 - G, In, T1l) of Periodic Table and sulfur, and x, y and z are
respectively in the range of 1 [err] x [err] 4.5, 1f[err] y [err] 5 and
err] z [err] 26. When the conpound is dispersed in an oxi de,
simlar effects to described above camghe given. . g) Addition effect

of carbonate j) Effech lﬂyabbé%@ﬁéeeoﬁ(i?&iaﬁ Fipbkesuht¥d dySRINAE (P @0 )t he synthesis
of di anond, but also an reagent tor |lowering the nelting point of the

bi nder phase an#h $ypdefephase t enperature of di amond through coexi stence with

a phosphorus ﬁgn”ﬂg-g?der%cg %{E}in@& qucr)x?fus% gpgppyggmpoluﬁd gl t{hieoﬁ]i’nd%pfpﬂeés% ar e

car bonat e has ect "of Towerin noder ating carburizatron 0O

earth el gepiay, tiefsCeompound hy stsidticamaflth A€ po it EREPOLEMEAd RANTLRI 8irtdred
al kali metal elenents, alkaline earth elenments, Goup 3B, 4B and 6B

el ement s adf a Herpddiemperabyne by aboutTHI) ¢ (680 Cefaf ceomparedt high theecarbonate

descri bed co u Ls excel | [ chemi cal resistance well as strength
and does cr?g?{gégtgrjithéftré & ﬁéFgf‘%ég? .preTST’i’rep?a% F%rﬁﬁiaylr ?St%?geaéa%é%éh g'gseGF &
larger in8ysPYeh) 88 mreCUtrhd PBodubt BnCAY SAEN \GC1owePMEsS@FETRAY -1ow temperlN®
phosphorus conpound has a thermal expansion coefficient of 5 x 10[err],

cl oser tatare Hergedly eontaiigiteh teceflidtiprof tife pridyction @sk df0thd einfered

di anond, .and ccor di nal nq thermal stress occurs in a sintered body even
if it is q.?B%angané{gHo halq 8“38?%&3[}?‘&9 ?ré)gﬂ?f'i ng in an excellent heat
resistance. The abolBeicS8E£i®RE RhfRAd 1isSsirBag fobeadiBS tandthiBRIiRE Ml &R1Dbi nder
phase is lowered and sintering at a |l ow tenperature is thus rendered

possi bl e.len&iim cenrosidf pegistangs soethsbt B Aedsuitatleyfarause in aa edgg eo/posi ng
t he bi ndey . f a sinagle compound or a plurality of conpounds.

i) Addit i%’rﬂ%%ﬁgc@roﬁ’xc&)‘ﬁﬂgg ,Pequg‘é{‘l«t i cul ar, oxides of alkali netal ele-

el ements, al k@bl fifveRfirsmAkefnd ThaGtRYRodfbUNER: AH NGOG (BR.9L gent s of

u
Periodic Table, iron group netals, Goup 4A elenents of Periodic Table, M
and V is fotmed axhent da sefinpde substahes @rosalddssoduhivnsafsat dehstvoné egemwdnd

z:c n'; ﬁ;l B?s‘%é&%g{&@g{ﬁ gpo%plco rl%\{:llrrl] oi‘ hreargoerarr%?lqumern _ss,l %Eﬁaqgeeloefnegttsr,engt h
. alkaline earth elements, Pb, Mn and V, and N is a compound containing at least
one element or oxide, selected from the group consisting of rare earth elements,
Group 3B, 4B, 6B and 4A elements Periodic Table and oxides of these eleme'nts
and metallic elements and 1= x £ 7, 1 y = 6 and 1= z‘_s 6. '

The components and compounds in the sintered materiél of the present:in-
vention will further be illustrated:

In the present invention, | in at 'least one element (A) selected from the
group consisting of rare earth elements, Group 3A, 3B, 44, 4B and 6B elements
of Periodic Table, iron group metals, Mn, V, alkali metals and alkaline earth
metals, firstly, the rare earth elements include lanthanoids such as La, Ce,

Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu, and actinoids such as
Ac, Th, Pa, U, Np, Pu, Am, Cm, Bk, Cf, Es, Fm, Md, No and Lr.

The rare egrth elements can be incorporated in alloys, for example, as

CeTl, Celn, AlCe, LaGe, etc.

As Group 3A elements of Periodic Table in the element (A), there are used



- 16 - j) Effect by presence of apatite represented by

M[N CO[err](P.derr])[err]] I n bi nder phase The first effect
obtai ned by the use of this conpound for the binder phase is that this
conpound has such a | ow nelting point. ypat di anond can be sintered at a.

| ower t efpeandt Yur @s H3roap @Bt e EPen tisoo 6 0OF idxdi ¢ Tabbe.c bingrar @@ wsddhat,h8, G bhmat e

catal yst o he pri art _and the pressure can |argely be decreased by 1.5
e {16606 e e Bt Uil 1o Slrestis off Banion: i abise nEeTe WS pHSEd Ui o N aod

tenper- pgt UORidedr G ltHedeOBl dnbRtt Bsh bPsd EQLlBteH.O”AQfGrB@;?éWé]QHéﬂtisogt‘ ¢@p{- Of
the sintered body and provision of an inexpensive product. The above

descri bedd bofpolendtiese streowmpd {1 Zrciankd Hanghdahs IGrows 6Bredemntelof Péedtid N
corrosiog resi stance so thﬁt it is suitable for use in an edge of a drill
bit for &3¥%vatheng 458t ¥¥5fetnde: Te andyige | QXIART Of Sthese €1 PRARNS Q8RR 1SPhke
conpound @fq. Merr][N, Q[err](P.O[err]).] is formed when Mis a sinple
substance or solid solution of at |east one elenent selected fromthe
group consi stsniecdlkahi elewent$) cheawesmtesused kb Naplkenes)t By andlisal djgeggart h
el enent s, N is a conpound containing at |east one

Pb, Mh and V, and
el enent G&he 6}1‘%iléf‘eseél"9bteil€f“em%m“ﬂ?f@ freoiprd Bers MEt iCRg 8% Baaped Barth
el enent s, . riodic. Tapl e xides of
t hese el eneﬁgé%gﬁ%uﬁgﬁgl) F@g@ﬁé’%ﬁﬁé%ﬁ F@r??‘gw?se’rﬂr e%gl%)’erhy]_ y
[err] 6deowldds,ehyqrideg,ehydrabes, etc. ofTltke Giempamtet®)s and conpounds in the

sintered matﬁia of the gresent in-  vention wll further be illustrated:
In the present® PAYSHICTECOMPRURg (B 4sed dRcthe) RAfsARt dmyend N iRGlydes:ofiet he

group CO@fﬂomt%tl b NGhSdphb Al ofidet _h)reﬂr:]rﬁ) gc &3 ﬁggué@ﬁs?@ﬂ, o, 14 ?z gnd P?& ,

&
el enent s Periodic Table, ironh gfoup meta al’ka net al s 'and

al kal i neHeRnt hetenptkal B, Ba rand ICs, sdlite suah easeRyHOD, &K, BPRNt ¥H.POG| N&GIPO, -
| ant hanoi ds. such_as La Ho, Er, Tm Yb

Ce, Pr, Nd, Pm Sm Eu, Gd, Tb, Dy,
and Lu, B%® aBai(Rd%)as BalBQss o€ (HzRO ) oy ety ang) othpr splits sygh &snthese offLi,Es,
foys, 19 B e Stoly ROy B fELY B A7 PER R TE LR
el ements of Fier icarlionafiebbmpoiund ubel ¢h ai@ndresét iAVALPoMIKc1Uéad for example,
CaC0s, SrCOs, BaCOs, MgCOs, Na.COs, K:COs, Li:COs, Cs:COs, NaHCO., KHCOs-+ 2H.O,
- LiHCOs, CsHCOs, Laz(COs)s, Ce: (COs )z, Nd2 (COs )2, Gd2(COs)z, Euz(CO:)s2, etc.
Alkali metal elements, alkaline earth elements and rare earth ele;nents
which can be incorporated in the carbonate compound of the present invention
are same as those described above.
The oxide used in the present invention includes oxides of rare earth ele-
ments, alkali metals, alkaline earth metals, Group 3A, 3B, 4B and 6B elements of
Periodic Table, iron group metals, 4A elements of Periodic Table, Mn and V and
the iron group metal includes Fe, Co and Ni. Group 4A elements of Periodic
Table are Ti, Zr, Hf, etc.
As described above, the binder phase in the diamond sintered body of the
present invention is composed of a single or mixed phase of a compound (C) or

composite (C') of an element (A) with a phosphorus compound (B), or of the above

described compound (C) or composite (C') with an oxide of (A).



- 17 - Sc and Y, as Goup 3B elenents of Periodic Table, there are used A,
B, Ga, In and Tl and as G oup 48 elenents of Periodic Table, there are
used Si, Ge, Sn and Pb. Oxides of these elements can also be used. As

G oup 4A elenents of Peri- odic Table, there are used T1, Zr and Hf and as
G oup 6B elenents of Periodic Table, 1llﬁ‘uere are used S, Se, Te and Po.

Oxi des of the@&mﬁl@s”%?ttﬁl ¢80 7 F@Q) e £l epcteaenc .nvenh%nt he1ghalebr €l enent s,

there are used L Na, the al kaline earth
el enent s, exdngte Ge:elaws@adzBe(OHNg Lﬁa;GﬂIPo. Ba emﬂtRaldAlTh(Pot)il'hdoﬂbrrpetmd (D)

cont ai ni ng the el enrent 1A | udes, e r.oxi | des,
hydrates, etc! as S‘FS‘E"HQQ%-(“ 'te tnder p?lase ?Hnﬁlﬁh%'saﬂﬁrﬁlr ﬁg ﬁ‘g%ﬁ% 0%8 hesed
in the pr [ [ r

phosphor i glsegg{'tdslngﬁ{cvhbggspﬁk’%%%fp%glp geng'ﬁl%ﬁed g?&:eogf)e#rﬁ?%g lgur%r ]9@[ err]

Herr] P errmp])uncbt carbohatel\mpeBaomaMdCaa saipognd mhcamsoﬁ[tercrf] PQ@esplorus type

Klerr]HPJ err ], err ] HP nH er.r

Ba[ er r] ( PETRPHIY) [‘ J%ﬁ-@ﬂ’&r FTmp["E%{j( qlhf PEPYS rdF;‘[réP%‘i compound HydceR-her

sal ts su;@osqg?tmqﬁea ﬂgt}ll axideet@s Fr, Be, My, Sr, Ra, Re, Rn, Gs, Co, Rh,
, he carbonate conpound used in the pr esent

| nvent i on i ncExahpbes oM. EX afpd (6?,.0 JCAGPeela:Le. (BOOG[(R04), BaCJ err],

L

La[err](%qu{ F?éd:b(?;@?[ ret,(t o@tt%n)zf@zr)a] La'\@éﬁt:ébt@ﬂi. trl)[f‘”]

Gd[err]( err err] err| err])|err nmet al

el ement s, CaI(Bahl)me,Oaéa(RQz)eleenents and rare earth el enents which can be
|ncorporated arb te C ound of the present i ntion are s
as those desct? ﬁh 8’\'/1@ obtaine At 8o>‘<'FEFeeﬁ%@defwe?één‘grpggwr?%\‘fg'h‘t‘tuﬂﬂe
I ncl udes %0@@&1&0{0 rtﬂé?r@?éﬁthilﬁleﬁnon TRRE Sho1 8! fedid oFPindl Faredédihi 1Rmé&dy L h
netals, Goup 3 and 6B el enents of Periodic Table, iron group
met al s, 4déndephosphomisois Peefepably T.RB| tn OMBS.anth ‘VhalddammhesmtmdngﬂUpohet al
i ncl udes Fe, a

ad
Hf, etc. the pres&gpdggequ@dLég%gggengh@b%ﬁtﬂagr fgtté?géaﬁenetﬁg %‘tegﬁ’gth&}'gl nt er ed

body of t[&sphorus compound includes rare earth elements, rare earth element compounds,
phosphorus compounds, compounds containing rare earth elements and phosphorus
and solid solutions or composites of rare earth elements, phosphorus compounds,
and compounds containing rare earth elements and phosphorus. . .
Examples of the above material are Ces (PO():, CePO: * nH:0, Ce20: - 2P0,
La;0s + 3P20s, Ce203 « 5P20s, Nd((P:07)s « 12H.0, NdHP:0. « 3H.0,
NdP.0: - 7H;0, 4La0: + 3P:0s + 26H20, La(H.PO:z)s * nH;0, Hos(PO«).  nH.O,
3HoO: + P20s + 3H.0, LuPO. - nH.0, etc.
In a further preferred embodiment of the present invention, the feature
consists in that as a sintering agent for the diamond sintered body, there
are used phosphates of Group 3 elements of Periodic Table or hydrates there-
of, hydrogenphosphates of Group 3 elements of Periodic Table or hydrates
thereof, mixtures of oxides of Group 3 elements of Periodic Table and phosphorus
oxides and mixtures of oxides of Group 3 elements of Periodic Table and phos-

phates of Group 3 e_lements of Periodic Table. In the present specification,



present invention is conposed of a single or nixed phase of a conmpound (C)
or conposite (C) of an elenent (A) with a phosphorus conpound (B), or of
the above described conpound (C) or corrposite (C) wi th an oxide of (A).
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to 0.99. {dmatjug, oV, @004 B0t &nCa1de06Y ueéq. t he present invention, the
material obtained froma rare earth el enment and phosphorus corrpound
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ol ertl Ot o) r'lih)e%%r rféé;h]an ‘g?ﬁf‘éﬁ 5] ﬁo%ﬂtrs %i B Jod?ﬂ?ﬁfd ?r hydpates, thgreof,
LuPJ err] hydrjgenphoSphaties. of Group 3 Iememenftsurdfhmmmf edvledore ijdit 88 theor | he
present invention, the feature consists in that as a sintering agent for

the di amoii*EyrescHle@xisfsdyo! FrrupeS ederents od Rerdepicaledd eomdphnsph@us| axides
of Peri odigng Tk frelr o WY BsCSe hP&Ipes elements of Periodic Table and phosphates
of Group 3 elements of Periodic Table respectively exhibit strong catalytic .
actions for diamond. Thus, in each case, a matrix composed of diamond grains
very strongly bonded with each other is formed. Abnormal grain growth hardly
takes place to result in a sintered body with a uniform structure. Conse-
quently, a diamond sintered body having higher strength and more excellent
breakage resistance can be given than that of the prior art.
The thus obtained diamond sintered body is characterized by containing
a material consisting of a compound containing Group 3 element of Periodic
Table and phosphorus, a compound consisting of an oxide of Group 3 element and

phosphorus oxide or a phosphate of Group 3 element. When Group 3 element of



of , hydrogenphosphates of Group 3 elenents of Periodic Table or hydrates
thereof, m xtures of oxides of Goup 3 elenents of Periodic Table and
phosphorus oxides and m xtures of oxides of Goup 3 elenents of Periodic
Tabl e and phos- phates of Goup 3 el en12361ts of Periodic Table. In the
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"G oup 3 ele%rrzeénoﬁg +%gnlsbo’t h oG0P 15 SHAY APRRS i aR AT e pd trium phos%&ites
phosphat e GluctxasuP@ , e¥ PrBiv, s YP0, Pemm@l. Tatd.e T/Pe0uUJesR, 0f PrYPEBANTDE .
BPO err], AIPO[err Tlg ‘HJ err] err% etc. The hydrate of the
phosphat e, &"8rComRaH HeeCOmpp &%P§é lbtft mpphesphgtesidh utdsiym Poider sqch as

L0, L Mot o, LS A ARSIRIES R TR

A (Herr] P@@lﬁmmiﬂ‘e' e3. 2kfortrjo00 i's, Usedhat the diamdfd tshRtdFed tusifoOtndX1 des
of G oup 3 elenents of Periodic Table and phos- phorus oxides, for exarrpl e,
there can DEespiddiMieRt innesarnop !9 eive] O very ]ewaeideq @mqeq;enn]neam feai s {dnber r ]

d P 0 Y] t it t
of w0 or mor e A5 ee ghOueld, sIBRCEL B 0ighEid blosehfs of %gsfoénahﬁ%ﬁg‘gﬁﬁ&iﬁé
oxi de, for gengtiveplestesiot uydmer@hosesk&w h}&{aeésf land ﬂﬁdrk@[o@réiid@%f Group 3
P[err]O[err]l can al so be used. the m xtures of oxides of (3'8
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3 elenments r [ y €9 0 hosphat S of
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of Group 3ia) e'nemmmpre,PeapanehecpaﬂEebt @aﬁd%p@h@am@m%n% degresA1dd2 M Xhid19S
of oxides of Group 3 elenents of Periodic Table and phosphates of Goup 3

el ement's of " PUCR FICRSCraB| BEF b pRAdYi LABRGI0u% i iBteredt hadhi ranabeabytaived aven ats
for di anmongygs,th | ase, a matrix conposed of dianond grains very
strongly bonﬂ"edblvsaptah%edgc oftéh'er is formed. Abnormal grain growth hardly

takes place tolInetheldiamondasitet&r oy ofl ythwi griaséntultiveat ions tthdCdoatént GPNSeE-
. a material consisting of a compound containing Group 3 element of Periodié Table

and phosphorus is preferably adjusted to 0.1 to 36 volume %, since if iess than
0.1 volume X, the bonding strength, i.e. sintering property among the didmond
grains is deteriorated, while if more than 30 Yolume %, the strength and wear
resistance are lowered by influences of the excessive phosphorus compound.

Synthetic diamond powders, natural diamond powders, polycrystalline dia-
mond powders can be used as a raw material. The grain diameter of the powder
is preferably in the range of 0.01 to 200 zm and depending on use thereof,
various powders made even in fine grains or coarse grains or a mixture of fine
grains and coarse grains can be used.

In place of these diamonds, non-diamond carbons such as graphite, glassy
carbon, pyrolytic graphite can be used and mixtures of diamond and non-diamond

graphites can of course be used.
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br eakage resistance can be given than that of the prior art. The thus
obt ai ned di anond sintered body is characterized by containing a nmaterial
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phosphat es suc as E’ err], Y err]P[err]Qerr] Y[err]PO[err] ,

Y[ err] P[ ekr |tBgevenl. res[letqn]cpqserrrf}enov[ evhn}P[lérmqt‘@[éhﬂn] 99. 9wu[lem¢ Fo[ Ever $in-
YP t d f.th h h
i Eh LT EERETORe o fe GETaaRg.cy b REpERFR GRgh SUTAT U8 B Achds BctPILEs %

Plerr] O[ e5g lpartidueas FBLGY bRe1umeSs. Stﬁpltﬁe i ambridi £ matte?fmerﬁitdé'ié’ cr?sﬁl
about 1000[err] C, so that the dianond sintered body of the pr eseht

i nvent i ondtamondlppedeyr (suitabbr yoreabmisi engraimspert poliyarysdat | ine sdiaterric powder

Si nce the phosphate hydrates of G 3 el enments of Periodic Table, hydro-
genphosph&k&e disefly d T8G AYSFSpFad & ng'B"TtSfe%f theserpardenseds refsrabl iBfther oup

3 ol ementangal o bbb CoiT2h! 0 piHd RACERNGHHE %Hd%eoﬁowﬂgp%Phﬁxteefin%rIQFOUD

3 ele- Periodic Table give a catalytic action at a relativ
| ow t enpebiider ehas atgrmmsleamdter (adifabast @ 81 rtbe:mmg, Jgeferabkysabdut 8.1 to
renderi ngé&ossi bl e ’E)ro uc- di anond_ sintered body at | ower

pressure ARd Pol®fc éﬁp%“reéﬁﬁbéy élﬂﬁue" @Pf‘l@ﬁE e hEae dHRnd FORYEIVGihPat,
carbonat € ¢ g @r S WRbf it Nk ﬂgféatmtﬂsdxgh@}?ilgé@gr arldsint@fed®xanpl e, Japanese

Pat ent Lal d- Open Publiication No. 74 Nanel y, I n such a case, a
sufficiently nrenaprms sfiomt theegkoductyor ad the otdmandiednesred batly acedmwiing 6 GPa
and 1500 [err]C I n the dianond sintered bod¥ of the present

i nvent i ontO {48 RFGABRIANYANTION. nHhes? iCaN ReoRIads BT gNYOF At REOPRASESRESCRATPEI S ng
02U, 50 R 851 R, At TFAC1ecdbcnl SRREY (B ) HBE Sl et o0 1
i . e. sintesisigtimgopR raye AP eldmentd, aGinp 3AQr38,NsA,i 4B dmticsB olenerts ophile i f
nore than 30 volune % the strength and wear
Periodic Table, iron group metals, Mn, V, alkali metals and alkaline earth
metals, a powder of at least one oxide of the element (A) or at least one qom-
pound (D) containing the element (A), a powder of phosphorus or at least one
phosphorus compound (B) and a powder of diamond or graphite, maintainiﬁg and
sintering the resulting mixed powders under pressure and temperature conditions
in the thermodynamically stable region of diamond, and (II) previously synthe-
sizing a compound(C) of at least oﬁe element (A) selected from the group con-
sisting of rare earth elements, Group 3A; 3B, 4A, 4B and 6B elements of Periodic
Table, iron group metals, Mn, V, alkali metals and alkaline earth metals with at
least one phosphorus compound (B) or a composite of the compound (C) and at
least one oxide of the element (A), mixing a powder of the compound (C) or com-
posite with a powder of diamond or graphite, maintaining and sintering the
resulting mixed powders under pressure and temperature conditions in the thermo-

dynamically stable region of diamond.

Furthermore, the sintering according to the present invention can also be



resi stance are | owered by influences of the excessive phosphorus conpound.
Synt heti c di anond powders, natural dianond powders, polycrystalline dia-
nond powders can be used as a raw material. The grain dianeter of the
powder is preferably in the range of 0.01 to 200 [err] m and dependi ng on
use thereof, various powders nade eue%gLn fine grains or coarse grains or
a’m xture GfFrigdneut By 4 RE0CEIy comeriséngyfanmniae t4f oaredy(C) in the feTRiofee of
t hese dia - i b : I i I

pyr ol yt i o raepRER; 8t ATER GRS, JRMAnE IF AR HaRald heach  Ereon P Boer

gr aphi t es orabriofimputsintbeconssxt. with diamond powder or graphite powder, main-
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i nvent i on,tadnHgoRRem pRAes, RRESSYCe fnd; tesipgFrtur ¢ Sangitions g e Yegmgdypaminal ly
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range thergaspoind &H.to 99.5 volunme % in particular, 70 to 99 volume % As

the dianond raw material, single crystal dianond powder (suitable for
abrasi ve grai risfubihepdrpéesred Ampediaenti ahdhe PEGRRS: fotc ke ipeoduséipn Fhethe

' ' ' f AV f,
Sbout 0. ot phor BlFRsFeq Bbay HEafARRY B ihe el flvBRt i bt LRQDF alking,
bi nder hastha fyragsingi phiospirudfconprmt fIwddkst ccadBordate rdofipount efoniedd ¥ndBeide

0.1 to 10 [err] n}.mhiqh is preferably smaller than that of the di anond
powder, i rPopdeTs aqdqipg|diamongnperder theretpy ddxifie adeguatalidthedvildr siyigring the
si ntered. . . I uct i of i I.nt ered
body accorr(?fslr]llgtmé(%)“l? ﬁée) pg?‘g%%n%to?‘%&gﬁ?%%q‘ ﬁ#es(rg{e}recg?l& Ezgﬁstglg%g%ﬁrgheangf t he

processes (@0yyresiousiNPréparing 4 EehpsuridodeSistihgalt b @RGépHREs-ehivRate con-
selected fromthe group consisting of -rare earth elenments, Goup 3A, 3B,
4A, 4B andogBl Or cphospRatgf compeyndoehrborgdp| eompoundrangr e oxide under mgrmal/praskal |

t al d.al kal i t t a f.at t ' f th
o ement - ( 1Tty ByiVeAERNE ne, Pobcht, BociRHRE) sif e Rty TR BERER e "
powder of gBfsHANgdWder Gindaéint6ARE hEenixPHYRS PH QhUS! teHIBN Pesdiire HMd 1PigROMEET

of diamond or graphite, nmaintaining and sintering the resulting m Xed
powder s urpgeatyseesJnradddhipm eqvforthenpeocsssdtan baenployed comprising previously

preparing a compound consisting of a phosphorus-carbonate compound or phosphate
compound-carbonate compound énd an oxide under normal pressure, pulverizing

the compound, forming the resulting powder in a thin piece, thin sheet-or sin- '
tered body holding plate, combining ft with diamond or graphite powder, ﬁain—
taining the assembly under pressure and temperature conditions in the thermo-
dynamically stable region of diamond, thereby infiltrating the diamond powder
with the compound.

As a further preferable embodiment of the process for the production of
the diamond sintered body according to the present invention, there are two
processes comprising (I) using a mixture of a rare earth element, phosphorus
compound and diamond powders as a raw material and maintaining the mixture at
an ultra-high pressure and high temperature and (II) previously reacting a
rare earth metal with a phosphorus compound to form a rare earth metal-phos-

phorus. compound, mixing with diamond powdér and sintering the mixture.



in the thernodynam cally stable region of dianond, and (I1) previously
synthe- sizing a conpound(C) of at |east one elenent (A) selected fromthe
group con- sisting of rare earth elenents, Goup 3A, 3B, 4A, 4B and 6B

el enents of Periodic Table, iron grogg metals, M1, V, alkali netals and

al kaline earth netals with at | east” 6ne phosphorus conpoun B) or a
conposi te of AtAEY %ﬁgMﬁap”(fej‘ CORRPURe of) @ ﬁeo%ét?)ﬁﬁﬁ'@néfmtéhghogpéwﬁt (A,
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di anond or graphite, nmaintaining and sintering the resulting mxed powders
under presiswabniagdthecagsenblyuire tbemdandndnstabbe triegi anhenrdrbhereby dafi dakting

stabl e regi gn of Furthernore, the sintering according to the

r di anond.,
present FiR, dh3mo5A Qf’é’Hg%llwéH‘ fse compound. .50 ed out by a process conprising
forming the gonpoutdlef GretdtabtCefitdtiedt ¢t thé BrBlREErRT thdprbaabERh, ofM Xi NG
it with dianond powder ‘or graphite powder or bringing it into contact with
di anond piesvdésmond gimaetedt Bodyomnderd ingeionthe paesenhdnvereriosindberepasssug e and
tenperature conditions in the thernodynam cal l stabl e regi on of dianond,

L ] Y )
and t her BIfFesSAS FORRIEFITE (HeM i Bgndiangad ReyAeRyiof Nanrdiamant,GBRRoR Rarsler, A
further ferr. i fy ks (o} r i
di arona 51 EPAGEREIREY BRARAS b CriR"8 aBmet of PEr RUBCHSEILB: ekl
m Xi ng t kieerkof e gohydyogdnpbadpba tes o Goupu Ak lpoemie o é Pec indiorabbe conipduate
powders and oxi de powder,  addin i anond. powder. t eto i Xi.ng adeguat el y
e and CBATRPE AT CRESS 86 JFOUm S1PRER BoRgEiadi Taale and Aaesahgrs PECr o
and hi gho &BRIBhME o ApBug B! d1eREtV b P Bt dodRE CIABIE AFd DaEAERRLHRLPREL-STI NY
of a phosphorus-carbonate com pound or phosphate conpound-carbonate
conpound tared usderopiedsurendrd temperstiurpropsditisns dn thel Vernadyngmitchblyc stgkdand,
adequatel y m xi na the resul ting powder w.th di anond (ggwder and sintering

the ni xt F9%0BtoTaAianopd and;i Jh) Jerating anshaped hodef ¢aprond pevder PTa3idiopT on,
a furthep; e b Si AV '

corpoundt KeEF ER AR, SR K Eh<GOT RO dph Wi MG T ¥ JAESRRLS O, Group
conpounds ceebartab £ Peohqudarfdbben dr eiydratiedthersolisr angdnedenpiosphateecof Gridbupesi zi ng
the conpound, formng the resulting powder in a thin piece, thin sheet or

L0 P :
si n- t er 8EMBBHWINRTAPHIE Patieor buirBiqitheraof ofi &R afidgehFrewr §r isherte
powder , [0 P - T g ¥ t ; e r r
conditi C)Iril?é1 lﬂlaﬂlétcﬁgnl;a}gg? r?gg ﬁg ngtr)n&%g*l y t';srt gb@?%%egﬁpggﬁgygr?g% ,n%t %fer eby
i nfiltraprerigdid@aslienamaa jrvafitdng Whe hedsHEt i@ namingte under phessuré wnidhtemper-
pref erabl e enbodi nent of the process for the production of the di anond

si nt er ed@BEgycoOdEbions N the tharmpdyasmicellnséshlieoregiom@fdigmend: wo processes
ret . . i h e .
compound anil i deSs ks ol e Paf, ARE TR dte FWEIe BAEDER HE L e

at material and sintering agent are mechanically mixed by wet process or dry

process and sintered at a high pressure and high temperatuye. Even in & case
where the raw material powder is composed of fine grains, the sintering agent
can uniformly be dispersed and production of a diamond sintered body with a

thick shape is possible. For example, this process is suitable for the pro-

duction of a cutting tool (fine grain sintered body) needing a good finished
§urface and a sintered body needing a thick shape such as dies. In the case
of a raw material of coarse grains, however, if is difficult to uniformly mix

the sintering agent.



an ultra-high pressure and high tenperature and (Il) previously reacting a
rare earth nmetal wth a phosphorus conpound to forma rare earth

et al - phos- phorus conpound, m xing with di anond powder and sintering the
m xt ure. - 24 - - 23 - A previously
prepared conpodmdhefother hned, eal tthe eslrmntcoapdquhwslphmmﬁsng smrpomlnzs

d | d nbi t th di d
i nt i ni o TGP AIoRY F TR trectdgiiond EieaBhaper QsRer BRd o Rk ie!
infiltratigg Eh?ce@i@m%tpwﬁsp@é&beiWEré}ﬁF&PU'i‘ﬁ’mmated cohdadx el fithedach

preferabl e enbodi ment of the process for the production of the dianmond
si ntered bo)th,eraandothjannguluectteldetqoae@'emtmenh\ﬁsna|ltilh prassuge and temel‘qjmﬁaesses

I d h
o ofady the shn dn RSP S8, e (RS B B SRS, sRER ape e °
thereof, a.fiy ﬂgf&%phawhaﬁ@ tRd dﬁnw :g%a?r{sea?@tslﬁ’tfe@@r . mlscpr&%@ iQr "pa-

hydr at e thereo an oxid G oup el'enment of Periodic Table an
phosphor ust il gl y smtabmmszphhe prafucCropupf 3 sirdeeed bady Per Rodiac teslbswnand
rralntalnlngqthe m x-  _ture under @}r%ssur ndt yre conditions in the

t her modynaf@daf? Wr&tlapl b because &f o &ﬁ? Iﬁlf‘gqréﬁ AEET MGV shaped
body of di %E?\ngsl Qv‘ﬁ%ﬁa e Eralfran ..Q'tafﬁgrﬂd?rﬁr BRI bistaRRiMGed d3abnd SihapR@ body

of a m.xture o phosphat e of G oup enent of Periodic Table or
hydrat e t hesdgoki thaa high cyeentbgshedle of thuaaBreslsemet1r0‘st$belleum1hner .Tabl e
or hydrate thereof or an oxide of Goup 3 element of Peri (t>d| C TabI e and

phosphorus oxi #o5HINE B%JE?)W;HF‘B‘%W“@W&S% of| tieePitessnt 1PNt iR, ¢ thels) @ang
mai Nt ai ni nge tolﬂﬁhmgﬁLH hmgnh %ﬂﬁh@’ by 1P eﬁ&rlah@ssap@' b8P 8000 kfaie ¢ pre-
t her nodynam ca

conditions in t abl e region of dianond. t he
process copgaby 18G0G toal800® tkgymmdl xaxndh cantber pulky tag&actlcahmseawvemmhem |taé
and sintering agent are nechanically m xed by wet process or dr¥ process

and si nt er 8NtaFIng ks GATHICd At & AN PvaT Qﬁe"tsé’ﬁﬁé‘\nét igwer tegRairiyresthansuhen her e
the raw maj mgaéargemafsdléer&ggmﬁé;gc{orf WE B5PelimILiG pladb e agsaeﬁmn% R

can uni for I Spersed an on Of nd sintered body wt
t hi ck shapg ﬂeﬁpész&thbe 126@rtoem[rpbe, this process is suitable for the pr o-

](cjuct ion of a C'lr,lﬁtld?g tgol éf [ er gralfnthm nt ereéj bOch)i needt! ng %lgOOdd
i ni shed e diamond sintered body o e present inverition is favorably used as
an edge of a tool for cutting, polishing or excavating and after pulverizing,
it is available as asbrasive grains. -
The present invention will now be illustrated in detail by the follewing
Examples without limiting the same.
Examples 1
YPO. was used as a sintering agent. A synthetic diamond powder with a
mean grain diameter of 3.5 zm and YPO. powder were adequately mixed in a
proportion of 95 volume ¥ and 5 volume % respectively, the mixture was charged
in a Mo capsule, and maintained and sintered under pressure and temperature
conditions of 7.5 GPa and 2000 °C for 15 minutes in an ultra-high pressure'
and high temperature producing apparatus of belt type. The resulting diamond
sintered body was subjected to identification of the composition by X-ray dif-

fraction to detect about 5 volume ¥ of YPO:. in addition to the diamond.



surface and a sintered body needing a thick shape such as dies. In the case
of a raw material of coarse grains, however, it is difficult to uniformy
m X the sintering agent. - - 24 -
On the other hand, in the process conpéésing | am nating and arranging a

raw material and sintering agent, plate2shaped bodies of a raw erial
and sintering wﬁ@‘érﬁ‘eaﬂ"édfﬂeéép‘éfcttﬁ'ﬁ/éﬁifeﬁ?%ﬁaﬁ’léd?s Ieégi'?ﬁf"gd’? %@Hfa&?gﬁo% th
each ot hgnq&id, ! ReRigRAGRE&] |.Q. ardob S@Y /R wadlgiderl! DAl RS WFdd tard tougn-
t enper at ur e, uring whi-ch the sintering agent is diffused and inpregnated

t hrough t mess redwtheas brtiea¢d bbdyy eas aeaburéd bgli smbndenge tHion medhed gndtcompatred Thi s

process is par- . ticularly suitable for the prodyction of a sintered body
For o veaw!Fonet s comparelf Ly vl 1ase Goabuliee SIriaranrBrH yhadarhy eKe
sintering R | €3 0f i3l a LRy th
obt ai ni ng hgggﬁétgngﬁlgﬁ_i\g?gﬂ}g%ﬁeggﬁ gvt\{ata F\sla3ﬁtirlgﬁgsa{5r léﬁnﬁggtgha%ggﬁév\é Peg's Lr@%;%
wear resi sthanesul tingtsilnkeredaodgreas heated Atcinodi ‘agin ovatine apd ades tsubfeche®CeSS
of the present invention, there can be obtained a di anond sintered body
with a hart@nEessuesmerb &t theobardRess ARd t9Yghnesss. therg wase hagdbn fownd: cirpges

kg/ m err] £t itﬁrﬁ Golatignut to practical use, even when the sintering is
carried odt ‘at a1 ower pressure and | ower tenpearture than when using
carbonat e sol \exangieof the prior art, for exanple, a pressure of 5 GRa and

a tenperature of 1200 to 1500 [err]C. The di anond sintered body of
the present i f¥éfeleoh %es 1eRodfed Hxperis agingsa MKtwegef d10n2pdSk0s dn & 987 ng,
pol i shi ng C ting Iy« P |2} RPYE i rasive
grai ns. p%tﬁ?h?gr 'eger(l?}n??l%% iagnyvﬂyﬁérﬁ%%gggn |’I?dtfs%??la eﬁ%ﬁéxg?aﬁb by

t he fol | owhng mikakptes vilubo &t arld ad justihgt tiee Sitering presshreapd eemger-

YPOJ err] was used as a sintering agent. A synthetic dianmpnd powder with a

mean grai retureseRditions 80 . &Pajand HSQ YrCERuS ?T%BMra\ﬂéP@“go?dﬁ&‘feél y
mxed in E%ody. The resulting sintered body contained YPO. and had the similar hardness,
toughness and heat resistance to Example 1.
Example 3 |
Example 1 was repeated except using a mixture of YPO. and P:0; in a pro-
portion of 1 : 2 (by volume) as a sintering agent, adjusting the amount of
this mixture to 5 Volume % and adjusting the sintering pressure and teﬁper—
ature conditions to 6.5 GPa and 1750 ‘C, thus preparing a diamond sintered
body. The resulting sintered body contained YsPO;. and had the similar hard-
ness, toughness and heat resistance to Example 1.
Examples 4
YPO. was used as a sintering agent. A synthetic diamond powder with a
mean grain diameter of 15 zm and graphite powder with & mean grain diameter
of iO «# m were adequately mixed in a proportion of 3 : 2 by volume and pressed
in a mold to give a thickness of 2 mm, while YPO. powder was pressed in a mold
to give a thickness of 1 mm. The thus plate-shaped bodies were alternately
laminated, charged in a Mo capsule, and maintained and sintered under pressure

and temperature conditions of 7.5 GPa and 2000 °C for 15 minutes i{n an ultra-



proportion of 95 volunme % and 5 volune %respectively, the m xture was
charged in a M capsule, and nmaintai ned and sintered under pressure and
tenperature conditions of 7.5 GPa and 2000 [err}C for 15 mnutes in an
ultra-high pressure and high tenperature produci ng apparatus of belt type.
The resulting dianond sintered body-ves-subjected to identification of the
conposition by X-ray dif- fraction to detect about 5 volune % of YP( err]
in addition to the di nd. - 25
|1 200 v g RBUET: cewerasiune aratpoipn rraatus f RS0 BS IR
Knoop i ndl@Rt®y di@ndAb O néred R3S wak - Sub jdQE 60/ deHiter icht WasoQitiertompddieiod he
fracture tough- ness of-the sintered body was neasured by an i ndentation

met hod arhy Sotyad Eifraqhion tohdateot abowtolrisd uneal¥ ¢f J0Q linmMddidonpiondgee dia
sintered bodqy, the fornmer ex- hibited a relative toughness of about 1.3

ti mes as T8 ge as the latter. Wen the resulting sintered body was heated
at 1000[err] gnehntnertisrinad ot REE sSHRIREIREY Had ERARMNANBNhedts 6N Rnbigy dness
and toughness, there were hardly found changes after this treatnent.

Exanpl e 2indentor, Exdviph dhatdngss, iepeabwd 3206cka/musivwag given.xt Wirep tife fracture

Y[err]O[err].and Plerr]Q[errl]l .in a pro-__ pqrtion of .1 vol une) as a
si nt er i ng*o4gMRSS %'{ij%b%ts’l’ Serf%](?"%rﬂﬁ%tmeﬁ‘fure?lﬁysa%i?fjiﬁ]tétIt°_8 '53(1‘\%‘? A PPand
adj usti ngdrBE WItRt @k N BT RERHEa13Phvia ETHREE -Co-Bindef 1ABEHelI RS, tthe GropméiPa
and 1750[err] C, thus preparing a dianond sintered body. The resulting

si nt er ed exbdpi tedn Fiehtld veHopghness afckbautl 1t Actigpsriasalargg agntheslattepugihess

and heat S| C 1 | e.l.

repeat ed clé%#?glsnfgnépngéﬁl%%%ewﬁ he#;&f ea_rl%)r( ?ﬁ@n% af‘e‘farc]“e) [85?i ?t]m% -t %&gd
portion ofy hedsufeddit ¥OItHEMhrdhess afidl HoB8FHneSs, A28 e W@ MEdl P T olME cRafgest oOf
this mxture to 5 volunme % and adjusting the sintering pressure and tenper-

ature corgfiter dddstigest®ntPa and 1750 [err]C, thus preparing a di anond
sintered body, The Le I{I tg’_ i .body cqntgiped.Yerr]PJerr] and had
the simlar H&" ot ' i

17.2 g of Cerium dioxide (0.1 mol equivalent) and 70 g of potassium meta-
phosphate (0.4 mol equivalent) were mixed and heated and melted in a crucible.
The mixture was cooled, solidified, dissolved in water and subjected to a treat-
ment with hydrochloric acid, followed by obtaining cerium phosphate by filtra-
tion. The resulting cerium phosphate was pulverized in a grain size of about
1 to2 2m in an agate mortar, mixed with diamoﬁd powder (abrasive gréiﬂ Bf
30 #m in grain diameter) in a proportion as shown in Table 1, and maintained
and sintered under pressure and temperature conditions of 6.5 GPa and 1600 °C
for 30 minutes in an ultra~high pressure and high temperature producing appa-
ratus of belt type. The resulting diamond sintered body was subjected to meas-

urement of the hardness to result in results shown in Table 1.



Exanpl es 4 YPO[err] was used as a sintering agent. A synthetic

di anond powder with a nean grain dianmeter of 15 [err]m and graphite powder
with a nean grain dianmeter of 10 a mwere adequately mxed in a proportion
of 3 : 2 by volunme and pressed in amgld to give a thickness of 2 nm
while YPO[err] powder was pressed In ggapid d;y to give a thickness of 1 mm
The thus pl ate-shaped bodies were alternately |amnated, charged in a M
capsul e, and nmi ntai ned andCeiparetigd undixempteessure and tenperature

conditions of 7.5 GPa and 2Q00] err r 5mnute in ul tr
- 26 - high pressure and hgéﬁi"eﬁ}]&grat odue-l—?‘rg a i urasof't—-belt
type. Thexifg ravid oRg di anond sintered body was subjected to
identification of the conmposition by X-ray diffraction to detect about 2
vol une %GerivPChesptipté n addition to the dia nond. When the hardness
of the si nt red Eody was esti ed by nea ﬁ of K\r}ﬁ i ndentor, a high
har dness, (ol Fhout 8200 Kg/ err] was 3 ven. en the fractur
toughness g(fm% Rat&) gkered body was neasured by an indentation nmethod and
com par edl h that of a comrercially avail abl e Co-bi nder sintered body,
t he -f or nebiaeaind Bowded a rel ati ve toughness of about 1.4 tines as |arge as
the latter. theresultln S|ntered dywa heated t 1000Jerr] Cin
2ol B 88 $a toudt

vacuo and t jected to ne Qurenent ofP%he h Pdness d toughiness,
there wergcigfdhyrdieyed changes after this treatnent. Exanples 5-1 to
5-4 and Conparative Exanples 1-1 and 1-2 17.2 g of Cerium di oxi de

(0.1 nol equKg/mm&nt) and 70 @e0dD pot assidnvdnet 45000hosphxa0eo ( 0. 4006o|
equi val ent) were m xed and heated and nelted in a crucible. The m xture
was cool ed, solidified, dissolved in water and subjected to a treat- nent

wi th hydrochl g lc6m ‘Ehfji’vefﬂah% ﬁya@%mﬂy £%:CE{ 1R REARRLE BndYof Vdikfé

tion. The resulting cerium ate was pulverized in a graln size o
about 1 % @f2diamond pmxdem wareamjxed andrdiateredi unddr viihe hsade aaondit i posvdsrdes-
(abrasive grain of err]l min grain dlanetewgheln apro ortion as _shown

in Tabl e Qtibgh@bpys- nt'HIenEQF“ bing sinheradebrdynbad s ESIL?IWehaéH Senbér 24P e
condi ti On%@;‘zhiqaﬁt FRa.ahd r?o@ot%[ %@Legtgofoo%g m nutes in an ultra-high

pressure tenperature produci ng appa- ratus of belt type. The

resul ting di agmamglesignt ered body was subjected to nmeas- urement of the -

hardness to result in results shown in Table 1.

12.6 g of metallic lanthanum, 13.9 g of phosphorus oxide (P:0s) and dia-

mond powder with a grain diameter of 30 « m were mixed, and maintained and sin-
tered under pressure and temperature conditions of 6 GPa and 1500°C for 40
minutes in an ultra-high pfessure and high temperature producing apparatus of
cubic anvil type. The resulting diamond sintered body was maintained in an
inert gas (Ar) at 800 °C for 10 minutes and then subjected to examination by
X-ray as to whether the diamond was converted into graphite (heat resistance
test). The hardnesses before and after the heating were compared. The results
are shown in Table 2.

Comparative Example 2

Example 6 was repeated éxcept using Fe-Co alloy cemendite as a sintering

agent instead of the lanthanum phosphate to obtain results as shown in Table 2:



- 27 - Table 1

Conparative Exanpl e Exanple 1-1 5-1

5-2 5-3 5-4 Mxing Ratio of Cerium Phosphate (vol %

60 50 30 2 _og . 1 Mxing Ratio of D anond
Powder (vol % 40 Table 2 50 70 98

99 Vickers Hardness (Kg/mmferr]) 6000 13000 15000
15000 7000 I n Conparative Exanpl e Example30 vol ufempssafive dixanpia

carbonate and 70 vol unme™ % of di anond powder were m xed and si nt ered under
t he same conditions as des- cribed above. “Fhe—resul ti ng—stntered—boedy—had
such a | owilwwndGmtent (el 8200 Kg/mmjerr] thed it could not beygapplied to
t ool s. Exanpl e 6 12.6 g of nmetallic | anthanum 13.9 g of
phosphorus oxi de (P[errf]®fere figatdpgl di a- r4$AG0 powder with al4fl0fi n di ameter
of 30 [errl m lx8d, and maintained and sin- tered under pressure and
terrperaturvémgﬂ‘%ﬁf(?'d'([l;%i(’)sé of 6 GPa and 1500[err]C for 40 mnutes in an

ul tra-hi gh piggssine and Ariteh He€fTREr at ure priggeei Ng apparatus gfgg cubic
anvil type. The resulti&? di anond sintered body was nmaintained in an inert

gas (Ar) at 800[err]C frdiraplitai nut es and thedndatebfesct ed t o edetectat i on by

X-ray as thet thg dianond was converted into graphite (heat
resi stanctelge'ilwégf%ﬁlﬁe har dnesses before and after the heating were

conpar ed. pgheragsul ts ‘afaen B84 Cohpdadtite Zanthanum PROSHRALAL | FECEXATB e 2
Exanpl e 6 was repeated except using Fe-Co alloy cenendite as a sintering

agent instead of the | anthanum phosphate to obtain results aGmehdite i n

Table 2: It is apparent from the results of Table 2 that the diamond sintered body

of the present invention maintains a high Vickers hardness not deteriorated
even after the heating in the heat resistance test. On the other hand, in
. Comparative Example 2, the Vickers hardness after the heating is largely
lowered and graphite was detected, which teaches that the sample for comparison
is more inferior in heat resistance to that of the present invention.
Example 7 °
The diamond sintered body obtained in Example ﬁ was worked in an fnsert
shape for a cutting tool, which was then subjected to cutting of an aluminum
alloy.casting (Si content: 10 weight %¥). The cutting was smoothly conducted
without breakage of the edge. '

Examples 8-1 to 8-4 and Comparative Examples 3-1 and 3-2

17.2 g of Cerium dioxide (0.1 mol equivalent) and 70 g of potassium meta-
phosphate (0.4 mol equivalent) were mixed and heated and melted in a crucible.
The mixture was cooled, solidified, dissolved in water and subjected to a treat-
ment with hydrochloric acid, followed by obtaining cerium phosphate by filtra-
tion. The resulting cerium phosphate was pulverized in a grain size of about
1 to2 «min an agate mortar, mixed with diamond powder (abrasive grain of

4 um in grain diameter) In a proportion as shown in Table 3, and maintained



- 28 - Table 2

Exanpl e Conpar ati ve Exanpl e

6 2 Dianond Content (vol % 90

90 Bef ore Heati ng 15000 14000
Vi ckers Hardness (Kg/ m®) Afg%& Heat i ng 15000

6600 Graphite not detected

detected | g@d‘ts'l %{e&@&i@ggrcg}(ﬁ)éf%%xnd temperatur'\éagztpndlﬂ po%grofceng)%paenénd 1600

Lant hanum Phosph

Cemendite for thtminGtePPAre@Ndl tha-agh ReedsRst|dnd Hifgh Tedhberatuid dkodueendliagpand
sintered body of the present invention naintains a high Vickers hardness
not det eri of@kusdof 89kh t¥pe-erTheneesnbling rdf apend BEnteaed bpdisivgs subiectedito @as-

h h hand. | ' EX le 2 Kk f h
heating 1 s Targatpr FROBRAS S0 TR, B Real G b T P el Sathes ¢ hat

the sanple for conparison is nore inferfagtei § heat resistance to that of
the present invention. Exanple 7 The di anond sintered body
obtai ned in Exanpl e 6-was wor ke®paratiyg | nsexampleéhape for a cutting tool,

whi ch was then subjected to c ing of an alum num_ gl l oy sting (S
content: 10 weight % . The cugié%%gégg snee@ﬁg; C ted—ééa{heu£2b¢eakage
of the edgemixing RatEXa#pl es 8-1 to 8-4 and Conparative Exanples 3-1 and 3-2
17.2 g of Ceriumdioxide (0.1 nol equivalent) and 70 g of potassi um neta-
phosphat e (Gerupdihogehditeal ent) were ni xed and heated and nelted in a

cruci bl e. Th§v$1 ure was coole% solidifi% , dissglved in_water qu
subjected to reat- nent with Hydrochlori aci d, ol | oned by O%Taining
ceri um phosphahg Ragid ioftra- tion. The resulting cerium phosphate was

pul verized in a grain size of about 1 to 2 [err] min an agate nortar,

m xed with HH@Q@%@°W®¥Uer (abrasive grain of 4 [err] min grain dianmeter)
In a proporthgoﬁi)shomm in TabIQOS, and na%Btalneqo 98 99.5
Knoop Hardness

(Kg/mm? ) 4200 7200 8200 8400 8000

In Comparative Example 3-2, 30 voluﬁe % of calcium carbonate and 70 volume
% of diamond powder were mixed and sintered under the same conditions as des-
cribed above. The resulting sintered body had such a low hardness, i.é: 3000
Kg/mm* that it could not be applied to tools. |

Example 9

12.6 g of metallic lanthanum, 13.9 g of phosphorus oxide (P.0s) and dia-
mond powder with a grain diameter of 4 «m were mixed, and maintained and sin-
tered under pressure and temperature conditions of 6 GPa and 1500°C for 15
minutes in an ultra-high pressure producing apparatus of cubic anvil type. The
resulting diamond sintered body was maintained in an inert gas (Ar) at 800 <
for 10 minutes and then subjected to examination by X-ray as to whether the
diamond was converted into graphite (heat resistance test). The hardnesses

before and after the heating were compared. The results are shown in Table 4.



- 29 - and sintered under pressure and tenperature conditions of 6.5 GPa
and 1600 [err]C for 15 mnutes in an ultra-high pressure and high
t{enperature produci ng appa- ratus of belt type. The resulting dianond
sintered body was subjected to nmeas-- 3grenent of the hardness to result in

resul ts shown_gompdedtiiee Example 4 Table 3
Conparative Exampl e Exanple 3-1 . 8-1.

8- 2 8- 3 Examplez 3,%3y feneqteth reppbrusing i%ﬁ%ﬁbk"dﬂg‘i"@"dm(%la gjntering
ggwder ?%?SItSIO stead of th8 tanthanum L{%osphate QDSOIMa%S(%'}QsmE' !9778&0“9 WQQSIBe 4:
99. 5 Knoop Hardness (Kg/mmferr]) 4200 7200 8200
8400 8000 In Conparative Exanple 3-2, 30 volune % of cal ci um

carbonate and 70 vol une % of di anond pd#B¥ fere ni xed and sintered under
the sane conditions as des- cribed above. T ulting & I had
such a | ow hardness, i.e. 3000 Kg/ m® t hat i?ﬁggg?d not b@m@%ﬁt?\gedlﬁggﬁﬁle

t ool s. Exampl e 9 12.6 g of netalli@ | anthanum 13.94g of
phosphorus oxide (P err}Cierr]) and dia-lnnmiﬁfmder with a grain dianeter
of 4 [err]Dianged EorteRéd(Vodmt) mai nt ai ned and si¥- tered under pr&sure and
t enperature conditions OfBePorgDﬁea@ﬂ% 1500[err£ 0for 15 m nut eS_FiSHO an
ul tra-high pressure progluci ng apparatus of cubic anvil type. The resulting
di anond si nickeesl Hapdhesyvas maintained in an inert gas (Ar) at 800[err] C
for" 10 minutes and then|subjected to exanm nation by X-ray as to whether the
di anond was dB&P@ ) ed i nt&teyy Beating (heat re8#% ance test). THE%har dnesses

before and after the heabgaﬁiwgre conparednoIq§%Eg§MIts are %ﬂﬁg&ﬂdn Tabl e
- - lve

4. Conpara Exanpl e
4 Exapgdneifcatronr epeat ed except using Fe-Co alloy cenendite as a
sintering agent instea@l of the | anthanum phosphate to obtain results as
shown i n TepKeray Main Binder Component Lanthanum Phosphate Fe-Co Alloy
Cemendite

It is apparent from the results of Table 4 that the diamond sintered body
of the present invention maintains a high Knoop hardness not deteriorated
even after the heating in the heat resistance test. On the other hand, in
Comparative Exémple 4, the Knoop hardness after the heating is Iargely'
lowered and graphite was detected, wﬂich teaches that the sample for comparison
is more inferior in heat resistance to that of the present invention.

Example 10

The diamond sintered body obtained in Example 9 was worked in an insert
shape for a cutting tool, which was then subjected to cutting of an aluminum
alloy casting (Si content: 25 weight %). The cutting was smoothly conducted
without breakage of the edge.

Example 11

Example 1 was repeated except using 5 volume % of BPO. as a sintering
agent to obtain a sintered body containing BPO. and having a similar hardness,

toughness and heat resistance to Example 1.



Tabl e 4 Exanpl e

Conpar ati ve Exanpl e 9

4 Di anond Content (vol % 90 90
Bef ore Heati ng 8400 - 31 - 7800 Vi ckers Hardness
(Kg/mierr]) gxampleAft er Heating 8400 2800
& aphite < not detected detected Identification by
X-ray Exavipil @ 1Bagi ¢epeBbeh eneart usib@rit Nalum PlodsiIROt @s a Béa®ripg| oy

Cemendi te lt.1.S 4] ent .fromt {es of, Tahle 4 _that t | anond
sintered B%W t%fok%%@ g%@@%& ibﬁ%ﬁppgﬁnh‘éﬁ nk%qs‘ngndahﬁlﬁag %(ﬁ%%lgtaﬁahggﬁgessg’ not
deteri orart@\gkhn@ggeandifh'@@( refietiRat tdexdmpléhe heat resistance test. On the

ot her hand, 1n Conparative Exanple 4, the Knoop hardness after the heating

is largely | Eyampdel 13nd graphite was detected, which teaches that the
sanple for copparison is nore inferior, in heat resistance_fo that of the
present inventXdjigle -1 was TgpeRted gxdept using %Tﬁgla"a'%?ﬁﬂﬁd”g&h’t @é’é’da%&dﬁmter‘
obtai ned i hfd BAYRTINP RS htde Ay pRRLEe aRBARAdAE stao!
whi ch was lftg%ggéﬂsgdbj ect yevglggct“l({)gocut t |l ngrgf1Ek gir:]b%gl uerrianﬂ{rjr\%g %{r?o‘i}%cgdsﬁdﬁlg&fsﬁ

content: B5 \Geagnt DEFOCTHe ablein &g indered nmdyhtopteiridgiAlRQl and hheing dr eakage
of the ed ted except using 5

vol ume % gfmiéﬁﬂ"éf ?‘%gg&gg&g%%fseFF%&eaEgggﬂS%f‘%c%\%?gxg'ﬁ)pj%sll'nt ered body
cont ai ni ng BPgksaplis j@and having a simlar hardness, toughness and heat
resi stance to anpl e 1. : - 31 -
Exanpl e 12  Examplaenipkas repeated epespteusiog Gepoluneihgf SANBIFGnk: 96 of sitOferr]
as a sint ?rrlgl r&gent and adjusting the sintering pressure and temperature conditions to
6.5 GPa and 1650C to obtain a sintered body containing AlPO. and having a
similar hardness, toughness and heat resistance to Example 1.

_Example 15

Example 1 was repeated except using 5 volume % of Al(H:POi): + 3/2H.0
as a sintering agenf aﬁd adjusting the sintering pressure and temperature
conditions to 6.5 GPa and 1650°C to obtain a sintered body containing A1PO.
and having a similar hardness, toughness and heat resistance to Exampie 1.

Examples 16 |

BPO. was used as a sintering agent. A plate-shaped sintered body with
a thickness of 2 mm, consisting of high purity isotropic graphite powder with
a mean grain diameter of 3« m and BP0« powder, pressed in a mold to give a
thickness of 1 mm, were alternately laminated, charged in a Mo capsule, and’
maintained and sintered under pressure and temperature conditions of 7.5 GPa
-and 2000 'C for 15 minutes in an ultra-high pressure and high temperature pro-
ducing apparatus of girdle type. The resulting diamond sintered body was sub-
jected to identification of the composition by X-ray diffraction to detect about
3 volume % of BPO, In addition to the diamond.

When the hardness of the sintered body was estimated by means of Knoop



agent to obtain a sintered body containing AlIPO[err] and having a simlar

har dness, toughness and heat resistance to Exanple 1. Exanpl e 13
Exanple 1 was repeated except using 5 volume % of AIPO[err] 2H err]0 as a
sinter- ing agent and adjusting the-sBhtering pressure and tenperature

condi t i ons indentgr.5 adoighakiT diEBQ[ ieer aBouh 8800 eAmmd wasngeBd heR teenkrariteg

Al PO. and ' i | d t ough d h - esi
e o1 BUAsEof the SngBRLCRET Ryag fHSIREE By AP 0B RLar' 6T aE LR End Hon
vol ume % ofpafsld( il @y thdt0perar tonin@Fdik1 B adaiSaBleLCo-bihd BURBFedABOdYRA} IS Foffkr

the sintering pressure and tenperature conditions to 6.5 GPa and
1650[ er r ] Cexbitdbedianrelag] vt &ouganassdef ebautal & & meal #O[lerge] amrtlie Habtery ahhen

sim | ar hardness,, t.oughnes heat, resis o, Exampl e . Exanpl e
5 ke s R STRER R By AFE aph FRLRR GOBE LT AR e then suneBtET

Al (H err] PQpejdakidenbrt of the2fdrendskOandatoughfidsdl efehs waBe NarAPdr Al Usahiés t he
sintering pressure and tenperature conditions to 6.5 GPa and 1650[err]Cto

obt ai n a siaftesr edisbdratwentt ai ning AIPQ err] and having a simlar hardness,

t oughpess and Eeat rg,si sé ancE éo Exampl e 1. Exanpl es 16

BPJ err] was e rerrhg agent. A plate-shaped sintered body with
a thickness of gadpTe CQESirepdatad @kedhtols iR BROY dsSRIJ1APAAng 23BN bRd Riavder
with a mean grain dianeter of 3[err] mand BPO4 powder, pressed in a nold
to give a inhiackeryssmadfl amoun§ ofeiPO. giowdam feteiuy (.80 vodumed %) dloar gadtlietia M
capsul e, and I nt ai ned_and sintered. under pressure apd.te ratyr.e

condi ti onsqb?m(’%aé’o "bﬂﬁaiﬁﬁﬂ[gé?h g‘?“&?’e‘i@?n& utdb 8f aﬁ?ﬁ‘%}?‘f YaPH G
pressure a@ﬁeuh'tggwrfeﬁéﬂéeé%ﬂrnﬁtgfﬁ‘l. biedvag, ARBAL Pbiinéd nghIstherkl Rfartd N
resul ting dianond sintered body was sub- jected to identification of the
conposi t i odnbtheXeasayt isgf sindetedobodyo det ect about 3 volune % of BPJerr] in

addition to the di anpnd. When t he hardness of the sintered body was
estimated by m&%@@@w '
' Example 1 was repeated except using AlPO. as a sintering agent and add-
ing about 60 volume % of a synthetic diamond powder with a mean grain dia-
meter of 3.5 zm to 40 volume % of AlPO. powder and adequately mixing them
to prepare a raw material. However, the resulting diamond sintered body had
insufficient bonding of the grains with each other and a low hardness, -i.e.
3500 Kg/mm?.
Example 17-1

0.2 mol equivalent of sodium hydrogenphosphate (Na;HPO.) was added to a
solution of 0.2 mol equivalent of cerous chloride, heated to precipitate
CePOq« - (HzO)a'and taken by filtering. To the precipitate was added'o.s mol
equivalent of a powder of AlCe alloy was added and heated to form
CeAls (POs)z + (OH)s. . 10 volume % of the thus resulting compound in the form
of powder and 90 volume ¥ of diamond powder with a grain size of 30 u« m were
mixed, the resulting mixed powders, as a raw material, were maintained and sin-
tered under pressure and temperature conditions of 5.8 GPa and 1400°C in an

ultra-high pressure producing reactor. The resulting diamond sintered body



- 32 - indentor, a high hardness, i.e. about 8000 Kg/mierr] was given.
When the fracture toughness of the sintered body was neasured by an
itndentation nmethod and com pared with that of a cormercially avail abl e
Co- bi nder sintered body, the forner ex 3tbl ted a relative toughness of about
1.3 times_as,l latter ereultln r

‘heat ed ate%ab%cgrgr‘rléklége\t}% "Sssaﬂﬁwlﬁ tf’gg ‘ﬁ g'??e dé’&r ‘E%e
har dness pruﬂ:eémigbmﬂse;erttmga.re wer e hardl y found changes after th| s
treat ment. nparative Exanple 5 Exanpl e 1 was repeated except
usi ng BPJ er r {hegs the §|‘H¥°@F’|$1‘@t%i‘§érh°d&ri@5a@dl\eﬁ A Qasb%OérﬁﬂH”EntQNtaftdf

BPJ err] thetic rr wth a
nmean grai Eﬁ%@?%@@?&‘? 8«2? é THP Aﬁ%‘ 55@&’&“&&/’%%% asrﬁta repare a
raw mat er g@ftingi@epvier 0. thﬁ;eiteﬁald@aﬂnm@@ tﬁhﬂttﬁégjo@@d‘ﬂ fad 'a“sdf@?cleﬁu' ting
sintered body. Conpar ati ve Exanpl e anple 1 was repeated

except usPwding P@@“r‘}’ ang gxcsl kenértiragkegganesisiadcadd- i ng about 60 vol une %
of a syntheti q{ powder with a nean grain dia- neter of 3.5 [err] m
to 40 vol urre—gé-ogj;ﬂgé-err] powder and adequately mixing them to prepare a
raw material . iigeemse, 11-1¢ o ﬁ$M|n§lﬂw1cﬂl(ﬂ6‘i%“F|at$'o§‘to€fr ik Q%B/ai‘l%‘} édhgg%rfd Gl ent

bondi ng of the grains with each other and a | ow hardness,
Kg/ mi er r [H20)s was Btan?)ls'ecqud and sub jecredrd aed;elﬂ/at‘emmerm‘ tsddmmompounds

v ogenbhaspbales APEEI) PR SHBL) ahSpygiied L0, SoLy on o1 02

(Herr]O)[err] and £akeqn bys,fildeyinc andqd hePregci pitate was added 0.3
nmol equival ent of a powder of Al'Ce alloy was added and heated to form

CeAl [ er r | Eguty ef thy [mesk]tipgyarpducty was poydénede %101‘0 volame 6 o rtéd 8| powder

compound | he f i D 0 and 90 vol,

gr g? n si ng{]s %d‘%g ? l?"{r% ge?dgfaﬂﬂfgwmﬁﬁé' lggesaugf‘? Q‘rﬁmgged’ Bg\%ﬁgf‘@ a%f@ tge raw

mat eri al , mieH epowaery ﬁéﬂ.eﬁla 161 rield "endt @n@erdNEiRier pﬁx%§§%earﬁqn@eﬂp‘éﬂm&étééhe
conditions of 5.8 GPa and 1400[err]C in an ultra-high pressure producing

react or. dHdopofl§. |8rrg deaﬁ?gnajldslwpe'r-edtiﬂﬁowy in an ultra-high pressure producing
| ; h§3 SI- n? é?q' I%'@Et%g, us oli)%gusnirrllggi rad harfdnéésoggamlégc/i Tﬂ.tere& bo\cq/n w(i Qh taaw&terg hat
hardness of 13000 to 15000 Kg/mm?.

Example 18-1

Lanthanum dioxide was mixed with potassium metaphosphate and sodium and
melted, which was then subjected to an acid treatment to remove NaLaP:0., "and
LaPO. was then obtained. Lanthanum sodium hydrogenphosphate [NaLaH(PO:):]
was thermally decomposed to forh 3Ce0; + P20s « 3H.0. Furthermore, sodium
phosphate and lanthanum nitrate were reacted to form La«(P:0:)s * 12H.0.

The mixing ratios of the three phosphated lanthanums and the addition
amount of a GalLa alloy were variably changed to prepare LaGa;(P.O.)z(OH)..
This compound could be synthesized only when a =1 or 2 and b = 2, 3, 4, 5
or 7 and was not synthesized in the case of the other ratios.

Each of the resulting products was powdered. To 20 volume % of this powder
was added 80 volume % of diamond powder with a grain diameter of 30 « m and

the mixed powders, as a raw material powder, were maintained and sintered under



proceeded sufficiently. When the di anond sintered body was worked in
a shape of cutting tool and then subjected to mlling of an Al -Si alloy
(.ccutting speed: 500 mMmn and cutting depth: 0.1 mm), It was confirned
that the product had a sufficient cutting property and excell ent breakage
resi stance. Exanmpl e 17-2 - gn-Exanmple 17-1, a mxing ratio

(mol e ratigpdssAfetdnd tdnperatukdyorididnePsd 817 Jopa (drider40p@) [fer r howms inmam abl y
changed and subjected to a heat treatnment to form conpounds represented by
CeAl [err] ul Pg-8igh Pressure drpducing @ppacptus. thus obtaining Téirxpwong Tléxrtngeddfl_)%d,y 1

[err] vy [er.éll foﬁ ds ]hagﬁrfe][sltnﬁ. {&55%&/@‘&% of the resulting products was
une % o i's powde

powder ed. hat VO r was added 90 vol une % of di anond
powder with a igriasnsféiraneiaer thef reddl {i@g rdinbemddoddyenasnhate do powriesed withe
mai nt ai ned and sintered under pressure and tenperature con- ditions of
5.8[err] @&cddscpa &gl esoend bad p highporegsd pw riepl HANCR-t r a- hi gh pressure

pr oduci ng apgfratlusls_tzhus obt ai ning a hi gh hardness di anond sintered body
with a Vicker<£ Y of 13000 to 15000 Kg/ mme. Exanpl e 18-1

Lant hanum di 0xXiode ve@sneThX6td eddht fowaot a8 TiagH (Pebanhosnhas e 16 Eamgleand
mel ted, which was then subjected to an acid treatnent to renove

NaLaP[ er r |18Fkrves  addad 99 WHORe Wae! dhanondposdere daveragm ERsifuRiZeo o nm), ade-

3oy or ] SORERD) Bpsebr AegbRefe b iy pach ey D6 Whapele RERTARRER bk o7

| ant hanumgii ##aah&d \WR4E & ihearel amde® pheysird afd (fehpsrak Ofee cordi k bons] of  526Hacand O,
The m xing ratios of the three phosphated | anthanuns and the addition

amount of 180G4C afen [ oBouRertduy sbraipise erdiagend sinterehpdy with a Vickers
LaGa[err] (P.OJerr [£r Thi s conmpound coul d be synt hesi zed only
efegs g gL kgl ] by

when a = €% 7 and was not synt hesi zed in the

case of the otf3esoved] 1@S50 volume ¥-3€healh gok@er 05 Watas(@. OV )QUOM): Sobtasned
powdered. To 20 volune % of this powder was added 80 vol une % of di anond .

powder wi tim Exagpbé A8dl aastadded50 plgmer ¥ ofnd amgnd pREdETi (BQTIEMNERAIS S8 g raw
materi al ps%vu‘jlemr),’ ﬂ%ﬁ&at@&r n&i%éﬂegre%ggd 51}1 nat ﬁ{seléj sfi'@p%eﬁnd then subjected to sin-
tering under the same conditic.ms as described above, thus obtaining a diamond
éintered body with a Vickers hardness of 8000 Kg/mm? in each case.
_ _Example 19
CeP0; ¢ (H:0)a -prepared in Example 17-1, Nd:0s (P:0s): obtained by the?mal
decomposition of NAHPO. - 3H.0, and Ca0 and GeS were respectively powdered' and
adequately mixed in a proportion of 3 : 3 : 3 : 1 by volume. 1 volume % of the
mixed powders was further mixed with 99 volume % of diamond powder with a grain
diameter of 30 zm, pressed in a disk-shape and then maintained and sintered
under pressure and temperature conditions of 5.5 GPa and 1350C for 50 minutes
in an ultra-high pressure producing apparatus, thus obtaining a diamond sintered
body with a Vickers hardness of. 15000 Kg/mm?.
When the resulting sintered body was heated in vacuo at 1200°C, cooled
and then subjected to measurement of the Vickers Hardness agaiq, it was still
15000 Kg/mm?, telling that the diamond sintered body had a high heat resistance.
Example 20-1 '




- 34 - pressure and tenperature conditions of 5.7 GPa and 1400[err]C for 1

hour in an ultra-high pressure produci ng apparatus, thus obtaining a

di anond sintered body with a Vickers hardness of 14000 Kg/ mferr]. I t

was found that the resulting sintered 3gdy was not so corrosed with acids

or al kal i es and. hand! cequii gl eabrof c®doum hedrogérancgphate (NafbiPAnplwes leided to a  To

1-volume % of each powder of LaGa[err err] r] err obt ai ned
i n Exanpl eSokuign \B&SO%B%HEQ'Q‘WB? ¥ g@é’%’ H&)‘rﬁjﬁ Hg?\[ﬂg"é{]té beral n
size: 2 [egggo, rr)quz@@',e angut':‘b‘k@ﬁ Yoy B4 €&bing. heTé“t)ﬁELHr%chﬁt@té RS rﬁaa&r bad mems
charged in a capsule and maintai ned and sintered under pressure and

t enper at ur eqeiondlertti ons péwdar @PaAkbedal 1dH0@F exddpd @nd drealechdarforehus obt ai ni ng

a di anond SI nt er ed bodoé with a Vickers hardness of 8000 lglr'r'rr{err(] i n each
case. Rl 4B )50 voi0hPRe 800dt theakhiSyBeRyd f ings compound in“the form

cacal erv ] ( By Boftdd éﬁ:&‘@sl 6&%& o &4 aPdoRh Hofder mﬁxgg,a}lf?n Js?zé- ot2p IR
vol ume % of” dicanon (average grain size: equa eI y

m xed, pregsesd, lthearéhnﬂer@npedapoddédsemssumwcmadrtal Sware maehmgewmﬂars:hhe
sane condltlons as descri bed above, thus obtalnlnﬁ a di anond sintered body

with a Viclered prdegnpressyre Bﬁﬁ)éeﬁ?ﬁr%ﬁ?f%r"f’]‘ditw%%\@ T 4s@P2 and 1448Gnin an 19
CePJ err] npl

Nd[ err] O[eﬁlﬁ'szaP{'ieéR) Fggglr”rﬁ ?f@&?i&da 5%%(1 gﬁletyﬁagélrr% ¢ ddean(l:%nr?pf)lsnlt f%inb%
NdHPJ er r] exhidiiPéy aambo@a@rMSGISSMr m/ma‘s,pahtdhvedqghpmudertad sindering '
adequately mxed in a proportion of 3 : 3 3 : 1 by volune. 1 volune % of
the  mi xedPpRAkEEed St\&fs‘cﬂﬂttlﬁ'er m xed with 99 vol ume % of di anond povvder
with a graind r S i

mai nt ai ned andhgﬁ?gé géﬁgélleesdgjord 'ga%d g%r%e‘?‘a%tfrﬁgpezgﬁﬁﬁt?ﬂ% ??:nds

GPa and 13%pé&t shiecoed %0 mnmutgesf an ArsulalTey pewhtinmy epead: e500r mabini ang
appar atus, thus obtaining a dianond sintered body wth a Vickers hardness

of 15000 K@P?ﬁﬂ‘érqe}’th 0.1 mphed tis %ﬁﬂ"‘t@n@‘%ﬁrﬁ‘@eﬁ’@é“%ﬂ?ﬂ RaSufféekedd i n

Far dnoss agar e FORRY ol Prepl s bR e O BRT T e G amond

sintered body Egﬂnglgemogb heat resi stance. Exanpl e 20-1
- 35 - 0.2 nmol equil val ent -of sodi um hydr ogenphosphat e

(Na[ err] HPQ er ﬁ]l)Emleaa@éd 8 @isingseatie i(@pleofrapio) epthe qu!ﬂe/aﬂlmt apg CeRGous
crLor 0o RAS " UFIP b 48 e 0 o S 0% Sl
Al Ce al | oy répresasidadhypoéaNeqde:y; (08) f GhMnich:
1= xX=s 45,1 y=5and 1= z = 26

Each of the resulting products was powdered. To 5 volume % of this powder

was added 95 volume % of diamond powder with a grain diameter of 4 «m and the

mixed powders were maintained and sintered under pressure and temperature con-

ditions of 5.8~ 6.0 GPa and 1400~ 1450 °C in an ultra-high pressure producing

apparatus, thus obtaining a high hardness diamond sintered body with a Knoop

hardness of 8000 to 9000 Kg/mm*.

Example 21-1

Lanthanum dioxide was mixed with potassium metaphosphate and sodium and
melted, which was then subjected to an acid treatment to remove NaLaP,0., and

LaPO. was then obtained. Lanthanum sodium hydrogenphosphate [NaLaH({PO):]



CeAl[err](Pderr])[err] (OH)[err]. 5 volune % of the thus resulting
conpound in the form of powder and 95 vol une % of di anond powder with a
grain size of 4 [err] mwere mxed, the resulting m xed powders, as a raw
material, were maintained and sin- ters-under pressure and tenperature

conditions ol thefharf @BEnpbSOPLE thhi- ook, a-“godé' 00! @y RS S @AUCT N

appar at us. e resul | ng anond si ntered exhi bited a Knoop har dness
of 8200 Kghhogpaatd pnd\hlanthmamjg:htrattba\teré hfeastedtecnfngn LprtRa@e)dedlZHzO
sufficiently. When the di anpnd sintered body was ' shape of

cutting tool aﬂ'ﬂe mREE SHPE Alethe 5hr,ﬁe|qqo§gha&pd alﬁn;ﬂ{}angps &P‘?cﬂ}le n“f@t‘ i%g
speed: 500 Rl A fa@dGaL(ﬁuﬁltloggve?ﬁgftagxrabQ ed td pPERrEARER] gm@m.t he

product ha ¥ Pt ent rty n ent rea

resi stancerthis compoEKmrqoth B8-sAnthesized! onliyxwirgnl & -20) o‘lr 2aandi Xi=ng, 13at4,05( nol e
ratio) of the Al Ce alloy and CeP(J err] (H[errgg Eerr was variably changed
and subj ecP&d tﬁbd a’aﬁe’!?tt $ydhesiaed 1R e orase cfnpbrifdRer FadPésent ed by

CeAl [err] (PO[ [ rel
[err] y [err] éf 1&{% siuﬁ‘tiWFeéijafuct%wasE%o%eg?dlt h@r ?&es‘)éﬂlﬁnfén% orgrg uc%oswd\%s
powder ed. T@s iduai goevoYumd %t €igmond owderasi thddedadd divanatse 0o Hf. fliangond

powder with a grain diameter of 4 gerrl m and the nixed powders were
mai nt ai ned thddizehpeydeasuridet TpY J8senial AHderentricatainéa digh-andgs interad wider

>-Blerr] Opfloddife and (AR anAan dnS"dd & 1 RpRMhell| 14ofeD e (BT HAGHLL

produci ng “appar atus, gh hardness di anon smtereénbod

with a Knoaptrahhighpeessafe @mctng Qmeat{g/ MtHuer éttaining a dEawwap|sinPdred body
Lant hanum di oxi de was m xed wi th potassi um net aphosphate and sodi um and
mel ted, whivéEh ﬁa@‘@ﬁe‘ﬁréﬂﬂﬁse‘éft 8200 Ke/AR* aci d treatnent to renpve

NaLaP[ err] O err el [\ngha@gterrﬁ%@me%n%eﬁ' 8159 wels 2t 80 40k R WTen

hydrogenphosphate

- 36 - was gbhdy bR ldlkaries eHdosda thagh QorRokaiiresidtandd.err]O[err] 3Herr] O
Furthernore, sodium

Example 21-2
To 0.5 volume % of each powder of LaGas(P.0.):(OH)s obtained in Example

21-1 was added 99.5 volume ¥ of diamond powder (average grain size: 2 zm),
adequately mixed, the mixturé as a raw material was charged in a capsule and
maintained and sintered under pressure and temperature conditions of G.GPa and
1500 °C for 15 minutes in an ultra-high pressure and high temperature producing
apparatus, thus obtaining a diamond;sintered'body with a Knoop hardness of
8600 Kg/mm?.

Moreover, to 50 volume ¥ of each powder of LaGas (P.0.):(0H)s obtained
in Example 21-1 was added 50 volume % of diamond powder (average grain size:
30 «m), adequately mixed, pressed in a disk shape and then subjected to sin-
tering under the same éonditions as described above, thus obtaining a diamond
sintered body with a Knoop hardness of 7000 Kg/mm? in each case.

Examgle 22

CePO« » (H:0)s prepared in Example 20-1, Nd:0s;(P.0s): obtained by thermal

decomposition of NdHPO« -« 3H.0, and Ca0 and GeS were respectively powdered and



phosphate and | anthanumnitrate were reacted to form La4
(P[err]O[err])[err] 12H20. The m xing ratios of the three phosphated
| ant hanuns and the addition amount of a GalLa all oy were variably changed
to prepare LaGa[err](P[err]CIerr])[err]S;PD[err] This conpound coul d be
synt hesi zed ,onl and wa

synt hesi zead?‘wa%/‘ﬁlé' @h’%eg & at Wé’pﬁ‘itﬂg? ?a% ‘08! 1 bJEé(Bh""@f tlhé%”é'g[]r'f of nige

product s WagxdaOpsiarees .wad orukOnarOh kel WixRToot Wl%m@oé"'g?rdl\ﬁﬁo%d %mﬁgr %tl‘(%l YFR %0
of di anmond powder with a-grain dianeter of 4 [err] mand he m xed

powders, adleaneten ofat e¢ MalPrpesedein awdske-stapaead riden aadn i ned aedi sunda'led

d d f 140 Cf
T mat o5 1 podier BIaEP A G BPRrabiE ssPaitions o apaaren Ao RIS B 2 m:ngtea

di anond si nheaned] mdﬂngh%ﬁehs@em%ﬁﬁcumér&ﬁgﬁﬁﬁu@f t%@@%bl@{n'mé @ giamo?c;] smterag

was found that the resulting sintered y was not so corrose

or al kal i ebodghdi Had Iénonpqmémssm“ &fkﬂﬂr@imm’c ance. Exanpl e 21-2
To 0.5 vol une each e err P.Jerr])[err]( [err]
obtained in Exé?’ﬁﬂ &he ifS‘ﬁO[\}\B%S §9 35"9%(*‘6%3"0/&3)1‘"36?% brid0PBwdedoled

(average dgak thed %ﬁbJe%tE@rtB]méﬂurem@rﬂequrh@lléﬁo e anﬁ.é 2 n Kt YE %a%éhalpdfy

mat eri al was charged in a capsule and nalntal e’red u
pressur e anbangedpdeht ingethad nthiet diamendo§ it ef#th badyd had a0RighehidatCGrdsaktahze.

mnutes in an gltri-m gh pressure and high tenperature producing
apparatus, th +#H-ng a di anond sintered body with a Knoop hardness of

8600 Kg/ me.
LaGa] e?r] (P ert )0 661] )%E;'f‘dd@o‘fg?’ﬁbgg%‘?/?gge&a &ﬁgémﬁra"o %"“f%?a?é‘bded

50 vol une %arf toipeeoipd tptenemd syrbhesizgeCeay (PO« St BH;: 0. 3’L'he[ essull ting campespdit el y

m xed, pressed [n a di sk shape and then subjected to sin- tering under the
same condi f"?sbﬂg ledsa B‘gg'é’ﬁdbﬁ a%% POpRFSs aifh 81 Gri RYIRT difaAUHAPOTdioR Ofed body

with a Knogp, Bar q“gf%?ﬁmew% %ﬂlgéﬁ% bgg?ﬁfulﬂdc@aﬁir with a ¢ritARi%e 2% 5 um

CeP(Jerr] (Herr]Q)[err] prepare
Nd[ er r] O ewad €] lemi e eith] 5 [volude mmatmdemttdgemm pOHEEATRO Prepaid Afraw
NAFRPOLETT] o {3 Tar Shwder™"The Fan WaterTal ponder wes prossed 1n apn?o“lﬁeén%dmﬁﬂ‘é'amed
at 5.5'GPa and 1300°C for 30 minutes in an ultra-high pressure reactor, thus
obtaining a diamond sintered body being well sintered and having a Vickers-hardn
ess of 15000 Kg/mm?. '
When the resulting sintered body was heated in N. atmosphere at 1200°C
for 30 minutes, cooled and then subjected to measurement of the Vickers hard-
ness again, it was hardiy changed to give 15000 Kg/mm®, telling that the dia-
mond sintered body had a high heat resistance. |
Example 24
(NH:)2Ce(NOs)s «+ H:0 and Na,HPO. - 12H.0 were reacted in an aqueous solu-
tion to precipitate and synthesize Ces (PO.)« * 8H:0. The resulting compound was
dried and mixed with CaCO: powder and Fe.0s powder in a proportion of 5 : 3 : 2
by volume. 97 volume % of diamond powder with a grain size of 1-2 zm was well

mixed with 3 volume X of the resulting mixed powders to prepare a raw material

powder. The raw material powder was pressed in a mold and maintained at 5.5



- 37 - adequately mxed in a proportion of 3 : 3 : 3 : 1 by volune. 1

vol unme % of the m xed powders was further mxed wth 99 vol une % of

di amond powder with a grain dianeter of 4 [err] m pressed in a

di sk- shape and then mai ntai ned and si_n& red under pressure and

t enper at ur geC @ndliBOONS Hfr 55 mifdtesanda %ﬁﬁf-lﬁ]@ boesshbe meactoes thus robdmin-

ul tra-hi gh pressure producing apparatus, thus obtaining a djanond sintered
body Wi b AMKACRISTAR GHRLETed 008y 8818 FPkH BHtpred and haviigeh KnngP REEdiens jj
sintered bg% K\%/?ﬁmheat ed in vacuo at 1200[err]C, cooled and then subjected
t o neasurenent the Knoop Hardness again, it was hardly changed, telling
that the di anorgersithd eeed theglygidteded bbdyg had dabtade i Mt aatmesphere at 130aNpl e
23 (NH err])[err]Ce(NO[err])[err] HzO and Na[errgHPO[err] 12H err] 0
ver e react 8er PR MRUERFucPAPd ed g -then jsyhidcsedytacrgssucamenty 98 thenKnoeg;hasd-

Ce[err] (PO errl)l.err, : L n ' m xed
w th choo B *buTaert Bi FREQY, cobfed B bkt A0S RGN otk ERACERET, T
1 by vol ungenddsimered@ods thd di Righnkkatoredestanceh a grain size of 5 [err] m
was well mxed with 5 volune % of the resulting m xed powders to prepare a

raw material _Bxampde 25The raw material powder was pressed in a nold and

intai ned at,5,, ' i | t.1 &< hi
ressur o r eact bra3pgi sASrdr BN eI froised dorB AR piboSF df 1 Blld 24
sintered aggedp@VvighgtigVCsHPe0:S- BBIDAM pesce 6f (WBOQQCe (s M1 #10 Jto obtain \Wien

the resulting sintered body was heated in N err] atnosphere at 1200[err]C
for 30 mi nGeds, ' Fabt EddNsdNg oA senejisstesd 9fo CRe@SutendhO: ofSiphlar\fesudts

hard- ness | e ] Was d changed to give 15000 Kg/mferr], telling
that the d?'%\r?eg%rr%rgaé&sitnt eraﬂﬁfeb(&)%/ly had a hi gh heat resistance. Exanpl e

24 (NH eexdmpl@ras] Ce(NJ err])[err] Herr]O and Na[err] HPO[ err]
12H err] 0 were reacted i'n an aqueous solu- tion to precipitate and

synt hesi ze Ce[ &R Exgrmiec?d:] L.4RGh ]5H: 0 @l SrEPQ werp dnigeds and ihagtadobp Sumkhesias

br opor ¢ onbbtors (& e03F) Dy, GiRgRg A piteRed 59 Se aRSet Bl Padlopyeer
grain sizejRfy %ro’poﬁ'ﬁﬁfn] ofMBVAS B vb1umdi X @5 Vitd1 fined 5VeX W& nYadd péiiRrs sasl ti ng

m xed powders to prepare a raw material -powder. The raw nmaterial powder
was ‘presseddded to 98! % vahwhenfioft diamenil powders well mixed and pressed in a mold.

The pressed body was maintained and sintered under pressure and temperature
conditions of 5.2 GPa and 1200 °C for 60 minutes in an ultra-high preséure
reactor, thus obtgining a diamond sintered body being well sintered ﬁnd=having
a Vickers hardness of 18000 Kg/mm?.

The resulting diamond sintered body was worked in a circular insert,
brazed to a base metal and subjected to cutting of sandstone or shale under
a‘cutting condition of 100 m/min. The cutting was conducted without chipping
and it was thus confirmed that the sintered body was excellent in breakage
resistance.

50 volume % of the above described La=Srz(CO=)z(PO.)a-powder and 50 volume
% of diamond powder with a grain diameter of 20 z m were mixed and sintered
under the same conditions as described above to obtain a sintered body having

a Vickers hardness of 8000 Kg/mm?.



- 38 - GPa and 1300[err]C for 15 mnutes In an ultra-high pressure reactor,
thus obtain- ing a dianond sintered body being well sintered and having a
knoop hardness of 8200 Kg/merr]. When the resulting sintered body
was heated in N err] atnosphere at 1200%§rr]c for 30 m nutes, cooled and
then subjected gghgpgasyrement of the Kndop hard- ness again, it was hardly
changed to giv grm®2, telling that the dia- nond sintered body had
a high heat resistExagmge 24 LaPExamﬂl@aﬁdi SrC0s wede dil savpantl beatedr kod spyudys ises

repared in_t slnExa | e 24 exce ni

Cerprer 1] of kietr CRp ey 1 e moaid o et an wefial ity thepaq poncer
Herr]0 to ebtaprodept & nr,]pser iy by Zﬁ’{lﬁnér] @[?rvfolun?enéi HStinifd SoidBrd Rasead
of Ce[err](PO[err])[err] 8H err]0. Simlar results were obtalined to
Exanpl e 24. added to BQanybbum@6¥ of diamdnd ﬁ)«dap.l meEank@Pﬂﬁcbpre]ssedBH[nea mp@d.and
SrCerr] were mxed and heated to synth

La[err] Sr[ eﬁ‘ﬁ P&iS@prﬁoﬂ’é‘lﬂF]T"P@f&éP? )B['%rsr*]’te“?ﬂﬂg‘dEBrPﬁsﬁﬁﬁ'ae ad isapRrataee and
vel ] mxed w Wgﬁs? 5P 838 Tcpa Idhq 1280 08 Ofdd 981 thufls Fn B M@M‘?%gréss\ﬁ%m %

of the mxe ers was to 99 I anond . wel |

m xed and pt-med, ithusa obtdiding Ihﬂamrﬂssaﬂeiimﬂyod}aseml wdlai siaderéelddar&i néwingd
under pressure and terrperature conditions of 5.2 GPa and 1200[err] C for
60 ninutes RKNQAP d‘laﬁ’%?sﬁlctfh 80k&/fe reactor, thus obtaining a di anond

sintered body bﬁwgey&ﬁ' thngs i migqulem\sa{ngmg CkaQ&‘?ﬁsa@Ex;cgz'i‘ﬁS%négnt}Booo

Kg/ m2. e resulting armn Intere y was wor In a circular
insert, broreddti® a izzsanetel ahd sobljeetd] ¢otartting ofitsandsjond osashdie¢ amdemr

shal e under a cutting condition of 100 mmn. The cutting, was conduct ed
wi t hout chi ﬁﬁ“ﬁ@mgaﬁ@%lf'%%f A /BNt i ThgeenYthng "Pﬁév“’g‘i"’r‘htg‘F é’él“t?&&f‘\)\ﬁ%’"g

a or ] S [ ernd (EER By S haRR nt the einpehQlOb=el Bloch 1 CHE Feduaper | e
di anond powdedisvaricda.a grain di aneter of 20 [err] m were m xed and sintered
50 volume % of the above described LasSr:(COs): (PO«)s powder and 50 volume
% of diamond powder with a grain diameter of 20 z m were mixed and sintered
under the same conditions as descfibed above to obtain a sintered body having
a Knoop hardness of 7400 Kg/mm?. '
Example 28 |
The procedures of Example 26 was repeated except using an alkali metal
carbonate, i.e. Na.COs and an alkaline earth carbonate, i.e. BaCO: in place
of SrCOs to prepare a diamond sintered body of the present invention. When
the resulting sintered body was worked in an insert and subjected to a cutting
test in the similar maﬁner, it was confirmed that this sample was also excel-
lent in breakage resistance.
Example 29 |
Nd20s + 2P.0s,CaC0s,SrCO;, Na;SO: and Si0. were mixed and heated to obtain
a composite phase of Nd.CasCO; (PO, )s, CO:(P04)=.and oxides. The resulting
composite phase was pulverized to obtain a powder. 10 volume % of the powder

was well mixed with 90 volume % of diamond powder with a grain size of 8 «m,



under the sane conditions as descri bed above to obtain a sintered body
having a Vickers hardness of 8000 Kg/ mmjerr].

- 39 - Exanpl e 27 In Exanple 24, LaPJerr] 5Herr]O and SrCJ err]
were m xed and heated to synthesize :

La[err]Sr[err err rr](PJ err Eé@r- ...This co nd was_ p ered and
viel I i xed% His%%@gph%\‘{fgrp(lwﬁﬁr 2 F]o {ﬁsff"‘ljﬁno? "'81‘? aHPBRﬁ?\PJFﬁ‘Wed. g)%,}ﬁ.jyz“'vsol une
% of the nMja@da RRWIEISs MREredaGEiRY frasfliteBandotanperdfueé cdhaitooss poveiarcpanel |
m xed and pressed in a mold. The pressed body was mai ntai ned and sintered

under pressndr &3¥n¥ tforpkr ainutes ipondiltirenisi gbf pressurepeeagher. 19065 pltaip@er or
15 mnutes in an . ulira-hjgh essure.reactor,, thus .obtajnin di anpn
STntered body B s tETe B BeRE ey S0y and BB onk kRt Je i o8
Kg/ nm2. 14508 & /Rhfsul ting di anond sintered body was worked in a circul ar

insert, brazed to a base netal and subjected to cutting of sandstone or
shal e under altwas ifiognd dhalf theresl t1@0 simvered bodheas mot i segcarassebriitict ed

wi t hout chipping apd. it was . thus confirmed that the sintered body was
excel | ent ?ﬁdﬁr&aﬂgﬁfé‘eﬁ égﬁ?gllagrfcﬂ?g% °°"°§{'an5?sdﬁtar‘9§bf t he above descri bed
La[err]Srerr]gGabedsh) [err] (PO[err])[err] powder and 50 volune % of

a

di anond powde grain diameter of 20 [err] mwere m xed and sintered
under the saneN&:Ondi2Penatl , 8rides iNaelD:alral/ 81Q.0 wetet mixedaarsii htaded dtobohain

havi ng a Knoop hardness of 7400 Kg err]. anpl e .The

pr ocedur es® GPR%H%IPS&% 0 =$%ﬁ§a@w=ex9%¢%’9t)§i ﬁ‘?ngﬁ' d&FkaI%?e ﬁﬁf‘é}!tmg

car bonat e, odnp8si tipiRisk] dasl f1veriz8doddbtai k@l bReRAr Nl AR RNGH Bhe ipofider

B 1

aCJerr] 1nplace of Sr err] to prepare a dianond sintered body of the

present i nvanweldnmiXddewithhes vebumet® of diandrer pavdeodyi tivas gradnksidei of &nzimasert
and subjected to a_cut{ing test in the sim]lar nner, it was confirned

that this SEpPRIGLRE Bi%ed Rapders. wenesptesspd jncs Pald apd Jhe (pRssed body was
Exanpl e 29,4; taineglcggagi]n% d’ lmdegprggeé rg[nﬁ{d[]]é%n@g%rec'rcmﬁ%ﬂs of 5.4 GPa

Na[err] SO err] an err|] were d to obtain a conposite
phase of Natjde1350CH ehor ] 1BChiutes PO ar ol frpeliigh, présheter tdaCdrer tHus[ ebvtafningd
oxi des. The resultin conposite phase was pulverized to obtain a powder.

10 vol une 849danqnes BBRERS bodiake ing| ye!l hisiaternsd: #ndobakipg @nknapp Hardnessoli
powder W t gho3 ﬂé/@lhﬂ size of 8 [err] m '

It was found that the resulting sintered body was not so corrosed with
acids or alkalies and had a high corrosion resistance. .

Example 31

The diamond sintered bodies obtained in Examples 18-2 and 21-2 were pul-
verized to form abrasive grains with an average grain diameter of 30 £z m.
When a flat plate of gaseous phase diamond was lapped using the resulting
abrasive grains, the lapping was favorably conducted.

E#ample 32

The diamond sintered body obtained in Example 29 was pulverized to form
abrasive grains with an average grain diameter of 20 #zm. When a flat piate
of gaseous phase diamond was lapped using the resulting abrasive grains, the

lapping was favorably conducted.

Examples 33



- 40 - the resulting m xed powders were pressed in a nold and the pressed
body was maintained and sintered under pressure and tenperature conditions
of 5.4 GPa and 1350[err] C for 30 minutes in an ultra-high pressure
reactor, thus obtaining a dianond singgred body being well sintered and
havi ng a Vi ckethe tavidnahsespifate pdoddd KgAnmd erm) prepared lin amasndlogous mérert he
resulting sintered bod%/ was not .so corrosed wt aci ds. or . al kal i

h . s, and_had
2 hi gh corRoBkRIF SAa] gathetic dlanopd ppufes wifh & meaR grajy fofistpy of 18 4n
2PLer ] Ol idrk CREEYALELy ShédeCi bratbBlosr { Lm0 blneri! 1l esd.] abeicha ity ed
and heated to obtain a conposite phase of
Nd[ er r ] Cal lamt hed&fi eranp (6 én ] ¥4 eapsule @D avaiht:ROp@ranil){istered ayndenspréssure The

resulting conposite phase was pulverjzed to _obtain a _po 5 vol % of

. W bt wder . . pe
t he powdera@ifiakempery turp,GogdiGipps 85 ;8| (Faetnd b@oodicarfBﬁdlspM%‘z?s Whah 41geai n

size of 5 [.err t I ' r.e ; il d
The: presselfthotfy e BRAERE biptfe AP igS MieCr R Paag laof SRI(ra
t enper at urgydgowadi sitgjestedl t&.ider®Paicaaiuh 4850e[cmpddtiar b X-nayndi Liractioan

ultra-high pressure reactor, thus obtaining a dianond sintered body being

wel | sint efedetasd #RVE g ValYeRob Ae IFEF HifeBROSBhateg bR RIRLYIAR  er e diamond ¢ a5
found that th %EZH-H gﬁgigéééqk?.rtﬁg ﬁﬂ%e&%gQQass&ﬁﬂ%giﬁjg%hof %ﬁbd}fl_hgr

al kal i es and ha orrosi on resistan
di anond si iMdentegd, bodiigls habkdressied. ¢.nsED0aKp/mmS WS- Rivend 21-2 were pul -
verized to form abrasive grains with an average grain di aneter of 30r[err]

m. \hen a fl¥Renpising HPOYes U8 MREES off didfaad Royder, Spd gTRkfg PoKde

e L BN S, N, e A SO

pul veri zedtieon{1@nsss abs B0V &ggm@i Ns Wit h an average grain diameter of 20
[err] m. Wen a flat plate of gaseous phase di anond was | apped using the
resul ting abra@ﬂéﬁgﬁ&ns, the |apping was favorably conducted.

Exanpl es 33 prample 33 was repeated except using CeAls(POi)s + (OH)s prepared in an-

analogous manner to Example 17-1 in place of cerium phosphate, thus preparing a
diamond sintered body having a Knoop hardness of 8400 Kg/mm?.

Example 35 |

Example 33 was repeated except using LaGas(P.0.):(0H)s prepared iﬁ an
analogous manner to Example 18-1 in place of cerium phosphate, thus preparing

a diamond sintered body having a Knoop hardness of 8000 Kg/mm?.

Advantages of the Invention

As illustrated above, according to the present invention, there can be
provided an improved diamond sintered body having an excellent breakage re-
sistance, corrosion resistance, heat resistane and wear resistance and capable
of being sintered at a relatively low pressure and low temperature, which has
been impossible up to the present time. This surely results in reduction of
the production cost of the diamond sintered body and contributes to develop-

ment of the inductrial technique. Another feature of the diamond sintered



- 41 - The cerium phosphate powder (1 [err] 2 [err] m prepared in an
anal ogous manner to Exanple 5 and synthetic dianond powder with a nean
grain diameter of 15 [err] m were respectively shaped in plates of 1 mm
and 2 mmin thickness, alternately |amgaated, charged in a M capsul e and
mai nt ai nedb@ddoélth?el?l‘@éeﬁ}ndmrenproasmméstsamm at Ermeememrm cesiditancense.gf 6.5
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2 volunme % of cerium phosphate in addition to the dianond
har dness o$inteeed ppdiease fbmbmgpe@ed rtet batlusyr lraéamsdfecl(umaopf tlhackbntm)rdesa

hi gh har dnes, err] was given. When usi ng a powder of
a mxture of %af’a%gﬁhleﬁgvﬁg ;En%s'gr aphite powder in a proportion of 1 : 5

by volume in place of the synthetic dianond powder, the hardness was 8000
Kg/ mmferr]. Exanpl e 34 Exanpl e 33 was repeated except using
CeAl [err](PdJerr])[err] (OH)[err] prepared in an anal ogous manner to
Exanple 17-1 in place of cerium phosphate, thus preparing a dianond
sintered body having a Knoop hardness of 8400 Kg/mferr]. Exanpl e 35
Exanpl e 33 was repeated except using LaGa[err](Plerr]Qerr])[err](OH)[err]
prepared in an anal ogous manner to Exanple 18-1 in place of cerium
phosphate, thus preparing a dianond sintered body having a Knoop hardness
of 8000 Kg/ mmierr] Advant ages of the Invention As illustrated
above, according to the present invention, there can be provided an

i nproved di anond sintered body having an excell ent breakage re- sistance,
corrosion resistance, heat resistane and wear resistance and capable of
being sintered at a relatively | ow pressure and | ow tenperature, which has
been inpossible up to the present tinme. This surely results in reduction of



t he production cost of the dianond sintered body and co
devel op- nent of the inductrial technique. Another featu '
sintered -42- Eﬁg‘m‘\iﬁ‘ﬁmﬂﬂm
present invention consists in a high eh ctric resistance, "§0c east *
10[err] [err ticular, tools'using the dianond sintered body of

the preseﬁ% 4H§éﬁfﬂ@ﬁpgﬁd abrasi ve grai ns obtained by pulverizing the

di anond  si nt qr ech l@eshonardnteréarmay Yeodplsi @l sboto pelysidlivae weesdibmeaiusel of
the above des- cribed excellent properties.
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di anond ofcn @dtﬁh@ @ﬁh@ﬂﬂ@(&ﬁ a blnder phase predom nantly consisting of a
mat eri al ob talned froma rare earth el enent and a phosphorus conpound.
3. The di anon@- sWﬂ@&@ﬂdtﬁjﬂi}ePeésbﬂdquommsmg e alionPa. 8 Vﬁ@ﬂ@l"nof Nearmmsof
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Caiml, Waekqi Prdie PBTAAVYRK eléiekit qndc@v\gﬁ@sﬁihbﬂxs( Qm)pomsd represented by
NN[err](P[err]C{err])[er (OH)[err] Mis a i npl e substance or

sol i d sol uti oR-ofThgt diaagl sbmt@r@d bodshit ass ¢l eiged di 1f GWtheWh@ﬁwﬁhém@Fstl ng
of rare eaE\E)Ihusecoetnrzr}é';urtid'S (B? is reppeese?\gerdt EyePl Smrr]ltv?m ﬁ'd ?’ lel()FIEEnlEfb is 2,

3, 4, 5 or 7

4. The diamond sintered body, as claimed in Claim 1, wherein the compound
(C) or composite (C') is represented by MN.(P.0.),(0OH). in which M is a
simple substance or solid solution of at least one element selected from the
group consisting of rare earth elements, alkaline earth elements and 4B eiements
of Periodic Table and N is a'simple substance or solid solution of at ieast
one element selected from the group consisting of Group 3B elements of Péribdic
. Table and sulfur, and X, y and z are respectively in the range of
1= x= 4.5, 1= y= 5and 1= z = 26.
5. The diamond sintered body, as claimed in any one of Claims 1 to 3,
wherein the binder phase is composed of a compound (C) or composite (C') of
at least one element (4) selected from the group consisting of rare earth ele-
ments, Group 3A, 3B, 4A, 4B and 6B elements of Periodic Table, iron group
metals, Mn, V, alkali metals and alkaline earth metals with a phosphorus com-
pound (B) represented by P.0. in which a is 1 or 2 and b is 2, 3, 4, 50r 7
and an oxide of at least one element (A) selected from the group consisting

of rare earth elements, Group 3A, 3B, 4A, 4B and 68 elements of Periodic Table,



of Periodic Table and N 1s a sinple substance or solid f ast
one el enent selected fromthe group consisting of Grou ij;“l w l" ﬂlr
Periodic Table and sulfur, and x, y and z are respecti

1 [err] x [err] 4.5, 1l[err] y [erre] 5 &had 1[err] zZ [err]
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rare earth el efents pr&esupfo%ﬁtheSﬂodmxomeaﬁte 6 mohd iséntesedbonr ps clgdmed

Tabl e, iron group netals al kali netals and al kaljne earth netals.
7. A proced® ¥ °‘B91€quléél'ﬂﬁ‘,tll'E?neof"hfﬂ’ecﬂ‘?p&h‘?ﬁ?dmé’f‘ﬂgear 8@"‘% é\tsleﬁtaf’ﬂ%d

in any one %T%tagﬂssélécgeszr&m'tﬁ;g édré?§t1'?ikxdf”9afé Weéleﬁéntgt dreas(sa,

one el enent el ecte rom-t up consisting of rare earth el enents,

G oup 3A, 3BB,4a4A4B 4Rd aBBdeﬁBerwseomBestodfc PebiepdimnTgroup metalsn My oVip alkaldl s,

M, V. al k(’jrlnlel'cals and alkaline earth metals, a powder of at least one oxide of the element
(A) or at least one compound (D) containing the element (A), & powder of phos-
phorus or at least one phosphorus compound (B) and a powder of diamond or graph-
ite, maintaining and sintering the resulting mixed powders under pressure and
temperature conditions in the thermodynamically stable region of diamond.

8. A process for the production of the diamond sintered body, as claimed
in any one of Claims 1 to 6, which comprises previously synthesizing a com-
pound (C) of at least one element (A) selected from the group consisting of
rare earth elements, Group 3A, 3B, 4A, 4B and 6B elements of Periodic Table,
iron group metals, Mn, V, alkali metals and alkaline earth metals with at least
one phosphorus compound (B) or a composite of the compound (C) with at least one
oxide of the element (A), mixing a powder of the compound (C) or composite

with a powder of diamond or graphite, maintaining and sintering the resulting

mixed powders under pressure and temperature conditions in the thermodynamically



metal s and al kaline earth netals, a powder of at
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diamond carbon powders and maintaining and sintering the resulting mixed raw

materials under pressure and temperature conditions in the thermodynamicaliy
stable region of diamond. | .

11. A process for the production of the diamond sintered body, as claimed
in Claim 1 or 2, which comprises previously synthesizing a compound from a rare
earth element and phosphorus compound, mixing a powder of the resulting compound
with diamond powder or a non-diamond carbon powder or a mixture of diamond and
non-diamond carbon powders and maintaining and sintering the resulting mixed raw
materials under pressure and temperature conditions in the thermodynamically
stable region of diamond.

12. A process for the production of the diamond sintered body, as claimed
in Claim 1 or 2, which comprises laminating a shaped body of a rare earth ele-
ment powder or an alloy powder containing at least one rare earth element and a

phosphorus compound powder and a shaped body of diamond powder or a non-diamond



di anond powder or a non-di anond carbon powder or a mxture of diamond an
non- di anond carbon powders and nai ntaining and si nt mﬁlmuﬂ" mﬂim, ng
nFxed raw naterials under pressure and terrperature
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phase is composed of a mixed phase consisting of a material obtained from a
phosphorus compound and carbonate compound, and an oxide.

16. The diamond sintered body, as claimed in Claim 14 or 15, wherein_the
binder phase is composed of a mixed phase consisting of a phosphorus-cgrbonate
compound or phosphorus oxide-carbonate compound, obtained from a phosphorus
compound and carbonate compound, and an oxide. '

17. The diamond sintered body, as claimed in any one of Claims 14 to 16,
wherein thé phosphorus compound contains at least one element selected from
the group consisting of rare earth elements, alkali metals, alkaline earth
metals, Group 3B, 4B and 6B elements of Periodic Table.

18. The diamond sintered body, as claimed in any one of Claims 14 to 17,
wherein the carbonate compound contains at least one element selected from
the group consisting of rare earth elements, alkali metals, alkaline earth
metals, Mn and V. _

19. The diamond sintered body, as claimed in any one of Claims 14 to 18,

wherein the material obtained from the phosphorus compound and carbonate com-



phorus conpound and car bonate conpound. 15. The d| S|ntered body,

as clainmed in Caim14, wherein the binder phase is c
phase consisting of a material obtained froma phosph
car bonat e conpound, and an oxi de. -146. -The di anond si nt er ed o] y, as
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of rare earth elenents, alkali metals, alkaline earth netals, G oup
and 6B el eanafite sepmesentedi by Maldl, €0s (P.0.)2D.in WHehdf dsondinglateleed body, as

| ai med d
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and X, y and z are respectively in the range of 1< x < 7, 1= y < 6,
and 1 = z = 6, aislor2andbis 2, 3, 4, 5or 7.

22. A process for the production of the diamond sintered body, as claimed
in any one of Claims 14 to 21, which comprises mixing at-least one memoer se-
.lecte.d f_rom the group consisting of phosphorus compound powders, carbonate com- -
pound powders, phosphorus-carbonate compound powders and phosphorus oxide-
carbonate compound powders, at least one oxide powder and diamond powder, and
sintering the resulting mixed powders, as a raw material powder, under pressure
and temperature conditions in the thermodynamically stable region of diamond.

23. A process for the production of the diamond sintered body, as claimed
in any one of Claims 14 to 21, which compr.ises previously preparing a cdmpOund
or mixture consisting of at least one member selected from the group consisting
of phosphorus compounds, carbonate compounds, phosphorus-carbonate compounds
and phosphorus oxide-carbonate compounds and at least one of oxides, converting

it into a powder, mixing the resulting powder and diamond powder, and sintering
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consisting of a compound containing Group 3 element of Periodic Table and phos-
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26. The diamond sintered body, as claimed in Claim 25, wherein the éom-
pound containing Group 3 element of Periodic Table and phosphorus is & compound
consisting of an oxide of Group 3 element of Periodic Table and phosphorus
oxide.

27. The diamond sintered body, as claimed in Claim 25 or 26, wherein the
compound containing Group 3 element of Periodic Table and phosphorus is a
phosphate of Group 3 element of Periodic Table.

28. The diamond sintered body, as claimed in any one of Claims 25 to 27,
wherein Group 3 elements of Periodic Table are B, Al and Y.

29. A process for the production of the diamond sintered body, as claimed

in any one of Claims 25 to 28, which comprises using a phophate of Group 3
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Tabl e, useih £3ain 29 rire8d,ngherein the phosphate is a phosphatehydrate, hydrogenphos-
phate or hydrogenphosphate hydrate.

32. The process for the production of the diamond sintered body, as claimed -
in Claim 29 or 30, wherein a mixture of an oxide of Group 3 element of Periodic
Table and phosphorus oxide is used as a sintefing agent.

33. The process for the production of the diamond sintered body, és claimed
in Claim 29 or 30, wherein a mixture of an oxide of Group é element of Périodic
Table and a phosphate of Group 3 element of Periodic Table is used as a sinter-
ing agent.

34. The process for the production of the diamond sintered body, as 61aimed
in any one of Claims 29 to 33, wherein Group 3 element is boron, aluminum or
yttrium.

35. A diamond sintered body tool for cutting, lapping and excavating,
characterized by the use of the diamond sintered body as claimed in the fore-
going Claims or the diamond sintered body obtained by the process as claimed

in the foregoing Claims as an edge.

36. Abrasive grains obtained by pulverizing the diamond sintered body
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pr}vocess for the production of the di armggl si ntered body, as clBinkd in
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t he production of the di anond sintered body, as clained in Caim?29 or 30,
wherein a m xture of an oxide of Goup 3 elenent of Periodic Table and a
phosphate of Goup 3 elenment of Periodic Table is used as a sinter- ing
agent . 34. The process for the production of the dianond sintered
body, as clained in any one of Clains 29 to 33, wherein Goup 3 elenent is
boron, alum numor yttrium 35. A dianond sintered body tool for
cutting, |apping and excavating, characterized by the use of the di anond
sintered body as clained in the fore- going Cains or the dianond sintered
body obtained by the process as clained in the foregoing Clains as an
edge. 36. Abrasive grains obtained by pul verizing the dianond sintered
‘body : - 50 - as claimed in
the foregoing Clains or the dianond sintered body obtained by the process
as clainmed In the foregoing d ains.
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