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| NVENT1 ON 5 Field of the'lnvention The present invention|r Bl8SHERTOHAS BEEN
di anmond sintered body used as a material for cutting tools, [[di ggi REPLAGER,
drawi ng dies, wear-resistant parts and the |ike and manuf acturing nettrod
thereof. Mbre particularly, it 10 relates to a dianond sintered body
havi ng i nproved strength and wear-resistance and to the manufacturing
nmet hod thereof. Description of the Related Art A dianond sintered body

general |y has SUDEV&QLB OF THE INVENTION

Diamond Sinte:ed Body Having High Strxength and High

wear-nesiltanee and Manufacturing Method Thereof
BACKGROUND OF THE INVENTION
5 Pield of the Invention
The presaht:inwention relates to a diamond sintered

body used as a material for cutting tools, digging tools,
drawing dies, wear-resistant ﬁarts and the like and
mAnutactu:inq method thereof. More particularly, it

10 relates to a diamond zihtered body having improvad
itrength and wear-resistance and to the manufacturing
method thereof. |
Descxiption of the Related Art

A diamond sintered body generally has superior

15 wear-rogistance and highar strength as compared with other
naterials. Therefore, it is used in iuch a field that
requires strength and wear-resistance, e.g. the field of
cutting tools, digging tools and drawing dies. B8uch a
diamond sintered body can be obtained by £11ling diamond

20 powder in a container foxmed of WC~Co cemented caxbide,
infiltrating Co-W-C sutectic composition liguid-phase from
the cemented carbide base material into the diamond powder
under hiqh pressure at high temperature and by -1ntar1ng
the same, as disclosed, for example, in Japanese Patent

25  Publication No. 52-12126. Alternatively, as disclosed in
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Therefore, it is used in such a field that requires strengt$=ané

wear -resi stance, e.g. the field of cutting tools, digging t d}wSQHEEﬂﬂﬁﬁﬁﬁfN
dies. Such a dianond sintered body can be obt ai ned by fillllng diRERAGER
powder- in a container formed of WC-Co cenented carbide, infiTtrating Co-wWcC
eutectic conposition |iquid-phase fromthe cenented carbi de base nateri al

into the di anond powder under high pressure at high tenperature and by
sintering the same, as disclosed, for exanple, in Japanese Patent 25
Publication No. 52-12126. Alternatively, as disclosed in

Japariese Patent Laying-Opan No, 54-114513, a diamond
sintered body can be obtained by premixing diamond powder

with powde:'oontaining an iron family solvent metal, and

by holding the mixed powder at such high temperature and
5  high pressure that allows provision of diamond.

The diamond sintered body obtained through the above
described methods suffers from the problem under difficult
conditions of sintering. For example, if the diamond

| particles are too fine or if the solvent metal to be mixed

10 is too small-in amount, sintering would be impossible as
the solvent metal hardly infiltrates, or the coaggurated
portions of diamond particles would nét be sintered
locally, as portions in contact with each other of the
diamond particles increase. Accordingly, it is not éiay

15 to obtain diamond sintered body having high density, that
is, a diamond :1ntaréd body having good wear-resistance
and high content of diamond. |

In order to solve such a problem, a method to cbtain
a diamond sintered body havlnq high density has been

20 proposod, for example, in Japanese Patent laying-Opan Nos.
€3-190756 and 6-32655, and in Research Report No. 58, pp-.
38 to 48 of National Institute for Research in Inorganic
Materials, in which mnihoﬂ a sintering assistant agent is
applied, as coating, to the surface of each particle of

25 diamond powder and the coated diamond powder is sintered.
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obt ai ned. by pren1X|ng di anond powder wi th powder containin
sol vent netal, and by hol ding the m xed powder at such hig tgﬁpgm@@pngs@mgN
5 hi gh pressure that allows provision of dianond. The dijlanond ggPaneeEed

body obtai ned through the above descri bed nethods suffers f

under difficult conditions of sintering. For exanple, if the di anond
particles are too fine or if the solvent netal to be m xed 10 is too
small in anount, sintering mould be inpossible as the solvent netal hardly

AT SN ST R ST o g R T N
high diamond content, and therefore it has good
vear-resistance. However, when the diamond particle sise
in the sintered body is large, the strength of the diamond

5 sintered body becomes low, nnd therefore it does not have
sufficient reliability for practical use. PFurther, when
the diamond sintered body having high density is to be
obtained by such a method, only a small amount of
sintering assiltant agent can be added. Therefore,

10 depending on the composition of the sintering assistnnt
agent and on the manner of coating, of the temperature
range and pressure range allowing production of diamond,
relatively high temperature and high pressure are .
required. In such a case, thers would be large strain

15 remaining in the diamond sintered body, which degrades
strength of the diamond sintered body, and hence lowers
reliability in practical use. _

In order to prevent dagradation of diamond sintered
body at a high tampexature, a method haa been proposed, '

20 for example, in Japanese Patent Laying-Open No. 6~6769 in
which the surface of diamond particles is coated by
transition metal, B or Si and the coated diamond powder is
gsintered in solid-phase. However, in this case it is
considered that diamond pariicles are bonded with coating

25 material which is carbonized by solid-phase reaction

-3 . ' .
as Been Reﬁaced

i




£ ﬁl-.f.‘EWED 11/28 14%:18 1995 A 6 7 (PRINTED PAGE 7) 1
: 35=11-28; 3 08PM; FUKAM ! P TENT OFFIC : ;06 361 151B :
di anong particl’es increase. ordi eg, It is not easy 15 “to obtain

di anond si'ntered body havi ng hlgh density, that is, a dianon
havi ng good wear-resi stance and hi gh content of di anond. In r TS $HEETOHAS BEEN
such a problem a nethod to obtain a dianond sintered body hdgvi ng REBRACED
density has been 20 proposed, for exanple, in Japanese Patent

Layi ng- Open Nos. 63-190756 and 6-32655, and in Research Report No. 58, pp.

38 to 48 of National Institute for Research in Inorganic Materials, in

whi ch nethod a sintering assistant agent is applied as coating, to the

surface of each pajtjcle of, 25 er and ted d| quo d
powder is S|ntered{ é rposed. Thereioro, amofd sirntersd bo Biained

by liquid-phase sintering employing as a solvent an iron

2 1/

. family metal allowing direct bonding betwnpn diamond
ﬁarticles with each other is superior in view of
5 mechanical strength.
SUMMARY OF THE INVENTION

In view of the above described problems of the prior
art, an object of the present invention is to provide a
diamond sintered body having high strength and high wear-

10  resistance and to manufacturing method thereof.

The diamond sintered body having high strength and
high wear-resistance in accordance with one aspect of the
present invention includes sintered diamond particles of
80 to 96 percent by volumae, and a remaining pﬁrt of

15 sintering assistant agent and unavoidable impurity, the
sintered diamond particles having particla size
substantially in the range of 0.1 to 10 um and directly
bonded tO'cach'other, tha sintering assistant agent
including Pd within the range of 0.01 to 40 parcent by

20 walght, and as a remainiaq part, including at least one
aslected from Fe, Co and Ni.

In the diamond sinterad body in accoxrdance with the
first aspect of the present invention, since fine diamond
particles are sintered with'high density in the presence

28 of sintering assistant agent including ixon family
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3.The dlannn S|ntered'5 3y “obtained through this method has hlgh anDnd |

content, and therefore it has good wear-resistance. Howev len
di anond particle size in the sintered body is large, the sa 4?J1W§§BEEN_
dianrond 5 = sintered body beconmes |ow, and therefore it d =s,not D
sufficient reliability for practical use. Further, when the di anond -
sintered body having high density:is to be obtained by such a nethod, only

a small amount of sintering assistant agent can be added. Therefore, 10
dependi ng on the conposition of the sintering assistant agent and on the

manner of coating, g hg SIBE Angeh BHE Rldh MR 1aUHE LS Be'0

producti on of di an8
realiszed.

Accoxding to a second aspect, the method of

manufacturing a diamond sintered body having high strength

5 and high wear-resistance includes the steps of preparing
diamond powdai having particle size substantially within a
range of 0.1 to 10 um, precipitating Pd within the range
of 10™ to 46 percent by weight on the surface of each
particle of the diamond powder, slectroless ﬁlating a

10 sintering assistant agent including at least one selected
from ?e. Co and Ni within the range of 4 to 20 paercent by
volume to the surface of each particle of the diamond
powder and thus preparing coated diamond powder, molding
powder compact body of the coated diamond powder and

15 sintering, in liquid-phase, the powder compaat body under
a high temperature and high pressure condition in which
diamond is stable.

In the method of manufacturing a diamond sintered

‘body in accordance with the second aspect of the present

20 invention, a sintering assistant agent including an iron
fanily element is applied as coating, within the range of
4 to 20 pexcent by volume to the surface of each particle
of fine diamond powder, and the coated diamond powder is
sintered in liquid-phase under high pressure and high

25 temperature in which diamond is stable, so that a diamond |
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di anond sintered body at a high tenperature, a nethod has béen probosed, 20
for exanple, in Japanese Patent Layi ng-Open No.. 6-6769 in which the surface

of dianond particles is.coated by transition nmetal, B or Si and the coated
is sintered in solid-phase. However, in this case it .is

di anond powder

considered that diapond particles are bonded with coatiﬂg 25 nmat eri al
whi ch is carboni ze®intoxed ihedy, haying high ptrength and high wear distance

10

13

20

25

as well as high diamond content can be obtained,

According to a third aspesct of the present invention,
the method of manufacturing a diamond sintered body having
high strength and high wear-resistance includea the steps
of preparing diampnd power having particle size
substantially within the range of 0.1 to 10 um,
precipitating Pd within the'rahge of 10 to 40 percent by
weight on the surface of each particle of the diamond
powder and then electroless plating a aintering asasistant
agent including at least one selacted fxom Fe, Co and Ni
within"tho range of 0.1 to 19.9 pexrcent by volume to the
surface of each particle of the diamond powder to prepara
coated diamond powder, molding the powder compact body of .
the coated diamond powder, bringing into contact an
additional sintering assistant agent including at least
one of Pd, Pe, Co and Ni with the powder compact body, and
sintering in liquid-phase the powder compact body at high
pressure and high tompe:atui. condition in which diamond
is stable, while infiltrating the additional sintering

assistant kqent.

In the method of'manufacturinq the diamond sintered
body in accordance with the third aspect of the present
invention, the sintering assistant aQOnﬁ including an iron
family element is applied for coating to the surface of
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| i qui d- phase sintering enploying as a solvent an iron fam - _
di rect bondi ng between dianond particles with each other i§ THISeBHEHRT HAS BEEN
view of 5 nechanical strength. SUMMARY OF THE | NVENTI ON {in vi eREBEACER

above described problenms of the prior art, an object of the—presemnt
I nvention is to provide a di anond sintered body having high strength and

hi gh wear- 10

resi stance and to manufacturing method thereof. The

di anond sintered body having high strength and

10

15

r{]

25

each particle of fine diamond powder within the range of

0.1 to 19.9 percent by volume, an additional sintering

assistant agent is brought into contact with the coated
diamond powder, and the coated diﬁmond poewder is sintezed
in liquid-phase under high pressure and high temperature
in which diamond is stable while infiltrating the
additional sintering dasiptant agent. ‘Therefore, a
diamond sintered body having high diamond content and
having high strength and high wear-resistance can be
obtained.

Datailed Description of the Iniention

First, the inventors studied strength of various
diamond sintered bodies. As a result, it was found that
the strength of the diamond sintered body depends on the
size of a defect in the sintered body which sexves as an
initiation point of -breakage. Here, the term defect means
a diamond largex particle in the diamond sintered body, a
pdol of the sintering assistant agent such as the solvent
metal or a void. The smaller the defect, the higher the
strength of the diaﬁond sintated body .

It was found that in oxder to improve strength of the
diamond sintearxed body, first, the dlamond larger particles
must bs reduced, and that acceptable particle siza of
diamond is at most 10 um. In order to provide coating of

sintering asaistant agent on the surface of diamond
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I ncl udes sintered dlannnd particles of 80 to 96 percent by wug
remai ning part of 15 sintering assistant agent and unavoi qhh@sﬁgppﬂquBEEN

range of 0.1 to 10 [err]mand directly bonded to each ot her,
assi stant agent including Pd within the range of 0.01 to 40 percent by 20
weirght, and as a remaining part, including at |east one selected from Fe,
Co and Ni. In the dianond sintered body in accordance with the first aspect

of the present invention, since fine di anond partlcles are sintered with
hi gh density in tH& 5&3&9@ "B ch willkihp described; later, Shsdiamondyi ng

iron famly particle must have the particle size of at least 0.1 um.
In other words, the raw material diamond powder is
roequired to have the particle size within the range of 0.1
| 5 to 10 um.

It was found that in order to raduue void and pool
portion of sintering assistant agent in the sintered body,
it is preferable to sinter coated diamond powdex having
the sintering assistant agent coating the surface of each |

10 particle of diamond powder in liquid-phase. It was found
that, preferably, the sintering assistant agent includes
Pd and at least one selected from Fe, Co and Ni which are
iron family metals, It was found that by preparing coated
diamend powder to include such sintering assistant agent

15  within the range of & to 20 percent by volume and by
sintering the coated diamond powder under high praessure
and high temperature condition in which diamond is stable,
uniform liquid-phase of sintering assistant agent is
generated entirely ovex the diamond powder, so that

20 diamond sintered body having smaller void and pool of
sintering asslstant agent is obtained.

Further, it was found that by preparing coated
diamond powder to include sintering assistant agent
including Pd and at least one of Fe, Co and Ni within the

25 range of 0.1 to 19.9 pexrcent by volume, and bringing into
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5 el engnt, %ibﬁ é?ﬁengfh and‘%igh‘meaF-resistance can be reafized.
According to a second aspect, the nethod of nmanufacturing aiéiawsnd_ -

si ntered body havi ng high strength 5 and hi gh wear - r esi stjafidi® $HEHTUWAS BEEN
the steps of preparing di anond powder having particle size Hubst aREPRACED
within a range of 0.1 to 10 [err]m precipitating Pd within the range of

[err] to 40 percent by weight on .the surface of each particle of the

di anond powder, electroless plating a 10 sintering assistant agent

i ncluding at | east one selected

contact an additional sintering asiistant agent including
at least one of Pd, Pe, Co and Ni with the coated diamond
powder, uni!oim infiltration of the additional esintering
assistant agent occurs entirely over the coated diamond

5 powdex campact'bbdy, supplementing the sintering assistant
agent coated on the diamond powder under high pressure at
high temperature in which diamond is stable, And hence a
diamond sintered body having smaller void and pool of
sintering assistant agent can be obtained, |

10 More specifically, by using coated diamond powder on
which the above described sintering assistant agent is
coated, uniform melting or infiltration of the sintering
assistant agent occurs, so that sintering becomes possible
under such a condition that is otherwise not suitable for

15  sintering, and hence a diamond sintered body having high
diamond content, high strength and high wear assistance
¢an be obtained.

Hexe, any of Pd, Fe, Co and Ni may be used as the

sintering assistant agent for the diamond powder by

20 itself. However, it was found that when the ninterinq
assistant agent includes Pd in addition to at least one of
Fe, Co and Ni, melting point of the'sintering assistant
agent lowexs and sintering propertf of the diamond powder
is remarkably improved. Hers, if the content of Pd in the

25 sintexing uaaistént agent is smaller than 0.0l percent by
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from Fe, o2 éh&awsua#h A e range §F 4 to 20 percent by vorune to

surface of -each particle of the dlannnd powder and thus pr toateqd ”N
di anond powder, nol ding powder conpact body of the coated léﬁﬁﬁgH B BEE _
and 15 sintering, in liquid-phase, the powder conpact b

# 137 ¢

tenperature and high pressure condition in which dianond is™stable. In the
nmet hod of manufacturing a dianond sintered body in accordance with the
second aspect of the present 20 i nvention, a sintering assistant agent
including an iron famly elenment is applied as coating, wi thin the range of

powder . and the coNPURRY RRRELTIAISHERCE) nfCFoviiidy (o Rekifl HRERR S

high pressure and RngNgintering assistant agent cannot be obtained. By

10

15

20

25

contrast, if the content of Pd excecds 40 pexcent by
weight, the meiting point 6£ the sintering assistant agent
tends to increase, degrading sintaring property of the
diamond powﬂer. In other words, the content of Pd in the
sintering assistant agent is preferably within the range

from 0.0l to 40 percent by weight.

Further, the ointe:ing assistant agent lhonld “
preferably be included by at laast 4 percent by welght
when the coated diamond powder coated with the linte:iné
assistant aqqnt is to be sintered, in order to prevent
lhogfaqe of the sintering assistant aqcnt,.which shortage
substantially makes -;nteiinq of diamond pow@er
impossible. On the other hand, the content of sintering
assistant agent should preferably be 20 percent by volume
at most, since wear-resistance of the sintered body is
remarkably degraded as the diamond content lowers if the
sintering assistant agent in the diamond sintered body
excoads 20 percent by volume.

S8imilarly, when sintexing of coated diamond powdof is
to ba performed with additiénal sintering assistant agent
brought into contact with the ﬁowdor compact body of the
coated diamond powder, the amount of sintaring assistant

agent coating the diamond parxrticle should preferably be at

-10-
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25 t enper Sl ésiurl?PWf’W'tf"éWn?fH%E stable, so that a di dlbdd ' % Hi
sintered body having high strength and hi gh wear distance ﬂﬁﬁ '
di anond content can be obtained. According to a third aspe I Eﬂ&?rgggbﬁEN
i nvention, the nmethod of manufacturing a dianond sintered |
hi gh strength and hi gh wear-resistance includes the steps of preparing
di anond power having particle size substantially within the range of 0.1 to

10 [err]m precipitating Pd wirthin the range of [err] to 40 percent by
wei ght on the surface of each particle of the dianond

least 0.1 percent by volume. The reason for this is that
if the amount of coating of the sintering assistant agent
is smaller than 0.1 percent by volume, unifo:ﬁ coating by
the sintering assiating-aqent on the surface of the

5 diamond particle becomes difficult, making uniform
infiltration of the additional sintering assistant agent
imposaible. On the other hand, the amount of coating of
the sinﬁbzing assistant agent should preferably be at most
19.9 percent by volume, éhe reason for this is that after

10 sintering while infiltrating additional sintering
assistant agent, if the-sintaring assistant agent in the
sintered body exceeds zo.parcent by volume, diamond -
cont’nt is lowered, and hence wnar-reais;ance of the
sintered bedy is significantly degraded.

15 As a naﬁhod of providing coating of the cint;rinq
assistant agent on each particle of the diamond powderx,
CVD method, PVD method or solution precipitation method
may be pomsible, However, electrxoless plating method is
nost preferably used, from economical view and from the

20 considexation that uniformity of the sintering assistant
agent coating the surface of the.diamond particle plays a
very important part in improving tha sintering property of
the powder and in the strength of the sintared body.

_ When the sintering assistant agent is to be
25 pracipitated on tha surface of diamond particle by

- 11 -
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I nel uding at | east one selected fromFe, Co and NN within ng B
to 19:9 percent by volune to the surface of each particle ufTﬁﬁﬁsﬂtEmwmmdBEEN \
powder to prepare coat.ed di anond powder, nol ding the powde conanPLhOHp
of . 15 t he coated di anond powder, bringing into contact g
sintering assistant agent including at |east one of Pd, Fe, Co and N| mnth
t he powder conpact body, and sintering in |iquid-phase the powder conpact
body at high pressure and high tenperature condition in which di amond 20
Is stable, while infiltrating the additional sintering assistant ggnt In

the nethod of nanuPABrt¥Pless Rlakings nizing £ dmpmrity, n.the aintesing,
the third aspect of {0 RhESENnt shou;d be prevented as much as possible,

in order to obtain high diamond content after sintexing.
Considering the fact that'catalytid nucles havinq high

5 catalytic action must exist on the surface of the diamond
particle in ihe initial reaction of electroless plating,
it is prefernhlo that Pd exhibiting not only the function
of a sintering asaistant agent but also the catalytic
action be coated first on the surface of the diamond

10 particle. It was found that by providing coating of a
sintering assistant agent including at least one of Fe, Co.
and Ni with »d serving as catalytic nuelaﬁl, coatad
diamond particle coated with sintering assistant agent
with smaller impurity can be obtained.

15 Hero,'it is desired that the amount of precipitation
of Pd on the surface of the diamond particle is a£ least

“ percent by weight. The reason for this is that if
'catalytia action iw insufficient, electroless plating
reﬁctlon becomes insufficient, making it difficult to

20 provide coating of the sintering assistant agent. On the
othar_hand, the amount of precipiﬁation of PA should
desirably be 40 percent be weight at most. The reason for
this is to pravent degradation of sintering property,
which is caused by elevated melting point of the sintezing

25 asaslstant agent caused by excessive rd.

-12 -
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el ement is applied for coating to the surface of REPL ACENMENF=SHEEF=F
each particle of fine dianond powder within the range of O. LW%SSHEETHASBEEN

percent by volune, an additional sintering assistant agent iIs brdﬁ@ﬂ%QEﬂ()
contact with the coated di anond powder, and the coated di anond powder 15
sintered 5 i n |iquid-phase under high pressure and high tenperature in
whi ch dianond is stable while infiltrating the additional sintering

assi stant agent.

10

15

20

25

Therefore, a |

Further, it was found that if the sintering assistant
agent includes at least one of &n, P and B in gddition to
the iron family metal, £n, P or B serxves to lower the
melting point of the sintering assistant agent,
significantly imp:oving sintering property of the diamond
powder coated by the sintering assistant agent,

As for precipitation of P in addition to the iron

‘family élement, a sintering assistant agent having a

desirxed P concentration can be precipitated by using a
hypophosphite, for example sodium hypophosphite as a
reducing agent in the electrole;s plating solution, and by
adjusting concentxation of the reducing agent in the
plating solution, pH of the plating solution and
temperature during plating. Similarly, for precipitation
of B in addition to the iron family elament, a sintering
assistant agent haélng a desired B concentration can be
precipitated by using a boron hydride compound such as
sodium borohydride, as the reducing agent in the
electroless plating solution, and by adjusting
boncentratlon of the reducing agent in the plating
solution, pH of the plating solution and the temperature
during plating. Meanwhile, Sn has superior absorption
property with respect to the surface of the diamond powder
particle. Therefore, it can be directly absorbed to the

diamond particle surface from a tin chloride solution, for

/
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di aranI si hi-ated’ %W"hﬂ&fﬂﬂgpﬁs@ﬁoaﬂﬁﬁnnd content and having® 3|"(_‘:1h1 5é?rengt h* '
and hi gh wear-resi stance can be 10 obt ai ned. Detail ed Dege gfF—he-
I nvention First, the inventors studied strength of various |'&ﬂSISjHE£|TMPév‘r%EEN .
bodies. As a result, it was found that the strength of the|jdi anoREPLACED '
sintered body depends on the 15 size of a defect in the stmtefed body
whi ch serves as an initiation point of breakage. Here, the term defect
nmeans a di anond |arger particle in the dianond sintered body, a pool of the
sintering. assistant agent such as the solvent netal or a void. The snaller
t he defect, the higher the 20 strength of the dianond sintered body. It
was found that in O%8BPlRe | Fprthardxeciphtetiomof Pd serving as the

catalytic nucleus after absorption of Sn onto the diamond

particle surface as pre-procaessing for electroless plating |
(sensitizing activating method) or precipitation of 8n and

5 Pd simultaneously (catalysat accelerating method) is
preferable, since it promotes absorption of Pd at the
surface of the ﬁiampnd particles. -

At this time, if the total content of Sn, P and B in-
the sintering assistant agent is smallex than 0.01 percent

10 by weight, the effact of lowering the melting point of the
sintering assistant agent cannot be obtained. By
contrast, if it exceeds 30 percent by weight, melting of
diamond to the iron family metal which serves as solvent
metal in the sintering assistant agent at the time of

15 sintering is hindered, so that the binding strength
betweaen diamond particles with each other becomes lower,
degrading strength of the sintexed body, and degrading
thermal properties of the aintered body. The total
content of Sn, P and B should more pretefahly be within

20 the range of 0,01 to 11.5 percent by weight.

When the diamond particle is to be coatéd with the
sintering assistant agent by elactroleas plating, the iron
family element precipitated by electroless plating is, in
most Cases, p;scipitated as an oxide. If sintering is

25  performed using sintering assistant agent including an
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di anond si Hrerea “SOW“'Ff“M"ét-”TFW °i'&Fond 1arger particles TS b‘gnreduced# 1875
and that acceptable particle size of dianond is at nost 10 g 3 '
provi de coating of 25 = sintering assistant agent on the s n#m;eHEETHASBEEN
di anond 8 particles, which will be described later, 'the
must have the particle size of at least 0.1 [err]ny. In ot her=m
raw mat eri al di anond powder is required to have the particle size within
the range of 0.1 5 to 10 [err]m {1t was found that in order to reduce
voi d and pool '

oxide, oxygen derived from the oxide may possibly gensxrate
voids in the sintered body, and it ﬁay hinder melting and
précipitatton reaction of diamond in the sintering |
assistant agent serving as the solvent. Therefore, it may
5 degrade the property of the diamond sintered body. In

order to prevent such undesirable effect by oxygen, the
coated diamond powder after electroless plating ahould |
_preferably be reduced by heat treatment in vacuum or in
hydrogen atmosphere.

10 It was found that when electroless plating is
performed on the diamond powder, the diamond powder can be
coated uniformly by the sintering assistant agent if the
plat}nq solution including the diamond powder is
fluctuated by at least one of stirrihq and u;;raoonic

15' vibration. ; .

Further, in order to obtain diamond sintéred body
having hiqher density, it is preterabl; to perform heat
treatment at high temperature on the diamond powder under
such condition that makes diamond instable so that the

20 diamond partieloi are partially turned to graphite fxom

" the surface, to coat the partially graphitized diamond
‘particle with the sintering assistant agent and to perform
sintering thereafter, or to coat the diamond powder with
the sintering assistant agenﬁ, to turn the coated diamond

- 25 particle into graphite partially from the surface and thea

- 15 - - '
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] 19/ 5
portiop of? sihE%de3’5§?F@9 ﬁ?sg'%””cﬁn the sintered body, TT s B}%ferable |
tossinter coated di anond powder haV|ng the sintering assist “

coating the surface of each 10 particle of dianond powde ﬂmSSHEETHASBEEN
| i qui d-phase. It was found that, preferably, the sintering aSS|sB§HLAﬁ§Bnt

I ncl udes Pd and at | east one selected fromFe, Co and Ni whiThrare Tron
famly nmetals. It was found that by preparing coated di anond powder to

i ncl ude such sintering assistant agent 15 within the range of 4 to 20
percent by volume and by sintering the coated di anond powder under high

pressure and high tenperature cgndition in which diaggnd,is_ st uni form
| i qui d- phase of si RPEFPFR ' t* a ﬂtr?ﬁf?ﬂ;¥9¥aﬁgg eﬁfl?ﬁléb 't he

di anond’ powder , sop} ighnd Gowadll I4P LS bEbGEFELAN " BYRBELE Wi imatlich 2N

pool of

Therefore, aven under high pressure, spaces tend to remain
betwaen diamond particles. However, if the surface of the
S diamohd particle is turned intolqraphito, the graphite
portion is more susceptible to plastic deformation, and
hence density of the sintered body can be substantially
improved. Further, considering melting of carbon and re=-
precipitation in the sintering assistant agent during
10 sintering, speed of reaction of graphite is faster than
that of diamond, and hence sintering property is improved
1f the diamond surface is turned into graphite.
From these reasons, it would ba understood that
diaménd sintexred body having higher density could be
15 obtained if the diamond surface is partially turned to
graphits. At this time, if the ratio of graphitisation of
diamond particle is smaller than (.5 percent by volume,
density of the sintered body is hardly improved.
Meanwhile, if the ratio of graphitization of diamond
20 particle exceeds 80 percent by volume, turning of graphite
to diamond during sintering under such high pressure and
high temperatura that keeps diamond stable becomes
imperfect, resulting in graphite left in the diamond
sintered body. Thoraforé, preferable range of partial
25 g:aphitisat;on of diamond particle is 0.5 to 80 percent by

- 16 =
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si nterf.ng &%’él?@a‘ﬁt“%weﬂ‘t“'f's-*‘ﬁﬁf%oﬁgﬁe Further, it was found“tsﬁét’sbgl
preparing coated di anond powder to include S|nter|ng assi st

including Pd and at | east one of Fe, Co and Ni within the JTTNSBaﬁgéHmSBEEN ”
0.1 to 19.9 percent by volune, and bringing into REPLACHNVENT SHREACED I
contact an additional sintering assistant agent including at reast one of

Pd, Fe, Co and Ni

t he additi onal
di anond

10

15

20

# 20/ ¢

with the coated di anond powder, uniforminfiltration of
sintering assistant agent occurs entirely over the coated

volume, _

Now, if the above described diamond sintered body is
to be ohtained, it is poseiblé that various materials are
nixed in small quantity. For example, the coated diamond
powder is genaerally filled in a container formed of a
cemented carbide or a refractory metal and sintered.
Therefore, W, Ta, Mo, Cr which are the components of the

container or carbide thereof may possibly be mixed in the

‘sintered body. However, even if such materisl is mixed in

the sintered body, such material does not cause any
problem provided that diamond content 15 the sinterved body
is within the rahge of 80 to 96 percent by volume.
_8imilarly, evan when additional sintering assistant
agent is brought into contact with the powder compact Sody
as supplement to the sintering assistant agent in the
coated diamond powder and infiltrated to the powder
compact body durinq sintering, it does not cause any
problem provided that the diampnd content ot the lintered
body is within the range of 80 to 96 percent by volumo.
As for th§ composition of additional sintering assistant
agent arranged in contact with ludh powder compact body,
similar compositions as those for the sintering assistant
agent used for coating of the diamond particle may be
used. '
DESCRIPTION OF THE PREFERRED EMBODIMENTS

- 17 =
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[ RECEIVED 11/28 1%4:29 1

coated on the dianond powder
whi ch- di anond i s stable,
voi d and pool
specifically,
sintering assistant agent

such a condition that
hence  a di anond sintered hod
and hi gh wear assi stanc

may be used as the

under

I s coated,
sintering assistant agent occurs, :
i's otherwi se not suitable for
hi gh di anond content,
any of Pd, Fe,

haV|n
} i ned. Here,

535-4864 PAGE 21 (PRINIED PABE 21) 1
5 phwdets~ bdﬁb'a?ét"aﬁﬁcfy“"éuwpgn% itFhg the sintering assi $PHAF d3tht
hi gh pressure at high t
and hence a di anond sintered body
of sintering assistant agent can be obtai ned.|{ 10
by usi ng coated di anond powder on which the a
uni form el ting or

infiltration of the

so- that sintering becomes possible under

Table 1

15 sintering,

and
hi gh strength
Co and Ni

Composition of sintering assistant agent
5 sinteting (wt.%)
_{vol.%)
60 929-Co, 0.05-Pd, 395-Fe, 3.7, 0.1 ]
130 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn
electroless %0 92.9-Co, 0.05-Pd, 3.95-Fs, 3-P, 0.1-Sn
plating ,
PVD 60 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-8a
10 PVD 130 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn
PVD 26.0 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-5u
mixing ultra 60 ) 100-Co
fine powder
" mixing ultra 130 100-Co
fins powder
mixing ultra 260 100-Co
fine powder
15 cempnted 60 25-Co, 73-WC
- cemented 130 25-Co, 75-WC
carbide ball
23-Co, 75-WC
20 Table 1 shows various powder samples prepared for

studying influence mainly of the method of applying

sintering assistant agent, content and composition on

mechanical properties of the diamond sintered body.

- 18 -
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Si nterrng e\ namén%wf'oj”sﬁ armnd powder by 20 i 2 151?—!0@__@5’2—-2,‘/5

It *'was found that Wnen the sintering assistant agent inclu : AS'éEE‘“ {
addition to at least one of Fe, Co and Ni, nelting point of EfHe £eend \
—sintering

assi stant agent |owers and sintering property of the di anohd

remarkably inproved. Here, if the content of Pd in the 25°

assi stant agent is snmaller than 0.01 percent by REPLACEMENT SHEET 10
wei ght, .sufficient effect of lowering the nelting point of the sintering
assi stant agent cannot be obtained. By

specifically, powder samples 1A to'ln shown in Table 1 are
all raw material diamond powders having the particle size
within the raﬁgo of 0.1 to 4 um, while the method of
applying sintering assistant agent, content and

5 composition are changcd variously. '

For thé samples 1A, 1B and 1C, the following procaess
was performed to coat diamond powder particles by the
siﬁtoring assistant agent by electroless plating. First,
diamond powder was dogreaaed in alcohol. The degreased

10 diamond powder was cleaned in flowing water, cleanad in
hydrochloric acid solution of 5 percent by weight, and
then again cleanad in flowing water. The diamond powder
thus cleaned was immersed for one minute in a solution
including stannous chloride nnd'hyd:ochloric acid in room

15 temparature as prs-processing, so as to cause absoxrption
of Sn at the surface of the diamond particles
(sensitizing). The sensitized diamond powder was washed
by water and thereafter immersed for oﬁ. minute in
hydrochloric acid solution containing palladium chloride -

20 at a room temperature, and thus Pd was precipitated at the
surface of the diamond particles (activated).

The activated diamond powder was washed by water, and
-thereaftax immorsed for a prescribed time period in a Co-
Fe-P slectroless plating solution held at 73°C, containing

25 cobalt sulfate, ixon sulfate and sodium hypophosphite.

/_/
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: 23/ 5
contrast, 1%'tH& "@OnatPgnFt"Kg'f'-ﬂJE'gx He8% 40 percent by wei ght, 98 it mﬁt i
poi'nt of the sintering assistant agent 5 tends to increage gRg————
sintering property of the dianmond powder. In other words, théHﬁbamEEMHASBEEN

Pd in the sintering assistant agent is preferably within thd¢ rang8EPLAGED

0.01 to 40 percent by weight. Further, the sintering assistdant agent shouard ——

10 preferably be included by at |east 4 percent by wei ght when the
coat ed di anond powder coated with the sintering assistant agent is to be
sintered, in order to prevent shortage of the sintering assistant agent,
whi ch shortage substantially nmakes sintering of dianond powder 15

i mpossi ble. On th@h0t¥Rn99ﬁuﬁbe &ﬁ@ﬂcﬁﬁt¥ﬂﬂﬂﬁﬁ ofy dncthaPlACEZQLARS sgent
shogld preferably Bfagfhé)no ion, ¥ReL{F}ge: the amount of sintering

assistant agent coating the surface of the diamond
particle, and the larger the content of the sintering
5  assistant agent in the powder samples. In the step of
electroless plating, the pre-plating -olution'and plating
solution were stirred and at the same time, subjected to
_ultrasonic vibration. The coated diamond powder which wai
subjected to electroless plating in this mannexr was
10 cleaned, the surface of diamond particles was partially
| graphitisad by heat treatment in vacuum at 1000 °C for 60
minutes, and collected, whereby the coated powder samples
1A to 1C having such content and composition of the
sintering assistant agent as shown in Table 1‘waie
15 obtained. |
For the samples 1D to 1iF, the sintering assistant
agent has the same composition as those for the samples 1A
to 1C. However, coating of the sintering assistant agent
was performed in accordance with an arc ion plating
20 method. Moxe specifically, the sintering assistant agent
i applied to the surface of diamond powder particles by
arc ion plating method in which a target corresponding to
the composition of the sintering assistant agent and a
bias voltage of 330 V were used in an argon atmosphere of
25 1 x 107 torr. '
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24/ !
at nost, sPhde /LY -o?gsfus"tm' EATEN - RS si nt ered body is remar ka%sl y Aegraded#
as 't he di anond content lowers if the sintering assistant a
FHIS BHEET WASBEEN
CED

di anond sintered body 20 exceeds 20 percent by vol une.
sintering of coated di anond powder is to be performed wth [additi

sintering assistant agent brought into contact with the powder conpact body
of the coated di anond powder, the anobunt of sintering assistant 25 agent
coating the dianond particle should preferably be at REPLACEMENT SHEET
Date .. 9 MAR 1996

For samples 1G to 1I, ultra fine Co powder having the
particle size of 500 A was used as the sintering assistant
agent. Diamond powder and ultra fine Co powder
correaponding to the prescribed content wers put in a ball

5  mill container formed of Teflon which contains mixing
| balls formed of Teflon. The powders ware mixed for 4
hours, whereby the mixed powder samples 1G to 1I were
obtained. _
In preparing the agmplos 1J to 1L, diamond powder was
10 put in a ball mill having mixing balles and a container
formed of cemented carbide WC-Co and the ball mill was
driven for a prescribed time period. During the driving
of the cemented carbide ball mill, the cemented carbide
powd;r scraped off from the mixing balls and the eontainer ,
15 vere mixed as mintering assistant agent to the diamond
powder. The content of the cemented carbide powder mixed
in the diamond powder can be adjusted by changing the time
of driving the cemented carbide ball mill.
The powder samples 1A to 1L shown in Table 1 were
20 each sealed in a container formed of tantalum, keﬁt at a
pressure of 50 kb at a temperature 1400°C for 10 minutes
by using a belt type high pressure apparatué. and thus
sintered. Table 2 shows diamond content and
wear-resistance of the diamond aintered body samples
25 cbtained in this manner. |
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11 least 03§ ‘dé?%é?]t“amlFWI“brFéTE"Tﬂfé'crEeason for this is that® % h¥%anount * 2%/
of coating of the sintering assistant agent is smaller than
vol ume, uniformcoating by the sintering assisting agent on hHﬁBaHEEEHAﬁ EEN,
the 5 di anond particle beconmes difficult, making uniformlfnfil (RERLAGE oS
the additional sintering assistant agent inpossible. On the mand,
the amount of coating of the sintering assistant agent should preferably be
at nost 19.9 percent by volunme. The-reason for this is that after 10
sintering while infiltrating additional sintering assistant agent, if the
sintering assistant agent in the sintered b exceeds 20 percent by
vol une, dianond content is | owered, and hent R4 -resistance of the

I Sintered body |  Diamond content | Flank wear
sample (vol.%) {um)
5 r A 938 3
' 2B 869 65
| I 42 131
l 2D %23 damaged
28 868 damagsd
10 (= 739 damaged
u 26 | sintering not possibis
w7
a1 740 d
2 slntering not poesibls
15 2K sintering oot poatbls
_ A 739
20 ~ Sintered body samples 2A to 2L of Table 2 are

obtained by sintering powder samples 1A to 1L shown in
‘Table 1. As can be seen from Table 2, in samples 2G, 2J
and 2K, the amount of sintering assistant agent is small
and distribution thereof is not uniform. Since uniform

a5 melting of sintering assistant agent did not ocour
entirely in the diamond powdex, sintering was
insufficient, and hence complete sintered body could not
be obtained.

Meanwhile, samples providing complete sintered bodies

30 were processed to be cutting tools, and performance was
- 22 -
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sinteré&d béﬂ'ﬂ-‘Tz?H'&?ﬁnf‘f%‘éHHPQITEHTeﬁ’f%'cf«gd. 15 As a rne*tﬂr[;o3 ao%sn f”/_ |
provi ding coating of the sintering assistant agent on each Fartrcle_af IBeen i
di anond powder, CVD nethod, PVD nethod or solution precipit fﬂﬂﬁ_ -ﬁ D x
may be possible. However, electroless plating nethod i s noht £ ; ]
used, from econom cal view and fromthe 20 consideration that uniformty

of the sintering assistant agent coating the surface of the dianond

particle plays a very inportant part-in inproving the sintering property of

the powder and in the strength of the sintered body. Wen the sintering
assi stant agent

particle by

10

15

20

25

Is to_be 25 gre LP?%SEEd on the surface. of di anond

svaluated under t owing cutting conditiona.

Work plece: a round bar of 31-is wt & 81 having six
grooves on the surface along the axial direction.

Peripheral surface velocity of the work pilece: 500
(m/min) -

Eyte cutting depth: 0.6 (mm)

Byte feeding speed: 0.12 (mm/rev)

Cutting time: 3 (min) '

Tha flank wear of the tools as a result of cutting

 test were as shown in Table 2. As can be seen from Tabla

2, sintering is possible in sintered body samples 2A and
2B in accordance with the prasent invention even when the
amount of -interinq assistant agent is small. Therefore;
tools having high diambnd content and superior | |
wear-resistance can be obtained, Further, since the
sintered body samples 2A and 2B have uniform sintered body
toxture, they have high strength, and it becomes apparent
that they have good damage resistance as cutting tools.
By contrast, it is apparent that sintered body _
samples 2C and 2L having low diamond content are inferior
in uear-:osiitanc-. 0f the sintered body textures of
samples 2b, 2B, 2F, 2H and 2I, uneven distfibution of
sintering assidtant agent generated in the PVD method or
Co pools derived from aggregation of ultra fine Co powder

were observed, which pools lowered strength and hence

- 23 -
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12 el ect r o ird §-28¢ U3 PRFY: FWU('I—H’QTEB?-",:WEH ty in the si nter| ng "4 s‘tséﬁt agent
shoul d be prevented as nuch as possible,.in order to obtain R anond.
content after sintering. Considering the fact that catalytlc”nnqbQ§ﬂ§§M%QgBEEN‘
high 5 catalytic action nust exist on the surface of the (i anondgpLAceD 1
partlcle in the initial reaction of electroless plating, it i —
that Pd exhibiting not only the function of a sintering assistant agent but

al so the catalytic action be coated first on the surface of the dianond 10

particle. It was found that by providing coating of a sintering assistant

agent including at |east gne of Fe, Co and NN wth Pd serving as catalytic
nucl eus, coat ed uaused damages to the sintered body during cutting. Thus

the sintered bodies could not be used as the cutting

tools.
(Embodiment 2)

- 24 -
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di anond- pafeTidre®’ 8%5?%"d‘%*f‘fr"§ffﬁ‘€e‘1ffh"g assi stant agent with'¥nd" '8 #28/

i npurity can be obtained. 15 Here, it is desired that
preci gitation of Pd on the surface of the dianond particle is anms Trﬂ%;BEEN
[err] percent by weight. The reason for this is that if cata yt|c BERLACED

I's insufficient, electroless plating reaction beconmes insuffi 3

it difficult to 20 provi de coating of the sintering assistant agent. On

the other hand, the anount of precipi-tation of Pd shoul d desirably be 40
percent .be weight at nost. The reason for this is to prevent degradation

of ‘sintering property, which is caused by elevated nmelting point of the
sintering 25 assi stant agent caused by excessive Pd.

«25-
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13 Furtier$ ST -3R4 L3 PBWB"KI“HHATEPTT%E'% nteri ng assi st ant ag'é’r?t“ﬁ‘n‘csl'udes at

# 23/

| ea'st one of Sn, Pand Bin addition to the iron famly neta
serves to |lower the nelting point of the sintering assistant d@ﬁmﬁHEETHASBEBVJ
significantly inproving sintering property of the dianond pofder cBEPRACER

the sintering assistant agent. ..As for precipitation of Pimadgdrtrom to
the iron famly elenent, a sintering assistant agent having a desired P
concentration can be precipitated by-using a 10 hypophosphi te, for

exampl e sodi um ypopnoSRLLS §9,a,hPU4ch 00, P5ed Taaliek FEbpRLSE et 1O

studying influence of the method of applying sintering
aaeittant agent, composition and conditiona of elgctrolass
plating on mechanical properties of the sintered bodies.

5 For samples 3A to 3C, the surface of diampnd |
particles was partially graphitized by heat treatment in
vacuum at 1450 °C for 30 minutes, then diamond powders
were degreasaed and subjected to acid cleaning in the

" similar manner as Table 1 and thercafter the diamond

10 powders were subjected to surface activation, in order to
coat the diamond powder particles by sintering assistant
agent by electroless plating. Thexeafter, the diamond
powdexrs wer§ immersed in an Ni-P elactroless plating
solution containing nickel sulfate and sodiunm hypophqahite

18 and held at 60°C. During the step of electroless plating,
the pre-plating solution and the plating solution were
fluctuated by stirring and ultrasonic vibration. The
composition of the sintering assistant agent was adjusted
by changing pH of the plating solution.

20 - Samples 3D to 3P were prepared by eloct:blﬁs- plating
similar to samples 3A to 3C. However, fluctuation by
atirring and ultrasonic vibration was not applied to the
electroless plating solution.

As for sample 3G, diamond powder was put in a ball

25 mill contalnqr formed of Teflon containing mixing balls

- 26 -
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: v ~1{=2R:03:08PM; NT_QFFICE . . ;06 381 1518 830/
adj usti,ng Eord et PL PO FEMfATE e'cfum ng agent in the plating soﬁ ution, pH

£

of ‘the plating solution and tenperature during plating. Sinpas=y—Fct ===
precipitation 15 of Bin addition to the iron famly el enEm]—uSSHEET HAS BEEN

sintering assistant agent having a desired B concentration clan be REPLACED
precipitated by using a boron hydride conpound such as sodiu ronyarT de,
as the reducing agent in the electroless plating solution, and by adjusting
20 concentration of the reducing agent in .the plating solution, pH of

the plating sol uti and the t erature_duri platin nwhi l.e, Sn has
superi or absorpti o(r? P y"ﬂfﬁ“% e ‘Fo"’?ﬁ@ %&?%\%et%wﬂ?hgoﬂgﬁﬁnnd.
powder particle. 0 *E“¥ I fg€ y aq§ﬁ§_ ea2 .

di anond particle syrlfeog%‘é %?‘8 a ﬁ Jgﬁeﬁ.groitdghgo*bt | on@#ﬁg 4*Houze

The powder samples of Table 3 were each sealed in a

container of Mo and sintered for 15 minutes at a pressure

5 of 43 kb at a temperature of 1350°C by using a belt type
high pressure apparatus., Various properties of the
sintered body samples obtained in this manner are as shown
in Table 4. | |

Table 4
10

Composition of sinteriog
assistant agent after
sintering
(wt.%)
97-Ni, 0.5-Pd, 2-P, 0.5-Sn °
89N, 0.5-Pd, 10-P, 0.5-Sa
64-Ni, 0.5-Pd, 35-P, 0.5-Sa
97-Ni, 0.5-Pd, 2-P, 0.5-Sa
89-Ni, 0.5-Pd, 10-P, 0.5-Sn
64-Ni, 0.5-Pd, 35-F, 0.5-Sn

il

15

A
-
«<
4D
4E
4
G

The sintered body samples 4A to 4G shown in 'I'ahle‘ 4
25 vere obtained from powder samples 3A to 3G of Table 3.
However, similar to the sample 2B of Table 2, locally
unsintered regions were genorated in sample 4G, and

complete sintered body could not be obtained.
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REPLACEMVENT él—lélg‘lmigl”gxgm ' PATEE othler precipitation of Pd serving as. t he
cat'al ytic nucl eus after absorptlon of Sn onto the di anond p4 _
as pre-processing for electroless plating (sen5|t|2|ng acti v ﬂ}WQSHEEﬁ BEEN-
or precipitation of Sn and 5 Pd simul taneously (catal yst celéﬁﬁi D '
met hod) is preferable, since it pronotes absorption of Pd at the surtace of

t he di.amond particles. At this tine, if the total content of Sn, P and B in
the sintering assistant agent is smatler than 0.01 percent

The samples from which complete sintered bodlas were

obtained were each processed to a bar-shaped sample piece
of 6 x 3 x 0.3 mm, and thereafter strength thereof was
evaluated by three point bending test with the spun of q

5 mm. As a result, as can be seen from Table 4, it is
apparent that samples 4A to 4C have improved strengths
than samples 4D to 4F. More specifically, as the plating
solution was stirred and subjected to ultrasonic vibration
during electroless piatlnq of diamond powder, uniform

10 coating of sintering assistant agent was formed on the
diamond particles, defects in the diamond sintered body
were reduced and hence strength of the eintered body was
-1gnificaht1y improved. ' |

| -Furthex, in view of the fact that samples 4A and 4B

15  have higher strength than samples 4C and 4¥, it was found
that when sintering asaistant agent includes P and 8n, the
total content thereof should desirably be in the :angc of
 0.01 to 30 percent by uaighﬁ, Furthex, it was found that
when the sintering assisting agent includes B, the desired

20 content thersof is from 0.01 to 30 percent by weight.
(Embodiment 3)
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asSistant agent cannot be obtained. By contrast, if it exc
by wetght, nelting of dianond to the iron famly netal whic 'ﬂ&S@%EEﬁHASBEEN
solvent netal in the sintering assistant agent at the tinme {f 15 REPLACED
sintering is hindered, so that the binding strength betweentes ;
particles with each other becones | ower, degrading strength of the sintered
body, and degradi ng thermal properties of the sintered body. The total
content of Sn, P and B should nore preferahly be _w thin 20 t he range of
0.01 to 11.5 percent by melght When the di d partlcle is to be coated
Wi th the sintering as eeietrimmteominmmir—tt izttt R e Siuminghy 1] | Y
el enent precipitated ﬂ;PﬁMﬁcq

5 O 92.0-Ni, 7.0-Pd, 1.0-8a

92.0-Ni, 7.0-Pd, 1.0-8a
92.0-Ni, 7.0-Pd, 1.0-Sn
92.0-Ni, 7.0-Pd, 1.0-Sa
920-Ni, 70-Pd, 1058 |

10

ﬁabl.,S shows vaxious powder samples prepared for
studying influence of composition of addigionnl sintering
assistant agent on the strength of the sintered bodies,
15  when the additional sintering nu-intanﬁ agent which is
- brought into contact with coated diamond powdar compact
body is infiltrated into the powder compact body during
sintering. '
For samples SA to SB, diamond powder was degreased
20 and subjected to acid cleaning in the similar manner as
Table 1, to coat the diamond powder particles by the
sintering asiiltlnt agent by electroless plating.
Thereafter, catalysting was performed as pre-processing of
electroless plating, ﬁy immarsing the diamond powder in a
25 solutiﬁn containing palladium chloride, stannous chlbxide

and hydrochloric acid for two minutes at a room

- 29 -
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most cases IS oG AP BRAMAEPKA! BATENTO8RICE |t sintering is 25 per f or med
usitng sintering assistant agent including an 15 oxi de, ox “yed

fromthe oxide may possibly generate voids in the sintered b@dyHIiSsSiHE
hi nder nelting and precipitation reaction of dianond in the

# 33/ ¢

SoSHERT HARBEEN
i nt er REBLACED B

assi stant agent serving as the solvent. Therefore, it my 5 degrade tie
property of the dianond sintered body. 1In order to prevent such

undesi rabl e effect by oxygen, the coated di anond powder after electrol ess
pl ating should preferably be reduced by heat treatnent in_vacuu '

10

15

Tallnls"
temperature. Thereaftex, accelerating of the d amond
powder was parformnd by immersing the powder in a sulfuric
acid solution for two minutes at a room temperature.

The pre-processed powders were washed by water, and

thereafter immersed for two minutes in an Ni-B plating

solution including nickel sulfate and sodium borohydride
at 90°C, and thus coated diamond powders including the
coating sintering assistant agent haanq such compositions
and amounts as shown in Table 5 were obtained., During
these steps of alkali degreasing, acid cleaning, pre-
processing and plating, while the diamond powders arxe
immersed in the solutions, the solutions were fluctuated
by stirring and ultrasonic vibration. .

- The coated diamond powders were molded into powder
compact bodies, and metal plates having such compositions
as shown in Table 5 were stacked as additional sintering
assistant agent and sealed into a container of Ta, The Ta
container was held at a pressure of 60 kb at a tempaerature
of 1550 °C for 10 minutes by using a girdle type high
pressurs apparatus, and sintered body samples such as

shown in Table 6 were obtained.

-30-

—_—_—
This Sheet Ha

W™



[ RECEIVED 11/28 14:38 1 35-4864 PAGE 34 (PRINTED PAGE 34) 1
hydroge.n at¥58 ‘p'ﬁg'rné "fU Uk “Tsﬂ-ofm{g found that when el ectrolagés pﬁ ating # 3
I's perforned on the di anond powder, the dianond powder can bepeeated
uni forrmy- by the sintering asststant agent if the plating sol Ut TieiS SHEET HAS BEEN
i ncl udi ng the dianond powder is fluctuated by at |east one of |[stirrREBLAGED _
ultrasonic 15 vibration. Further, in order to obtain dianonmd—srntered————
body having higher density, it is preferable to perform heat treatnent at
hi gh tenperature on the di anond powder under such condition that makes
di anond instable so that the 20 di anond %_ﬂ clses are partially turned
to graphite fromthe surface, to coat the p A Iy graphitized di anond
particle with the sinteri Ao i

1 Total conteat of $n and B
in sintering assistant agent
sample (vol.%%) (%)

6A 85 0.005
15
110

85
ss .
8 209

10 85 338

The sinte:ed:body gamples 6A to 6E shown in Tablae 6

waere obtained from powder samples 5A to SE of Table 3.

15 Each of the sintered body samples was b:occssed to a bar-
shaped sample plece of 6 x 3 x 0.3 mm, and lt:hngth
thereof was evaluated by three point hondiﬁg test with the
spun of 4 mm. )

As can be seen from Table 6, it is apparent that

20 samples 6B, 6C énd 6D have improved strength than samples
6A and 6E. Moxe specifically, it can be understood that
when the additional sinterinq aseistant agent includes B,
the content should preferably be in the range of 0.01 to
30 ﬁercent_hy waight. Further, it was found that if the

25 additional sintexring assistant agent includes P and 8n,
the preferable content thereof is from 0.01 to 30 perceant
by weight. '

(Embodiment 4)
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106 361 1518 # 35/
si ntert,ng Fﬁér’ezaaf'%ln"" F""l‘ﬁ"@ TN T9E' i anond powder with the sinter| ng
assi stant agent, to turn the coated di anond 25 particle j nggé

partially fromthe surface and then - 16 performsintering i&ﬁ_%&SBEEN_
for this is as follows. Dianmond powder is not susceptible -t i

def ormati on. Therefore, even under high pressure, spaces tend to Tema n

bet ween di anond particles. However, if the surface of the 5 di anond
particle is turned into graphite, the graphite portion is nore susceptible

to plastic deformati on, and hence density i ntered body can be
substantial ly . O{‘“ﬁ]'e u

5 1 | 996:Co, 0.1-Pd, 0.3-8n
7B 2-8 electroless 50 99.6-Co, 0.1-Pd, 0.3-Sn
plating
7 5-15 | electroless 50 © 99.6-Co, 0.1-Pd, 0.3-Sn
ﬂnhggﬁ .
D 1-2 CvD 30 99.6-Co, 0.1-Pd, 0.3-Sn
7E 2-8 CVD 50 99.6-Co, 0.1-Pd. 0.3-Sn _]
10 Y S.15 CVD 50 99.6-Co, 0.1-Pd, 03-Sn
10 1-2 | mixng ulte fine 50 100-Co
15
20 Table 7 shows various powder samples prepared for

studying influence of the raw material diamond particle
size, method of applying sintering assistant agent and
composition on mechanical propexties of the sintered
bodies.

- 32 -
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i npr ovéd. ﬁu‘rtﬁ%‘rﬂa ogey 5?"8“@' FﬁTENT? |'?1Eg of carbon and re- pr’%%lafz)’l t15a1ts| on in + 3
the sintering assistant agent durlng 10 sintering, speed of reaction of

graphitte is faster than that of dianond, and hence sintering pfﬁ!%eél-rlét‘r'ﬁAS BEEN
i nproved if the dianond surface is turned ihto graphite. Fro hes EPkACED
reasons, it would be understood that dianmond sintered body h

density could be 15 obtained if the dianond surface is partlally t ur ned
to graphite. At this time, if the ratio of graphitization of dianond

particle s o Lsﬁoazs%%eaﬁ&ai £ Ve B TR 500k Yasin 445, SyAcEEE ens
e e S B 6 b FBE  lpt ©
particles 1n the similar manner as in Embodiment 3 so as
to coat tho diamond powdexrs with sintering assistént agent
5 by electroless plating. _

The prae-processed diamond powdqr was washad by water,
and thereafter immersed in a Co electroless plating
solutiﬁn containing cobalt chloride and hydrazinjum
chloride and held at 80°C, and thus Co coating was

10 provided on the surface of diamond particles. During ﬁro-
processing related to electroless platin§ and during
plating, the soiutions together with diamond powdex were
fluctuated by stirring and ultrasonic vibration. The
electroless plated dllmond.powde: was washed and

18 collected, thereafter heated in vacuum at 1250°C for 60
minutes, so that the sintering assistant agent was reduced
and diamond particles wers partially graphitized from the
surface. As a result, powder samples 7A to 7C having such
content and composition of sintering assistant agent as

20  shown in Table 7 were obtained. The amount of oxygen
contained in the powders of samples 7A to 7C was 0.05
percent by weight.

For samples 7D to 7F, coated diamond powders having

*b3mOwW the same composition of sintering asuiitant agent A8 e o -

25 samples 7A to 7C were fabricated by using microwave plasma

- 33 -
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hi gh terrpersa?t U883 °ﬂa°t"v<e':3'r5§md”g\ﬁgn°“'f5 bl e becorres [ rrperfect I’ESUFtI ng in # v
graphite left in the dianond sintered body. " Therefore, preferable range of
partial 25 graphitization of dianond particle is 0.5 1to I
17 volune. Now, if the above described dianond sintered bod Opggtﬁs E;gngEEN"
obtained, it is possible that various materials are mxed it ..

quantity. For exanple, the coated dianond 5 powder is generally filled
in a container forned of a cenented carbide or a refractory nmetal and
si ntered.

CVD method.

For samples 7G to 7I, diamond powders were put
together with ultra fine Co powder into a ball mill
container formed of Taflon including mixing balls of
S Teflon, and mixed for three hours. For samples 7J to 7L,
diamond powders were put in cemented carbide ball mill
container including mixing balls formed of cemented
carbide, and the cemented carbide ball mill was driven for
a prosé:ibed time period, so that diamond powders mixed
10 with cemented carbide powder ware obtained. As already
described, fhe cemented carbide powdar was scrapéd off
from the cemented carbide balls and the container and
mixed with the diamond powders.
- Bach of the powder samples 7A to 7L shown in Table 7
15 was molded to a powder compact body, and a Co plate was
- wtacked on the powder compact body and the powdar compact
body with the plate stacked was sealed in a container of
cemented carbide. The cemented carbide containexr was held
at a pressure of 50 kb at a temperature of 1500°C foxr 13
20 minutes by a belt type high pressure apparatus, so that
the stacked Co plate was melt and infiltrated in the
powder compict body during sintering, and as a result,
sintered body samples such as shown in Table B were
obtained.
25
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Ther ef Gr e,

i f such material
not cause any probl em provided that dianond content
within the range of 80 to 96 percent by volume. Simlarly,
si-ntering assistant agent

addi ti onal

powder conpact body 15
t he coated di anond powder and infiltrated tGn Eg
it does not cause any problen1prOV|
of the sintered body }
As for the conpositio

sintering,

10

15

20

30

is mxed in 10

535-4864 PAGE 38 (PRINTED PAGE 38) 1

I s brought

Wriirat: "ﬁ/b""b"‘Mﬂ' %AT%TG'O'{FH@ conponents of the cont ai

car'bi de t hereof nay possi bly be m xed in the sintered body.
the sintered body, i
in the s nterdﬂEEmk@EDs

such

6 361 1518
ner or

i nGomaltiat of aibtering

6ven WITETT

into contact with the

as supplement to the sintering assistant agent in
omder conpact body during

d"that the dianond content

assistant agoot after sintering

sample (Wt.%)

8A 99.88-Co, 0.03-Pd, 0.09-Sn
1 a8 883 99.85-Co, 0.04-Pd, 0.11-Sn e |

8C %02 9993-Co, 0.02-Pd, 0.05-Sa | blade chipping
8D 86.7 99.88-Co, 0.03-Pd, 0.09-Sn damaged
88 815 99.85-Co, 0.04-Pd, 0.115n damaged
8F 903 99.93-Co, 0.02-Pd, 0.05-Sn daraged
8G sintering not possible '
s §71 100Co damaged _
8 90.0 100Co damaged
& 746 57.7-Co, 423-WC 211

483-Co, 31.7-WC

35.3-Co, 64.5-WC

le iz
8 |2
|

blade chi

The sintered body samples 8A to 8L shown in Table 8

were obtained from powder samples 7A to 7L of Tabls 7.

In sample 8G, since the raw material diamond powder

has £ine particles as shown in Tablo 7, space between

'particlal is narrow_and mixed Co powder is not uniformly

distributed. Therefore, when Co plate was stacked on the

powder compact hody of the mixed powder for infiltrxation,
infiltration proceedad unevenly in the powder compact

As a result, unsintared portions wera generated

partially in sample 8G and complete sintered body could

- 35 =
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agent arrarijatf 2 & 03 EPL LA A T Uct Fiuder conpact body, simlar

conpositions as those for the sintering assistant agent use

t he dé anond particle nay be used. 25 DESCRI PTI ON OF THE RREEIBEEET HAS BEEN |
EVMBODI MENTS 18 (Enbodi ment 1) Table 1 Powder Di anond Vet IREPLACED :
Cont ent of Conposition of sintering assistant agent 5 '
particle appl yi ng . sintering (Ww.9% size
sintering assistant agent ‘

not be obtained.

Samples providing complete sintered bodies were
processed td cutting tools, and performance thereof was
evaluated under the following cutting conditions.

5 Work plece: round bar of Al-10 wt & Si having four
grooves along the axial direction

Paripheral surface velocity of the work piece: 500
(m/min) _

Byte cutting depth: 1.5 (mm)

10 Byte £eeding speed: 0.2 (mm/rev)
| Cutting times 160 (min)

‘Table 8 shows flank wear of sintered body aamplé: as
a result of cutting test. As can be seen from Table B,
sintered body samples 8D, BE, B¥, 8H and 8I including

15 pools of sintering assistant agant.wure damaged at initial
-stage of cutting and continuous cutting ua._impouniblé.
In sintered body iamples 8C and 8L having large diamond
particle size, chipping was observed at the blade of the
tool during cutting test. As'for sintered body samples 8J
20 -and 8K having low diamond content, though thexre was not a
damage, thi flank wear was too large to be practical.

Meanwhile, sintered body sanples A and 8B in
accordance with the present invention had small diamond
particle size, and uhitorn sintered bodyftaxture without

25 void or Co pool could be obtained, and hence the sintered
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([err]m 'éés”sPaPﬁ"“ 'a’éﬁ'f' PM(E"T OFEAE 1A 0.1 - 4 electr ol ess
6.0 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn plating B B3
el ect¥ol ess 13.0 92.9-Co, 0.05-Pd, 3.95-Fe,. ETH#5§H§ETHASBEEV
plating 1IC° . 0.1 - 4 el ectrol ess 26.0 9- CRERLAGEDD|
3.95-Fe, 3-P, 0.1-Sn plating 1D 0.1 - 4 . PVD
92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn 10 .. 1E 0.1 - 4
PVD 13.0 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn 1F

o T snic 0 podigs had Kiyn strapgen énd fiye Ge’aniPpidy or Ganafie

0.1-Sn I G
100-Co fine pOWdef 1hHadditidh,! £t becondh b fpasint that sadplés BA and 9B
100- Co fine powder
have sufficient wear-resistance as shown in Table 8, since
they have sufficiently high diamond content.

5  (Embodiment 3)

Table 9

10

18

Table 9 shows various powder samples prepared for
20 studying influence of fhe degree of graphitization of
diamond powder on diamond content in the sintered body.
In samplas 9A to 9C, raw material diamond powders
having the particle size of 5 to 10 pm was heat troated in
vacuum under the conditions shown in Table 9 so as to

25 partially graphitize the powders from the surface of the |
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0.1 5 & ERTGEPL pEP Ukau SATERT OFFicE 100- Co* 1 HE powder 15 * */
0.1'- 4  cenented 6.0 ‘ 25- Co, 75- 'wd;e—___,~, —
ball" mll 1K 0.1 - 4 cenent ed 13.0 ﬂﬂSSHEETHAsﬁgsN
25-Co, 75-WC carbide ball mll 1L 0.1 - 4 cenent ed REEEAGE

25-Co, 75-WC carbide ball mlIl 20 - Table 1 shows =

powder sanples prepared for studying influence mainly of the nmethod of
applying sintering assistant agent, centent and conposition on

particles. The partially graphitized diamond particles
wera coated by the sintering assistant agent in the
similar manner as Embodiment 1.
In samplaes SD to 9F, raw material diamond powder
- ] particles having the particle size of S to lolum were
coated by the sintering assistant agent in the similar
manner as in Embodiment 1, and thereafter the coated
diamond partielea were partially graphitized from the
surface under the heat treatment conditions shown in Table
10 9 in vacuum.

The pattially qraphitizﬁd coated diamond powders were
molded to powder compact bodles, a metal plate of 100 & Co
was stacked as additional sintering assistant agent, and
then the powder compact bodies were sealed in a container

15 of Mo and sintered under a pressure of 50 kb at a
temperature of 1550°C for 10 minutes. Table 10 shows
diamond contents of the sintered body samples obtained in

this manner.
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mechariical 9pTidptdids ég"bfu'i“ﬁé-’d?'%{‘ﬁﬁ(?ftﬁ'%ﬁ ntered body. Mre ‘OREBLACEVENT ¥4
SHEET 19 specifically, powder sanples 1A to 1L shown in Tab A AW
mat eri*al di anond powders having the particle size within thg THe®EeT HASIBEEN
to 4 [err]m while the nmethod of applying sintering assistafit ageRERLACED
content and 5 conposition are changed variously. For the
and 1C, the follow ng process was perfornmed to coat di anond pomder

particles by the sintering assistant -agent by electroless plating. First,

Table 10 .

Diamond content

10

fho sintered body lampies 10A to 10F of Table 10 were
15 obtained from powder samples 9A to SF of Table 9. As can
be seen from Table 10, it is apparent that sintered body
samples 10A, 10B, 10E and 10F have higher diamond contents
than sample 10D. Meanwhile, sample 10C partially included
remaining graphite (Gr), and hence complets sintexed body
20 could not be cbtained,
More specifically, the degree of graphitization of
the coated diamond powder should breterably be in the..

range of 0.5 to 50 percent by volums. N
(Embodiment 6)
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di anont powdrelr -3i43 [dagh é%éh—’##"&“c%h&l The degreased 10 ' :as|1a1s1sd i
powder was cleaned in flowing water, cleaned in hydrochlori |
of 5 percent by weight, and then again cl eaned in flow ng
di anond -powder thus cl eaned was i mersed for one mnute in

?Hns SHEET HAS BEEN
sol UHEPLACED

I ncl udi ng stannous chl oride and hydrochloric acid in room 15
as preprocessing, so as to cause absorption of Sn at the surface of the
di anond particles (sensitizing). The-sensitized di anond powder was washed
by water and thereafter imrersed for one n1nw§f éﬂLhydrochloric acid
oon1tenperature and

sol ution contai ning paIIadlun1chIor|de 20
thus Pd was precipit ,

(activated). The actjf
5 I 1a | s-w 5x10° not precipitated
118 $-10 8x10% 5 Pd-0.08, Co-99.82, Sa-0.1 |
uc 5-10 8107 5 Pd-2.7, Co-97.2, Sn-0.1
11D 5-10 8x10°3 5 Pd-38.7, Co-612, $n-0.1
1B 5-10 8x10° 5 Pd-52.1, Co-478, Su-0.1
10

Table 11 shows various powder Qamplal prepared for

studying influence of the amount of application of Pd on
15  catalytic property in electroless plating and sintering
property of diamond powder at the time of sintering.

For samples 11A to 11B, Pd was applied to the
surfaces of diamond pnrticlis, in the similar manner as in
Embodiment 4, so as to coat diamond powder particles by

20  sintering assistant agent by electroless plating.
Thorn#!tar, diamond powder particles were electroless-
plated by Pd, using electroless plating solution 1ne1uding'

~palladium tetra chloride. Further, diamond powdér
particles wers coated by Co using an electroless plating

25 solution containing hydrazine.

As a result, as shown in Table 11, the amount o£
absorption of Pd at the particles of diamond powder was
too small in sample 1llA, so that catalytic action by Pd

- 40 -
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44/
thereafter PP ed’ *BP" F5”‘"'1;5""0T 1 °'Ef time period in a Co- Feu 35] ectrol ess '

pl ating sol ution held at 75[err]C cont ai ni ng 25 cobalt sulfate, iron .-
sul f at*e and sodi um hypophosphi te. 20 The | onger the tine ,hg@@ki#@ﬂ%§§EEN
the el ectroless plating solution, the larger the amount of sjinterigge; ACED

assi stant agent coating the surface of the dianond particle,!

the content of the sintering 5 assi stant agent in the powder sanples.

In the step of electroless plating, the pre-plating solution and plating
solution were stirred and at the sane tinme, subjected to

was insufficient and Co was not successfully precipitated
at the surface of the diamond particles. |
Bach of the powder samples 11B to 11E coated with Co
was molded into powder compact body and sealed in a
S container formed of cemented carbide. The cemented
'carbide container was held under a pressﬁro of 50 kb at a
temperature of 1500°C for 1% minutes to perform sintering,
_ by.uninq a belt type high pressure apparatus. Sample 1l1E
containing much Pd did not result in complete sinterxed
10 body, as melting of the sintering assistant agent did no
~occur. Meanwhile, complete sintered bodies could be
obtained from samples 11B to 1l1lD.
- _ In other words, the preferable content of Pd in the
_ sintering assistant agent is within the range of 0.01 to
15 40 percent by weight. |
As described above, according to the present
invention, a -diamond sintered body having both high
strength and high wear-resistance can be provided, which
can be preferably used for cutting tools, digging tools,
20 diawinq dices and wear-rasistant parts. .
| Although the present invention has been described and
illustrated in datail, it is clearly understood that the
same is by way ofhilluatxation and example only and is not
to be taken by way of limitation, the spirit and scope of
25 the present invention being limited only by the terms of
the appended claims.
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ul tr asoni csh%r%&ol’br‘i”“ T4 b SATHE-OF Lo d powder which was SUbfHct¥d to *#4/
electroless plating in this manner was 10 cl eaned, the sur : =
di anond particles was partially graphitized by heat treatnent TS SHEETHAS BEEN
1000 [err]C for 60 m nutes, and coIIecteﬂ! wher eby the coat ed| powddBEPLACED

sanples 1A to 1C having s ﬂmﬂﬂu mmw E nposition of the s i)
assi stant agent as shown:

obt ai ned. For the sanples 1D
to 1F, the sintering aSSIstant agent has the same conposition as those for
the sanpl.es 1A to 1C. However, coating of the sintering assistant agent
was performed in accordance mnth an arc ion plating 20 met hod. More
specifically, the NHARIS GLAIMER:E$t agent is applied to the surface of

di anond powder particles by

1. A diamond sintered body having high strength and
high wear-resistance, compiiiing
sintered diamond particles of 80 to 96 pexcent by
‘volume and a remaining part of sintering assistant agent
'5  and unavoidable impurity,
said sintered diamond particles having particle size
substantially in a range of 0.1 to 10 um and directly
bonded to each other, |
sald uiﬂtorinq assistant agent including Pd within a
10  range of 0.01 to 40 percent by weight and as a remaining

part, at least one selected from Fe, Co and Ni.

2. fThe diamond sintersd body having high strength
and high wear-roesistance écoording to claim 1, vherein
said sintering assistant agent further includes at

least one of Sn, P and B.

3. The diamond sintered body having high strength
and high wear-resistance according to claim 2, wherein
said sintering assistant agent includes at least ona
of Sn, P and B within a range of 0.01 to 30 percent by
S waight,

- 42 - cet Has Been RTlaced
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arc ion pl atTHg? %réf'h"BEf‘ FHKWnPéEENT‘?Fﬁ}get corresponding to the g%‘m])om tion '*¥

of '‘the sintering assistant agent and a bias voltage of 350 V -
an argon atnosphere of 25 — I x{errj—torr-: 21 For sanpleE &§§%§§§-H%SBEEN

ultra fine Co powder haV|ng Tl [ of 500 A was us ACED
sintering assistant agent. N‘FHM Hmmlm d ultra fine Co powder
corresponding to the prescrl ccontemt sere put in a ball 5 m |

cont ai ner formed of Tef]| on mhlch contains mxing balls formed of Tefl on.
The powders were m xed for 4

4. A method of manufacturing a diamond sintered body
having high strength and high wear-resistance, comprising
the steps of: |
préparinq diamond powdox having particle size
5 substantially within a range of 0.1 to 10 um;
| precipitating Pd within a range of 10" to 40 percent
by weight on a surface of each particle of said diamond
powdexr, and thereafter electroless plating a sintering
assistant agent including at least one of Fe, Co and Ni to
10 the surface of each particle of said diamond powder within
a range of 4 to 20 percent hy voluma to prepare coated
diamond powder; and
_ under a condition of high pressure and high
temperature in which diamond is atable, -Lnterihq said
15 coated diamond powder in liquid-phase.

5. The method of manu!ncfurinq a diamond sintered
body having high strength and high wear-resistance
‘according to claim &, wherein

sald sintering assistant agent further includes at

- least one of Sn, ? and B.

6. The method of manufacturing a diamond sintaered
body having high strength and high wear-resistance

according to claim 35, wherein

This Sheet Has Been Re
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hour s, T whePEtj-28h®" H’%eﬂ’“b’b\,,ﬂﬁﬁ"&-ﬁﬁf;‘cés 1G to 1 were obtai ned 'in'"

# 417!

the ball mill was driven for a prescribed time period. Durifig_t heRERPEAG

preparing the sanples 1J to 1L, dianond powder was 10 put T :
having m xing balls and a container fornmed of cenented car bi é”#@it@E%HﬂSBEHV‘

of the cenented carbi de bal umnm‘nl"r“ﬁ! ed carbi de powdér scraped of
fromthe mxing balls and t were m xed as sintering

assi stant agent to the di anorfd fowd e ‘content of the cenment ed car bi de
powder m xed in the dianond powder can be adjusted by changing the tine of

driving the cenented carbide ball mll. The powder sanples 1A to hown
in Table 1 were 20 eaahdsaintering é%gﬁng?m’ rﬁg":'d*det'aﬁitallﬂﬁfg KRt
at a 5 of 8n, P and B within a range of 0.01 to 30 percent by

weight.

7. The method of manufacturing a diamond sintered
body having high strength and high wear-resistance
according to claim 4, wherein 0.5 to 80 percent by volume
of each particle of said diamond powder is graphitized

5 from its surface by heoat treatment at a high temperature
condition in which diamond is instabla, and thersafter
said sintering assistant agent is applied as éoat;ng.

8. The method of manufaqturinq.a diamond sintered
body having high strength and high wear-resistance
‘according to c¢laim 4, whersin 0.5 to 80 percent by volune
of each particle of sald coated diamond pdwder is

5 graphitized from its surface by heat treatment at a high
temperaturs condition in which diamond is instable, and
thereaftaer said sintering in liquid-phase is performed.

9, fThe method of manufacturing a diamond sintexed
body having high strength and high wear-vesistance
according to claim 4, whexein

during said electroless pldting, plating solution to

5 which said diamond powder is immersed 1s fluctuated by at

- 44 =
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pres'su e 0f9550 -ki3 03t 0BAM: tFEWé-rPéFU‘rTem‘f!l@O[err] C for 10 ninuted’d Ml
bel-t type high pressure apparatus, and thus sintered. Table HgtﬁﬁRQQEEN
contemt and wear-resistance of the dianond sintered body sa 1§§1EPLACED

nn+ r\n

obtained in this manner. 22 Table 2 Sintered body D ano

0as o T3 o6 (Tllllllﬁ_lJlllllIIIIIIII lIHrr]”’ °

least one of stirring and ultzasonic vibration.

10. A mﬁthod of manufacturing a diamond sintered
bddy having high strength and high wear-resistance, |
domprising the steps of:

preparing diamond powdef having particle size

5 substantially in a range of 0.1 to 10 pm; |
precipitating Pd in a range of 10" to 40 percent by
weight on a surface ot.each particle of said diamond
powdexr aﬁd thereafter electroless piating a sintering
assistant agent including at least one of Fe, Co and Ni to
10 ~ the surface of each particle of said diamond powder within
a range of 0.1 to 19,9 percent by #oluma to prepare coated
diamond powder; | .
molding a powder compact body of said coated diamond
powder;
15 b:inqihg into contact an aqditional sintering
assistant agent including at least one of Pd, Fe, Co and
Ni to said powder compact body; and

sintering said powder compact body in liquid-phase

vhile infiltratinq said additionni sintering assistant
20 agent under a condition of high pressure and high
temperature in which diamond is stable.

11. The method of manufacturing a diamond sintered

- 45 - \
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oc By 28 U0 P s, papsT_OFF i 92.3 damagedf 2B 1*'° ol
86.-8 damaged 10 _ 73.9

2G° +« sintering not po ssi bl 86 7 damage Eﬁ“SSﬁEEPﬁﬁgBtEN
74.0 damaged S|nter|n pOSSIb|e 15 REPLAQED

si ntering not p055| bI e muu “I“J Eﬂm 142 20 S ntered

body sanples 2A to 2L ained by sintering powder sanples

1A to. 1L shown in Table 1. As can be seen from Table 2, in sanples 2G 2J
and 2K, the anmpunt of sintering assistant agent is smal |

bedy having high strength and high.iear-resintance
according to claim 10, wherein
- sald aintering assistant agent coating said diamond

5 particle further includes at least one of Sn, P and B.

12. The method of manufacturing a diamond sintered
body having high strength and high wear-resistance
according to claim 11, wherein

_ said sintering assistant agent coating said diamond
5 ‘particle includes at least one of Sn, P and B within a

range of 0.01 to 30 percent by volume.

13, The method of manufacturing a diamond sintered
body having high stfength and high wear-resistance
acco:ding to claim 10, whexein

b.s to 80 percent by volume of each particie of said
5 diamond powder ia graphitized from its surface by heat
treatment under a high temperature condition in which
diamond is instable, and thereafter said iintaring

assistant agent is applied as coating.

14. The mntﬁod of manufacturing a diamond sintered
body having high strength and high wear-raesistance
according to claim 10, wherein 0.5 to 80 percent by volume
of each particle of said coated diamond powder is

as Been Reraced
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and d| Stri l?ﬁf'i’o?laTuﬁe"PE%fFu'f“g'TféfE“n?Fch')?Em Si nce uni form 25 106 "'I 15‘r?g of * 51/
sintering assistant agent did not occur entirely in the dianorn oJF‘ y\%“a E AS BEEN

sintering was insufficient; and hence conplete sintered body (
obt ai ned. Meanwhi | e, sanple niﬂ“”ete sintered bodi ¢5-30_
processed to be cutting too |“mmllmlﬂ ce was =~ 23 evaluated under
the follow ng cutting conditonS. Wor'*k pdi ee: a round bar of Al-16 Wt % S
havi ng si x grooves on the surface al ong the axi al direction.

5 graphitized from its surface Sy heat treatment at a high
temperature condition in which diamond is instable and |
thereafter said sintering in liquid-phase is performed.

15, The method of manufacturing a diamond sintered
body having high strength and high wear-resistance
according to cliim 10, who:iin

said additional sintering assistant agent further

5 includes at least one of Sn, P and B.

16. The method of manufacturing a diamond sintezed
body having high strength and high wear-resistance
accq?ding to claim 15, wherein |

gaid additional sintexing as#iqtant agent further

s inaludes at least one of 8n, P and B within a range of

0.01 to 30 pexrcent by weight.

17. The method of manufacturing a diamond sintered
body having high strength and high wear-resintancc
according to claim 10, vherein

in said electroless plating, plating solution to

5 which said diamond powder is 1mﬂerl6d is fluctuated by at

least one of stirring and ultrasonic vibration.

_47-. \
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Perln';chersa?l' sﬁ?'fng\cnem\‘/'e: 5‘5"1‘"“ T'?FhFe wor k piece: 500 5 8 o 1§mB tease
cutting depth: 0.6 (nmm Byte feeding speed: 0.12 (mmrev)

(m+h) The flank wear of the tools as a result of cutting 1 W@%:g%mAS%EEN
shown in Table 2. As can be seen from Table 2, sintering i et
sintered body sanples 2A and 2B in accordance mnth t he present I nvention
even when the anount of sintering assistant agent is small. Therefore,

t ool s havi ng hi gh di anond content *and superior 15 wear - resi stance can be

obtained. Further, since the sintered body sanples 2A and 2B have uniform

si ntered body teﬁg&ﬁm h@f( mv%xlg %sﬁﬁﬁength’ and it becones apparent

A method of manufacturing a diamond sintered body
includes the steps of preparing diamond powder having
particle size within a range of 0.1 to 10 um, coating the

5 surface of each particle of the diamond powder by a
sintering assistant agent including Pd within a range of
0.01 to 40 percent by weight and at least one of an iron
family metal e- remaining part, and sintering the coated
diamond powdex in 11quid-phaae undezr high pressure and

10 high temperature condition, so that a diamond sintering
body having high strength and high wuar-resintanao
containing diamond particles of 80 to 96 percent b& volume

can be obtained.

.. - 48 -
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that they have good danage resi stance as cutting tools. By cc»tﬁ%ﬁHAchENTSHEETé
apparent that -sintered body 20 sanples 2C and 2L having | oW di anoZt(B MAR m }
tent are inferior in wear-resistance. O the S|ntered body [Fﬁitures"of """"""
ipl es 2D, 2E, 2F, 2H and 2, uneven distry bution of sintering assistant

nt generated in the PVD met hod: or Co poeis derived from aggregation of

ultra fine Co powder 25 .  were observed -whi ch pools [owered strength- and
hence - REPLACEMENT SHEET 24 caused danages to t he S|ntered body duri ng
cutting. Thus _ _

' ‘I‘ITLE OF THE INVENTION _
Dlamond Slntered Body Hav1ng ngh Strength and High
:Wear-ReSLStance and Manufacturrng ‘Method Thereof
BACKGROUND OF THE INVENTION |
5 Field of the Invention
| _The-present invention relates to a“diamond.sintered
.body used as a. materlal for cuttlng ‘tools, dlgglng tools,
'draw1ng dles, wear-re51stant parts and the like and
manufacturlng method thereof._ More partlcularly, 1t
10 : relates to a diamondusintered_body havlng_lmproved
N strength and:wear-resistanCe and to the manufaoturing'
‘method thereof. . o | o
Description.of.tne Related Art'.
A diamond sintered bOdY-generally has superior
15. 'gwear—resistance and higner'strength as compared with other
materials."Therefore, it is used in such a field that
. 'requires strength and wear-resistance, e.g. the field of
: cuttlng tools, digging tools and draw1ng dles. Such a
dlamond sintered body can be obtalned by filling diamond
':20 powder in a container formed of WC-Co cemented carbide,
infiltrating éo—W-C eutectic oomposition liQuid-phase fron
the cemented carblde base mater1a1 1nto the dlamond powder
under hlgh pressure at high temperature and by 51nter1ng
the same, as dlsclosed, for example, in Japanese Patent

25 _Publ;catlon No. 52-12126. Alternatlvely, as dlsclosed in



~the sintered bodies could not be used as the cutting tools. EﬁﬁghAﬁ%%FN  SHE

25. [err]

.prepar ed for

o

10

15

20

25

REPLACEMENT SHEET 26 Tabll e 3 shows vari ous. p_owder %a .A \9%

~ Japanese Ratent'Layingfopen Ro._54a114513; a diamond
sintered body can he obtained by premixing diamond-powder"
with powder contalnlng an lron famlly solvent metal, and
by holdlng the mixed powder at such high temperature and
'-hlgh pressure that allows prov131on of dlamond
The diamond s1ntered body obtained through the above
.dgscrlbed methods suffers from ‘the problem under difflcult
| conditionS'of Sintering;' For example, if the diamond
particles are too fine or if the solvent metal to be mixed
is too small in amount, sintering would be impossible as
the solvent'metal_hardly infiltrates, orpthe coaggurated
:'portions of diamond'particleS'would not be sintered
1ocally, as portlons in contact with each other of the
dlamond_part;cles_1ncrease. Accordlngly, it is not easy
to obtain diamond sintered.body”hav1ng high density, that
is,la dianond sintered body having good wear-resistance
and high content of diamond. | |
"In’order:tols01ve snch a problem,_a ﬁethod to obtain
a diaﬁond sintered body haning high density has been
proposed for example, in Japanese Patent Laylng-Open Nos.
63~ 190756 and 6- 32655, and in Research Report No. 58, pp.
38 to 48_of National Instltute for Research in Inorganlc
'Materials,'infﬁhich'nethod.a sintering assistant agent is
applied, as COatlng,'to the surface of each particle of

diamond pdwder and the coated diamond.powder is sintered.



M : : : : : : . REPLACEMENTSHEET
studyi ng influence of the nethod of applying sintering assistagnt: agez m
conposi tion and conditions of electroless plating on mechanic PQ@OQ _____ ELQQB

of: the sintered bodies. 5 For sanples 3A.to 3C, the suUtface—ef

di anond particles was partially: graphi tizedyby -heat treatient in vacuun1at

1450 [err]C for 30 minutes, ‘then di anohd powders were degreased and

subjected to acid cleaning in the sinilar manner as Table 1 and thereafter _
t he dianond 10 powders were subjected to surface activation, in order to .
coat the dianond powder paTtches by S|nter|ng assi stant agent by o
electroless plating. Thereafter, the dianmond powders were imersed in an

Ni -P el ectrol e%%m%@mﬁ@e%m bt imek dthxonght ehibsometled nhas

hypophoshite 15 and held at 60[err]C. During the step of electroless
pl ati ng, - high diamond content, and therefore it has good S

_wear-re31stance ' However, when the dlamond partlcle size
in the sintered ‘body ls-large, the strength_of the diamond
5 sintered body becomes low, and therefore it does not have'_.
sufficient_reliabiiity_for practical use.' Further, when -
pthe diamond sintered'body having high density is to be
obtained by such a.method, only a small amount of
' Sintering assistant agent can be.added. Therefore,

10 .depending on the'compositiOn'of the sintering assistant_
agent and on the manner of coating, of the temperature
range and pressure range allow1ng productlon of dlamond,
relatlvely hlgh temperature and hlgh pressure are .
requlred.- In such a_case,_there would be large strainz

15 remaﬁning in_the diamond sintered'body, which degrades
strength of the.diamond sintered body, and hence lowers_

-rellabllity in practical use. |
In order to prevent degradatlon of diamond sintered
body at.a high temperature, a method.has been proposed,

20  for example, in Japanese Patent Laying-Open No. 6-6769 in

. which the.surface.of-diamond:particles is coated by
tranSition.metal, B or Si'and the coated diamOnd_poﬁder is
sintered in solid-phase. However, in tnis case it is
considered that diamond particles are oonded with coating

25  material which is carbonized by solidephase'reaction



t he pre pl ati ng solution and the platlng solution were fluctudt HﬁPEMENTSHEET
stirring and ultrasonic vibration. The conposition of the sint erlng SMARI%
assi'stant agent was adjusted.by changing pH of the plating solju o1 FklyA § N
Sanpl es 3D to 3F were prepared by electroless plating simlar T0 sanples 3A

t 0« 3C. However, fluctuation by stirring andultrasonic vibration was not
applied to the electroless plating solution. As for sanple 3G dianond

powder was put in a ball 25 mll conta|ner forned of Teflon contalnlng
mxing balls - 27 - .

interposed; Therefore, the diamond_sintered'body ohtatned
.by liddid;phase sintering employing as a.solvent an_iron
family metal'aIIOWing direct'bonding between diamond.
partlcles with each other is superlor in view of
5 mechanical strength | |

SUMMARY OF THE INVENTION

éfof;the prior

In view oflthe above described'prohi“
art, an object of the present invention'is to provide a
dlamond 51ntered body hav1ng hlgh strength and high wear-"
10 '_ res13tance and to manufacturlng method thereof.
The dlamond sintered body hav1ng high strength_and
high weareresistance.in accordance_With_one.aspect of the
| present_invention includes sintered diamond'particles of
Bd.to 96 percent bvaolume,.and a'remaining_part of
15 sintering assistant agent and unanoidabie impurity, the
| sintered dlamond partlcles hav1ng partlcle size
substantlally in the range of 0 1 to 10 pm and dlrectly
bonded to each other, the sxnterlng a551stant agent
;ncludlng Pd w1th;n,the range of 0.01 to_40_percent PY.
20.. ﬁeight, and as a remaining part, including at.least one
selected from Fe, Co ‘and Nl.
In the dlamond s1ntered body in accordance with the
-flrst aspect ‘of the present lnventlon, since fine diamond
-'partlcles are SLntered w1th hlgh denSLty ln the presence

25  of sintering asslstant agent including iron famlly



formed of Teflon, together with ultra fine Ni powder having- tFeﬂEﬁﬁﬁﬁﬁMgﬁEﬁyEET
of 200 A, and nixed for 4 hours. The povvder sanpl es of Table § were QaQIMARm
sealed in-a container of M and sintered for 15 minutes at a fred8ure g
of 45 kb at a tenperature of 1350[err]C byegzing a belt type A gh pressure
apparatus. ~Various properties of the sint d body sanpl es obtained in

this manner are as shown in Table 4. Table 4 10 Sintered D anond

Conposi tion of sintering Three point body content assi st ant agent

after bendi ng sanple  ¢vol . /@ -._.srntering strength (mﬁ-@@
(kgf/[err])- : .

element, high strength and high wear-reSistance can be
realized. | | |
According to a second aspect the method of
-manufacturing a diamond sintered body having’ high strength
‘5  and high wear-resistance includes the'steps of preparing
diamond powder having particle size subetantially within a_.
range of 0.1 to 10 um, precipitating Pd within the range
| of 10 fo 40 percent_by weight:on the eurfaCe of each
particle of the.diamond'powder,.electroless plating a
10 Sinteringlassistant agent including at'least one selected
| :from Fe, Co and Ni Within the range of 4 to 20 percent by
'volume to the surface of each particle of the diamond |
powder and thus preparing coated diamond powder, molding
powder compact body of the coated diamond powder and
15 sintering, in liquidephaSe,.the_powder compact body.under
a high temperature and_high pressure condition in whichu
diamond is stable. | |
- In the method of manufacturing a diamond Sintered :
hody in accordance with the second aspect of the present
20 invention,-a sintering assistant agent inc1uding an iron
family element is applied as coating, w1thin the range of
4 to 20 percent by volume to the surface of each particle
_iof fine diamond powder, ‘and the_coated diamond powder is
sintered in'liguid-phase.under high preesure andjhigh'.

25 temperature in which diamond is stable, so that:a_diamond



4A ~ 90.9 . 97-Ni, 0.5-Pd, 2-P, 0.5-Sn. 263 15 REPLAGEFMENT SHEET
90. 8 89-Ni, 0.5-Pd, 10-P, 0.5-5n 254 4C  90.9 -64%&90259FNAR19$
35-P, 0.5-Sn ~ 193 4D -90.7 - 97-Ni, 0.5-Pd, 2-P, 0_5-8 A I | St
90.8  89-Ni, 0.5-Pd, 10-P, 0.5-Sn 164 F 90.9 . 64-Ni, 0.5-Pd,
35:P, 0.5-Sn - 142 20 " 4G stntering not possible The

S|ntered body sanples 4A to 4G shown in Table 4 25 wer e obtai ned from

powder sanples 3A to 3G of Table 3. However , simlar to the sanple 2B of -

Tabl e 2, locally unsintered regions were. generated in sanpl e 4G and

conplete S|ntered body coul d not be obt ai ned. :
sintered body hav1ng high strength and hlgh wear dlstance

as well as high diamond content can.be_obtalned.
-Acdording'to'a.third:aspect df the present invention,-
the method of nannfacturing a dianond.sintered'body having
5 "high strength andfhigh wear—resistance incluces the steps
of preparing diamond power having;particle size
.snbstantially within the'range of 0.1 to 10 um, |
.precipitating Pd ﬁithin the range of 104 to 40 percent by
_pweight on'the_snrface of each particle of the diamond ..

10 powder and then:eleCtroless platingia'sintering assistant
"agent.inciuding at least one.selected fromlFe, Co and Ni _p
‘w1th1n the range of 0.1 to 19.9 percent by volume to the _

' surface of each partlcle of the dlamond powder to prepare
- coated dramond powder,.moldlng the powder compact body of.
15 the coated'diamond powder, bringing into contact an
additional sxnterlng assistant agent 1nclud1ng at least
‘one of Pd Fe, Co and. N1 with the powder compact body, and '
51ntering in llquld-phase the powder compact body at hlgh
pressure and high temperature condltlon in Whlch dlamond
20 is stable, while lnflltrating the additional s;nterlng
assistant agent. | | |
In the method of manufacturlng the dlamond s1ntered
body in accordance w1th the thlrd aspect of the present
:_1nventlon, the srnterlng assistant_agent including an_lron_'

25 family element is applied for coating to the surface of



28 The sanpl-es from whi ch conplete sintered bodies were obta

precessed to a bar-shaped sanple piece of 6 x 3 x 0.3 nm ang

strength thereof was evaluated by three point bending test wift

BEPLAGEMENT, FHEET
Lher 16 AR 1995

4 5 mm- - As a result, as can be seen frgg]Table 4, it is
saapl es 4A to 4C have |nproved strengths t Han

t Pete fe--spun-of
parent tnat

sanples 4D to 4F. More -

specifically, as the plating solution was stirred and subjected to
ul trasonic vibration during el ectroless plating of diamond powder, uniform
10 coating of sintering -assi stant -agent was formed on the dlannnd

partlcles defects in the dianond sintered body

each partlcle of fine dlamond powder w1th1n the range of

O.L to 19.9 percent by volume, an addltlonal sintering

assistant'egenthis brought into contact with the coated

diémond powder, and‘the coetedsdiamond powder

is sintered

5 in ligquid-phase under high pressure and high temperature

‘in which diamond is stable while infiltrating

the

additional sintering assistant agent. Therefore; a

diamond sintered body having high diamond content and

having_high'strength.and high weer-resistanee
10  obtained. N - ‘_
Deteiled Desoription of the Inventioh
Flrst, the inventors studled strength of

diamond sintered hodles.' As a result, it was

can be

varJ.ous

found that

B the_strehgth'of'thehdiamond sintered body depends on_the

15 size of a defect in the sintered body which serves as an

initiation point of breakage} Here, the term

defect means

a diamond larger particle in the diamond sintered body, a

pool of the sintering eSSistant agent such as
N metal or a void. The smaller the defect, the

- 20 strength of the dlamond sintered body.

the solvent

hlgher the

It was found that in order.to_lmprove'strength of the -

~ diamond sintered body, first; the diamond larger'partiolesp _

*  must be reduced, and that ecceptahle particle

size of

diamond is at most 10 pm. In order_to provide coating of

- 25 sintering assistant agent_on_the.surface of diamond




wer e reduced and hence strength of the S|ntered body was si (jrRERIAGEMENT SHEET

i nproved. Further, in view of the fact that sanples 4A and #B 15 g ﬁEﬁ
hi.gher "strength than_sanples 4C and 4F, it was found that whePaigi.n®e qﬁ%ﬂ

assistant agent includes P and Sn, the totgl content t her eof—=shoaro—

desirably be in the range of 0.01 to 30 peftent by weight.. Further, |t mas
found that when the sintering assisting agent includes B, the deS|red_20
cont ent thereof is fromO. 01 to 30 percent by melght ( Enbodi ment  3) 29

10

15

20

25

partiCles, which will be describedtlater, the diamond
partlcle must have the partlcle size of at least 0 1 um

In other words, the raw materlal diamond powder 1s

- required to have the partlcle size w1th1n the range of 0.1

_ It was found that in order to reduce void and pool
portion of 51nter1ng assistant agent in the s1ntered body,
it is preferable to sinter coated diamond powder having

the sintering-aSsistant agent coating the surface of each

'particle of diamond powder in liquid-phase. It was found

- that, preferably, the 51nter1ng assistant agent lncludes

Pd and at least one selected from Fe, Co and Ni which are

'1ron-famlly metals. It was found that’ by preparlng coated
. diamond powder to include_such sintering assiStant agent

within the range of 4 to 20 percent by volume and by

sintering the coated diamond powder under high pressure'
and high-temperature condition in which diamond is stable,
uniform liquid-phase of-sintering assistant agent is

generated entirely over the dlamond powder, so that

'dlamond sxntered body having smaller voxd and pool of

sxnterlng assistant agent is obtalned.

Further, it was found that by preparlng coated

: dlamond powder to lnclude sxnterlng assistant agent

: 1nclud1ng Pd_and at least one of Fe, Co and Ni within the-

range of 0.1 to 19.9 percent by'volume, and bringinq'into



Tabl e 5 Powder

D anond Anount ' of Cbnpoéitioh of coating CﬂﬁﬁbﬁEFMENTSHEET

sanple particle ' coating of sintering assistant agent offl addit2 §hMAR m

size sintering . o(w. @ ~sintering ([err]lm Dglesi- At
‘assistant. agent - - - ' - .agent (vol.% 5 — BA

2+« 3 0.1 92.0-‘Ni,'70Pd 1078n9100 NN5BT . 2-°3 0.1
92.0-Ni, 7.0-Pd;, 1.0-Sn ~ 98-N, 2-B5C .2 -3 0.1 92.0-Ni ,
7.0-Pd, 1.0-Sn  89-N,11-B 5D 2 -3 0.1 -92.0-N, 7,0-Pd,

1.0-Sn 79-Ni, 21-B5E : 2 -3 . 0.1 . 92.0-Ni, 7.0- Pd 1.0-Sn

66-Ni, 34-B:10 Table 5 shoms various powder sanples prepared for

contact an additional SLnterlng aSSLStant agent lncludlng

-at least one.of Pd, Fe, Co and Nl w;th the coated dlamond-._

_pdeer,'nniform‘infiltration of the'additionai sintering

assistant agent occurs entirely over the coated diamond

_powder'compact.bOdy, supplementing the sintering assistant

agent coated on_the diamond powder under high pressure at

__high temperature in which diamond is stable, and hence a

- diamond sintered'bOdy'having'smaller void and pool of

10

sintering'aSSistant agent can be obtained.

More specifically, by using coated diamond powder on

. which the above'described eintering aSsistant'agent is

| coated, uniform meltlng or 1nf11tratlon of the sznterlng

' assrstant agent occurs,. ‘so that sxnterlng becomes pOSSlble

15

20

under such_a ccndltlon that is otherwise not suitable for

.sintering, and hence a diamond sintered body having high

diamond content,'high strength and high wear assistance
can be obtained. | |

Here, any of Pd, Fe, Co and Ni may be used as’ ‘the
s1nter1ng a551stant agent for the dlamond powder by
itself. However, it was found_that when the.SLnteran

assistant agent includes Pd in addition to at least one of

. Fe, Co and Ni, melting point of the sintering-assistant

25

agent lowers and Sintering'property of the diamond powder
is remarkably lmproved. Here, if'the content of Pd in the

51nter1ng as51stant agent is smaller than 0 01 percent by



studylng i nfl uence of conposition of additional sintering ass dEERuAQEMENTSHEET
on<the strength of the sintered bodies, 15 when t he- addi t [{onal Q 1996
sintering assistant agent which is brought i nto contact with gdaated.. rgA@Mﬁ
powder conpact body is infiltrated into thgﬂgomder.conpact body—durT g
si htering. For sanples 5A to 5E, dianond p er was degreased 20 and
subj ected to acid cleaning in the simlar manner as Table 1, to coat the
di anond powder particles by the sintering assistant agent by el ectroless
pl ati.ng. Thereafter, catalysting was performed as pre-processing of
el ectrol ess plating, by imersing the dianond powder in a 25 sol ution
.cont ai ni ng pmIwﬁhghm;ﬁ&umfikﬁenmEé&ﬁk@tcbfoloderﬁﬂd bhdrmehtdnchadnd b&r
two mnutes at a room '
the Sintering assrstant agent cannot be obtained. By

contrast, if the content of Pd exceeds 40 percent by
.-weight, the melting pornt of the sintering a551stant agent
5 tends to increase, degrading srntering property of the
diamond powder; " In other words;'the content of fd in the
s1ntering assrstant agent is preferably within the range
from 0.01 to 40 percent by weight. |

Further, the srntering assrstant agent should

10 preferably be included by at least 4 percent by weight
when the coated diamond powder coated with the srntering
'aSSLStant agent is to be srntered, in order to prevent
‘'shortage of the srntering ass1stant agent, which shortage
substantially makes 31nter1ng of diamond powder

15 1mpossible. On the other_hand,_the content of sintering

.assistant agent should preferably be 20 percent by volume
at most, since wear-resrstance of the srntered body is
gremarkably degraded as the diamond content lowers if the
sintering assrstant agent in the diamond sintered body

20. - exceeds 20 percent by volume. -

Similarly, when sintering of coated diamond powder is
to be performed_with additional sintering assistant agent
Ibrought into contact with the.powder compact'body of the
coated diamond powder, the amount of sintering_assistanti_

25 agent'coating the diamond particle should preferahly be at



30'ténperature.

Thereafter, accelerating of the di anond powdfrRERIACEMENT SHEET

performed by i mmersing the powder -in-a sulfuric acid solution for tWQ g MAR]ggs
mnutes at a roomtenperature: The pre-processed powders werejwebhed hy- """

water, and 5.

thereafter imersed for twp.mnutes in an Nl-j platlng

sotution including nickel sulfate and sodi: borohydrlde at 90[err]C, and
t hus coated di anond powders including the coating sintering assistant agent
havi hg such conpositions and anpunts as shown i.n Table 5 were obt ai ned.

During 10

10

15

20

25

t hese steps of al kal i degrea3|ng, acid cleanlng,_pre-

.least'O;l-peroent by volume. The reason for this is that

if the amount of coating ofpthe'Sintering_essistant agent

'is smaller than 0.1 percent by volume, uniform coating by

the sintering assisting agent on the surface of the

_dlamond partlcle becomes dlfflcult, maklng uniform

infiltration of the addltlonal 31nter1ng a551stant agent
impossible. On the other hand, the amount of coating of
the sintering assistant agent should preferably be at most

19.9 peroent by volume. The reason for this ishthat.after

‘sintering While infiltrating additional sintéring; '

-assistant agent, if the sintering assistant agent in the

sintered body exceeds 20 percent by volume,.diamond '

_ content is'lowered, and hence wear-resistance of the

sintered body is SLinflcantly degraded.

As a method of provrdlng coating of the 51nter1ng
assistant agent on each partlcle of the dlamond powder,
CVD method, PVD method or solution pre01p1tatlon method
may be poss;ble. However, eleotroless platlng method is.
most preferably used, from economioal view and from the_
consideration that_nniformity'of the eintering.assietant
agent coating the:surface of the diamond.partiole plays a

very'important'part'in imprOving the sintering property of

the powder ‘and in the strength of the sxntered body.

When the sxnterlng aSSlStant agent is to be p

prec1p1tated on the surface of dlamond partlcle by



proce55|ng and plating, while-the di anond powders are innersédRFﬁLQQEMENTSHEETW

sol-ut i ons,
vi brati on.

the solutions were fluctuated by stirring and uItrasonlczg MAR}QQS
The coat ed di anond powders were nol ded into powder by €. Tompact

bodi es, and netal plates having such conp05|t|ons as shown inTablre 5 were
stacked as additi onal sintering assistant &dent and sealed into a container
of- Ta. . The Ta container was held at a pressure of 60 kb at a tenperature
of 1550 [err]C for 10 minutes by using a girdle type high 20 - pressure -

appar at us,
obt ai ned.

10

15
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and S|ntered body sanpl es such as shown in Table 6 were

electroless.platiné,.mixing of impufity in.the'sintering
assistant agent should he prevented_as much as bosSible,
in order to'obtain high diamond content after sintering.
'Considering.the fact that oatathio nucles having_high |
catalytic action must'exist.on thetsﬁrface of the.diahond
particle-in the initial'reaction of eleotroless plating,

it is preferable that Pd:exhibiting_not only the function:

~of a sintering assistant agent but also'the catalytic

action be coated first on the surface of the diamond
particiel It was found that bytprovidinglcoating of a

sintering assistant agent inoluding at least one of Fe, Co

~and Ni with Pd serving as catalytic nucleus, coated

diamond'particle coated with-sintering assistant'agent

 with smaller'impurity can be obtained.

' Here, it is desired that the amount of precipitation
of Pd on the surface of the_diamond particle is at least

10™ percent by weight. The reason for this is that if

catalytic action is insufficient, electroless plating
-reaction'becomes_inSufficient; making it difficult to

'provide coating of the sintering assistant agent. On.the

other hand, the amount of prec1p1tat10n of Pd should

des1;ably be 40 percent be welght at most. The ‘reason for

"this is to prevent degradation of sintering property,

Wthh is caused by elevated meltlng p01nt of the s;nterlng

assistant agent caused by exce351ve Pd.
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31 Table 6 Sintered Diamond Total content of Sn and B StrkriRRRHAGEMRN,
content in sintering assistant agent sintered body.5 ' sap® MAR 1996
(vol . % (W . 9% - (kgf/[err]) 6A 85 _ ~olldeage e rreorsassensarant
197. 6B . 1.99 . 234 6C 8 TI. 0

222 6D 20.9 - 20 0 : 6E 85

33.8 : _ 135 The sintered body sanples 6A to 6E shomn in Table 6

wer e obtai ned from powder sanples 5A to 5E of Table 5. 15 Each of ‘the -

sintered body sanpl es was processed to a bar- shaped sanpl e plece of 6 x 3
x 0.3 nn1 and strength

10
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25

particle.

Further, 1t was found that if the 51nter1ng assistant
agent lncludes at least one of Sn, P and B 1n addltlon to

the lron famlly metal Sn, P or B serves to lower the

- melting p01nt of the 51nter1ng asslstant agent,

| SLganlcantly 1mprov1ng 51nter1ng property of the dlamond

powder coated by the 51nter1ng assistant agent.

As for precrpitatlon of P in addition to the iron
family element,_a sintering assistant agent having_a
desired'P concentration_can be precipitated bY'using a
hypophosphite, for example'sodium hypophosphite.as a

reducing- agent in the electroless platlng solutlon, and by

*adjusting concentratlon of the reduc1ng agent ln the

-plating solutlon,_pH of the plating solution and

temperature during plating. Slmllarly, for pre01p1tatlon

of B ln addltlon to the iron famlly element, a sintering

~assistant agent hav1ng-a des1red B concentratlon can be

pre01p1tated by usrng a boron hydride compound such as

sodium borohydride, as the reducing agent in the

_electroless platlng solution, and by adjustlng

concentratlon of the reduc;ng agent 1n the plating

solution, pH of the plating solution and the temperature

during plating; Meanwhile, Sn has superior absorption

'property with'respect to the surface of the diamond powder

Therefore, it can be dlrectly absorbed to the

diamond particle surface from a tin chlorlde solutlon, forj



t hereof was eval uated by three point bending test with the splRESLAGEMENTAHEET
can be seen fromTable 6, it is apparent.that 20 sanpl es Exi?quﬁﬁ _
have i'nmproved strength than sanples 6A and ‘6E. Mre specificaj Date i bggﬁ"ﬁ
underst ood that when the additional sintering assistant agent=F )

the content should preferably be in the ra@ge of 0.01 to 30 percent by

wei-ght. Further, it was found that if the 25  additi onal sintering

assi stant agent includes P and Sn, the preferable content thereof is from

0.01 to 30:percent. by weight: (Enbodlnent 4) '

egamﬁle. Further, precip}tation of Pd serving as the
cetaiytic'nucleus'after-absorptioh'qf Sn,onto the‘diamqnd .
paﬁticle surface as prefproceesing'fof eledtroless”piating
(sensitiéing activeting method) or precipitation_of Sn:end
5 Pd_simultanedusly (catalyst aécelerating ﬁethod).is
_preferable, siﬁce it promoteé'absbrption of Pd at the
surface of the dlamond partlcles.
At this time, if the total ‘content of Sn, P'and B in- |
-.the_SLnterlng a551stant agent is smaller than 0.01 percentt
10 by weight, the effect'ef lowering the melting'pdint of the
sintering'assistant agent cannot be obtained. By |
contrast, if it exceeds 30”percent by weight; melting of
diamond to the'iron family_metal which serves as solvent
'metel in the'sintering assistant aQent at the time Qf
15 eintering_is hindered, so that the binding strength
‘between diamond particles with each other becomes‘lewer,
degrading strength ef the sintered body,'énd deg:ading
thermal properties of the'sintered body. The total
content of Sn,_P and B should more preferably be within
20 the range of 0.01 to 11.5 percent by welght.
‘When the diamond particle is to be coated with the
'sintering assiStent'agent by electrolese pléting, the iron
family element pre01p1tated by electroless platlng is, in
most gases, pre01p1tated as an ox1de.. If sintering lS

_.25. performed uSing'sintering'assistaht agent including an



32 Table 7 Powder D anond : Met hod of Cont ent df REPLACEMENT SHEET
Composi tion of sintering sanple particle - applying : si-nt g aAR 19%
assi st ant assi st ant agent size ([err]m ~sintering - | Date:. 25 -----------------
(W. % assistant agent (vol.9% 5 TA 1 - 2

el ectrol ess ' 50  ~ ° 99.6- CﬁL_O 1-Pd, 0.3-Sn plating 7B

2 -8 eLectroIess : 5.0 - 99.6-Co, 0.1-Pd, 03-Sn

plating 7C - 5 - 15° - electroless : 5.0 '99. 6-Co,
0.1-Pd, 0.3-Sn plating 7D - - 2 cw 5*0 -

99.6- CD 0.1-Pd. 03-Sn
- oxlde, oxygen derlved from the ox1de may pOSSlbly generate

voids in the srntered body, and lt may hlnder melting and
'precipitation reaction.of diaﬁond in.the'sinterihg |
" assistant agent serving as'the soIVent Therefore, it maj
5 .degrade the property of the dlamond 51ntered body. In '

" order to prevent such unde51rable effect by-oxygen,_the.
.coated diamoad poWder'after eleotroless'plating should
preferably be'reduCed by heat treatmeht in vacuum or in
hydrogen atmosphere.___ | | | |

10 It was found that when electroless plating-ie

'perfOrmed on.the'diamond_powder, the diamond poﬁder.can be
ooated uniformly by.the sintering assistant agent_if_the
plating solution includirig' the diamond powder is |

'_fluctuated bY-at 1east_one.of_stirring and ultrasonic

15- vibration.:

Further, ihnOrder to obtain diamond sintered bodyj
having higher.denéity;'it is preferable to perform heat
'treatment at high temperature on the diamond powder under -
such condjtion that makes diamond lnstable so that the

20 dlamond partlcles are_partially turned.to graphlte from

'_the surfaoe, to coat the partiaily graphitized_diamond
particle with the sintering assistant agent ahd'to perform.

sintering thereafter,tdr to coat.the diamond powder with |
thefsintering aeSistant agent, to turn the.coated diamond'

25 particle'into'graphite_partially from the surface and then



7TE 2 - 8 oVD 5.0 99.3FEWLAOEMENHSHEET

03-Sn 10 .. TF 5- 15 - CvD '

99. 6-Co, 0.1-Pd, 03-Sn 7G ~1-.2 - mixing ultra fine - Date5z}9 MARM
100- Co powder 7H 2 -8 " mixing ultya fine 5.0

100- Co powder 71 5 -15 . mxing ultra fine - 5.0

100- Co powder 7J 1- 2 - cenent ed - 50 e
15- Co, 85-WC carbide ball mill 15 - ~ "~ . 7K "2 - 8~ cenent ed
5.0 15- Co, 85-WC carblde baII m | : : 7L '
5°- 15 cenented - 5.0 S '15- Co, 85- WC carblde'
ball mll - perform sintering. The reason for this is as follows.

'biamond powder is not susceptible to plastic deformation;':
_Therefore, even under hlgh pressure, spaces tend to remaln'
between dlamond partlcles. However, if the surface of the |
5'_ diamond particle is turned into graphlte,_the graphite |
;.portion.is more susceptible to plastic.deformation,'and
hence density of theiSintered body'can belsubstantially
imprQVed, Further; consideriné melting of carbon and re-
preCipitation in the sintering assistant agent during

10. sintering, speed of reaction of'graphite_is faster than

that of diamond, and hence sintering property is improved
if the dlamond surface is turned lnto graphlte.i
| From these reasons, it would be understood that
diamond 31ntered body having higher densrty could be :

15  obtained if'the diamond surface is partiaily turned to
graphite. At this time, if the ratio of graphitization of
-diamond particle is smaller than 0.5.percent by volume,
density of-the sintered bodj'is'hardly improved.

.Meanwhile, if.the ratio of graphitization of diamond
20 particle exceeds 80_percent by volume, turning'of graphite'
to diamond during.sintering‘under suCh'high pressure and
. high tenperature'that keeps'diamond stable becomes
iﬁperfect,.resulting'in_graphite left in the'diamond
_ s;ntered body. Therefore, preferable range of partlal

25 "graphltlzatlon of dlamond particle is 0.5 to 80 percent by



20

Tabl e 7 shows various powder sanpl es prepared f%ﬁpkﬁﬁﬁ%ENTS“EEf

i nf l'uence of the raw material dianond particle size, method of f?‘gélgzlggMAR 1996 |

sintering assistant agent and conposition on mechanical propefit

sintered bodi es. 33 For sanples 7A to 7% catal ytic: | ayer for-
el ectrol ess plating was applied to the sur Fdce of di anond powder partlcles

inthe simlar

manner as in Enbodi ment 3 so as to coat the dianond pomders

mnth S|nter|ng aSS|stant agent. 5 by electroless platlng

10
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I

volume.

Now, if the above descrlbed dlamond SLntered body is

to be obtalned, 1t is 90551ble that varlous materials are -
mixed in small_quantlty. _For_example, the coated dlamond

‘powder is generally filled in a container formed of a

cemented carbide or a refractory metal and sintered.

Therefore, W,'Ta, Mo, Cr which are the components of the

:contalner or carblde thereof may possibly be mixed in the

sintered body. However, even if such materlal is mlxed in

the sintered'body, such material does not cause any

- problem provided that diamond_content in the sintered body

is within the range of Qo_to 96 peroent by volume.

Similarly, even when additional Sintering assistant

agent is brought into contact with the powder compact body

. as supplement to the sintering assistant agent in the

~ coated diamond powder and infiltrated to the powder

compact body during sintering, it does not cause any

problem prov1ded that the dlamond content of the sintered

~body is within the range of 80 to 96 percent by volume.
As for the compOSLtlon of additional sintering assistant

agent arranged in contact with such powder compact body,-

simllar comp031t10ns as those for the SLnterlng assistant
agent used for coatlng_of the dlamond.part;cle-may be

used.'

' DESCRIPTION OF THE PREFERRED EMBODIMENTS



The preprocessed di anond pomder ‘was washed by water,
i merer sed in a Co electroless platlng sol-ution contalnlng cob

provi ded on the surface of dianond partjgles.
relfated to electroless plating and dur|L§

Duri ng pre—
pl ati ng;

and t her

aimcwem SHEET

prvve,g 2%
t he sol utions together

wi th di anond powder- were fluctuated by stirring and ultrasonic vibration.

The el ectrol ess plated di anond powder was washed and 15

thereafter heated i.n vacuum at 1250[err] C for 60 m nutes,

col |l ect ed,
so t hat the

sintering assistant agent was reduced and di anond particles were partially

graphitized fron1mﬂ@oagmkgge1 As a result,

powder sanples 7A to 7C haV|ng

such COI’]t ent and COI’TpOSI tion Of sinteri ng assi st ant agent as

10

15

20

Table 1
Powder | Diamond | Method of | Content of Cdmpesition of sintering assistant agent
sample particle . applying - | sintering (wt.%) '
size sintering assistant agent
(pm) assistant agent (vol.%) . . _
1A | 01-4 | electroless 60 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-5n -
plating o '
1B 01-4 electroless 130 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn
' plating - -
~1C 0.1-4 | electroless. 260 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn
- plating o - .
D | o01-4 PVD 6.0 929-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn
ﬁ 1E 01-4 PVD 13.0 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-Sn
1F 0.1-4 PVD 260 - '92.9-Co, 0.05-Pd, 3.95-Fe, 3-P,. 0.1-Sn
1G 01-4 | mixing ultra 6.0 ' 100-Co
: fine powder
1H 01-4 |  mixing ultra 130 100-Co
fine powder :
1 01-4 | mixing ultra 26.0 100-Co
fine powder
i3] D.1-4 cemented 6.0 25-Co, 75-WC
carbide ball ' :
mill
1K 0.1-4 cemented 13.0 25-Co, 75-WC
carbide ball
mill '
iL 01-4 cemented - 26.0 © 25-Co, 75-WC
carbide ball
mill

Table 1 shows various powder samples prépared for

studying influence mainly of the method of applying

sintering assistant agent, content and composition on

- mechanical properties of the diamond sintered body.

'More




20 shown in Table 7 were obtained. The amount of oxygen c nBé?h&QEMﬁNTSHEET
t he povvders of sanples 7A to 7C was 0. 05 percent by weight.. mfn SMKPEQG
to..7F, coated di anond pomders ‘havi ng the same conposition: of |ﬁ@@r g ---------------------
assistant agent as 25 sanples 7A to 7C were fabricated by &stng

m &rowave plasna 34 CVD net hod. For sanﬁfes 7G to 71, dianond povvders

were put together with ultra.fine Co pomder into a ball mll container

forned of Teflon |nclud|ng n1X|ng baIIs of

speeifically, pewder samples 1A to 1L shown.in ‘Table 1 afe'
. all raw material dlamond powders havxng the partlcle size
" w1th1n the range of 0 1 to 4 pm, whlle the method of o
applylng sxnterlng aSSlStant agent,_content and
5 a'compos1t10n are changed varlously |
For the samples 1A, 1B and 1c, the follow1ng process
qwas'performed to coat diamond powder partlcles by_the_
sintering assistant agent by electroless plating. First,
diamond powder.Was degreased in.alcohol, The degreased
ld diamond powdef_was cleaned in flowing water, cleaned in
._hydrochloric aeid solution of 5 perceﬁt by weight, ahd'
then.again'cleaned in flowing water. The-diamond powdet
‘thus cleaned was immersed for one minute in a solutien .
including stanneus'chloride and hYd:ochlorie acid in room
15 "temperaturelas'pre-processimg, so as to cause absorptien
of Sn at the surface of the diamond particles
(sensitizing). The-sensitized diamond powder was washed
by water and thefeaftet immetsed'for one minute iﬁ
hydrochloric acid solution_eohtaining palladium chloride.
20 at a-foom temperature, and thus Pd was precipitated at the
' surface of the-diamond particles (aetivated). |
The'activated diamonddpowder was washed-by Water, and
thereafter immersed for a prescrlbed time perlod in a Co-
' Fe-P electroless platlng solutlon held at 75°C, contalnlng.

25 - cobalt sulfate, iron sulfate and sodium hypophosphite.



5 J Teflon and m xed for three hours. - For sanples 7J to 7L ﬁ&gunmngNTSHEET
powders were put in cenmented carbide ball nill container incl dlng X
bakls forned of -cemented carbi de, and the cemented carbide ba tf?mgggy{g¥§.

J 4-£

-1

driven for a prescribed tine perlod SO thandlanDnd powders I
wi t'h cenent ed carbi de powder were obtained. ZZAs already descri bed, the
cement'ed carbi de powder was scraped off- fromthe cenmented carbide balls and
t he container and nmixed with the di'anond powders. Each of the powder
sanples 7A to 7L shown in TFable -7 15 was- nol ded to a powder conpact

body, and a Co plate was stacked on the powder conpact body and the powder

Corbech, Do, hel et Pl echaotes abael 47 s tRasieTen el
- _platlng solution, the larger the amount of SLnterlng ' '
assistant agent coatlng the surface of the diamond
particle, and theTlarger the content of the sintering
.5 assistant agent in'the powder samples. In the step of |
electroless plating,-the pre-plating solution and platlng
solution were stlrred and at the same'time, suhjected.to
.ultrasonic vibration."The coated diamond powdet which was
subjeoted to electroless platlng in.this manner was
10 cleaned, thegsurface of diamond particles was partially l
' graphitized hy_heat.tfeatment in vacuum at 1000 °C fot 60
‘minutes, and collected, whereby the coated powder samples
1A to_lC having.such oontent_and composition of the
sintering assiStant_agent as shown in Table 1 were
15 obtained. | A
For the'samples lD to 1F,'the sintering assistant
'agent has the same comp031tlon as those for the samples lA
to 1C._ However, coatlng of the sinterlng assistant agen+
was performed_ln_accordance w1th ‘an arc ion platlng
20 method. Morelspecifically, the sintering assistant agent
is applied to the'surface of diamond powdet paiticles by
arc ion platlng method in which a target correspondlng to
the composltlon of the 51nter1ng aSSlStant agent and a-
bias voltage of 350 V were used in an argon atmosphere of

;25 1 x.10'2 torr.



at a pressure of 50 kb at a tenperature of 1500[err]C for 15 (REPLAGEMEM%“HEET
by -a belt type hi.gh pressure apparatus, so that the stacked Cf platagﬁig

melt and infiltrated in the powder conpact body during sinter {inDgte arkel.tas ot -
resul t, sintered body sanples such as shown_jn Table 8 were obrarfFet—25—
REPLACENENT SHEET 35 Table 8 Slntered E)éhond content HCbnp05|tTon

of S|nter|ng * Fl ank wear ' B

 For samplesllGlto 11, ultra'fine Co powder'having the
_particle size of 500 & was used'as the sintering assistant
'agemt. Diamond powder ahdlultra fine Co powder |
' corresponding.to the presorihed:content'were put'in a ball
5 mill contalner formed of Teflon whlch contains mlxlng
balls formed of Teflon. The_powders were mixed for 4
hours,.whereby the mixed powder samples 1G to ll were __:
‘obtained. - - | |
In preparlng the samples 1J to 1L, diamond powder was
10 put in a ball mlll havrng mixing balls and a contalner.
formed.of cemented_carblde WCfCo and the ball mill was
drivem for a_prescribed time_periOd. During the driving
of the cemented carbide hall mill, the cemented Carbide' '
‘powder scraped off from the mixing balls and the contalneri
15 °  were mixed as srnterlng aSSlStant agent to the diamond
| powder. The content of the cemented carblde.powder mlxed _
in theidiamohd powder can be adjusted by changing the time
of driving the cemented carbide ball mill. |
- The powder samples 1A to lh shown in Table 1 were
20 each sealed in a contaiher fOrmed-of'tantalum, kept at_a'
 pressure of 50 kb at a temperature 1400°C for 10 minutes.
by'usiﬁg a belt_type high'pressure apparatus, and thus
-sihtered " Table 2 shows diamond content and o
'.wear-reSLStance of the diamond sintered body samples

25 obtained in this manner.
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body . (vol . % _ a55|stant agent after sintering
sample . | (W .% 8A 6.9 2.9 MAR 19%..
99.88-Co, 0.03-Pd, 0.09-Sn 88 8B - 88.3 . aDw@918%TFﬁﬂ'
0.04-Pd, 0.11-Sn " .67 8C 90.2 -~ 99. 93- G5, 0. 02- Pd,
0..05-Sn - bl ade chipping 8O - . - 86.7 22 99. 88-Co, 0.03-Pd,
0.09-Sn  damaged 1 O 8E 87.9 99. 85- Co,
0. 04-Pd, 0.11-Sn damaged 8F 90. 3 o 99..93- Co, 0. 02 Pd,
0. 05- Sn danaged 8G sintering not pOSSIb|e 8H 87.1
100Co -danaged 8l . .90.0 -~ _ ' 100Co
damaged 15 8J  79.9mple 2 - 57.7-Co, 42.3-WC
211 8K ' 79.8 - 48.3-Co, 51 7-WC 153 8L
88. 3 - 35. 5- C‘D‘Tﬁ;ﬁF=ﬁﬁf T T 11 g :
' ' || Sintered body | . Diamond content Flank wear
_sample | {(vol%) (um)
5 24 . 938 ' 31
i 2B 869 - 65
II 2C . 742 , 131
I 2 o923 damaged
o . {
2E . 86.8 .damaged
10 2F 739 _ damaged -
2G sintering not possible |
2H 867 damaged
a | 7o damaged |
' 2 sintering not possible
15 2K ' sintering not possible
H 2L 739 - .
20 Sintered body samples 2A to 2L of Table 2 are
obtalned by s1nterlng powder samples 1A to 1L shown in
_Table 1. As can be seen from Table 2, in samples 2G, 2J
‘and 2K, the amount of slnterlng assistant agent is small
| and distrlbutlon thereof is not unlform Since uniform
| 25 meltlng of s1nter1ng assistant agent did not occur
‘entirely in the diamond_poWder, sintering was
insufficient; and hence_complete_sintered body could not
be obtained |
Meanwhlle, samples prov1d1ng complete 51ntered bodles
.30 were processed to be cuttlng tools, ‘and performance was



20 The sintered body samples 8A to 8L shown in Table 8 were [IRERLAGEMENTRHEET
powder sanples 7A to 7L of Table 7. In sanple 8G, ~since the ffaw ma |
di anond powder has .fine particles as shown in Table 7, spa ék@%tggg ﬂ&§k¥£

particles is narrow and m xed Co powder is fot uni form y di stTTouUted.
Therefore, when Co plate was stacked on tﬁe powder - conpact body of the
m xed powder for infiltration, infiltration proceeded unevenly in the
powder conpact body. As a result, unsintered portions were gener at ed 30
partlally in sanple 86 and - conplete S|ntered body coul d '
evaluated under the follow1ng cuttlng conditions.
Work piece: a round bar of Al-16 wt % -Si having'six
grooves onjthe'aurface along the axial_directlon;
_Peripheral surface velocity of the work pieoe: 500
5 (m/min) |
. Byte cutting depth: 0.6 (mm)
Byte'feeding speed: 0.12 (mm/rev)
' Cutting time: 3,(nin) |
The flank wear of the tools as a resulttof cutting
10 .test were as shown in Table 2. As can be seen from Table
2, sintering is poSSible_in sintered_body samples-ZA_and .
2B inoaccordanoe vith the present invention even when the
- amonnt of sintering assistant agent is small. Therefore,
tools having high'diamond content and superior |
_15 wear—resistance can;be obtained; Further, since the
‘sintered bodv samples 2A and 2B have uniform Sintered body
texture, they have.high strength, and it becomes apparent
that they have good damage resistance as cutting tools.
By contrast, it is apparent.that sintered body
20 samples 2C and 2L having low diamond content are inferior
in wearéresistance; Of the sintered body tentures of
- samples 2D, 2E, 2?;-2H and 2I, uneven distribution:of- |
SLnterlng ass;stant agent generated ‘in the PVD method or

Co pools derlved from aggregatlon of ultra fine Co powder

25 were observed, which pools lowered strength and hence



36 not be" obt ai ned. Sanpl es providing conplete sintered bod|e>RﬁﬁhACEMENTaH=ET
precessed to cutting tools, and performance thereof was eval yated u
follow ng cutting condi ti ons. 5 ' Wor k pi ece: round barf| &eateAl.~

Si having four grooves along the axi al direction Peripheral squabc

vel'ocity of the work piece: 500 (m mn) B&fb cutting depth: 1.5 (mj) 10

Byte feeding speed: 0.2 (mmrev) Cutting time: 160 (mn) Table 8 shows ,
flank wear -of sintered body sanples as a result of cuttlng test As can be
seen froanabIe 8 : . : -

caused damages to the sintered'body during cutting. Thus
the Sintéred-bodies could not be used as the cutting
tools.

(Embodiment 2)



the tool

obt ai ned,

" Table 3

during cutting test,
havi-ng | ow di anond content,
was too large to be practlca
in accordance with the present
and uni form sintered body texture mnthout 25
and hence the: S|ntered '

S|ntered body sanples 8D, 8E, '8F, 8H and 8I
sintering assistant agent were damaged at.
continuous cutting was inpossible.
havi ng | arge di anond particle size, chippin

As for

S|nte

‘Meanwhi | e,
i nvention had snall

I ncl udi ng 15
initial

(ﬂEgL&pEMENT SHEET

stage of cufting
In sintered body sanples 8

g%mmﬁ.

was observed at the Dlade of
8d body sanples 8J 20
though there was not a danege, _
sintered body sanples 8A and 8B
di anond particle size,

t he fl ank wear

void or Co pool
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REPLACEMENT SHEET 37 bodi es had hi gh strength and free of chi pBﬁ@L&QEMENTSHEET
damage. In addltlon it becones apparent that sanples 8A and §B have

sufficient wear-resistance as shown in TabI e 8, since they ha eDﬂ’fe 2 ) MAR ]9%
sufficiently high dianond content. 5. - (Enbodi ment 5)Tabte 9

Powder Condi tions for Amount  of coatlndl_ Condi tions for Degr ee. of
sanpl'e heat treatnent of sintering heat treatnent graphltlzatlon

of di anond assi st ant ‘agent of coated (vol.% powder .

(vol . % di anond powder 10 - ' 9A 1400[ err] C, 60 ‘m n.

4 heat tredfalh¢ 3 sh&@s various powder samples prepared for
| studylng influence of the method of applylng 51nter1ng
aseisfant agent; composition and conditions of eleetreless
.plating'on meChanical properties oflfhelsinﬁered quies.'
5 '~ For samples 3A to 3C, the surface of diamond
particles was partiaily graphitized by heat treatment in
vacuum at 1450 °C for 30 minutes,.then.diamqnd pewders
were degreased and sﬁbjected to;acid cleaning in.the _
 similar manner as Table 1 ahd thereafter the diamond
iO . powders were subjeCted to surface activatiop, in order to
coatfthe'diamond powder particles by;sintering*aSSiatant
agent by_eiectroless plating. Thereafter, the diamond
. powders were immersed in an Ni;P'electroless plating
'solution_contaiaing nickel sulfate and sodium hypophoshite
15 and held at 60°C. During the etep:of eleetroless plating;
the pre-platlng solution and the platlng solutlon were
fluctuated by stirring and ultrasonic vibration. The
N composition'of the sintering assistant agent was adjusted
by changing-pH of the.plating solution. |
20 'Samples 3D to 3F:were prepared by eleetroless_plating
similar to samples'BA to 3C. 'Howeﬁer, fluctuation'by.
stlrrlng and ultrasonic v1brat10n was not applied to the
electroless plating solutlon.
As-for_sample 3G, diamond powder was put in a ball

25 mill container formed'of.Tefloh containing'mixing balls



not perforned 9B 1450[err] C, 60 m n. .4 heatll REEEAFEMENT SHEET

52.-6 not performed 9C 1500[err] C, . 60 m n. 4 - || -heat 2 9 MAR 18%
treatment - 93.8 not performed 9D. heat treatment pate n... 2. e '
heat. treat nment . 0 not perforned not pertormned 9E o
hedt treat nent 4 1200[err]é£_60 m n. 5.2 not performed: .
15 9F - heat treatnent 1350[err] C, 60 mn.

32.1 not perforned Table 9 shows vari ous pomder sanpl es prepared for 20
studying influence of the degree of graphitization of dianond powder on
di anond- contentforme@eoﬂlmeﬁled bbdgether with ultra fine Ni powder
| | hav:.ng the powder size of 200 A, and mixed for 4 hours.
The powder samples of_Table 3 were each sealed in a
COntainer of Mo ahd sintered for 15.minutes at a pressure
5 - of 45 kb at a temperature of 1350°C by using a belt type
hlgh pressure apparatus. Varlous propertles of the

51ntered body samples obtalned in thls.manner are as shown

in Table 4.

_ g Table~4
' Sintered Diamond | Composition of sintering Three point
body content |  assistant agent after bending
sample (vol.%) sintering | strength
: S _(wt.%) _(kgffmm?)
| 4A 909 * | 97-Ni,0.5-Pd,2-P,05Sn| 263
5 | 4 90.8 89-Ni, 0.5-Pd, 10-P, 0.5-Sn | - 254
4C 909 . | 64-Ni, 0.5-Pd, 35-P, 0.5-Sn 193
D | %07 97-Ni, 0.5-Pd, 2-P,05Sn | 179 "
| & 90.8 89-Ni, 0.5-Pd, 10-P,0.5Sn | 164
| 4 909 | 64Ni, 0.5-Pd, 35-P, 0.5-Sn 142
20 4G sintering not- I
: . possible
The sintered body samples 4A to 4G shown in Table 4
25 were obtained from powder samples 3A to 3G of Table 3.

However, 31m11ar to the sample 2B of Table 2, locally
'uhSLntered reglons were_generated ;n sample 4G, and

compiete sintered body could not be obtained.



In sanples 9A to 9C, raw materi al dlanDnd pomders havi ng the'pﬁgﬁi§&@N§N13HEET
of 5to 10 [err]mwas heat treated in vacuum under the .condi
Table 9 so as to 25 partially graphitize the powders fro
of the 38 particles. The partially graphigti zed di amond p '
coated by the sintering assistant agent in the siml'ar nmanner as Enbodi nent -
1. In sanples 9D to 9F, raw material dianond powder 5 particles haV|ng
the particle size of 5 to 10 [err]mwere coated by the sintering aSS|stant
agent in the simlar

The samples from whlch cOmplete srntered bodies were
obtained were each processed to a harashaped sample piece
'_df 6 x 3 x 0.3 mm, and thereafter strength thereof was'
 evaluated by three p01nt bendlng test w1th the spun of 4
_S mm. As a result, as can be seen from Table 4, it is
.apparent that samples 4A to 4C have 1mproved'strengths
than samples 4D to 4F. More spec1f1cally, as the platlng
solutlon was stlrred and subgected to ultrasonlc v1brat10n
during electroless platlng of dlamond'powder, uniform
10 coatlng of s1nter1ng assxstant agent was formed on the
dlamond particles, defects in the dlamond SLntered body
were reduced and hence’ strength of the sintered body was
SLgnlflcantly lmproved. | _
Further, in view of.the.fact that samples 4A and 4B
15  have higher strength than samples 4C and 4F, it was found
 that when 51nter1ng a551stant agent lncludes P and Sn, the
'_ total_content thereof should desrrably be in the range of
0.01 to 30~percent by'weight.. Further) it was found that
when the sintering ass;stlng agent includes B, the desired
20 content thereof is from 0.01 to 30 percent by weight.

(Embodiment_3)



manner as in Enbodinment 1, and thereafter the coated di anond aﬁ??%%%%mﬁﬂT§HEET
pértrally graphitized fromthe surface under the heat treatnemt cond

shown .in Table 10 - 9 in vacuum The partially graphitized c aPd d[aﬁbn """"""
powders were nol ded to powder conpact bodie a nmetal plate of 100 % Co was
stdcked as additional sintering assistant ag%nt, and then the powder

conpact bodi es were sealed in a container 15 of Mo and sintered under a
pressure of 50 kb at a tenperature of 1550[err]C for 10 m nutes. . Table 10
shows di anond contents of t-he sintered body sanples obt ai ned in thIS

nanner S | : - Table 5
Powder |. Diamond | Amount of | Composition of coating | Compoistion
sample particle coating of | sintering assistant agent - | of additional
size _ sintering: o (M%) ~ sintering
- (um) assiatant '~ assistant
o agent . _ ~agent
N _ (vol%) | - _ (wt.%)
5 sa | 2-3 01 | 920-Ni, 7.0-Pd, 1.0-Sn 100-Ni "
| 5B 2.3 | o1 | 920-Ni, 70-Pd, 1.0-Sa | 98-Ni, 2B
- 5C 2-3 | 01 | 920N 70Pd, 1050 | 89-Ni 11B " |
" 5D 2-3 - | o1 ' 920-Ni, 7.0-Pd, 1.0-Sn | 79-Ni, 21-B “
5E 2.3 01 .| 920-Ni 70Pd, 10Sn | 66-Ni, 34-B
10 ' _
Table 5 shows various powder sampléé prepared for
lsfuinng'influence of com§OSition of_additiohal sintefing _
assistant agent on the Stfength of ﬁhe sintéred bodies, |
15 .when the-additional sintering assistant agent which is
bréﬁght inﬁo-cbﬁtacﬁ with coated diamond powder compact
body is infiltrated int6 the powder éompact body during'
51nter1ng. | | | |
For samples 5A. to 5E, dlamond powder was degreased '
20 | and subjected to acid cleaning in the_SLmllar manner as
Table 1; to COat_tﬁeldiamond powder particleé by.the |
sintering assistant agent by électroleSs plating.
Thereafter,'catalysting wés performed as3pre-proceséing of
.electroless platlng, by lmmersing the diamond powder in a
25 .solutlon containing palladlum chlorlde, stannous chlorlde

'and hydrochlorlc acid for two minutes at a room



39. Tabl e 10 Sintered body Diarmond content sanple (wt J|REBLACEMENT SHEET

10A .
left) 10D

94.4 10B . 95.1 10C . partial siinterin@ G} ARIQ%
' 92. 2 10E ' 94.5 10 . Date leiverreeeren o fmernneenne

94.8 The sintered bddy sanpl'es 10A to 10F qf Table 10 were 15 -ootalnea
fron1pomder sanples 9A to 9F of Table 9. é&!can be seen fron1TabIe 10,
S apparent_that sintered body : _ .

10

15

20

~ temperature. Thereafter, acceleratlng of the diamond
powder was performed by 1mmers;ng the powder in a sulfurlc

acid solution: for two mlnutes at a room temperature

. The’ pre-processed powders were washed by water, and
thereafter 1mmersed for two minutes in an Ni-B platlng
solution 1nclud1ng nlckel sulfate and sodlum borohydrlde"
at 90 C, and thus coated dlamond powders including the
coating sxnterlng assistant agent.haVLng such compOSLt;ons.
and amounts as shown in Table 5 were obtained. During
these steps of alkali.degreasing, acid'gleaning, pre-

processing and plating, while'the diamond powders are

- immersed in'the-solutions, the solutions were fluctuated

- by stirring and ultrasonic vibration.

The coated diamond powders uere molded into powder

 compact bodies, and'metal.plates having such compositions

as shown in Table 5 were stacked as additional sintering

assistant agent and sealed into a container of Ta. The Ta

container was held at a pressure of 60 kb at a temperature

of 1550 °C for 10 minutes by using a girdle'type high

pressure apparatus, and SLntered body samples such as

shown in Table 6 ‘were obtalned



sanpl es 10A, |1 OB, - 10E and 10F have hi gher dianond contents trerERuﬂﬂ&MENIﬁHEET
Meanwhi | e, sanple 10C parti-ally included renaining graphite ( , g Q

conpl ete sintered body 20 - could not be obtained. Mre spec ﬂmnatl t -----------
degree of graphitization of the coated dlﬁgﬂPd powder. shoul d apty

inthe range of 0.5 to 50 percent by volu (Enbodi ment 6) . 40 Table’ 11
Powder Di anond Anount of Anmpunt of coating "Conposition of sintering

-

Table 6

=
Sintered | Diamond | Total content of Sn and B ~ Strength of
o body | content in sintering assistant agent sintered body
5 . “sample (vol%) | (wt.%) : (kgf/mm?)
| n 6A 85 0005 197
1 e .8 | 1.99 24
~ 6C 85 110 . m
6> | 8 | 209 208
10 I e 85 3338 B 135 I

The sintered body samplee GA to 6E shown.in Table 6
were obtained from ponder samples 5A to 5E of Table 5..
15 _.'Eaen of.the sintered body'samples was processed to a bar-

' shaped eample pieee of 6 x 3 x 0. 3-nm, and stnength
thereof was evaluated by three point bendlng test w1th the
spun of 4 mm. |

- .As can be seen from Table 6, it is apparent that
20 | samples 6B, 6C and 6D have improved strength than samples
6A and 6E. Mbre specifieally, it can be understood that"

'when the additional sintering assistant agent includes B,
the content should preferably be in the range of 0.01 to
30 percent by weight. Further,_it'was found that if the :

25 ~additional sintering aseistant agent includes P.and Sn,..
the preferable_centent thereof is from 0.01 to 30 percent
by welght. |

| (Embodlment 4)
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sanple . particle absorption of of sintering assistant agent|size g 1995
assistant agent  (wt.% ([err]m (w.%  (vol.% 5 11A) e 18,3 HAR B
5x[err] . not precipitated 11B -5 - 10 - -8x[err] =~ .. 5 Pd-0-08-
Co-99.82, Sn-0.1 11C . 5 - 10 - 8x10 3 5 Pd-2.7, Co-97.2,

Sn- ‘0. 111D 5 - 10 = 8x[err] , ‘5 Pd- 38. 7, Co-61.2, Sn-0.1 11E
5-'10  8x103 5 “Pd-52. 1 2Co 47.8, Sn-0.1 10 Table 11

shows vari ous powder sanples prepared for. studying i nfl uence of the anmount
of application of Pd on 15 - catal ytic property in electroless pl ati ng and
sintering property of di anond powder at tDableng of S|nter|ng For sanples
11A to 11E, Pd was applled to the = _ -

Powder | Diamond Method of Content of Composition of sintering
sample | particle applying sintering assistant _assistant agent
size (um) |  sintering agent  (wt.%)
assistant agent ~ (vol.%) o .
5 7A | 1-2 | electroless 50 99.6-Co, 0.1-Pd, 0.3-Sn
: . plating : - B :
7B 2-8 electroless | 50 99.6-Co, 0.1-Pd, 03-Sn
plating o - _
7C 5-15 electroless " 50 | 99.6-Co,0.1-Pd, 0.3-Sn
' : : plating S
" 7D 1-2 .. CVD 50 99.6-Co, 0.1-Pd. 0.3-Sn
, e | 2-8 | c¢cvD | 5.0 99.6-Co, 0.1-Pd. 0.3-Sn
10 7T | s5-15 CVD 50 99.6-Co, 0.1-Pd, 03-Sn
“ 7G 1-2 mixing ultra fine | 5.0 100-Co
- powder ' : '
TH 2-8 mixing ultra fine | 50 . 100-Co
' powder ' ' o
7T | 5-15 | mixing ultra fine 50 100-Co
i , - powder . o |
' YAl 1-2 | cemented . 50 ~ 15-Co, 85-WC
_ _ ' carbide ball mill . : . _
15 7K 2-8 cemented | = 50 15-Co, 85-WC
: ' : ] carbide ball mill ' .
L | 5-15 cemented 50 _ 15-Co, 85-WC
h carbide ball mill _ . )
20 _ Téble 7,Shows various powder samples prepared for

studying infiﬁence'of the raw material diamond particle
size, method of applying sintering assistant ageﬁt and
compositidn on mebhanical properties of the sintered

" bodies.



surfaces of dianond particles, in the sinmlar manner as in E o&Fﬁbﬁ?EManﬁHEET
as ‘to coat di anond powder particles by 20 si.ntering assi stenb ager® PMAR 1996
el ectrol ess plating. Thereafter, dianond powder' particles were Pt ol egy
plated by Pd, using electroless plating solution including pallTadiumtetra-
chl’oride. Further, dianond powder particleéﬁhere coated by Co using an

el ectrol ess plating 25 sol ution containing hydrazine. As a result, as.

shown i-n Table 11, the anmount of absorption of Pd at the particles of -

di anond powder was too small in sanple 11A, so that catalytic action by Pd.
For samples 7A to 7C, catalytic layer for electroless

- plating was applied to the surface of diamond powder
partiCies in the similar mannér as in Embodiment 3 so as
B fo coat the diampﬁd poWders with.sintering assistant-agent
5 by eleqtrqiess plating. | |
- The pre-processed diamond powder was washed by water,
'and thereafter immersed in a.CQ electroless platin§ 
solution containing cobalt chlo;ide and hydrazinium
chloride and held at 80°C, énd tﬁug'Co coating was' 
| 10  provided on the surface of diamond particlés;. During‘pfe;
| proceésing_related to electroless plating and during
_plating,.thelédlutions together with diamond powde: were
fluctuatéd by stiriing and ultrasonic vibration. The
eléctroless_plafed'diamond powder was washed and
15 cbllected; thereafter heated in vacuum at 1250°C-for.60
| minutes, so that.the sintering assistént agent was reduced
~and' diamond particies were partially graphitized from the 
- surface. 'As”a fesuit,.ﬁowder saﬁples 7A to.7C having such
coﬁtént and cbmpoéition'of_sintering assistant agent as |
20 shown in Table 7 were obtained. The amount'bf.oxygen
contained in tﬁe powders'of samples 7A to 7C was 0.05
perceht bj_weight. |
.For samples 7D £6 7F, coated diamond péwdérs having
. ‘the same composifion of sintering aSéistant agent as

25 samples 7A to 7C were_fabricated_by using mi¢rbwave plasma
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REPLACEMENT SHEET 41 was insufficient and Co was not successf IWFpLACEVEMTOHEET

precipitated at the surface of the dianond particles. Each.of |f poﬁbgrgAR 1996
sanpl es 11B to 11E coated with Co was nol ded into powder conp: Body-and- ..
sealed in ab cont ai ner formed of cemented carbide. The cenented

caﬁbide cont ai ner was held under a pressuré_of 50 kb at a tenperature of
1500[err]C for 15 mnutes to performsintering,.by using a belt type high
pressure apparatus. .Sanpl e 11E contai ni ng nuch-Pd_did'not result in
conplete sintered:10 body, as nelting of the sintering assistant agent
did no occur. Neunmmethpdconplete sintered bodles coul d be obtalned from
sanples 11B to 11D.
- For samples 7G to 71, dlamond powders were put -
' together with ultra flne Co powder 1nto a ball mill
contalner formed of Teflon lncludlng mixing balls of
5 Teflon, and mixed for three hours. For samples 73 to 7L,
diamond poWders were pnt.in cemented carbide ball mill |
container including mixing balls formed of cemented
carbide, and the cemented carbide ball mill was driven for
o a prescribed time period, so that diamond powders mixed
.10 .with cemented carbide powder were obtained. As already'
.described, the cemented.carbide powder was.scraped off
i.=from.the:cemented'carbide'balls and the COntainer-and
mlxed w1th the dlamond powders. | o
. Each of the powder samples 7A to 7L shown in Table 7
15 was molded to a powder compact body, and a Co plate was
~ stacked on the'powder compact body and the powder compact
body with the plate stacked was sealed in a container of
cemented carbide. The cemented carbide container was held
at a preSSnre ofh50 kb at a temperature of 1500°C for 15
20 minutes by a belt tjpe high pressure apparatus, so_that"
" the stacked Co plate was melt and infiltrated in the
powder compact body durlng SLnterlng, and as a result,
s1ntered body samples such as shown in Table 8 were |

-obtalned.

25



In other words, the preferable content of Pd in the sintering|p
agent is within the range of 0.01.to 15 40 ‘percent -by weig t
descri bed above, according to the present invention, a di anongdLsint
body having both high strength and high wear - r esi stance can be provi ded,
whi'ch can be preferably used for cutting t&dls, digging tools, 20 :
drawi ng di ces. and wear-resistant parts. Although the present invention has
been described and illustrated in detail; it is clearly understood that the
sane is by way of illustration and exanple only and is not to be taken by
way of limitation, the spirit and scope ofalZbe 8 the present I nvention
being limted only by the terns .of the appended cl ai ns. L

Sintered | - Diamond content _ Composition of sintering..
' body © (vol.%) assistant agent after sintering
5 || sample - : (wt.%)
| | 8A 869 | 99.88-Co, 0.03-Pd, 0.09-Sn
88 | . 883 | 9985Co,004Pd, 01180
8C 02 99.93-Co, 0.02-Pd, 005-Sn | blade cthpngI
. 8D 867 99.88-Co, 0.03-Pd, 00951 | damaged
10 - 8E | 879 99.85-Co, 0.04-Pd, 0.11-Sn damaged "
| s¢ |  c03 1 9993.Co, 0.02-Pd, 0.05-Sn damaged
_ 8G sintering not possible '. _ ' |
" sH | . 811 ' 100Co : '.damaged
" 81 9.0 : j 100Co damaged
15 | & | s - 51.7-Co, 423-WC S
| " 8K 79.8 48.3-Co, 5L.7-WC 153 J
| s 83 | 355-Co, 6A5-WC | blade chipping "

20
The sintered body samples éA't618L shown in Table 8
were obtained from powder samplesl7A to 71 of Table 7.
| .In sample'SG, since the raw'ﬁateriél:diamcnd powder
has fine ﬁarticles as”showh in Table 7, spééé between
25 particles is narrow and mixed Co powder is not uniformly

disﬁfibufed.' Therefore, when Co plate was staékéd on the
powder compaCt body of the mixed powder for infiitration,
infiltration’proceéded unevenly in the powder compact
body. As a result, unsi#tered_portions were generated

- 30 partially in sample.SG'énd complete sintered body could



REPLACEMENT SHEET WHAT IS CLAIMED IS: 1. A dianond sintered |p&EPLAGEMENT SHEET.
hi'gh strength and. hi gh wear-resistance, conprising sintered anon g M 'EBB'
particles of 80 to 96 percent by volune and a renai ning part}1ﬁﬁﬁ¥rerrnu"”'"j;
assi'stant agent 5 and unavoi dabl e inmpurity, said sintered dramond_ - :
particles having particle size substantiall3fin a range of 0.1 to 10 [err]m
and directly bonded to each other, said sintering assistant agent including
Pd within a ' o - ' '

' not be obtained.

Samples providing ¢omp1ete sintered bodies were
processéd'to cuﬁting tool#,_and performance.théreof was
evaluaﬁed under‘the foilowihg'cutting conditions; :

5 N Work.piece=.£OUnd'bar of Al;lo wt % Si having four
grooves along the axial direction | |

-Péripheial surface.Vélogity of the work piéce: 500 -
(m/min) | |

~ Byte cuttihg depth: 1.5 (mm)
J_ 10  Byte feeding speed: 0.2 (mm/rev).
- Cutting fime: 160'(min)
Table 8 shows flank wear 6f sinte?éd_body samples as

a result of cutting test. As can be seen from Table 8,.
.sinﬁered body samples 8D, 8E;.8F, 8H and Bi includihg

15 pdols of sintering assistant Agent were damaged at initial
stage of_cﬁtting and cohtinﬁdus cuttiﬂg was.impossible.
In sintered body samples 8C and 8L having large diamqnd
,ﬁérticle'size; chipping was obsérved at the blade of.the_
tool du:ing cutting test. Aé for siﬁtered'body'sémples 87

20  and 8K having iqw diamond content, though theie was not a
d;mage; the flank wear wés too iarge to.be practical.

'Meanwhile, sintefed'body samples 8A and 8B in

.accordance.with the pﬁésent_inventioh had sméll'diamond
.particle éize, and unifbrm'sintered bodyltexture without

25 void or Co pool could be obtained,'énd_henceithe sihtered'



10 'range of 0.01 to 40 percent by weight and és-a'renaining par
| east one selected fromFe, Co and Ni. 2. . The dianond sintered gady a9iMAR 1996

sintering assistant agent further includes gt |east one of Sn, P and B. 3.
The di anond sintered body having high stre h and hi gh:wear-resi stance
according to claim2, wherein said sintering assistant agent includes at

| east one of Sn, P and Bwithin a range of 0.01 to 30 percent by 5°

wei ght . _ s o : - C
- . bodies had high strength and free of chipping or damage.

In addition, it becomes appa_rent that samples 8A and 8B
have Sufficient'we'ar-'-r_e'sj_.sténce as shown in Table 8, sin;:_e'

they have sufficiently high diamond content.

5 (Embodiment 5)
| o ‘Table 9
Powder | Conditions for | Amount of coating | Conditions for Degree of
sample heat treatment _ of sintering heat treatment | graphitization
of diamond assistant agent - of coated (vol.%)
powder (vol%) diamond powder
10 9A 1400°C, 60 min. 4 heat treatment 53
. _ _ : not performed _
9B .| 1450°C, 60 min. 4 heat treatment - 526 “
' . oo o - { not performed |- .
9C 1500°C, 60 min. -4 . heat treatment ' 938
: - not performed :
heat treatment 4  heat treatment 0
_ not performed S -| not performed : ’ .
heat t_reatment' 4 .| 1200°C,60min. | = 52 '
not performed ' . . *l
15 heat treatment 4 | 1350°C, 60 min. 321
not performed : : ' :
Table 9 shows various powder samples prepared for
20 studying influence of the degree of graphitization of

diamond powder -on diamond content in the sinteréd body.

| In samplés SA to 9C, raw materié._], diamond. powders
having i:hé pérticlé size of' 5 to 10 um was heat trea_ted in
'vac_uum uridér the _Condit'ions sho'wn.in Table 9 so as to

25 partiallj( graphitize 't'he_ p_owde_rs from the surface of the



43 4.- A nmethod of manufacturing a dlanDnd si ntered body haV| Hﬁ?EMENT“HEET
st rengt h and hi gh wear-resi stance, conprising the steps of: p dSarlnb 9 MAR 19%
di anond powder having particle size 5 ‘substantially within @ ngeof o
0.1to 10 [err]m precipitating Pd within a gange of 100 to 40 percent Dby
melght on a surfac€ of each particle of salﬁ_dlannnd pomder and thereafter

el ectroless. plating a sintering assistant agent. |nclud|ng at | east one of

Fe, Co and' N to 10 the surface of each particle of said dianond powder
within a range of 4 to 20 percent by volune to prepare coated di anond

powder; and und@mrtxnishtlcﬁheﬁp&wtﬁaxﬁﬁSgnmphanﬂzedgdlamond partlcles

- were coated by the srnterlng ass;stant agent in the
esimiler manner as Embodimeht 1. | |
In saméies Sb to 9F,'raw-materiél-diamohd powder
5 'particies havihg the partiCle'size of 5 to 10 um were
coated by the sinterlng assistant agent in the similar
manner as ln Embodlment 1, and thereafter the coated
dlamond partlcles were partially graphitized from the
surface uﬁder the_hest'treatment conditions shown in Table
10 9.in'vacuum. |
The partially graphitized cbated diamond pOWders were’
molded_te powder coﬁpact bodies, a_metal_plate of 100 % Co
‘was stacked as additional Sintering assistant agent, and
then the powder compact bodies were Seeled in a container
15 of Mo and sintered:underla pressure of 50 kb at a
temperature of 1550°C for 10 minutes. Table 10 shows
diamond contents'ef_the sintered body samples obtained in  '

this manner.



REBYAGEMENT SHEET

tenperature in which dianond is stable, sintering said 15
powder in | i qui d- phase. 5. The nethod of manufacturing a di anpnd si nZGQmR\S%
body having high strength and hi gh wear-resistance according t Q8o mrg i
wherein said sintering assistant agent furthgr includes at 5 — Teast one

of Sn, P and B. 6. The method of mahufact ul ng a di anond sintered body

haV|ng high strength and hi gh wear-resistance according to cIa|n15 wher ei n
sald S|nter|ng assi st ant agent |ncludes at Ieast one

TabIe 10 .
Sintered body Diarhond content
. o sample _  (wt%)
5 | 10A a4
| _10B 1 951
10C partial sintering (Gr left)
00 922 -
10E : - 94.5
0 o _1oF 948

 The sintered body sémples 10A to 10F of Table 10 were
15 'obtained.frdm_powder samples SA tb 9F of Table 9. As can
| ‘be seen from Téble-lo, it is apparent that sintefed.body
: sampiés 10A, 10B, 10E and 10F haﬁe higher diamond contents
than sample 1QD.'.Meanwhile,'sample 10C.partially included
‘remaining graphitel(Gr), and hence_ébmpléte sintered body
20  could not be obtained.
Mcré specifiéally, the deg#ee of graphitization of_
the coated diamond powder should preférably be'in the.l
range of 0.5 to 50 percenﬁ by volume. | |

(Embodiment 6)



5 of Sn,

i s i'nst abl e,

P and Bwthin a range

métthod of manuf acturi ng a di anond
hi gh wear-resi stance according to
vol unme of -each particle of sai d di
surface by heat treatnent at a high tenper
and thereafter said sintering assistant agent is applied as

anond powder

of'0.0l.to 30 percent by wei
si ntered body- havi ng. hi gh stir t.h 2a8d
claim4,. wherein 0.5 to 80 ﬁ?g """"" w ARW'
is graphitized 5 ~ fromits
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it "By

re condition-.in which dianond

coating. 8. The nethod of manufacturing a dianond sintered body having high
strength and hi gh wear-resi-stance according to claim4, wherein 0.5 to 80
percent by vol une .of each particle of sai®eRllmatEd di anond powder is 5

graphltlzed fron1|ts surface by heat t r eat nent at_a hi gh

10

15

20

25

Composition of sintering

8x107 .

Powder | Diamond Amount of | Amount of coating
sample particle absorption of of sintering assistant agent
' size. . Pd assistant agent (wt.%)
(1m) (W.%) (vol.%) _ '-
I ua 5-10 5x10° not precipitated . “
11B 5-10 ] - 8x103 5 Pd-0.08, Co-99.82, Sn-0. ﬂl
" 1uc 5-10 8210’f3 ' 5 Pd-2.7, Co-97.2, Sn—O 1 "
" 11D 5-10 8x10° 5 Pd-38.7, Co-61.2, Sn-0.1 "
IL 11E 5-10 5 Pd-52.1, Co-47.8, Sn-0.1 “

Table 11 shows various powder samples prepared for

studylng influence of the amount of appllcatlon of Pd on

_ catalytlc property ln'electroless plating and 51nter1ng

property of diamond powder at the time of sintering.

For samples 11A to 11E, Pd was applied to the

' surfaces of dlamond partlcles, in the similar manner as in

Embodlment 4, so as to coat dlamond powder particles by

sintering assistant agent by electroless platlng

Thereafter, diamond powder partlcles were electroless—

plated by Pd, using electroless platlng solutlon including

palladium tetra chloride.

Further, diamond powder

partiCIeS'were coated by Co using anjelectroless'plating

solution containing hydrazine.

As a result, as shown in Table 11, the amount of

absorption of Pd at the particles of diaﬁqnd.powder was

too small in sample llA, so that catalytic action by Pd



tenperature condition in which dianmond is instable, and therelfBE?L&%ﬁmENTSHEET
simtering in liquid-phase is performed. 9. The nethod of mandfacturign MAR

di amond 'si ntered. body having high strength and high wear-resi g A& ---wweerreree- e
according to claim 4, wherein during said q!ectroless pl ati ng; prating
sotution to 5 which said di anond -powder ﬁs.innersed.is fluctuated by at

| east one of stirring and ultrasonic vibration. 10. A nethod of

manuf acturing a di anond sintered body having high strength and high

wear - r esi st ance, conprising the steps of: S

was insufficient ahd_Co was not successfuliy-precipit&ted
at the surface of the diamond particlés.' |
| Each of'thé powder samples 11B to 11E cbated with Co
was molded into po&der.coﬁpact'body and ééaled in at
5  container formed of cemented carbide. The cemeﬁted
cafbidé container wés held under a preSSure of 50 kb at a
temperature.of 1500°C for 15 minuﬁes to perform sintering,
by ﬁsing é belt type high pressure apparétus. Saﬁple 11E
'confaining'much Pd did not result in cdmpléte:sihtéred
10 ‘body, as melting of_the sintering assistant agent did no
occur.  Meanwhile; complete sintered bodies could be
obtained from samples 11B to 11D. |
| In other words, the preferable content of Pd in thé
sintéring assistant agent is_within the range of 0.01 to
15 40 percent by Weight.'. | |
- As described abo&é, accbrdiﬁg to the present
invention, a diamond sintered body having both high
strengﬁh ahd high wear-xesistancé can be prb#ided, which
can be preferably used for cutfing toéls, digging toqls;
20  drawing dices aﬁd wear-resistant parts. |
| _ Although the'pfesent'invention hés been_deScribed'and
illustrated in‘detaill_it.isiclearly'nnderstood that the
same is by'way O£ illustration.andlexample'only and is not
to be taken by way of'limitation, the spirit'and-scope_qf
- 25 the présent,inVentidﬁ being limited only'by the terms of

the appended claims.



prepa}l ng di anond powder having particle size 5 substanti a I*}Eﬁ%cgm%‘ﬁg%"’gg
of 0.1 to 10 [err]m preC|p|L§Lng Pd in a range of [err]. to gnMARﬂBQB

weight on a surface-of "each particle of said di anond.powder aﬁdmﬂﬁereafter

rﬁuﬁ53|stant a ent |nclud|ng at 'east one of
“@li“m{“ e of each?farticle of said dianond powder

tio .9 pé&rcent by volume to prepare coated di anond

electroless plat
Co and Ni
mﬁthln a range o

powder; nol ding a powder conpact body of said coated di anond powder; 15:

bfinging into contact an additional sintering assistant agent including at

| east one of Pd, Fe,- Co and N 'to said. pomder conpact body; and

10

WHAT IS CLAIMED ISs

1. A dlamond 51ntered body hav1ng hlgh strength and

high wear- re51stance,'compr151ng

' 51ntered dlamond.partlcles of 80 to 96 percent by_'

- volume and a remaining part of sintering assistant agent

and unavoidable impurity,

said sintered diamond particles having particle size

substantially in a range of 0.1 to 10 um and directly

*bonded to each other,'

- said s1nter1ng aSSlStant agent includlng Pd withln a

range of 0.01 to 40 percent by weight and as a remalnlng

part, at least one selected from Fe, Co and Ni.

2. The diamond sintered body'having high strength_
and high wear-resistance according to claim 1,'wherein
said sintering assistant agent further includes at

least one of Sn, P and B. :

3. The diamond sintered body having high strength

‘and high wear-resistance according to claim 2, wherein

said sintering assistant.agent includes at least one

of Sn, P and B w1th1n a range of 0. 01 to 30 percent by

'welght
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Q|ga?9 ﬂh&'ﬂﬂﬁ

S|nter|ng sai d powder conpact body in Iiquid- phase while infi
addltlonal sintering assistant 20 agent under a condition ¢f
pressure and hi gh—tenperature in which dianond is stable. 11. ]|
of _manuf acturing ‘“i body having high strength and high
wear - r esi st ance aa gnnm(“n”mm 10, wher®ln said sintering assistant
agent coating said $ particle further includes at |east one of:

Sn, P and.B. 12. The nethod of manufacturing a dlanDnd S|ntered body
haV|ng hlgh strength and high .wear - r esi st ance

-------------

4. A method of manufacturlng a dlamond 31ntered body
hav1ng hlgh strength and hlgh wear-reSLstance, comprlsrng
_the steps of. | |
prepar;ng diamond powder.having particle size
5 substantially within a range of 0.1 to 10 um;
 precipitating Pd within a range of 10™ to 40 percent
by weight on a surface of each particle of'saia diamohd_
powder, and thereafter-electroless plating a sintering
assistant agent including at ieast one of Fe;_Co.and Ni to
10  the Surface of each particle of said'diamond powder within_
a range of 4 to 20 percent by volume to prepare coated
-dlamond powder; and _
under a_condrtlon of high pressure and.high'
temperature in which diamond is stable, sintering saicl

15 coated.diamond powder in liquid-phase.

| '5. The method of manufacturing.a diamond sintered
'Z.body having'high strength and high wear-resistance
accordlng to clalm 4, wherein
said 31nter1ng aSSlStant agent further 1nc1udes at

5 least one of Sn, P and B.

6. The method of manufacturing a- diamond sintered

body having high strength and high wear-resistance
according to claim 5, wherein
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according to claim 11, wherein said sintering assistant agent coat| §

di'amond 5 particle includes at |east one of Sn, P and B wilf hin leﬁdﬁﬁR __________
of ,0.01 to. 30 percent- hy—ve#uwe——%%— The net hod of manuf act urll.Bg a- dL ANBR :
S|ntered body . hav and hi gh wear-resi stance according to

clai m 10, wherei nmﬂmLmI mﬁg& by vol dfe of each particle of said 5

di anond powder is g@rap | 2€ its surface by heat treatnent under a

hi gh tenperature condition in which dianmond is instable, and thereafter

said sintering assistant agent is applied as coating. 14. The method of
manuf acturing a di anond sintered body having high strength and high

wear -resi stance sald SLnterlng assistant agent 1ncludes at least one

5 of Sn, P and B w1th1n a range of 0.01 to 30 percent by .

welght.

7. The method of manufacturing a diamond sihtered_
‘body having high strength and high wear-resistance
accordinq to claim 4, wherein 0.5 to 80 percent by valume
of each pafticle of said diamond powder is graphitized
5 - from its surface by heat treatment at a high tempereture
.condition in which diamond is instable, and thereafter |

said sintering assistant agent is applied as'coating.'

-8. The method of manufaeturing a diamond'eintered
body having high strength_and high wear—resistanee
aécerdingfto'claim 4, wherein 0.5 to 80 percent by voltme
of each particle of said coated diamond powder is |

5 graphitized from its surfaee‘by heat treatment at a high
-temperature eondition in which diamond is instable, and

thereafter said sintering in liquidephase is perfermed.

9. The_meﬁhod of manufacturing a diamond sintered'
body having high strength and high wear-resistanee
according to claim 4, wherein

during said electroiess plating, plating solution to

5 which said diamond powder is immersed is fluctuated by at
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according to claim 10, wherein 0.5 to 80 percent by vol une of
of *sai d coated di anond. powder is 5 graphitized fromits s
heat treatnent at a-high—tenperature—eendition in which dianon
and thereafter sald d phase is performed. 15. The nethod
of ‘manufacturing a di mﬂﬂmmﬂlmm dy ha®#®ng high strength and high

wear - r esi st ance accor chalsn wherein sai d additional sintering

assistant agent further 5 i ncl udes at | east one of Sn, P and B. 16. .The
met hod of nanufacturlng a dlannnd S|ntered

least one of stlrrlng and ultrasonic vibration.

10. A{method of manufacturing a diamond sintered
;.body having high strehgth and high wear—resistance,
.compr151ng the steps of:
| | preparlng diamond powder hav1ng partlcle size
5 substantlally 1n a range of 0.1 to 10 um,
| preclpltatlng Pd in a range of 107 to 40 percent by
weight on a'surfece of each'particle of said diamond
powder and thereafter electroless plating a sinterihg
‘assistant agent'iﬁcluding at least one of Fe, Co and Ni to
10 ‘the surface of.each particle ofiseid diamond powder within
‘a range of 0.1 to 19.9 percent by volume to prepare coated
.dlamond powder, |
| moldlng a powder compact body of said.coated diamond
powder; | - |
15 bringing into contact an additional sintering'
assistant egent including at least one of Pd, Fe, Co and
Ni to said powder compact body; and )
51nter1ng said powder compact body in llquld-phase
whlle infiltrating said. addltlonal s;nterlng a551stant
20 agent under a condltlon of hlgh pressure and hlgh |

.temperature in which dlamond is stable.

11. The method of manufacturing a diamond sintered



boay'having hi gh strength and hi gh wear - resi st ance accordi ng JORET%ﬁgﬁ%EﬁTSHEET'
wherein said additional sintering assistant agent further 5 ' 'acI_LZ:IQSMAR 1996
| east one of —Sm;y P and B Wwithin a range of 0.01 to 30 percent Hhy VET'q | Y o

17, The net hq | ) gng -a di anond sintered body having high
strength and ﬁi ﬂ“m:l m“umpce accordi n® o claim 10, wherein in said
el ectrol ess platirg, tpl &tihg solution to 5 which said dianond powder is

imersed is fluctuated by at |east one of stirring and ultrasonic
vibration. - T : ' : o

body having high strength and high wear-resistance
according to claim 10, wherein
'said sintering assistant agent coating said diamond

5  particle further includes at least one of Sn, P and B.

12. The ﬁethed of manﬁfacturing_a'diamond'eintered
bedy having high stfength and high wear-resistance
according to claim 11, wherein

said sintering éssistant agent coating said diamond

5 particle includes at leasﬁ one of Sn, P and B within a

range of 0.01 to 30 percent by volume.

13. The method of manufacturing a diamond sintered
body having high strength and high wear-resistaﬁce |
according to claim 10, wherein

| 0.5 to 80 percent by volume of each particle of said'
5 diamond powder is graphitized from its surface by heat
treafmeht under a high temperature condition in which
diamond is instable, and_thereafter.said sihtering

-asSistant'agent-is.applied as coating.

14. The method of manufacturing a diamond sintered
body having high strength and high wear-resistance
according'to'claim 10, wherein 0.5 to 80 percent by volume

of each particle of said coated diamond powder is
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graphitized from its surface by heat treatment at a high
temperature condition in which diamond is’ instable and

_ thereafter_saidlsintering'in'liquid-phase is'performed.

15. The.method of manufacturing a diamond sintered
body having high strength and high wear-resistance
| .according to claim 10, wherein |
said additional sintering assistant agent further

includes at least one of Sn, P and B.

| 16. The.method‘of manufacturing a diamond siﬁtered
body having high strength and high.wear-resistancé
according to claim 15, wherein
said additional sintering assigtant agent further.
includes at least one of Sn, P and B wﬁthin a range of

0.01 to 30 percent by weight.

17. The method of manufacturing a diamond sintered:'
body-havihé high strength and ﬁigh wear-resistance
according to claim 10, wherein

in said éléctroleés plating, plating solution to
which said'diémond'powder is immersed is fluctuated by at

least one of stirring and ultrasonic vibration.
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DIAMONb SINTERED BODY HAVING HIGH STRENGTH AND HIGH
WEAR-RESISTANCE AND MANUFACTURING METHOD THEREOF

ABSTRACT OF THE DISCLOSURE

A method of manufacturing a diamond sintered body
includes the steps of preparing diamond powder having
particle size within a range of 0.1 to 10 pm, coating tﬁe
surface of each particle of the diamond powder by a
sintering assistant agent including Pd withirm a rénge of
0.01 to 40 percent by weight and at least one of an iron
family metal as remaining part, and sintering the coated
diamond powder in liquid-phase under high pressure and |
high temperature condition, so that a diamond sintering

body having high strength and high wear-resistance

containing diamond particles of 80 to 96 percent by volume

'~ can be obtained.



