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TITLE 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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Japariase rntdnt Laying-Open 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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The diamond sintered body obtained ihrouqh this method has
high diamond content, and therefore it has good
wear-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

as Been Reﬁaced

i



St

HLEEWED 11/28 i4:18 13995 35-4086% PAGE 7 (PRBINTED PABE 7)) ]
¢ 95-11-28;03: ﬂﬂpﬂ.FUKAMI PATENT OFFICE ;086 361 1518 £ 1/ 5

Z

THIS SHEET HAS BEEN
~ REPLACED

interposed. Therefore, the diamond sintersd body obtained
by liquid-phase sintering employing as a solvent an iron
. family metal illowinq 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 #nd 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 remainl#q 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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element, high strength and high wear-resistance can be
realised.

Accoxding to a second aspect, the method of
manufacturing a diamond sintered body having high strength
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
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
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 sinteresd

‘body in accordance with the second aspect of the present

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
temperature in which diamond is stable, so that a diamond |
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sintered body having high strength and high wear distance
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 1n£iltrating the additional sintering

assistant aqent.

In the method of'manufacturinq the diamond sintered
body in accordance with the third aspect of the present
invention, the sintering assistant agent including an iron

family element is applied for coating to the surface of
-
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each particle of fine diamond powder within the range of
0.1 to 19.9 percent by volume, an additional sintering
assistant agent is hrbught into contact with the coated
diamond powder, and the coated diﬁmond poewder is sintezed
5 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
10 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
15 size of a defect in the sintered body which sexves as an
initiation point of -breakage. Here, the term defect ﬁeans
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
20 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 be reduced, and that acceptable particle size of
diamond is at most 10 um. In order to provide coating of

25 sintering asaistant agent on the surface of diamond

-7 -

This Sheet Has Been Rep

[ I i



[ BECEIVBD 11728 1%:21 1995 S35-486% PABE 11 (PRINTED PABE 11) )

i

95-11~-

10

15

25

-28:03:0BPM;} FUKAMI _PATENT_OFFICE 108 361 15186 # 11/ 8
THIS SHEET HAS BEEN
REPLACED

particles, which.will b§ described later, the diamond
particle must have the particle siza 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
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 |
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
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
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
range of 0.1 to 19.9 pexrcent by volume, and bringing into
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contact an additional sintering assistant agent including

at least one of Pd, FPe, Co and Ni with the coated diamond
powder, uniform infiltration of the additional sintering

assistant agent occurs entirely over the coated diamond

powdexr 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

sintering assistant agent can be obtained.

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
“aintering, and hence a diamond sintered body having high

diamond content, high strength and high wear assistance

¢can be obtained.

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

sintering assistant agent for the diamond powder by

itself. However, it was found that when the sintering

assistant agent includes Pd in addition to at least one of

Fe, Co and wi, melting point of the'sintering assistant

agent lowers and sintering property of the diamond powder

is remarkably improved. Here, If the conteat of P4 in the

sintexing assistant agent is smaller than 0.0l percent by
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weight, sufficient effect of lowering the mnitinq point of
the sintering assistant agent cannot be obtained. By
contrast, if the content of Pd excecds 40 pexcent by
weight, the meiting point 6£ the sintering assistant agent

5 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 0.01 to 40 percent by weight.

Further, the ointe:ing assistant agent lhonld “

10 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

'15 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

20 exceads 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

25 agent coating the diamond parxrticle should preferably be at

-10-
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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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elactroless plating, mixing of imqurity in the sintering
assistant agent should be prevented as much as possibla,
in oxder to.obtain high diamond content after sintexring.
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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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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example. Further, precipitation of 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
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
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
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
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

performed using sintering assistant agent including an
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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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perform linfering. The reason for this is as follows.
Diamond powder is not susceptible to piaatic deformation.
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
i1f 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
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volume, _
Now, if the above described diamond sintered body is

- to be obtained, it is poseiblé that various materials are

nixed in small quantity. For example, the coated diamond

5 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

container or carbide thereof may possibly be hixod in the

‘sintered body. However, even if such mato:ini is mixed in

10 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

15 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 provided that the di&mpnd content otlthe sintered
body is within the range of 80 to 96 percent by volune.

20 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. '

25 DESCRIPTION OF THE PREFERRED EMBODIMENTS

- 17 =
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(Embodiment 1)

Composition of sintering assistant agent
5 (wt.96)
929-Co, 0.05-Pd, 395-Fe, 3.7, 0.1 —ﬂ
929-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-8n
electroless 260 92.9-Co, 0.05-Pd, 3.95-Fe, 3-P, 0.1-8n
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 260 | 929-Co, 0.05-Pd, 395-Fe, 3-P, 0.1-Su
mixing ultra 60 ) 100-Co
fine powder |
| mixing ultrs 130 | 100-Co
fins powder
mixing ultra 260 | 100-Co
fine powder
15 cempnted 60 25-Co, 73-WC
| comentes 130 28.Co, TS-WC
carbide ball
28-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. More

- 18 -
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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 nm, whilo_thc mothod of

applying sintering assistant agent, content and

compoaition are changcd variously.

For thé samples 1A, 1B and 1C, the following procaess

was performed to coat diamond powder particles by the

sintering assistant agent by electroless plating. First,

diamond powder was degreased in alcohol. The degreased

diamond powder was cleaned in flowing water, cleanad in

hydrochloric acid solutlion of § percent by weight, and

then again cleaned in flowing water.

The diamond powdexr

thus cleaned was immersed for one minute in a solution

including stannous chloride nnd'hyd:ochloric acid in room

temperature as pxe-processing, so as to cause absoxption
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

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

thereafter immersed for a prescribed time period in a Co=-

Fe-P slectroless plating solution held at 73°C, containing

cobalt sulfate, ixon sulfate and sodium hypophosphite.
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The longer the time of immersion in the electroless
plating solution, the larger 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, tha pre-plating solution 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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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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Table 2

Is&nuubuu Diamond content | Flank wear
sample (vol.%) _(um)
5 r 2A 938 31

2B 859 65
I 42 131
l 2D %23 damaged
28 868 damagsd
10 (= 79 damaged
u 26 | sintering not possibis
B 867
a 740 d
r u slntering not poesibls
15 2K sintering not poulbls
A . 739
20 - 8intered 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 unitoim

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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svaluated under the following cuttinq 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 ths work pieces 500
(m/min)

Eyte cutting depth: 0.6 (mm)

Byte feeding speed: 0.12 (mm/rev)

Cutting time: 3 (min) '

The 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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caused damages to the sintered body during cutting. Thus
.tho sintered bodies could not be used as the cutting

tools.
(Embodiment 2)
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Table 3 shows various powder samples prepared for

studying influence of the method of applying sintering

assistant agent, composition and conditions of electroless

plating on mechanical properties of the sintered bodies.

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 thereafter the diamond

powders were subjected to surface activation, in order to

coat the diamond powder particles by sintering assistant

agent by electroless plating.

Thexeafter, the diamond

powders were immersed in an Ni-P elegtroless plating

solution containing nickel sulfate and sodium hypophoshite

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.

_Samples 3D to 3F were prepared by electroless 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
mill contalnqr formed of Teflon containing mixing balls

- 26 -
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formed of Teflon, together with ultra fine Ni powder
having the powder size of 200 A, and mixed for 4 houzs.
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
(w.%)

97-Mi, 0.5-Pd, 2-P, 0.5-Sn
89-Ni, 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-P, 0.5-Sa

il

15

A
-
«<
4D
4E
4
G

The sintered body samples 4A to 4G shown in Tahle‘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 generated in sample 4G, and

complete sintered body could not be obtained.

- 27 -
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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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5 0 92.0-Nj, 7.0-Pd, 1.0-Sa
' 92.0-N}, 7.0-Pd, 1.0-8n
92.0-Ni, 7.0-Pd, 1.0-Sn
92.0-Nj, 7.0-Pd, 1.0-8a
920-Ni, 7.0-Pd, 1

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
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temperature. Thereaftex, accelerating of the diamond
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 having such compositions
and amounts as shown in Table 5 were 6bta1ned. During
these steps of alkali degreasing, acid cleaning, pra-
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.
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Table 6 .
Sintered | Diamond | Total content of Snand B |  Stremgth of
body content | io sintering assistant agent sintered body
5 sample (vol%) m%)
| 8s 0.005 197
l 68 85 159 234
6C &5 110 m
6D g5 209 203
10 6B 8s 88 135

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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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
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 proparties of the sintered
bodies. |
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For samples 7A to 7C, catalytic layer for electroless
plating was applied to the surface of diamond powdexr
particles in the similar manner as in Embodiment 3 so as
to coat tho diamond powdexrs with sintering assistént agent
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
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
collected, thereafter heated in vacuum at 1250°C fox 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
shown in.Tahle 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

l REPLACED

the same composition of sintering asliitant agent-as .. o en

samples 7A to 7C were fabricated by using microwave plasma
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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
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 proséribed time period, so that diamond powders mixed
with cemented carbide powder ware obtained. As already
described, fhe cemented carbide powder 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
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
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.

- 34 -
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Table 8 .
Composltion of sintering
(vol.%) assistant agont after sintering {pm)

sample (Wt.%)

8A 869 99.88-Co, 0.03-Pd, 0.09-Sn 88
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
gD 86.7 99.88-Co, 0.03-Pd, 00980 |  damaged
88 819 99.85-Co, 0.04-Pd, 0.11-Sn 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 an
8K 798 . 483-Co, SLT-WC 153
8L 883 36.5-Co, 4.5-WC blade ch

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 unevonlf in the powder compact
body. As a result, unsintared portions were generated

partially in sample 8G and complete sintered body could
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.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 ;nd continuous cutting ua._impouniblé.
In sintered body samples 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 uniform sintered bodyftaxture without

25 void or Co pool could be obtained, and hence the sintered
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bodies had high strength and free of chipping or damags.
In addition, it becomes apparent that samples BA and 8B
have sufficient wear-resistance as shown in Table 8, since
they have sufficiently high diamond content.

5 - (Embodiment 5)

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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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 ware
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
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
of Mo and sintered under a pressure of S0 kb at &
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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Table 10 .
S
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. e
(Embodiment 6)

This Sheet Has Been Re

[T




- RECEIVED llIZB 1%: 4% 1995
L. 5-11-28;03! UEPM

10

15

20

25

~palladium tetra chloride.

535-486% PABE 43 (PRINTED PAGE 43) ]

FUKAMI _PATENT_OFFICE 106 361 1516

# 43/ 51

REPLAGED

THIS SHEET HAS BEEN

Table 11
Amount of coating | Composition of sintering
sampls | particle | absorption of of sintering assistant agent
size Pd assiatant agent {wt.96)

_ _(um) (wt.%) _(vol%)

11A 5-10 5x10° not precipitated

118 $-10 8x103 5 Pd-008, Co-99.82, Sn-0.1

uc 5-10 8x107 5 Pd-2.7, Co-972, $n-0.1

11D 5.10 8x10°% 5 Pd-38.7, Co-61.2, Sn-0.1

1E 5-10 ax10° 5 Pd-52.1, Co-478, Su-0.1

Table 11 shows various powder Qamplal prepared for

studying influence of the amount of application of Pd on

catalytic property in elactroless 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 particles, in the similar manner as in

Embodiment 4, so as to coat diamond powder particles by

'sintering assistant agent by electroless plating.

Thorn#!tar, diamond powder particles were electroless-

plated by Pd, using electroless plating solution 1ne1uding'

Further, diamond powdér
particles wers coated by Co using an electroless plating
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 11lA, 80 that catalytic action by Pd
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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

containayr formgd of cemented carbide. The cemonted

carbide container was haeld under a pressﬁro of 50 kb at a

temperature of 1500°C for 1% minutes to perform sintering,

by using a belt type high pressure apparatus. Sample 1l1E

containing much Pd did not result in complete sinterxed
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
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,
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
the present invention being limited only by the terms of
the appended claims.
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WHAT IS CLAIMED 18:

1. A diamond sintered body having high strength and
high wear-resistance, compriiing

sintered diamond particles of 80 to 96 perxcent 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, |
sald uiﬂtorinq assistant agent including Pd within a

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 one

of Sn, P and B within a range of 0.01 to 30 percent by
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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
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said sintering assistant agent includes at least one
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
from its surface by heoat treatment at a high temperature
condition in which diamond is instabla, and thereafter

said sintering assistant agent is applied as coating.

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
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
which said diamond powder is immersed 1s fluctuated by at

- 44 =
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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
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

" the surface of each particle of said diamond powder within

a range of 0.1 to 19,9 percent by volume to prepare coated
diamond powder; | .

molding a powder compact body of said coated diamond
powder;

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
vwhile infiltratinq said additionni sintering assistant
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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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 method 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
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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-xesistance
according to claim 15, wherein |

gaid additional sintexing as#iqtant agent further

s inocludes at leaat one of 8n, P'andln within a zrange 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.
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