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Diamond Sintered Body Having High Strength and High 

wear-Raai1tance and Manufacturing Kethod Thereof 

BACKGROUlm OF SB IltV'lmIOlf 

~ield of th• invention 

'.?he present invention relates to a diamond 1intared 

.body u••d •• a mater1•1 foJ:" cutting toola, dining toola, 

drawin;.dia1, wear-raaiatant part• and t:ha like and 

manufacturing method thereof. Mo~ partiaularly 1 it 

10 relates to a diamond aintered body having imp.roved 

atren;th and wear-reaiatance and to th• manufacturing 

method thereof. 

Description of the Related Art 

A diamond •intered body generally ha• auperior 

15 wear-~•i•tanc• and higher •trength a• compared with other 

matei:ial•· Therefor•, ~t 1• u•ed in eucb a fi•ld that 

raqu1r•• atrenqth and waar-reai•tanca, •·V· the field of 

cutting tools, digging tool• and drawing di••· Such a 

diamond aint•r•d body aan be obtained by f~lling diamond 

20 powder in a container foi:med of we-co cemented carbide, 

infiltrating co-w-c eutectic composition liquid-phase from 

th• cfllllantad carbide base material into th• diamond powder 

under high praa1ure at hiqh temperatu~ and hr a1ntering 

the aame, •• diaclo1ed, for example, in Japanese Patent 

25 Publication Ro. 52-12126. Alternatively, •• d1ecloeed in 
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Japan••• Patent Laying-Open Ro, 54-114513, a diamond 

sintered body can be obtained by pramJ.xing diamond powder 

with powder containing an iron family solvent metal, and 

by holding the mixed powd8% at such high temperature and 

5 high pr•••ure that allOW9 provi1ion of dtamond. 

The diamond •intared body obtained throuqh the above 

deacribad methods suffer• from th• problem under difficult 

conditions of aintering. For example, if the diamond 

pa:ticl•• are too fine or if the solvent metal to be mixed 

10 i• too small· in amount., ain~Hing would be impo•aihl• •• 

the solvent ••tal hardly in!lltrat••• or th• coaggurated 

portion• of diamond particle• woul.d not be •int.zed 

loca~ly, •• portion• in contact with each other of t~• 

diamond particle• lncxeaae. Accordingly, it is nat aaay 

15 to obtain diamond •lntared body havin9 high den•ity, that 

la, • diamond ainta~ed body having good waax-raaistanoe 
. . 

and high oontant of diamond. 

In ord•r to •olve euch a problem, a Mthod to obtain 

a diamond 1intarad body having hiqh density ha1 bean 

20 propoa•d, for example, in Japaneae Patent Layin;-Opan Roa. 

63-190756 •nd f-32655 1 and 1n Reaearch Keport no. 58 1 pp. 

38 to 48 of National Xn1tituta for Re•earch in Inorganic 
. 

JlateJ:ial•, 1n'wh1ch matho~ a aintaring •••istant agent i• 

applied, •• coating, to the •uzface of each particle of 

25 dilllllOnd powder and the coattld diamond powder 1• •intered. 

- 2 -



[RECEIVED 11/ZB 1•:1S 1995 AT 53S-•B6• PAGB 6 <PRIHIEO PAGE 6) l 
·• 95-11-2B:03:0BPM:FUKAMl_PATENT_OFFICE :06 361 1516 I 61 51 

i 

THIS SHEET HAS BEEN 
REPLACED 

The diamond •intered body obtained throuqh thia method hai 

high diamond oontent, and th~efore it ha• good 

wear-r••i•tanae. However, when the diamond partiale •i•• 
in the ainterad body 1• lar;e, the strength of the diamond 

sintered body becomes low, and therefore it daaa not hava 

aufficiant raliabi11ty for practical uae. further, when 

th• diamond •1ntered body havinq high denaJ.ty 1• to be 

obtained by euob a Mthod, only a •mall amount of 

•interin; •••iatant agent can be added. 'therefore, 

10 depending on the composition of th• •interinq •••i•tant 

agant and on th• manner of coating, of th• temperature 

range and preaaura ran;• allowing production of diamond, 

rela~ively high temperature and high pressure are . 

required. In 1uch a case, there would be lar;e •train 

15 remaining in the diamond sintered !)ody, which degrade• 

strength of the diamqnd •intft'ed ))ody, and hence lowars 

r•l1abi11ty 1n practical u••· 
In order to prevent degradation of diamond 1inteZ'ad. 

body at a high tuipe:i:ature, a iaethod ha• been pmpoaad, 

20 for exampl•, in Japane1e Patent Layin9-opan Ho. 6-6769 in 

which the eurfaca o! diamond particle• 1• coated by . 
transition metal, B or Si and the coated diamond powder 1• 

aintered in •ol1d-phaae. However, in this aa•• it is 

con1iderad that diamond particle• are bonded with coating 

25 material which ia carboniaed by eolid-phaaa reaction 
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J.nterpoaed. · There!ore, the diamond sintered body obtained 

by liquid-phase a1ntaring employing aa a •olvent an iron 

!amily matal allowing direct bonding between diamond 

partiale1 with each other !.1 1uparior in vin of 

5 mechanical strength. 

SUMMARY or 'l'HI .IRVBRTIOK 

In view of the above described problam8 of the prior 

art, an object of the pre1ant invention 1• to provide a 

diamond •1ntered body having high 1-txength and high wear-

10 rasiatana• and to manufacturing mat.h.Od thereof. 

The diamond •intered body having high strength and 

high 'Mllar-ra•i•tance in accordance with one aspect of the 

prea~nt invention includ•• aint•rlld diamond particl•• of 

80 to 9& percent by volume, and a rmaaining part of 

15 •1ntering •••iatant agent and unavoidable impurity, the 

sintered diamond particle• havin9 partial• •1•• 

aubatant1a117 1n the range of 0.1 to 10 pa alld diraetly 

boncled to each other, the aintarin9 assistant agent 

including Pd within the range of 0.01 to 40 parcant by 

20 wai9ht, and •• a remaining part, including at laeat one 

••l•cttKI from Fe, co and Ri. 

In tbe diamond aintarad body in aoaoxdance with the 

first a1peet of th• pr•••nt invention, einca fine diamond 

partial•• ara ain~ered with high danaity in th• presence 

25 of a1ntering aaaiatant aqent includin9 iron family 
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element, hiqh strength and high wear-re1iatance can ))e 

.t"aali1ed. 

According to a aecond a1pect, th• method of 

manufacturing a diamond sintered body having high atrength 

5 and high waar-rasistanca include• the •t•P• of praparinq 

diamond powder having particle •1•• 1ubatantially within a 

range o! 0.1 to 10 pm, precipitating Pd wi~hin the range 

of 10-4 to 40 percent by weight on th• •urfac• of eaah 

particle ot th• diamond powder, electroleas plating a 

10 aintering aeeiatant agent including at laaat one aelacted 

f.t'oa Pe, Co and Ri wlthln th• ranp of 4 ta 20 parc:ant by 

volume to the 1urfaca _of each particle of the diamond 

powd.~r and thu• preparing coated diamond powder, lllDlding 

powder compact body of the coated diamond powder and 

15 aintarinQ, in 11qu1d-phaaa, the powder compact body under 

a high temperature and high preaaure candition in which 

diamond i• atable. 

In th• method of manuf aaturin9 a diamond sintered 

body in aaaardanca with th• ••cond aapect of the present 

20 inv11ntion, a •intarin9 a11iatant agent including an iron 

family elanaent.1• applied•• coating, within the range of 

' to 20 p11rcant by volume to the eurface of each particle 

of fine diamond powder, and the coatlld diamond powder 1• 

ainta%ad in liquid-phase undar high pr•••ur• and hiQh 

25 temperature in which diamond 1• •table, •o that a diamond 
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sintered body havin9 h19h strength and high wear distance 

as well •• high diamond content can be obtained, 

Acco~in; to a third ••peat of the pre•ent invention, 

the m•thod of manuf aotu~ing a diamond •intered body having 

5 hi9h •trangth and high wear·r•1i1tanoe includ•• th• •t•p• 
of preparing diam~ncl power having particl• •1•• 
aubatantially within tha range of 0.1 to 10 µm, 

precipitating Pd:within the range of 10·4 to-40 percent by 

weight on the surface of each particle of the diamond 

10 powder and than alectrole1a plating a •1ntering asa!1tant 

agent including at least one ••lactad from Pe, Co and Ni 

within the ran;• of 0.1 to 19.9 peza•nt by volume to the 

eurf ~ce of each pa%t1cle of th• diamond powder to prapara 

coated diUlQnd powder, molding th• powder coapact body of. 

1! the coatad diamond powder, brin9ing into contact an 

additional •interin9 a11!1tant agent including at laaet 

one of Pd, h, Co and Ki with th• powder oompaot body, and 

aintering in liquid-phase th• powd•r compact body at h1qh 

preaaura and high temperatur. condition in which diamond 

20 1• etable, while infiltrating th• additional aintering 

•••iatant agent. 

In the method of manuf actUJ:'inq the diamond aintarad 

body in accordance with the third aspect of the present 

invention, the •intering ae1i1tant a9ent including an iron 

25 family element 1• appli•d for coating 'to th• •urfaca of 
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each particle o! fin• diamond powder within the ranqa of 

0.1 to 19.9 percent by volume, an additional 1int•~ing 

assistant agent 1• brou9ht into contact with the coated 

diamond powder, and the coated diamond powder i• sintered 

5 in 11quid-pha•• undar high pre11ur• and hi;h temperature 

in which diamond 11 atabl• while infiltrating tha 

additional 1interin9 assistant agent. !herefore, a 

diamond sintered body having high diamond content and 

having high etrength and hi~h waar-re1i1tance can be 

10 obtainlld. 

Detailed Desoription of th• Invention 

l'irat, the inventor• atudilld 1trength of variou1 

diamond 11ntered bodi••· Aa a raault, it was found that 

the etrength of the diamond aintarad body depend• on the 

15 •i•• of a defect in the aintered body which aarvea aa an 

initiation point of -·bl:aaka9e. Here, the. tez:m defeat means 

a diamond larger par'ticl• 1n th• diamond •interecl J:)OC1y, a 

pool of th• a1ntar1n9 •••iatant a;ent 1uch a• 'the aolvant 

metal or a void. !he smaller the defeat, the higher the 

20 •tr9n9th of the diamond •intered body. 

·It waa found that in order to improve strength of the 

diamond •intered body, first, the diamond larger partial•• 

mu•t ba reduced, and that acceptable particle •1•• of 

diamond 1• at mo•t 10 IUD• In order to provide coating of 

25 ainterin9 •••1•tant agent on the •urface of diamond 
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particle•, whJ.ah will be de•cr1bed later, the diamond 

particle must have the particla •iza of at least 0.1 ),LID. 

In other word•, the raw material diamond powder i• 

required to have the particle aize within tha range of 0.1 

5 to 10 11m. 

It waa found that in order to reduaa void and pool 

portion of aintering aaaiatant agent in th• •Lntered body, 

it 1• pre:farable to sinter aoated diamond powder having 

the ainter1ng aa1iatant avant coating tha 1urface of each 

10 paz:t1cl• o:f diamond powder in liquid-pha••· It wa1 :found 

that, preferably, the •intering •••i•tant a9ant includes 

Pd and at leaat one ••lactad from. Fa, Co and R1 which are 

iron faznJ.ly metals. It wa• found that by p.z:eparing coat~ 

diamond powder to include •uch •1nte~1ng •••i•tant a;tUlt 

15 within the .ranqa of 4 to 20 percent by volwne and by 

aintaring the-coated diamond powder und•~ high -preaeure 

and hi9h·temperature condition in which diamond 1• •tabla, 

uniform liquid•phaaa of •1nta:c1ng.a•1.1atant agent 11 

9anerated antiraly over the dimnond powder, ao that 

20 dimaond •intered body having 1malle.r void and pool of 

•int.ering •••iatant agent 1• obtained. 

l'Urther, it was found that bypraparin9 coated 

diamond powder to include •1nter1ng aa11•tant agent 

including Pd and at least one of ~., Co and Ki within the 

25 ran;a of 0.1 to 19.9 percent by volume, and bringing into 
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contact an additional sintering asaistant a;ant includinq 

et lea1t one of Pd, Fe, Co and Ni with th• coated diamond 

powder, unlfo2:11 infiltration of th• addi'tional. eintering 

assistant agent occuz• entirely over th• coated diamond 

5 powder compact body, supplementinq the •lnterlng •••11tant 

agent coated an tha diamond powder under high praa•ura at 

high temperature in which diamond is stable, and henca a 

diamond sintered body having smaller void and pool of 

aintaring •••i•tant agent can be obtained, 

10 Kor• •pacifically, by uaing coated diamond powder on 

which the above described s.lntaring •••i•tant a;ent ie 

coated, unifo.rm melting or infiltration of the aintering 

•••i_•tant agent occurs, •o that •intering become• poa•ibla 

under euch a condition that 1• otha::cwi•• not •uitabla for 

15 •interinq, and hence a diamond aintered body having high 

diamond content, high •~r•nvth and high wea~ •••!•ta.nee 

can be obtained. 

Hera, any of Pd, :re, co and.·Ni may b• ua•d a• tha 

aintering assistant agent for th• diamond powder by 

20 it••lf. However, it waa found 1;.hat when the aintering 

a1aia"tant agent include• Pd in addition to at leaat one of 

I'•, Co and Ri, malting point of the aintering a11i1tant 

agent lowers and eintering property of the diamond powder 

1• remarkably improved. Hen, if the aontent of Pd in the 

25 e1nter1ng •••1etant agent is •maller than 0.01 percent by 

- 9 -



[ RECEIVED 11/ZB l~:Z3 1995 AT 535·~8&~ PAGE 13 (PRINTED PAGE 13) l 
·• ss-11-2e:o3:08PM:FUKAMl_PATENT_OFFICE :o& 361 1516 I 13/ 51 

' 
THIS SHEET HAS BEEN 

REPLACED 
···~.--=:.=============..I 

weight, auffieient effect of lowerinq th• melting point of 

the aintaring aaaiatant agent cannot be obtained. By 

contraat, if the content of Pd exceed• 40 pa~cent by 

we1Qht, the melting point of the eintering aaaiatant agent 

5 tends to incraaae, degrading •intering property of tha 

diamond powder. In other woxda, the content of Pd in the 

aintering aaaiatant agent 11 preierably within the ranva 

from 0.01 to 40 percent by weight. 

l'urther, the eintering aaaiatant agent abould 

10 preferably he included by at l•a•t 4 peroent by ww1ght 

when tha coated diamond powder coated with the aint•rinq 

aaaietant agent ia to be sintered, in order to prevent 

•hortaqe of the aintering ae1istant aqent, which shorta;e 

aubatant!ally make• alntering of diamond powder 
. . 

15 impoeeibl•· ~ tha other hand, th• content of •intering 

aaaiatant agent •hould preferably be 20 percent by volume 

at most, e1nce waar-raaiatanoe of the aintered body 1• 

remarkably degraded a• the diamond content lowara if the 

•1nter1n9 •••1•tant agent in th• diamond •lntarad body 

20 excead1 20 parcent by volume. 

Similarly, when ainta~lng o! coated diamond powder 1• 

ta be performed with additional •1ntarin9 •••i•tant agent 

brought into contact with th• powdar compact body of th• 

coated diamond pow(ler, th• amount of •intaring •••1atant 

25 ·agent coating the diamond particle should preferably be at 

- 10 • 
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leaat 0.1 percent by volume. !'ha reaeon for th1• ia that 

if the amount of coating of the ainterlng aaaiatant agent 

11 amaller than 0.1 percant by volume, uniform coatin9 by 

the aintaring a11iating a;ant on the surface of the 

5 diamond particle became• difficult, making uniform 

infiltration of the additional 1!nterin9 assistant agent 

impoaaible. on the other hand, the amount of coating of 

the a1nt•xing asaiatant agent should preferably be at aoat . 
19.9 percent by volume. Th• re&•on for this !a that after 

10 aintaring while 1nf iltrat1ng additional 1intarin9 

a••i•tant agent, if th• aintar1ng •••i•tant agent ln th• 

sintered body exceed• 20 percent by volume, diamond · 

content i• lowered, and hence wear-re•i•tanca of the 

sintered body £1 eign1ficantly degraded. 

15 All a m,athod of prc>v1d1n; coating o! th• •interin; 

aa11atant agent on each particl• oi the diamond powder, 

CVD J19thad, JVD m•thod or •olu1:1on precipitation mathoel 

may :btl poa•ible, l!Owav•r, eleatrolese plating method 1• 

moat preferably u1ed, f :rom economical view and f ram the 

20 cona1derat1on that unifoJ:mity of th~ •illt•ring •••i•tant 

agent coating th• •urf ace of the diamond particle pla19 a 

very important part in improving th• e1nter1n; property a~ 

the powdar·and in the strength of the •intared body. 

'llhen the 1intaring assistant agent 1• to be 

25 precipitated on tha surf ace of diamond particle by 

- 11 .. 
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electroleaa plating, mixing of impurity in the aintering 

•••i•tant •9•nt should ba prevented a• much a1 poaaibl•, 

in order to obtain hl9h diamond content after e1ntering, 

Considering th• faot that catalytic nucle• havln9 high 

eatalytic action mu•t exi•t on the eurf aoe of the diamond 

particle in the initial reaction of electrole•• plating, 

it is preferable that Pd exhibiting not only th• function 

of a 1!nterinw aaaiatant agent but al10 the catalytic 

action be coated firet on the aurface of the diamond 

10 particle. It wa1 found that by providing coating of a 

ainteril'l9 •••ietant agent including at l•a•t on• of Fe, co. 

and Bi with Jd serving aa catalytic nucleua, coated 

diam~nd particle coated with •interin; •••i•tant agent 

with •maller impurity can be obtained. 

15 Hera, it 1• de•irad that the amount of pJ:eoipitation 

of Pd on th• 1urfac• of the diamond partlale 1• at leaat 

10_. percent by weight. ~e naaon foi: tbl• 1• that i:f 

catalytic action 1• insufficient, eleatrol••• plating 

i:eaatlon becomes insufficient, making it difficult to 

20 provide coating of the 1intaring aaaiatant agent. On the 

other hand, the amount of precipitation of Pd should 

de•irably be 40 percen~ be weiqht at moet. The raaaon for 

thie 1• to prevent degradation of 11nte~lng property, 

which is cau••d by elevated malting point of the a!ntazin7 

25 •••i•tant •vent caused by excee•1va Pd •. 
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l'urther, it was found that if the aintering aa•i•tant 

agent inoludea at least one of Sn, P and B in addition to 

the iron family metal, Sn, P or B aenes to lower the 

malting point of the aintering aaaiatant agent, 

5 aiQnif icantly improvin9 aintering property of th• diamond 

powder coated bJ the 1interin; aaaiatant agent. 

A• for precipitation of I in addition to th• iron 

fa•ily element, a •intering •••i•t•nt ao•nt having • 

desired P concentziation can b9 pziacip,S.tated by ueing a 

10 hypophosphit•, for example •odium hypophoaphita •• a 

reducing agent in tha electrol••• plating 1olution, and by 

adjuat~ng concentxation of th• reducing agent 1n the 

plat~ng solution, pH of the plating solution and 

temperature during plating. Similarly, fozi precipitation 

15 of B in addition to the iron family element, a 1interinq 

aaa1stant a9ent having a daaired B concentration can be 

prec1p1tat•d by using a boron hydrid• compound auch A• 

aodium borobycUida, a• the reducing agen~ in tha 

electrol••• plating •olutlon, and by adjueting 

20 concentration of th• reducing agant in 'the plating 

aolution, pH of th• plating 1olution and 'the temperature 

during plating. xeanwh!la, Sn has supez:!ozi abeorption 

property with reapact to th• •uziface of the diamond powder 

particle. 'rherefore, it aan be directly absorbed to th• 

25 diamond particle surf ace from a tin chloride aolut1on, for 

- 13 -
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ezample. ::rurther, precipitation of Pd ••rvin9 as th• 

catalytic nuoleua aft•r absorption of Sn onto the diamond 

particle •urf aaa ae pra-proaeesing for elactrole•• plating 

(aenait!zinq activating method) or preclpltation of Sn and 

5 Pd eimultanaoualy (oatalyat accelerating method) ia 

preferable, since it promote• absorption of Pd at th• 

surface of the diamond particle•. · , 

At thi• time, if th• total content of Sn, 'and Bin· 

the aintaring aaaiatant agent ie small•: than 0.01 percent 

10 by weight, the effect of lowarin9 the melting point of the 

aint•rin9 aasiatant agent cannot ba obtained. By 

contraat, 1f it axcaad• 30 percent by weight, melting of 

di~d to·tha iron family metal which ••n•• ••solvent 

metal in the •1nter1ng •••i•tant agent at the time of 

15 eintering 1• h1ndered, •o that the bindln9 strength 

between diamond particles with eaah other b9come• lower, 

de9rading etrength of th• aintered body, and dagradinq 

thermal properties of tha •interad body. 'l'he total 

content of Sn, P and B should more preferably be within 

20 the range of 0.01 to 11.5 percent by weight. 

When th• diamond particle la to be coated with the 

•1ntering aaaietant agent by electroleaa plating, th• iron 

family •lament precipitated by •lectrole•• platin9 11, in 

moat caae•, pracipltatad •• an oxide. If •int•ring 1• 

25 perf oz:med ualng sintering assistant agent including an 
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oxide, oxygen darived from tha oxide may possibly venerate 

void• in th• aintared body, and 11: may hinder :ulting and 

precipitation reaction of diamond in the •interinq 

•••i•tant agent ••rving a1 the aolvent. ~arefore, it may 

5 dagrada the property of the diamond •intered body. In 

order to prevent such undesirable effect by oxyqen, the 

coated diamond powder after elactroleee plating •hould 

preferably be reduced by heat traatllent in vacuum or in 

hJdrogen atmoephare. 

10 
. 

It was found that when electrol••• plating 1• 

perfoxmed on the dtamond pOwdar, t.ha dlamand powder can be 

coated unif oX'lllly by the aintering aaa1atant agent i! the 

plating •olution includinq the diamond powder is 

fluctuated by at least one of stirrino and ultrasonic 

15 vibration. 

rurther, in order to obtain diamond aintared body 

having hJ.gher density, it 1• praterabla to perform heat 

treatment at.high tmnperatura on the diamond powder under 

•uch condition that make• diamond in•tabla •o that th• 

20 diamond particle• ara pa%'t1ally turned to graphite f~O. 

the au~faca, to coat th• partially graphlt11ed diamond 

particle with the •1ntering •••i•tant agent and to perform. 

ainter!ng thereafter, or to coat the diamond powder witb 

the a!ntering aasiatant a9ent, to turn th• coated d1aaond 

· 25 particle into graphite pa%t1ally from the •urface and then 

- 15 -
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perfoni ainterin9. 'rhe reaeon for thi• 1• a• followa. 

Diamond powder i• not ausceptible to plastic dafoJ:11U1tion. 

T.h•r•fore, even under high pre••ure, apace• tend to remain 

between diamond particl••· However, if th• am:face o:f the 

5 diamond particle 1• turned into graphit•, the 9raphit• 

portion ~• more •u•aeptibl• to pla1tic deformation, and 

hanaa density of the sintered body can be aubatantially 

improved. Purther, conaiderin9 melting of carbon and r•­

prac1pitation in the •intering •••i•tant agent during 

10 •intering, speed of reaction of graphite i• faatar than 

that of diamond,·and hence a1ntering property 1• 1,mproved 

if the diamond surface ia turned into graphite. 

Prom these rea1ona, it would :be understood that 

diamond •1ntered body having hi;her den11ty could b• 

15 obtained if the diamond surf ace 1• partially turned to 

graphite. At th1• time, if the.ratio of graph1tisat1on of 

diamond particle i• aallu than o.5 percent. by volwne, 

d•n•lty of the •intered body i• haJ:dly 1JaproV9d. 

Meanwhil•, if the ratio of g~aphitization of diamond 

20 particle axceeda 80 percent by volW.., turning of graphite 

to diamond during eintarinv under auch high pre••ure and 

high temparatura that k .. p• diamond etabl• becomes 

imperfect, raaulting in graphite left in th• diamond 

ainte:ed body. Therefore, preferable range of partial 

25 graphitization of diamond particle 1• 0.5 to 80 percent by 

- 16 -



[ RECEIVED 11/28 1~:28 1995 AT 535~~86~ PAGE 28 CPRIKTED PAGE za> l 
·- 95-11-2s;oa:oePM:FUKANl_PATENT_OFFICE :06 361 1516 I 20/ 51 . 

volume. 

THIS SHEET HAS BEEN 
REPLACED 

'-=========· -··· 

Now, 1! th• above described diamond sintered body is 

to b• obtained, it i• poaeible that varioue material• are 

mixed in amall quantity. •or example, th• aoated diamond 

powder ia 9enarally filled in a container formed of a 

cemented carbide or a refractory metal and aintared. 

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

container or carbide thereof may po11ibly be mixed in the 

sintered body. However, 8V9n if auch material is mixed in 

10 th• •intered body, auch material 4oe• not aauee any 

problem provided· that diamond content in th• •in'l:•red body 

i• within th• ran9e of 80 to 96 percent by voluma. 

Similarly, even when additional •intarin9 •••i•tant 

agent i• brought into contact with the powder compact body 

15 •• aapplament to the aintering •••1•tant agent in the 

coated diamond powder and infiltrated to ~· powda~ 

compact body dur~n9 •intar1ng, it doe• not cause any 

problem provided that the diamond content of th• •intered 

body i• within the range of 80 to 96 percent by volume. 

20 As for the oompoaition of additional •int•rinq eaaiatant 

agent arranged in contact with auch powd•r cc:mipact body, 

•imilar composition• •• tho•e for th• aintering assiatant 

agent u•ed for coatin9 of the diamond particle may be 

uaed. 

25 DBSCRIPTIOR OF '.rHB PRBJIRJU:D BMBODIKBKTS 

- 17 -
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(Bmbadiment 1) 

'!able 1 

Powder Diamond Method of Contoat ot Campoaldon of alnterlq aulatant 11ut 
aaoaple partlc1o apP11ai lhiterlaa (wt.9') .. alDtorlas auloatqmat 

(j&olD) Ullltut gent CvaL•) 

1A CU·4 e1edrolau 6.0 m-co, 0.05.Pcl, 3.9!-Pe, 3-P, 0.1..Sa 
DJatiM 

11 0.1·4 e1KUo1eu 13.0 92JJ.Co, O.OS.Pcl, 3.95-Pe, 3-P, G.1-SA 
P1adu 

1C 0.1·4 cledroleu 26.0 92.9-Co, OJJS.Pd, US.Pe, 3-P, 0.1-h 
Dlatlaa 

m 0.1·4 PVD 6.0 92.9-Co. O.OS-Pd. ~Pe, 3-P, 0.1-111 

m 0.1-4 PVD 13.0 92.f.Co. O.OS-Pd. 3.9$-Fc. 3-P. 0.1-Sa 

1P 0.1·4 PY» '6.0 923-Co. 0.(13.Pd, 3,,,,_Pe, 3-P. 0,1-Sa 

10 0.1-4 .mbdqulera 6.0 100-Co 
fiAe pOWdcr 

Di Q.1. 4 mbdaguhra 13.0 1QG.Co nu __ . ..:_ 

u D.1·4 mhdaaultra 26.0 100-Co 
Ille..,.....,.:... 

u o.i·.4 aementecl 6.0 25.CO. 75-WC 
arbldeblll • 

UC 0.1-4 cemented 13.0 25-Co, '1.5-WC 
cub1dll ball 

mDl 

1L CU· 4 cemented 2.6.0 25-Co. 75-WC 
cuhlde bill 

miU 

Table 1 ehowa various powder amnpl•• prepared for 

atudyin; influence mainly of the method of applyin9 

a1ntering •••1atant agant, content and composition on 

mechanical properties of the diamond sintered body. Mora 

- 18 ... 
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epeeifically, powder aampl•• 1A to lL ahown in ~able 1 ara 

all raw material dimaond powders having the particle 11•• 

within th• range of 0.1 to 4 sun, while the method o! 

applying aintering a111atant ag•nt, content and 

5 composition are changed variously. 

For the samples lA, 18 and 1c, th• followino process 

wa1 performed to coat diamond powder particle• by th• 

aintering assistant agent by electrolees platin;. First, 

diamond powdeJ: wa• degreaaed in alcohol. The deqr•a•ed 

10 diamond pOWder wa• oleaned in flowing water, cleaned in 

h~chloric acid aolution of 5 percent by wwlght, and 

than aqain cleaned in flowing water. 'lh•·dilUILOnd powder 

thue cleaned waa immeraed far one minute i~ a •olution 

including atannou• chloride and hyd:cochloria acid in room 

15 temp11%atur• •• pre-proceaaing, •o a1 to cau•• abaoxpt1on 

of Sn at the aurface of th• di.mend particle• 

(eenaitisinq). ~• ••n•iti•ed diamond powder wa• washed 

by water and thereafter J.mmar•ad for one minute J.n 

hydrochloric acid •elution containing palladium chloride 

20 at a room temperatuxe, and thu• Pd wa• precipitated at the 

•urfaae o! the diamond particle• (activated). 

!'h• activated diamond powder wae washed by water, and 

thereafter immaraed for a preecri~ed time period in a co­
re-• eleoti:olee• platinq •olu~ion held at 7S 0 c, oontaining 

25 cobalt aulfate, i~on 1ulfate and aadium hypophoephite. 

.. 19 -



C RECElllED 11/28 11!:31 1995 AT 535-'lllM PAGE 23 (PRllTEO PAGE Z3> l 
·.: 95-11-2B:03:0BPM:FUKAMl_PATENT_OFF"ICE :08 381 1518 ' 23/ 51 

• 

~EET H,;;; BEEN I 
'~PLACED 

~h• longer,the time of immeraion in the alectrol••• 

plating aolution, the larger the amount oi aintering 

aaai•tant agent coating the 1urface of the diamond 

particle, and th• larger the content of the sinter1n9 

s •••i•tant agent in the powder sampl••· In the •tap of 

electroleaa platino, th• pre-plating aolution and plating 

•olution 1'9%'• •ti:r:rad and at ~. same tJ.m.e, •ubjected to 

ultra•onic vibration. !he coated diamond pawda: which wail 

eubjeoted to electrol••• plat.1.n9 in thi• manner wae 

10 cleaned, the surface of di11D10nd particle• was partially 

9raphitisecl by heat treatment in vacuum at 1000 •c for 60 

minutes, and collected, whanby the coated powder •ample• 

lA t~ lC havino 1uch content and cmnposition of the 

1interin9 a1aiatant agent •• •hown in Table 1. were 

15 obtained. 

For the eaapl•• 1D ta lP,·the e1ntering aaaiatant 

agent ha• the •am• compo•itlon •• tho•• fo~ the •ampl•• 1A 

to le. However, coatin9 af the sintering •••i•tant agent 

wae perfo:z:med in aaco:r:dance with an ara ion plating 

20 method. Kon •pacifically, the •11\tering •••i•tant agent. 

i• applied to the aurf aae of diamond powder _particle• by 

ara ion plating method in which a tarr•t aorresponding to 

the aompoe1t1on o! the •interin9 •••i•tant agent and a 

bia• Yoltap of 350 V were uaecl ln an ar9on atmosphere of 
• 

25 1 x 10·2 torr. 

- 20 -
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~or sample• lG to 1I, ultra fin~ Co powder having the 

particle •ize of 500 l wa• uaecl as the aintaring •••iatant 

agent. Diamond powder and ultra fine Co powder 

corraaponding to th• preacribad content were put in • ball 

5 mill container fo:cmed of 'l'ef lon which contains mixing 

ball• formed of Teflon. The powder• wam mixed for 4 

houra, whereby the mixed powder eample• lG to lt were 

obtained. 

In preparing the sample• 1J to lL, diamond powder waa 

10 put in a ball mill having mixing ball• and a container 

formed of cemented carbide we-co and th• ball mill wa1 

driven for a prescribed tima period. During th• driving 

of tha cemented carbide ball mill, the cemented carbide 

powder acraped o!f from the mixing ball• and the container 

15 were mixed •• aintaring •••i1tant agent to the diamond 

powder. The eont•nt ot the c_.nted CU'bid• powder mixed 

1n the diamond powder aan_be adju•~ed by chan9ln9 the time 

of driving the cemented carbide ball mill. 

'the powder aample• 1A to lL shown in Tabla l were 

20 each ... 1.d 1n a container !oJ:med of tantalum, kept at a 

pre•aure o! 50 kb at a temperature 1400°C for 10 minutes 

by uaing a belt type high preaaur• apparatus, and thu• 

sintered. ~ahl• 2 •howa diamond cont•nt and 

waar-raaiatance of the diamond ainterad body aanpl•• 

25 · obtained in this manner. 

- 21 -
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If able 2 

Slntcnd bodJ Dlamaad coatat fllllkwar 
samplD (vol.9') (IUD) 

2A 93.8 31 

28 16.9 '5 

2C '14.2 131 

2D 92.3 
. • 

:m 86.8 
. . 

2P '" 
. 

d 

20 .mterm not poulble 

2H 86.7 
. ,, 

21 74.0 dlllllRecl 

21 slnterbm not amalbla 

2IC ..... DOt paulbt. 

2L m 142 

Sintered body •ample• 2A to 2L of ~able 2 ar• 

obtained by •intering powder samples 1A to lL ahown in 

Table 1. All aan be seen from ~abl• 2, in aamplaa 20, 2J 

and 2X, the amount of aintering aeaiatant agent ia 1mall 

end diatribution thereof is not un1f o:aa. Since uniform 

25 -lting of einterlng aaaiatant agent did not occur_ 

entirely in the diamond powder, a1nter1ng was 

inau!!ic1ent, and hence complete einte~ body could not 

be obtained • 

.Meanwhile, sample• providing aompl•t• sintered bodies 

30 ware processed to be cuttino toola, and perfo:r:mance wa• 

- 22 -
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evaluated under the following cuttin9 cond1t1ona. 

work pieces a round ba: of Al-16 wt ' Si havinv six 

grooves on the aurface along the axial direction. 

Peripheral aurfaoa velocity of th• work pieae1 500 

(m/minJ 

Byte cuttinv daptha o.s (mm) 

Byte faadinq •peeda 0.12 (mm/rev) 

cutting times 3 (min) 

'l'h• f lanlc wear of the tools a1 a re1ult of cutting 

10 teat were aa ahown in 'l'able 2. Al can be aaen from Tabla 

2, •interin9 11 po11ible in ainterad body eampl•• 2A and 

2B in accordance with the pr•••nt invention even when the 

amount of ainterin; a11istant agent 1• •mall. 'rherefore, 

tools having high diamond content and auperlor 

15 waar-reaiatance can be obtained. Further, aince th• 

a!nterad body aamplee 2A and 28 have unif ozm ainta:r:ed body 

texture, they have high •t:r:ength, and it become• apparent 

that they have good 4ama;e :re•i•tanc• •• cutting toole. 

By contra•t, it 1• apparent that •intered ~ody 

20 •ample• 2C and 2L having low diamond content are inferior 

in wear-re•i•tance. O! th• a1ntered bodr.texturee of 

eample• 2D; 21, 2r, 2H and 21, uneven distribution of 

eintering assistant avant ganeratad in·the PVD method or 

Co pool• derived from a99ra9ation of ultra fin• Co powder 

25 were observed, which pool• lowered strength and hence 

- 23 -
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caused dama9as to the e!ntered body during cutting. Thu• 

the ainte:r:ed bodie1 could not be used as the cutting 

tool1. 

(Embodiment 2) 

- 24 -
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Table 3 ahawa varioua powder aampl•• prepared for 

atudying inf luanca of the method of applyinq •intaring 

aaeiatant agent, composition and condition• of alaatroleea 

plating on mechanical properties of th• •interad bodies. 

For 1ampl•• 3A to Jc, the surface of diamond 

particles wa1 partially 9raph1t1zed by heat treatment in 

vacuum at 1&50 °c for 30 minute1, than diamond powders 

were daqreaaed and 1ubjected to acid alaaninq in th• 

· 11milar manner aa Tabla 1 and thereafter th• diamond 

10 powder• were eu!>jected to •urface activation, in order to 

coat the diamond powder partial•• by einter!ng a1aiatant 

agent by electrol••• plating. Thereafter, the diamond 

powders were immar•~d in an Bi-P elaatrole•• plating 

solution containing nickel •ulfate and aodium hl'Pophoahite 

15 and held at 60°C. Durinq th• •tap of electro!••• plating, 

the pre-plating aolution and the plating •olution ware 

fluctuated by •ti~rln9 and ultra•onic vibration. 'J.'ha 

composition of the ainte~in; assiatant agent wa1 adju1ted 

by changing pH of the plating aolution. 

20 Sampl•• 3D to 3F were prepared by elect:tol••• platin9 

•imilar to samples 3A to 3C. However, fluctuation by 

atirring and ultrasonic vibration wa• not appli•d to th• 

•lectrol••• plating solution • 

.b for •ample 3G, diamond powder wa• put in a ball 

25 mill container !o:r:med of ~•f lon containin9 mixing ball• 

- 26 -
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foJ:med of '!af lon, together with ult~• fine Hi powder 

having th• powder •i1• of 200 .1, and.mixed for 4 houri. 

'l'he powder samples of '!able 3 were each sealed in a 

c:ontainer of XO and sintered for 15 minute• at a preeaur• 

5 of 45 kb at a temperature of 1350°~ by u1ing a belt type 

high p1:e1aure apparatus. Various propertie1 of th• 

aintered body 11111pl•• obtained in this manner are •• ahown 

in '!able 4. 

'!able 4 
10 

Slatend Diamond Compodtioa of liateriag 'l1nc point 
bodf coateat ualltallimpntlftcr bcnctiq 

ample (wol.'I) llaterlaa -~ (wt.9') ~---1 

4A SJ0.9 97·NI. O.S-Pd, 2-P, 0.5-Sa · 2153 

15 4B 90.8 19·NI. DJ.Pd. 10-P, 0.5-Sa 254 

4C 90.9 64-Ni. 0.S-Pd, 35-P, 0.5-Sa 19S 

4D P0.7 !n·NJ. U-Pd. 2,.P, o.5-SD 179 

4E 90.8 89-MI. CJ.5..Pd. 10-P, o.5-sa 1G4 

• 90.9 G4-NI. O~Pd. 35-P, 0.5-Sa 1G 

20 40 ~--~ 

'!he einte:red body •ample• 4A to 4G shown in Table 4 

25 were obtained from powder samples 3A to 3G of Table 3. 

However, similar to the sample 28 of 'l'able 21 locally 

unainterad region& were generated !n •ample 4Q, and 

aomplate 1intar•d body aould not be obtained. 

- 27 -
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Th• aampl•• from which aomplet• •intered bodi~• ware 

~btained were each proc••••d to a bar-shaped sample piece 

of 6 x 3 x 0.3 mm, and thereafter atrength thereof waa 

evaluated by th~e point bendinq teat with th• •pun of 4 

S mm. A9 a re•ult, a1 can be 1aen !ECD Tabl• 4, it 1• 

apparent that aamplee 4A to 4C have improved atrength• 

than aampl•• 4D to 4P. Kore 1pecifically, •• the plating 

solution was atirrad and aubjected to ultrasonic vibration 

during alactrolaaa plating of diamond powder, unifo:cn 

10 coating of eintering asaiatant a9ent wa• formed on the 

diamond particle•, defect• in the diamond a!nterad body 

were reduced and hance atren;th of the aintered body waa 

ai9nifioantly improved • 
. 

-Furth•%, in view of th• fac~ that aampl•• 4A and 48 

15 have higher etran9th than •ample• •c·and 41', it was found 

that when sintering •••i•tant agent includes P and sn, the 

total content thereof ehould deairably be in th• ran;• of 

0.01 to 30 percent by weight. l'urthez-, it wa• found that 

when the aintarin9 aasiatin9 agent includes D, the de1ired 

20 content thereof i• from 0.01 to 30 percent by weight. 

( Bmbodimant ! ) 

- 28 -
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Table 5 

PoWder Diamond Amouatol Compotitlga of co1dq Omlpol.ltJoa 
1&111ple partldo coaUoaof llaterins ualatut ... of additioaall 

aize slatlliDg (wt.Cl) linterlag 
(!'Ill) 111i1tlld 1ui1t1at 

apat apat 
(vol.95} Cwt.f&l 

SA 2·3 0.1 92.0-NI. 7.0-Pd. 1.0.S. ~Ni 

.m 2.3 0.1 n.D-NI. 7.0.Pcl, 1.D-Sa f8..NJ, 2-B 

.5C 2·3 0.1 92.0-M, 1.o-N. 1.0& 89-Nl.11-B 

5D 2.3 0.1 92.0.NI, 7.o-Pd, LO-Sa '19·NI, 21·8 

SB 2.3 0.1 92.0-Nl, 7.0-Pcf. 1.0-Sa 66-Nl,34-B 

~abl• 5 ahowa variou• powder •mDPl•• prepared for 

atudyin;·in!luenc• of compo11tion of additional •1ntering . 
•••i•tant aqent on th• atrength o! th• aintared bodies, 

15 when.th• additional 11nter1ng •••11tant agent which 1• 

brought into contact with coated diamond powdar compact 

body 1• infiltrated into the powder compact body durinq 

1interin;. 

!'or aampla8-SA to SB, diamond powder wa• degreaaed 

20 and subjected ~o acid cleaning in the aimilar manner as 

'l'able 1, to coat th• diamond powder partial•• by the 

•intering •••iatant agent by electrol••• plating. 

Thereaft•r, c:atalyating was parfoz:med •• pre-processing of 

electrolesa plating, by imm•x•ing the diamond powder in a 

25 •olutlon oontaining palladi\111\ chloride, etannou• ahlo~Ld• 

and hydrochloric aaid for two minute• at a room 

- 29 -



[ RECEIVED 11/ZB 1~:37 1995 AT 535-~B&~ PAGE 33 (PRINTED PAGE 33) l 
.• ss-11-2e:o3:0BPM:FUKAMl_PATENT_OFFICE :06 361 1516 # 33/ 51 

THI~ SHEET HAS BEEN 
REPLACED 

temperature. '.fhereafter, accelerating of the diamond 

powder wa• perf OJ:'l\Uld by 1mmar1ing th• powder in a aulfur1c 

acid aolution for two minute• at a room temperature. 

'lhe pre-proc••••d powder• ware washed by water, and 

5 thereafter immersed for two minute• in an Hi-B plating 

solution including nickel aulfate and •odium borohydrid• 

at 90°c, and thus coated diamond powder• including the 

coating •intering aaai•tant agent having •uch aompoaitiona 

and amounts as 1hown in Table 5 were obtained, Durin; 

lO these •t•P• of alkali degraa•ing, acid cleaning, pr•­

procea11ng and plating, while the diamond powder• are 

immersed in th• aolut1cma, the •olut1ona were fluctuated 

by atirrin9 and ultrasonic vibration. 

- '.fh• coated diamond powders \fare molded into powder 

15 compact bOdiea, and metal plat•• having auch compositions 

as •hown in Table 5 war. ataaked a1 additional sinteriftf 

•••i•tant a9911t and eeal•d into • container of Ta. '!he Ta 

container waa held at a preeau:r:e of 60 Jcb at a temperature 

of 1550 °c for 10 minutes by u•inq a 91rdle type high 

20 pre11ure apparatu•, and sintered body amnpla• auch •• 

ahown in Table 6 were obtained. 
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!l'abl• 6 .. 

Slatcrod Diamond Total cxmtcat ot Sil and B Stnqthot 
body COllteAt la tlnttrhtl uslltaat .,m .mtOlld body ·-· ('9019') (wt.9') - -- .... , 

6A 85 O.oo5 1fJ1 

68 85 139 234 

6C as u.o 222 

Q) 85 20.0 a 
68 85 33.S w 

The sintered body samples 6A to 6B shown in Tabla 6 

were obtained from powder 1ampla1 SA to SB of Table ~. 

15 Bach of the 1intarad body •ample• -•• p~oc••••d to a bar­

•hapad aampl• piece of ' x 3 x o.3 mm, and ltrength 

the~of wa• evaluated by three point bending t••t with the 

•pun of 4 m. 

All can be 1aan from Table 6, it J.• awarent that 

20 1ampl•• &B, &C and SD have imp.roved •t:r:ength than ••mplea 

6A and &JI. Kore 1peoificall;r, J. t can be underatood that 

when the additional 1intering aaaiatant agent include• a, 

the content •hould preferably be in the ranua of 0.01 to 

30 percent by weight. Further, it wa1 found that if th• 

25 additional •intering aaeiatant agent includes P and sn, 

th• preferable content thereof i• from 0.01 to 30 percent 

by weigh't. 

(Bmbodiment 4) 

- 31 .. 



[ RECEIVED 11/ZB 1~:39 !995 AT 535-~B&~ PAGE 35 <PRINTED PAGE 35) l 
.• 95-11-2B:03:DBPM:FUKAMl_PATENT_OFFICE :DB 361 1516 ' 35/ 51 .. 

5 

10 

15 

20 

Powder Dlamolld 
umple putlole 

aile(,Lm) 

7A 1-2 

78. 2·8 

1C .s • 15 

7D 1·2 

7B 2-8 

7P 5.15 

10 1··2 

7H 2·1 

11 5 ·IS 

71 1·2 

'1K 2·8 

7L s · l.S 

'l'abla 1 

Mothodol Colltcnt of 
applJlnl amteriaa llllllatut 
lla&cdaa c=:, aulstant 111at 

electraleu s.o 
platlq 

eJectroleu 5.0 
t>ladu 

c1oclrol• 5.0 
ulatlaa 

CVD 5.0 

CVD 5'1 

CVD 5'1 

mblag uJtra Bu s.o 
pOwder 

mlxlna ubra ftno .s.o . 
--··~ 

mldaaultrafiu 5.0 
pawde&t 

comeated 5.0 
cublde ball mill 

Coma.ted 5.0 
Cl1'bJde bill mill 

cemeatecl 5.0 
carb1de ball mDl 

THIS SHEET HAS BEEN 
Rt: PLACED 

CompOlltioa of abllering 
uliatut lgCJd 

(wt.9'} 

99.G-Co, 0.1-Pd, 0.3-Sa 

99.6-01, 0.1-Pd, 03-Sn 

99.d-Co. O.l·Pd, 0.3-SD 

99.6-Ca, O.l·Pd. 0.3-Sa 

9'.6-Co. 0,l•Pd. 0.MD 

19.c;.eo, OJ.·N. 0.3-b 

10D-Ca 
. 

too.co 

1CJO.Co 

15-Ca, 85-WC 

1S-Ca, 15.wc 

15-CO, 85·WC 

~able 7 •howl var1ou• powder •ample• prepared for 

atudying lnf luanae of the raw material diamond particle 

aiaa, method of applying 11nterin; •••i•tant agent and. 

compoaition on machanical proparti•• of the sintered 

bodies. 
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Por aampl•a 7A to 7C, catalytic layer for electrol••• 

plating waa applied to the •urface of diamond powder 

particle• in th• •imilar manner as in Bmbodiment 3 •o •• 

to coat the diamond powder• with •inter1ng aaeiatant agent 

5 by eleotrole•• platino. 

The pra-procaaaed diamond powder was waahed by water, 

and thereafter immersed in a Co electrolaa1 plating 

solution containing cobalt chloride and hydrasiniwa. 

chloride and held at eo•c, and thu1 co coating waa 

10 provided on the eurface·of diamond particles. During pre­

processing related to alectrole•• platin9 and during 

plating, the aolution1 together with diamond powder were 

fluctuated by stirring and ultra•onia vibration. 'rhe 

elaotrol••• plated d1ai1ond powder waa wa•h•d and 

15 collected, theJ:eafter heated in vaauwn at 1250°C for &o 

minutaa, ao that the 11ntering •••i•tant agent was reduced 

and diamond particle• vttr• paJ:tially 9raphitized fraa tha 

surface. As a result, powder aample1 7A to 7C havin9 such 

content and composition of aintaring •••i•tant agent aa 

20 shown in 'l'ahle 7 were obtained. fte amount of oxygen 

contain•d in the powder• of samples 7A ta 7C wa• 0.05 

percent by weight. 

ror •ample• 7D to 7r, coated diamond powder• havinq 

the aame eompoait:l.on o! •inter:l.n9 •••l•tant agent····••················--·······-··­

25 aample1 7A to 7C were fabricated by uain9 microwave plaama 
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CVD method. 

ror sample• 7G to 7I, diamond powders were put 

together with ultra fin• Co powder into a ball mill 

container formed of 'l'af lon including m1xin9 balls of 

5 Teflon, and mixed for three hour•. ~or aampl•• 7J to 7L, 

diamond powder. were put in cemented carbide ball mill 

container including mixing balls formed of caraented 

carbide, and the cemented carbide ball mill wai driven for 

a pre•cribecl time period, so that diamond powders mixed 

10 with cemented carbide powder war• obtained. A8 already 

da•cribed, the cemented carbide powder was acrapad off 

from th• cemented carbide balls and the container and 

mixed with th• diamond powdera. 

- Bach of the powder samples 7A to 7L ahown in ~able 7 

15 waa molded to • powder compact body, and a co plate was 

1tackad on the powder compact body and th• powder compaat 

body with the -plate •tacked wa• aealed in • container of 

cemented carbide. 'l'he cemented carbide contain•~ was held 

at a pr•••ur• of 50 kb at a temperature of 1soo•c for 15 

20 minutee by a belt type high praaaure appa~atu1, •o that 

th• ataaked Co plate wa• melt and infiltrated in the 

powder compact body during aintering, and a• a reault, 
. 

sintered body lamplea auoh as shown in Table 8 were 

obtained. 

25 
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Table 8 . 

Shateted Dlamond CODteat Compotltloa of alntmiaa l'lukwear 
bodt 

samplo 
(voL'*') ualltant eaoat after alatmlq 

-(wt.,.) 
(llJD) 

8A MS 99.88.CO, 0.03-Pd, 0<09-SG 88 

8B 88.3 99.85..CO. OJJ4.Pd, 0.11-SD 67 

BC 90.2 99S3-Co.O.Ol-Pd,O.OS-Sa blade chippiq 

SD 86.7 99.88-Co. OJD..Pd, OJ».Sa . d 

88 rtS VP.SS-CO. OJM.Pd, 0.11-Sn dam1pd 

8P m •SJ.Co. G.02-Pd, o.m.sa ~ 
80 lillterlu llDt pmslbto 

811 87.1 100Co 
. . 

81 90.0 100Co ..1-----d 

·11 '79.6 Sl.1·Co. 42.3-WC 211 

8& 19.8 ~'L7·WC m 
SL 8U 3!.!-Ca. 54.5-WC bJacle clalppfq 

-

~h• sintered body 1ampl•• BA to BL 1hown in Table 8 

were obtained from powder 1amplea 7A to 7L of ~able 7. 

In aample_ 8G, since the raw material diamond powder 

haa !in• particle• a• ahown in Table 7, apace between 

25 particle• i• narrow and mixed co powder i• not unifoD\ly 

d1•trlbutecl. Therefore, when Co plat• was a tacked on th• 

l)O'fCler compact body of th• mixed powder for infiltr•tion, 

infiltration proceed.ad unevenly in the powder compact 

body. All a result, unaintared portion• war• generated 

30 partially ln aample 8G and complete•int•red body could 
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not be obtained. 

Samples providinq complete aintarad bodi•• wa:.:a 

procas1ed to cuttinq toola, and performance thereof wae 

evaluated under the following cutting conditions. 

Work piaca1 round bar of Al-10 wt Ill Si having four 

9roova• along the axial direction 

Peripheral surface velocity of the work pieces 500 

(m/min) 

Byte cutting depths 1.5 (mm) 

Byte faadin; epeeda 0.2 (mm/rev) 

Cutting time1 160 (min) 

Table 8 •hows flank wear of sintered body amnpla• •• 

a result of cutting teat. Aa can be seen from ~abla B, 

ainta:r:ed body aampl•• 8D, 81, Bl', 8H and II includin~ 

15 pools of s1ntaring •••i•tant agent ware damaged at initial 

·&tage of cutting and continuous cutting wa• impo•aible. 

In ainterad body aamples BC and SL havin9 large diamond 

particle •1••• chipping waa obaerved at the blade of the 

tool durin9 cutting teat. A8 for •intered body sample• 8J 

20 and 8K having low diamond content, though theze wa• not a 

damage, th• flank wear w•• too large to ba practical. 

Meanwhile, 1intared body eampla• IA and 88 in 

accordance with th• present invention had •mall diamond 

particle alse, and uniform eintered body texture without 

25 void or Co pool could be obtained, and hence tha sintered 
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bodies had high strength and fr•• of ahipping or damage. 

In addition, it beoomea apparent that samples BA and SB 

have sufficient waar-raeiatance aa ahown in T&~l• 81 ainca 

they have auffiaiently high diamond content. 

(Embodiment S) 

'l'abl• 9 

Powder Coa.ditloaa for Amount ol eoadna Coadldou for Degrc•af 
aampla heat treatmeat of dnterlng heat trearmenc IP'apldtlr.atlaa 

of diamond mlatal: apac of eoatcd (voL9') 
DOWdet (vol.9') dJamond oowdcr 

9A MOCrC. '° mm. 4 heal treatment 5.3 
not aarlormed 

98 14.VC. '° mlo. 4 heat treatmeat .52.6 
aot - ed 

9C 1500'C, dO mla. 4 latll tnlbDelat 93.8 
JIGt portOrmed 

tD Uat treatment 4 lleat tnatmeat 0 - m>t ollformed 11.ot amfarmod 

OB Jaeat lraatmenl 4 12DD'C. QJ min. 5.2 
not - . 

gp heat tnatmeal . 4 WO'C,dOmbL 32.1 
m>t performed 

Tabla 9 •haws various powder amnplea prepared for 

20 atudying influence of the degree o! graphitization of 

dia.D10nd powder .on diamond oontent in the 1intarad body. 

In aampl•• 9A to 9C 1 . raw material diamond powder• 

having th• partiole size of s to 10 pm wae heat treat.ad in 

vacuum under tlw conditions shown in ~able 9 mo •• to 

25 partially vraph1t1ze.th• powder• from the 1urfaca of the 
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particlee. The partially graphitized diamond particle• 

we%'• coated by th• •intering •••iatant agent in the 

similar manner a• lmbodimant 1. 

In sample• 9D to 9•, raw material diamond powder 

particles having the particle ai~e of 5 to 10 pm ware 

aoated by the 1intering assistant aqent in the similar 

manner a1 in lmbodilllent 1, and thereafter the coated 

diamond particle• ware partially graphiti1ad. from th• 

surface under the heat treatment condition• •hown in !able 

10 9 in vacuum. 

The partially graphiti••d aoatad diamond powder• were 

molded to powder compact bodies, a metal plate of 100 • Co 

waa •tacked aa additional aintarlng assistant agent, and . 

than the powder compact bodies were eealed in a container 

15 of Mo and 1intared under a pressure of 50 kb at a 

temperatu~ of 1sso•c for 10 minutes. ~able 10 ahowa 

d~mnond contanta of the sintered body •ample• obtained in 

thia manner. 
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'l'able 10 . 

Shared body Diamond contc:at 
umplo (wt.•> 

5 lOA 94.4 

· lOB 95.1 

10C Danial 11Dterha1 (Gr leCt) 

lDD 92.2 

10B M.5 

10 10P M.8 

The sintered body •ample• lOA to 10P o! ~able 10 were 

15 obtain ad from powde:e •ample• tA to 9F of 'l'able 9. All can 

be aeen f%0JD 'l'abl• 10, it 11 appa:eent that aintered body 

•llDlP.l•• 10A, 108, 101 and 10F have higher diamond content• 

than •ample lOD. Meanwhile, sample 10C partially included 

remaining graphite (Qr), and hence complete aintered body 

20 could not ba obtained. 

Kore 1pecifically, the degree o! graphit1mation of 

the coa tad diamond powda:c ahould preferably ba in the •. 

:can;• of 0.5 to 50 percent by volume. 

(Embodiment 6) 
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Table 11 

Powder D.lamOlld Amouatof Amouat ot coadaa Compalldcm of slaterblg 
sampls pu~do abaorptloa of of 1ialerlag Uliltulqenl 

air.a Pd auJatutas• (wt.9') 

(•) (WC..9') (VOL,.) 

s llA 5 -10 5xio"' not precipitated 

111 .5·10 lacier' 5 . Pd-0.oB, Co-99.82, Sa-0.1 

UC 5· 10 8xtcr3 5 Pd-2.7. Co-'7.2. Sa-0.1 

11D 5·10 8.c1cr3 5 Pcl-38.7, Co-61.2. Sn-0.1 

llB 5-10 8xicr' s Pd-52.1. Co-47.S. Sa.-0.1 

10 

Table 11 ahowa variou1 powder aample1 prapared for 

atudylng influence of the amount of application of Pd on 

15 · catalYtic property in elaat%'0le1a plating·and 1interin9 

property of diamond powder at the time of 1intaring. 

For sampl•• 11A to llB, Pd wa• applied ta th• 

•urfac•• of diamond partial••, in th• •imllar manner •• in 

Embodiment 4, •o as to coat diamond powder pazticl•• by 

20 •intering •••l•tant agent by •l•ctrol••• plating. 

~hereafter, diamond powder part.icl•• ware •lectrola11-

platad by Pd, uaing •lectrol••• plating solution including 

palladiwa tetra chloride. Wurthar, diamond powder 

particle• were aoatad by co using an elactrolasa plating 

25 •olution containing hydrazine. 

AB a J:e•ult, •• •hown in '!able 11 1 th• amount of 

ab•orption of Pd at th• particle• of diemond powder was 

too •mall in sample 11A, •o that catalytia action ~Y Pd 
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wa• inaufficiant and co wa1 not aucce••fully precipitated 

at the aurface of the diamond particles. 

Bach of the powder sample• llB to llB coated with Co 

was :molded into powder aompact body and aaaled in a 

S container formed of cemented carbida. 'nle cemented 

carbide container wa• held under a preaaure of so kb at a 

temperature of 1soo•c for 15 minutes to perfoi:m •interin9, 

by u1inq a belt type high preeaure apparatu•. Sample 111 

containin9 much Pd did not re•ult in complete •intered 

10 body, as melting of th• •intering a1aiatant agent did no 

occur. xeanwhile, complete aintarad bodies could be 

obtaina4 from 1ample1 llB to 110. 

, In othar words, the preferable content of Pd in the 

aintering aaeiatant agent 1• within the rang~ of 0.01 to 

15 40 percent by weight. 

A• da•cribed above, acco~ing ta th• present 

invention, a-diamond 1intered body havin9 both high 

atrangth and hiqh wear-re1iatanc• can be provided, which 

can be preferably used for cutting toola, digging tools, 

20 drawing dice1 and waar-re•ietant part•. 

Although th• pr•••nt invention has been d••cribed and 

illustrated in detail, it is clearly under•tood that the 

••me i• br way o! illuatration and example only and ia not 

to be taken by way of limitation, th• spirit and 1cope 0£ 

25 the present invention bain9 limited only by the teJ:Dl• of 

the appended claimll. 
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1. A diamond aintared body havinq high atrenqth and 

high wear~reaiatance, compr1a1ng 

•intered diamond particle• of 80 to 96 percent by 

volwne and a remaining part of aintaring a•aiatant agent 

S and unavoidable impurity, 

said •intered diamond particle• havin9 particle •i•• 
•ubatantially in a ran;• of 0.1 to 10 ~m and directly 

bonded to each other, 

said sinterin; •••istant •o•nt including Pd within a 

10 range of 0.01 to 40 percent by weight and a• a remaining 

par~, at laaat one 1elected from Fa, Co and Hi. 

2. ~· diamond aintered body having high strength 

and high waar-re•i•tance acgording to claim 1, whe:r:ein 

••id •intering aaaiatant agent further incluclee at 

l•a•t one of Sn, P and B. 

3. The diamond •intered body having high atrangth 

and high wear-r••i•tance aGcording to claim 2, wherein 

•aid einterlng •••i•tant agent include• at laaat ona 

of Sn, P and B within a range of 0.01 to 30 percent by 

5 weight.. 
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4. A method of manufacturing a diamond sintered body 

having high strength and high wear-reaiatance, compriaing 

th• ateps of s 

preparing diamond powder having partial• 1l1e 

5 1ub1tantially within a range of 0.1 to 10 JllllJ 

precipitating Pd within a range of io·4 to '0 percent 

by weight on 11 surface of each partiale of said diamond 

powder, and thereafter alectroles1 plating a aintaring 

aa1i1tant aqent including at lea1t one of Fe, Co and Ri to 

10 the surface of aach particl• Of aaid diamond powder within 

a range of 4 to 20 percent by volume to prepare coated 

diamond powdar1 and 

under a condition of high preaaure and high 

temperature in which diamond ia stable, aintering 1aid 

15 coated diamond powder in 11quid-phaae. 

s. 'l'he Mthod of .manufacturing a diamond eJ.nterad 

body having high strength and high waa~-r••i•tance 

aaaording to claim ii, wherein 

eaid •intering aaaiatant agent further include• at 

5 lea•t one of Sn, P and a. 

&. ~h• method of manufacturing a·diamond •inter~ 

body having high atrength and high wear-r••i•tance 

according to claim 5, wherein 
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••id •interin; •••i•tant aqent include• at least one 

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

weight. 

7. The method of manufacturino a diamond •intered 

body having high strength and high wear-re11atanca 

accord.in; to claim 4, wherein 0.5 to 80 percent by volume 

of eaah particle of •aid diamond powder i• graphitised 

5 from it• aurface by heat treatment at a high temperature 

condition in which diamond i• inatabla, and thereafter 

•aid sintaring •••i•tant agent 11 ·applied •• coating. 

a. 'lb• method of manufacturin9 a diamond •1ntered 

body havin9 high strength and hlgb wear~r••i•tance 

according to claim 4, wherein o.s to 80 percent by volume 

of aaah particle of aaid coated diamond powder 11 

5. graph1~1••d from it• surface !)y haat treatment at a high 

temperature condition in which diamond ii instable, and 

thereafter •aid •intering in liquid-phase is performed. 

9. 'l'h• method of manufacturing a diamond aintered 

body having high atrength and high wear-resiatanca 

accorclifl9 to claim 4, wherain 

during 1aid alectrol••• plating, plating aolutlon to 

5 which ••id diamond powder ii immersed is fluctuated by at 
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leaat one of •tirring and ultraaonia vibration.· 

10. A method of manufacturing a diamond aintared 

body having high atrength and high wear-resistance, 

compriainq the steps of 1 

preparing diamond powder having partial• ai1e 

5 substantially in a range of 0.1 to 10 JUDI 

precipitating Pd in a range of 10·4 to 40 percent by 

weight on a eurf ace of each particle of •aid diamond 

powder and thereafter al•otrole11 piating a •interin; 

a~•i•tant a;ant 1noludin; at l•a•t one of Fe, Co and Kl to 

10 the eurface of each particle of •aid diamond powder within 

a ra~g• of 0.1 to 19.9 percent by volume to prepare coated 

diamond powder' 

15 

molding a powder compact body of •aid.coated diamond 

powderJ 

bringing into contact an a~ditional einterin; 

aaeistant agent including at l•a•t one of Pd, le, Co and 

Hi to aaid powder compaat bodyJ and 

•interin9 •aid powder compact body in liquid-phase 

while inf iltratin; aaid additional eintering aasiatant 

20 agent under a condition of high pressu~ and high 

temperature in which diamond 11 •table. 

11. 'lh• method of manufacturing a diamond sintered 
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body having high etren;th and high waar-resiatange 

according to claim 10, wherein 

said aintaring asaistant agent coatinq aaid diamond 

5 particle further include• at least one of Sn, P and s. 

12. ':he ll8thod of manufacturing a diamond sintered 

body having high •tren;th and high·waar-reaiatanca 

according to clala 11, wherein 

said •intaring aa1istant agent aoating •aid diamond 

5 particle include• at least on• of Sn, » and B within a 

rang' of 0.01 to 30 percent by volume. 

13. The method of manufactU%1ng a diamond aintared 

body having high strength and high wear-resistance 

according to claim 10, wherein 

0.5 to BO percent by volume of each particle of aaid 

diamond powder 1• g~aphitlzad from it• surface by heat 

treatment under a high tmnperatura condition in which 

diamond ie instable, and thereafter said •intering 

•••l•tant agent i• applied a• coating, 

14. 'l'h• method of manufacturinv a diamond sintered 

body havin; high •trength and high 1"1ar-ra•iatance 

according to claim 10, wherein 0.5 to BO percent by volume 

of each particle of said coated diamond powder 1• 
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5 graphitized from it• surface by heat treatment at a high 

temperature condition in which diamond is in1table and 

thereafter •aid •intaring in liquid-phase ia perfo%11ed. 

15. The method of manufacturin9 a diamond 1intared 

body having high atrenqth and high wear-re•i•tanae 

according to olaia 10 1 wherein 

•aid ~dditional_eintar!ng aaaiatant agent further 

5 include• at least one of Sn, P and a. 

16. The m•thod'of manufacturin9 a diamond 1int•:r:ed 

body having high atrength and high 1111ar~raeiatanc• 

acco~ing to claim 15, wherein 

aaid additional aintering ae1i~tant agent further 

S inaludea at lea•t one of Sn, P and B within a range of 

0.01 to 30 percent by weight, 

17. The method of manufacturing a diamond •intarad 

body having high strength and high wear-reei•tance 

according to alaim 10, wherein 

in eaid alactrol••• plating, plating •olutlon to 

5 which said diamond powder 1• 1mllier1ad 1• fluctuated by at 

least one o~ atirrin9·and ultrasonic vibration. 
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