1 *159159* SPECI FI CATI ON Narrow size-ranged single crystalline mnute

di anond particles and nethod for the production thereof Field
This invention relates to narrow size-ranged single crysﬁlﬂuﬂ @H‘Mmmm

di anond particles and, in particular, to di anond abrasi

espetially adapted for the super precisilon machi ni ng of hi ghtstighdness
subst ances and a conposite body such as a thin-filmnmagnetic head bl ank

that is nade up of materials f 0 Techni cal Background
Wih the recenf advance in %tﬁrﬁ @ri}e:lcﬂ@%&dgefgg}needs for dianond
abrasives are shifting to increasingly finer particles, such that subm cron
si.zes, or peartow|see-rangddl singicasredtaiins mainhier dikipand (plaﬂictdscmrdnmbﬁbd for tik nor e
and nore uses in many sectors of the industries. Al so demands appear to

ri se hi gher preductioy thegeof for the 15 properties and, in particular, size

di stribution of those mnute particles. D anond particl es’ﬂ’@&@mener ally

produced by converting non-di anond carbon in a static ul MWIIEMSUM
process to single crystals of dianond, which then are rted

by si ze. t %nheé\g,nydi fficulties in crushing-and-sorting peooesses,

this techni qﬂ"é MEBNE tF cannot provide particles smaller than sonething
around a 20 nom nal size of 0-0.1 mor a D50 particle size of 0.12 ,umor
so by M CROTRAC THiPAvewdbn atlates to Qarrdh sizetlargedsingle xoysealline hiihwie eanhende
been al so established on a commercial scale, whereby graphite or an

expl osi ve chentided and inopargeulan to eliathento abtasimel powslho especiatly eadapted yfnn tliec
conpression. The former product, converted fromgraphite, is called 25
Dupont di ano#aer mpgipien machiniag e highhardnesssubgtansas e@fP byompesilg bedpsedh a3 as a

car bon
thin-film magnetic head blank that is made up of materials different in hardness.
10 Technical Background

With the recent advance in machining techniques, the needs for diamond
abrasives are shifting to increasingly finer particles, such that submicron sizes, or
particles with a diameter smaller than one micrometer, find more and more uses in
many sectors of the industries. Also demands appear to rise higher year by year for the

15  properties and, in particular, size distribution of those minute particles.

Diamond particles are generally produced by converting non-diamond carbon in

a static ultrahigh pressure process to single crystals of diamond, which then are
crushed and sorted by size. With inherent difficulties in crushing-and-sorting processes,

this technique, however, cannot provide particles smaller than something around a

20 nominal size of 0-0.1 um or a D50 particle size of 0.12 um or so by MICROTRAC

UPA evaluation.

On the other hand some techniques have been also established on a commercial
scale, whereby graphite or an explosive chemical is converted to diamond under shock
wave or dynamic compression. The former product, converted from graphite, is called |

25  Dupont diamond, while the latter, which is prepared by using explosive as a carbon

source, is known as cluster diamond or ultrafine diamond. Both type diamonds are



source, is known as cluster dianond or ultrafine dianmond. Both type

di anonds are 2 widely enployed as an abrasive material in precision
machi ni ng .applications. As well known, such products from dynam cal
conpressi on processes generally consist of primary particles with a
dianeter of a fewto tens of nanoneters, shich are observed to collect or
j.oin together to form polycrystalline, secondary particles that 5 have an

appar ent di agRERTenN8ydd &laB abtA&Rk itedii g bFééﬁld?F m&@ﬂqﬁ%aﬁmaﬁ@nsa few
mcroneters. Thée Dupont di anond |s comercially avail , S|n1IarIy to the
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15 desi gnatlrgﬁr@ﬁetarsDBO average size of 0.12 ,um (120 nm by M CROTRAC UPA
eval uati on. si zes have been commercially avallable between 0.01 and 0.12
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i ncreasing the size range, e undersi ze conprises very 'm & particles
to a zerg si ze, which not onl% are usel ess for the machining but also can
even af fidct adv&l@é}lystewmme deseribed abgyens gy ailable as mé‘tga&mqu@@lm wdthjan g

| ower apparent D50 sj.ze eval.ugtion for the product than the |a
PP apparent part1gle size of a Tew rr?lcrometers which can be reduced by 1ntense ox1dat10n

to primary particles with a diameter of, it is said, 5 to 10 nm.

In those circumstances the smallest particle size available of single crystalline

diamond for abrasive uses appears to be 0-0.1 ym (100 nm) by nominal size

15  designation or a D50 average size of 0.12 um (120 nm) by MICROTRAC UPA
evaluation. No sizes have been commercially available between 0.01 and 0.12 um, in
particular, for this type of diamond, to meet effectively the increasingly complicating

needs in the high precision machining processes.

Moreover, while 0.25 #m and smaller size diamond powders may be available,

20 they are produced by collecting to contain the whole undersize particles present, as
indicated in a designation such as 0-0.25 or 0-1/8. Besides increasing the size range,

the undersize comprises very minute particles to a zero size, which not only are useless

for the machining but also can even affect adversely. The content of such minute
fraction results in a lower apparent D50 size evaluation for the product than the latter

20  performs actually.

On the other hand, the recent advancement in demands for the performance or

functions of optic, electronic, and precision machine parts etc. require the use of a



25 perforns actually. On the other hand, the recent advancenent in denmands
for the performance or functions of optic, electronic, and precision
machi ne parts etc. require the use of a 3 variety of materials, from
nmetals to ceramics to glasses to plastics. The manufacture of those parts
i ncreasingly involves the machi ni ng of cagrposite bodi es nade of several
materials different in hardness. Thin film magnetic heads (bl anks), for
exanpl e, consiest s MiteAalbBEmahstalt @6 c@XAMRBItE gladdes it€ pladticd0Bhd ahufacture of
protective-insulating filmof 5 ceram c such as alum na (A1233), and
magneti c fi |thosefpaperinedehaygly Fevdivgs the nseehihitsg of (drepdiite Boflies wieide ofissveraipng
favorite works for the abrasive process wth the dianond powder of the

i nvention. Thaterals diffarenhdn shardmess s ThiABSIm ahagnetiagimatls ¢blasks), Hfiers ekweple,

mai nly machined wth the polycrystalline di anond abrasives, produced under
shock-wave conpseseli arbase o, fori examplasilie (HldbobiC) grpeetive-nsdating hdmdefes s
difference of the head materials, netallic filmin preference to the rest

as bei ng °t hecesmicsyeh as alymina (A10:), gad imagsetic filrn ot pgrmallosEamE} §r sendust
roughness on_th rked surface, This can cayse a problem of pole, ti

recessi on (#F%fﬁ%ewlaabés £PBRE BRI Wﬂ@sﬁaﬂ o hEICgITosRSE it e iamnd
bhecones nore ab({ad &1 and i.n the end cones to a position 15 behind fromthe
rest of air %)évacfﬂg SAPYRE8  hat is made of ceramic materi al , thus causing
an increase in netic gap betwe he_medi um,and effective flight hejght.
The use of snall R EHLTE SiEectil ARShGE paRa8nElie seathasnReen dppip yetaguned
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ef fectivel Y unevenness or roughness on the worked surface.

This can cause a problem of pole tip recession (PTR): the pole tip, being the part
made of metallic film, becomes more abraded and in the end comes to a position
15  behind from the rest of air bearing surface that is made of ceramic material, thus

causing an increase in magnetic gap between the medium and effective flight height.

The use of smaller nominal size diamond particles may be regarded as a possible
solution for minimizing the level difference to occur within the surface because of the
difference in hardness between the materials of a thin film magnetic head. However

20 conventional abrasive particles (polycrystalline type diamond) comprise, besides the
effectively performing fraction, a significant proportion of smaller particles that are
limited in polishing performance. While those very minute particles do not effectively
abrade the harder part of ceramic such as altic or alumina, they abrade the softer part,

in particular, of metallic material such as permalloy or sendust.

25 In the case of the conventional diamond particles, while smaller size particles
can somewhat decrease the pole tip recession, selective abrasion becomes more
noticeable within the film of different metallic components than with larger nominal

sizes. It may may happen this way: As a thin film magnetic head blank is polished on a



abrade the harder part of ceramc such as altic or alumna, they abrade the
softer part, in particular, of netallic material such as permall oy or
sendust. 25 In the case of the conventional dianond particles, while

smal l er size particles can sonewhat decrease the pole tip recession,

sel ective abrasion becones nore noticealje within the filmof different
metal lic conponents than with |larger nomnal sizes. It may may happen this
way: As a t e fldppidprpnes)i whéteathrh) ankibisiveopdraled iOfedaby drippitiee stlaB&PI Ng
pl ate) where slurry of abrasive particles is fed by dripping, smaller
particl es rglaktidésorotichrb@idiegwedmibie headlamiglage] ahite thetbiger pdrdiclesrayeffective
particles, or effective fraction, becone fixed as being caught and partly
enbedded i n frdetiop) idceomei fitxelr abebeing cayght ped pyrtlyemilmdded in theeplae] insdrdergto
process. 5 Another problemin the polishing of thin filmmagnetic head with
convent i onalpropdrlygeaformyistilad palisbingipsoasssls i s that there are sone particles
remai ni ng stuck to the netallic filmof the air-bearing surface. This nust

be m ni mszed as Aﬁc{thélsprBQL%ﬁf Bl @e ?s%lislﬁﬁ‘% BE tifn RBESShRBALA daUohlémonithen
nmounted in a hard di sk drive and operated such di anond particles nmay cone

apart from tduggleeagtadihd @idnionids i€ 3hatSBER 4¥BYsohRNparBles IémiiRRgditedk o the
eventual |y cause a crush. There is a tendency with conventional single

crystalli ne retaitiorfilnabf thei areBeadringtsurfhdre Thisnnest tef mitiméded parfad ad psssibiecaseases
as the abrasive nom nal size decreases, so this type of abrasive could
hardl y be a teiigitipossiblerhazhmloss flpwe ¥¥hamnmofintedtih ashard kligkadtivec ke opearatddpol e
tip recession described above. 15 In such circunstances there has been a
subst anti al suelediamemdpartinies maphecenss spart from thebeadovhitedtiBies e$dree may ddng anhe
PTR and nunber of particles stuck to the head netallic film in order to
achi eve onehe disk & evassuallyradsect @yeh.-density of a fixed disk. Therefore one
of the principal objects of the invention is to provide a closely sized
s} ngl e crystal | iTierdiscarmndesy Witk lcempnéishal @ingld 636 iatline glidrhdid sbrpgiogothhd on
o ;

the number of stuck particles increases as the abrasive nominal size decreases, so this

type of abrasive could hardly be a solution for the suppression of both stuck particles

and pole tip recession described above.

15 In such circumstances there has been a substantial need for a novel abrasive that
could reduce effectively the PTR and number of particles stuck to the head metallic

film, in order to achieve some improvement in storage density of a fixed disk.

Therefore one of the principal objects of the invention is to provide a closely
sized single crystalline diamond particleabrasive, comprising little proportion of
20 harmful undersize particles, thus allowing a high precision machining of various hard

substances.

Another object is to provide such type of diamond abrasive especially adapted
for the machining of thin film magnetic head of composite body, which is made up of
differently hard components. And it can achieve an improved quality and low-PTR

25  finished surface as a result of effective suppression of both selective abrasion of softer

parts and stuck particles.

The inventors have found, and based this invention on, that: conventional single



20 harnful undersize particles, thus allow ng a high precision nmachining of
various hard substances. Another object is to provide such type of dianond
abrasi ve especially adapted for the machining of thin filmmagnetic head
of conposite body, which is made up of differently hard conponents. And it
can achi eve an inproved quality and | ow BIR 25 finished surface as a result
of -effective suppression of both selective abrasion of softer parts and
stuck parti cdr@fallidd@lismyedt D&V Véormiseda Abstakddepropbitioni BY &ty GRInAfR,
that: conventional single 5 crystalline dianond abrasives conprise a

subst anti al pgartigdey; or ematiér-stet yizérpmticks. [enfified &stheoprobatid kause yfdhs abeve
particles. ldentified as the probable cause of the above described

probl ens, a destrifledqrolguinst atutaladr sebstaitiahtlimmatibn ofi stichf frationdn thecdaunge afour se
of preparation of the abrasive results in both a decreased pole tip
recessi on armdemrgignpoéstbedabrasivk rasmitasinydofharat dedreased rpalé dipraedessipmgand
(polishing) of thin filmmagnetic head blanks. Disclosure of the invention
As the ofe duppIsEsed siuckiabmsivsopasiicles indhe mashiningopelishingeofthimfilvy megnsticc| e
abrasive of the jnvention, adapted for an high precision machining of
common 10 ndFéSPEWE? can be achieved by providing single crystalline

di anond particles prepared wunder static ultrahigh pressure conpression,

mcro pul verpzipg % shdshisshand sorting into subnmicron sizes. The
particle sizes distribution i1s elaborated to such that the D50 size val ue

equals to 120 nmor less and, preferably, 100 nmor less. The ratios of D10
and D90 val ues tAs 50 onal ofe ther prinelpalsolidcts olaserit®d sbaye, ity dlizamend? partivdeor
| ess, 15 respectively, said sizes being eval uated by nmeans of M CROTRAC UPA
size anal yZ9rasiveeef the Hevensioanadentedrdpi apahigh cPiecisionamichinigg ohe&ommaant i on
is especially adapted
P C10 I%{aterqz?lg, can be achieved by providing single crystalline diamond particles prepared
under static ultrahigh pressure compression, micro pulverizing by crushing and sorting
into submicron sizes. The particle sizes distribution is elaborated to such that the D50
size value equals to 120 nm or less and, preferably, 100 nm or less. The ratios of D10
and D90 values to D50 value are adjusted to be 50 % or more and 200 % or less,
15  respectively, said sizes being evaluated by means of MICROTRAC UPA size

analyzer.

Next, the second diamond particle abrasive of the invention is especially adapted

for the high precision machining of a composite work of differently hard components.

It also is a sized loose mass of single crystalline diamond particles, and the size

20 distribution is so elaborated as to have a D50 average particle size dso of 120nm or less
and that the fraction of 0.7 time dsg or less is 15 % or less. Such evaluation and
indication of each parameter and size distribution is based on the observation with a

MICROTRAC UPA particle size analyzer.

The diamond powder can be obtained typically by subjecting single crystalline
25  diamond, converted under ultrahigh pressure compression, to micro crushing and
precision sizing processes, the both processes are repeated until either dpsp of 120 nm

or less and, preferably, 100 nm is achieved.



faor the high precision nmachining of a conposite work of differently hard
conponents. It also is a sized | oose nmass of single crystalline dianond
particles,  and the size 20 distribution is so el aborated as to have a D50
average particle size d50 of 120nmor |less and that the fraction of 0.7
time d50 or less is 15 %or |ess. Such evpluation and indication of each
paraneter and size distribution is based on the observation with a

M CROTRAC U%igalpésicﬁipﬁoﬁbjzgrmkyzer. The di anond powder can be obtai ned
typically by subjecting single crystalline 25 dianond, converted under

ul trahi gh pressure conpression, to mcro crushing and precision sizing
processes, the Hoghlpsrapkisalbs shaws theppartiely sin pnalpsis e figbsingle costellivg  or
| ess and, preferably, 100 nmis achieved. 6 Brief Description of Draw ng
Fig. 1 grapHPt¥fd @aéﬂeﬁigartﬂﬁ@s ,saqpﬂegué agqoz%anaﬁwlfﬁsqnsexwplerqfﬁaq InyeRtine
crystalline mnute dianond particles prepared in accordance with an
exanpl e of the iFigehtgraphicaHygho®s ghaphtickl diye sindyyis fonseqaxitdingdle chystatline
anal ysis for second single crystalline 5 mnute dianond particles prepared

i'n accor danceinnie diamnné pamiolee pufpateddn acnoederico withian exheple (fuhemvetteonbar s
represent the size frequency or relative volune of each ranged size

fraction relativg e ffggfeg}"tgﬂglrbgasslégggﬁ}t tROdizk t}?eq%\%ér?foﬂ ﬁfgtﬁ/@t\faofurﬁ(ﬂ%f each

currul ati ve frequency. ment of | ion 10 For the mcro

crushing of fwhgd BieNtra@braYahtiaPhe 18E SwholBagmpls, Ui NBe Wutit $idi&ltes R | S,
such as ball mlling and attrition. The precision sizing, on the other

hand, may becunhAsted fesquehdit.ri ati on by adjusting to optim ze the flowrate
of the medium The renoval of undersize mnute particles can be pronoted
and an efficjent process, can he realized by using an upward flow rate
twice to foure ﬁrFFéég’?’gngébP nveufiotyat a that is determned 15 in
accordance wth Stokes' |aw.

10 For the micro crushing of the invention available are impact crushing with steel
balls, such as ball milling and attrition. The precision sizing, on the other hand, may be
based on elutriation by adjusting to optimize the flow rate of the medium. The removal
of undersize minute particles can be promoted and an efficient process can be realized
by using an upward flow rate twice to four times the theoretical data that is determined

15 in accordance with Stokes' law.

It is preferable that diamond particles should be heated, in the course of sizing, to

a temperature within a range of 800° to 1400° C, in order to adapt to the softer or
lower hardness component of the work. Such heat treatment yields a thermal affected
structure with decreased mechanical strength and further graphite or non-diamond

20 carbon converted from the diamond partly in the surface. Thus when employed for
machining, the deposit moderates the impact to the work at the moment of contact, so

the occurrence of deep abrasion marks and stuck diamond particles is effectively
suppressed. Further, the deposition of such carbon or graphite decreases the relative
height of surface edge projections on most particles and thus the depth of resulting

25  abrasion marks. The effect of non-graphite is noticeable when deposited at a weight

ratio to the whole diamond of or over 0.5 %.



It. is preferable that dianmond particles should be heated, in the course of
sizing, to a tenperature within a range of 800 to 1400 C, in order to
adapt to the softer or |ower hardness conponent of the work. Such heat
treatment yields a thernal affected structure with decreased mechanica
strength and further graphite or non-dianpnd 20 carbon converted fromthe
di anond partly in the surface. Thus when enpl oyed for nachining, the
deposit nodeggdmgletthe inpact to the work at the nonent of contact, so the
occurrence of deep abrasi on marks and stuck di anond particles is
effectively gfressed Further, the deposition of such carbon or 8raph|te
decreases the ret-awmaonypalgige %ﬁgl§l§3ﬂf% e digaopd deetialgsodOME!L IAMON
particles a thus the depth of resulting 25 abrasion marks. The effect of
non- gr aphi tQ&I\Q e BB dedBicr erughing 2 PGRSIONSIERS to the whol e
di anond of or over 0.5 % 7 Exanple | 2-6,um nom nal size single

crystal |l i ne di anfordhparushitigegmo¢ebOkdd Baf\visida]l bhlRiil rppd yithibotk dsathgtecirel] t o
both m cro crushing and precision sizing. For the crushing process used was
a steel Bal |lengthlof @50 min. Aobdedofi3Glhetaers afntie aboveesaid ktading2diémomd phwdeed of
300 grans of the above said starting dianond powder along with 20 kg of 6
nm di amet er dergewithald kg oft6 waw dipmejernsteal tBls,Rt Waw driven al 30 RiPdvir Sor 12k
crushed powder was taken out of the pot an |l aced in 10 HCl-1 HNO3 m xed
aci d sol ut i JIPUr: i her Fethed Povden veas gkea %(ﬂfdg? @ﬁt b Plageshin 9 A L FBlNOznd
then washed full n wat er, For the u tion rocess arr enment
of “serial comtedbil PRt Aotk d remgtt P RtOR 1o ORI gRGeSE A g
cylindrical ‘Borht o ar{)gatgne having a cross section of 2500 cn2 for the
first step and F% ot hera %5000 cn2 for the second step. This system of

t ubes mas | oaded with 1 kg of the crushed dianond, and elutriation was

oper at ed 0 whi | e Faselig slptaadon proeess anf arrmcm@mfr@elal ognneeted ttubesrwaseusstl, 25

cc per hour. As , oo . , .
both having a 20 cm-long straight cylindrical portion, and one having a cross section

of 2500 cm? for the first step and the other, 5000 cm? for the second step. This system
of tubes was loaded with 1 kg of the crushed diamond, and elutriation was operated
while feeding 120 liters of ion-exchanged water at a rate of 25 cc per hour. As
15 overflowing from the second step suspension was collected into a reservoir, to which

hydrochloric acid was added to maintain a pH of 2.

The table below shows the particle sizes evaluated upon the elutriation for the

steps by means of MICROTRAC UPA particle size analyzer.

It is seen that each mass of diamond particles collected from the first and second

20 steps, as well as the outflow, has a narrow ranging size distribution as observed in

terms of these parameters: the ratio D90/D50 being 156, 132 and 177 %, and the ratio
D10/D50 being 60, 75 and 58 %, respectively.

Parameter D10 D50 D90 D90/D50
first step 59 99 154 156%
second step 56 75 99 132
outflow 31 53 94 177




15 overflowing fromthe second step suspension was collected into a
reservoir, to which hydrochloric acid was added to maintain a pH of 2. The
tabl e bel ow shows the particle sizes evaluated upon the elutriation for the
steps by nmeans of M CROTRAC UPA particle size analyzer. It is seen that
each mass of dianond particles collected §romthe first and second 20
steps, as well as the outflow, has a narrow ranging size distribution as

observed in ternphOpartile$ecRASAPRIGS B shéWE ik ﬁ%ism BROH 0P tiRehAg cbibeted 32 and
177 % and the ratio D10/ D50 being 60, 75 and 58 % respectively.

Par anmet er D10fhe QbBOQEQMMOfrbinl tht fisdt 8RpAA badlowd Yespesdntl, ot ephbA698y dans
out fl ow315394177 8 The particle size distribution is show in Figs. 1 and

2, for the neSMICROTRAEAHA padieleabmvihabzerpleee fhedarst deprebémt stie Béq@prnandf
outflow, respectively, as evaluated by neans of M CROTRAC UPA particle
si ze anal yzethe disewithe Her giveepregeirt thdevilngimenehileothe turee shdieatesvitbdi n
the given range in the evaluation, while the curve indicates the 5
cumul at i Vie feuseileting/frequeaewiwhetaie faeurnygy farreaghsie poinbisperymulatedaccunul at ed.
Exanpl e 2 TOVEI DI AMOND MD100 (trade nane) di anond powder was used as a
starting rratgucf%l Mhich is an abrasive product prepared through
elutriation ‘an girected for precision machining processes. 10 This
abrasi ve powder had a M CROTRAC si ze distribution such that the D50 val ue
is at 103.9 nm THOME DIAMOMNBSs MiD1GC ¢tiadel aimen dizinchd. gévdérawatiuséd ab he
27th channel (72.3 nnm), which corresponds to 70 % said D50 value. That is
t he starti ngstagpogdmateciolypwhiscbdisaan appasoei petdetty pRpatddptireughf elwtrilgion7nchm
particle size fraction.

directed for precision machining processes.

10 This abrasive powder had a MICROTRAC size distribution such that the D50
value is at 103.9 nm, while there was an accumulation of 19.75 % as up to the 27th
channel (72.3 nm), which corresponds to 70 % said D50 value. That is the starting

powder comprised an approximately 20 % part of under 70 nm particle size fraction.

1 kg of such diamond powder was loaded in an elutriation system of the same
15  arrangement as in example 1, and sorted while feeding ion-exchanged water at a rate

of 0.5 cc per minute.

As re-sized by this process, the collected powder had a MICROTRAC D50 value
of 107.4, which was practically the same as the average size of the starting powder.
However the frequency accumulation at the 27th channel (72.3 nm) corresponding to

20 70 % dpso value, was 11.07 %. That is the fraction of under 70 nm particle sizes was

decreased to about 11 %.

The above said diamond was heat treated for the powders as before- and after
this additional elutriation, by placing each powder on a porcelain boat, replacing the

atmosphere with nitrogen and heating at a temperature of 1200° C for 3 hours.

25 Oil dissolvable slurry was prepared using the heat treated diamond powders,

either with- (invention) or without the additional elutriation (for comparison purpose),



1 kg.of such di anond powder was | oaded in an elutriation systemof the sane
15 arrangenent as in exanple 1, and sorted while feeding ion-exchanged
water at a rate of 0.5 cc per mnute. As re-sized by this process, the
col l ected powder had a M CROTRAC D50 value of 107.4, which was practically
the same as the average size of the startgng powder. However the frequency
accunul ation at the 27th channel (72.3 nm corresponding to 20 70 % dD50

val ue, was LhdQierVfesttABhcH B tBJE'PagEﬁ@C&f'a%uOJeaHH%%rchQ oRRRiR i Iﬁiggleﬁb Eé‘a%l Was
decreased to about 11 % The above said di anobnd was heat treat for

powders as bgigne- and after this additional elutriation, by pIaC|ng each
powder on a porcelain boat, replacing the atnosphere with nitrogen and

heating at a te rat re of for u O | so] vable slurr
was prepar ed s telbgase e g*lﬁarrw&ﬁﬁﬂ%u?}s@\aﬂeﬁegm SR SRlugape Sumbel Y
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The number of stuck particles was 3 for the abrasive of the invention, as

compared to the conventional type, which counted 15.
Applicability to the Industry

The diamond particle abrasive of the invention has a unique narrow range of

15 particle sizes at a D50 average particle size of 120 nm or less, while retaining the
single crystalline structure, characteristic to the static ultrahigh pressure technique for

the conversion. The product can be successfully employed, to the high precision
machining of composite work materials and, in particular, low PTR machining of thin

film magnetic head blanks comprising differently hard components, as well as

20 common singly hard works.



Applicability to the Industry The dianond particle abrasive of the

i nvention has a unique narrow range of 15 particle sizes at a D50 average
particl'e size of 120 nmor less, while retaining the single crystalline
structure, characteristic to the static ultrahigh pressure technique for

t he tonversion. The product can be succeggfully enployed, to the high
preci sion machining of conposite work materials and, in particular, |ow
PTR machi ni nglaghsthin  film magnetic head bl anks conprising differently
hard conponents, as well as 20 common singly hard works. 10 Clains 1.
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crystalline artic , a sa as a

particle sizg ,glgggq)fmfcmTkg@Upg%ﬂrgggmgess tﬁa relative volume of 0.7 X

dD50 or |l ess size particles being 15 % or e whole sarrple as
eval uat ed by a CROTRAC UPA partic si ze anal yze 4. The di anond
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have a therngl a[fect ed structure as a result of a heat treatnent and are
covered wi t H"A8h*Gf-anond carbon, which anounts 0.5 % by wei ght or nore the
mass of dianond particles.

10 3. A diamond abrasive powder comprising a loose mass of single crystalline diamond

particles, a sample of which has a D50 average particle size (dpse) of or less than 120
nm and a relative volume of 0.7 x dpsg or less size particles being 15 % or less the

whole sample, as evaluated by means of MICROTRAC UPA particle size analyzer.

4. The diamond abrasive powder as claimed in claim 3, in which said diamond
10 particles have a thermal affected structure as a result of a heat treatment and are
covered with non-diamond carbon, which amounts 0.5 % by weight or more the mass

of diamond particles.

5. The diamond abrasive powder as claimed in claim 4, in which said diamond

particles have undergone a heat treatment at a process temperature of 800° to 1400° C.

20 6. A method for producing single crystalline submicron-size diamond particles,
comprising: providing single crystalline diamonds prepared in a static ultrahigh
pressure compression process, pulverizing by crushing to reduce in size and further

precision sizing into powders of D50 average particle sizes of or less than 120 nm.

7. The method as claimed in claim 6, in which said D50 average particle size is 100

25 nmor less.



5.  The di anond abrasive powder as clained in claim4, in which said dianond
particles have undergone a heat treatnent at a process tenperature of 800
tao 1400 C. 20 6. A nethod for producing single crystalline subm cron-size
di anond particles, conprising: providing single crystalline dianonds
prepared in a static ultrahigh pressureijgonpression process, pulverizing
by crushing to reduce in size and further precision sizing into powders of
D50 aver age faheintdtBod hy€gin®d i@cldi®%s in Walthk2(d dHRhing is thGicdRiub @ghasicalyai ned
inclaim6, in which said D50 average particle size 1s 100 25 nmor |ess.
11 8. The nbstbudidmébng baatmittbn witle btaélrbafls. i n whi ch said crushing is carried
out dynamcally by ball mlling or attrition with steel balls. 9. The
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elutriation yses;igh upward water flowrate twice to four tines a
theoretical precipitation rate for the particles that is to be determ ned

on the b%sis of Stokes' | aw, . ) . . . .
: 10. The method as claimed in claim 6, in which said elutriation uses an upward water

flow rate twice to four times a theoretical precipitation rate for the particles that is to

be determined on the basis of Stokes' law.



