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‘CALClI UM PHCSP ECHNI CAL FI ELD The present invention relates to a

met hod of manuf actuediésng cal ci um phosphat e powders such as a Ztarw ium
_phosphat e and roxy cal ci um phosphate or the like that are suita for
bi omateri al s, w@u ﬂ] |cuI arly relates to a method of manufacturing
the cal ci um ph rs that are ca}gabl e of easily nmanufacturing the
cal ci um phosphat e 'p‘gmms havi ng Nchar act eri stics t hrough a

si npl e manuf acturing process, and capabl e of greatly reducing a

manuf acturi ng cost of the cal ci um phosphat es. BACKGROUND ART Cal ci um
phosphat es t cal | resented b trical ci um phosphat e POA4) . 2]
and hydr oxy i’l{E Hﬁg HWAG@JB&&W@MCI@M PHQSRH@TFS?GLND (Pa
excellent in suitabi I ity to organi sm structure and have an affinity to

or gani sm body, so that cal ci um phosphates are val uabl e as bioceram c raw
materials for constituting artificial bone, artificial tooth, artificial
articul at erRCHMECALKEELDY addi ti on, cal ci um phosphat es have been wi dely
utilized as materials such as base material for tooth paste, additive for
medi cal product, fooWhadgidsenesnhvemict irelatbortocasmrithed cdfemastufacturing
separ ati ng/ absorbing material for biopolyner and material for constituting

humi dity s@iéom @hobkplatel kewdeinvach i anapl-pricdltiage pldsphat® phds phatoxy
powders have been 1 2 3 MAY 20p2 manufactured in accordance with the

fol I ow ng daediinf phoystateSorehe WA thatddid sPRRBR) f6r) BidhesteZialy) 4 HR6ke

dry-way (solid phase) synthesizing method, mechanocheni cal -reaction

synt hesi zi ng+xatpd fatattemol hKghetHoi® dtem&rﬁﬂec&mgﬂ%ﬁé Zi MG ite gHodphted

synt hesi zi'ng methdd in which a calci um solution of cal cium nltrate or the

i k f
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phosphat e,” or an am)rp ous” cal cium p osphate is p reaction

bei ng tak?;bameg,gehz%‘}}ngﬁFEn?&ﬂBﬁP%ﬁafé’& H8L&P hng S%H?at {Hn S%ﬂ %ﬁ‘ and

phosphori ormed anor phous ca m phos ted

to a cal cifipod LRt %}’Aye pﬁgﬁ%% Q; ?ecmc?ﬁ%’%f a%utf{xétﬁﬁln (st B B?QEQ Rald ?%‘5 a

-TCP). On the ot her esl zi ng

whi ch cal ;ﬂ ﬁg &onat e is reacted with cal cium pyrophosphat e | n a soli d
phase at }FH% enperature thereby to obtain cal cium phosphate powder. On
the other hand, in these years, there has been al so proposed a

manuf acturing nmet hod conprising sinple manufacturing process and utili zing

phospht o HEeRRGUNBRERIZT TS %2 publ i cation ofexam ned Japancse Pat ent
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et act urelEH s £ P EIRETR HORT.CH ChamCBIRSPn DB o) valpableoas bigay
Furt her. acee'grtl)alulz ggxtvvl rcr)xra]tteci'];alg 312( 20T15rtlletgt1‘1]1% a?rr‘gleﬁsc?alpt?otn% tart1f1c1a|_1 tooth, artificial

articulate or the like. In addition, calcium phosphates have been widely utilized

as materials such as base material for tooth paste, additive for medical product,

food additives, material for cosmetic chemist, separating/absorbing material for

biopolymer and material for constituting humidity sensor or the like.

Conventionally, these calcium phosphate powders have been



Application No. HEl4-321508 di scloses a nethod in which a -tricalcium
phosphate is heated under a condition of existing water and pres 'Q |y
treated thereby to nmanufacture hydroxy cal ci um phosphat e (hydrox?I %ﬁﬂﬂﬂe)
powder. In this connection, in the conventional process of manufacturing
the hydroxy cal ci um phosphate, a process directly using the mechanochem cal
reacti on has not been adopted. However) in case of the conventional
wet - type siufe@iugéd dnMBEddedanden evisly rthe fdliwidg CaRehddsOBeicls Ugh v@ét'\irglff ol ar
ratio of a raw material, treating speed, pHor the |like are required to be
strictly Qefifif 9ha86) sythbd18ingt Mefhdaa ey -wdietlid phasél dynitkedizing meydal ni ng
a product having a conpositional highpurity and uniformty At any rate, for
t he purpo Kl ; i ik hirg - i and
ﬁf‘ec?&n&!ﬁe%l@él%a tl@ﬂvp%r % tlhg%*é%r{%tﬁf R o Fl'xé)r!ﬂke. THE- Rk Vt\:gﬁ?

uniformty, ere 1s posed a manuf act uri ng cost d be

greatly i L as LA GOR I b
synthesiz?ﬁgﬁﬁggﬁgﬁ?ﬂ%ﬁgyééﬁtﬁggpgg%ﬁggP%%%%?gﬁosp%gpibggaggsiﬁgéég%%oarse
grain siz t h can j.kect . a | p-cerapics
P mat er i fitbach G Y ke SROREURE, ek R bHodRRHC2 6D ROl 37
required whereby there is posed.a.problemthat {he manufactyrin rQcess
becores. conpRLlrd TifoePa BRERIRG & B atieboli, R wtoabBpt 18
conventi onal, synt.hesi zi n .nehhod utilizing the nechanochem cal reaction, a
ong- t er nPEIIYRHR PR AdeaCIo BnE talsen pfacsn ke oesBe s ainlort CPPRT g o
for advanci,ng the yeaction her.eby to. . cause ptobl em t hat, t he pr.oducti on
cost 1 s ety WydrF St phogtis o HieE el bpged BuoR P ANt he
reaction, sqlid content of the slurry is required tq be set o a |ower
ovel | CThePertiare o arBltsiel fhosaceibimibes tnraRrahahetty dhabrodite) &Ny
2Q02 an ammunt, of heat. energ be put into the subsequent drying process
renarkabl§“?ﬂ9pé%§ Qﬁﬂ§“8§§ri6&§peration is required to performfor a |ong
time. In addition, for the purpose of pulverizing or grinding the coarsely
aggr egat ed bodi es cdmdhe piharrand; yhe dropepasynihesigingmethobisa mpthadi ng
process is essentially required, so that there is posed a_fatal problem
such t hat im whighicalriemscanbepatents raastadastith calgiumyrophesphate in e solid
production _cost are greatly increased. The present invention had been

achi eved Pbasovhia highetemperatara thenebly pr Jifiesmsalgivin phosihate ovfderhe present
invention is to provide a nethod of manufacturing cal cium phosphate powder,
t he net hod bei ng cagabitbe oftherdwrid) imthedeayaars, thgré hae been alsprpyohosshat e
powder having excellent characteristics by a sinple manufacturing process
and capabmeaffagiueing methatlcomprising gmpdecamufachwing pradess poddsilizing

DI SCLOSURE OF THE I NVENTION I n order to achieve the aforenentioned object,
t he i nventhbe meghamochgmusbneadtivreasiomewadghepdaf synthé¢sizing Pieosalhiame
powders under various conditions by using various material powders,

reacti ng phosplete zompomwatlhBds exmd phe, lavpublkiamgnde\exaasné¢d Japanesy Patenit nes) .
Then, through many experinments, the inventor s had conparatively reviewed
t he i nfl uéppdisatidbn Ne HIEIF-698&4t aad ianpublecatnusfaniexainriged dagahésenBatzmt 0
characteristics and manufacturing cost of cal cium phosphate powder as a
product. Application|No. HEI4t321608 adisclbed af aiethodiin whichi ddéeluhh eafledrayei ng
know edge. That is, when cal ci um hydroxi de powder as a raw material is used
in place gbwideeaadrvisitunopdrogehshosphaty pondéeor digdratecthesdofiademhixdd oxi de
4 2 3 MAY 2002 powder is mxed to cal cium hydrogen phosphate powder

t her eby t @o pirepare aashirkebfmehthi adolat Habiot (Ga/P XoEdel@ugl ital phasphur tiser

m xed and mlled to take place a nechanochem cal reaction. Thereafter, when

t he react icontrBllédlUbknithub 8Biaihé & shedy id el BRushfy #BhR LK OMradies t hat
fine particles of cal cium phosphate conmpound having a high crystallinity

and hi gh hepgefifd like $8alse S8BT ¥R APRRUARCEAEBEN iﬁli‘o&u&hi@r&riéd HRd | n

particular) when a nmulti-ring nedia type ultrafine ml
heat-treated at a high temperature thereby to manufacture crystallized 8-

tricalcium phosphate (3 -TCP).



conprising a nunber of ring-shaped mlling nedia is used as a mxing and
mlling device for advancing a nmechanochem cal reaction by conducting the
m xing and the mlling of the m xed material, there could be zabi%,og&?i ned
the findings such that a reaction activity of the m xed material wa
increased, and it becanme possible to rapidly advance t he above
mechanochem cal reaction whereby a production efficiency of the cal ci um
phosphat e conpound cputHeRe 4 epRiblieltiyn | W eas@emindt hPipaiede | Pateh®
conventional various synthesizing nethods conducted in a wet, the solid

conponent AgfMc&fibn ( Wos CPEI4YI218081 ARsclHs¥8da MRl hdd! irS | Which Be@Mtdlefhirh0 be
suppressed 'to a lower level) and the m xed material slurry is required to

be, X2 SALsPHNSE s ad | PRIKIT SOEThRS mtbpaia oty
9 v SCaBkly LNIERRLRONLA RRALSO oA BnL At Bl BEGALES

possible tom ulrveri z e’ slurryiln a's ere

product | o Shgd ShSREHGR! 1 2he R LB RSB AR BRY. B oL
b findi : hod,of f ' | ¢i h h wd
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prepari ng angaxedﬂgéattﬁﬁri al by m xing cal ci um hydroxide (Ca(CH)2) powder and

cal ci um hy§f G§Ehp ate powder so that a nolar ratio (Ca/P) of calciumto
phosphor is set to range of 1.45-

1. 72 conducting,a mxing/mllin
treatment to the m xEOVEEEeritalCaEd Efal.?glé ﬁo%wloﬁ‘g%h‘é{g%EWmSEQLh%%BSSi ting

reaction therehy to prepare a cal.¢ci um phosphate precursof conducting, a heat
treat nent %tﬁﬂpaugh%ar&flﬁ@au@ ONERRS Bchas gﬁ%@%"ﬁ%?@“‘bf’% 8oy Batepk
thereby to prepare a cal ci um phosphate powder. In_the above nethod, it is
pr ef er abl dreatyis sneede BH T tReHiker arganprieprabe strcthy cqr@a@lfedeﬁhl Eeldend

sel ected tomthe group caonsjsting of calcium nonohydrogenphasphate.

( CaHPO. 4) haggy thewe ywoh difiavnisydn p)%&%lpm & ryodyel hawngearmarysitiopaphigheal ci um
di hydr ogenphosphat e (Ca(H2P04) 2) and cal ci um di hydr ogenphosphate
nonohydr atPaLry eropisp)At gnyrraterfor the pgrnﬂsepgalau@nmngwapowd@ kavisgum
phosphate to be prepared after the heat treatnent is at |east one of a
-trical ci tneghpesitianal hicbR)uritydand vaiifommityc thereyiswspthat problgmridasdpatit e:
HAp). Furthernore, it is also preferable that the nolar ratio (Calf ) of
cal ci um t onphafsphioing sostoradd hedreatly incredsedd naterial is set to a range of
1.45-1.55, the cal cium phosphate precursor to be fornmed by the

sof t - mechanocheni cal Ic @optrskt, i ing casmof ithe canventioakk iduyntppe synslesizing
precursor) and the cal ci um phosphate to be prepared after the heat

t r eat nent rmethbd, the syethesized ghhrsydnap losphatagdowtenhas iat coasseagson mizsf, spabl e
that the nolar ratio (CalP) of calciumto phosphor contained in the m xed
mat es- i al that sk¢ powdar canget bé dire6@s usd) dshe bimteranncy hawphaterigiraaciasor to
be fornmed by' the soft s 2 3 MAY 2002 nechanochem cal conpositing

reacti on ifmewdndinmgaprahiltiag (HaphenaiedsbrtieRY eéquirghedpletiyethieoe epgmedpar ed
after the heat treatnment is cal ci um hydroxyphosphate. Further, the

m xi ng/ m |d proplémeahbtreid nfadufidierifigiadedstireomks oyiplieatearidirorblebyma.
dry-process. Furthernore, the m xed material nmay be prepared in a form of

slurry and the m xi n@hmithé igtbet neaidyeint chey of hthes orivantivhyl ksmpksdiginged by
a wet-process. In addition, it is preferable that a content (concentration)

of solid qaama_eatﬂim?t e chindchentiéall ¥eaction S 8tloh® tdren FFinMike Précess
particular, it is preferable that the mxing/mlling treatnent for the

m xed mat &b} al ddyStoPs0 heared RyerdtRARSrefuirbd ol bidvhhéitgtheGetdtididthafby | |
conprising a nunber of ring-shaped pulverizing nedia.
to cause a problem that the production cost is greatly increased. In addition, in
order to smoothly advance the reaction, a solid content of the slurry is required

to be set to a lower level. Therefore, there are posed various problems such that



The present invention adopts a counterneasure in which cal ci um hydroxide
(Ca(OH) 2) powder is used as a material in place of cal cium carbonate that
has been conventionally used as the material, and cal ci um hydr @3 MAYa20@2
cal ci um hydr ogenphosphate are mxed and mlled so that an inter reaction
i~e. soft-nmechanochem cal reaction between acid-base points at surface of
material particles is taken place whereby the cal cium phosphate powders
such as (3n! anfRlMi gMHPAeSEHIEE & behput likeo itheSyibdeqabre diryihg pibest ti ne.
More concretely to say, the manufacturing method conprises the steps of
prepar i ng ramEk X&ly TBERaisdd, ahﬁaﬂﬁg radioand r@@g}%i'réw t& pEbNLEY 116X Eiene.
(Ca(OH)2) powder and cal ci um di hydr ogenphosphat e nonohydrate powder or the
like so ”Iﬁtatﬁiiﬁ%aforrtﬁ%iﬁrﬁgs%/@ Rivefial 'M'gf'ﬁdﬁigoﬁfé'&fa‘ié@ ia%_g% ath@ 2
range of J..45-1.72 putting the n%)xed malgerial1 into a vesse?’ 0 gérriﬁl i ng
devi ce, mpx| ANl ph t 1248 rigl r erm i:LIing
boRiYs ¢ lbb’e:t:]%er sdé’??ﬁ%??ﬁ’gé%‘?ﬁdﬁ bl a&&&‘ﬂﬁ;&mP @‘i‘ﬁ&lﬁgemﬁ%@s@ 1%

conditions to forma p cting a heat treat t to the

¢ Ete?ielgye/dt %"Séie?ﬁéaﬁfé’sf%‘@i’?%dﬁs° Eaﬁ%‘%ﬁg%fa? l@*ﬂ%@%ﬁ@fﬂ%ﬁ%ﬁ%@t? PSR of um
oyt . “posder <
Phe: ot or CBFC 6t (he HarCHURD R Bdifhn ity “prodhebinf ABE Brd aflie. "5

| east one.conpound sel ected fromthe group consisting of calcium

nonohydr odg?ﬁ? ¥Phat e (CaHPOX4), cal ci um nonohydr ogenphosphat e di hydrate

(CaHP042H20), cal ci um di hydr ogenphosphate (Ca(H2P04)2) and cal ci um

di hydr ogenphosphat e Thaohyedenie ihtaftiEiP0hal2 bdda0) achi&eedbey e sélak Cithm

hydr oxi de (Ca(OH)2) powder and cal ci um hydrogenphosphat e powder are m xed

so that a i | 8 rs Is nge of
d eﬁiebrftia&deﬁ roBlebls 2hd & (9[2%&‘ rr&ﬁfﬁh@ Hﬂ‘?g}ﬁ@ rtllﬁgénﬂlal ?ﬁ%o f)fbﬁ%equ Qa

| .45-1.72 thereby to prepare the m X erira articul ar;

m xed material ,controlled to hgve a | ar ratio of ,1.45-1..55.is m xed and
1 ed" 5o pthod b hB RSt At oBRaath oy B e BRI dRing RSP ey eby
to forma precursor, then the precursor is supjected to a heat treatnent at
a tenper at‘)gr%a gnanfagiuring dine; calgipay rhoshhateo pomaes hewpagpexgellentTep)
is efficiently formed in accordance with the follow ng fornulae of (1) --
(4): Ca(OeharactedatirRoby- a>sigudePharmifact2kid@ process (dd @apable? of geatipo~ ~
2H20 -~ Ca3(P0~2 + 6H20 - ~ ~ ~ ~ - (2) 2Ca(OH)2 + Ca(H2PO~z --' Cas(PO ~z +
4H20 - ~ -reducing3he DadEIthotroef PR potldr?0 - - ~ Ca3( PO. ~2+45H20 - ~~-~-(4) On
t he ot her hand, when a m xed material controlled to have a s 2 3 MAY 2Q02
nolar ratio of 1.62-1.72 is mxed and mlled so that the nechanochem cal
conposi ti riﬁsreaction is take place thereby to forma precursor, then the

pr ecur sor Pt OF THE RNYENTEMNnent at a tenperature of 600 or nore)
cal ci um hydr oxyphosphate (Cal o(PO-s (OH)2 ~ hydroxyapatite (HAp)) is
efficiently forned in exdesiteankieveithe afaremientioned nhjetbrthe limeentsys ¢gfghe

4Ca(OH)z + 6CaHP04 -~ Cal 0 PO~s(O—3+z + 4H20 + Hz 1' -~~-"(5) 4Ca(OH)z +
6CaHP04 ~ mrppant- inve@ilon( Rad syr@ppredr cabiat phbpphdte- pewders uagpr Aaa{o0E) z +
3Ca(HzPO~z --> Cal o(PO~s(OH)z + 12H20 ~ ~ ~ ~ ~ '(7) 7Ca(OH)z + 3Ca(H2P04 )z

- HzO -~ CahditROsskOrsing: vasie29 material powdedy, teactidgisynbigsizingi methwmdsi der ed
t hat when a predeterm ned anmount of
and pulverizing devices (grinding machines). Then, through many experiments,
the inventors had comparatively reviewed the influences of the differences in
the manufacturing conditions onto characteristics and manufacturing cost of
calcium phosphate powder as a product.
As a result, the inventors had found and obtained the following

knowledge. That is, when calcium hydroxide powder as a raw material is used

in place of the conventional calcium carbonate, then the calcium hydroxide



calciumoxide (Ca0) is mxed to the above m xed material, it becones
possible to formtetracal ci um phosphate (Ca4(P0~2 ~ O TTCP) i n_accordance
with the following formulae (9) and (10): Ca(OH)z + 2CaHPOa +CAG MAY 2002
Ca.~(P™)z -0 + 2H20 2Ca(OH) 2 + Ca(H2PO.~z ~ H20 +Ca0 -~ Ca4(PO-z ~ O +
5H20 ...... (9 ...... (10) In addition, it is considered that when a
predeterm ned amount of calciumfluoride (CaF2) is mxed to the above m xed

mat eri al , potwdeedomeixedassialdiemt hydwgenhfphosphate ppatet ehéreby apRPeparda) in
accordance with the followng fornmulae (11) and (12): 3Ca(OH)z + 6CaHPO. ~

+CaF2 -~ @aiked RRatdrialttidi2bhe mixed (dferfhl is FuBth¥A nB@AZaaCalilel 20 take
3Ca( HZPO. ~2 ~ H20 +CaF2 ~ Cai o( POa) oF2 + 12H20 ~ ~ ~ ~ ~ —~ (12) In the

manuf act uplfe HemBekhtichbRidali R¥efbh OThe¥igier! RthesOthe FBERARO PREITICE AL
reaction is advanced in the process of mxing and mlling the m xed

material , HoherRheuE dRkb Qdn KalobtamRNasRNelSe Qh&ﬁ%ﬁ;&%ﬁﬂ%&%&ﬁ The

above nechanochem cal conpositing reaction can be a a sol1d phase
reaction i Y Sh 4 j 3t i i i1l ed
wi t hout aggﬁog%ﬂégjedﬁog ersi n}ééﬂg [ uﬁ%lfé‘cx?ﬁ%ﬁﬁngﬁg“ al %‘m}ig’rn%ﬁng}‘%t er
hand, the.e‘ff@@ﬂ?@é%%&gufra@ﬁﬁ%ﬁ?%%%ﬁrtbﬁn@ so advanced as a liquid phase

-p iC

reaction in a we rocess In a slurry prepared by dispersing the
m xed material powd in.a splv is.m ) i 1l e As L1 Li-Rg
device for pronoti nglrnt elglgﬁ%r’rrec %%O%Mgaﬁggo%gg ?ﬁyﬁ)ﬁ r‘%tgg{ig%nh{&g
m xi ng an | verizing the above m xe erial). a notoy-driven.nortar, a
U braci on cribrisf oL RpintE, 30N Mab & RS Redineclidt af o, B ARG pe
adopted. Howmever, in these nmlling deyvices, a ntrifugal effect i
el at i vel RIS | devidt tatcadaneing Sopieetanatisnfinaliedans by B Bodfiting Papar t ed
to the material are,insuyfficient. .Therefore) even if the mllLing qperation
o carri odtiute AR thpdutinn O Fitimise sugterel, Bege coud s plBhicbtee B
sufficient. reactio ctivity to the mxed material and alsp difficult to
advance tlﬁé’dg’ﬁﬁ Fr‘é@h%f?&c% cHign aeElyaly %ﬁge%ﬁe@hﬁnéterr@gs‘ﬁﬁ? mcreiefeB, ¢ he
reaction ac&{evity can cit be irrglartad to tﬁé T)'xed terial powder until the
materi al 4t F‘}mﬁsp%ﬁ?gi g clockrRIAl REVaReeathe Abover machappshemieal yeaghgnt
10-50 hours}!or nore. Accordingly, the above ml]ing devices are not

eFre h%g%,a%

consi der edvheyeb¥ acprosuictign efffleneyf the icalrigmep compay g reguts bes.

Therefore, in }(he manuf acturi ng nmet hod of the present invention, to
remarkably increased.

Furthermore, in the conventional various synthesizing methods
conducted in a wet, the solid component content (viscosity) of the mixed
material slurry required to be suppressed to a lower level, and the mixed
material slurry is required to be mixed and pulverized for a long time. In
contrast, when the above ultrafine mill is used, even if the slurry has a high
solid content and a high viscosity, there could be also obtained a finding that it
becomes possible to mix and pulverize the slurry in a short time whereby the
production efficiency of the calcium phosphate compound could be remarkably
increased.

The present invention had been achieved on the basis of the above

findings. Namely, a method of manufacturing calcium phosphate powder



2 3 MAY 2002 it is preferable to adopt various inpacting-type grindi ng
mlls or a powder surface nodif3-ing device capabl e of repeat E%ex‘ mrti ng
an inpacting force to the mxed material in a short tine. A g and
mlling treatnent for advancing the above soft rrechanochem cal conposi ting
reaction, the centrifugal effect (Z) to be inparted to the m xed materi al
powder atsozrdaqmtpefdnet presentinverdiom ¢@nprises he stepsneft repyringer venedi f ugal
effect (Z2) is a quantitative index showi ng a nagnitude of pulverizing
force) material by amixingf catmumenbydifouird &h(@éi)%Fq)owdma gravileninonal
force (Fg). The centrifugal effect (Z) is expressed by the follow ng

f or mul ahydfogemsiidsphate powder go that amolar matio (CafMdifealodhmr tot plidsphor cu i s
angul ar speed, and g is gravitational acceleration. \Wen the centrifugal

ef fect icZetitp hasmgehah145)1.0De conbetingng fdkiee/hiling trearaidmdtd ehé he m xed
material is insufficient, and it beconmes inpossible to increase the

react i opiael indtédabio b Q%oﬁ*ﬁb@lﬁéﬂd&h@nﬁ&l‘%ﬁﬁﬁo@lu&é e R SUr
face portion of the material particles in a short tine. Therefore,” in order

to incregsey Eﬁearc‘if’&ﬁin%h&&h'a‘(é frgni‘e&rs&h%oﬂa\?f&ﬁxé@th%ﬁt Bea?Bdnt % BRI © the
m xed materlal having a unff It r equir ed to use a mlling

devi ce RER) ep [y! g&@ f t I fect (Z
of 15 ocgrjd%m)ré1 %J;Ce era ? 9 %Ih ?r%'{;é;gfg(r?gwmdsgﬁgg'%ftg?%%?y{dlég%refr{bre ( :

this co of the present invention therefore uses such an
&2&8&} ?H?srﬁtﬂ&?e %89

ultrafin ring type pulverizing mll) as shown in FIGS. 1 and 2

as the mlling detheehgong{{?s]e ft t?@&]unl‘@e % éftfh%l?h@l%td Hltél @alé {ahpg medi a

for rapidl y cai~-=-ing o meChAhoBhem €4 conpositing treatnment.
Thi s uItr Lhe S. bIe of a t force and fri tlonto
pouder 0B85 phatis" ANBR otk o BRBOA] bR Hom PhE Erdl eorsictihe

t hereof ,, and effIC|entIy mx and t he articl svm'thina
short t9fme. TRRICHEDi ce cB‘r?BP gwnh#& c@pﬁ\ﬂgb > a meY gﬁhft 4
whlchlsrtaedl th asing..1 ada ity of shaf 6 which are
r ot at ed™&p ogﬁ%p%%pﬁl aftgjrl‘xdﬁa S nka @ h the r‘%f-gpl on Ciffe nmi n
shaft erein eahof -shafts | ng pro d wth ring
nenbersalb\l\g’éo%jPPhﬂF k(ﬂaﬁiﬂlﬂ:’b@@aghapﬁe SAFEUPf éiéiélﬁfl@ge? Sg%ﬁge menber s
9 as the grijndi s -upon the type and size of the treatnent
devi ce ’EQBEIhYCg‘ @e&ﬁ@gﬁ%@ of the nmenber is 25 to 45 mm and the

t hi ckness of the penber is several nm Although the material for
constituting the Fuitharertbelss Pg’ef?é'ﬁb]ﬁdéi @*pdﬁhet alchips Phasphateptd thes of a
material to be processed, the ring nenbers 9 can be conposed of  stainless
steel , puspamd afier dheaheatstrentmentisiat daastzone ofi tmeakcneml phresphate a hard
carbide material such as WC. The above casing 1 has an internal peripheral

sur f ace(TCHarideplaivge hydroxyphesphate (hmdg)xwanahﬁ Hiple Frirthernenes itdspri ses a

rotati onal nmechanism 3 provided in the casing 1 serving as a processing

chanber alsdpeeferablatthainid moke halvl (O of ealeluns SpHobshodusitontukidd id concentric
wth the casing 1, a pair of press plates 5 and 5' which are fixed at a

pr edet ethwi pesed nhatordd]l iheeehet seemgen of Hed3-aridi tthai calciwn r pledspbatef t he
mai n shaft 4, and the sub-shafts 6 which are fixed by the press plates 5
and 5' wmecassorcobBe dofrabdas; ghe lSbft-mackantchbmied donopositieg reactiahadt 4 in
paral | el therewith. Each of the press plates 5 and 5 has a formin which

the sangidawrher ?%sﬂ{aﬁé P?&:utrg& AHARBE calciiMeplephateaiolise ﬁie@a@ed aftenl | y

projected. The Tormof the press plates 5 and 5 in which the arns are
provi ded, o3 (ﬂ-'@dt t is B -GiddieiugP goéﬁﬁﬁéval s) not a sinple disk form can
i nprove the egree convection (m Xi ng)

In addition, it is also preferable that the molar ratio (Ca/P) of
calcium to phosphor contained in the mixed material is set to a range of 1.62-

1.72, the calcium phosphate precursor to be formed by the soft:



of a material to be processed, which is put into the casing 1, and decrease
as nuch as possible the anount of the material to be processed, which is
deposited as a dead stock on the upper press plate 5. Each of gigeMAY 2002
sub-shafts 6 conprises a long bolt-1ike nmenber having ends that are
respectively passed through holes provided at the ends of the arns of both
press phathemndshemdedl' comgositipigt enactidyy isuhydioxyabetitopdiAphdand the nain
shaft 4 is connected directly to a driving source such as a notor (not

shown) calcipnowlitsghatd htoa bpulpkeyaizd ey the haitatianalentois ecaldinidie
driving source is transmtted to the main shaft 4 through a V belt. as
shown ihydrbgypkbsphate.t he purpose of increasing wear resistance, there nmay
be a case where a cylindrical collar 8 is fitted on each of the sub shafts

6 with a small gapuifles, &@%ﬁaﬁgﬁ% freBtmEAt fo&ﬁh@;m&b&gné@m? are

retractably nounted on each of | ar 8. Each of the ring nmenbers 9 has

an it gl glerfBi-ARAL By 8L FIREL YPLANBERoHathd BELAH! flatliahey W the

collar 8, "and is cohstruct'ed so as to ve a sufficrent gap be en the

:og ?:)h rar ngd.r Bg%;ﬁlcl;ﬁy ﬂéﬁgg}( I%fzftlrd t gﬁmﬁ%ﬁ%@%ﬁ%a %ﬁetjr]ﬁfgtgleregélp%ur face of
e AR 025 U oL RSE) BOETRLPUCIRG B Shysbe o251 o
AR R D A
St ackecinbgér%ce arl?% E]s Bge%gxsab% HEe tl?e %%jm?g m h got%afimgnatpfor-l;:%iesmlsée%(:ki ng 13
material is performed by means of a multi-ring type ultrafine mill comprising a
number of ring-shaped pulverizing media.
The present invention adopts a countermeasure in which calcium
. hydroxide (Ca(OH)2 powder is used as a material in place of calcium carbonate
that has been conventionally used as the material, and calcium hydroxide and
calcium hydrogenphosphate are mixed and milled so that an inter reaction i.e.
soft-mechanochemical reaction between acid-base points at surface of material
particles is taken place whereby the calcium phosphate powders such as 8-
tricalcium phosphate or the like is synthesized in a short time.
More concretely to say, the manufacturing method comprises the
steps of: preparing a mixed material by weighing and mixing calcium hydroxide
" (Ca(OH)Y) powder and calcium dihydrogenphosphate monohydrate powder or
the like so that a molar ratio (Ca/P) of calcium to phosphorous is set to a range of
1.45-1.72; putfing the mixed material into a vessel of a milling device, mixing
and milling the mixed material under predetermined milling conditions to form

a precursor, and conducting a heat treatment to the obtained precursor at a



2 3 MAY 20p2 structure nakes the ring nmenbers 9 rotatively around each of
the collars 8. Each of the ring nenbers 9 is forned in a cylindrical form
havi ng paral |l el upper and | ower surfaces, which is a so-call ed 2 MA%r2002 ke
f orm havi ng snmoot h upper and | ower surfaces, and an outer peripheral
surface. If requirge he outer perjpheral surface may, be curved for

pr onot itABPST RGP rﬁfo&?@]t powaiie thareby 4. synthesiee dineralgim mhospdat®’ are
radi al |y djsposed at upper_and | ower portions of the namin _shaft 4, which
are belpswdene sushess pf agicalsinme phosphateasalciumnbydinzaphpsalade pirathke 5,
respectively, so as to agitate the material to be processed, which is put
into tHAkecasing 1. To an upper flange 13 of the casing 1 is fixed an upper
cover 11 having a through hole by tightening nenbers such as bolts and
nuts, with a packlmgth® thevebatethed, abe thei mateaidl 4fi sheas@dduihhr ough
the through hole of the upper cover 11, the through hol e being provided

Wi th arhyedirbgergdiosphafepit eplefargbld i uad at Bast bnd compduad seldetaefbnhol der 15
for holding the oil seal 14. In order to prevent a tenperature rise of the

materi ghet @o® EEREaHSedf ddldins sdndhlydsogenPpRospliite (C4HPOYAaGuh has a
j acket structure 16. A re~igerant supply port 17 and di scharge port 18 are

pr ovi degdonshydiBgéseabhafe SO dikghirdtee MECSHFD, t 0. be opronesse@dlahich i s put

into the casing 1 can be cool ed by continuously supplying any- one of

var | ouSEG/GEARERBMAD! O(CAELPORES AR | Balliend! eRymaLdpEade co

(ultrafine ml constructed as described above, a gap of several
milli ShehvdF e g%(f—BP@E%-?EUDBe” t he outer periphery of each of the
and

sub-shafts e I'nner” peripheries of the ring 14

The above calcium hydroxide (Ca(OH)2) powder and calcium
hydrogenphosphate powder are mixed so that a molar ratio (Ca/P) of calcium to

phosphorous is set to a range of 1.45-1.72 thereby to prepare the mixed material. In
. particular, when a mixed material controlled to have a molar ratio of 1.45-1.55
is mixed and milled so that the mechanochemical compositing reaction takes
place thereby to form a precursor, then the precursor is subjected to a heat
treatment at a temperature of 600°C or more, B -tricalcium phosphate

(Cas(PO4)?) (TCP) is efficiently formed in accordance with the following
formulae of (1) -- (4):

Ca(OH); + 2CaHPO; — Cag(POs+2H,0 oo )
" Ca(OH)2 +2CaHPO; -2Hs0 — Cas(POge+6H,0  «+-o @)
2Ca(OH)z + Ca(HePOy2 — Cas(POy2+4H,0 oo (3)
2Ca(OH); + Ca(H:PO,)z Hz0 — Cag(POJz+B5H0 -+ @

On the other hand, when a mixed material controlled to have a



2 3 MAY 2002 nmenbers 9 so that the ring nenbers 9 can be freely
i-ndependently rotated. The ring nenbers 9 serving as the grinding nedia are
radially noved by an anount corresponding to the gap due to the c?gtplfu al
force generated by the rotation of the main shaft 4, and circunfe 32
rrotated in the casing 1 while being pressed on the inner periphery 2 of the
casing 1. At the sane tine, the ring nenbers 9 thenselves are rotated

around thﬁ-‘ncﬁgptraﬂaf 561524182t R ﬁﬁfeé ranlfat hﬁl]ﬁ@eéov‘@ﬁ‘é't tRE thodEmBREMRRET 2l

surface 2 an he ring nenbers e ring menbers 9 are noved in

the casin o gkﬁ%\;ﬁ% P?Ac@%n %%ﬁk@%&cé A3t as abomith 'HrEBikos Nafen 4nand

each of t en t raw mat éri al mxtuepo ér I n an anount

L0g, ;
s put i nPEett Aol gy bR Brpfibit: %‘*ek*ﬁ%rﬁf LA s L AR
t t t t th { t wd
o0t B AR SEARO 0. ORI TGPk pg ispge e '
f 2 b d t f [
For cey - coP PG En e Rines PHOLLe @ﬁl%ga? TRy e T ng menbers o
and the grinding/mlling function due to the rotatlon of the ring nmenbers 9
thenselves. As a result, the raw materi al m'xture povvder is ground and

he or yat 4CORIE? @E‘Qa%?&he @gﬁmé é@-ﬁ» ené. i ‘E}ii-%%&%“cedsi)“
ner cby t AGHDEDG " KR pASGhaT & &&5@@&1) ot SOty of

the surfaces of .the raw materlal mxt owder _is enhanced The
centri f ugdCadPfRet 32352&1@1?9@)@ on CeardP M Yot 13H2Qi xt ure powder 1(® 2 3

MAY ?0p2
P 7Ca(OH)z + 3Ca(HoPO4 )2 ‘H20 — Ca1olPO9s(OH)2 + 15H0  «ooee (8)

In addition, it is considered that when a predetermined amount of
calcium oxide (CaO) is mixed to the above mixed material, it becomes possible
to form tetracalcium phosphate (Cas(PO4z -O:TTCP) in accordance with the

following formulae (9) and (10):

Ca(OH): + 2CaHPO4 +Ca0 — Cas(POy4s: ‘O+2H.0 e (9)
2Ca(OH)z + Ca(HoPOy; ‘H20 +Ca0 — Cas(PO42 ‘O +5H0 oo (10)

In addition, it is considered that when a predetermined amount of
calcium fluoride (CaFs) is mixed to the above mixed material, it becomes
possible to form fluorine apatite (Ca10(PO4)s F2) in accordance with the following

formulae (11) and (12):

3Ca(OH): + 6CaHPO, +CaFs — Cao(POysF2 +3H0 ~  eeeee (11



is controlled by changing the rotational speed of the main shaft 4.
According to know edge of the inventors of this invention, it has been
confirmed that the soft-nmechanochenical conpositing reaction tg b@@&ﬁﬂnced
by m xi ng and pul verizing the m xed material is greatly infl uenge b
operating conditions such as a kind or magni tude of the nechanical stress,
pul ver izing nmechanismof the mlling device, atnosphere for the treatnent
or the |i BE€a(OH)P+3C(HLPOWe -Ehve0aFpral Cajy(RO DgFOetREHe® such--a12)
notor-driven nortar, various ball mlls or the |ike, when there is
particularly used a mlling device like the above nmulti-ring nedia type
ultrafine mlIl having a special pulverizing mechanismprovided with a

number of ring-shapey pd wﬂ&agﬂ%ﬁih?ethﬁép%frtﬁfscmféxftibn9fwmﬁgg§tts%&i al

m xture can be rapidly 1 ncrease he short-tinme m xing and veri zi ng
Sof - moonBaRRNcierhioal REARSH, iPAAF AR SOURIACHER FxhARE AR IR LEE 111G,
For mod onSbird andtepply PRl Al AR PO AR R RR Al ©

o o di rocthy P AaT pyRa e DAL et i B8, ARG Bl oy o

on the surfaces of.the di,fferent nat rialﬂg%rti | es), wherebh tQﬁ G hfium
phosphat ePPPEEERAE™ 18 4 dRnBrpcesy PhE it ¢ 3se’r’18§8?Y’ fr 15MBHE &t 8‘1@? a

sol i d- phase, reactjon, i} has. a characteristic of, exhibii a. i reaction
ate. Do ithod addiie pclion Snlatr S En B efereLaatanh Dodsisbe Rt ound
can be greatly shortened i.n 16 2 Y 2pp2 conmparisop with that, of the
convent i ofaf Cﬁ’é‘ﬁ’ﬂ%‘tﬁmwc%’é&?%@? ﬁé&%@ﬁ%@sta@q%ﬁpga% reaction 1n a

sof t - mechanochem cal rg@iéion nechanisn1ho be used. in ghe met hod of, this

i nvent i onWed'RAF4sE WY YRICRNR SIRERY PRERATSA bYcdisBrsEng itBA amiFAck RaMEERLNi cal
reaction mainly,. consjsting of a |iqujd-phase reaction disclosed in Japanese
Pat ent PuBPWESE iRa S .enﬁliqma@@mhedﬂ whi ch a dissol ving of solid
material is pronoted by a wet-type pulverization then a conpositing
reaction i s advanced hyha millingl devge tfhn premotings thre seftznechanechemialit i on

t hereby to cause the |iquid phase reaction. That is, the nmethod of this

i nvent i on cPmpasiEEEhERaciigarky mixingiang advesringsthe abejenarised anateriahea
surface of the solid material particles by utilizing the nechanical stress
and si nul metevdsivencagstar heihrationl mibaodi o planetarst bald aeill enthe like e s
point) the reaction nechanismused in this invention is also quite

di f f er ent consideredatio keef addmged.oclownven mathessl mdlipgateyioeet hoentrifegal effdet gh

tenperature solid-phase reacting nmethod in which the nutual reaction
bet ween is relatively small, and mechanical stress and impacting forces to be imparted

to the material are insufficient. Therefore, even if the milling operation is
carried out for about one hour or so, it is very difficult to impart sufficient
reaction activity to the mixed material and also difficult to advance the soft-
mechanochemical reaction. For this reason, in general, the reaction activity
cannot be imparted to the mixed material powder until the material slurry is
subjected to the treatment for a long time of about 10-50 hours or more.
Accordingly, the above milling devices are not considered to be effective for
simplifying the manufacturing processes.

Therefore, in the manufacturing method of the present invention,

10



the different material particles is advanced by using heat energy thereby
to form cal ci um phosphate conpound. In particular, non-free water such as
hydroxyl group and bound water (crystal water) is quite diff&deMAY 200am free
water to be added to the material powder as dispersion nediumin the
conventional nethod. The nonfree water has a strong function as a catal yser
for pronoting the mechanochem cal conpositing reaction to be caused during

the nixi ng angréferdblagot Adbpievaiow impybtinie ty e goinding ndillsween pbedeal ci um
hydr oxi de powder having the non-free ater 1.e., hydroxyl group or calcium

hydr ogenpbegabahddiffing dedcdPap 0% f h@p'éamgdlyhﬁ;ﬁawﬂg é’i@hﬁ?aéﬁnyﬁ%e g a

starting material Like this invention, the nechanochem cal reaction can be

rapi dly agyapged] atdhisl M X5Re4 Mhsi Ng process thereby to effectively
produce cal ci um phosphate precursor. The catal ytic action by the above

-f t : i : the.lik
" he. Sof - mochanohane Ca P An TR BEAp Ry R ARG e B 2

wh ; iy . S . . Wi
cddi ng ¢ nB s fEitRE R adiss, PRELAGAREAIAREE AL Shid).,
th t-t ixlng/mi) Li ti | d.t hi.ghl y- trated
mater ol & B0Y AT oRbeeria BaRRBL S kbl REbe Bt TR R Sr i RREE e o
h i d t.ent . of .. 15- 50wt % d r ly.to h | i
Cont ent oMo ERRIER (SR T db & SR Erciske FhaVing 2 RS hekh ¢ ne
di [ di h t ' t ad i ' d mlled,i
iy pr oceBUGAARE Fife SOhPon bifar! THE AT B PTorgs b cogr diatispel

i red f to th | tiDng. bst t t ft
the conpl GUP 8 THRESRBTHEREEHEs SEHe ARBESSEQRB LS AR NEJBRRBIN 9o ¢ hat.
t he precursor subs D%ﬁ I*c;ag be2 i rrrredi(a_l)tel y supplied to a heating-treatnent
process. ThereforeZafcFg=rwg

wherein r is radius of rotation, w is angular speed, and g is gravitational
acceleration.

When the centrifugal effect (Z) is less than 15, the impacting force
to be imparted to the mixed material is insufficient, and it becomes impossible
to increase the reaction activity by forming distortions in crystal structure of
the surface portion of the material particles in a short time. Therefore, in
order to increase the reaction activity of the mixed material and to prepare the
mixed material having a uniformity, it is required to use a milling device
capable of imparting impacting force having a centrifugal effect (Z) of 15 or
more, preferably 70 or more, and more preferably 150 or more.

In this connection, the method of the present invention therefore
uses such an ultrafine mill (multi-ring type pulverizing mill) as shown in FIGs.
1 and 2 as the milling device comprising a number of ring-shaped pulverizing
media for rapidly carrving out the soft-mechanochemical compositing treatment.

This ultrafine mill is capable of applying impact force and friction to powder

11



crystallization of the precursor can be advanced by the heat treatnent at a
| ow tenperature, so that cal ci um phosphate conpounds such as ~3 -trical cium
phosphate can be manufactured at high efficiency and | ow cos®.3 WAemgihhe
precursor substance obtai ned by the above soft nechanochem cal conpositing
reaction is subjected to the heat treatnment, cal cium phosphate conpounds
such as a -trical ci um phosphate and hydroxy i8 2 3 MAY 2pp2 cal cium

phosphat epgafcl&e stRmBUbaGiiamRe - thd Headhaly actieRy thefNBRd eifficiOfily GhiEeg at
terrperature of 600-800 "~ for 1-3 hours or at terrperature of 900 950 ~ for

1- 10 m ”Hﬁ&%nﬂh‘ﬁ?‘%ﬂ{)pdviﬁe& NearbigRls WitRAt BB&Hor@ tirRO0The AeyitR'@mp¥is 4 he

tenperature is sel to be the time required for the heat treatnent is

rel ati vel yl iigeshe | O ot B Qishah hapmch ieRhtil LETREALHL! ghdtde heat

ltrfeat ment I S set to [ower t part of un-reacte terial
p(raotperty gmﬂ'@h CI uir#%%]ospﬁﬁ Eaﬁc%gfr?g%tﬁndé% %%;d(r)t?vxllg?lg lﬁ:% aLH] g.ggge
temper af Ut SR § t%m%;oéf GAGFLLAN 4 SALARAL BHEARRILA isthe Blydiggomes

possi bl e ' con he P y I'n ure

the manut ﬁ%&%@?w b’ i‘v*fn%'t RS 8net %a%%g a5 ﬁit"i‘l'oeg#cﬁh%“"s%?ox. de"
mater | al s &4 BbUH S a@p“aa%%{%wimpam oLt D € o p
s appr Op'rs,{zgto? tKe %zgenattxrn%lnlt %evﬁg duste eaxq.n oﬁ%gr &%Vm\geetgr o? tﬁeuir}egl rer 1s)§295dto 45

mm, and the thickness of the member is several mm. Although the material for

constituting the ring members 9 depends upon the physical properties of a
material to be processed, the ring members 9 can be composed of stainless steel,
ceramic materials such as alumina, zirconia or the like, or a hard carbide
material such as WC.

The above casing 1 has an internal peripheral surface 2 having a
center axis in a longitudinal direction, and comprises a rotational mechanism 3
provided in the casing 1 serving as a processing chamber. The rotational
mechanism 3 comprises the main shaft 4 concentric with the casing 1, a pair of
press plates 5 and 5' which are fixed at a predetermined interval therebetween
in the longitudinal direction of the main shaft 4, and the sub-shafts 6 which are
fixed by the press plates 5 and 5' so as to be arranged at the same distance from
the main shaft 4 in parallel therewith.

Each of the press plates 5 and 5' has a form in which the same
number of arms as the number of the sub-shafts 6 are radially projected. The

form of the press plates 5 and 5' in which the arms are provided at equal

12



and mlled in diy-process, so that soft-nmechanochen cal reaction is rapidly
advanced thereby to form~3 -trical ci um phosphate precursor. Then, when the
precursor is subjected to a heat treatnent at tenperature @3 Ay 2802 nor e,
there can be manufactured finely crystallized powder of /3 -tricalcium
phosphate (TCP). The above soft-nmechanochem cal reaction is caused even if
t he di spersing nmedium such as water or the like is not existing and the

reaction i s caysed by .an.interaction between .aci,d-bas oi nf.s_exi.sting on
the. surf atbergs et 2 5ple a6 i, YnARintart this erea ! AL PR SRRE 1 o
time, a nmechanochem cal dehydrating reaction and an anmpoxphousi zi ng reaction
are advanebd matareadtothe prosaseed, yahich s patdptmilhmeasingtle aﬁdeé%ﬁrg@se a% an

i nternedi ate product. The above nmechanochem cal dehydrating reaction is

qui te di f tlrchrds possiblenhe anbiuma oy the atateehltr lsd progessedctvihich isaldpesitedised by
heat energy and the nechanochem cal dehydrating reaction is a reaction in

whi ch a bgadideadstedkeor?thdWppPprlesgpRite 5. s changed by the mechanical energy
caused in the mixing/mlling process. The change of the bonding state of

t he hydroxyl group t S i ] rgl £ Qrm - t.rkcal ¢
phosphate (TCP) pr ec%ér%glorﬁ%l e?%‘gstasgg% go&tﬂl%%%an@oc 'bggtl mgegr%%%%f ng
reaction. A conpletjion state (degyee of vancepent ) of. .t he ove ,vai ous
Feact | onsAERATR G B PSR sOE LT SET. PPis DEvedea of RBS SRAROL: or
the like are totally evaluated by various analyzing and testing nethqds
such as t Hes avge of bath pipsaplates erandad’ andetightienad Byynits 7¢ The vprpr end ohy
diffraction nethod (XRD) and Fourier transforminured m croscope (FT-1R) or
the |ike. thenmdia ghafi 4dé cohhéoted directs soiandtitimgnsturesisudh hbiasmotorelmbt on, a
chemical interaction is mainly taken place in addition to a nere physical

m xi ng of sHbwhEbeProtiedr wath Rasillsy) 86 thiDeheBbeitictal MBfdel 6f Ehé IdERINS
changed by the

source is transmitted to the main shaft 4 through a V belt.

As shown in Fig. 2, for the purpose of increasing wear resistance,
there may be a case where a cylindrical collar 8 is fitted on each of the sub-
shafts 6 with a small gap therebetween, and a plurality of ring members 9 are
retractably mounted on each of the collar 8. Each of the ring members 9 has an
internal diameter sufficiently larger than the outer diameter of the collar 8, and
is constructed so as to have a sufficient gap between the internal peripheral
surface of the ring member 9 and the external peripheral surface of the collar 8
when the external peripheral surface of the ring member 9 contacts the internal
peripheral surface 2 of the casing 1.

The ring members 9 are stacked to form a gap corresponding to
the total thickness of 2 to 3 ring members 9 between the upper side of the
uppermost ring member 9 and the lower side of the press plate 5, but not closely

stacked between both press plates 5 and 5' without a gap. This stacking
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mlling operation thereby to increase surface energy per unit volune of the
material particles and to increase lattice inconsistencies such as

di sl ocation of cxystals and ampx~phousi zing to be caused i n2a8 #ayiggbody of
the material particles. Such increases of the surface energy and the
|-attice inconsistency al so becone one factor for pr onoting the

af orenenti oned soft-nechanochem cal 2 3 MAY ?0p2 conpositi ng reaction.

In a case where the materi.al mx at ed under, t ons of
X1 ngt m PTG Ak HAias Samog 3?939%8 S ront 65rhobFhe SHfar Brout
adding a dispersion nediumto the material mxture, a m|ll|ed substance
(precursor) to be ofathmeltheging membayadas forraed hua cylinducalfons hasdngt o
adopt a drying process which had been deened to be an essential process for

t he synt hparaielgipper had loasedurfaced) evitioh e atsoandled wedshey jikenfeeindmodhgm cal
reaction nethod. Therefore, when the precursor fornmed by the reaction is

directly sHRbECUBHet ﬁnah&vbﬁ%ﬂhéééata‘iﬁﬁrﬁﬁ oﬁte@epeQﬁdHelrﬁi SR GF r&Quifed],

-trical ci um phosphate crystal can be obtai ned while an input anount of the

o the bl SHERhveliRiref R pE LB b 2R eq Ry %é&lgﬁc K HRRRE R Can b

al so produced bY changing the molar ratio through a simlar process. As
ment i oned 2§ the mxing/mlling process in the nethod of this invention
may be perforrred i n accordance with the dry-type m xi ng nethod in which the
di spersi ng medi um sutgitaigngdladesi 30 raod 3@'dexe radiale disposed at upper and

lower portions of the main shaft 4, which are below the lower press plate 5' and
above the upper press plate 5, respectively, so as to agitate the material to be
processed, which is put into the casing 1.

To an upper flange 13 of the casing 1 is fixed an upper cover 11
having a through hole by tightening members such as bolts and nuts, with a
packing 12 therebetween. The main shaft 4 is passed through the through hole
of the upper cover 11, the through hole being provided with an oil seal 14 for
sealing the main shaft 4, and an oil seal holder 15 for holding the oil seal 14. In
order to prevent a temperature rise of the material to be processed during
grinding, the side of the casing 1 has a jacket structure 16. A refrigerant supply
port 17 and discharge port 18 are provided in the jacket 16 so that the material
to be processed which is put into the casing 1 can be cooled by continuously
supplying any one of various refrigerants into the jacket 16.

In the grinding/milling device (ultrafine mill) constructed as
described above, a gap of several millimeters (mm) is formed between the outer

periphery of each of the sub-shafts 6 and the inner peripheries of the ring
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material m xture. However, the sane effect can be al so obtained in
accordance with a wet-type m xing nethod in which the dispersing nediumis
added to the material mxture to prepare a naterial slurry h&di a00Ri gh
solid content of 15 50wm % preferably 20-45wt % then the material slurry is
mxed/mlled. In a case where this wet-type m xing nethod is adopted, the
solid content of the material slurry can be greatly increased in conparison

with that of the conventional nethod, it hec s.pessible . to effi,ciently
manuf act uFEETRETE R HilahR dthe membes: 9 cpesgrply indenindantly rotatefloThe | pr.
In particular) when the aforenentioned nulti-ring nmediumtype ultrafine
mll is uségmembess Bisprying agdhe guinfing medinarg mhalﬂﬁémﬁvy%d%g/aﬁ amoygt
operation, the effective mlling operation can be perforned with respect to

t he sl urr yotrespongling ho ghe gap idiectontheenérifligail ddrce igenerdited bpRiHeERobDERIGRI PTI ON
OF THE DRAWNGS FIG 1 is a cross sectional view showng a structure of a

ml1ing dgyike mEiatsHaf dhanaRieachBlentRBlyPFREQE i fHEBAdiIAE 1 While Feihg 2
cross sectional view taken along the line II-1l of FIG 1" FIG 3 is a
hosphat o peed Pt kit ph Rl P SR cRifl 1.0 AR ot e MR MR oo o
FIG 4 1 s TPhets SRORSR AT RS HArOT Himoi ohrde Gt RE thadBFfas
m xture before the mlling qperation in Exanple 1.
between the inner peripheral surface 2 and the ring members 9. Namely, the
ring members 9 are moved in the casing 1 while being repeatedly rotated
around the main shaft 4 and each of the sub-shafts 6.
When the raw material mixture powder in an amount
corresponding to 10 to 80% of the effective volume of the grinding portion is put
into the casing 1 and then subjected to the soft-mechanochemical treatment by
rotating the main shaft 4, the raw material mixture powder is held between the
rotating ring members 9 and the internal peripheral surface 2 of the casing 1,
and subjected to impact force (compressive force) corresponding to the
centrifugal effect caused by the ring members 9 and the grinding/milling
function due to the rotation of the ring members 9 themselves. As a result, the
raw material mixture powder is ground and dispersed, and, at the same time,
strains and distortions are produced in the crystal structure of the particle
surfaces of the mixture powder, so that a soft-mechanochemical compositing
reaction is rapidly advanced thereby to form a calcium phosphate precursor in

which the reactivity of the surfaces of the raw material mixture powder is

enhanced. The centrifugal effect Z exerted on the raw material mixture powder
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FIG 5 is a graph show ng results of thernogravinetry differential thernal
analysis (TG DTAa of a I3 -trical cium phosphate precursor obtained by the
sof t - mechanochem cal reaction caused in Exanple 1. FIG 6 i@&M@r{

showi ng an X-ray difé&-action profile of a a trical cium phosphate (TCP) fine
powder obtai ned by the heat treatnment of the precursor at a tenperature of
930 ~ for one mnute perfornmed in Exanple 1 according to the present

i nvention,_ Fl 7 a oW - I | £1r ign, profile of a

or ecur sor o oied By e R Rl RenBtmssh Bt et bAifRbh R oo at

m xing/mlling operation_in anpl.e 4. .Z 3 MAY 2~ FIG 8 is . a, graph
showi ng TG DTA pr of i/&orfing tpgknowledgg EEéFﬁ Hh‘f%‘ﬁ%‘éfz 2 ARYIH IO Qgﬁed by
the soft-mechanochen cal reaction caused in Exanple 4 according to the
present i heemtdomfirnfedGthat ithe asaft-apichghostiemaical TENPDAItprD reaetiarf tohbe

material m xture before the mlling operation in Exanple 4. FIG 10 is a

gr aph showdtgnédiay imkingrand puvedying theagixedrinptedfdllie gpfathy ifReuesdby sanpl e
prepared at mxing/mlling operation in Exanple 7. FIG 11 is a grap

showi ng alagg%art% g&iﬁﬁ%ﬁé %'ﬁ]cgr% E'ngéﬂf 81; Y EKiexe %Eltgh%me aliess,

precursor prepared in Exanp I's”a grap OWM Ng an X-ray
i 1 ract] gnPLokll e, o RilN SO SAhSh YEVRROSRIRLB 04! Bes el et
the like.

In place of the conventional milling devices such as motor-driven
mortar, various ball mills or the like, when there is particularly used a milling
device like the above multi-ring media type ultrafine mill having a special
pulverizing mechanism provided with a number of ring-shaped pulverizing
media, the reactivity of the material mixture can be rapidly increased by the
short-time mixing and pulverizing treatment, so that it becomes possible to
shorten a required time for the soft-mechanochemical compositing reaction.

In the method of this invention, when the mixing/milling
operation is performed and acid-base points are formed on surface of the
material particles, the soft-mechanochemical reaction is advanced by a reaction
mechanism in which new chemical bondings are directly formed by the inter-
action between the acid-base points formed on the surfaces of the different
material particles, whereby the calcium phosphate precursor is formed.
Although this reaction is one kind of a solid-phase reaction, it has a

characteristic of exhibiting a high reaction rate, so that a time required for

synthesizing calcium phosphate compound can be greatly shortened in
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FIG 13 is a graph showng a variation of X-ray diffraction profile of a
sanple prepared in Exanple 9 as the tine for the wet-type mxing/mlling
treatment had passed. BEST MODE FOR ENI BODYI NG THE | NVENTI ON2Nexfay 5

enbodi nents of the present invention will be explained on the basis 0f the
f‘ol | owi ng Exanpl es and Conparati ve Exanpl es. Exanple 1 Cal ci um hycli oxi de
powder (nfd. by Kanto Kagaku K K., reagent grade 1) and cal ci um

D"t o"CBARRRBNE G P Ui OB b dma DR, 0L 5 e 0

phosphor was control]ed to be 1.5, thereby to prepare m xed terial. 50g
of this mxed materigle WECHRR inﬁﬁ}éa%}s’@aé%fn&‘el afovg tmeghaggchemicay 3 pay
2002 nedia type ultrafine mll (MCRCS-Otype mill, nfd. by K K Nara Kikai

Sei sakushreadt®nhmecdzdnismetoi el esedi inrthe anethodiof thisnigyestionss quitédfferemt and 2.
Under a state where a cooling water having a tenperature of 15 ~ was

ci rcul at egroini) tBaf 6CHRL cobveptionaldRdch Marhe MiéAlreRstidd hetialy @Rsidtig 6fat he
casing 1 thereby to keep the tenperature of the casing 1 to be a constant

val ue, a Fiﬁh?&'bﬂgses RESHionf dfs@l%ﬁé@iiﬂ s P’ﬁﬁni %bii@aé&? N&M 80dg1)-

m xi ng/ m I'Tfrng” operation for the mxed nateria rry was carried out for

60 m nute t hat, .t.he soft pechanpc ical ¢ ositin action_ was
advanced gﬁgigb‘? tw(;uf}? epd %SOE\%BgeBﬁISE]g& m’&ﬁergé)lr% pd’P’F‘P?%it YoR PREYPProfil e
of thus mlled sanple i.e., /3 tricalciumphqgsphate precursqr produced by
the sof t - RakweIHaERaMhER a compesifingigacidan i3 adventeddey atmutvaligpaiion iogg
operation is shown in FIG 3. On the other hand, in order to conpare with

t he st at eimisogemeratedliG. Bsolatioxthexebgitd tausecthednyyid phiake redctiome sanpl e
before the mlling operation is shown in FIG 4. The material mxture

before the mlling opeiteis effe Wasthpd @¥ahidirivensidahisan FRAhed vilwabicatidi um
hydr oxi de powder and cal ci um di hydr ogenphosphat e nono- hydrate powder were

wei ghed aﬁgﬁéeﬂrpg)gxs@gﬁ gofielaréd TR e GRHaE: (EHR) sAlld SAatefial WARCRANY Ol | ed

to be 1.5t epare a m xture, e e mxture wa Iciently
m xed and_dispersed i n,acetone b ans a nual - tar. The .

her mogr atFPEnTS T FEPaRED PoeR oY anutipoRe R ok el Feactiorora
graph) is,shown in F . As. shoqwn in FIGS. .3 and 5, hoth, cal cium |,

hydr oxi de %@ﬁa@acslﬁa;-&a *i%wanth@m BgEHpR sagharesoised HS}&P‘&& WvEBlaRS as
starting materials were not detected in the sanple after the mlli r_lgh

t r eat nent alssoquiteadifferentafomotifat ofibhie coratentional sdlid-phaseametishi.¢an hig
conpositing reaction was conpletely finished. 24 z 3 MaY 2002 Further) 1
gram of t bempbmtaretdlidghasmaetingmehiodiintwhiah thé enituiat rédetivadetween
(hyper-speed, high-tenperature nuffle fiunace, SF-17L type: nfd. by Shibata
Kagaku Ki kRe ef@nk dateridINetRRA! Rladfare NS} BtheSRERATeRérgd Oty thn ai r

at nosphere and subjected to a heat treatnment at 630 for two hours or at 930

for one m : npl e was anal yzed by Xray diffraction
met hod and 't ‘Sglb |$1%éh _e?:gy |u?’?faction profile is shown in FIG 6.

In particular, non-free water such as hydroxyl group and bound
water (crystal water) is quite different from free water to be added to the
material powder as dispersion medium in the conventional method. The non-
free water has a strong function as a catalyser for promoting the
mechanochemical compositing reaction to be caused during the mixing and
milling the material mixture. Accordingly, when the calcium hydroxide powder

having the non-free water i.e., hydroxyl group or calcium hydrogenphosphate
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As is clear formFIG 6, it was confirned that each of the substances
produced by the heat treatnment was confirnmed to be (3 -tri cil&lMAngbpsphate
crystal having a high degree of crystallization and a structural uniformty
In this connection, when the tenperature of the heat treatnment is set to be
I‘ess than 600k the reaction was inconpletely advanced, so that it was found
to be difficult to control the product qualities such as purity or the

anal ysi o Srony B Baftad WAEFH B BR2CRARYER0RAGE R BT RO R RES] i
phosphat e powder was und to be an a ated bod con i sted of trafine
parti cl esngeﬂéﬁnﬁemgaﬁrreawnd‘@e Bearapidly cadyengsd i the mvﬂpgémiﬂépg when
t hus obtained |3 -trical ci um phosphat e ovvder was subjected to a heat

t r eat ment paecess bheﬁebyéorpﬁ"eetmalseprdmme@nﬁwmn@msphampzfeourswmut one hour, it
was confirmed that a -trical cium phosphate powder having a high degree of

crystal lization and Bhé ugithlytic aBiiber by t thet Gibotte bAoRifRR hitaiafichNase, in
aII of Exanpl es of the present invention and Conparative Exanples, X-ray

Cffi ~aCthP€vB? W v

Mac Sci enc Koﬁj%jrbé%%%n}ggggg&%g eqg/ ma&’\f dfst tg gﬁ%qﬂo'\%g Sggsul?gée}}éﬂ%g%ﬂ?é&
Further, the ravi differenti al therm) anal T MAY ~
DTA) ves GO o BYSUe o "R o nift ot e 8et ciPetsotker &rpRBB00
nfd. by Mac. Scien K K., .standard sappl. , Na at pher e)
Furt her rmrn@mlﬁm qReratigpds %ﬁf@ﬁ}@@%aﬂﬁ}ﬂ mthenem %w@é@ﬁ&he
m croscope (S-530 type) nfd. by KK Hitachi Sel sakusho). In addition, the
grain si zdlsnessmgtmeglom anbhlosi caseashererthecvetdtypy mising/mallingseperation
di f &action type grain size distribution neasuring device (SALD 2000A type,
nfd. by KiKpeShirirdutsSa highlg-boncendtated dhataidasiurruwibiels a8 iprepisidebgi on,
refractive index: 1.60-0.01li). Exanple 2 Calcium hydroxi de powder (m‘d by
Kant o Kag C tg

Aldide mﬁée dis%fégﬁsﬁ BEAde L 5 a%% AL am&g%x%rgggng]gg\gb@ fnd

nono- hydr at e owa Kaga wer e wel

nolar ratio (Ca to P ntr e 1.55) thereby to prepare
a m xed mﬁ‘oée é{e@rggér tgahatvﬁi%scﬁﬁj 061% @14§§Ov{§,§ m xed/ m || ed under the
sane conditions as i np e 1) so . that the soft-nmech chem cal

conposi ting reactio A SEhen ther wisdenial midyse do yv &é&b‘? dupersighs

obt ai ned precursor was then subj ect ed to the heat treatnment under the sane
condi t i ongnediumnsestnapmatar istrdrasidedrie nigethasdl willed pha dpyrareccss ipbiliad.

Thus obt ai ned cal ci um phosphat e conpound was anal yzed by X-ray diffraction
anal yzi ng thetdonstenfisnal meshidd,)a tdreinpopiooessdismast frogunded do perfornt tod chkci um
phosphate crystal having a high degree of crystallization and structural

uni form t yrebXiaip PreoueddiCisUbttANEs Ot destdgudgftes the.- ccﬁﬁiﬂ gidhOooKaBakdbfik. K.,
reagent grade 1) and cal ci um di hydr ogenphosphat e nono-hydrate (nfd. by

Shova Kage}ﬁé’cﬂfm'éc?xefﬂ?ﬂg? { @E@gﬁfﬁgﬁ?@gcﬁer en'% H}a&(}htegﬁacﬁsgp E@Bs abd Bad %@/ P) of

Cato P was contro 0 pr reamxe material. 26

~ 3 MAY yp 5 f this,m,xed mate ! 'xe/m[ledu hesarre
condi ti onég%ge‘gﬁt@an%}p@hfd g) t Rat E’P%éné\%lfeta anOf&: ¢ e@S#?f}%si #i ng
reacti on was ananced thereby to pr epare a precursor. Thus obtai ned
precur sor atlization pfj tae aecursoy %n headveneed by bhe haakireptiaenhaka low
conditions as in Exanple 1, thereby to form cal ci um phosphat e conpound.
Thus obt aﬂae@ecaﬂmeursopﬂwptwltmmommtw\mmrrﬂsedudiy a%- Paytridakciumct i on
anal yzing nmethod. As a result, the compound was found to be a -trical cium

phosphat e ghogghade mvrbmﬁla@uh’ac@hxéﬂe@tr eighadfficieysg ahd ilgakcostn and structural
un| formty. Purified water was added to each of the mxed/ mlled substances

.e.) /3 -tricalci umxgﬁgfahat rduES %ﬁbﬁta‘?ﬁ%abﬁ‘ﬁqﬁéd‘ Byheqab }SSY@(@&’P' es

1 3 thereby to prepar urri s eac having a so coritent o 5wt %

respectively.Each, of .the slurries was.left a ek under a
nor el t et émfhe%el RS BRat e Miblat T 80 iR PERLPEREY soc
Thus obtai neq dri owder was anal yzed by X-ray diffract |on h d. As a
resul t, edaiipm p es ade Lrosroungdg niushy a8 MdTicatawe Phesh aaﬁ Be¥S¥e t he

purified water was added, so that it was confirned that each of the
precursor s had an excel I ent stability with respect to water.
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Further, each of the precursors obtained in Exanples 1-3 were left as they
were for three nonths in a state where the precursors contggt@%to

at nosphere under normal tenperature and pressure, thereaft edsul t ant
powders were anal yzed by X-ray diffiaction nethod. As a result, each of the
precursors exhi bited no change toma state before the precursors was |eft
as it was, so that it was also confirmed that each of the precursors had an

excel l ent stabili i t.h respect to atnospherg. Furthe en the .

i g m FRICHRPREStAA(R SERF BE n ey REBLT Aie APoveShuaiiatiin, dt o o

t he soft-nmechanochem cal conpositi n% reaction is conpletely finished in the
above Exampriezmedzt tempgrature nE6@918084 s fxpl 8 howrs ar at terpperatuse of RYOT

anount of cal ci um by droxi de powder and cal ci um di hydr ogenphosphat e
monohydr a980powier 1230 thmwesr Nanglyranetlicaheat tredéanent ad,6003°C torimetegi um
phosphate crystal particles having a high purity, high degree of

crystal | i ZgHdmtheatghdiratlrg iSkE¢Ed b8 160, tHBitiRé MeduirsPiorithe TRAY ARGt MeaE | f
the treating tenperatur a in the subsequent heat treatnent process is

e treating he_subsequent | ess 1S
case) whoi [HRAFEFSARch. G BEUhATANE ehin PATHARAERLEY B (hE 1RE" ©
1.45-1.55, it b diffjcult.t -tricalci h h t al
par i cf os CPRATRGLAN Fr g brolghiss the ATt prsted Bhsestied FUAPDAL - 6 B 2

uniformty, thus being not preferable. Conparative Exanple 1 Cal cjum

car bonat e thatudde pwrity by sybgtantinhgurectirac and envatlizipg daopsrtgnet ¢heci um
di hydr ogenphosphat e nono- hydrate (nfd. by Showa Kagaku K. K., reagent grade
1) were webalhed phosphlatedethpeoantihst laweretlaWhet ithe (4kavP) teafperatureuand o
phosphor was controlled to be 1.5, thereby to prepare a m xed nmaterial .

Purified wahefor@e Redath treathenihxeebtiIRd & beeonieddossibiOtd Adjasnhrdt was
controlled to be 25wt % thereby to prepare a material slurry 200g of this

mat eri al Ih ( it L4 i sy ne:

it af  ne et HE By bOLBn&ania Mnktlie B bierdlfty T @ thiflbiom
techni cal _gpecificatjon,zirconia rin shown in FIGS. 1 and 2. Then, the
nat eri al QEFW%%WGW%WW h3t€e same nixing/mlling conditions
as in Exanple 1 except that the mlling time was set to .8 hqurs, so_ that

t he mechanocheni cal ﬁ’eéb?i@ﬁn%%t%vanﬁ@ﬂh‘?%@fe‘@}s tBveRtdoar ©raexmpley
powder. 28 2 3 MAY 2002 Thus obtained mlled powder was anal yzed by X-ray
di f fr act i calovemigdiraxidedindflant dihydbegenphbspiretk ysoschyldsate perddrs arét was
confirmed that a | arge anount of non-reacted substance was remained in the

m |1 ed powded .asEegftaiomateridlsisbastsprépaiel mgedpihack of whichnaslat riéo
Exanpl e 1 based on the conventional mechanochem cal reaction, although the

ml1ing oRErEH t@P WesHYRPHUELS Sohtolidd | ANDtHd WRx&d P;!}»w*a% 1§ fulther fPikadci ng

speed of the mechanochem cal Teaction was remarkab | owered i n conparison

I
with thos f E es.. J.- a i I I | il > owder
(. by ek SAT RS prbeer g RE A Gt PR R eertel RGN R0 bR
di hydr ogenphosphat e no- hydrate (nf.d. by.Shaowa Kagaku K K , reagent grade
1) were mé%dﬁagefﬁﬁae%gxﬁa&ér@o  HAGALGoR PRPSR At P ICERIeT Thénarbbabes
phosphor was controlled to be 1.5, thereby to prepare a m xed material .
Purified uaeeirsomds subliegtedota Behedtxaaatraert phitemperatare of SO0 axoment was

controlled to be |OWM % thereby to prepare a material slurry. 200g of this
mat eri al shere ycamasbeumannfaztaredasimay 1 cofstallived t powiday of dBa-trigpleium

ultrafine mll (MCOtype mll. nfd. by K K Nara Kikai Seisakusho,
techni cal pHgphdded@OMN: zirconia ring) shown in FIGS. 1 and 2. Then, the
material slurry was m xed/ mlled under the sane mxing/mlling conditions

as in Exanmple 1 exc t the. m | i . : hat
t he mechanocheni cal erPié%_c ?g% S&gsﬂg%%%gg { Eel\r,\%%?ﬁ?% 1%%3%5?%%;@% ]?ﬁg
powder . Thd'{gpec{*glinagl me iurpnlslu‘g}%1 agov\é\gt%g' ort ee}ﬂ{aeli %o el))(Ystf(ﬂgr ad %hefe frééa}: 1Io|n0irs]

caused by an interaction between acid-base points existing on the surfaces of
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met hod and differential thermal analysis. As a result, it was confirned
t-hat a | arge anobunt of non-reacted substance was remained in the mlled
powder. 29 2 3 MAY 20p2 Therefore) in the manufacturing det MY 2082
Conmpar ati ve Exanple 2 based on the conventional nmechanochem cal reaction,
al t hough the mlling operation was conducted for a long time of 8 hours,

t he advanci ng speed of the nmechanochem cal reaction was remarkably | owered
i n conparisen W t hose. of.. Exanples..1-3. Further, siyce. the, solii d.content
of the’ mataright aRakeAaRiig TR ihis mar 4 cir g RURiick] S orfE ™ o he
di sadvant ageously | owered. Exanmple 4 Cal ci um hydroxjde powder (nfd. by
Kant o Kag&gartienkay %@Wp@%ng)reéﬁﬁo’éﬂr@i%m gh@'@gﬁﬂﬁdérﬁafaﬁ%ﬁ'
nono- hydrate (nfd. by Showa Kagaku K K.) reagent grade 1) were wei ghed and
bl ended stricaleiuna phosphiate preowrs@aafan dhteralediatmprodpdtosphor was control | ed
to be 1.5, thereby to prepare a mxed material. 20g of this m xed materi al

was put into a notorFil i ¥edvenanbeiarofhbid10 dekpdratided. rdd¥tiohChd &Geinki
K.K) and m xed/mlled for 22 hours under the conditions that the naterial

Was opene(ajﬂ‘é}e?{: r@&ghgﬁem‘agne[x?gﬁbé‘t”@e}?drﬁh gi P cBiBRED B@Scagxg&dt éxtaQF]r pm

so that the soft-nmechanochem conpositing reaction was vance er eby
to prepare_a precyrsor. An X-r a KIfract.ion RD).profile of thus mlled
sanpi o EnBrl RS B HechAnscisRinL e Py EbnR s b iR depespry e hith 4

sof t - mechanochem cal conpositing reaction caused at mxing/mlling,_ .

oper ati on bpgﬁm&ﬁ,sﬁtq ?.fg lparr%oxyrl. gronpiif ehanged by she meohanical energy caused in

thernogravinetry-differential therno anal ysis neasurenent profile (TG DTA

gr aph) . of théemiihg/edllsmgrpracesprEoeichange i thieohonding Btde & thuhyttemy]l in

order to conpare with the state showmn in FIG B, a TGDTA graph of the m xed

material lped@y ecakbe 4n |impigtareRolat i Nfokmind OBNtricaléiuia ;ﬂmsghaﬁehWCPm FI GS.

7 and 8, both cal ci um hydroxi de powder and 30 2 3 MAY Z002 cal cium

di hydr oge t - t i o al npt
i‘bﬁ&ﬁﬁ%&a %WHQ RYEEAL o ardehethfal | B8m 8 ﬁlgt realios "R

detect ed e sanple after the mlling treatnent, it was

confirmed that .the soft mechanqgcheni cal c ifing reacti.on was conpletely
i shed. cPUPIHHP 8, LGS (e ARSI og Lo Sasatithe PReeiatr,

el ectric furnace. (hyper-speed, high-tenperatur ffle furnace, SF-17L
type: nf dSOBPORioR, palrvéazaaasl mogsec P Uet e ,0? therPmaustear e ik #¢ ng
speed of 10~/mn. in air atnosphere and subjected to a heat treatnent at
600 for twetallyurevaduratad $30 vasrousneanslyzing. afide testingt meetheds sangh easas
anal yzed by Xray diffr action nethod. As a result, it was confirmed that
each of t hhemmbgataimetryntiffetenerhl btharhml heailytise ffGEDTANRX ragntliffiaetiono be a
-trical cium phosphate crystal having a high degree of crystallization and a

st ruct ur alyahiol GRED)Yand FourliStraASIRSHLinGhre MG dsbSpd EMPERASUR 1iHe. t he heat
treatment is set to be I ess than 600C, the reaction was inconpletely

advanced, so that it - jEfd.cul Iy & rol C
qualities such as puIrnl ye %%é&lﬁlhglg&ﬁéééﬁgﬂl[ ﬂ(lee g’f?rggastogrt |thlgw8rr{ﬁ@gfr{’| %I S as
i n Exanpl e. 4, .the terials were bl ended so that the nolar,ratios.(.Ca/P) of
cal ot am t ShEmAIRBtEaE T s mAGRE e pBse Jhaddition CaPELs PhERsal BHEREDy t o
prepare material mxtures. Each of the material mxture was subjected to
the milli 9§ diferaniematerialnparticless shke matenigl marticly sigeviscehanged by thranpl e
4. Thus obtained sanples after the mlling treatnent were anal yzed

milling operation thereby to increase surface energy per unit volume of the

material particles and to increase lattice inconsistencies such as dislocation of
crystals and amorphousizing to be caused in a solid body of the material
particles. Such increases of the surface energy and the lattice inconsistency also

become one factor for promoting the aforementioned soft-mechanochemical
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by X-ray diffraction nethod and differential thermal analysis. As a result,
as the sane manner as in Exanple 4) it was confirnmed that both cal ci um
hydr oxi de powder and cal ci um di hydr ogenphosphat e nono- hydr a€e Mavwchag? as
starting materials were not detected in the sanples after the mlling
treatnment, 31 z s MAY zooz so that it was also confirnmed that the

sof t - mechanochem cal conpositing reaction was conpletely finished. The
products j ne above soft-nechanochem cal conpositing reaction
wer e subj%%%ggﬁﬁgggﬁg&ﬂéﬁt treatment under the sanme conditions as in
Exampl e 1. The heat-treated sanpl es were anal yzed by. X-ra iffractjon

met hod. As a result 10 @ G&ee Br matert aéﬂ#%?etﬁbtgﬁ%%faﬁ% SR®duced
by the heat treatnent was confirnmed to be a -tricalcium phosphate crysta
havi ng a bonghtidngrafemitingiydling |byz dry-proceas in Brer mathedl ofuthis anmention
Purified water was added to each of the m xed/mlled substances i.e., a
-trical ci witlplwes pding pr elispessiva addumedoi thé htasdigale nioxandel, ea 4ndiled eby to
prepare slurries each having a solid content of |5wm % respectively Each of

the sl ur rgpetige (iRebudSy) s MPShthfeddd AIRRHoWRICo BN 1d ATRABEATYT € and

pressure, thereafter, dri'ed at a tenperature of 50~. Thus obtained dried
powder was al vzed by X-ray .diffractiogn net,hod. As a rgsult, each.of the
bt ecur sor 8908 HFBe Blocten Hyeh bl Hekn BeRBuIERs Ao fen Rl piored R was
added) so that jt was confirmed that each of the precursors had an,

excel | ent SERISSIZARE wﬁwﬁr g%iﬁéjctont g‘%\/&?@?"?mﬁ?ﬁ h&et tyg Hn@gimag:ﬁ HRi@hr sor s
obtained in Exanples 4 were left as they were for three nonths in a state
wher e t hergactionr suatbod.oftharefext, twhen nbhephrecursord formesk bal thee wpactionurie and
pressure, thereafter the resultant powders were anal yzed by X-ray

di ffracti diveosly ubjechsd 8o ths beht teatment, fihe partcler sovdercahifottiedceingn change
froma state before the precursors was left as it was, so that it was al so

confir medphhaihRaChyRhl EeHe %Bg&if&ié&%ﬂ@gnﬁﬂ%@&ﬁbhﬁ%f SR d éﬁ’er@’&lti'@_

respect to atnosphere. 32 AY ~r Furt when the mxing/mlling

process i 1 R S 2 1= h i
conposi ti %%&‘?%gb?‘iﬁ%ﬁgf)gu%tgbrlrlp({)tgﬁflggglﬁﬁ%hggslfﬁgat ﬁgﬁg gggﬁ‘gggr?p%?ésm % ?reven
if the mlled sapple is one,in which a smgll anmpunt qf cal ci um hydroxide
powder and*8aI i G 1 By dPGg BRGIET PRI ohhesRDATEA C81 Rfudeo BED IR ng
materials is detected) (3 -tricalciumphosphate crystal particles having a
hi gh puri ehangingtthe aaelas refio thypuehid siprlararogens. hi ghl y struct ural

uniformty can be nmanufactured if the treating tenperature in the
subsequent heat treaismenintpnedaedsve stheuhitiagtnilliyg praressetheomdthedtof eat i ng
time is prolonged. Conparative Exanple 3 In actor dance with a synthesi zi ng

nmet hod usikhig MentRAveddy WeaberfBaiadoahadtdahnieasith Othe dal¢ipenmaihgnat e
powder (nfd. by Showa Kagaku K K., reagent grade 1) and cal cl um

di hyd 3 . ; : d
1) wer o we ahen A H X GRFing ThE ALK U, SAREL il addFERT e 07 21

phosphor was contr.olled o be 5, thergby to prepare a m,xed material .

U i ed Joieral quRberde b Ve bR etk piretrd P BRP ISt o A SRreh was
controlled to be | Owt % t hereby qt*g,prepare a_material slurry. 208 of this
materi al Sith Ayvetsyrgumiing methedinwhach thadispersing medivwosiadded fothe| ain
nortar. nfd. by Nitto Kagaku K. K. ). Then, the material slurry was m xed and
m || ed i nnzatpenl pristwedofpyrp@2 hmateriahslarrst havingredhighosedididoatenthad 1§ urry
was opened to atnosphere of normal tenperature, so that the nmechanochem cal
reacti on sstédpasfeesbliy 2O £3wt%, ahphehantatarial klvedy powiesd/milted. Tha case
connection, to prevent the solid content in the slurry fi~omincreasing by

evapor at i RghadBitRIs WeH-tyR hBEnFdthBd iOREEREHE T he SR (BnkeAt W tRRGARLRN Was

slurry can be greatly increased in comparison with that of the conventional

method, it becomes possible to efficiently manufacture calcium phosphate
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33 2 3 MHY 2002 conducted in such a manner that purified water was
appropriately added to the slurry on the way of the mlling operation so
that the solid content of the slurry was naintained to a cbequnthevel.
Thus obtained m |l ed powder was anal yzed by X-ray diffraction nmethod and
differential then mal analysis. As a result, it was confirned that a | arge
anount of non-reacted substance was remained in the mlled powder.

Therefore, i anu ' net of raf 4 on

t he convetﬁ'?rf1 gﬂ%{;g%qgaa%h%gﬁéﬁ%gp Q%Q%g}%h,wga% %’&égéﬁy(ﬁﬂwe}(fﬁéﬂg%gggti on
was conducted for a long.tinme._of 22 hours, thg adyanci speed of the
mechanochdkum. e plisRine SR o5 Howenting ﬁe\%ﬁg& PEHATmIRg, tﬁﬁose of
Exanples 4. Exanple 5 1 gram of the above precursor sanple obtained in
Exanpl e 1mianghumillingtapenation,aberaffective muidling vpenationatasdbepexfotmaed iwith speed
of 10C/ mn. and subjected to a heat treatnent at 930C for 10 m nutes. The
heat - t r eat&shestrmile sasrydnaling athibl sdtid syntént bhdHighrisweéipd. As a result)
it was confirmed that there could be obtained /3 -trical cium phosphate
crystal having a higher degree of crystallization and a structural
uniformty than those in Exanple 1. As is clear ffomthe conparison with

t he treat BRIEIDDEICRIBTION BETHE DRAWINGS confirnmed that the | onger
retention tinme in the heat treatnment will result in better crystallizing
property for (3 -trikl.cl isvaphospsationaExrRipkRowing grstractiird 6fa ahilling
precursor sanple obtained in Exanple 4 was put into an electric fiu nace,
t hen heat ddvizt ugedl @ thdtheshedef thie pr@sdrtiilvention.34 2 3 MAY 2002 subj ect ed
to a heat treatnent at 930 for 10 mi nutes. The heat-treated sanple was

anal yzed by X-ray diFHRG isQicrdBd §QgionABvizw 8iéhialond tNeEnE ORI s MG  tihat
there could be obtained 13 -tr icalcium phosphate crystal having a higher

degree of crystalli Z@G o0 iR Grapls Showint ah Xphy aiffdchon TRRD)NASE]d bf Fxanpl e
4. As is clear fromthe conparison with the treating conditions in Exanple

4, it was goidalach tPRsphhtd Neb @it iAiddd Bny NtHeh Qo GREcHARRLERN ] WaS
prol onged) (3 -ti-icalciumphosphate having better crystallizing property

coul d be QbjAidieeaudRrat %Bﬁn%@%ﬂﬁ}’ggaﬁgéi:&f@cﬁf;gnnﬁﬁﬁﬁfet 4 hBBrERieCtdiThe

phosphat e powder of Exanpl es , Ium roxi de” powder and cal ci um

di hydrogeﬁgg%imﬁ;, tapywer are m xed and milled, so that the
sof t mechanochem cal reaction is quickly advanced by catal ytic actions of

hyd I d i ' '
pY ccur sor can be for nagH b 5 LRGN (Y £ Xkl BEUIRIARBIELE the | ona
thod. F AL Cl . L.aal €i h hat b
ot ect ] veryegel piPfedlptk b BRRh LS o 4 BAEER £ 7 O0 S et g
tenperature and a shoq: t isgqsi Qnéggl?@r %ﬁ&}mg tljaﬂalﬂg SP'}%%PHo&{‘aQij@H?Od-
€ a NUf act'ur ng net hods of

According to each of ove

differential thermal analysis (TG-DTA) of a 8 -tricalcium phosphate precursor
obtained by the soft-mechanochemical reaction caused in Example 1.

FIG. 6 is a graph showing an X-ray diffraction profile of a 8-
tricalcium phosphate (TCP) fine powder obtained by the heat treatment of the
precursor at a temperature of 930 C for one minute performed in Example 1
according to the present invention.

FIG. 7 is a graph showing an X-ray diffraction profile of a
precursor obtained by the soft-mechanochemical reaction caused at

mixing/milling operation in Example 4.

22



Exanples, a strict control of pH value and tenperature condition for the
r-eacti on sol ution, which had been required in the conventi 2xl net hod as
essential control, is not required, so that an operation c MSY 288 t he
manuf act uri ng equi prent becones extrenely easy In particular, the

m xinglmlling operation is conducted in a dry-process, so that it becones
possible to omt the cli-ying process which had been required in the

conventional wet-typeFItANGIfiacd praph RhoWehH OXG-IFTR Hhrefikebf adls -Brieseien based
on 35 2 3 MAY 2002 mechanochem cal reaction in the conventional wet-type

mlling ”?h@%e(tﬁ9}%)30&1%99%B%ﬁngétlﬁlnihepéﬁﬁ'hfe%hhﬁ&ﬁéﬁﬁi%apﬁé%ﬂﬂbn chiigegfhigre, an

energy efficiency (running cost) Can be inproved. In addition, it becones

possi bl e tE?(aglFﬂlte @a&Bf&iﬂg% ﬂqfélseégﬁf ifehfdlhng agai n aggregations of powder
e

which is I1a to occur-int ryrng process, so that the manufacturing

process can be furtheﬂalg?_i @Eig{ig’i"gph':ﬁlromﬁé)at ﬁe@_gﬂ% ?1%}% SRE %%ge?%labove

manuf act uri ng met hods anpl@es, even'li ng net ho

conpared wiith t henal _dry-proc i€, synthesizing nethod
utilizi ng\%ﬁ]i&g‘ﬁl-e{\rge%%&g’t%%gﬁggIopgraéhog*slgl E)Z%xgp}eoﬁ fine a -tricalcium
phosphat e powder can uf acture ith.a | ow cost i _shont..ti e

t hrough a sinple mnﬁ&'milﬁgaf%ﬁﬁpﬁ’i \é‘{}(’%ﬁl gar'}aéﬁ?c(?r}ugmr@’dfi@ria&%o‘bOV\Uer
(nfd. by Kan agaku K. K., reagent ade .1) and,.cal ciu .

(i hydr onehBBESH A <HHGY AMPLS Braherct Abyisingia g seeaoe in Fxagel Tgr ade
1) were wei ghed and ded .so that, a,nol.ar ratjo P) of calgiumto
phosphor was control ['€d™t SPB% ﬁ.%?plﬁhﬂ}oé‘t}?gt%‘é#'éﬂg%&g%oﬁeﬂr@? i 4l .
Purified ter Waaj added tqQ the m xed material 5o thi;\t a solid content was
cont r ol | ed®YdEOHCalpRIP 913?‘%53‘16?@;1%1"@83‘&9%@?‘?@13 &Burry. 200g of this
material slurry was % into a casing,l of a multi-rjng nedia type
ultrafine mll (MG ﬁGypéZrﬁSla graph shpwing amgy-gaxdibdractions prafie of a
techni cal specification: zirconia rin shown in FIG. 1 and 2. Under a

st at e wher ehxdvosg|calriumeankasphata ohfain thedbeptdreatment-in fxarapledul at ed in
a jacket 16 provided to an outer peripheral portion of the casing 1 thereby
to keep the tenperat fK.oll3tisea casiphgshowinghe savation aoft Xualyudiffractien at i on
speed of the main shaft 4 was set to 1200 rpm and wet-type 36 2 3 MAY
2002 ni xi wyofdel pf riy sepwlatprepatest inhBxainpdel Seasethel timeuforytheasvesdypei ed
out for 300 mnutes, so that the soft-nmechanochem cal conpositing reaction
was advaneeging(enbing treatmeptahad pagredcur sor. Wien the nmixing/mlling time
had passed for 5 mnutes, 10 mnutes, 30 mnutes, 60 m nutes and 300

m nutes fromthe starting tine of the mxing/mlling operation) slurry
sanpl es were sanpl ed respectively, and dried at a tenperature of 50C.

Ther eaf t erBESEMOME FOR EMBODENG HBINVENIIONed by X-ray diffraction
nmet hod, and anal yzed results are shown in FIG 10. As is clear fi~omthe
results shown in Fl QNegf) enlmtdimeats ofithehyrbsent deveandnoailtbeiexplained on

di hydr ogenphosphat e nono- hydrate as starting materials were not detected at
a stage whha babi dfitke fidlowihgiExanhplee and CafpatativiedSxanplwer e, so that it
could be confirmed that the soft-mechanochem cal reaction was conpletely
fini shed. Kxignpleadn of the dried slurry-sanple of which mxing/mlling tine
was 60 m nutes or nore was subjected to a heat treatnment in which the

sanpl e was heat ed at Calchgathytyogidegsbwiter (@i Mbi Kdito ek KN reA@gitr i C

furnace and nmaintained at 700 for one hour thereby to for mcal ci um

phosphat e ggadgadngn@osdleium HHSdRlgeapReshHOMCRIoNE MRk £t Ay BY Blowar ay

diffraction nethod. As a result, the sanple was found to be a -tricalcium
phosphat eI@arg‘,é_&hGKJK.,n?eé%\%E EFARS 1)W¥td GrefcHidBh JIBRNARA @b thaY al@blarZfig and a

structural uniformty. en the manufacturing nethod of the above Exanple 7
I's (Ca/P) of calcium to phosphor was controlled to be 1.5, thereby to prepare a
mixed material.

50g of this mixed material was put into a casing 1 of a multi-ring
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conpared with the manufacturing nethod utilizing a nmechanochem cal reaction
t-o be caused in the conventional wet-type mlling nethod, fzoi @Ea | e, the
manuf act uri ng nmet hod di scl osed in Japanese Patent Publicati®o | B&9844,
there is a remarkabl e difference as described hereunder. Nanely) in the
conventional manufactur ing nmethod) a maxi num val ue of the solid content of
37 2 3 MAY 2002 the material slurry is at nost I5w% In this case) the
m xi ng/ m ktfzg tppendtrafimei mileMICROSEO Bec amilli nuftl By K K. | Naga tKiki of
about 5-50 hour s, so that the manufacturing cost of the product is

di sadvant 9&ieQkeshb, kéthiiad @fecifPatidie zcbfia HaBRHdhdwh HNPIGERNUARE RUUNAgr et hod
of Exanple of this invention, the solid content of the material slurry can

be great |y stdieveRGRth Lodling WA %a altBRipRYaubEof 1510 wagelrb@at&Pih Re
rapidly conpleted even if the mixing/mlling tine is set to a short tine of

|1
about 60 j gl?ém i r i
synt hesi 21:& g&aﬁ‘%gﬁ?&g‘%&%ahkﬁg cl un@? % gg{){ﬁg}t éﬂp})%rﬁgfrﬂgyl g};{%{eggaﬁgg %% put
into the j t That 4§, cordi act ur | hod of
Exanpl o ol fraitafi Gthe GRing T1otfC8 ddbirchatal SBMLEE SHebdSE TR 0
in a shorjier ti t % i wet - Sl zl

nmet hod, so%§ aslth ggt %B?%%}sgfhom%égo@g%%t%ea %g%&%g%ﬁgbogggﬁ?%ﬁ%pﬁyﬁgg

mass- produced.. 4 n particular, since the sol.hd content of th terial
Srurry catragenial SBBEL' fidsh muled Bt adur obh BEHED: o8, (BN The wof
conventional, met hod,. it beconmes possible to remarkgbl.y shorten a drying

S i ¢ RECLTeaaint] PPPAY REOLELIOn) ¥ agaP iy Bifchr THRREh G RUARATELf ng
nmedia type ultrafine mll capable of mlIling the material slurry having a
hi gh vi scBSM*®s used as a milling device and the mixing/mlling operation
is continuously perforned, a.product, efficiepcy of [3. -tricalciu
phosphat e powder can‘g’aggéw 3@%“%(:(@@&?0%8%\}{%5 @‘gﬁﬂéﬁmﬁﬁﬁ;)ﬁpog}'de
powder (nfd. by Kanto Kagaku K K., reagent grade 1) ang calciu X

di hydr ogeHpHOSHRAL @E‘Hﬂﬁbﬁ Ry B SPHT IO lyceéhoﬁé Rﬁ ak Kn?&hanogfa@@malgrade
1) were wei ghed .and bl ended sq that .a nolar ratio (Calf) of calciumto
phosphor $MBPeBHREFRAIOR eAysed BtaniIXing/ariisge ppetstiopds shawagn FIG. 8.y -

m xed material. 50g of this m xed materjal was m xed/ m || ed under_the sane
oper at i ngtheopther bird. da eudertapmpare yeithdhendata shewnie WGB, eri¥gay1 and
2), so that a soft-nechanochem cal conpositing reaction was advanced

t her eby t difffreiion erofigradithe samplehefore she milling eperation is shownin Hkbvk an
X-ray diffraction profile (XRD profile) of thus prepared precursor. Next,
one gram Shet matealy migtweubefore shepndlingsoprrptiont wds tnrepareshin tsught &ent i n
whi ch the sanple was heated in air-atnosphere at a heating speed of

| O~/ mi n. mammeanthadf caleium| bydroxide pomedes anddcalniubx adihlydrogeaptospdiate ai ned
at 600 for one hour thereby to forma substance. FIG 12 shows an X-ray

di f fract i ovngorhyfdrate péwtleewhenweighedt antl bmdled soAbat 8 mblearatiodGaMef 12,

t he substance obtained by the heat treatnent was found to be hydroxy

cal ci um pRaspRAwasconstddled thavei h thetwbytodegper amixtyet thdn thegpixivde a
structural uniformty Further, the materials used in above Exanple were

bl ended swastmuffitibetlpohmxedratd dispéfSadRh adetamd by umedrs qftw sphoral weerac hanged
to 1.62 and 1.72 respectively, thereby to prepare material m xtures. Each
of the nafTheithermoxtavimetnsdiffexastiginthoriid adalysirerpattismentopafiledTG t he
heat treatnment under the sanme conditions as in the above Exanple. As a
resul t) tDaregeeh)ds Sowhimidedshydr oxy cal ci um phosphate crystals having a
hi gh degree of crystallizing and a structural uniformty Wth respect to
thus formed hydroxy Aglshowm iphPER&Ha3 andosWdsdth calcium hydroxide powder and

calcium dihydrogenphosphate mono-hydrate powder as starting materials were
not detected in the sample after the milling treatment, so that it was confirmed

that the soft-mechanochemical compositing reaction was completely finished.
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SEM anal ysis and grain size analysis were conducted. As a result) each of
t-he sanples was found to consist of fine particles havi ngdﬁg aver age size
of about 500 nm Exanple 9 39 2 3 MAY ~ Cal ci um hydr oxi MAXUZOBZ(nfd. by
Kant o Kagaku K. K., reagent grade 1) and cal ci um di hydr ogenphosphat e

mono- hydrate (nfd. by Showa Kagaku K K., reagent grade 1) were wei ghed and
bl ended so that a nolar ratio (Ca/P) of calciumto phosphor was controlled
to be 1.67, thereby Rutheephageam of xhe dmiverimilled Ramiple edagvghr insesaradded
to the mxed material so that a solid content was controlled to be ~Oat %

t hereby t gleptred &l ae Bl Pér-Slect] Wigly-terdfOfhtate hhufletirahta| SEI1TLS Wypeas
subjected to the wet-type mxing/mlling operation using the sane

m xi ng/ m fingy Bhibae Kedkh Kikkdoghe K KN d®ken! eatedmR LBEARAE RGeE@RE tiONS

as in Exanple 7, so that the soft-nechanochemn cal conpositing reaction was

advanced 4her/aky, ﬁPajE?ra%ﬁﬁ)"sﬁhé}iéd.a’xﬁf(é’ulﬁéét@H?@aﬁ?&%&?@étﬁlé}{t%?‘gg@@ foigs the

mxing/mlling time had passed for 5'mnutes, 15 m nutes, m nut es and 60
i nut ' ' |G 13
Shove. x- 1 Syt HEBOLE R REAERGL THONG AR A Rafiifle Wl XU 01
that th L ; [ 1: X m i =N f 0.1m nut
or mor o corerapiar AT S By WA ARE AR HowP i 211 o

crystalli ?jllég property. One gram of the above dried sanple obtained by the
m xi ng/ m FIFirhg” operation for 30 m nutes was subjected to a heat treatnent

in which the sanple yas_hgated in ais --atnospher at eat | S d of
10C¢/ m n. by neans of‘x\ﬁaﬁa ?aerc(l}?li% ?L(?"n Celtu gﬁ ?oﬁﬁé%ﬁt%éﬁﬂpg %iﬁﬁﬁe

mai nt ai ned ,at 600C fqr o ur, there tq forma.substance., Thus .obt ai ned
ubst ance"Wiatasim Brodtied By TP st irrandit v R CREATHAL 1A Heo 4 et
substance was,found to.he hydroxy cal ci um ghos .e crystal s havi hi gh
dogr co o PROPbASE Gryt R) Hang, 4 el Grif A} SOBRLLeHERA il uATrShvRLy | By
the way, in.the ufacturing. method according to eac f Exanpl es, X-ray
di ffracti‘éﬂlfwmtklﬁlc@l}e 1on, W %&QIMQHW@S}”@ Sgﬁﬂq %gbtl' Breatwent ds
(FIGs. 5 and 8) .of the precursors to be fornmed affer the mxing/mlling
oper at i onsefrte bgrless ?}}P‘H&?(ﬁér@Fﬁl'qa@tléﬁwso@ﬁ%mpiq{elé(mﬁ éo\/ﬁ?‘@ﬁ HWRFnd of
the mlling devices such as rmlti-riqr}jgl media type ultrafine ml]_ and the
mot or dr i vioNnadetberdifffeulio qonkiol sheipradic gapkitipd sudbatipurisyer theolikef |
However, the profiles show that é:he_n each of the precursors was subjected
to the heat treatnenfhusmardused t Apricalanm phesphate prwidgrmwasosgtiested sowder s

such as (3_trical cium phosphate powder hydroxy cal ci um phosphate powder or
the |ike BEM mgalysis gmdperain sizendistributighagnplysise Asan rpeulbbiHtrealcium

Accordi ngly, although any of m|ling devices such as ball mll, colloid
m |1, vi bphesphatéipowder wagefiundetd be ajerngerdgated pody conpisted hhmltrabnei | | i ng
devi ces used in respective Exanples can also used as the mlling device

(pul ver i zpaxjidies/eawh) havingpar avaragagrainsire ohabonfl 1 i 4 mi. dyrbhati whepgbus
ultrafine mll shown in FIGS 1 and 2 is used, the soft-nmechanochem cal
conposi t i ohtaireakt§ vricalginrh ehoaphateypenidemweeasl sebpatad toaa et tieatmentiat y
having a high solid content and high viscosity is used. In addition, when
t he heat - ategh tewperatdire,i fonexample ats 12006 fs aboetbhedousipenatconfrmed
treating tinme or the like for the cal cium phosphate conpound precursors
f or med i nthestc ko -Bicaipmiues phosphate pewldyr hdying ® igh Gegree v taistallizatgorpanger t y
of cal ci um phosphate fine particles such as /3 -trical cium phosphate fine
parti cl esstancturgblunifyrmity coule lphalspbbtainéd.ne particles or the |ike can be
easily controll ed.
Note, in all of Examples of the present invention and
Comparative Examples, X-ray diffraction analysis was conducted by using an
MXP device (mfd. by Mac.Science K.K., scan speed:5 deg/min, voltage:40ky,

current:40mA). Further, thermogravimetry-differential thermo analysis (TG-
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41 2 3 MAY 2~ | NDUSTRI AL APPLI CABI LI TY As expl ai ned above, according to
t-he nmet hod of nmanufacturing cal ci um phosphate powder of the present

invention, calcium hydroxide powder having hydroxyl group @rsg@yb d water
exhibiting a large catalytic action is mxed with cal ci um hydr oge%%osphat e
powder and the mxture is then mlled, so that a soft-nmechanochem cal
conpositing reaction for form ng cal ci um phosphate precursor is rapidly

advanced DAY ekl eitlduictsdl by s hetheeniad whd lyponE eystea (07, efGiDTAP00Y

manufactured. In particular, when a multi-ring media type ultrafine mll
conpri si nAfd O¥MacBciénd9- Kliapedtdidarl NGatiislea Aszé;SeNzaSat@nc:@ﬁhbi‘é)g

device for mlling the mxed material) a reaction activity of e m xed

materi al PARhbEWERITRSEAP! ¥nd1P6EeRSE deortuctdiiby tushfs B aRART wlgﬁ&&l

significantly shorten a tinme"required for the soft-nechanochem c

conposi t ilﬁg:rséi%gfg (830 %,prﬁgcﬁ by K, Hit5ehi B seRefShbP 1h-aditieh N9E hin

manuf acturing calcrump t'e“powder conprising the steps of preparing a

Cved Ceri S . . . N . .

el ogenpigs SlecfgBbt g Rt dban iPupindl opy REMERECR Wpe gt ™

h h [ et 1 £l A ti I %} 1111

P oat monto g TR oBeh AR Jevics Bala 20088 YR bl Bxriiy cpithadd "9
iti ti t her eby t | Ci h hat,e._ | ,

wher ei n SETEFRISHOFAY RGP Pbatiaspe eRep g Siertive Baex L UGl ct e

by a dry-ﬁr ocess,, and conducting a heat treatnment to thus obtained

pr ecur sor %W?@rrperature of 600C or nore thereby to prepare cal cium

Becording Lo ol ai m CAlgHE By St EPUHET UKo OB AAERRATE K o oo bast
ooy BB Os S G2 Ry FagEITSRBHGN JRSBHRSS e o 1SPeR o
(CatPOt L 2120) e B8 cium 0L bydrogenphosphale (Ca(tRRO RACEfal LUy
was controlled to be 1.55, thereby to prepare a mixed material.
50g of this mixed material was mixed/milled under the same
conditions as in Example 1, so that the soft-mechanochemical compositing
reaction was advanced thereby to prepare a precursor. Thus obtained precursor
was then subjected to the heat treatment under the same conditions as in
Example 1, thereby to form calcium phosphate compound. Thus obtained
calcium phosphate compound was analyzed by X-ray diffraction analyzing
method. As a result, the compound was found to be B -tricalcium phosphate
crystal having a high degree of crystallization and structural uniformity.
Example 3
Calcium hydroxide powder (mfd. by Kanto Kagaku K.K,, reagent
grade 1) and calcium dihydrogenphosphate mono-hydrate (mfd. by Showa
Kagaku K.K.) were weighed and blended so that a molar ratio (Ca/P) of Ca to P

was controlled to be 1.45, thereby to prepare a mixed material.
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3. A nmethod of manufacturing cal cium phosphate powder according to claim1,
wherein said cal ci um phosphate to be prepared after the heat treatment is
at least one of a -tricalciumphosphate (TCP) and cal ci umk§dayxgghosphat e
(hydroxyapatite: HAp). 43 28MAY~ 4. A nmet hod of manufacturing cal cium
phosphat e powder according to claim1, wherein said nolar ratio (CalP) of
cal cium to phosphorous contained in said mxed material is set to a range

of 1.62-1.72, said %@'gcbfl'ﬁhi@hﬁﬁfﬂlﬁt&aﬂéiﬁﬂk{@@m%dﬁﬁﬂe@r (RdePXhé Nime
sof t - mechanochemi cal conpositing reaction is s hydroxyapatite (HAp)

Pr ecur SOfooiithifilad FAITIABIANDS BYARL! thed SoftBRRM AR A i RARing

treat nent |s cal ci um hydro phosphate 5. A nethod of manufacturing cal ci um

phosphat & %Ca?d%fa‘ﬂ&@@ t{x@reﬁ acb 21?0 pe?’?%drﬁﬁgﬂj dﬂh‘ﬁb%’b@e%ﬁp'ﬂrb&&sgr

treat mant or sald m xe eri by means I-ring

e & {RARHALER LRkl oA 'apea%fﬁwﬁzb&ﬁ%osplgéa;;gm;e?)@@gﬂgg%ver 91 g

nedia. 6 nmanuf ac urlng calciump g the
(cal vy 2) PSRl el T Rt shnhdten SiRr S R °§¢?§Pa4 ratio
EERR i e e e W
hosphat Q%Eﬁio@ﬁ%%%' re%ﬁ@o 3B RoBthoH Ao R P oy ﬁeﬁﬁ t?ﬂaef?{fﬁ ﬁmsa %m “
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Purified water was added to each of the mixed/milled substances

i.e., B -tricalcium phosphate precursors obtained in the above Examples 1-3

thereby to prepare slurries each having a solid content of 15wt%, respectively.

Each of the slurries was left as it was for one week under a normal temperature

and pressure, thereafter, dried at a temperature of 50°C. Thus obtained dried

powder was analyzed by X-ray diffraction method. As a result, each of the

precursors exhibited no change from a state before the purified water was added,

so that it was confirmed that each of the precursors had an excellent stability

with respect to water.

Further, each of the precursors obtained in Examples 1-3 were

left as they were for three months in a state where the precursors contacted to

atmosphere under normal temperature and pressure, thereafter the resultant

powders were analyzed by X-ray diffraction method. As a result, each of the

precursors exhibited no change from a state before the precursors was left as it

was, so that it was also confirmed that each of the precursors had an excellent

stability with respect to atmosphere.

Further, when the mixing/milling process is terminated in a state
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this material slurry was put into a casing 1 of a multi-ring media type ultrafine

mill (MIC-O type mill. mfd. by KK. Nara Kikai Seisakusho, technical
specification: zirconia ring) shown in FIGs. 1 and 2. Then, the material slurry
was mixed/milled under the same mixing/milling conditions as in Example 1
except that the milling time was set to 8 hours, so that the mechanochemical

reaction was advanced thereby to prepare a milled powder.
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conducted for a long time of 8 hours, the advancing speed of the
mechanochemical reaction was remarkably lowered in comparison with those of
Examples 1-3.

Comparative Example 2

Calcium carbonate powder (mfd. by Kanto Kagaku K.K., reagent
grade 1) and calcium dihydrogenphosphate mono-hydrate (mfd. by Showa
Kagaku K.K., reagent grade 1) were weighed and blended so that a molar ratio
(Ca/P) of calcium to phosphor was controlled to be 1.5, thereby to prepare a
mixed material.

Purified water was added to the mixed material so that a solid
content was controlled to be 10wt% thereby to prepare a material slurry. 200g of
this material slurry was put into a casing 1 of a multi-ring media type ultrafine
mill (MIC-O type mill. mfd. by KK. Nara Kikai Seisakusho, technical
specification® zirconia ring) shown in FIGs. 1 and 2. Then, the material slurry
was mixed/milled under the same mixing/milling conditions as in Example 1
except that the milling time was set to 8 hours, so that the mechanochemical
reaction was advanced thereby to prepare a milled powder.

Thus obtained milled powder was analyzed by X-ray diffraction
method and differential thermal analysis. As a result, it was confirmed that a

large amount of non-reacted substance was remained in the milled powder.
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conducted for a long time of 8 hours, the advancing speed of the
mechanochemical reaction was remarkably lowered in comparison with those of
Examples 1-3. Further, since the solid content of the material slurry was small,
the manufacturing efficiency was found to be disadvantageously lowered.
Example 4

Calcium hydroxide powder (mfd. by Kanto Kagaku K.K., reagent
grade 1) and calcium dihydrogenphosphate mono-hydrate (mfd. by Showa
Kagaku K.K., reagent grade 1) were weighed and blended so that a molar ratio
(Ca/P) of calcium to phosphor was controlled to be 1.5, thereﬁy to prepare a
mixed material.

20g of this mixed material was put into a motor-driven mortar
(ANM-1000 type, mfd. by Aichi Denki K.K.) and mixed/milled for 22 hours
under the conditions that the material was opened to atmosphere at room and a
rotation speed was set to 100 rpm, so that the soft-mechanochemical
compositing reaction was advanced thereby to prepare a precursor.

An X-ray diffraction (XRD) profile of thus milled sample i.e., 8-
tricalcium phosphate precursor produced by the soft-mechanochemical
compositing reaction caused at mixing/milling operation is shown in FIG. 7. On
the other hand, the thermogravimetry-differential thermo analysis
measurement profile (TG-DTA graph) of the milled sample (precursor) is shown
in FIG. 8. Further, in order to compare with the state shown in FIG.8, a TG-
DTA graph of the mixed material before the milling operation is shown in FIG. 9.

As shown in FIGs. 7 and 8, both calcium hydroxide powder and
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not detected in the sample after the milling treatment, so that it was confirmed
that the soft-mechanochemical compositing reaction was completely finished.

Further, 1 gram of the above milled sample was put into an
electric furnace (hyper-speed, high-temperature muffle furnace, SF-17L type:
mfd. by Shibata Kagaku Kiki Kogyo K.K.), then heated at a heating speed of
10°C/min. in air atmosphere and subjected to a heat treatment at 600°C for two
hours or at 930°C for one minute. The heat-treated sample was analyzed by X-
ray diffraction method.

As a result, it was confirmed that each of the substances produced
by the heat treatment was confirmed to be B -tricalcium phosphate crystal
having a high degree of crystallization and a structural uniformity. In this
connection, when the temperature of the heat treatment is set to be less than
600C, the reaction was incompletely advanced, so that it was found to be
difficult to control the product qualities such as purity or the like.

Using the same starting materials as in Example 4, the materials
were blended so that the molar ratios (Ca/P) of calcium to phosphor were
changed to 1.55 and 1.45 respectively, thereby to prepare material mixtures.
Each of the material mixture was subjected to the milling treatment using the
same mixing/milling device used in Example 4.

Thus obtained samples after the milling treatment were analyzed
by X-ray diffraction method and differential thermal analysis. As a result, as
the same manner as in Example 4, it was confirmed that both calcium

hydroxide powder and calcium dihydrogenphosphate mono-hydrate powder as

starting materials were not detected in the samples after the milling treatment,
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so that it was also confirmed that the soft-mechanochemical compositing
reaction was completely finished.

The products obtained by the above soft-mechanochemical
compositing reaction were subjected to the heat treatment under the same
conditions as in Example 1. The heat-treated samples were analyzed by X-ray
diffraction method.

As a result, it was confirmed that each of the substances produced
by the heat treatment was confirmed to be B -tricalcium phosphate crystal
having a high degree of crystallization and a structural uniformity.

Purified water was added to each of the mixed/milled substances
i.e., B -tricalcium phosphate precursors obtained in the above Example 4 thereby
to prepare slurries each having a solid content of 15wt%,respectively. Each of
the slurries was left as it was for one week under a normal temperature and
pressure, thereafter, dried at a temperature of 50°C. Thus obtained dried powder
was analyzed by X-ray diffraction method. As a result, each of the precursors
exhibited no change from a state before the purified water was added, so that it
was confirmed that each of the precursors had an excellent stability with respect
to water.

Further, each of the precursors obtained in Examples 4 were left
as they were for three months in a state where the precursors contacted to
atmosphere under normal temperature and pressure, thereafter the resultant
powders were analyzed by X-ray diffraction method. As a result, each of the
precursors exhibited no change from a state before the precursors was left as it

was, so that it was also confirmed that each of the precursors had an excellent

stability with respect to atmosphere.
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before the soft-mechanochemical compositing reaction is completely finished in
the above Examples 4, even if the milled sample is one in which a small amount
of calcium hydroxide powder and calcium dihydrogenphosphate mono-hydrate
powder as the starting materials is detected, B -tricalcium phosphate crystal
particles having a high purity, high degree of crystallization and highly
structural uniformity can be manufactured if the treating temperature in the
subsequent heat treatment process is sufficiently increased or the treating time
is prolonged.

Comparative Example 3

In accordance with a synthesizing method using the conventional
mechanochemical reaction, calcium carbonate powder (mfd. by Showa Kagaku
K.K,, reagent grade 1) and calcium dihydrogenphosphate mono-hydrate (mfd. by
Showa Kagaku K.K., reagent grade 1) were weighed and blended so that a
molar ratio (Ca/P) of calcium to phosphor was controlled to be 1.5, thereby to
prepare a mixed material.

Purified water was added to the mixed material so that a solid
content was controlled to be 10wt% thereby to prepare a material slurry. 20g of
this material slurry was put into a motor-driven mortar (ANM200 type
porcelain mortar. mfd. by Nitto Kagaku K.K.). Then, the material slurry was
mixed and milled in a wet-process for 22 hours under the conditions that the
slurry was opened to atmosphere of normal temperature, so that the
mechanochemical reaction was advanced thereby to prepare a milled powder. In
this connection, to prevent the solid content in the slurry from increasing by

evaporating water during the milling operation, the milling operation was
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was maintained to a constant level.

Thus obtained milled powder was analyzed by X-ray diffraction
method and differential thermal analysis. As a result, it was confirmed that a
large amount of non-reacted substance was remained in the milled powder.
Therefore, in the manufacturing method of Comparative Example 3 based on
the conventional mechanochemical reaction, although the milling operation was
conducted for a long time of 22 hours, the advancing speed of the
mechanochemical reaction was remarkably lowered in comparison with those of
Examples 4.
Example 5

1 gram of the above precursor sample obtained in Example 1 was
put into an electric furnace, then heated at a heating speed of 10C/min. and
subjected to a heat treatment at 930°C for 10 minutes. The heat-treated sample
was analyzed by X-ray diffraction method. As a result, it was confirmed that
there could be obtained 3 -tricalcium phosphate crystal having a higher degree
of crystallization and a structural uniformity than those in Example 1.

As is clear from the comparison with the treating conditions in
Example 1, it was confirmed that the longer retention time in the heat
treatment will result in better crystallizing property for B -tricalcium
phosphate.
Example 6

1 gram of the above precursor sample obtained in Example 4 was

put into an electric furnace, then heated at a heating speed of 10C/min. and
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As is clear from the comparison with the treating conditions in

Example 4, it was confirmed that if the retention time in the heat treatment
was prolonged, B -tricalcium phosphate having better crystallizing property
could be obtained.

According to the method of manufacturing calcium phosphate
powder of Examples 16, calcium hydroxide powder and calcium
dihydrogenphosphate powder are mixed and milled, so that the soft-
mechanochemical reaction is quickly advanced by catalytic actions of hydroxyl
group and combined water, whereby f3 -tricalcium phosphate precursor can be
formed in a short time in comparison with the conventional method. Further,
fine crystal particles of B -tricalcium phosphate can be effectively
manufactured through a heat treatment with a low treating temperature and a
short time in comparison with the conventional method.

According to each of the above manufacturing methods of
Examples, a strict control of pH value and temperature condition for the
reaction solution, which had been required in the conventional method as
essential control, is not required, so that an operation control of the
manufacturing equipment becomes extremely easy. In particular, the
mixing/milling operation is conducted in a dry-process, so that it becomes
possible to omit the drying process which had been required in the conventional

wet-type manufacturing method as an essential process based on
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process for grinding again aggregations of powder which is liable to occur in the
drying process, so that the manufacturing process can be further simplified.

Further, according to each of the above manufacturing methods of
Examples, even if the outstanding method is compared with the conventional
dry-process i.e. synthesizing method utilizing high-temperature solid phase
reaction, fine B -tricalcium phosphate powder can be manufactured with a low
cost in a short time through a simple manufacturing facility.

Example 7

Calcium hydroxide powder (mfd. by Kanto Kagaku K.K., reagent
grade 1) and calcium dihydrogenphosphate mono-hydrate (mfd. by Showa
Kagaku K.K., reagent grade 1) were weighed and blended so that a molar ratio
(Ca/P) of calcium to phosphor was controlled to be 1.5, thereby to prepare a
mixed material.

Purified water was added to the mixed material so that a solid
content was controlled to be 40wt% thereby to prepare a material slurry. 200g of
this material slurry was put into a casing 1 of a multi-ring media type ultrafine
mill MIC-O type mill mfd. by KK. Nara Kikai Seisakusho, technical
specification’ zirconia ring) shown in FIGs. 1 and 2.

Under a state where a cooling water having a temperature of
15 C was circulated in a jacket 16 provided to an outer peripheral portion of
the casing 1 thereby to keep the temperature of the casing 1 to be a constant

value, a rotation speed of the main shaft 4 was set to 1200 rpm and wet-type
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When the mixing/milling time had passed for 5 minutes, 10
minutes, 30 minutes, 60 minutes and 300 minutes from the starting time of the
mixing/milling operation, slurry samples were sampled respectively, and dried
at a temperature of 50°C. Thereafter, each of the dried samples were analyzed
by X-ray diffraction method, and analyzed results are shown in FIG. 10. As is
clear from the results shown in FIG. 10, both calcium hydroxide and calcium
dihydrogenphosphate mono-hydrate as starting materials were not detected at a
stage when the mixing/milling time was 60 minutes or more, so that it could be
confirmed that the soft-mechanochemical reaction was completely finished.

One gram of the dried slurry-sample of which mixing/milling time
was 60 minutes or more was subjected to a heat treatment in which the sample
was heated at a heating speed of 10C/min. by means of an electric furnace and
maintained at 700°C for one hour thereby to form calcium phosphate compound
powder. Thus obtained powder sample analyzed by X-ray diffraction method. As
a result, the sample was found to be B -tricalcium phosphate crystalline
particles having a high degree of crystallizing and a structural uniformity.

When the manufacturing method of the above Example 7 is
compared with the manufacturing method utilizing a mechanochemical reaction
to be caused in the conventional wet-type milling method, for example, the
manufacturing method disclosed in Japanese Patent Publication HEI3-69844,

there is a remarkable difference as described hereunder. Namely, in the

conventional manufacturing method, a maximum value of the solid content of
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the material slurry is at most 15wt%. In this case, the mixing/milling operation
is required to be continued for a long time of about 5-50 hours, so that the
manufacturing cost of the product is disadvantageously increased.

On the other hand, in the manufacturing method of Example of
this invention, the solid content of the material slurry can be greatly increased
up to 40wt%, and the synthesizing reaction can be rapidly completed even if the
mixing/milling time is set to a short time of about 60 minutes, so that it becomes
possible to greatly increase a synthesizing amount of f-tricalcium phosphate
per unit energy to be put into the reaction system.

That is, according to the manufacturing method of Example of
this invention, f3-tricalcium phosphate precursor can be formed in a shorter
time than that of the conventional wet-type synthesizing method, so that 8-
tricalcium phosphate powder can be efficiently mass-produced. In particular,
since the solid content of the material slurry can be set to a high level of 40wt%
in comparison with the conventional method, it becomes possible to remarkably
shorten a drying time in the subsequent drying process. In particular, when a
multi-ring media type ultrafine mill capable of milling the material slurry
having a high viscosity is used as a milling device and the mixing/milling
operation is continuously performed, a production efficiency of B -tricalcium
phosphate powder can be abruptly increased.

Example 8

Calcium hydroxide powder (mfd. by Kanto Kagaku K.K., reagent
grade 1) and calcium dihydrogenphosphate mono-hydrate (mfd. by Showa
Kagaku K.K., reagent grade 1) were weighed and blended so that a molar ratio

(Ca/P) of calcium to phosphor was controlled to be 1.67, thereby to prepare a
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operating conditions as in Example 1 using the ultrafine mill (FIGs. 1 and 2), so
that a soft-mechanochemical compositing reaction was advanced thereby to
prepare hydroxy calcium phosphate precursor. FIG. 11 shows an X-ray
diffraction profile (XRD profile) of thus prepared precursor.

Next, one gram of the above precursor sample was subjected to a
heat treatment in which the sample was heated in air-atmosphere at a heating
speed of 10C/min. by means of the electric furnace used in Example 1 and
maintained at 600C for one hour thereby to form a substance. FIG. 12 shows
an X-ray diffraction profile of the heat-treated sample.

As is clear from FIG. 12, the substance obtained by the heat
treatment was found to be hydroxy calcium phosphate crystals having a high
degree of crystallizing and a structural uniformity.

Further, the materials used in above Example were blended so
that the molar ratios (Ca/P) of calcium to phosphor were changed to 1.62 and
1.72 respectively, thereby to prepare material mixtures. Each of the material
mixture was mixed and milled, thereafter subjected to the heat treatment under
the same conditions as in the above Example. As a result, there could be
obtained hydroxy calcium phosphate crystals having a high degree of
crystallizing and a structural uniformity.

With respect to thus formed hydroxy calcium phosphate powder,

SEM analysis and grain size analysis were conducted. As a result, each of the
samples was found to consist of fine particles having an average size of about

500 nm.

Example 9
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grade 1) and calcium dihydrogenphosphate mono-hydrate (mfd. by Showa
Kagaku K. K., reagent grade 1) were weighed and blended so that a molar ratio
(Ca/P) of calcium to phosphor was controlled to be 1.67, thereby to prepare a
mixed material.

Purified water was added to the mixed material so that a solid
content was controlled to be 40wt% thereby to prepare a material slurry. 200g of
this material slurry was subjected to the wet-type mixing/milling operation
using the same mixing/milling device used in Example 7 under the same
operating conditions as in Example 7, so that the soft-mechanochemical
compositing reaction was advanced thereby to prepare hydroxy calcium
phosphate precursor.

When the mixing/milling time had passed for 5 minutes, 15
minutes, 30 minutes and 60 minutes respectively, slurry samples were sampled
and dried at 50C. FIG. 18 shows X-ray diffraction profiles of the dried samples.
FIG. 13 shows a fact that the precursors obtained by the mixing/milling
operation for 30 minutes or more consist of a single phase of hydroxy calcium
phosphate having a low crystallizing property.

One gram of the above dried sample obtained by the
mixing/milling operation for 30 minutes was subjected to a heat treatment in
which the sample was heated in air-atmosphere at a heating speed of 10°C/min.
by means of the electric furnace used in above Example and maintained at
600°C for one hour thereby to form a substance. Thus obtained substance was

analyzed by x-ray diffraction method. As a result, the substance was found to be

hydroxy calcium phosphate crystals having a high degree of crystallizing and a
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profiles (FIGs. 5 and 8) of the precursors to be formed after the mixing/milling

operation are greatly different to each other in accordance with a kind of the
milling devices such as multi-ring media type ultrafine mill and the motor-
driven mortar or the like and the operating conditions thereof. However, the
profiles show that when each of the precursors was subjected to the heat
treatment under suitable conditions, calcium phosphate powders such as 8-
tricalcium phosphate powder hydroxy calcium phosphate powder or the like
having a high purity and fine grain size can be obtained.

Accordingly, although any of milling devices such as ball mill,
colloid mill, vibration mill or the like for general purpose other than the milling
devices used in respective Examples can also used as the milling device
(pulverizing device), in particular, when the multi-ring media type ultrafine mill
shown in FIGs 1 and 2 is used, the soft-mechanochemical compositing reaction
can be rapidly advanced even if a material slurry having a high solid content
and high viscosity is used.

In addition, when the heat-treating conditions such as such as
treating temperature and treating time or the like for the calcium phosphate
compound precursors formed in each Examples are properly adjusted, the
crystallizing property of calcium phosphate fine particles such as (-tricalcium
phosphate fine particles and hydroxy calcium phosphate fine particles or the

like can be easily controlled.
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calcium phosphate powder of the present invention, calcium hydroxide powder
having hydroxyl group or combined water exhibiting a large catalytic action is
mixed with calcium hydrogenphosphate powder and the mixture is then milled,
so that a soft-mechanochemical compositing reaction for forming calcium
phosphate precursor is rapidly advanced whereby calcium phosphate compound
powder can be efficiently manufactured.

In particular, when a multi-ring media type ultrafine mill
comprising a number of ring-shaped milling media is used as a milling device
for milling the mixed material, a reaction activity of the mixed material can be
remarkably increased, so that it becomes possible to significantly shorten a time

required for the soft-mechanochemical compositing reaction.

42



10@ 10%@& () - L10Y%@E ()-3! 109%@& ()- , 10%@& ()-! 10%@& ()-' SH10%@& () - |
10@X; EH JJE: / 10@ 10@ , > ey
10%@& () - 1! 10%@& () - 1! 10%@& () -y/ 10%@& () - SH#! 10%@& () - ! 10%@3 MW Y: /
10@ 10967& () - F! 10967& () - @O%T& ()-!10947& ()-10947& ()- "9109F& ()- 10@nbC
10@ 10%@& ()- 10T 10T 10TS@ 10947& ()--!1094T& ()-+1094T& ()-s!!109T& ()- P+
dEnbC PATENT CLAIMS

10@10%@& ()-! 10%@& () - 10%@& () - @ 10%@&' () - SL10%@& () - FLO%@&' () - bef ghsbC

10@10% u& ()-Y 10% u& ()-"10% u& ()- 10@ 10@ 10@y>

109@& ()--!109%@& () - kxmbC 10@H#S10%VE ()- 10-u 10-u

10- u@3iL0% u& () - A1038dtRod ) -of L Opfattrd dbu¥ingO YedlGuid - 'p(h@gﬂgt% powder
comprising the steps of

preparing a mixed material by mixing calcium hydroxide (Ca(OH)o)

powder and calcium hydrogenphosphate powder so that a molar ratio (Ca/P) of
calcium to phosphorous is set to a range of 1.45-1.72;

conducting a mixing/milling treatment to said mixed material to

cause a soft-mechanochemical compositing reaction thereby to prepare a

calcium phosphate precursor, wherein said mixing/milling treatment for said mixed
material is conducted by a dry-process; and

conducting a heat treatment to thus obtained precursor at a temperature of 600°C
or more thereby to prepare calcium phosphate powder.
2. A method of manufacturing calcium phosphate powder according
to claim 1, wherein said calcium hydrogenphosphate is at least one compound
selected from the group consisting of calcium monohydrogenphosphate
(CaHPOy, calcium monohydrogenphosphate dihydrate (CaHPO, * 2Hz0),
calcium dihydrogenphosphate (Ca(H2PO4)2) and calcium dihydrogenphosphate
monohydrate (Ca(HPOJ2-H20).

3. A method of manufacturing calcium phosphate powder according
to claim 1, wherein said calcium phosphate to be prepared after the heat
treatment is at least one of f -tricalcium phosphate (TCP) and calcium

hydroxyphosphate (hydroxyapatite: HAp).
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said mixed material is set to a range of 1.62-1.72, said calcium phosphate
precursor to be formed by the soft-mechanochemical compositing reaction is

5 hydroxyapatite (HAp) precursor, and said calcium phosphate to be prepared

after the heat treatment is calcium hydroxyphosphate.

5. A method of manufacturing calcium phosphate powder according to
claim 1, wherein said mixing/milling treatment for said mixed material is
10 performed by means of a multi-ring media type ultrafine mill comprising a

number of ring-shaped pulverising media.

6. A method of manufacturing calcium phosphate power comprising the
steps of:
15 preparing a mixed material by mixing calcium hydroxide (Ca(OH),)

powder and calcium hydrogenphosphate powder so that a molar ratio (Ca/P) of
calcium to phosphorous is set to a range of 1.45-1.55;
conducting a mixing/milling treatment to said mixed material to cause a
soft-mechanochemical compositing reaction thereby to prepare a calcium
20 phosphate precursor; and
conducting a heat treatment to thus obtained precursor at a temperature
of 600°C or more thereby to prepare calcium phosphate powder,

wherein said calcium phosphate precursor to be formed by the soft-
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5 7. A method of manufacturing calcium phosphate powder according to
claim 6, wherein said mixing/milling treatment for said mixed material is

conducted by a dry-process.

8. A method of manufacturing calcium phosphate powder according to
10 claim 6, wherein said mixed material is prepared in a form of slurry and said

mixing/milling treatment for the slurry is conducted by a wet-process.

9. A method of manufacturing calcium phosphate powder according to
claim 8, wherein a content (concentration) of solid component contained in said

15 slurry is set to 15-50 wt%.



