HYDROXYAPATI T | TE COMPOSI TE AND METHOD OF MANZJFACTURI NG THE
COMPCSI TE Tech he present invention relates g nmet hod of

synt hesi zi ng hydr oxssieapati te, hydroxy apatite conposite an&iEWeZ%d of

manuf acturing the conposite, nore particularly relates to a synthesizing
nmet hod, hydromwﬁﬂ"mumm nposite and net hod of manufacturing the sane that

are capable o ng the hydroxy apatite and conposite thereof
havi ng a hi gh uni sgaoga«ty, fi neneMIéAﬁQ@él | ent di spersing property and
capabl e of producing the hydroxy apatite and conposite in a short tine
t hrough a sinple process. Background Art A conposition and structure of

hydroxy apatite (Cal o(PO ~g(OH)2, hereinafter referred to sinply as "HAp")
ale oxt r emSSNTHRSIAINGOMEEO Db FINORONYARNEIEE, BYDROKYAPATEGani o

conponents for constituting an organi sm body, so that HAp has a high
affinity toCOMPOSIER ANDMBTHOR0& MANUHRACTIIRINEGIHESEOMBOBItRat ei al s,
for exanple, as artificial organ material and nedical nmaterial for
constituting bone and tooth or the like. Further, HAp has been expected to
be widely applied to various applications such as a material for
absor bi ng/Teelpaical Fiedd protein, am no acid, saccharides, DNA or the |ike
catal yst inorganic ion-exchanger; and antibacterial agent or the like. 1
2 3 MAY 2002 ConventThéapleddnttliaventias Crdlied k¥\pa hakethed nofmeputliasizingd i n
accordance with the follow ng methods such as diy-nmethod, wet-nethod and
hydr ot her iRAreBE Bpstite] Maidross apatitenenspott Bd In&thoHI dfahhAifaRiudng thE W th
cal ci um carbonate or by a conbl nation of cal ci um pyrophosphate with cal ci um
car bonat e o i stk YmdRd ?thdtﬁaﬂy el Pl sHHHAPANE EhoRChyHRxy AphtitBe
met hod conprises the steps of m xing cal cium source and phosphoric acid
sour ce s o5hilolitd IafiB! B1dthbe 40 RASHAEEurindT tHel[Brll FhbBUatd!Callailt 1O 8
hi gh tenpgégﬁhre aﬁgacaus?%g g?y-type o) |%1p agb reaction thg?gby to
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st eps of mXi ng reac |ng cal Cl um sourc source as
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Furtherrrorp%cetsts'ug hydr ot hermal nmethod is a nethod of
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Background Art

A composition and structure of hydroxy apatite (Ca10(PO»s(OH)2,
hereinafter referred to simply as "HAp") are extremely similar to those of
bone and tooth as biological inorganic components for constituting an organism
body, so that HAp has a high affinity to the organism body. Therefore, HAp has
been used as biomaterials, for example, as artificial organ material and medical
material for constituting bone and tooth or the like. Further, HAp has been
expected to be widely applied to various applications such as a material for
absorbing/separating protein, amino acid, saccharides, DNA or the like;

catalyst; inorganic ion-exchanger; and antibacterial agent or the like.



synt hesi zi ng the HAp, and the nethod conprises the steps of pressurizing a
raw material of CaHPO4 or the like in an autoclave to a pressure of sever al
hundred atns; and heating the material to a tenperature %}‘ nor e,
thereby to synthesize HAp of single crystalline having é &?‘g ra| n size.
Thus s5-nthesized HAp is excellent in affinity to organi smbody, so that
applications of HAp as or ganism materi al have been tried and advanced in

t hese years. However, the HAp synt heS|zed treatl ng the raw nmaterial at a
hi gh tenperature hasCenveaenrlp| gb h@‘i duas keene RGtHFEd BAt  of
or gani sm bone. Therefore) when the HAp IS assenbl ed into the organi sm body
2 2 3 Maveadpreaasvitn the fellowing petkods peche ap diyanethgda Wotonetdedsad t hat
the HAp may damage or break an organism bone |ocating at circunference of
the HAp. hydsetbierineh meshndeThateisHAps sadisate iy 4 aembinasiopaind HESP avighral |
plastic deformability, it is difficult to utilize the HAp as the alternate
bone. To calpeumidarbommte ailiyuatconrbinatien ef halsivhe gyrashwebbptedwathHfglcinmmposi t e
formed by conpositing HAp with organi ¢ conpounds such as col |l agen or the

| i ke that carlomapabhe drf metleod ivg twhethplash syntihetaingibhé | HApt artdh¢he
conposite. As a nethod of manufacturing the conposite of HAp and the

or gani ¢ conphieddedraprisdie tipal rsr)%ﬁseoﬁfmsxiﬁgm&iaimgoamVen@qiﬁasphbﬁe nasid ng
material, the foll ow ng netho have been tried. Namely, there are used: a

net hod conmpid 0:thieng hepsrials terrepilew nfxtilie Phadats t0) mittone thahighi ch
cal cium hydroxide is dissolved) preparing a phosphoric acid solution into

whi ch col ltagperatareli 88@c8singadd-perpliddphdie RACEHRAhbfebyoloUsythesingé o t he
suspended solution a nethod conprising the steps of previously synthesizing

a HAp preggasor, mxing the HAp precursor into a collagen suspended
solution to Torma mxture, and thereafter, freeze-drying (lyophilizing)

the mixture and a mephadle}. nfo%x%ﬂag?e"@tplﬁ&bééﬂeﬁy GOERABIfiohSoF Y1 | 20

in a solution into which anionic ‘cationic pol'ymer i n place of the above

col I agen '%ﬂhﬁg@'sﬁﬁ% ndél SESG6H %ﬂhgﬁﬁéglor?csa&d TERRRS, ?lfxe g%@&f#&%l_‘kghé‘g t he

HAp and a nuf acturi ng conposi te conpos and t
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wet-met hod, 1t beconﬁs t%%?r%'oxbe € tthe hydrothermal method is a method of
synthesizing the HAp, and the method comprises the steps of pressurizing a
raw material of CaHPO, or the like in an autoclave to a pressure of several
hundred atms; and heating the material to a temperature of 200°C or more,
thereby to synthesize HAp of single crystalline having a large grain size.
Thus synthesized HAp is excellent in affinity to organism body, so
that applications of HAp as organism material have been tried and advanced in
these years. However, the HAp synthesized by treating the raw material at a

high temperature has a remarkably higher mechanical strength than that of

organism bone. Therefore, when the HAp is assembled into the organism body



obtain a HAp powder having a relatively fine grain size and a | arge
specific surface area. In contrast, however, in order to secure the
stoichionetric conposition) a strict pH control and tenperature adjustnent
are required, thus making a operation control of the naggfacturing
apparatus conplicate. Further, the wet-nethod poses pro M a2 that a
production efficiency is extrenely | owered because the synthesi zi ng
reaction requires a |l ong period of tjne d the_aging process tqQ be

per f or med a§tan ﬁléelmaéﬁ%p@ PER l?rl"eal%ﬁds%l)réaémr%hat%%?ﬁbe p epoflamage. On

t he ot her hand,_ according to the hydrothermal nethod, there can he obtained
HAp whi skér dreakresergapism bene loeatingipt cirgumigrenceiofithe HAp aln additipn,
property or whi skers, having an extrenely large size, of which crystal
axi s is esingedde HApasamorganiceonund kasceosmadkplastiodefpemabiliy, it is
hydr ot hermal net hod requires a high-pressure and heat resisting apparatus
as a synt efficnltrtg wtppeerthe d$Ap ss thealtemmatagwereat us initial cost woul d be
remar kably i ncreased and the nethod requires |long period of tine for
perform ng the synt HEsicopagvitkaidtis cuituativey; ehgrd hesebéen deseldpad pr dbApm t hat
the manufacturing efficiency is disadvantageously | owered. The above

probl em i sonposita fyrnial/bptadpoditiagyHAD wible orgirtio dsmpbumdnsiichcasicdllagehhe HAp
conposite conposed of HAp and organi ¢ conpound. In any of the nethods,
there is peseek pikebllests assaphublat ofrafiphatihgr theg phistie dsformadildtyMbor tRe02 and
operation control of the apparatus are conplicated, a long term

manuf act Urcbﬂg)obit&EAs 8 rhéthed lof ¢h Adathieineid doaibostBfIH AL Wl the drgsmed t o
be coarse and non-uniform The present invention had been achi eved to sol ve
the af or erpigoanadoR &H@?Qﬁﬁqs@!‘tﬁ‘ sHALIIARE abbvé BEnSaBReMtihd iedtbtial the to
provi de a nethod of synthesizing HAp, thé nethod being capable of directly

synt hesi zifggowiNg SeVid®RIHdvedeBAWERR. having fine and uniform size by a
single process in a short time under a normal tenperature and nor nal
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cationic polymer in place of the above collagen is dissolved.

As described above, as a method of synthesizing the HAp and a
method of manufacturing the HAp composite composed of HAp and the organic
compound, various methods have been adopted.

The above dry-method as a method of synthesizing HAp is more
excellent than the wet-method in a point that HAp having a stoichiometric

composition can be synthesized. In contrast, however, the dry-method may



organi ¢ conpound particles as required are m xed into phosphor is acid
solution thereby to prepare a m xed material slurry then the slurry is
subj ected to a nmechanochenmical mlling treatnment in which shearing force
and conpressive force based on the centrifugal force of a

mechani cal | y-rotating body are inparted to the nmi xed naBeMAal2002] urry
thereby to performthe mxing and mlling operation, a hydroxy apatite
powder and a co site thereof haying.a fine parti,cle size_.and uniform
Shar act er PS8 GEORERS, SUEH DAF i BRIVERHiIRE SePLHIRR [ies CORRRIELOR il Brheat
normal tenperature and pressure. |n tigular, whenp a multj-ring nedia
type ul tr&FGatEemtis reQHER gqucoaltmsaﬁifor arlong paried 8 gawp@wha? thexg 1%ddi a i s
used as a mxing and mlling device for advanci ng.a mechanochem cal
reaction Kysasyaatega iy Ruedugiivitn @arherystals saneet baeuniiqadyniremedapnd| urry,
there coul d be also obtained the findings such that a reaction activity of
t he mi xed shahlecharactemistics msxothepb@esaerg it becanme possible to rapidly
advance the above mechanochem cal reaction whereby a production efficiency
of the HAp powder anburther,ceaequodingets Hbeewket-omthddbét benemesipogsible rteased.
Furthernore, in the conventional various synthesizing nethods, a solid
conponent obtaiheatHApgroveddrr having)a askdtivele fisetgrani sidecand acthrgetspetidic
slurry was required to be suppressed to a | ower level) and the m xed

mat eri al swfacy e, r Bouionhechst,0 howenereth amrdep tbvesduredtieorsteichongetiicre.
However, when the above ultrafine mll is used, even if the slurriy has a
hi gh sol i donmpokitiun, andriet pHodonti el @esl teynperatire catirstpoasidek eeqaired, xthasd

pul verize the slurry in a short tinme whereby the production efficiency of

t he HAp pawslkinganepdracioaasnosl betHhaaaafactatihg apparamarckaplivaielFietlssrd. The
present invention had been achieved on the basis of the above 6 2 3 MAY

2002 fi ndithgSwetNaiEhod pasdehiitleRf stehHRsA produdtim EFFRINCHES dxifenaélops of
preparing a m xed material slurry by dispersing cal cium hydroxide (Ca(OH)2

powder i ntjgwarddsRNes the SAitHebiEiEdeat@bi téQilte LSO G tivRE RRAQHREM cal
mlling treatnent in which shearing force and conpressive force based on a

centrifugalsihoniBeddt 3 PEGRAREHRY 4O Hich RO epditirk TS boGLILES Tah]%ngi xed
material slurry, and reacting the cal ciunm hydroxi de conponent wth the
phosphori g,a&ddbhrepgponent under normal tenperature and pressure thereby to

prepare HAp powder conposed of fine crystal grains. Further, in the above
synthesizi ng et hod, of Nkl 1Ak, B5dPelal thefydrBRRIrhRH hEHIAC LRI 1Y DY
a centrifugal force caused In the nechanochemcal® mlling treatnent iIs
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is a quantitative 1 ndex ni'tude of “pu Z1 ng
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a synthesizing apparatus, so that an apparatus initial cost would be
remarkably increased and the method requires long period of time for
performing the synthesizing reaction, whereby there is posed a problem that
the manufacturing efficiency is disadvantageously lowered.

The above problem is commonly revealed in any of the methods of

manufacturing the HAp composite composed of HAp and organic compound. In

any of the methods, there is posed problems such that manufacturing process



material slurry is preferably set to a range of 5-40 w% In addition, a
HAp conposite according to the present invention conprises HAp particles
formed by reacting cal cium hydroxide (Ca(OH)2 with phosphoric acid (H3P04)
solution in the presence of fiber protein particles and_ the fiber protein
particles of which surfaces are integrally 7 2 3 MAY 230¥A% 89“§ed and
conposited with the HAp particles. Further) in the above HAp conposite,
Calf nolar ratio is preferably set to a range of 1.2-1.8, In addition, the
organi o coMFoARITFEOR, Epatialolof £B9 naBPRRARS bare pqoa@émt%%n@os‘@agoﬁe% | east
one of silk fiproin (SF) and col | agen.. Further, rati o of, the f|ber
protein t@@%@tbaéamﬁw Issraguaedraml (hesgesultant 14p pre ctssﬁerén%é tabeo of
the fiber protein contained in organi smbone is about 20% when the

conposi ti gRAXE &nden%hlﬁb@l‘me is intended to be close to that of organism
structure, it is nore preferable that the ratio is set to a range of 1040
wt/ . Further, a nethbel @resemiufiaventiomg hadHdpeeponpdueves atxosevag the t he
present invention conprises the steps of preparing a mxed material slurry
by di sper sifongmeaitoined prpbiltems ded @@agigedtofgbegeesantdnventaon @s to pravpdaiad
particles into a phosphoric acid (H3PO4) sol ution, conducting a
mechanochenettmd ofidyntlmgsizing H Apnthei methudcheingeapablg df direetlgrsynclegiziagsi ve
force based on a centrifugal force of a mechanical rotating body are

i npart ed tHApheysiallik pawder hhvizigufiny andnanifeas tsizegby Aesinglecprocedsyth axi de
conponent wi th the phosphoric acid conponent under nornmal tenperature and
pressur e wherteHndAnd@ondeimd temgefdtiee ahdsidhsaliFresarosiitheutotreatiagr f aces
of the organic conpound particles, simultaneously HAp powder and the

organi c conped at chighnpapé@urd hrdhdigh oy smeU faadt withgtnidriddy at is
preferable that the organic conpound particles are subjected to the

mechanochgjfeé@sofhk fdrieed iree@AlehtlomdAsHRdEN @ phosphoric acid sol ution
so that phosphoric acid ion having affinity is adhered to the surface of

the organi ¢ conpoungnpgidy &héther %B*etcf'@f ih@pﬁ:%@%f iﬁ\*zé%giom‘;s(ftg rovide FIRE

inparted to the slurry by a centritugal force p2 caused in

the mechangeheRitcalhith! tdh Gt LAl S2A! bhrke-MEHBLAY nadSlial By IR RSinIANE-
Further, Ca/P nol ar ratJl;o o? t%g élr171g3>%edd)r?r‘3151t eﬁ%ﬁg ura?y l?s }p’refernell ly set to
a range of = n Ll i : ] i-al
slurry is ag‘élé e‘%%tﬁ?%/édsst fﬂ gélg a%lgg?@f %ﬁ@]&ﬁ%déér% g}lgcfﬁgng?%%bg
conpound i r : [ . [ f east one of
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Further, a ratio of the fiber protein to the conposite is preferably set to
10-90 wt% The ratio is nore preferably set to a range of 10-40 w/ . In

parti cul ar]f)is%,ltosﬁxs o éafr?@n‘fioﬂlhat t he mechanochemical mlling treatnent for
the m xed nateriral slurry 1s performed by nmeans of a nmulti-ring type

ultrafine mll conprisi0geaNUHRE e Yhe reif&%h?et}ﬁpo%%dpéﬂjg&g,i Bl EhIRYR: of

the present invention had prepared HAp powders under various conditions by

using various material powders, reacting synthesizing method and pulverizing
devices (grinding machines). Then, through the many experiments, the
inventors had comparatively reviewed the influences of the differences in the
manufacturing conditions onto characteristics and manufacturing cost of the
HAp powder and the HAp composite.

As a result, the inventors had found and obtained the following

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



The present invention adopts a counterneasure such that a m xed materi al
slurry is prepared by m xing cal ci um hydroxide (Ca(COH)2) as cal ci um source
into a phosphoric acid (HsPO4) solution as phosphoric acid source, then
conduct a nmechanochemi cal mlling treatnent in which shearing force and
conpressive force based on a centrifugal force of a rrechagbcﬂY %&ati ng
body are inparted to the m xed material slurry , and cause“a

nmechanochem cal reacti an i.e. a mutual .reacti| ogl,bet en, aci d-bqasfg goi nts at
surfaces OFE3Me cagpapng pasticles asasayped agg npixg %mgosuahwlﬁ@q ulpyst al s
is synthesjzed in a short tinme under, normal tenperature and pressure. Mre
concr et el yhexsbyap) prapares mivedmatpriah shuyy thepshepgumsr 1< subiertedsta ae
sinple steps _of preparing the m xed material slurry by weighing and m xed
phosphor i enemhagoghemicabmidling traasinent iy dv bichdshessings foree antadompressiveol ar
ratio (Cal P) of cal cium and phosphorous to be 1.2-1.8) and putting the
slurry i ntfarca basskelonofthe gantvifegali fayca pefamatmoechanitatiyxiotatimg dbodyl larag t he
slurry 9 2 3 MAY 2002 under a predeterm ned pulverizing condition. In
addi ti on, imipantedr tgahe cmaxedp matdriphrslunry esheaelsy o epérdorsh ythadoexinigoahde

m xed material slurry in advance and the slurry is subjected to the sane
m Xi ng andniliihg iopgrdticntareydroxy gratite powder efrides tcomployitaahetfeat havitg HAp
conposite in which HAp particles are integrally fornmed to the surface of

t he or ganifineceampielonsizpantivglifosm dmrhbBerictigsoas be effeotively padinfacturdésar i bed
above, there can be used particles conposed of fiber proteins such as SF
and col | ageshdt titheuhiléen Wi allichpeeaturd ngld bkiute! y Wi th respect to

organi sm body These fiber proteins have a function of inparting a plastic
deformability to the[Apa¢RURAS I WEen ! 8 mflfisEnpheiRden B@P@r afpphife NBERN 1 al
is formed by using this conposite, there is no fear that the material would

damage or chrﬁ)Ei%iﬁé‘% U BEY (Emdiﬁ&-rsﬁﬁf)éﬂ Bulveent nférd‘i)&'ihduééipaéf&txﬁﬁc:hzé an@nd the

affinity to the or gani sm body can be remarkably increased. It

pr ef er abl t D R i } to a
Fange of TBE R0 BV GRLE Ryditig o HecRRBbdlemba LaRUBATPE Rohnking the

def or mabi |, iy fanﬁhﬁﬂﬁﬁﬂge\ﬂ&;ﬂh@?{ﬂi}%d RoWd ;s H&S{'y, tfBrel &ﬁll&tﬂéeﬁlsg%ﬁain\ﬁ'gen the

ratio is greater than 9 e ratio o as an organi smapplicabl e

subst ance the ANALLRoR HANCL Gaccith HhALiC Y ARTRARK SuBRSATSuHASHaLaD! ¢

for the organismiaterial. |In particular,”in order e the conposite
| 11 on. , h , .
protein i ossessf SAERAR bAKl: (o BpRIBABELE GATILR b RheRill)

meahanoonder el mere REa BT SroRlePkk U RhL RAY pESAEF 48 shlFppposit

phosphori i d J C hered t@ the surface of the organic O 2 3
MAY 2002 g(})l%éggﬁ%lﬂg}ret]i 2?%2{&@ lélgr%aosegxm bit an affinity. As a result, a

nucl eati on (nucl eus f£ormation) .of,the calciu hosphate salts _including HAp
o auced by cal of bR ERERaRd a8 itk ATt RASER A8 he SRS wsBiod B0, O
is induced at, the surface,of fthe organi c conpound.particles. of SF or ,the
ke oot SPTRGHRNSHEIFTE (HPRTEATOD SRNSOST. S Hee Thaod BAstAlor t he
like. In asiditi on, _since g article s('%e (o} the1 orlgangirt conﬁéﬂnd er .se is
| over ed, tARFY EaH rpaused OB?WPHE%GS%\ p Relowsteysl gpd;the mbedma eation
site. Therefore) the syn sSi zi.ng, react i on. of at the rface of the
o gani o comay e KL R R BRS AT bt Rdphe Sibe YRSt PbRY: &
bet ween an,organi c. coppound .partjcle apd a HAp particle i s increased,
wher eby Fﬁﬁe@g’ﬁﬁ%é‘iﬁﬂ'@gﬁ%ﬁlﬂdg up |eéreeﬂﬁﬂgc§1@msh@%% selid entantrand a
Furt her, vﬁeﬂ Ca/P. mol ar ratio of the mxed material slurry or )
1gh viscosity, it became possible to mix and pulverize the slurry in a short time
whereby the production efficiency of the HAp powder and the composite thereof

could be remarkably increased.

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



HAp conposite is set to a range of 1.2-1.8, HAp having a predeterm ned
stoichionetric conposition can be forned and there can b o%gi ned HAp
powder and conposite thereof having | ess contents of by- rd t 208 d
LTI Ui egndings Akl 2 Wagthod RAT byittheSilied WDABY dsapiides (Gl Grlps |

i %ls_ g}f;a )5 &Ozshgg B R [ pgffintoa

repl aced by cal ci um carbonate (CaCGCs group can be introduce
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material slurry is set to a.ange of 5,40 wt% Wien the above so]id content
'S ess tRaling’ W@%mék}%hni“fa}ufﬁesq’r‘??ﬂf’ign&rf? PreSRIVE forc %PFﬁdaPPi?'lg hi gh
inmpact to the,slyrgy is_,condugted, m 2 3 MAY 2002 the reactjon canpot be
qui ckl'y a@fmﬁé&&ﬁtf%%@; & gnehnencal peotatiggukedio Are Amrartat Jo dheHpixedanel y,
if the content of solid conponent as reacting conponent is not so high to
some degr ewgtetisleslimpaandcrgactipadhe ealeiugy hydrdxidetemponéet widls tieel t hereby to

| oner the energy efficiency On the other hand, when the solid content
exceedi ngplyosphorieasidicormpatantonndernmormaldemperatimmarid prasgure theregbnto
becones difficult and the product characteristics becone al so nonuni form
Ther ef or e)rephee A powdert empdisedoé fineaergstahgominef 5- 40wt % however, a range
of 10-35wt % is nore preferable. According to the synthesizing nethod and

t he manuf acturi ng nEubtlbrpin the abows eyrithesizing bethod,he certrifagal effedt |
reaction is advanced in a process where the mxed material slurry is

subj ect ediot thd higmpadted ngo t tlemt skirty bherebyeriteifiglmibie pavweed dmdthe
conposite thereof. As the mlling device or attritor for pronoting the

mechanochegtli@docheatédlomilingnirehBfieAd ds hrlefdrabld be LRDDE orineed, Th! i al
slurry, a notor-driven nortar and various types of ball mlls are

consi der egnin@ctién, adeRbatkifusaNeKEd Z {9 hﬁﬁﬁﬁté‘ﬂi&é inddx SBY (SRS a rBaSERhAd f ugal
effect is relatively small) and nechanical stress and inpacting force to be

| mhar e grop ErBBierhel, AEid NBRALA SheRlraTnEr ELORANRYEN blod bE (B1d | I NS

operation is carried, out for about one hour or so, ficult to

advance (Re RaRasl AAEL P, The Sepiual oAt Sipdlahy tn blibftie . ©

reaction f@fﬁxiul’é-ity cannot be inparted to the mxed material slurry until the
material sf'urry is subjected to the treatnent for a long tine of about
10-50 hours or norg._ rdingly, thesabove mlling devices are not

consi dered to be e f’e@&?‘ge—#%rl si npl ietf)yi ng the manufacturing processes.

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

Further, Ca/P molar ratio of the mixed material slurry is
preferably set to a range of 1.2-1.8. In addition, a solid content of the mixed
material slurry is preferably set to a range of 5-40 wt%.

In addition, a HAp composite according to the present invention

comprises HAp particles formed by reacting calcium hydroxide (Ca(OH)2) with
phosphoric acid (H3PO,) solution in the presence of fiber protein

particles and the fiber protein particles of which surfaces are integrally



Therefore, in the synthesizing nmethod and manufacturing nmethod i2 2 3 MAY
2002 of the present invention, it is preferable to adopt various
i npacting-type grinding mlls or a powder surface nodifypngygdewy capabl e

of repeat ﬁ%h&écﬂi@@é&rﬁﬁ%i?&'&v{vﬁﬂ%ﬁ i P#‘%rrﬁategp the m xed material in a short
m n

time. In e mxing a Ing trea or advanci ng the above
mechanochem cal reagd i the .centyifuggl, effect t i rted. tq the
m xed material sl ur&i}";egérr el(ﬁhitf‘gda %veoﬁép pggxgps%%,_ Wgnh?cﬁ% c%rdﬂor itf ugal
effect ZisJe than 15, the i ting.forege to imparted to the.m xed
mt o | ol BRRIFRPLY SO douRTraEenet Leded- S TS A SRR CuRPMHAL e e
reaction actjivity for formng di s'gortions(in crystal structure of th
surface ppraferablipfonmped phbbeT Rrotem compesed af at {O1; qfesﬂaqﬁbmn&sgf in
order to increase the reaction activity of the mxed material slurry and to
prepar e t ardehlagenmdtunther astagiorof thafibey pratainite ghe epmposite i3 prafexpbly ed t o
use a mlling device capable of inparting inpacting force having a

cent ri f ugsdt teff0e8® wi%oSinde aratiwoftheffiledreyrabdin cditaonedin ergasmismione ipr ef er
ably 150 or nore. In this connection, the nmethod of the present invention
t her ef or eabsets2094,ckhem thé tompositioniof thé norapositemrinberddead- toibrgelosepie that

pul verizing mll) as shown in FIGS. 1 and 2 as the grinding device

conpri si ngf rganise strictreN S apned freferablezihag thedato iDsetrtapi Minge@d10yi ng

out the nechanochem cal treatnment. This ultrafine mll is capable of
appl yi ng 4opaes. force and friction to powder particles so as to enhance the
reactivity thereof, and efficiently mxing and mlling the powler particles

within a short ti ”E-F&Fﬁex‘,jﬁvﬂnhﬁxcfdjapﬁa‘iﬁti Queilg @mﬁ%nfp%éitegméardengm'

in
shaft 4 which is rotated I n the casing 1,aand a plurality of sub-shafts 6
whi ch are ORdnt; I . J i gegﬁg j : 4.pn of
thia mai n ts gl??bggsﬁserei %Elggc cé} 1{9%2&%%%’5@%&%@ gér]%h%trjjgb\?ll c?i%tcf@ %Mlb'?h many
i zng nmenb i.ndi: i i 3 .2002
eacﬁ of t%éé P?ng’?n‘gfﬁggggéﬂg g@ﬂ Jtlﬂ're1 g’%@.ﬂgg @%ﬁ@éﬁpg%’é&up%ﬁdtﬂ%%e and
size of t nt. i S . out.ar ~gdi t f t | er 9
oLre 0! o BEhaRR TGS 8, HSOMrekReC B, D, Bl RS

mat eri al for, consti t.uti ng,the, ri nenber.s epends, upon_the_physi.cal
roper ¢ 1 B SpASREPL AR e B dE B §EeR AERRRE R HBO Rod SopliéRae
conposed pf siainless steel, ram ¢ material g such | um na irconia or
Che 1 ke, fore hiied 6B spbiatal iy of o Seatlarealedtatng okt #F Hated 0"
internal peripheral surface 2 having a |longitudinal axis, and a rotational
mechani srihg mpixedirdaeriahsiury, aa@re@:tmgstbe\ﬁa?fwashyéir@ﬂ@@é@&ﬂ?@e@ﬁy er. The
rotational, mechanjsm 3 conprises the main shafif 4 concentric with the
casing 1,the phosp ‘Pn‘ﬁ)r%ﬁ%g grmaperend awdler nopmah tgpwperaturg gpdgpressure
predeterm ned i nterval therebetween in the |ongitudinal direction of the

mai n shaf WharebynEAm @osider haiing fnaverysialsr is fepesitedyoripeswiacss of thes 5

and 5' so as to be arranged at the sane distance fromthe .
organic compound particles, simultaneously HAp powder and the organic

compound are composited.

In the above manufacturing method, it is preferable that the
organic compound particles are subjected to the mechanochemical milling
treatment in advance in a phosphoric acid solution so that phosphoric acid ion
having affinity is adhered to the surface of the organic compound particles.

Further, a centrifugal effect Z to be imparted to the slurry by a centrifugal force



main shaft 4 in parallel therewith. Each of the press plates 5 and 5 has a
formin which the same nunber of arns as the nunber of the sub-shafts 6 are
radially projected. The formof the press plates 5 and 52 3i MAYwagog¢h t he arns
are provi dadeatine ik d dhbpb¥d micall Milldng itER e Htsts HRIMabEARet 19 BVt he
degree of convelclzlti on (m XxI ng) oﬁ‘caa mat egi gfato be p}fr)ocessgg, evmlir?c]ﬁyig put
into the i td,p : ch: s f

mat eri al Iglg?%e@ﬁ%g%lgssed?ﬁ%??zﬁn?éf eplglé%?i e %ge:’ll%i %él%%%ss?gg]%%%@tsﬁyeﬁpper
press pl ate GQfqthe - shaf 1 & 16 i . |1 { ke nenber
havi ng en%gagg%%gﬁ? Cail’% I:}leg%g?]toﬁv |S)9Ega%0§§g&{ hf@ﬁegﬁ’l%“gﬁ%gg*l&@/ﬁhﬁﬁyﬂ the m
2 3 MAY 2002 ends qof the ar of ~ bof,h press plates 5 and 5 and tightened
by nuts 7Pre%‘ﬂ@%gb§%rt°@rﬁfm&er$ﬁe‘1%i?é'shaft 4 is connected directly to a
driving source such_as . a notor (not shown) oy ,provided with a_pulley so
that the rotational F?"éiﬂ?é’» St WEAMG \FOFP ée H@fqrﬁgls'srf?m%@ Qfoﬁgﬁé mai n
shaft 4 through a V belt. As shown in Fig., 2) a cylindrical collar 8 is
fitted ornpxeiein compased ofipt Lanst one of pillk ﬁbaom@prelgaﬁex refensdttastmplnag a
plurality of ring nenbers 9 are retractably mounted on each of the collar

8. Each ofSKheind nejlagemh dfurtbem s ratio oft thenfibex ipanteim rtostlifef caxnpesitey i$ ar ger
than the outer dianmeter of the collar 8, and is constructed so as to have a
suf fi ci emprefapbliesataorl 0-9@ witt Shealativdsimbrer mieferablyasst tofa tdvgerdfig-4tnber 9
and the external peripheral surface of the collar 8 when the external

peri pher at%uld paetiaflat, ieis preferabledidiat The enédenschédaicab neitlived treetmpher al
surface 2 of the casing 1. The ring nenbers 9 are stacked to forma gap

cor r esponfdi nghet mikbd rhataaialt slueknes pepformedobs mieads N ehaltdrhgt wRen t he
upper side of the uppernost ring nmenber 9 and the | ower side of the press

plate 5, Wgkaffielméll @@@Fyisﬁiga@ha%mto\ﬁ@ﬁ{g- ﬂed%ﬁsériﬂhgtxﬁédﬁ. and 5 without

a gap. This stacking structure nakes the ring nenbers rotatively around

each of the collarsTgge E?&@nﬂin};@ﬁtiéﬁ n@dd{?@ﬁr&u%t%l%éé&ﬁ@dsﬁdﬁ ?gat a

cylindrical form having parallel upperand | owersurtaces, whic

aso-call e qnmagﬁatéliéf{eglﬁfzﬁ ﬂéfﬁe&gg Iereglng LHHRRS Eaﬁﬂ%%gﬁiﬂéeL@a?éH)B n

out er peri pheral surtface. he out er peri rfacenay be
curved foreafum oV ihtd Wohosphoric acid (HsPO.) solution as phosphoric acid

source, then conduct a mechanochemical milling treatment in which shearing
force and compressive force based on a centrifugal force of a mechanical
rotating body are imparted to the mixed material slurry , and cause a
mechanochemical reaction i.e. a mutual reaction between acid-base points at
surfaces of the material particles whereby HAp powder having fine crystals is
synthesized in a short time under normal temperature and pressure.
More concretely to say, the method of synthesizing HAp powder
comprises the simple steps of preparing the mixed material slurry by weighing
and mixed phosphoric acid solution and calcium hydroxide so as to establish a

molar ratio (Ca/P) of calcium and phosphorous to be 1.2-1.8, and putting the slurry

into a vessel of a pulverizing apparatus and mixing and milling the slurry



pronoting bite into the powder material. Agitating blades 10 and 10' are
radi al |l y di sposed at upper and | ower portions of the main shaft 4, which
are below the | ower 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 2 3i MAYi2802d an upper
cover 11 having a through hole by tightening nmenbers such as bolts and
nuts, with %ﬁgackiagF12.th repetween. The main shaft 4 is passed through

the t hr oudWIREPLPISACtERBIRHERRIVEREIE COPAIfiOR: + hr ough hol e bei ng provi ded
with an oil seal 14.égrd%§alin the main shaft 4, and.an oil seal hal der 15
for holding the oi | SeRdditon, fhspjerearic Hompannd, PaEHples A% #reviguslyr tne
material taq be processed duriing grinding, the side of the casing 1 has a
j acket st @3@?3&% the mixed gyateyighslipgy yancg gnd t%? s(.iﬁmds §eh1@pc§% todhe 18
are provided in the jacket. 16 so that the material to be processed which is
put into tpEecRiring andomilipg teeatmemtpthere san heifectivelyppayniagtuned BAp of
various refrigerants jnto the jacket 16. In the grinding device
(mi cr oni zepmpestietinuvhich HApdpadidescdrabategrally fenmest te dhe sarfacendfsheor med
bet ween the outer periphery of each of the sub-shafts 6 and the inner
peri pheri esgaicichmpound pagtidless 9 so that the ring nembers 9 can be freely
i ndependently rotated. The ring nenbers 9 serving as the grinding nedia are
radi al |y noved by anAartherrgamcreesgmudtidngatticle desgapeddabovep theee camtei f ugal
force generated by the rotation of the main shaft 4, and circunferentially
rotat ed i uselearaislesgcompdded of fiber proteins such as SF and collagen or the like

which have a high affinity with respect to organism body. These fiber proteins

have a function of imparting a plastic deformability to the HAp composite. In a

case where an organism material is formed by using this composite, there is no

fear that the material would damage or break the organism structure located

around the material, and the affinity to the organism body can be remarkably

increased.

It is preferable that a ratio of the fiber protein to the composite is

set to a range of 10-90wt%. When this ratio is less than 10 wt%, the plastic

deformability of the composite is insufficient. On the other hand, when the ratio

is greater than 90wt%, the ratio of HAp as an organism-applicable substance is

relatively lowered, so that the composite becomes unsuitable for the organism

material. In particular, in order to make the composite more close to the

composition of the organism structure, the ratio of protein is more preferably

set to a range of 10-40wt%.

In addition, when the organic compound particles are previously

subjected to the mechanochemical milling treatment in the phosphoric acid

solution, phosphoric acid ions can be adhered to the surface of the organic

10



2.3 MAY 2002 while being pressed on the inner periphery 2 of the casing 1.
At the sane tine, the ring nenbers 9 thenselves are rotated around the
sub-shafts 6 due to the friction between the inner peripheral surface 2 and
the ring nenbers 9. Nanely, the ring nenbers 9 are nnve@g’wj, nzcasi ng 1
whi |l e being repeatedly rotated around the main shaft 4 and each of the
sub-shafts 6. Wen the raw material m xture powder in an anpunt

di t0:10 t.0, 80% of the.eff | I f th i ndi ti
cort e=pondh i 8l Bel Uele RS L EbE: 19 4 B o R B ol
S T, B8 BB BB s Dl S A B 1
f 2.0f th I, 1, . bj d to inpact .f ' h
purace 20l ARSaFatieY Lttt SRS BRSSO o
dth | ndi R ti due to t tatj. f th ' nbe 9
ond (e S4L0CL g, Uncton, Sue., L GereL el |on ol LI TSRS

di spersed) and, at the sane tinme, str ainsanddi storti onsar a
produced iagidsnichrassglyringandcalanmeqtr thedilke Injaddition, rsineess partielpsizeioft ur e
powder to forma precursor in which the reactivity of the surfaces of the
raw nat er ithe arBanier comppaitist Pey serindawerkd, Thhere sanrbe alpel providast agotdesr t ed
on the raw material m xture powder is controlled by changing the rotational
speed of tefifechef mcrénsing nucleation site. Therefore, the synthesizing reaction of HAp

at the surface of the organic compound particles can be promoted. Further, a
bonding strength between an organic compound particle and a HAp particle is
increased, whereby HAp composite having stable characteristics can be
obtained.

Further, when Ca/P molar ratio of the mixed material slurry or
HAp composite is set to a range of 1.2-1.8, HAp having a predetermined
stoichiometric composition can be formed and there can be obtained HAp
powder and composite thereof having less contents of by-product and impurities.

In addition, when a part of calcium hydroxide (Ca(OH)2) is
replaced by calcium carbonate (CaCQOs), COs Zgroup can be introduced into a
part of OH group in hydroxy apatite (HAp). When the above COs Zgroup is
introduced, it become possible to form HAp material having properties similar
to those of organism structure.

In the synthesizing method and manufacturing method of the
present invention, a solid content of the mixed material slurry is set to a range
of 5-40 wt%.

When the above solid content is less than 5 wt%, even if the

milling treatment capable of imparting high impact to the slurry is conducted,

11



According to know edge of the inventors of this invention, it has been
confirnmed that the mechanochem cal reaction to be advanced by m xi ng and
pul verizing the m xed material slurry is greatly influenced by operating 17
2- 3 MAY 2002 conditions such as a kind or magnitude of tHe3 nh2002 cal
stress, pulverizing nechanismof the mlling device, atnosphere for the
treatnent, or the like. In place of the conventional mlling devices such

as notor-driven nortar ious ball mll the |ike, n there,.is
o 11 cul athy trection finatnhe quirER pfancsie thersdd . fover g HEARAGHP pe
ultrafine m.lI.l having,a special pul.verizin chanism provided wth a
nunber of € ‘f’r‘é‘-‘%é’ﬁeﬁ%lﬁéme % iy Hhedicqnte egEéﬁgai RpoREnt; A3 ¥EACBRE Al
m xture can be rapidly increased by the short-ti .m xi ng and  pul veri zi ng
t r eat ment COBWPONRBE 1§ @Otbsege%éo Boragidseree, %HBP%tﬁnS mpaghenerdy is habledp t he
nmechanochem cal reaction. The above reaction nechanismto_be used in the
met hod of Renwastegvidgrehynto lowgaithe emergwepHisienicyoRnt thetotber hprdcwhearibeonal
mechanocheni cal reaction mainly consisting of a |liquid phase reaction
di scl osed sohdJegrdpnt exrepdangly Pmisréasetdi tn 4Rwt%8 of 110919, - 89 sumiform \whilkhga
di ssolving of solid material is pronoted by a wet-type pulverization then a
conposi t i fyeatewestti katomes atiffondtedntdythe produat charecténstiosf bécome glsnearated i n
a solution thereby to cause the liquid

uniform. Therefore, the solid content is set to a range of 5-40wt%, however, a

range of 10-35wt% is more preferable.

According to the synthesizing method and the manufacturing
method of the present invention, the mechanochemical reaction is advanced in a
process where the mixed material slurry is subjected to the milling treatment,
thereby to form HAp powder and composite thereof.

As the milling device or attritor for promoting the
mechanochemical reaction by mixing and milling the above mixed material
slurry, a motor-driven mortar and various types of ball mills are considered to
be adopted. However, in these milling devices, a centrifugal effect is relatively
small, and mechanical stress and impacting force 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 reactivity to the mixed
material and also difficult to advance the mechanochemical reaction. For this
reason, in general, the reaction activity cannot be imparted to the mixed
material slurry 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 synthesizing method and manufacturing method

12



phase reaction. That is, the nethod of this invention is a method wherein
acid base points are generated at the surface of the solid materi al
particles by utilizing the nechanical stress i.e., nechanical energy caused
by the nechanical r otating body, and sinultaneously causg tﬂgrgﬂhual
reaction. In this point) the reaction nmechanismin this i Ve Is al so
quite different fiomthat of the conventional solid-phase nethod i.e., a

hi gh tenper.at,ure_sol i d:-phase reacting rethod in ich .a interaction nutual
reaction Bt %eﬁrﬁWe Vﬁp%]og, 19283p%§v%%0na§(\éwq}1 éff‘mBH?t]inﬁlP%“g“}% YR§vanced
by using therpal ener t here to form .. In particular) non-ffee water
such as hﬁi"&fgsg @&iﬁjg’y‘aﬁcp ds\%\ﬁ’f?%er n pgd cgee,cgpql@quﬁng%pe(ﬁt@ rent
ffomfree water, to be added fo the material powder ai@di sper sion nediumin
the converdPIRFAERE A WaRACtNgLOksTotheanizgt apateriod ar pyshediniiMiebut es to form a
bri dge- bondi ng for advanci ng the nmechanochem cal conpositing reaction to be
caused during the nila theanixing| andgniling faeaiment farxadivancing ¢be dabayey)
when the cal ci um hydroxi de powder having the non-ffee water i.e., hydroxyl
group i s usechanochemical rpagiiomthe cantrifugel effiect 7 to/baimpartedite the mixed
mechanochem cal reaction can be rapidly advanced in the mxing/mlling
process t loatdyialisbuey fieceduirddtodrevatuleast-ip. When the centrifugal effect Z is less

than 15, the impacting force to be imparted to the mixed material slurry is

insufficient, and it becomes impossible to increase the reaction activity for

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 slurry and to prepare the mixed material slurry having an

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 (micronizer'multi-ring type pulverizing mill) as

shown in FIGs. 1 and 2 as the grinding device comprising a number of ring-

shaped pulverizing media for rapidly carrying out the mechanochemical

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

powder particles so as to enhance the reactivity thereof, and efficiently mixing

and milling the powder particles within a short time. The device comprises a

cylindrical casing 1, a main shaft 4 which is rotated in the casing 1, and a

plurality of sub-shafts 6 which are rotated around the main shaft 4 in linkage

with the rotation of the main shaft 4, wherein each of the sub-shafts 6 being

provided with many ring members 9 as grinding media. Although the size of

13



When the slw ry containing Hap powder obtained by conducting the above
mechanochemcal mlling treatnment is dehydrated and dried at normal
tenperature, there can be obtained fine and spherical HAp crystal powder or
conposite thereof having a primary grain size of about SQQWA\} Q?@ddi tion,
when t he above dehydrated and dried HAp or the conposite®thereof is
conpressed by a uniaxial conpression nethod, a biaxial conpression nethod,
or a cold isps i C.pressin C 1.P) nmethod, there can bhe f d a

Genoi 11 ed e8RS ik RERIs as Hh eFBrANS MmO PRE o Shvb EbF SRS Ande.

Furt hernore ihce the sl urry . oht ai ned .by bei ng subjected,to_t.h
nechanoc hé?ﬁec‘ill tﬂﬁﬁf ‘Fa}qﬁbe%%@éﬂ dcﬁ’r‘? Oﬂfge’bfil%f’%t@ﬂ oggher PJHS TReraber P ig ﬁér ry
with a good dispersibility). when this, slurry_ is nmpol.ded by a casti, met hod,
there: can todh BRRoand the ke Hregentils sevetad mm- Mglws& the material for
arbitrary-shape. . The nechanochem cal reaction does not easily take place.
19 2 3 wewsbianingdhevarg members Brdaperdsi wahthe physiral mrepertisshelical
reaction is pronoted by using a mlling device capable of inparting a

parti cul arhgtesial bo e pressped ghe rrmga@@m%@nwican.bemmedgf stainless sigsle

met hod) there can be manufactured a fine HAp powder and a conposite thereof
havi ng a wetdmiormatenalsasudomsosiumiona, aingonlagpnitheslike of vhbard rcaghidei ng a
conplicated pH adjustnent essentially required for the conventi onal

wet - met hodnaterialisholitas Y¥Cng a | ongti me pul verizing treatment or the like
whi ch had been an essential treatnent in the conventional dry-nethod.
According to the net : r,esent: | td QF r igped a
fine HAp powder and zﬂgo%bﬁsﬁhﬁemtaﬁe%golpk%\%?n%a?}?ég%tlﬁ\fg%g %ﬁ??‘g% gr ain
si ze under,_normal pressure, and erature i.n_a,short .tine [)n comparison
with the. dSRGuRErgl e coR o rel iRl adiianifel AoPlidet Motk SRRRY Mk i s
conposited with various organjc terials having a_less durability at

hi gh- t enpeeEYIBREAS 3 PROSETHIS iCLymggr-c’ab%Pteat&naﬂ Jpeshagusmy ¢ &Q@Rﬂsﬁﬁr‘r‘?’@m
materials can be increased. For exanple, when a HAp filmis integrally
formed ontmain shaftad econtemtmicomitanithe sabisrgr a1 @ pairi of) préssxplates By andh&re can
be formed an organic material having a plastic deformability (flexibility).

A-1ore conghehedry figeday.a pledetdri€ined 9atbr¢ak tistebhetvisensinCtheaongiidosdd of
nylon, cuttlefish skin, chitosan or the like is dipped into a HAp slurry

for about #$RAOPI$he Wh&inS sHAf Y4, DEAD ThERLD- L8 GANIHGé Tked By the

mechanochem cal mlling treatnent previously described above) thereafter)

e 9 oo APARLES P L5, RO IGeR Y i Rl MM 63058
emer ot of GBOUEL90. G SRl for can e obtalned an organ ¢
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 intervals, not a simple disk form, can improve the degree of convection
(mixing) of a material to be processed, which is put into the casing 1, and
decrease as much as possible the amount of the material to be processed,
which is deposited as a dead stock on the upper press plate 5.
Each of the sub-shafts 6 comprises a long bolt-like member

having ends that are respectively passed through holes provided at the

14



2- 3 MAY 2002 forned onto the surface of the organic substrate. In addition,
when the HAp filmis integrally formed onto a surface of materials such as
various netals, ceramcs) or polymer materials or the like in place of the
or gani ¢ substrates descri bed above) there can be also fornmed an organic
material. The above HAp filmis extrenely dense and can gsﬁ&qngﬁ? to a body
material with a high bonding strength, so that a crack-f is hardly
occurred. Accordingly, there can be provided the organic materials

excel | ent epds pfrthei aims of hath prasamlatasyd msbpuang tightened byt als 6f The

synt hesi zi ng HA. p, HAp conposite and the nethod of manufacturing the
conposi t e upbet kadpofetenimdin\whalt dns dohaettdd diovetdr to 2 dbvingdsdree @ndhict i ng

the mechanochemical mlling treatment inparting shearing force and
conpressi yg { i @sr Qﬁé@gh&ﬁh)t&e ﬁﬁaaéd wgﬁl' {)en@fsefthw@hér%&@ nafltonte
rotating body, so that a fine crysta wder having a uniformsize or

t he conpo f n a sinple
process. egbiiSiTe etRE A ARgaR ﬁ%‘%ﬁs mwh%*éé’% LB Ty

Further, when the organic cor nd _parti S are on a,in d in the

material sl urry and howngy ?ﬁkwl‘gm zé’dcﬁﬁﬁ‘g‘?lcg i Pi n&iﬁﬁééﬂ §E1F1P1gj3)%t he or
gani ¢ conpound, the conposite conprising HAp and the organi ¢ conpound
can be easfyheysuhaﬁhﬁ%tl_%r\@@htmrmgﬂ garsithgrebetweens andndeplurhbtyn of neihg

tenperature and pressure. In particular) the particle size of each of the

HA. p powdenembers Beare arpestdldy thelieed ds chtlhoftthe kellab UERAh thedriag
di spersing state of the particles is also good, so that a dense organic

materi al  havhBerd &P Shel aa%fxﬁféiﬁél Qﬁaﬁfe'ﬁexbestffﬁ& Eiy“’[b&@ﬁxbyt}iag Ith p kb' eto
provide the organic material 21 MAY 2002 avi ng ura y and

Vi ew show ATt PLERLAELAT S Y ¥ Ea?vct”e?s oE5F e A
R TEMEERENE R e S STINTE AE TE TR
profile C)fex?ernal 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 structure makes the ring members 9 rotatively around each of the
collars 8.
Each of the ring members 9 is formed in a cylindrical form
having parallel upper and lower surfaces, which is a so-called washer-like

form having smooth upper and lower surfaces, and an outer peripheral

surface. If required, the outer peripheral surface may be curved for
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HAp powder. FIG 4 is a graph showing an infrared absorption (FT-1R)
spectrumof a HAp powder. FIG 5 is a graph showing an X-ray diffraction
(XRD) profile of an SF particle. FIG 6 is a graph showing an FT-IR
spectrum of an SF particle. FIG 7 is a graph showing an X-ray diffraction
(XRD) profile of a HAp/SF conposite in which a pretreatmend 30YAYSRIZn a
phosphoric acid solution is not conducted. FIG 8 is a graph show ng an
X-ray diffraction (XRD) profile of a HAp/ SF conposite in which a

pr et r eat mpmomotingrbite) iatopthespewdércmadedakol ution is conducted. FIG 9 is a
graph showi ng a FT-IR spectrum of a HAp/ SF conposite in which a

pretreatnent of SF iAgatiigdihded ¢0aaidd160hd radially digposednatiappsk ahllG 10
is a graph showing a FT-1R spectrum of a HAp/ SF conposite in lch a

2582 r eat Mg bortiodd of tROASRRCLH At AC hhiER ! b | VoW StHe OB Ufillss Pfate & 3 MAY

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 device (micronizer) constructed as described
above, a gap of several mm is formed between the outer periphery of each of
the sub-shafts 6 and the inner peripheries of the ring members 9 so that the
ring members 9 can be freely independently rotated. The ring members 9
serving as the grinding media are radially moved by an amount
corresponding to the gap due to the centrifugal force generated by the

rotation of the main shaft 4, and circumferentially rotated in the casing 1
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FIG 11 is a gr aph showing an XRD profile of a HAp/ SF conposite of
Conparative Exanple 2. FIG 12 is a graph showing a FT-IR spectrum of a
HAp/ SF conposite of Conparative Exanple 2. FIG 13 is a graph showing a
FT-1R spectrum of a HAp/ SF conposite of Conparative Exanpl M’,)\Y 14 is a
graph showi ng an XRD profile of a HAp/ SF conposite of Conparative Exanpl e
3. BEST MODE FOR EMBODYI NG THE | NVENTI ON Next, enbodi nents of the present
invention will be explained on the basis of the foll ow ng Exanpl es and
Conpar at i whilex heqnigepressedaonl the linhen pexipheny et ofvttee casiag hddéd the 8dmacnB of
phosphoric acid (H3PO~ solution of a percentage content of 85% (nfd. by

Dai sei Kaggkal thdlrind hes@byrst 9 ﬂfe%p@n@esaa?@%fﬁeefawuhut% $abihiapd. 6 Then,
36.96g of cal ci um hydroxi de (Ca(OH) ~ powder ( . by V\ako Junyaku kogyo

K. K) was d I t S tiQ i

controll egﬁg ag tth% Eg& ﬁ@?ég‘gge‘fgéhgr %%reggh%ﬁgr gaémt eri a %urtg(f/ Isirl’ﬁl S

m xed material sl |ntoac3|n 1l of a rin ype

Ul T af | ne TRPeT CROF B fhe FRE mermlerd deemorad dndhecsacted Jaxaihs)
techni cal specification: zirconia ring) shown in FIGS. 1 and 2. Under a
stat e whebeing tensatedlyvwetatedrarenng thet mape shallr ¢ agid agch-ofithe shbshpésed in
a jacket 16 provided to an outer peripheral portion of the casing 1 thereby

to keep tide tenperature of the casing 1 to be a constant val ue, the
rotation speed of the 23 2 3 MAY 200Z main shaft 4 was set to 850 i-pm

and the mechanochem walen thei NG ' gaitBEAL hAktde powRE MRt &fh abhnJustry was

carried out for 5 mnutes, 15 mnutes, 60 m nutes ‘and 180 m nutes,

respectiv 0 to
thelomechaﬁlc\!(%cl)ﬁetr)gné)n&lpg gg@%%g{o}? ﬁ?v\ﬁ% 21% e%%lr}gh ?&3@5?%%@&?@?\% force
based on the . i fugal forc f the, aped ers. 9

mechani calpugdpg i h@ Oﬁg \t}\/ear‘gf ﬁr‘b‘é Cgeél g%zﬂ"eéﬁ?f: ozaifa f@tp%ﬂntsl urry
The centri fugal effect Z during the above m xing_and grindi ng operation was
35. Due t &Yt Ketadigy sherewaim i4s atheniram mgatergdt waxfuret pewder is held

between the rotating ring members 9 and the internal peripheral surface 2
of the casing 1, and subjected to impact force (compressive/shear force)
corresponding to the centrifugal effect caused by the ring members 9 and
the grinding 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 to form a 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 is controlled by changing the rotational speed of the main shaft 4.
According to knowledge of the inventors of this invention, it has
been confirmed that the mechanochemical reaction to be advanced by mixing

and pulverizing the mixed material slurry is greatly influenced by operating
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phosphoric acid conponent and the cal ci um hydroxi de conponent were reacted
in accordance with the following reaction formula (1): 6HaP04 + | OCa(OH) 2
-> Cal o(PO~c(OHa + 18H20 ~ ~ ~ ~ ~ ~ (1) thereby to obtain a slurry

contai ning HAp. Then, thus obtained each of the slurry V\@.? mlpj ted to a
suctlonf||trat|ontherebyto separate a forned product he e formed
product was dried for 24 hours in a thernostatic drying chanber of which
tenperature was controlled to be 50~ thereby to prepare respective fine
crystal | i cenditigpspowticas adﬁnExca‘nmlagnﬂtud@cnfaimambvhalﬁ'xelnqsthessl prlyerpongler of
Conmparative Exanple 1 was prepared by treating a the m xed material slurry

was subj eefichanfsra ofthe millthel devddeBithoésHerd Zothehe tre Dindlsy, BOtlRe HReEr al
purpose magnetic stirrer in place of the multi-ring nediumtype ultrafine

mll (MCROS) used 'Enﬁé%’?k%elc? hﬁfﬁﬁﬂigg&&e%@é‘s Ko Q@“ﬁ)%lsdﬁ(’ef‘xa”pl €

1 and Conparative Exa par arn size and dispersin

state of the HAp po Y 2002 re obs ans

scanni ng &ﬁéa’éW@&%‘?ﬁ\ @i&%ﬁ’bbleelz@% h & Sl\l?adg]GHf éﬁ‘? BEC]_
JSM 30S) and. a transm ssion type. el ectron m croscope (TEM rrfd by Ni ppon
Denshi K. ReviseMikegbeyabove mailtiring mediactypn witrafine pnll baviser s sfecBtanpl e
1 was confirned to be fine so as to have a grain size of about 30-50nm and
have an epuleredipgcoetloaniaim eraliidekveieh stmaimber tof wisg-shaped padvariwng HAp
crystal having an uniformty and fineness could be synthesized in a short

time. It vRsdial skee Q@thti\ﬂi%féif tHaaltgals iRl e dainChe hagidbe efcreddideby et 0 t he

mlling treat ment for m nutes was entirely changed to spherical

aggr egat edp, Y

ani sot rop% Bgﬁh‘%leﬁg}t{ﬁ% bﬁ@rﬂfl Sr%ggta (lgr\l/tg gxtﬁbt%a%%%gsé}% Siei)(?e(z)ftot hat
the stirri t r eat ment nued for.a l.ong time of 12 hour s) the

obt ai ned ﬁﬁﬁ ‘ﬁ&m&%q%é‘%&ﬁ& ﬁ? &‘W@Sﬂ’é?agtgfgﬂdbqn coarse crystals having
gr ain size exceedi nF? 10,a m A production yield of was | ow as 60-70%
thereby to be found h%tabPY\‘er%%lOﬁe@ﬁﬁh%@lSﬁthbﬁdweédﬂl@en@?ﬂb@ abithifced
qui ckly. Further, a Ca/P nolar ratio of each HAp powders was neasured by
means of an¥éntzoredsentitexdiffgrenndtorai thet defythoe coiRmtianad. mbgheRioghkmidadnki
Kogyo K K., 3080E2). As a result, a stoichionetric ratio of HAp sanple

obt ai ned byaamduﬁémm_g cbhasffhglofng uqxaatgmﬁe t&ctibB0disclvdé® SnWdigpdrwaer t han
1.67 which was the Ca/P nolar ratio int material slurry, and 1t was

confirmed gight Pﬁ%h@at‘l@r?NBrQ‘é}WH 69824 efrfwhichea BIREIVIRG B s LEA3ANs! S

ogi@m
considered that Ca(OH)2 existing in an am)rpl\gllous state I's dissolved into

(e 1191 ey WS SRS A8 e LSRR MLRIrhER MPR
519 bou, FULLNES 191 ion it SERSShed B S35 e HSCYY: BRUSSR w01 V51 o
phase reaction.
That is, the method of this invention is a method wherein acid-
base points are generated at the surface of the solid material particles by
utilizing the mechanical stress i.e., mechanical energy caused by the
mechanical rotating body, and simultaneously cause the mutual reaction. In
this point, the reaction mechanism in this invention is also quite different from

that of the conventional solid-phase method i.e., a high temperature solid-phase

reacting method in which a interaction mutual reaction between different
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2. 3 MAY 2002 of cry stalline structure was perfor nmed by using a powder
X-ray diffraction device (XRD: nfd. by R gaku Denki Kogyo K K., R nt 2000).
The results are shown in FIG 3. That is, in the sanple prepared by being
subj ected to the nmechanochemcal mlling treatnent for z ngﬂﬁégﬁ, t here was
intensively revealed a diffraction peak of brushite (Ca ﬂb her ei naft er
referred to sinply as "BS"). In addition) the diffraction peak intensity
originated fiomthe HAp was intensified and there were observed diffiaction
peaks at ongteril pavfitlas isadiansed biyasin® dxrnzalrenecey thareby td forsuHide. | n
addition, with respect to the sanple prepared by the mlling treatnent for
15 mi nutes, a diffrali partigdak rn-Bee wastef aph redhyddokyl pesipesid bouhlie
sanpl e prepared by the treatnment for 60 mnutes, the diffraction peak of BF

was conpl gfgle¥ (BhsRAINA8LL) S &‘ﬁt%ﬁifé?fe{ﬂﬁgﬁ‘?nfn:‘@e% %@éet&fbekf@dehdg‘%o dggcri bed

above, in accordance with theti ling treatnment, t

synt hesi zi_ng, reacti o s. shown.in the followng reaction for (2)..is
covanced MR BN 1 JepFEOE ritfiyoi 28 MereRivialdradet, et

| OCa(OH) 2 +6HsPQ. ~ - ~6CaHP0. ~ ~ 2Hz0 +4Ca2++8 -j Cal o(PO~)s(Od)a +18H20
.......... freg ﬂat%éh%@sgecwy@paﬁ itp oy achi se'bpn%g. gorsa anging ghenat of
HAp and positions of Ca at (010) surface and (110) surface in BS are al nost
coi nci de ,meghanochemeabfcoatpostting espein Ve ker pavsed durihgcde mnxingpand
Therefore) such calciumis considered to be cal ci um phosphate which is

produced agildng ithé &fi a6ediad heixpireduetordiviglpowheh eherblciumdiydrogidei ppwadegtani sm
body. In addition, a change in chem cal states such as bonding state of

each phosr}imﬁgtﬁé:wn-h%%déﬁ’gés hédroxyliZF ?s-uae)dama DAY Yha @ RYHKAET €

measured by using an infi ared absorption (FI-IR) spectrumneasuring device

26 2 3 I F1S-.65. . nfd, Ni n Bi 0,Rad; Laboratqkies
i)~ Thet Bl Bucietahgetinicll haction bR B3 Rafalf EypBRRd o e
results shown in ELG 4, an absorptign peak intensjty based on P-CH

stret chi ng}nwagfg%lﬁmg@focssm%gmf%f?e%w@ EPRRUGTBAR 1 aas gradual |y
weakened as the mlling time was increased. However, even if the mlling
treat nent was conducWdwenf gre dlgorhcontassingtiHap alosaleptabsaineddly orrslustinght |y
remai ned. This proved the following facts that BS had remai ned as an

anor phous thbaakowventhdchahotifdddical imillieyi tstethnemt RO4Rhytratedi died odriddimt
thereby to form Ca-defective type apatite. Each of the absorption peaks

(565, 602,nd6fl kARkTAtde, AhbeH Bah ek LheMBPSfihe dndN s¥RsridE MEAKab¥t4r oad

in case of the sanples subjected to the nmlling treatnent for m nut es.

However, t r.RLLQR: @@53 téb? gn'llingtirre
was incr eaf{sbgvdfel? %&icgﬁpﬁgﬁtga e °ﬁé‘ﬁ“§%§§"§§%§’ I%F_gﬁlngggég%er ty of 'HAp was
increased as the propiaddafbraRHE, tﬁé_d‘%@ev‘@eﬂ?dﬁﬁf@aﬁﬁ@ dhen orehdl t s
such that the diffraction peak intensity at (211) surface of was

i ncreased dothgodfte YiReF2 ITHI TBhTESed NP4 unuEANEdBh R sEIBRORALIIRIRE o Biadhich a
conposite of HAp and an
compression method, or a cold isostatic pressing (CIP) method, there can be
formed a densified organism bone alternating material having an arbitrary-
shape.
Furthermore, since the HAp slurry obtained by being subjected to
the mechanochemical milling treatment can be provided as fine crystal slurry
with a good dispersibility, when this slurry is molded by a casting method, there

can be formed a densified organism material having an arbitrary-shape.

The mechanochemical reaction does not easily take place.
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organi ¢ conpound is manufactured by a wet-type mlling will be explained as
Exanple 2. Exanple 2 A silk fibroin (SF: nfd. by |dem tigsﬁg%kl Kagaku
K. K.) having an average grain size of 7 ~mwas sel ected rgani c

conmpound. ol I : J s Gl:assif to a
ard 11 baroneedn in TebepRORGEhGh, 0 WdthaRhobnlib Aol B3TbHdE [

i nvent or . thi s .haventi.on, Sk .confiroed to hav,a .a high .

or gani sm@’f ﬁ%ﬁg]t%/%%gﬁflﬁ ﬁ%%ab[l%%ggng%?ggipﬁrgﬁn}ﬁﬂyzsgo &%Bﬁ?‘l%vi ng a
relatively hi dur.abi |l |t ainst mJdlin tress, so that there can be
realized ch new os‘ik?eégda}‘%ﬁéﬂ ghove rrg%ﬁ'@d' ﬁwrs&%rmﬁfw%

met hod of _this invention. At first, a change ip state of SF was .

i nvesti gaﬁ’é%i Phi PQWEele AN R LOMPREEd tgﬁ%ﬁﬂghgﬁ}’@gacﬁ qurigrg | ehemisahhi ch
the above SF was sol ely di spersed. Nanely) ion-exchanged water was added to
13. 3cnB oforpprsiipemaing agrain pigpovitbontiregiring @ copplicateskepHkadhlstmrnk. )

havi ng a percentage content of 85.0% thereby to prepare 200cn8 of diluted
sol ut i on.esEhetiallg IeGgired foihthabovensional veetpmetliod es widhomt disspemsledgt n t he
diluted solution thereby to prepare a slurry Thereafter, the slurry was put
into the timeipwdvdrinhgttheatmbrtior thadikeschichnladiseen dnt edsentiabtieatiyhCROS- O
type: nfd. by K K Nara Ki kai Seisakusho). Then, the mlIling treatnent was
conduct edtHeafonGéntivmalt &5-mstld. a condition that a rotation speed of the
mai n shaft was set to 850 rpm Due to the above mlling treatnent, the

average grain di anmefgeordingSko fthe mREthodosS itk pBERhL GAYePREA, tHees cAavhIg an
average grain size of 7 wnwas changed to be fine so as to have an average

grain si zghtaindd a find) HAp §didek Ofind SPEDnlpdsitRUERARES Ha¥iPla §Ela‘6§§1y

i ncreased and surface roughness of SF particles was al so 1’ hcreased.

Ther ef i j j iV f: S is d.
ereror eum'férn?("%?%ﬁoélfzé rL{ﬁ‘agr Elg T a?prr@%%glfs f[%lg}dafetﬁ%ﬁ(énﬁh?,’ i sHort hﬁ{e" ﬁf‘:e

Wth respect tothe sanples re-an I'ng treatne

conducte : - bof i i par f et AN

Fesul t s APEIFIRA VTS S@iellobhREldROIMRLRE, WABDS RIS HAR 6

treat menty t q i . h diffraciio ks, was 1 rkahkl.y, | ower ed
i compar Pedie s RRERetd SrEPartolh ool e R Bt A B AR Blce
the diffr i eak was_ el | mnat ed ere t crystallizing property was
| ower ed. @%ﬁ tg%‘%rme%?mp%‘sf@bes Cc[aprYe[ h(geg%‘}%ﬁngs Y5E1%e Oggn%‘ﬁﬁ?]t er the
mlling tre?t n@nt wgs .conduct ed, the inured absorption (FT-IR)
spect r os COBFEFIHRERY ieén%&@S?f{erforrred. The results are shown in FIG 6. In
case of the sanple after the m.Jllin reatnment, it s confirmed that an
absorption peak of LAY SHATBIGSHREY 2 ntreya R brreshoRion SHfR6 hi ng
vibration at a wave nunber close tQ 1630cm-1 and fan agsor tiopn peak of an
am de borRf nneig@sic sybsitata havisgdlaxibilfynthare a8 OeLrMAd ALY I8N %N at a wave
nunber close tqQ 1530cm 1 became sharp. In addition, there was_no

si gni i canaterialibavingea inlastis defosmadilityn{flaxdbiliiy)or More eancoetoly &0 se&ak
based on -COO which was formed by ionizing termnal group (C . of SF
Ther ef or evhen theaergapid substeatesanch aecompesedefmylyn,sudtlefish Srivarbigesast t he

am de bonds of SF even after the mlli n%u;reat ment After the SF was
subj ect edrithetlilee i Hinped nteat Hépt slunryp horsabarti 30 seconds, the slurry being

obtained by conducting the mechanochemical milling treatment previously

described above, thereafter, the dipped substrate is pulled up from the slurry at
a pulling speed of about 1mm/sec., then the slurry adhered to the substrate is
dried at a temperature of about 50 ‘C, so that there can be obtained an

organic material (HAp composite) in which a dense HAp layer is integrally

20



acid solution, Ca(OH)~ powder was added to the solution and then the
mlling treatnment was again conducted whereby a HAp/ SF conposite was
manuf actured. Nanely, 23.3g of cal cium hydroxide (Ca(OH)2-3 vawdggge (purity:

96.9% nfd. b kg Junyaku o_K.K s, wei ghed and put into the
suspensi r%ﬁgﬁ\#\ﬁ%@‘%ﬁ%ﬁ?&fﬁgﬁﬁg%m@Séb%ﬁ?@at nment of SF in phosphoric acid
solution so that th LP, nmol ar rati controlled to be 1. 67. t he
same manner as in Ef’h%ﬂ’émil; Wg’&élﬁ%f %@&Fﬁﬁraﬁxfm&gw%w ;)
casing 1 of the nmulti-ring nediumtype ultrafine mll (MCRCS-O type: nfd.
by K. K. Nirmateriads seeh sawazioup matiads ceramioseohralyaresinaseriais| arthe likeeat nent
was conducted for 5 mnutes) 15 mnutes, 60 mnutes and 180 mi nutes under a
nor mal t ényaca of theaonpanicowiuittatesn deseriberd abova; therespache alsotfrmedian shaf t
was set to 850 rpm Then, with respect to each of thus mlled suspensions,

a suct i onyrghhic'mbieial. Wik @dods HASfilh iy eltyerhely2fenseardl ddivb@toadedpar ate a
product by the filtration. Subsequentlty, the product was dried for 24 hours

in a tenperabodye meaeiiadiwich achiplibbsndingWiidnbthho thaparahel-Grnagicpny rol | ed
to be 50 C thereby to prepare HAp/ SF conposites of Exanple 2. Wth respect

to each dlargRicefinRarmasiol gl e \can BOpfENIER horadficSRbaRer val i on vas

conduct e aresult, inc the sanpl e prepar y conducting the

mlling tdxeandmnit d@abdittiand@Babilityas confirmed that there existed
needl e- shaped crystal sghg]\?i ng aal ength of 200nm and wi dth of 30nm These

newdl o- shaped cryst AT o e el AT PABARET D, ke Ry Ena
| ncr easedy, 0048 9h oh8 HHTRL R1BISRAIRI, RF O YIUGHE B LhRAT il fily

tr eat nent m nu S conti an entire safrrp e

chanasd |, BRUFIOSE, LSNP B0 Rt . B Sefng v
R e L A L g
T AR RSB SahR S ' L SRR RGPS S0

profile of ., / SF conposite prepated hy copducting the pretreatnent. In
either c qxﬁﬂeﬁézet%%tcomps@twiw ate he AR iRt U dnimh & 880tkedme
conduct ed I@]and BS as an internedi ate product are cqexisting. Further,
the di f ~3BFOUEh BSHRPleRIoRRSSYenruBisTibeAondHiasef nosmal daswerpfaie agd
prepared w thout conducting the pretreatnent in the phosphoric acid

sol uti on PX88SWe8ed. Therefore, it was confirnmed that a degree of

synt hesi zi ng reaction of was lower in this case. 30 2 3 NAY 2002 In
addi tion, as the niFurthgrtwhenitherazgeni carhpownd piaaticles arpeaintanedsni s
changed to be elimnated and only the peak of HAp can be observed. This
change i ¢hewnixed material shvanaed HApds sgathesiredouglervi ¢cdnditien pf existizgnent i n
t he phosphoric acid solution is used. In a case where SF conducted the

pr et r eat rthatorganicsexmpoursl)otie HAp-k6inpdsité lwenmirising dApnapd dke afrgsirici s
elimnated by the pretreatnment for 15 mnutes. In contrast, in a case where
SF wi t hoebmpounddctdm det basily eideafaoriredi throagh @sisglevprdcess-h@der)thehe
diffraction peak of SFis elimnated by the pretreatnent for 60 m nutes.

The reasaprafal témpeithfcasdpeedsars.onsi dered that a solubility of protein
was increased by the pretreatnment in the phosphoric acid sol ution whereby

the dissol ved prot eifpagul08Re pertidle siPoffAcHIdTShe $R&p ipdfeder and the

composite thereof is fine to be about 50nm and a dispersing state of the

particles is also good, so that a dense organic material having less crack-

formation can be formed whereby it is possible to provide the organic material
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In addition, with respect to each of the HAp/ SF conposite sanples, the
infrared absorption (FT-1R) spectrum anal ysis was perfornmed. The results
are shown in FIGs. 9 and 10 in which FIG 9 is a FT-IR sp;ctrumof HAp/ SF
conposite prepared w thout conducting the pretreatnent of dmM ’bYeﬂ treated
in the phosphoric acid solution, while FIG 10 is a FT-IR spectr um of

HAp/ SF conposite prepared by conducti ng the pretreatnent. In either case,

t he absor stretching vibration at a wave nunber
close to %?%ge%%dﬁ%%?@as%% salgtﬂrgg mlling time was increased and the

absorption peak of P043' ion becanme sharp. Such tendency is the sanme as XRD
profile. In addition, even if the mlling treatnment is perforned for 180

m nut es) i - | iL! remained and BS exists in an
anor phousﬁ@ﬁﬁﬁégﬁrmﬁ)ﬁiﬁ%%‘%@#ﬁ%d that there is forned
Ca-defective type Hﬁgd;n whi ch P043', T site in,the I—%Stru tur
substituted by HPoAYIGoh IS B AioREFoRbional v shewinga ShuhvRaf & B ﬁge in
31 2 3 Y, 2002 sh e of t&p bsorptlon peak of COO ion originating from
SF From t Kie¥icedisedl 1pf efﬂéﬂthﬁ hhec RldgwensoBpt aj ned. Namsly, when SF is
subj ected to the pretreat ment in the phosphorl c acid solutio

interaction between Bfoaht @I@%%Qﬂ?f@éé’lﬁ%mm@@pgﬁb@ﬂlﬁiﬁtlﬁéiowwe t he
reaction of formng I—iﬁép Next, an enbodi nent_ of /| SF ca site
si nul t aneously synt hEK@#z3ds ayglapboahp@ﬁng@mKwd Agfian égﬁﬁﬂv‘mﬁﬂmoﬁﬂace of
t he mechanochemcal mlling treatnment will be explained with reference to

t he fol | ollAp pOwidear ati ve Exanple 2. Conparative Exanple 2 HAp/ SF

conposi tes of Conparative Exanple 2 were prepared by treating a the mxed
material slurry befoFEGord ast ar gtaph shewiegt aeninfoire8F ahasrpéiob) Td®to a
stirring treatnent for 12 hours by using a general purpose magnetic stirrer
in place apettrermnof 4 HEAp pgwdedi um type ultrafine m Il used in Exanple 2.
When t he above HAp/ SF conposites of Conparative Exanple 2 were observed by
means of SEM there RHBe5 dbagruph shodimshandliray diffimdtiohadR)) pfide pnal s
that had coarsely grown so that |ength of either crystal exceeded 10m and
the BS cr\&H pheticlere not fine grains |ike Exanple 2. Further) it was
confirmed that there existed aggregated particles that are seened to
conprise SF or Ca( OHFEG. 6@ geiph sliowiag o FTHIR upbctir-omddfent ERipaatielet he two
conponents. Further) there was not observed a state of cal ci um phosphate

bei ng deposited as nElﬁGemswrmghgswlﬁ Qth X-siy' di#e-actddén ((KRD) Shrafide bf &l e.
Fromthis fact, it was confirned that t e synt hesi zi ng reacti on of HAp was

hardly admggF béhlﬁ@éli@lrp‘svhﬁé}?a%rbfréhﬁﬁeﬁ’@@f‘sptlh@pﬁ@p}@rﬂc%ﬂi téoliEionBy the
way) regarding 32

1s not conducted.

FIG. 8 is a graph showing an X-ray diffraction (XRD) profile of a
HAp/SF composite in which a pretreatment of SF in a phosphoric acid solution
1s conducted.

FIG. 9 is a graph showing a FT-IR spectrum of a HAp/SF
composite in which a pretreatment of SF in a phosphoric acid solution is not
conducted.

FIG. 10 is a graph showing a FT-IR spectrum of a HAp/SF
composite in which a pretreatment of SF in a phosphoric acid solution is

conducted.
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to influence of the pretreatnent of SF particles in the phosphoric acid
solution, there was no significant difference between the case wth the
pretreatnment and the case without the pretreatnment. In the both cases, the
materials exhibited a non-uniformy mxed state. In addition, with respect
to each of HAp/ SF conposites of Conparative Exanples 2, thg Mywedezy X-ray
diffraction (XRD) analysis was conducted. The results are shown in FIG 11.

ol uton was conduct R0t fot B R SO R A nsk el 1 PLATBRIIRARES o)

as an intergbdi ate. | E%ﬁ{mt a HAp were observed in all cases. In addition,
t he diffré’(gt &P%@g i aéﬂ%]let of BS was remarkably strong while small

di ffraction peaks of t. (002 urface and £211) surface r |y
observed, so that a Bﬁg&gt 1R/ tSE’BWIW ﬁ%@qc?r%r?ﬁggr%ﬁéﬁwm
respect to each. of | SF conposites of Conparative Exanples 2, the

i nfrared &BEHOsHteohCe -QIR}‘V%PW%ZV\@S conducted. The results are shown

in FIGS. 12 and 13. shown in FIG 12, a diffraction peak of P-OH
stretching vibrati onFHe d3wisva ﬁtﬁfgéﬁ%@Wé%é Qfﬁigcm%t%ﬁ@ aeHARISFso
that this evidenced the growmh of BS as the sane as in the above XRD

measur emefOMpesits g komparafiveExampla@. wvave number of 3643cm 1 there is
observed a peak due to hydroxyl group of Ca(OHd)2.ln this regard, though the
exi stence of Ca(OH) 2HHg. héis 8 @raph whawing ansRRpmofieaefia ENBF dompgsitef ound
that Ca(OH) 2 becane anorphous during the stirring operation thereby to
remai n i n of KipnepanativetExarmtplerd.t his fact, it was found that the reaction of
for mng BS by reacting Ca(OH)2 with phosphoric acid ion in the liquid
phase is 33 Z 3 MAY 2002 noderately occurred. As shown in the above
conparative Exanple 2, the reaction of form ng BS was advanced by the
convent i orBESTIMODEFOR EMBODYINGVENEINVENIHON ti ng reaction for
converting into HAp was not occurred at all. Therefore, it was again
confirmed that the cbiexgrdrhbstdimesits of thgptaseat imvdntion will bs wxbiiihed aa a

met hod of manufacturing a uniform HAp/ SF conposite even if the treatnent
was conduahedakiy ofahk dsldovwingeExdeples andn@dhpdrativeBramptdsur i ng a HAp/ SF
conposite will be explained with reference to the foll ow ng Conparative
Exanpl e 3 Rédgpld 5 fornmed by conpositing HAp previously synthesized and SF
Conpar ati ve Exanple 3 Ca(HzPO ~a ~ H20 (purity:90.0% nfd.by Wako Junyaku
Kogyo K. K.) and Ca(Otfr2etdahighdl\08ted%vasTalidan Walea abuityak phigomidalid) wer e

m xed so as to prepare a mxture having a Ca/P ratio of 1.67. Then) 50g of

t hus obt ai(HPOW ¥dliifien W% Petcentdize doeertt! 4ff 88% Menfdl by Dl Khgald BSK)1 and
2. Thereafter, a mlling treatnent of dry-nmethod was conducted in

at nospher ¢h&Ber td Niep2tdld PQoeReed flufed>YohRiBn. OThdS0 36198E! 68 chi@i@by to
synt hesi ze HAp. Thus obtai ned HAp and SF used in Exanple 2 were m xed so as

to have apyai&hlle (@L(CHIYPBHEE) (RFd Byl WAL Py Ak RO K.I_@.? W%ﬁaé%ggpgen,

50g of thuS obtained m xture was put ‘into the ultrafine m

type) shoyge idﬂu%éﬁolu%iog% hat -aa(;thoxﬁéltfah Shtiods Thhfrb&d rn'lil S8UBNthefeh rto

dry-nmet hod was conducted for e e mxtures as the same nann as in
Exanpl e 2 t L i speed was set to 850 rpmand the mlling
856 Hif hiGef

treat.ment “was perforne e, 30 mnutes and 180 m nutes, thereby
to manufacture HAp/ Shryd¢hnived material slurry was put into a casing 1 of a multi-ring
media type ultrafine mill (MICROS-O type mill. mfd. by KK. Nara Kikai
Seisakusho, technical specification: zirconia r’ing) 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, the rotation speed of the
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2- 3 MAY 2002 conposites of Conparative Exanple 3 respectively through the
dry-process. Wien HAp/ SF m xture obtained by the treatnent for 180 m nutes
was observed by neans of TEM it was confirmed that SF particles had been
pul verized to be fine particles having grain size of abouj 30ydy gy and the
SF fine particles are existing around of HAp particles having gr ain size
of about 2 ~c m Further, a change in crystallizing state of the conposite

Gt 19 06 s LN i A5G AR po b RERECD
{1 Te v LSR8 sl ALESCLLOT RE A OL o et Lo SRa g uak gl T (e

-P04 3', th ove shift is considered to,oc by. shri nka f -lattice,
ho shr i nRAG O B SeAPeai E e S ban eI or it TiRE At ra) Hao

hydr ogen. te, ,FT-1 R specirum derived from SF was .not changed, even the
mlling : Fieqisd Fméﬁsagga?agwheﬁaealat%meea in il c%he@ﬁlqgetva@enapép and
SF did not occur, descri bed above, K according to the pethod of

Conpar at | %n%ﬁb«eéﬁecei hasgd om thengenirifugalfozcq of the Hagishaped membyrs fle
mlling treatnment of HAp and SF in dxy-process, there is no significant
change i nas ftke gneghaneal yotating\bodn wvese)imnartedh &y the sagdbohimized snatexisile

m xed state of the both conmponents. In contrast to this, in the nmethod of
Exanpl e 2shurytfihehcartteifegalteffest Zalwingipe abeve mixivgranssguindipe ¢pergtonr e

si mul t aneousl y advanced, a change in the FT-1R spectrumof SF is great due
to the m Wasip.treat nent, and hydrogen bondi ng state between SF and anot her
SF or between SF and HAp is greatly changed. In addition, in a case where
Ca(OH) z, H3PO: ~ and BEeate thebjabovedtechfihechenticaihgmillingt tematmient, the

wet - process, there is recognized a sign of 35 2 3 MAY 2002 that the
reacti on phospemricpdad gchoyponentiand the rakivim3ty drexidekemppnant weirt rehctgh
priority. Therefore, it can be said that the nethod of Exanple 2 in which

t he nmechanoatwrdaade withlthadollovaiagreattioms fqranflaled i n dry-process is nore
effective. In the respective enbodi nrents of the present invention, when the
above dehg#i;ROad 200a@FHRd—HB2,APOLROHMPI8HO thefBof is conpressed by a
uni axi al conpression nmethod) a biaxial conpression nethod, or a cold

i sost ati Ctirebsitegbfain la PhraiohednindEAgp.can be fornmed a densified organism
bone alternating material having an arbitrary-shape. Furthernore, since the

HAp slurry (HAp CONpPORéh thalsbtdihe@Rliagh HEEhO XK1 ey RehsSiltj@EE® do A uckien
mechanochem cal mlling treatnent can be provided as fine crystal slurry

with a gogtratisRehstdby dof sopathi@na Félinsed b¥sduet! ThaR)! gRdfobned raahtaget hod,
there can be fornmed a densified organism material having an

arbi trarydsiaamer 24hR#E ik i20fherdStatid@ridRS ¥Rasibef bY whiclf 03hperRFOwar | OUS
substrates, it is extrenely easy to forma thin film For exanple, when a

subst r at e c6FBIRSEEL BE 50% The@by 36 pR8H£1%: re8@be@iVe WrARY StaINRS A Sowdsmosed
of or ganic substances such as nylon, cuttlefish skin, chitosan or the |ike
having a tFexhhipidty is dipped into the above slurry, thereafter, the

di pped substrate 1s pulled up fromthe slurry, then the slurry is dried at

: h be obt ai ned i ial i
thi oh o aoRatse BERANEN {1010 R e moei te 1 m S i ntegral iy for mad
to th f f ty ' -
onte the surface ol Ht, aHbal/at Gl AR EEURL, 1 D eRRRATPTRIE
group, thg ﬁf&f fél%%eltc?/ %Vg'ﬁélqalt Qﬁn[}} wa sglé#rgl‘ﬁ%'d fosaz?wgi%%et(iieét?@&gtn@k 9% 1, there

can be forne aving a-hi'g y and “uni or mi capabl'e of

suppr essi B9 ﬁsqgg ?éGgeneral purpose magnetic stirrer in place of the multi-ring medium
type ultrafine mill (MICROS) used in Example 1.
With respect to the HAp powders of Example 1 and Comparative

Example 1, particle shape, grain size and dispersing state of the HAp powders
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2~ 3 MAY 2002 crack formation. | NDUSTRI AL APPLI CABI LI TY As expl ai ned above,
according to the nethod of synthesizing hydroxy apatite, hydroxy apatite
conposite and the method of manufacturing the conposite of the present
i-nvention, the HAp powder is forned by conducting the mechanochem cal
mlling treatment inparting shearing force and conpressivk3fMAYc@i0based on
the centrifugal force of the nechanically rotating body, so that a fine

crystal owder ving a upiformsize or.the conposite rreof..can be
ot act uPBEE PRESVER BVt e riof by Shhhg PR eetipn, BRBS SR SR Y
condi tions..of nagnal, .t r e ssur.e. Further,.when the organic
conpound géﬁ’l?qlbl %nﬁ}le?ggﬁtgéﬁiﬁ ‘ﬁﬁt miRdd 2t ¥ 2RSmission eaﬁactp:&g is
synt hesi zed under ondi tjqn of existing. ni ¢ ound, the HAp
compos: t SRBEBIES: HEMASR b Reretty Bemen Brpod R LSROB&IAsAs j result,
manuf actured through a single process under the nornmal tenperature and
pressur e. eagh ghihe %émmqwciqaré %%ﬁqamle lewae confizmaed tobe fime 3948 fsobare aand
the conposite thereof is fine to be about 50nm and a dispersing state of
the parti grais size of ahous 30t inonanddmaveta extremelyecam fpatablerdispersedastateavi ng
| ess crackformation can be formed whereby it is possible to provide the or
gani sm maltewaalconfivmad thatilAp crysball havwingrag veiforabityiangd fisggnesszogldby 2002
PATENT CLAIMS 1. A method of synthesizing hydroxy apatite conprising the
st eps of gymibasizag in avshed timeelt whs sllso confhyneldl Shpetr tienspoplecwhinbhlidd oxi de
(Ca(d -~~ powder into a phosphoric acid (H3PO~ sol ution conducting a

mec hanoc hbeec shbjettetitnghe nelimethrieatmentfoe  88haanitag wasrem¢iralydclmmgpdassi ve
force based on a centrifugal force of a mechanical rotating body are

i mpart ed gphdrial nageedgatet epdaraicles! haviygy avigedial siza ofedbr uinvgald dkbag nbo be
inparted to the slurry by the centrifugal force caused in the
mechanochefisedlopyi | | ing treatment is 15 or nore; and reacting the cal cium
hydr oxi de conponent with the phosphoric acid conponent under nor nal

tenperature and presQurthebobiesrand, en WotisHrativa Exginzsld 1Ny sy opflaitithe ( HAP)
powder having fine crystals.

stirring treatment was continued for a long time of 12 hours, the obtained HAp

powder was confirmed to be consisted of coarse crystals having grain size
exceeding 10 4 m. A production yield of HAp was low as 60-70% thereby to be
found that the synthesizing reaction could not be advanced quickly.

Further, a Ca/P molar ratio of each HAp powders was measured
by means of a fluorescent X-ray analyzing device (XPF: mfd. by Rigaku Denki
Kogyo K.K., 3080E2). As a result, a stoichiometric ratio of HAp sample obtained
by conducting the milling treatment for 180 minutes was lower than 1.67 which
was the Ca/P molar ratio in the material slurry, and it was confirmed that there
was produced Ca-defective type HAp. The reason is considered that Ca(OH);
existing in an amorphous state is dissolved into the liquid phase whereby
phosphoric acid ion remaining in the liquid phase forms a calcium salt, so that
the phosphoric acid is changed to exist as a solid body.

Furthermore, with respect to each of the HAp powders, analysis



2. A nethod of synthesizing hydroxy apatite according to claim1, wherein
sai d hydroxy apatite (HAp) powder having fine crystals has an average grain
size of 50 nmor less. 3. A nethod of synthesizing hydroxy apatite
according to claiml) wherein a Ca/P nolar ratio in said m xed nateri al
slurry is set to a range of 1.2-L8. 4. A nethod of synt He3iMYn&0hydroxy
apatite according to claim1, wherein CO3 2' group is introduced into a

par . of col sﬁ[fﬁ?“ﬁ&%g%t AHaSe @E?bs%aeiﬁd%xﬁi/eﬁ;ﬁéﬁﬁﬁﬁf%ﬁ%%%?%'%@@%l 1%
MAY 2002 5. .A . I Z{ . A ' im 1,

wher oi n o0€0PS Eiigiﬁtraﬁci- Y o T KAa TR B Rt e rl%%&l%s g o
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apati 16 pihiRiack{Gr RuaTRy Pttt PhasEIIEIRIRPRYH: DY AUE CHPENS) honer

par U1 01 oo DERBARPerpiaty TGRS, HOpHROR 185 f WORiER SPTACEAS SPSTNRY al | y

e, el B b G S e, 1
in said conposite is set to a range of 1.2-1.8. 8. A hydroxy apatite
conposi t esimplsrasi BS'Y ol pddition, thy diffrastionireak intensity originated from the
HAp was intensified and there were observed diffraction peaks at crystal
surfaces other than (002) surface and (211) surface.

In addition, with respect to the sample prepared by the milling
treatment for 15 minutes, a diffraction peak of BF was remained. With respect
to the sample prepared by the treatment for 60 minutes, the diffraction peak of
BF was completely eliminated so as to form a single phase of HAp. As described
above, in accordance with the time of the milling treatment, the synthesizing
reaction as shown in the following reaction formula (2) is advanced in a short
time while forming BS as an intermediate product.
10Ca(OH); +6H3PO; —6CaHPO,-2H20 +4Ca2*+80H —

Ca1o(POs(OH)2 +18HoO  »woeereeee )

The above crystalline structure of BS is similar to that of HAp
and positions of Ca at (010) surface and (110) surface in BS are almost coincide
with those of at the respective crystal surfaces in HAp. Therefore, such calcium
is considered to be calcium phosphate which is produced as an intermediate
product during a formation of bone in organism body.

In addition, a change in chemical states such as bonding state of
each phosphoric acid ions (HPO; 2 , HePO4 % ) and hydroxyl group were

measured by using an infrared absorption (FT-IR) spectrum measuring device
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fiber protein is conposed of at |east one of silk fibroin (SF) and col |l agen
9. A hyclioxy apatite conposite according to claim8, wherein a ratio of
said fiber protein to said conposite is set to 10-90 w/. 10. A hycli oxy
apatite conposite conprising an organic substrate having flexibility and
hydroxy apatite (HA. p) filmintegrally formed on said or fahiMAYsB&trat e
wherein said hydroxy apatite (HAp) filmis conposed of nano-sized hydroxy

poader i RS BEEEEs GRb. EooMpPP ISR DS RtoHoR Rk gy B o ged
conposite according to claj ‘%O, wherein said 39 2 3 MAY 20D2 organic
substr at er‘?ﬁéﬁﬁ@eﬁ%@%’lrb’iq ﬁ@n ‘s conposed of at |east one of nylon)

cuttlefish skin and chitosan. 12. A nethod of manufacturing a hydr og
apatite conposite cofipif §leay fxame the apsulss showenan g 4. sincalporphen papks| urry
by di spersing cal ci um hydroxi de g_Ca(q-l)~.p0\/\der I nto a phosphoric acid
(H3PO~ solnfensity basedior £ Qfl stretebingobhatiorat a wavei mynbereleseetnt 875cmpi ch
shearing force and conpressive force based on a centrifugal force of a
mechani cawas@gradialy weakened as thmmibihg ttmeavas wicreasedallowewer, sven ithe
adhering thus obtained m xed material slurry to a surface of an organic
subst r at emillimE treatment was conducted for 180 minutes, the absorption peak was

slightly remained. This proved the following facts that BS had remained as an

amorphous phase and that HPO42 ion existed in PO4? ion site of HAp thereby to

form Ca-defective type apatite.

Each of the absorption peaks (565, 602, 965, 1034cm™}) originated
from POgs%—ion was remarkably broad in case of the samples subjected to the
milling treatment for 5 minutes. However, the absorption peaks were changed
to be sharp as the milling time was increased. This indicated that a crystallizing
property of HAp was increased as the production amount of HAp was increased
when the results such that the diffraction peak intensity at (211) surface of HAp
was increased in the XRD measurement.

Next, a concrete embodiment in which a composite of HAp and an
organic compound is manufactured by a wet-type milling will be explained as
Example 2.

Example 2

A silk fibroin (SF: mfd. by Idemitsu Sekiyu Kagaku K.K.) having
an average grain size of 7 pm was selected as the organic compound. SF is a
main component of natural silk yarn and classified to a hard fiber protein just

like collagen. According to the knowledge of the inventors of this invention, SF

was confirmed to have a high organism-affinity and confirmed to be a material

27



drying said m xed material slurry whereby a hydroxy apatite (HAp) film
conposed of nano-sized hydroxy apatite grains is integrally fornmed to the
surfaces of said organic substrate. 13. A nmethod of manufacturing a hydroxy
apatite conposite conprising the steps of preparing a m xed material slurry
by di spersing cal ci um hydroxi de (Ca(OH)~ powder and or gand #A¥ofound
particles into a phosphoric acid (HsPO ~ sol ution, conducting a

mechanochem cal mllin r geat,nment....n which _shearing for nd conpressive
for ce. bas BAVETF & TelatvaRy gl SPEfRiEb0 p8inRE epllit s, Sh Pl Motk Pl B2
inparted to .sai.d mxed material slugry. , and.reacting the .calcium roxi de
conponent "R A SR PR SR SvisoReed R drorake WD (5t MRS and
pressure reby hydroxy apatite 40 2 3 MAY 2002 (HAp) powder having fine
crystal s \iggﬁb‘éb%%?ﬁéﬁl-ont o surfaces of said organic compound particles,
si mul t aneously said hydroxy apatite powder and said organjc conpound
particles are corrposﬁ%/%é.sﬁ f&%a}%gﬁéﬂrﬁﬁe&f Sﬁﬁﬂ%ﬁd&t’%ﬁt}%@ge%bﬁy@ﬁgg?aﬁﬁéti te
conposite according to claim 13, wherein said organic compound particles
are subj et @iluted Rhnsphevp asiscsdntion|inhichthetabexe whwas solady shispersed. a
phosphoric_acid solution so that said phosphoric acid ion havi n&{affi nity
i s adher elNamelyhionsenchavgedwaterewas gaded to didednmriofphaspbpeie acib(HaR Ot hod
of manufacturing a hydroxy apatite conposite according to claim13, wherein
a centri f sglitiosf frafd. "tyo Daaseil rifagalad K K.t havisg ur pyrdentagec conttent w§&5.0%r ce
caused in the nechanochemcal mlling treatnent is set to 15 or nore. 16. A
met hod of thewebfdotprepane 200oyaf afdilatedtsolwian e, t18.moafdhdi abpve S Baem 13)
wherein a Ca/P nolar ratio of said mxed material slurry is set to a range
of 1.2-1. ®articles were dispersed in the diluted solution thereby to prepare a slurry.

Thereafter, the slurry was put into the casing 1 of the multi-ring medium type

ultrafine mill (MICROS-O type: mfd. by K.K. Nara Kikai Seisakusho). Then, the

milling treatment was conducted for 60 minutes under a condition that a

rotation speed of the main shaft was set to 850 rpm.

Due to the above milling treatment, the average grain diameter of

SF formerly being spherical particles having an average grain size of 7 um was

changed to be fine so as to have an average grain size of 0.5 pm. In addition,

specific surface area of SF was increased and surface roughness of SF particles

was also increased. Therefore, it was confirmed that a reaction activity of SF

was increased.

With respect to the samples before and after the milling

treatment was conducted, the powdery X-ray diffraction analysis was performed.

The results are shown in FIG. 5. In case of the sample after the milling

treatment, the intensity of each diffraction peaks was remarkably lowered in

comparison with the sample after the milling treatment. In some cases, the

diffraction peak was eliminated whereby the crystallizing property was lowered.
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17. A method of manufacturing a hydroxy apatite conposite according to
claim 13, wherein a solid content of said m xed material slurry is set to a
range of 5-40 wt% 18. A nethod of nmanufacturing a hydroxy apatite
conposite according to claim 13, wherein said organic conpound is forned of
fiber protein conposed of at |east one of silk fibroin (&%) M&hd®Rol | agen.

41 2 3 MaY 200z 19. A nethod of manufacturing a hydroxy apatite conposite

di t I ai m 1&;:,wh ' f
composi te i s ser to Noubopeet . B elhelloPelparad: iehgte hifog,
tit t wher d h h I
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mechanochemical milling treatment was conducted for 5 minutes, 15 minutes,
60 minutes and 180 minutes under a normal temperature and a condition that a
rotation speed of the main shaft was set to 850 rpm. Then, with respect to each

of thus milled suspensions, a suction filtration was conducted thereby to

29



ER
t{vql gb] X] ca] ca] ca] ca] ca] ca] ca]ca]]ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]calc
aJca] ca] ca]ca] ca] ca]ca] ca]ca]ca] caRf H*s109%&' ()- 10%& ()-f 109%& () -
L10%& () - rrfLO%&' ()-& 109 ()-s FfF109%& ()-9CeF*s10%& ()*!109%& ()- M 10%& () -
, &LO%&! ()-1"MO%& ()-!10%& ()-10%& ()- CEFGHU szlO%&' S 10%B<8AY )200
1109 & () MLOY%<& ()- 10%& ()- 10 10 10>MLOY%& ( L "#$dE: / 10<

195 10068 1ot F AT ) g SRR it DB R b e
10%& () - ho%l(')sd;n a '\%emperature -controlled chamber in which the temperature was
controlled to be 50 °C thereby to prepare HAp/SF composites of Example 2.

With respect to each of HAp/SF composites according to Example
2, an SEM observation was conducted. As a result, in case of the sample
prepared by conducting the milling treatment for 5 minutes, it was confirmed
that there existed needle-shaped crystals having a length of 200nm and width of
30nm. These crystals existed in a matrix of SF.

It was confirmed that the above needle-shaped crystals gradually
decreased as the milling time was increased. In case of the sample prepared by
conducting the milling treatment for 180 minutes, it was confirmed that an
entire sample was changed into a spherical aggregated particle having a grain
size of about 0.5 pm and having no anisotropy.

In addition, with respect to each of the HAp/SF composite
samples, the powdery X-ray diffraction analysis was performed. The results are
shown in FIGs. 7 and 8 in which FIG. 7 is an XRD profile of HAp/SF composite
prepared without conducting the pretreatment of SF being treated in the
phosphoric acid solution, while FIG. 8 is an XRD profile of HAp/SF composite
prepared by conducting the pretreatment.

In either case where the wet-type milling treatment for 5 minutes
was conducted, HAp and BS as an intermediate product are coexisting. Further,
the diffraction peak intensity of BS became higher in a case where SF prepared
without conducting the pretreatment in the phosphoric acid solution was used.
Therefore, it was confirmed that a degree of synthesizing reaction of HAp was

lower in this case,
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9610%& ()-[%86" " In ggdi/tion, as the milling time increases, the diffraction peak of

BS is changed to be eliminated and only the peak of HAp can be observed. This
change is more quickly advanced in a case where SF with the pretreatment in
the phosphoric acid solution is used. In a case where SF conducted the
pretreatment is used as shown in FIG. 8, the diffraction peak of SF is
eliminated by the pretreatment for 15 minutes. In contrast, in a case where SF
without conducting the pretreatment is used as shown in FIG. 7, the diffraction
peak of SF is eliminated by the pretreatment for 60 minutes. The reason of this
difference is considered that a solubility of protein was increased by the
pretreatment in the phosphoric acid solution whereby the dissolved protein had
promoted the HAp forming reaction.

In addition, with respect to each of the HAp/SF composite
samples, the infrared absorption (FT-IR) spectrum analysis was performed. The
results are shown in FIGs. 9 and 10 in which FIG. 9 is a FT-IR spectrum of
HAp/SF composite prepared without conducting the pretreatment of SF being
treated in the phosphoric acid solution, while FIG. 10 is a FT-IR spectrum of
HAp/SF composite prepared by conducting the pretreatment.

In either case, the absorption peak intensity of P-OH stretching
vibration at a wave number close to 875cm! was decreased as the milling time
was increased and the absorption peak of PO4* ion became sharp. Such
tendency is the same as XRD profile. In addition, even if the milling treatment
is performed for 180 minutes, the absorption peak of P-OH is still remained and
BS exists in an amorphous state. Further, it can be confirmed that there is
formed Ca-defective type HAp in which PO43 ion site in the HAp structure is

substituted by HPO,2 ion. Furthermore, there can be observed a change in
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the following knowledge is obtained. Namely, when SF is subjected to the
pretreatment in the phosphoric acid solution, an interaction between SF and Ca
2+ jon occurs thereby to further promote the reaction of forming HAp.

Next, an embodiment of HAp/SF composite simultaneously
synthesized by a conventional stirring treatment in place of the
mechanochemical milling treatment will be explained with reference to the
following Comparative Example 2.

Comparative Example 2

HAp/SF composites of Comparative Example 2 were prepared by
treating a the mixed material slurry before or after the pretreatment of SF was
subjected to a stirring treatment for 12 hours by using a general purpose
magnetic stirrer in place of the multi-ring medium type ultrafine mill used in
Example 2.

When the above HAp/SF composites of Comparative Example 2
were observed by means of SEM, there were observed rod-shaped or blade-
shaped BS crystals that had coarsely grown so that length of either crystal
exceeded 10um, and the BS crystals were not fine grains like Example 2.
Further, it was confirmed that there existed aggregated particles that are
seemed to comprise SF or Ca(OH).. However, it was difficult to discriminate the
two components.

Further, there was not observed a state of calcium phosphate
being deposited as nucleus growing site on a surface of the SF particle. From
this fact, it was confirmed that the synthesizing reaction of HAp was hardly

advanced in spite of the stirring operation for a long time. By the way, regarding
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there was no significant difference between the case with the pretreatment and
the case without the pretreatment. In the both cases, the materials exhibited a
non-uniformly mixed state.

In addition, with respect to each of HAp/SF composites of
Comparative Examples 2, the powdery X-ray diffraction (XRD) analysis was
conducted. The results are shown in FIG. 11. In regardless of whether the
pretreatment of SF in the phosphoric acid solution was conducted or not, the
diffraction peaks of BS (CaHPO4-2H20) as an intermediate product and HAp
were observed in all cases. In addition, the diffraction peak intensity of BS was
remarkably strong while small diffraction peaks of HAp at (002) surface and
(211) surface were merely observed, so that a production amount of HAp was
small.

Furthermore, with respect to each of HAp/SF composites of
Comparative Examples 2, the infrared absorption (FT-IR) analysis was
conducted. The results are shown in FIGs. 12 and 13. As shown in FIG.12, a
diffraction peak of P-OH stretching vibration at a wave number close to 875cm!
was observed, so that this evidenced the growth of BS as the same as in the
above XRD measurement.

As shown in FIG. 13, at wave number of 3643cm’! there is
observed a peak due to hydroxyl group of Ca(OH)z In this regard, though the
existence of Ca(OH)2 was not confirmed in the XRD measurement, it was found
that Ca(OH); became amorphous during the stirring operation thereby to
remain in the composite. From this fact, it was found that the reaction of

forming BS by reacting Ca(OH)2 with phosphoric acid ion in the liquid phase is
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moderately occurred.
As shown in the above comparative Example 2, the reaction of
forming BS was advanced by the conventional stirring treatment, however, a
converting reaction for converting into HAp was not occurred at all. Therefore, it
was again confirmed that the conventional stirring treatment is not suitable as
a method of manufacturing a uniform HAp/SF composite even if the treatment
was conducted for a long time.
Next, a method of manufacturing a HAp/SF composite will be
explained with reference to the following Comparative Example 3 which is

formed by compositing HAp previously synthesized and SF.

Comparative Example 3

Ca(H2PO42 - HoO (purity:90.0%, mfd.by Wako Junyaku Kogyo
K.K) and Ca(OH): (purity:96.0%, mfd.by Wako Junyaku Kogyo K.K.) were
mixed so as to prepare a mixture having a Ca/P ratio of 1.67. Then, 50g of thus
obtained mixture was put into the ultrafine mill shown in FIGs. 1 and 2.
Thereafter, a milling treatment of dry-method was conducted in atmosphere
under the rotating speed of 1250 rpm for 180 minutes thereby to synthesize
HAp.

Thus obtained HAp and SF used in Example 2 were mixed so as
to have a weight ratio (HAp/SF) of 9/1 thereby to obtain a mixture. Then, 50g of
thus obtained mixture was put into the ultrafine mill (MICROS-O type) shown
in FIGs. 1 and 2. Thereafter, a milling treatment of dry-method was conducted
for each of the mixtures as the same manner as in Example 2 except that the
rotation speed was set to 850 rpm and the milling treatment was performed for

0 minute, 30 minutes and 180 minutes, thereby to manufacture HAp/SF
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been pulverized to be fine part1cles having grain size of about 0.1 #m and the
SF fine particles are existing around of HAp particles having grain size of
about 2 1m.

Further, a change in crystallizing state of the composite during
the milling treatment was observed by means of X-ray diffraction (XRD). The
results shown in FIG. 14 was obtained. That is, as the milling time was
increased, a diffraction peak originated from apatite was shifted to a high angle
side. As indicated by the changing formula: HsPOy —HPO4 22 —PO0O4 %, the
above shift is considered to occur by shrinkage of Ap-lattice, the shrinkage being
caused by the advance of detachment of remaining hydrogen. Note, FT-IR
spectrum derived from SF was not changed even the milling time was increased,
so that a chemical interaction between HAp and SF did not occur.

As described above, according to the method of Comparative
Example 3 in which HAp/SF composite is manufactured by the milling
treatment of HAp and SF in dry-process, there is no significant change in the
state between HAp and SF, but there is obtained a simple mixed state of the
both components. In contrast to this, in the method of Example 2 in which the
synthesize of HAp and the compositing the SF are simultaneously advanced, a
change in the FT-IR spectrum of SF is great due to the milling treatment, and
hydrogen bonding state between SF and another SF or between SF and HAp is
greatly changed. In addition, in a case where Ca(OH);, HsPO4 and SF are

subjected to the milling treatment in wet-process, there is recognized a sign of
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Furthermore, since the HAp slurry (HAp composite slurry)
obtained by being subjected to the mechanochemical milling treatment can be
provided as fine crystal slurry with a good dispersibility, when this slurry is
molded by a casting method, there can be formed a densified organism material
having an arbitrary-shape. In addition, when the above slurry is coated onto
various substrates, it is extremely easy to form a thin film.

For example, when a substrate composed of metal or ceramics, or
an organic substrate composed of organic substances such as nylon, cuttlefish
skin, chitosan or the like having a flexibility is dipped into the above slurry,
thereafter, the dipped substrate is pulled up from the slurry, then the slurry is
dried at a room temperature, so that there can be obtained an organism
material in which a dense HAp layer or film or HAp composite film is integrally
formed onto the surface of the substrate. In particular, in a case where the
substrate material has a hydrophilic functional group such as hydroxyl group,
the affinity with the HAp slurry is improved to be high, and there can be formed

a film having a high density and uniformity and capable of suppressing the
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the composite of the present invention, the HAp powder is formed by conducting
the mechanochemical milling treatment imparting shearing force and
compressive force based on the centrifugal force of the mechanically rotating
body, so that a fine crystal HAp powder having a uniform size or the composite
thereof can be manufactured in a short time through a simple process even
under the conditions of normal temperature and pressure.

Further, when the organic compound particles are contained in
the mixed material slurry and HAp is synthesized under a condition of existing
the organic compound, the HAp composite comprising HAp and the organic
compound can be easily manufactured through a single process under the
normal temperature and pressure.

In particular, the particle size of each of the HAp powder and the
composite thereof is fine to be about 50nm and a dispersing state of the
particles is also excellent, so that a dense organism material having less crack-
formation can be formed whereby it is possible to provide the organism material

having high durability and reliability.
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conducting a mechanochemical milling treatment in which

shearing force and compressive force based on a centrifugal force of a
mechanical rotating body are imparted to the mixed material slurry, wherein a
centrifugal effect to be imparted to the slurry by the centrifugal force caused in
the mechanochemical milling treatment is 15 or more; and

reacting the calcium hydroxide component with the phosphoric acid
component under normal temperature and pressure thereby to prepare nano-
sized hydroxy apatite (HAp) powder having fine crystals.
2. A method of synthesizing hydroxy apatite according to claim 1,

wherein said hydroxy apatite (HAp) powder having fine crystals has an average

grain size of 50 nm or less.

3. A method of synthesizing hydroxy apatite according to claim 1,
wherein a Ca/P molar ratio in said mixed material slurry is set to a range of

1.2-1.8.

4, A method of synthesizing hydroxy apatite according to claim 1,
wherein COj 2" group is introduced into a part of OH" group contained in said
hydroxy apatite (HAp) by substituting a part of calcium hydroxide (Ca(OH)2)

with calcium carbonate (CaCO3).
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the fiber protein particles of which surfaces are integrally formed and

composited with said nano-sized hydroxy apatite particles.

7. A hydroxy apatite composite according to claim 6, wherein a Ca/P

molar ratio in said composite is set to a range of 1.2-1.8.

8. A hydroxy apatite composite according to claim 6, wherein said

fiber protein is composed of at least one of silk fibroin (SF) and collagen

9. A hydroxy apatite composite according to claim 8, wherein a ratio

of said fiber protein to said composite is set to 10-90 wt%.

10. A hydroxy apatite composite comprising an organic substrate

having flexibility and hydroxy apatite (HAp) film integrally formed on said
organic substrate wherein said hydroxy apatite (HAp) film is composed of nano-sized

hydroxy apatite (HAp) particles formed by reacting calcium hydroxide (Ca(OH);)
powder with phosphoric acid (H;PO,) solution.

11. A hydroxy apatite composite according to claim 10, wherein said
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hydroxide (Ca(OH)2) powder into a phosphoric acid (Hs;PO4) solution,

con&ucting a mechanochemical milling treatment in which
shearing force and compressive force based on a centrifugal force of a
mechanical rotating body are imparted to said mixed material shury,

adhering thus obtained mixed material slurry to a surface of an
organic substrate, and

drying said mixed material slurry whereby a hydroxy apatite
(HAp) film composed of nano-sized hydroxy apatite grains is integrally formed
to the surfaces of said organic substrate.

13. A method of manufacturing a hydroxy apatite composite
comprising the steps of:

preparing a mixed material slurry by dispersing calcium
hydroxide (Ca(OH)2) powder and organic compound particles into a phosphoric
acid (HsPOJ) solution,

conducting a mechanochemical milling treatment in which
shearing force and compressive force based on a centrifugal force of a
mechanical rotating body are imparted to said mixed material slurry , and

reacting the calcium hydroxide component with the phosphoric acid

component under normal temperature and pressure whereby hydroxy apatite
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14. A method of manufacturing a hydroxy apatite composite
according to claim 13, wherein said organic compound particles are subjected to
the mechanochemical milling treatment in advance in a phosphoric acid
solution so that said phosphoric acid ion having affinity is adhered to the

surface of the organic compound particles.

15. A method of manufacturing a hydroxy apatite composite
according to claim 13, wherein a centrifugal effect to be imparted to the slurry
by a centrifugal force caused in the mechanochemical milling treatment is set to

15 or more.

16. A method of manufacturing a hydroxy apatite composite
according to claim 13, wherein a Ca/P molar ratio of said mixed material slurry
is set to a range of 1.2-1.8.

17. A method of manufacturing a hydroxy apatite composite
according to claim 13, wherein a solid content of said mixed material slurry is

set to a range of 5-40 wt%.

18. A method of manufacturing a hydroxy apatite composite

according to claim 13, wherein said organic compound is formed of fiber protein

composed of at least one of silk fibroin (SF) and collagen.
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19. A method of manufacturing a hydroxy apatite composite
according to claim 18, wherein a ratio of said fiber protein to the composite is

set to 10-90 wt%.

20. A method of manufacturing a hydroxy apatite composite
according to claim 13, wherein said mechanochemical milling treatment for the
mixed material slurry is performed by means of a multi-ring type ultrafine mill

comprising a number of ring-shaped pulverizing media.
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