POROUS CERAM C MATERI AL AND PROCESSES FOR PREPARI NG SAME The present
invention relates to a porous ceramic naterial and a process, for t he
prepargi{ion thereof. Mre particularly, it relates ﬁhAa*paF§ﬁ§ ramc

C mat al having a multiplicity of porgslhgving a specific 5 size and a
multiplicity of capillary void paths having a specific size and connecting
the pores. to the exterior space of the porous ceramc material, which is
val uabl e as a material ashbucegenelat ¢ 08-.9Ehane A K@ s JBfli €5 purposes
and al so an el ectroni c-TaterTar_or a genetrc 10 engrneerrng material, and
. processes for the preparation thereofpzktzalise reehates to a nmethod of
remedyi ng a defect of bone of a human—or animal. A cal ci um phosphate
conpound such as hydroxyapatite or a solid solution thereof has a good
conpatibility 15 wth a living body and is valuable as a nedical material
such as an osteogenetic material, for exanple, a sub- stitute or prosthgsis
for a bone or dental root. For exanple, Japanese Unexam ned Patent NG
Publ i cati on No. 56-54841 discloses a filler for a bone defect or 20
antrum. which conprises a cal ci um phosphate conpound powder of the apatite
type crystal structure. -2- Furthernore, Japanese Unexam ned Patent
Publ i cati on No. 56-%26843 discloses a _filler fqr a bone defect or antrum

whi ch is” conposed of *& BEESED HoRY of AR FER Sh IS RV F n.
pores containegd i -t0hS RA WprHcLOLY 8L the GHlSHHRNGS AL S pPound,

t he maxi num pore
'~ More particularly, it relates to a porous ceramic {T

N
material having a multiplicity of pores having a spescific

5 size and a multiplicity of capillary void paths having a
specific size and connecting the pores to the exterior
spaée of the porous cerémic material, which is valuable -
as a material for regeneration of bone and other medicai
purposes and also an electronic material or a genetic

10 enginééring material, and processes fqr the preparation

théreof. It also relates to a method of remedving a

defect of bone of a human or animal.

S

A calcium phosphaté compound such as hydroxvapatite

or a solid sélution thereof has a good compatibility

15 with a living body and is valuable as a medical material
such as an osteogenetic material, for example, a sub-
stitute or prosthesis for a bone.or dental root. For
example, Japanese.Unexamined Patent Publication
No; 56-54841 discloses a filler for a bone defect or

20 antrum, which comprises a calcium phcsphate ccmpound

powder of the apatite type crystal structure.
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size is 3.00 mm and the m ninmum pore size is 0.05 mm These pores have such
a shape and size that bone-form ng conponents of a living body can easily
intrude into these pores. This porous body has a substantially )
conti nuous three-dinensional network structyre. These conventigﬁgb cal ci um
phosphat e conpounds have problens in that déformation is caused with the
| apse of tinme after a'surgical treatnent such as filling or prosthesis or

hardening i s promt ed faréherofd, (PBatidsd UALEINENIE P atditt It ftion

enbedded portion; whereupon the re I ng abnormal tissue nust be excised.
When renedyi ng of N@. d$6eré6®43 tdisdbssks | £SEEL Dér af b1t VA b e fts ek by
exci sion a bone tunor, bone resorption with age or external danage of a
bone, it is nost 2ftruymefehich isatompdsed|ofical poxrpbe odyodfd calcium
Substitution or prosthesis by an artificial product is not always
preferred. Wien phesphatercompeund. arin peres ¢ontained in|thisgparais or
included in a Living body by prosthesis, it is nost preferred that the
artificial proaucP°glé of P seAdeiwh PhesPhate compRund, dthe dAFMm RPGee

t | living ti e be regenerated instead.to repair the defect, In thi
tase (it 1o 1 onor BLHE TRad-ORORR AL HAS Rbtinn peRe (airg s Eids amy

article by the  shi¥bdoLis e NATEYs LRELUNRUEL S0 olou HLhng

appropriate. If t Nnover spee S exces hT'gh, troubl'e su _
oy ST on LT BB 5 4 o Rapad S LA rsa Gt e
Spiiq i's low and thesarpbiés] alTRid igdfohs Po6E@FEHAsi & Substantially

| 10 continuous three—dimensional network structure.

These conventionai calcium phésphate compounds have
problems in that deformation is caused'ﬁith the lapse of.
time after a surgical ﬁreatment such as filling or
prosthesis or hardening is promoted in the soft contact.

15 tissue near thé filled or embedded portion, whereupon
the reéulting abnormal tissue must be'exéised. When
remedying of a defect of the hard tissﬁe of'a_living
body caused by excision a bone tumor, bone resorption

" with age or éxternal damage of a bone, it is most

20 .preferred that natural healing be promoted. Substitution
or prosthesis by an artificial product is not always
preferred. When such an artificial article'is filled in
a living body of included in a living body by prosthesis,
it is most preferred that fhe a:tificial product be

25 conéumed in the living body in due course and the

| natural living tissue be regenerated instead to repair

the defect. In this case, it is important that the

speed of substitution of the artificiai article by the



living body for a long time, deformation of the bone tissue or other |iving
tissues.in the treated portion or hardening of the soft tissue near the
treagted portion is 10 caused, whereupon excisi on beconmes necessary in sone «
cases. ﬂgborden to cope with the foregoing problens, it is inportant that a
fill.er of prosthetic material inserted”ifn a living body satisfy the

requi rements for induction 15 and substitution of the living body tissue

at a cell level. Mre specifically, 1lnLSsi t.ant.. t.Q APRMRI 4 ely
pronote the a?‘t’i etk o‘hl%uéénhg%%'i'é%)( gt %Eéc‘e-'l"?n?(()’%t'ed'lpﬁ]@) IEa‘.p‘gfnicf‘ al%{

ost eobl ast toIggﬁééﬁgéggbod'fteﬁéug%rﬁgoggogpkggrqg(ykégggfkggy(“ygxu of

an osteo- 20 i a colTagen frber pronoting hardening of t'he soft

tissue, .and algq, rQlehat deh pYaphat B8nbeRe clausede aNkHWtt ddkddthi bi t
i ntrusion of erythrocytes and body fluid and devel opment of capillary bl ood

vessels. In orgefe {dn satdShVtiNgSEn’ EEMPLEFBREDNS ! for Andnple fant that a
filler or prosthetic material to be inserted into a |iving body have gded”

conpati bi | 13y géddndpirent VéHocHadyr . espacichkl yageodHe e edmEonsitidvdy,
shoul d provi de a residence propagati on space suitable -4- for the
activation of gmséd eils cbbw sandnthehaotdfpcéadn@rtitalesiion pfesantesin abl e
cells and hardening of the bone tissue by abnornmal devel opnent of a
col | agen fi berliving sbedyprfomry bdbnectine .t deformadyiion rtherPQae S
provi de a porous ceramc material suitable for regenera- tion of th bone
tissue in a |ivisguecey, other iiving tissues in ¢t e-treated'portlon_or
hardening of the soft tissue near the treated portion 1is :)
10 causéd,.whefeupon eicisibn'becomes.neceésary in some
cases. |
in order to cope with the foregoing problems, it is
important that a filler or prosthetic material inserted
in a liﬁihg body satisfy.the re@uirements for induction
15 and substitution of the living body tissue at a cell
level.- More specificélly,.it is important to appropri-
ately promote the activation of an oSteolytic cell
'Kosteolysis) and an osteoblast to the living body ' —
‘tissue, chfrol intrusion and devélopmsnt of an osteo-
20 clast and a collagen fiber promoting.hafdenihg of the
soft tissue,.and also cont;ol hardeniﬁg of.the bone
tissue aﬁd not to inhibit'intrusién of~efythrocytes and
body fluid an& development of capilléry blood vessels.
In order to satisfy these reguirements, it is
25 important'that a filler or.prosthetic_material to be
inserted into a liviﬁg_body;have good compatibility with
the living body, espéciallyIgood’biorespohsibility.

should provide a residence propagation space suitable



I nduction of a new born bone or other nedical purposes or valuable as an
electronic material or a genetic engineering material, procesges for the
prepatation:10 therof, and a nethod of renedying a defect of@)wne of a

human qr -animal . Qther objects and advantages of the present Tnven- tipn

ad

will bé apparent fromthe follw ng description. In.one aspect of the
present invention, there is 15 provided a porous ceram c materi al :
conpri sing a sin{&r eehPosoussdHoilyr. 0b<adeaickdmeeldsphatre arvuddh ghe andeertei n
a multiplicity of capillary void paths having a diameter of 1 to 30 pm and
amltiplicity ofnpoussohavfngndesizebdée tefllds6@ddprhaardzfiorgred 954 feone
sintered porous body 20 and at |east part of the pores are connected to the
exterior space ofigswesintabrdrpatodevadapmentoddh aatcaldagem fdrer .of t he
capillary viod paths. The nmultiplic- ity of pores may be connected to one
anot her-through a part of the capillary void paths. 25 I n anot her
aspect™~of the present_invention, there are praqvided processes for the

preparation of the abbyelfehtPHHBETBoPBUECEePiMEEERITG&SSATt 1nVerfiqhdo

process of L1 RLERRLEL! 2l LIenROLRYS SELATLS ISR ST presen

T D o bloch BRI 68 D488 T ER0kplol 100, Y Bt 0 the

compound powder , ; SAKPLn tHE & HSwoBb2hNBEnE VUt HRE GRiiM e gheddire
o or valuable as an electronic material or a genetic

| .enginéering material, processes for the preparation

10 therof, and a method of remedying a defect of bone of a
human or animal.

Other objeéts and advantages of the presént inven-
ticn will be appaient from Ehe follwing description.
In oﬁe'aspect of the present invention, there is

15 provided a poious ceramic material comprising a sintered
porous body of a calcium phosphate compound, wherein a
multipiicity.of capiilary void paths having a diameter
of 1 to 30 uym and a multiplicity of pores Eaving a size
of 1 to 600 um are formed in the sintereé porous body

20 andé at leaét part of the pores are connected to the
exterisr space of the sintered porous body through at
least a part of the capillary viod paths. The multiplic-
ity of pores may be connected to one another through a

. part 6f the capillarf void paths.
25 In another aspect of the present invention, there

are provided processes for the preparation of the

above-mentioned porous ceramic material.



into a nold havig a desired size and shape, heating the shaped nixture at a
tenperature of [err] to 10 harden the al bunen, then heating the shaped

m xture at_ a tenperature of 500 to [err] to carbonize the hardéned.al bunen,
and then@é%atrng the shaped m xture at g gegperature of 800 to [err] in an
oxygen-comfai ni g atnosphere to renove the carbonization product by 15
burni ng and sinter the cal ci um phosphate conpound powder. Another process
for the preparation ‘Chet peopessusfcehanpeepatatioh 6f the psesest i nvention
conprises bubbling 100 parts by wei ght of al bunmen to forma 20

mul tiplicity of ceremiesmakeriglaofi theoprésentcifiventioncoomprisésg the
foanmed al bunen with 30 to 120 parts by wei ght of a cal ci um phosphate
conpound powder babhllingol90pparsshbywweightopfaalbugeni tof f£oem &aving a

| ength of 5pmto 5 qn1ang a di_apeter of 1 to 30 pm shaping the 25

t hus- obt ai ned nPR&$ABLAGIEYsPE BubRdesi haviagi At 8izenefdlnkQi 680 aulesiy ed

h d size, .heati h ' . f 120 t ot
Corr] to har Snwﬁ%ﬁr'aﬁﬂa%éﬁssﬁsgfﬁngbi%&Sﬁﬁé@%‘nn{vii*ﬁféﬁ‘éﬁézlé’g@?aéﬁre-dof
-6- 500 Nicze - 2ar depe : ; 1
Lhen heat  ny ( nBY. ReigheoBer s LAt Bado R MY ERBRNRS ! d80aGE ) T Lo

o SBaPLE BB Enid-DEFR Rt RSO LSO AR uli e
process for theiptepar abl@nha¥igha desired size and shape, heating the
shaped mixture at a temperature of 120 to 150°C to |
10 harden the albumen, then heating the shaped mixture at a
temperature of 500 to 700°C to carbonize the hardened
albumen, and then heating the Shaped_mixture at a
temperature of 800 to 1,350°C in an oxygen-containig
atmosphere to remove the carbonization.product by
15 burning and sinter the calcium phosphate compound
powder; _

Another process for_the_pfeparation of the porous
ceramic material of the present invention comprises
bubbling 100 parts by weight of albumen to form a o

20 multiplicity of bubbles having a size of 1 to 600 um,
incorporating thé foamed albumen with 30 to 120 parts by
weight of a calcium phosphate compound powder and 1
to 5 parts by weight of an organic fiber haQing a.length.of

S5um to 5 mm and a diameter.of 1 to 30 um, shapiﬁg the

25 thus-obtained mixture by casting the mixture into a mold
having a desired shape and size, heating the shaped
mixture at a temperature of 120 to'150°C to harden the

albumen, heating the shaped mixture at a temperature of

v

[
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porous ceramc material of the present invention com prises mxing 20 to
300 parts by weight of a sublimble 10 solid substance powder having a
particle sisze of 1 to 600 pmwi th 100 parts by weight of a calgeym . _
phosphat e conpound powder, press-shapi ng-tée=-thus-obtai ned m ’e into a
desired shape and size, heating the shaped m xture at a tenperature of 300
to [err] to renbve the 15 sublimabl e substance by sublimation, and then
heating the resig0al €ah2peticptodcatbanizet thecharderedfalngnern and50C to
sinter the cal ci um phosphat e conpound powder. Still another process for the
preparation of tbeg@fipofibercecandithentkeatingfthecshared pixtursao R com
prises incorporating 20 to 300 parts by weight of a sublimable soljd

subst ance pomdertﬁaPﬁﬁgtHrﬁanigpg E?z_'é?ogctbnGEE PRYISRPCRR NG (s by

12 3, abbeabiTh, ol OO ol BN RAAGE HTTL ©
POl o es s Rk WA OREALRE o LUt aibatape o

t he sublimabl e owdarsubstance by sublimation and carbonize the organic
fiber, and then Reatlng the shaped m xture at a tenpera- ture of 800 to

[err] in an oxygen-coggaiili Afokhe¥PproBBescfbe tREDELepHifaEE6ROOE ZEtie ON
product by burning and 5 sinter the clacium phosphate conpound powder.

Still another prepegsasf eerahtcpmaperstloofothehpresentsineentiaon neoreri al of
the present invention com
_ prises mixing 20 to 300 parts by weight of a sublimable
-~ 10 solid substance powder having a particle size of 1
to 600 um with 100 parts by weight of a calcium phosphate
compound powdér,_press-shaping the thus-obtained mixture
into a desired shape and size, heating the shaped
mixture at a temperature'of 300 to 500°C to remove the
15 sublimable substance by sublimation, and then heating
the reéidual-shaped prddnct at a'temperature of 800
to 1,350°C to sinter the calcium phosphate compound
powder.
1\, Still another process for the preparation of the
20 porous ceramic material of the present invention com-
prises incorpofating 20 to 300 parts by weight of a
sublimable solid substance powder having a particle size
of 1 to 600 ym and 1 to S parts by weight of an organic
fiber having a length of :5um to Smm and a diameter of 1
25 to 30 um with 100 parts by weight of a calcium phosphate
compound powder, press-shaping the thus-obtained mixture

to a desired shape and size, heating the shaped mixture

at a temperature of 200 to 800°C to remove the sub;imable



prises mixing 25 to 380 parts by wei ght of organic synthetic resin
particles having a particle size of 1 to 10 600 pmw th 100 parts by wei ght
of a cal ci um phosphat e conpound powder, press-shaping the thus-obtained

m Xt ur nto a desired shape and size, heptding the shaped m xture at a

t enper re of 200 to [err] to renobve the organic synthetic resin particles
by t hermal deconposition, and 15 heating the residual shaped product at a
tenperature of SGPstanferby sublimakjomnandncarbomizet the prganie sinter

t he cal ci um phosphat e conmpound powder. Still_ another process for the
preparation of fheeperand theanheatingrthe shaped BIESURR 3% R RSRREXAI™ 20
prises incorporating 25 380, paLis.by weight of organic synthetic resin
particles haivnbuﬁepaﬁtpbﬁetgi}e§é§ ¢ ¥B 350°§¥9%ﬂa°%n€%1%1 Rr 3OS Nei ght
of an organic fiber having a lepgth_of Lo, ' .of-_1.* to
S0 pm i tn 100 BAFEe by Ageare BReccEteRThASSTREN S WO B
press-shapi ng t szt ai q LpLo |5 € e and size, ™
heating the shaggagggxFﬁ?egggsguggé%g%§¥%gé_8?mg§€h§§ﬂ%g to renmove the
organi c synthetic reﬁhﬁl@)’ah@ﬁh&ﬁ' p88688BORLE I SHe dPFeparabion b Hoknge the
organic fiber, and then heating thée shaped m xture at a tenperature of 800
to [err] in an gy¥eas- cegdindcnnagesiabsplicthet presenteinvention ogdmat i on

product by burning and sinter the cal cium phosphate 5 conpound powder.
Still another ppgises fdxinge2pr epaBadi parts bpewpightisofcorganicmterial of
the present invention com
synthetic resin particles having a particle size of 1 to
10 600 um with 100 parts by weight of a calcium phosphate
.compound powder, press-shaping the thus-obtained mixture
into a desired shape and size, heating the shaped mixture
at a temperature of 200 to 800°C to remove the organic
synthetic resin particles by thermal decomposition, and.
15 hneating the residual shaped product at a temperature of
800 to-1,350°c in an oxygen-containing atmosphere to
sinter the calcium phosphate compound powder.
Still another pfocess for the preparation of the
porous ceramic material of the present invention com- -;J
20 prises incorporating 25 to 380 parts by weight of
organic synthetic resin particles haivng a particle size
of 1 to 600 ym and 1 to S parts by weight of an organic
fiber.having a length of Sum to Smmland a diameter of-1
to 30 uym with 100 parts by weight of a calcium phosphate
25 compound powder, press-shaping the thus-obtained mixture
-into a desired shape and siie, heating the shaped

mixture at a temperature of 200 to 800°C to remove the

organic synthetic resin by thermal decomposition and



prises incorporating 25 to 380 parts by weight of organic synthetic resin
particles having a particle size 10 of 1 to 600 pmand 2 to 5 parts by

wei ght of sublimable solid substance particles having a particle size of 1
to 600 pniwith 100 parts by wei ght of a calcium phosphate conpogad powder,
press-shapi ng the thus-obtained m xture it = desired shape aiggkize,
heating the shaped 15 m xture at a tenperature of 200 to [err] ToO renobve

e S T S LR G Y e SR e

the sublimable s ance par y subl and the ating t
residual shaped Hﬁﬂ@l&u‘ée alt % WAt I YYD 1D (18950 i i 28X )Ee9Gen20

contai ni ng atnosphere to. sinter the cal ci um phosphate conpound powder.

Still another prossstaiting EEry st i€y indve e warbeerizatdiomt eri al  of
the present invention com prises incorporating 25 to 380 parts by wei ght
of 25 -~erganic sypddiict by burmiarg iaridsimwemclie toalefimpphasphate parts
by wekght of §¥blinable solid substance particles having a particles size
of 1 to 600 pm ambnrpaund pawder by wei ght of an organic fiber having a
l.engt h -9- of 5pmto 5mmand-a dianeter of 1 to 30pmwi th 100tparts by
wei ght of a cal ci um pHfsbatanQEhfio RERPSRARIOT Fha Preparatdamet the

‘thus-obtained mxture into a desired shape d size eating .t.he shaped
Mxture at a5 PORE HEFAR BAFEIRT 0% Ehe FURARRE MY RN SoR
synthetic resin pariicle : {4 4 ani c
synthetic resin p%f’f%% e;?%é’y:ééﬂ{ﬁg%%@%& ﬁ}té W%J.J}ﬁ:_%@
organic synthetic resin particles having a particle size

~ 10 of 1 to 600 ym and 2 to 5 parts by wéight of sublimable
solid substance particles having a particle éize of 1
to 600 um.with 100 parts by weight of a calcium phosphate
compound powder; p:ess-shaping the thus-obtained mixture
ihto.a desired shape and size, heating the shaped ‘
15 nmixture at a temperature of zod to 800°C to remove the
organié synthetic resin particles by thermal decomposi-
tion and remove the sublimable substancé parficles by
sublimation, and then heating the residual shaped
KJ product at a temperature of 800 to 1,350°C in an oxygen-
_20 containing atmosphere to sinter the calcium.ﬁhosphate
compound powdér.

Still another process for the preparation of the
porous ceramic material of the p;eéent invention com-
prises_incorporatihg 25 to 380 parts.by weight of
25 organic synthetic resin partiples having 1 tq'GOO um, 2

to 5 parts by weight of sublimable solid substapce

particles having a particles size of 1 to 600 ym and 1

to 5 parts by weight of an organic fiber having a length



t hermal deconposition, renove the sublimble substance particles by
subl i mati on and carboni ze the organic 10 fiber, and then heating-the

shaped gfXture at a tenperature of 800 to [err] in an oxygen-contai ni ng
at nosph to renove the carbonization product by burning and sinter the
cal ci um phosphat e conpound powder 15 The invention, also

i ncl udes the above ceranic material for Use for inducing a new born bone.
The porous ceramic material of the present invention is conposed of a

sintered por s begly+8f sAamCah&i 4naphnspbat £ CONMPOUNGLIM Fierisal ¢ um phosphat e
20 conpound used in the present invention conprises as main ingredients

[err] [err] [mErds dvyl weridhtdest @ sealeiumfphasphatelsagdud powder,
"hydroxyapatite"" Hydroxyapatite 25 conprises as a basic - 10 -
conmponent a qurgRRrshapingEhe dhwRhtaingdmigtuferinto a\degiirest the Ca

conponent nmay be substituted by one. or nore nenbers selected from Sr,~Ba,

My, Fe, Al, ¥hape apd 338 NPaNG theFhargd MHefure R dponent may e

he
substituted by one or nore ers selgcted from[err] and Si O4. Moreover,
a part ofstheé/?’@—ﬁr%%r%ﬁﬁf%eg%{]béﬁ? R P ¥ nmenber s

cel ot o i A B B Y U e A 0 nor 10
remove the organic 5ynthetic resin particles by '
thermal deCompoSitiOn, remové.the sublimable.substance
p&rticles by.sublimatidn and carbonize the organic o/
10 fiber;.énd'then heating the shaped'mixtﬁré at a
temperatﬁre of 800 to 1,550°c in ah oxygen-containiﬁg
atmosphére to remove the.éarboniiation'product by
Burning and sinter the calcium phosphate compound
powder.
15 | The inveﬁfion, also includes the above
ceramic material for use for inducing a new-born bone.
The porous ceramic material éf the present
invention is composedléf a sintered po;ous body of a o
célcium'phoséhate compound. The calcium phosphate |
20 compouhd used in the present invention coﬁprises.as'
main ingredients CaPHO4, Ca3(PO4)2, Cas(PO4)3OH,
Ca40(P04)2, Ca,,(PO

4)6(0H)2l caP4011' ca(P03)2l

Ca2P207, and Ca(H2P04)2.320 and includes g series

of compounds calied“hydroxyapatitew; Hydroxyapatite

25 comprises as a basic



substitutional solid solution or an interstitial solid solution. Mreover,
the hydroxyapatite may contain non-stoichionmetric lattice defects ,Lt-,is
ordinarily:preferred that the atomc ratio of 15'calciun1(Ca)1n3@§§%ﬁhorus
(P) in the cal cium phosphate conpound .used iy the present inventi be in
the range of from1.30 to 1.80, especially from1.60 to 1.67. As the

cal ci um phosphat e conpound used in the present invention, tricalcium

phosphate [err] ZQnpbuHehe & ddnpdund Havdg b Gompsiiatiide dc¥mullaar e

preferred. Those which are synthesized according to the sol-gel nethod and -
then freeze-dri ewi;b@eﬂﬁgn}i &g Canr.airer nedoH)t, J s 2prpafrar refd dHeat t he

cal ci um phosphat e npo be one ntered at 25 800 to [err] nore
preferably at 85@C& cdnmRGEDt may e snbats toedriby oneedmimafe memberssent

i nvention, the cal cium phosphate porous body may have any shape and size.
In the=Fnterior cfekaptedrixem iy Ba, MheFeadd f mndd a N B @nditk gngs
capil¥ary voi d paths extending in a sl ender elongated fqorm,and

miltiplicity of porREEhAE e & @O“!qu{?”é'o@‘aé’mbeessd’éﬁ%ﬂq%ﬁ% Y 300 pm
The di t f th i1l i d pat. ' t ' : ef bly 1
toezoI ?n'mér g:ls? Tr%’eep?’glén%ﬁa%%c{%éfeétts%% %&ﬂgl’vl%gl’ rr'lsgé?cags'o 4ﬁe’er Boﬁs
body through at | tg G Par ty eJ\nﬁ: my #'Jaqjd oIp 5@{1@ @Bi léo@ifé \éﬁ'jtd hs.

N cted to ot he

Odinarily, the multipli4ity of pores are conne one r rough

a part of the cagid!@isdftutdd SPBE o mdre MR b Tt dd &t ESr ed

por ous body have

_ Cl, O and CO3. "The hydroxyapatite may'be an ordinary

10 crystal, or it may be an isomorphorous solid solution, a
substitutional solid solution or an interstitial solid
" solution. Moreover, the hydroxyapatite may contain
non-stoichiometric lattice defects.
It is ordinarily preferred that the atomic ratio of
- 15 calcium (Ca) to phosphorus (P) in the calcium phosphate
ccmpouﬁd used in the present invention be in the range
of from 1.30 to 1.80, especially from 1.60 to 1.67.
As the calcium phosphate compound used in the .
s B present invention, tricalcium phosphate [Ca3(PO4)2].

20 hydroxyapatite [Cas(PO4)3OH], and hydroxyapatite
[Calo(P04)6(0H)é} are preferred. Those which are
synthesized according to the sol-gel method and then
freeze-dried are especially preferred. It is preferred
that the calcium phosphate compound be one sintered at 

25 800 to 1,550°C, more preferably at 850 to 1,200°C.

In the pofous ceramic material of the present
invention, the calcium phosphate porous body may have

any shape and size. In the interior of the porous body,



a porosity of 40 to 90% nore preferably 60 to 70% It is preferred that

t he por n the sintered porous body should have a shape of a true sphere
or a 15\ milar shape. It also is preferred that the pores be uni-formy

distributed in the porous body: These._pgnes provide residence spaces for

bi ophysically activating osteolytic cells and osteobl asts when the ceramc
naterial is enbedded in a living body. Osteoblasts and 20 the |like tend

to stay in thexhepe are Exraedld wddipliicity gforcapillaeyonvdidgipathist i s
i ndi spensabl e that the pores have a size of 1 to 600 pm preferably 3 to
300 pm Pores lexstiendingsiine aosileinder ledongatedofformopnd eomeda iphifcdity to
provi de good residence spaces for. the 25 above-nentioned cells. If the
pores have a siefp@asesa haviadmaiee ot Litd 1640 SJH’apGSPPI%a#éd’hémt@al

strengths of the obtalnqupo .Qus nate r al. are hi Acq rdin mﬂgn this

‘porous 12 - #Meal 5 th ﬁﬂ}ﬁiﬁﬁ? gﬁ%é? o~hol d
t hese hi gh C .Strengt Quer to n rn Bwfie.
Thus, fract lrjgraer{:& gg.ﬁ:gon E@\??r%@@&lgurﬁ %@? ﬁ?ngqugppgd g‘%e %‘é{'r

caPL LY, ) 4 %%’3?‘8{1{%’&%”‘&% st X0 FRTORE %Eﬁ?st'ea“

erythro- cytes t‘iﬁ%d@@\d)étf |1‘é'af§@rae g0 die A% 1H 1A% %tfe c‘a%tﬂlta*i%
porous body throughthese capillary voids, 10 whereby devel opnent of

capi : : ary bl 006,045 plths.s wmmtadlyiowrmummﬁd;@ dRpUs Qfre he
capillary
connected to one another through a part of the capillary

10 void paths. ~
It is preferred that the ;intered porous. body have
a porosity of 40 to 90%, more-éreferably 60 to 70s%.
It is prefefred that the pores in the sintered
porous body should have-a.shapé-qf a true sphere or a
15 similar shape. It also is prefexrred that the pores be
uniforﬁly,distributed in the porous body. These pores
provide residéﬁcé spaces for biqghyéically activating
osteolytic cells and osteoblasts when the ceramic
. material is-embé@déd in a living bpdy. Osteoblasts and ;;
20 the like tend to stay in these pogés, especially spheri-
cal pores. Accé?dingly, it is indispensable that the
pores have a siieiqf;l to 600 um, éreferably 3 to
300 ym. Pores having a size outside the range of from 1
to 600 um fail to provide good rg§;ﬁgnce spaces for the
25 above—mentionedﬁéells. |
If the pdré;ﬁhave a shape_oﬁ a true sphere or a
similar shape,_tﬁe mechanical stfeggﬁhs of the obtained

. porous materié¥7are high. Accqr@iggly, when this porous



void paths is 1 to 30 pm preferably 1 to 20 pm al nost no osteocl asts and

col l agen fibers are allowed to penetrate into the capillary void pathgs
within the:15 porous body, whereby abnormal growth of collagen fib and
hardeni ng of the bone tissue can be prevgnjgd. Namely, in the porous™Hody

of the present invention, the capillary vord paths. exert a function of a
biofilter. If the dianmeter of the capillary void paths is 20 smaller than 1

pm intrusion of QSE?@L!t'iS- 6/bb8ae@sLROR! BEV Eng CHYEYH] 0Lyt eSnehudsdyo f | Ui d
into the porous Eo y becones difficult. If the dianmeter of the capillary
void paths is | anged thase3Rign méshanscal strlengothshuntibsitois asusnedd
collagen fibers are allowed and there- 25 fore, regeneration of the bone

i s inhibited, resweki tg annewrbdonnnhonée.t hBhnei gfibactuyget PEsacbong ise
porous ceram c material of the present invention, the pores in the porous
body be connprewénted. dugingt hifePardPfler by a part of the

multipkicity Qf capillary voids paths, whereby. consumption _of, the porous
body and regegerationTPFuFﬂB%éF??MfVPHQ PF&Pﬁglﬁoﬁéepgégggrﬁpepﬁfs ted and

mator al of the. BPG¥eRERRRGEnERanBeRRe: PBet2RE  bPoset SehELF BhEs of o1
11 od or onbedadhe BrrpisapBRRe BRLeBLIEP' o106, Caelbptisty bivihror,
be shaped into gigdseandavbly 218idcaek 2196wkl BoMfreely penetrate
_ into the porous body through these capillary voids,
~ 10 whereby development of capillary blood vessels is
promoted. However, since the diameter of the capillary
void paths is 1 to 30 um, preferably 1 to 20 um, almost
no osteoclasts énd collagen fibers are allowed to
penetrate into the capillary void paths within the
15 porous body, whereby abnormal growth of collagen fibers
and hafdening of the bone tissue can be prevented.
- Namely, in the porous bo@y of the present inveniion, the
capillary void paths exert a function of a biofilter.
3 If the diameter of the capillary void paths is
20 smaller than 1 um, intrusion of osteolytic cells,
osteoblasts, eiythrocytes and body fluid into the porous
body becomes difficult. If the diameter of the capillary
void paths is larger than 30 um, intrusion and growth of
osteoclasts and collagen fibers are allowgd and there-
25 fore, regeneration of the bone is inhibited, resulting
in hardening of the neighboring tissue.
In the porous ceramic material of the present

invention, the pores in the porous body may be .connected



When the porous ceramic material of the present invention is enbedded as a
filler~gr prosthetic nmaterial, blood, body fluid, osteolytic cells and
osteoéig%ts 15 penetrate into the porous body through the capillary void
paths, and the porous body is eaten and. gopsunmed by osteolytic cells _
propagated in the pores. Sinultane- ously, the bone tissue is regenerated
by the osteoblasts and so-called turnover is perforned. Since the capillary

.20 voi d pat hs teororetdmurhdre hyore pdre tdf the endlyiginasawiof kapIQIAws
body have a dianeter of 1 to 30 pm _ al nbst no osteoclasts or collagen
fibers are al | cweidls Pt mterebyt cansumgdpidn arfy the s badyhiand he
porous body, and therefore, abnormal growth and hardeni ng of the 25
col | agen fi ber Feganeraiqn, eﬁﬁ%‘m’%c&ﬁjltﬁ@ éﬂ-l‘ﬂfbé?ﬂ? ttuzﬁlsl.n@ (afretf hg
regenerated bone i s nejthe destr ed nor _hardened by the collagen fibers.
Thgr efore, the RFSFQLE ‘i hane iddetge rﬁ?éhth%ﬁqm@cl@ .
- 14 - nemf ane and is substltuted by normal ‘bone tissue gromﬁng|\¥zi
living body. AW? ‘ous ceramc material that can be turned over to nornmal

h Thi nanic
materi i has beenr iy PPy YranTt dcdia MY e, DR AT, YpvabE RN
i nvention. The M%éﬁ”ﬁ@ %ﬁBﬂe@déﬂ :‘&fs:.tlfriﬂ Y S&Ha éq o ?.Ll etan be

prepared according to various processe I'st process

preparation of doYreupondint) to e FNaped Rnd isilzet YW RFJMDRIr G+ parts
by wei ght of albunmen to forma nmultiplicity of bubbles having a

to be filled or embedded. The ceramic material of the -
10 presént invention may be shaped into granules having a ~
size of 0.05 to 5 mm.

When the porous ceramic matgrial of thé present
invention is embedded as a filler or prosthetic material,
blood, body fiuid, osteolytic cells and osteoblasts

1S penetrate intp the porous body through the capillary
void~p5ths, and the porous body is eaten and consumed by
osteolytic cells propagated in the pores. Simultane-
ously, the bone tissue is regenerated by the osteoblasts
and so-called turnover is performed. Since the capillary ';;-

20 void paths connecting the pores to the exterior space of
the porous body have é diameter of 1 to 30 um, almost no
ostéoclasts or collagen fibers are allowed to penetrate
into the capillary void paths within.the porous body,
and therefore, abnormal growth and hardening of the

25 collagen fibers can be prevénted. Accordingly, the soft
tissue of the regenerated bone is neither destroyed nor

hardened by the collagen fibers. Therefore, the porous

ceramic material of the present invention induces



size of 1 to 600 pm m xing the bubbled al bumen with 30 to 120 p s by

wei ght of a cal ci um phosphat e conpound powder, shaping the thus- ai ned

m xture by :casting the 15 mixture into a nold having a desired shape afng
size, heating the shaped mi xture at a tenpf rature of 120 to [err] to harden
the al bumen, heating the shaped mixture at 4 Tenperature of 500 to [err] to
carboni ze the al bunen, and then heating the shaped m xture at a 20

tenperature of 8QQ, Leoén?»ﬁﬁf;ei 8n8"18XYAB0L 2001 BATLI0nORAM DondCELSON Y.

noi st ur e- cont ai ni ng) at nosphere to renove the carbohi zafi on pro

bur ni ng and SIntﬁfo&hﬁgCthaum19ﬂﬁ?pBQEQ .conpound -powder. It .is generally
preferred that the particle size of 25 the cal ci um phosphate conpound

powder used for the pAeperettsocepamibempeeelialcehani canvbertatnéd éver
present invention be 0.05 to 10 pm It is especially preferred that the
cal ¢ci unT phosphat tocnopnahdbpoedtissue- anthecahOueﬁmentxgaedlmamnepoms|on
gromh&fn the formof a plate and have a particle size distribution,

det er ni ned by3a §QﬁﬁﬁrngTéF§cP9§ﬁuﬁ1éﬁéé@éﬁemésim4a%ubhstheﬁnnoeﬁb¥€e¢han

30% of the part| | es of wder have a particle size of at least 1 pm
and at |east 70% BF the %éFF cFéEeoPcFﬂEdeGdE? kRS cPEepRRt| EnEeRt QN of

smal ler than 1 pm An ﬁ tional neth or _form

bubb] e
havi ng a desired size gPﬁﬁﬁﬁnceﬁswlgx FglagoogaF%ﬁnBﬁe§§n€g+?$kﬁéiﬁnan

SF;L:'LzIng n]Xe&anabéaﬁPéﬁaQEdtQEcQEQEhSdtalQHEEQuESpEQLL§§£§9 on a slide

u.

A first process for the preparation of the porous
10 ceramic material comprises bubbling 100 parts by weight
of albumen to form a multiplicity of bubbles having a
size of 1 to 600 um, mixing the Subbled albumen with 30
to 120 parts by weight of a calcium phosphate compound
powder, shapihg the thus-obtained mixture by castihg thé
- 15 mixture into a mold having a desired shape and 51ze,
heatlng the shaped mixture at a temperature of 120 to
150°C to harden the albumen, heating the shaped mixture
at=a-temper§ture of 500 to 700°C to carbonize the
N\ ~ albumen, and then heating the shaped mixture at a
20 temperature of 800 to 1,350°C_in an oxygen-containing
(and, if necessary, moisture-containing)atmosphefe to
remové the carbonization product by burning and sinter
the'calcium-phosphate comﬁound powder. |
It is generally preferred that the particle size of
25 the calcium phosphate compound powder used for the
preparation of the porous ceramic maﬁerial of the
present invention be 0.05 to 10 um. It is especially

- preferred that the calcium phosphate compound powder



passing the slide glass on the liquid surface of the bubbled al bunren and
nmeasurgd the size of foans by a m croscope. This .operation is repeated
until \&ge 15 desired size is obtained. Then, a predeterm ned anount of
the cal'ct um phosphate conpound powder is jigncorporated with the foamed

al bunen and stirring is conducted. At this step, a small amount of a bubble
regul ating agent, for exanple, a fatty acid such as oleic acid or naleic 20
acid and/or an @dedEl £ afyEtllivie batiaoyrmwd il atiol farm icbolaut vl

al cohol may be added. The thus-obtained m xture is formed into a predeter-
m ned shape ancpXatee.arfhadpwey argaitiss lan cs icep at i tusidw tion ordetenmimedd f or
the production of sintered products 25 may optionally be used.

Ordinarily, hodewes scanming relentren misnapeept| BN =umh sghatti@ shaped

m xture is heated at a tenperature of 120 to [errJ referably for 60 to 120
mnutes,. to moregthama3th Pk HheyRarRdcley (of }ké)é?%f X t{%‘lﬁ 4 he \,w
relative hunidity of the heati atnosphere be justed to t 0. 7Q% amt

it alsois B%ef ?'é’cF%%‘aﬁ"’f%@E%ﬁ)eﬂ%%r AT\ AR 28257 0%, 1% J eqed to 5
to [err] The 5. harde ' I t r XK. arlnNEN,

t he shaped m xt%?!ét*é]f%se:égﬁ{ éaﬂ%gn%el%gfeur%%%r%o&?%%éy ;k;%}'}ﬁqzlregbl y

for 120 to 180 Q%ﬁﬁﬂfﬁhmto carboni ze the hardened al bunen. Then, the shaped
at at

m xture is heate ‘enperature of 800 to [err] 10 preferably 850 to

[err] in an oxygen- conteh#idwa RiMeshide may e fdcpped, 6t r fofmingnove the
car boni zati on ; '
bubbles having a desired size in albumen. For example,

10 albumen is whipped_by an emulsifying mixer, a sample of ~
the bubbled albumen is collected on a slide glass by
passing the slide glass on the liquid surface of the
bubbled albumen and measuring the size of foams by a
microscope. This operation is repeated until the
15 gesired size is obtained. Then, a predetermined amount
of the.calcium phosphate compound powder is'incqrporated
" with the foamed albumen and stirring is conducted. At
this step, a small amount of a bubble regulating agent,
for example, a fatty acid such as oleic acid or maleic ;;
20 acid and/or an aliphatic alcohol such as isopropyl
alcohol or isobutyl alcohol may be added.

The thus-bhtained mixture ié formed into a predeter-
mined shape and size. Shaping methods and apparatuses
customarily used for the production of sintered products

25 may optionally be used. Ordinarily, however, a casting
method using a mold is adopted.

The shaped mixture is heated at a temperature of

120 to 150°C, preferably for 60 to 120 minutes,. to



L

product by burning and sinter the cal ci um phosphate conpound powder. The
oxygen-cont ai ni ng at nosphere may contain noisture, if desired. At this
step, the heating 15 tinme is ordinarily about 1 to.about 3 hours. Ga
gener at ed -by coagul ati on and car boni zati Qn Al bunen and conbusti on t he
car boni zation product escape fromthe interior of the porous body to the
outside. At this tinme, many capillary void-paths are 20 fornmed and. pores

correspondi ng to khiedén bihe salbunidie. WIHpks prdierredithaitotiied relae iper s
are connected to the exterior space of the porous body through the
capillary void pahimidityl af diherhdatind atpusphenre beoaddoiseed doo3@

anot her through the capillary void 25 paths. In the above-nentioned _
preparation procets,70%; camd pik talsy ieipprfenred, thajathe tenperpsiireg a
| ength of 5pmto 5mm and a dianmeter of 1 to 30pm can he added - 17 -

t oget _ikggr With t heelRYAEERE HF3kBRe (IPNERPLRD L5 (1% WOMER - phdEshat e
¥d wder. | his. fter, t | b - deni (L tep, -
Che” shaped. i xburheracnea Eiundh, i tieder She GAFSR-R6¢ Bykbledint) s

for 120 to 180 m nut eSpnd P c&g%)ogl}gﬁeé %#‘#@% mttelaatea'tq{]ga@eglgg ugn eThe

resul ting carbonization produc enove y~ bur ni ng € su

10 ensur ng 1 or et oo lan] |G P S S € 10 MR 20
pm The kind of gig9éhizé i #1& hardened albumen. Then, the shaped
| mixture is heated at a temperature of 800 to 1,350°C,
~ 10 preferably 850 to 1,200°C in an oxygen-containing
atmosphere, for example, air, to remove the carbonization
pfoduct by burning and sinter the calcium phosphate
compound powder. The oxygen-containing atmosphere may
contain moisture, if désired. At this step, the heatiné
15 time is ordinarily about 1 to about 3 hours.
Géses.generated by coagulation and carbonization of
albumen and combustion of the carbonization product
escape from the interior éf the porous body to the
I, outside. At this time, many capillary void paths are
20 formed and pores corresponding to the bubbles in the
whipped albumen are formed. The pores are connected to
the exterior space of the porous body through the
capillary void paths, and ordinarily, the pores are
connected to one anothér through the capillary void
25 paths.
In the above-menﬁioned-preparation process, 1

to 5 parts by weight of an organic fiber having a length

of 5um to 5mm and a diameter of 1 to 30um can be added



used is not particularly restricted, so far as it has a | ength of 5pmto
Smm.and a dianmeter of 1 to 30pmand it can be conpletely burnt. However, a

fiber g n animal 15 such as cat, raccoon dog or nouse, especiall.y a
bel I'y ~tiber, a natural organic fibery$uch as a silk fiber or a
cellul ose fiiber, or an organic synthetic *lber such as a pol yester,

pol ypropyl ene, polyani de or polyacrylic fiber is preferably used. 20

Anot her processtégéethée witpatind i SibSIed ELD@NON StS I igar®y & ahedf the
present invention conprises incorporating 20 to 300 parts by wei ght of

subl i mabl e sol i datoben gpitesphate odampduad noowdeeey t i I ettt g cade ,1 62500 pm
with 100 parts by weight of a cal cium phosphate 25 conpound powder,

press- shapi ng théemmuw?mmmm ureating stefesithel shapesd amicktsiree,
heating the shaped m xture at a tenperature of 200 to 800C to renove the
subl i mabl e substfnk@atsd sah| 2 EeMRREatuke REit30) tne700°C, prefenahilyual ..

h d dugt at , of 800 t i i.nt th | ci o
Shotphat e ool PRGES. THHITUSHESRal 11 FATIRLFR e GRUHeR Jodidhes
d5inth - ' d- ' din th _ .. The ,
33& i malblne sgl ?ngﬁ%is?gin%%g%b er?g'eésésa%%‘e#? ocﬁl{b‘?ﬂ : %&%ﬁ%%‘?@’c&edési red
[ f 1 to 60 | T, | | |
Substance | 5 norThoved EY BRALG 40 Vhe Eidbdediedt diiftdiiid Hillding |,

linmated at a tegipgpature of 200 to 8000C wi thout -any subst-antial residue
being left. At |east one nenber
: In this process, the organic fiber has an effect of -
10 ensuring formation of capillary void paths having a ~
diameter of 1 to 30 um. The kind-of.organic fiber
used is not particularly restricted, so far'as it has a
‘length of §pm to Smm and a diameter of 1 to 30um and it
can be completely burnt. However, a fiber of an animal‘
15 such as cat, raccbon dog or mouse; especially a belly
hair fiber, a natural organic fiber such as a silk fiber
or a cellulose fiber, or an organic synthetic fiber such
as a polyester, polypropylene, polyamide or polyacrylic
fiber is preferably used. ' _ \}
20 Another process for the preparation of the porous
ceramic material of the present invention comprises
incorporating 20 to 300 parts by weight of sublimable
solid substance particles having a particle size of 1
to 600 um with 100 parts by weight of a calcium phosphate
25 compound powder, press-shaping the thus-obtained mixture
into a desired shape and size, heating the shaped

mixture at a temperature of 200 to 800°C to remove the

sublimable substance by sublimation, and heating the



sel ected from canphor, nenthol and naphthalene is ordinarily used as the
subl i mabl e substance. The m xture of the sublinmable substance powder and 15
the cal ci um-phosphate conmpound powder is press-shaped into a desired shape
and si ze. The press-shaping nethod is not parjgcularly restricted. Ogf ar y
static pressure press-shaping nethods such as a rubber press nethod a
Cl P nethod may be adopted. The resulting shaped 20 mixture is heated at a

tenperature of 200 tgg88Q81 PhSHEd APryahet 4€0at CedSOraturd a5t sdEr eby
capillary void paths connecting pores to the exterior space of the porous

body and to one anotbel,3se°€otoesihyesuthe nealebumnphesphpee ofomgmurdd ne
powder of the sublinmable sub- 25 stance. Then, the residual shaped product
is heated at 800 toppedet.preferably 850 to [err] for 1 to 3 hours, to
sinter the cal ci um phosphate conpound powder. . -19- In this process, b
adj usti.ng the shape and Fhet same caleiugm Ph@SBbbtenGBWEC%@®s?%Né§¥;ﬁﬁwﬁﬁ?
t he shape—and size of the pores can be controlled re easily than in the
process using aIéuWéﬁ.tBe ab°veT%ePﬁé°35€vB:ﬂEﬁ?Foggduﬁ? cERSERAS REPFRSS -

bl i bl b wd .- 5 b i gh f i fi
b no  Tenatn o RSBl iman 18 s 1 AR Lip¥afiFe IPoutes “Ln hdEs ced £,
dded to 100 t i . h I hat d.
P st ting a0 v BErE ARl 4 18CRLERHLROSR S €0 AR 4B MRE potdus
preferably fqr-120 b8ay80 PhaVkesa b8CtARPLLBRPhEble substance is not

- particularly restricted, so far as it is easily sub-
~ 10 1limated at a temperature of 200 to 800°C without any
substantial residue being left. At least one member
selected from camphor, menthol and naphthalene is
ordinarily used as the sublimable substance.
The mixture of the sublimable substance powder énd.
15 the calcium phosphate compound powder is press-shaped
into a desi:ed_shape and size. The press=-shaping method
i§ not particularly restriéted. Ordinary static pressure
press—shaéing methods such as a rubber press method and
S a CIP method.m#y be adopted. The resdlting shaped
20 mixture is heated at a temperature of 200 to 800°C,
preferably for 120 to 180 minutes, whereby capillary
void paths connecting pores to the exterior space of the
porous body and to one another are formed by sublimation
and eséape of the fine powder of the sublimable sub-
25 stance.
.Then, the residual shaped product is heated at 800
to 1,350°C, preferably 850 to 1,200°C forll to 3 hours,

to sinter the calcium phosphate compound powder-



substance is sublimted and renoved and the organic fiber mxture is
carboni zed. Then, the mxture is heated at a tenperature of 800 to [err]
pre ably 15 for 1 to 3 hours, in an oxygen-containing (and, if necessary,
contalnlng) al.gnspher e, mher§§¥ tswe~@ar boni zati on product is burnt
amay ﬁ t he cal ci um phosphat e conpdune? powder is sintered. In this
."process, the incorporated organic fiber is 20 effective for ensuring

f [ f h di f 1 30 Th

o gani ¢ T ber - ab TRt Rrofeiar P b (A e niidne AL PastR such
th I t t { 5 [

fiber or sub? %éb%%%sta%%e%mfé%%#@um i i Bago 0 ooN ¢

fiber or subljpabbe SALSIVES Aadsd ééﬁ&éff‘ec?%l&‘é”&a@ﬁ%pfmﬁhe paound

powder, a honpgeneous nixture can easily be obtained rticle

size of the smblpﬁ@@égssuﬁmn reXousawler can be controlled and the adhesi on
bet ween the subl i mabl e substance powder and the organic fiber can baw™

i nproved, Swher ebyId othetalmoveimernipidned \proces patding sha ubdiimaple with
the pores can be pronoted. .Still another process for the preparation of the
por ous cer ansebstance gpowdex hel m@siarpartﬁ/ém iwerd ghtmo frairs @xrgamdar por at i ng
25 to 380 parts by weight of organic s hetlc resin particles having a

particle si zEiher RAVINng A ctRPEYR RF h tone gpd @ giametex ©f i um
phosphat e congoygdmﬁ)on\‘/\gerﬁe Ped; éxeszhagcﬁ]gdt e MHJ parts by weight of
the calcium phosphate compound powder. If the resulting
10 mixture is heated at a temperature of 200 to 800°C,
preferably for 120 to 180'minutes, the sublimable
substance is sublimated and removed and the organic
fiber mixture is carbonized. Then, the mixture is
heated at a tempereture of 800 to 1,350°C, preferably
15 for 1 to 3 hours, in an oxygen~-containing (and, if
necessery, moisture-containing) atmosphere, whereby the
carbonization product is burnt away and the calcium |
phosphate compound powder is sintered.
In thie process, the incorporated organic fiber is A
20 effective for ensuring formation of capillary void paths
having a diameter of 1 to 30 uym. The same organic fiber
as described above is used.
If a volatile lower alcohol such as methanol or
ethanol is added at the step. of incorporating the
25 ofganic fiber or sublimable substance powder into the
- calcium phosphate_the'orgahic fiber or sublimable
" substance powder into the calcium phosphate compound

powder, a homogeneous mixture can easily be obtained,



obtained m xture into a desired shape and size, heating the shaped m xture
at a tenperature of 200 to [err] to renopve the organic synthetic resin
particles by thermal 15 deconposition, and then heating the residual
shaped product at a tenperature of 800 to-[eor} to sinter the calciugE%
phosphat e conpound powder. The organic synthetic resin particles hav a
particle size of 1 to 600 pm which are used in the 20 above process, are
effective for forthegppotésleasing afsthe stublimebleOsphstanteeppwdenscan
body. The kind of organic synthetic resin is not particularly restricted,
so far as the resbg contreddgn pndetbApadbasionabeswpenatheysubdimabbet o

[err] and renpbved fromthe orgus bﬁgy. 25 CrdLnarLgy, a thﬁrnn Iastig
synthetic resin s&BPS§§n56|§HE BY| 2Ret Fher PrgeRicpSRPEFoff#Rehe dfProved,
pol ystyrene is used. t hese ol ynet hyl .gethacryl.ate_i t Dre- rred.
Since the organicwgﬁﬁgﬁgtggrwgggﬁnhg Sﬁplq&9£¥-V§ﬁ§r§8Fﬁ3?§3NP§P§F?§?“%Men
partiches of thke Q:ganie.s tLGnl 881 RrhSadlied With the cal cium
phosphat e conpgun ‘%§w3§F é?ggﬁeb%gsgﬁtpﬁsﬁﬁgkéﬁre i s press- shaped, the
spherical particles ar%tﬁqutaﬁbtﬁéipﬁﬁBéeB%Ff@rCEHEbEQQRQEQtHBQVSEOEﬁe
pores. having a shape and size agreeing precisely with the shape and size of
the organi c synt hgbreusegetapitt makeziadnolfe ther pedsehlie ikvehtionotohhe
organi c synthetic resin spherical particles and the cal ci um phosphat e
conpound powder i pri@epsr dncospapetiingt 85atdesSiBlepasitapbyawe ighteofThe

shaping method is not particularly restricted, and an ordinary .
S organic synthetic resin particles having a particle size
(\ '

10 of 1 to 600 um with 100 parts by weight of a calcium
phosphate compound powder, press-shaping the thus-
obtained mixture into a desired shape and size, heating
the shaped mixture at a temperature of 200 to 800°C to
remove the organic synthetic resin particles-by thgrmal.

15 decomposition, and then heating the residual shaped
producﬁ'at a temperature of 800 to 1,350°C to sinter the
calcium phosphate compound powder.

The organic synthetic resin particles having a
A _ particle size of 1 to 600 um, which are used in the

20 above process, are effective for forming pores having a
size of 1 to 600 um in the porous body. The kind of
organic synthetic resin is not particularly restricted,
so far~as the resin is thermally decomposed at a tempera-
fure of 200 to 400°C and removed from the porous body.

25 Ordinarily, a thermoplastic synthetic resin such as .
polymethyl methacrylate, polypropylene or polystyrene is
used. Of these, polymethyl methacrylate is most pre-

ferred. Since the organic synthetic resin has an



L]

static pressure press-shaping nethod such as a rubber press nethod or a CIP
met hod may be, adopted.- The resulting shaped m xture is heated at a
tenperature of 15 200 to 500C, preferably at a-tenperature of 300 to [err] »

for 12 180 mnutes, to renove the erghan+c synthetic resin particles by
t her mal conposition, thereby correspondi ng pores and capillary void paths
extending fromthese pores are forned. 20 Then, the shaped product is

heat ed -at a t capprepuiatefrggbdity|cwhénpparticobey of the coparmidire of 850
to-[err] for 1 to 30 hours,  in an pxxgen;containinf (and, if necessary,
noi st ur e- cont af¥NhgtHe ERPHR 1S  BLxed €ith hEhS ;FRIGHMP RRPFRRE® onpound

powder. Even if 25 there i a_theLHaI dec ositlog residue _of the organic
synthetic resi ROPBPYRE BIVEPESsRht T ?h?%s?g€$ﬁ%em+§ BEF ntS RtEFEhoved at the

X %Sf "oarti of osehepghToen TebHEFPERETRE LRe s 2?%%2#%?@“%5?(1%%%%& a"fébﬁgih
5 5 | 3 : JH0
by wei ght of 1 RECRar £ A pEnBretol, AL MY A asg (Ehe Surdt  Eat

of the organi ca§ib€ing’ FrébLsEBPPwEh IERET shafe 20AICsitd éfCthe -
above-nenti oned” process using organic synthetic resin particles, 2 to 5

parts by wei ghbrganscbsynehéeicokedinupateictepacanchbestbrmedy a particle
size of 1 to 600 pmmay be further added to 100 parts by 10 wei ght of the
cal ci um phosphat e cThponixtpoedef. theeokganiof syhthetitinesin sphericak is
t he sane as descri bed .
particles and the calcium phosphate compound powder is
10 press-shaped.into a desired shape and size. The shaping
method is not particularly restricted. and an ordinary
static pressure press-shaping ﬁetﬁod such as a rubber
press method or a CIP method may be adopted. The
resulting shaped mixture is heated at a temperature of
15 200 to 500°C, preferably at a temperature of 300 to 350°C
for 126 to 180 minutes, to remove the organic synthetic
resin particles by thermal decomposition, thereby
corresponding pores and capillary void paths extending
from these pores are formed. - -;;
20 Then, thé shaped product is heated at a temperature
of 800 to 1,350°C, preferably at a temperature of 850
to 1,200°C for 1 to 30 hours, in an oxygen-containing
(and, if necessary, moisture-containing) atmosphere to
sinter the célcium phosphate compound pow@ef.- Even if
25 there is a thermal decomposition residue of the organic
synthetic resin particles present, this residue is burnt

and removed at the sintering heating step.

In the process using the organic synthetic resin



above. In this process, the sublimable substance particles have a particle
size of 1 to 600 pmand are effective for formation of capill voi d

pat hs. 715 - Moreover, in the above-nentioned process usi ganic’
synthetic resin particles, 2 to 5 parts by geight of an organic fibay
having a length of 5Smto 5mm and a di aneTef%ol 1 to 30 pmand 2 to 5-parts
by wei ght of sublimable solid substance particles having a particl.e 20

RRLR X e e R e N

cal ci um phosphate conpoun organi c

fiber and sublinpliengohi defifbht 8ACE BRI BftS aWaE at B an@¥Rra8£deSEL! BHfm
above. 25 The porous ceram c material of the present invention has

pores having a sihag bé futrehéfla@dedptef Boabbarﬁstﬂé?@é)im efdeKapi | | ary
void paths having a dianeter of 1 to 30 pm preferably 1 to 20 pm Since the’
capil{ary = -23caloiumpphbsphatetcompasnd powderi erThé Heind carid od £ fad U-
sion and abnormal devel opnent of collagen fibers, hardening of the bone

ti ssue by the®caffll fhecorgansa fibep| argcthe| same asmddescribedmhgve.
osteocl asts inhibitin% 5 [nduction of new born bone. Furthernore, hardening
of collagen fibers bylBphBendPovevRenphened:PEPeess usingerganiand only

| yti |1 bl ' d dy fluid arg I I vel
ol | owell 10 por moaYBEPREREORERLn (REF DHTERe had K & BFELS X WRHERG o o o

oD e e ACl ¥abi faBiesbERhVAibEaNLE BRFLPEIEENMLS A Safeldid Vel

Ul size of 1 to 600 um may be further added to 100 parts by

10 weight of the calcium phosphate.compound powder. The
kind of the sublimable substance is the same as described
above. In this process, the sublimable substance

. particles have a particle size of 1 to 600 uym and are
effective for formation of capillary void paths.-

15 . Moreover, in the above-mentioned process using
qrganié synthetic resin particles, 2 to 5 parts by
weight of an 6rganic fiber having a léngth of 5um to Smm
and a diameter of 1 to 30 um and 2 to 5 parts by weight

N\t of sublimable solid substance particles having a particle

20 gsize of 1 to 600 um may be further added to 100 parts by
weight of the calcium phésphate compound powder. The
kinds and effects of the organic fiber and sublimable
solid.sﬁbstance particles are the same as described
above. |

25 The porous ceramic material of the present invention
‘has pores having a size of 1 to 600 um, preferably 3
to 300 um, and capillary void paths having a diameter of

1 to 30 um, preferably 1 to 20 um. Since the capillary



3

porous ceramc material of the present invention is used, it is possible to
pronot e i nduct.ion of a new born bone and turnover of a bone while keeping a
good conpatf~ 15 bility with a living body. In the porous ceramc material -

of the pr@nt invention, at |east part %1\‘} t he pores nust be connected to
the exter space through the capillafy“’oid paths and at |east part of
the pores are connected to one 20. another through the capillary void

paths. It is pw‘i?' lbg%gise £ultidt i¥n a%f al BR 23R l%p%ﬂ};%\‘e}gf:gg%;?ﬁ le-n-

exterior space an ne anot her through theée cag

addition, the 3R @gﬁygywd@mggtagvgqo?ﬁ@nﬁpggugoqqg 'CfQBQ¥59f t he

present invention are very 25 fine paths having a difaneter to'1l to 30 pm

preferably 1 thazdemingrefortienpone itidstlel 8y ehenewtlaihikoaetssn He
acconplished very effectively. More specifically, when the porous ceramc

material is enteddegem fibers 24d datiraisionond, ositeoelasesdinantbeting the .
capillary voids is as snmall as 1 to 30 pm preferably 1 to 20 pm alnn§?“ho
i ntrusi on ofs cdindagdion o aewrbornhbonepi | Farghesmoreat hardenahgoosd and
har deni ng of coll agen fihers can be 5 prevented. Only osteolytic cells,
osterbl asts, ecPliegenc fibers,pynHabporrailddevedopments shergafcison of a

Voi d paths i ¢ REHEAEEE, PR ALY SHERpITSAE EaNdsysoptaobinathed Thi o
IR T MR R S L
permeate. Moreover, the pores having a specific pore

10 size promote the activation of osteolytic éells and
osteoblasts at a cell level. Accordingly, when the
porous ceramic material of the preéent invention is
used, it is possible to promote induction of a new-born ]
boneland turnover of a bone while keeping a good compati-

15 'bility with a living body. |

- In the porous ceramic material of the present
invention, at lgaSt part of the pores must be connected
to the exterior space through the capillary vbié paths
and at ;east part of the pores are connected to one _

20 aﬁother through the capillary void paths. It is prefer-
able that all of the pores are connected to the exterior
space and to one another through the capillary void
paths. 1In addition, the capillary void paths in the
porous ceramic body of the present invention are very

25 fine-paths having a diameter to 1 to 30 um, preferably 1
to 20 um. Accordingly, induction of new-boﬁn bone can
be accomplished very effectively. More specifically,

when the porous ceramic material is embedded in a



in the central portion and a hardened tissue in the pheripheral portion, as
in case of a natural bone of a human or aninmal is forned. In case of the
conventional .15 apatite porous body, however, since the size and e of
pores cannot be controlled and the pores allg i_ntrusion of collag S
fibers, even if new born bone is induced, the enbedded por ous body is-
hardened by the catalytic action and abnornal devel opnment of collagen 20
fibers, and there icgraafinsbonl, Bindehieodilaneted PE thacehpihtaeybeddas
portion or generation of a cancer. In case of the porous ceranic body of

t he present inventii@asf @mallle asedsaos 30etunf,Opirie felraibdy 4 tbr 20t wmg glimbset
simlar to that of a natural bone of a human or animal, 25 which conprises
marrow in the cent mal ipdrvisdonand golilegen Hdbers datontheasepiBdagydensfty
in the peripheral portlon can be produced Thi s structure is different
froma structure c@asdsedssaldioyesd andhhagdeadngoef, col 353’ wiHoex s §an be

for med the c ventronal apatite porous bad and tou Bgeéborn bogg

havi ng the sane grdess  PRIYorshealyvit Gﬁéléanoﬁ es &8¢, SREMBFG "
when the porous cera d .n _exi stent, bon e porous
body of the present®¥ rgr?\?er?ﬁdg?l’(ﬁé' Q‘t"‘éﬁbf\% M C SREFuHEFRS %ﬁgf“eggt I;neWL bor n
bone having the sa t | d tough
and fl exible bone 4#?’#bn toxrcq%el%fc aﬂ%ﬁ@%d %o %%&gﬁgﬁggpo'nted

out hereinbefore, 'éhxtawarp%wscabqlqerﬁwm@cbw{s Wi%hoﬁ:%%e'}tes'dl\(:e'%hh%a
havi ng the above- nentiodned specific structure is used, a soft bone
v - very soft bone is first formed. This structure
e 10 gradually develops to the outside to effect organization
of the bone, whereby a structure comprising the marrow
in the central portion and a hardened tissue in the
. pheripheral portion, as in case of a natural bone of a
human or animal is formed. In case of the conventional.
15 apatite pqrous body, however, since the size and shape
of pores cannot be controlled and the poies allow
intrusion of collagen fibers, even if new~born bone is
induced, the embedded porous body is hardened by the
&; catalytic aetion and abnormal development of collagen
20 fibers, and there is a risk of inflammation from a part
near the embedded portion or generation of a cancer. 1In
case of the porous ceramic-body-of the present invéntion,
for the reasons set forth above, a structure quite
similar to that of a netural bone of a human or animal,
25 which comprises marrow in the central portion and a
tissue having an increased bone density in the peripheral
portion, can be produced. This structure is different

from a structure composed solely of a hardened bone,



corresponding to the marrowis first forned as in case of a natural bone.
This marrgw i s,organi zed toward the outside and the bone density is

-|ncrea$ ftoward the 15 outside, with a result that soft and fl exi bl e boneg
quite ‘lar to natural bone of human g animals is fornmed. The porous
ceram cC terial of the present inventiOnh having capillary void paths and

pores can be used not only as a biologiccal integrated circuits (1C or

| arge- 20 scalgiiRt ¢gr %b%ﬂeaab?r 'tﬁla eandaﬁﬂbhsi apa&eté%o%a@ B84¢n

el ectronic material for circui and an Inter- mediate material for

genetic englnaaalnaugﬂhaawkberaObaua ﬁ&ﬁﬁﬁqctﬁatﬁ&ma|st&u&thkedaﬁr embedded
in a defect of bone of human or animals, it 25 functions as a biofilter,

namel y, osteokphitcofehbsuradt bohkasta, ber prbdacgties Nadebgdywheni thare
selectively allowed to intrude through the porous ceramc nateiral while
al nost no i nt pasPus ceremicomateriainiscembegdad in- ggistebsrbone.al Lowed.
Thus, new born bone having the same structure as that of natural bonewsf
human or ahi mhe P9TrPYSsbadY REc&hei REESEnELAnEERELSNCAFaRRECAREEAY Al can

be utilized for (i nduci ng _newborn, .or, control eso 5.tion of bone
with age, andaPﬁu§°nF§mggefanFGFhFengﬁ |ﬁarﬁoh ge%égﬁ 9 ¥he SpBEent

A mixture of E68oGeHrBLAE. BRY b2 RaPishi pofle; ¥, AT ARR  soURR © 1 1O
enul si fying ”hﬁﬂrfléxibigebghés§hﬁﬁﬁ is non-toxic for a long time is

. formed. As pointed out hereinbefore, if the porous -
10 ceramic body of the present invention having the above~- ~
mentioned specific structure is used, a soft bone
corresponding to the marrow is first formed as in case
of a natural bone. This marrow is organized toward the
outside and the bone density is increased toward the
15 -outszde, w1th a result that soft and flexible bone quite
31m11ar to natural bone of human or animals is formed.
The porous ceramic material of the present invention
having capillary void paths ahd pores can be used not
only as a biological integrated circuits (IC) or large- i;
20 scale integrated material as described above but alsoc as
an electronic material for circuits (LSI) and an inter-
mediate material for genetic engineering.
When the porous ceramic material is filled or
embedded in a defect of bone of human or gnimals, it
25 functions as a biofilter, namely, osteolylic cells,
osteoblasts, erythrocytes and body fluid are selectively

allowed to intrude through the porous ceramic mateiral

while almost no intrusion of osteoclasts and collogen
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sonetinmes passed on the liquid surface to effect sanpl- ing. The sanple was
- observed by a m croscope. Wi pping was continued in this manner Ll the
meni rum si.ze of 15 bubbl es of the al bumen was 3 pm To the bubégéah'

al bunen was added 90 g of synthetic hydroxyxpatite [err] Cal/P at c.ratio
= 1.67, particle size = 0.05 to 10 un. The nixture was shaped by casting
it into a nold. The shaped nmixture was heated to [err] at a tenperature 20
el evating rate of filgefsn¥s ialkawesd nosHms e MW ThRF™ banexthaydngy the sames
30% The shaped m xture was main- tained at this te rature for 180 .

m nutes to har denSERRCEPER AS Ht DhSAatrial e r N (e RHRA s 18

Then, the shaped pixture s heated at J.err] for 120 manutes 25 .o

car boni ze t hepharg‘%ﬁ%&al %@Fﬁrﬁ 1 I%ﬁe.téﬁt%ﬁp%%rwlﬁ d‘}a}?ﬁefsalh&ﬁ"e(?eat
err] in air for . 41 3] 0; .S t X at | wﬁgg T -

E)bt a1]\ ned por ous b'ggjyf%gésﬁ aé?)}orlb'gc?%l o /Erygﬁ)'- y%%)' -é%elgﬂ[ e qporr%tl%g body

was exedri ned by LT OB e witNCsgd Okt t YERA Y Ymd BN
pores having a S?E:g&gfgﬁo to 50 tpm aén'd nany%sp'l-l a(rii/ vohﬁd pat hs havi ng? a

di anmeter of 12 pnpond Eefs€s, Wwere connected to- 5 the exterior space and
to one another through the capillary void paths. A cubic sanple having a
size of 1 cmx 1 cm x Thepreserctitimventiom wikl oe ofisrttosly desbriteed by
uni axi al conpression strength was neasured. It was found that 2 10 the
uni axi al conpr essthe £0llowing vexanples/ cm

Example 1

- A mixture of 100 g albumen and 3 g of oleic acid

had 10

was whipped by an emulsifying mixer. A slide glass was
sometimes passed on the liquid surfébe to effect sampl-
ing. The sample was observed by a microscope. Whipping
was continued in this manner until the minimum size of .

15 bubbles of the albumen was 3 um. To the bubbled albumen
&és adéed 90 g of synthetic hydroxyapatite [Ca5(P04)3OH,
Ca/P atomic ratio = 1.67, particle size = 0.05 to 10 uml.
The mixture was shéped by casting it into_a mold. The

- shaped mixture waé heated to 150°C at a temperature

20. elevating fate of 10°C/min in an atmosphere having a
relative humidity of 30%. The shaped mixture was main-
tained at this temperature for 180 minutes to.harden the
albumen and construct a framework of tﬁe bubbles. Then,
the shaped mixture was heated at 500°C for 120 minutes

23  to carbonize the hardened albumen. Finally, the shaped
mixture was heated at 1,000°C in air for 60 minutes to
sinter the hydroxyapatite powder.

The obtained porous body has a porosity of 76%.



Exanpl e 2 The procedures of Exanple 1 were repeated except that 5 g of a
pol ypropylene fiber (length =5 to 10 pmdianeter. = 3 to 10 um was further
added at@i?aajbunen 15 whi ppi ng step. The obtai ned porous body had pores -«
and capi |¥dry void paths sinmilar to those of the porous body obtained in
Exanple 1, and many capillary void parh§7hEVing a dianeter of 5 to 10 pm
wer e observed. The uni axi al conpression strength of the porous 2 20 body
was 10 kg/ cm Exanpl-e 3 Cq reiad vai l ahl e .canphor_.according to the
Japanese Phar %?ggéﬁ%f \ﬁa%oﬁtﬁ &é’?al))zé'&%a%d‘ﬁgg‘?‘?f‘c s ahg\}icr‘fé’sgc’ﬁﬁr't i"gl e size
of "1 to 600 pmyers G SEhed Hiee? | ex ¢ f ry

hydr oxyapat i te@%h%dé{aane as gs%:erélb%eeﬁ ?ygx%%rrr%l ?AW \E/é%%o?nl&‘g’g% ogsl y m xed
with the canphor,h@id il0) & SO il *Hrid GaiiS 5&%&%@;%@ Patnstatic
pressure of 2 kg/cm by a rubber press-shaping™ - - 28 - nmachine and al | owed
to stand for ahftingl@ Middeter ofha2shaned Thex pdire sWae rec diontteditede bl 1 or
180 minutes and then heated at 1,000C for 60 minutes in air. The obtai W&d
por ous shaped #id iedteriat spameAnd to ane/ Atcahéra thricwghaltheonpr essi on
strength of 30 kg/cn2. The porous body had many pores having a size of 100
to 500 pm (30G3phidanheabd rafds.and many capillary void paths having a

diameter of 1 to 30 pm_, = ) L
- A cubic sample having a size of 1 ecmx 1l cmx 1 cm

was cut out from the porous body and the uniaxial

compression strength was measured. It was found that ;;
10 the uniaxial compression strength was 12 kg/cm?.
Example 2

'The procedures of Example llwere:répeated except
that 5 g of a polypropylene fiber (length = 5 to 10 um
diameter = 3 to 19 um) was further added at the albumen

15 whipping step. The.obtained pofous body had pores and
.capillary void péths simiiar to.those of the porous body
obfained in Example 1, and many capillary void paths
having a diameter of 5 to 10 um were observed.

The uniaxial compression strength of the porous -

20 body was 10 kg/cm?. |

Example 3

Commeréially a#ailable camphor aécording fo the.
Japanese bharmacobeia was pﬁiverized and pérticles
having a particle size of 1 to 600 um were.coliected'by

25 sieving. Then, 40'g”of pdwdefy hydroxyapatite (the same
as deséribed in'Example 1) was homogeheouslf mixed with
the camphor particles. fhe mixtﬁre was pressed under a

static pressure of 2 kg/cm2 by a rubber press-shaping



Exanple 4 10 The procedures of Exanple 3 were repeated except that 5

- g of the sane pol ypropyl ene fiber as described in Exanple 2 urther
added. After heating at 350C, the shaped m xture was further ed. | at
[err] for 120 minutes to carbonize the fiber. 15 - Anong capi |l | aty void

paths formed in the obtained porous body,Z@héTe wer e observed many
capillary void paths having a dlaneter of about 5 to about. 10 pm The

b d
Strength of 04 anhi e ertl RO QI o SR WP Sd bttt B i G Ty
particles havi ng s sifRe Qfure W h%a!wde a(hoesrstdofa Fotl 21% mAutes33Rqum

average particle si'ze of about 100 pm, 50 g of hydroxyapatite particles

(the sane as desgHdatkdted a0 Cl)EcN & 02 niifRide AU Of et hyl
al cohol were honpgeneously m xed under heating. Just before sufficient

drying- the mxture VErse Dhtriveell porders shaiptid arviedsuihadia pdegsduyf or
about™~ 10 ninutes by a rubber press-shaping machine. The shaped m xture
was heat ed at5[ eff |7ToranB ninisxiall conperession ddoengie afhdOpkigyemi ay|
nmet hacrylate parti- cles, and then the shaped product was heated at 1,000C
5inair for 1 fRhe porushafhdied many aenes Aavingly fdeen oforlddi ty of 2

to 500 um (300 um on the average) and many capillary
void paths having a diameter of 1 to 30 um.
Example 4

10 The procedures of Example 3-were repeated except
that 5 g of the same polypropylene fiber as described in
Example 2 was further added. After heating at 350°C,
the shaped mixture was further heated at 500°C for
120 minutes to carbonize the fiber.

15 Amgng capillary void paths formed in fhe-obtained
porous body, there were observed many cépillary void
paths having a diameter of about 5 to about 10 um.

The obtained porous body has a porosity of 68% and

N\ a uniaxial compression strength of 28 kg/cmz.

20 - Example 5
60 g of polymethyl methacrylate pa:ticies having a
shape-of_a true sphere (particle size = 30 to 300 um,
average particle size of about 100 um), 50 g of
hydroxyapatite particles (the same as described in
25 Example 1) and a small amount of methyl alcohol were
homogeneously mixed under héating. |
Just before sufficient drying, the mixture was

pressed under a static pressure of 2 kg/cm2 for about



70% and a uni axi al conpression strength of 80 kg/cm The porous body had
many pores of .a truly spherical shape having a size of 30 to 300 pm and
many capillary:10 void paths having a dianmeter of 2 to 10 um Exanple 6 The

©pr opedu@)
degr eas

of Exanple 5 were repeated exg
elly hair of a cat (frozen cat

dried; 15 dianeter = 2 to 10 pm |ength = about 5pmto about 10pn) was

further added ltoomtif;,%@_;_igtgy & ofuiher

fmLh

D

8&){'&%&% Pahld cl es and

cgpt that 2 g of a disinfected and
belly hair cut by a crystat and

Lbyl e |
hydr oxyapatite powder. After heatlngpg%gﬁng “The sﬁape m xture was heated

at [err] for 12Qjdawi8Std® G LM LEdNELCoEQBAI Eor2930 minylRE QR ai ned
porous body had a porosity of 73%and 2 a uniaxi al pr-¢
Spimerimad|l yp @etforitk € aghé | 96 YymetHy DamBenscwviak el g alriqse of

t he porous body of Exanpl 5 were observed. Furthernore, formation of nany

90 kg/cm .

conpr.ession strength of

capill ary voi ¢leat,handawihen b astedped 2prodbce ﬁ@slﬁeﬁﬁb‘ﬂﬁ%thr)foimbﬂtdlfv.*

Exanol e 7 The procedures of Exanple 5 were repeated except that 3 g of ¥
canphor podderdnhaiimndgoxr datouwte size of 1

added to the mxture of the polynethyl nethacrylate particles and
hydr oxyapatite pow¥de cbtained sintexedrporovhabedybhad mupbecsitysof
shapi ng machi ne before conplete drying and after heatin% S at [erp] and the

shaped ni xt ur d 0%a@rdux peyiardaFppression strength o

10

15

20

25

80 kg/cm”.
The porous body had many pores of a truly spherical
shape having a size of 30 to 300 pm éﬁd many capillary
void paths having a diameter of 2 to 10 um.

Example 6 |

The procedures of'Eﬁample S were repeated'except
that 2 g of a disinfected and degreased belly hair of a

cat (frozen cat belly hair cut by a crystat and dried;

diameter = 2 to 10 um, length = about Sum to about 10um) .

was further added to the mixture of the polymethyl
methacrylate particles and hydroxyzpatite powder. After
heating at 350°C, the shaped mixture was heated at 750°C
for 120 minutes to carbonize the cat hair.

The obtained porous body had a porosity of 73% and
2

‘a uniaxial compression strength of 90 kg/cm®. Spherical

pores and capillary void paths similar to those of the
pordus_body of'Exampl 5.weré observed..Furthermore,
formation of many'capillary void paths having a diameter
of 2 to 10 um was confirmed.

Examole.7

The procedures of Example 5 were repeated except

that 3 g of camphor powder having a particle size of 1

.- 30 - to 600 pmwas further

»



[err] for 120 m nutes to renove canphor by sublimation. The obtained
sintered porous body had a porosity of 2 65%.and a uni axi al npressi on
strengt h.of 160 kg/ cm The porous body had spherical pores §§§2}apillary 10
void paths simlar to those of the porous gogy obtained in anpl e 5.
Exanpl e 8 The procedures of Exanple 5 mer% repeat ed except that 2 g of the
sane cat hair as described in Exanple 6 15 and 3 g of the sanme canphor

powder as descriBedobn ¥XaHR! eufthBECafdblnes efdeflikeulbeofi khare of the
pol ynmet hyl met hacrylate particles and hydroxyapatite powder, nethyl al cohol

was kneaded “ﬁtBol?ﬁe&hglUﬁEthhbeymhﬁéUﬁ&rﬂ@él&@a@ﬁd deokyapetite
press-shapi ng machine. 20 After heating.at [err] the shaped m xture was

further heated pbwderr,] thermiR@urenwbespressashapedecbyha rabbéni press-
remove canphor by sublimation. The obtained sintered porous body had a
porosity of 2 7&6hapingampchhnechpferei completegdhybhiglandkgfter2beating |n
t he petous bady, spherical pores and capillary void paths simlar _to those
‘of the porou® bédy380°Exanpletbenshared  miytusadwas E&sthegnbeﬁheé a%rong

t hese voi d pat hg, ny. capi.llary void paths having a dianeter_ ., -31- of 2
to 10 pmwere pSROSR: £8F B2AnPLEUECE,FR FERAUS: FAMERAF AhE( SRDBEITRE SR and

a !ength of The obtained sintered porous body had a porosity of
65% and a uniaxial COmpression strength of 160 kg/cmz.
The porous body had spherical pores and capillary

10 void paths similar to those of the porous body obtained

in Example 5.

Example 8

The procedures of Exémpie 5 were repeated except
that 2 g of the same cat hair as described in Example 6

15 and 3 g of the same camphor powder as described in
Example 7 were further added to the mixture of the
polymethyl methacrylate particlés and hydroxyapatite
poﬁder, methyl alcohol was kneaded with the mixture, the

N mixture was shaped by a rubber press-shaping .machine.

20 After heating. at 350°C, the shaped mixture was further
heated at 75056 for 120 minutes to carbonize the cat
hair and remove camphor by sublimation.

- The obtained sintered porous body had a porosity of
76% and a high compression strehgth of llo.kg/cmz.

25 In the porous body, spherical pores and capillary

void paths similar to those of the p§rdus body of'

Example 5 were formed, and it was found that among these

void paths, many capillary void paths having a diameter



. bone

1 cmwere cut out fromthe porous bodies obtained in S Exanples 1 through
8. They were filled in defects fornmed by surgical tteatpent on.thigh bones
of 2§§§Ie dogs. After 2 weeks passed fromthe enbednent, incision and

obs tion were performed. In each case,, prom nent |nduction of a new born
$ observed in the spheri- 10 cal “dores. After a |lapse of 2 to 3
nont hs, devel opnent of new born bone fromthe peripheral portion of the

porous body to ¥ Qnﬁg served. It was confirned that
de2 q’f()l Ja ab ?ofvanc

so-cal | ed turnéver” was favor Wi t hout abnormal growth of

col | agen fibers or ¥ 1@ ng of the tissue. Exanple 10 60 g of
ra?gg%arf'

pol ynmet hyl net hacry I cles of a shape of a true sphere (particle

size = 30 - 300 pm colvma@e haaring e diameteralduD .50empahd a0 lgngthhydr oxy-

20 apatite particles [Cab(PO4)OH, Ca/P atomc ratio = 1.67, particle size
= 0.05 - 10 pnil ch wexfe xukampitorfguavwdthe iporiong hodiesi obsained éh 300 +f

a fiber obtained by cutting a .disinfected, degreased and frozen belly h

of a cat, whicExemplesiilathinqualt &. (Theyo weneafd 1deds in| defentst fsrtnsdlo

pm and a small anount of methyl al cohol were_ honogeneously m _xed together

under heati ng. hi'ef%’rraié-ﬁlf itHeRmeRYy oty thigh hopes oL \Bheagine,8898nder a
UL TC IR VR I AR U E MR SRS A
deconpose the p%svewamvmm;aecwéma_i CLAS duldh Wa%R,"RRdahel er 1] o1
induction of a new-born bone was observed in the spheri- o,
10 cal pores. After a lapse of 2 to 3 months, development
of new;born bone from the peripheral portion of the
porous body to the interior thereof was observed. It
was confirmed that so-called turnover was favorably
advanced without abnormal growth of collagen fibers or
15 hardening of the tissue.
Example 10 | |
60 g of polymethyl methacrylate particles of a
shape of a true sphere (particle size = 30 - 300 um, |
average particle size = about 100 um), 50 g of hydroxy- “‘J _
20 apatite particles [Cas(P04)0H, Ca/P atomic ratio = 1.67,
particle size = 0.05 - 10 uml, 3 g of a camphor powder
having a particle size of 300 um, a fiﬁer:obtained by
cutting a disinfected, degreased and frozen belly hair
of a cat, which had a diameter of 2 to 10 um and a
25 length of 5 to 10 um, and a small amount of methyl
-alcohol were homogeneously mixed together under heating.
Before sufficient drying, the mixture was shaped under a

2

static pressure of 2 kg/cm” for 10 minutes by using a



1 hour. 5 The obtai ned sintered porous body had a porosity of 2 73%
and a uni axial conpression strength of 110 kg/cm It included therein many
toruly spher.ical pores haV|ng a size of 30 to 300 pmand many capillary void
pat hs having a dianeter of 2 to 10 pm 10 Col ums having a di ex.
of 0.5 cmand a length of 1 cmwere cut=od2 fromthe so-obtained pozgﬁi )
body. They were filled in defects forned by surgical treatnent on a thigh

b f b le d Af t d.f th d
o§2§r8at ?oneﬁgr;iup%%gem%%ed B R APRBRR. MAAbBrEoNSs: PRBLEROP %%ﬁté'mzé‘
observed in th I I

develggneht ofe Bépngﬁﬁﬁég%r §$%§§rﬂéﬁiﬁh8F Pﬁg ?gﬁgoﬁg%ie po ous body
tothe interior SR3GR-ANGEE0E G108 8RUCEneh! et 0B 17800 * bako20

so-cal |l ed turnover was-favora Iy a vanced w t hout abnormal growt h of

coll agen fibers jomdgr.dening of the tissue. Fromthe results of optical
m croscope observation, it was confirned that osteolytic cells and

osteobl asts 25 sel eCt’l‘h‘ée|o)bﬁal1txfe'dj%d.n&@d'eﬂh@brWsebbﬂgshaa anpbhesmeyeefof
t he porous body according to the nethod of the present invention.

CLAI M5 1. A pdr3susance raannd axdiadr icoimpressidion ¢ rengitht efedlpokqﬁsm%@dy of

a cal ci um phosphat e conpound, wherein a
It included therein many truly spherical pores having a
size of 30 to 300 uym and many capillary void paths
having a diameter of 2 to 10 um. |

10 Columns having a diameter of 0.5 cm and a length of
1 cm were cut out from the so-obtained porous body.
They were filled in defects formed by surgical-treatmént
on a thigh bone of a beagle dog. After 2 weeks passed
from the embedment, incision and observation were

15 performed. Prominent induction of new-born bone was
observed in the truly spherical pores. After a lapse of
2 t& 3 months, development of new-born bone from the
peripheral pértion of the porous body to the interior
space thereof was observéd. It was confirmed that

20 so-called turnover was favorably advanced without
abhérmal growth of collégen fibers or hardening of the
tissue. _

From the results of optical microscope observation,

it was confirmed that osteolytic cells and .osteoblasts

25 selectively intruded and they were present in the pores
of the porous body according to the method of the

present invention.



~multiplicity of capillary void paths having a dianmeter of 1 to 30 pmand a
multiplicity of pores having a size 5 of ‘1 to 600:spmare forned in the
sintered porous body and at |east part of said pores are connected to the -
ext erd-or space of the sintered porous bgdy through of sald
capi ry void paths. 2. A ceranic matérital acco Im"kmﬁm H m

wher ‘the atonmic ratio of calciumto phosphorus Int elca MCl 8m phosphat
conmpound is in the-range of from 1. 30 0. 3. A ceram c naterlal
according to clain11 wherein'the caIc&%#Fg%OSphate compound is

hydroxyapatite. fl cai & é’o orous ‘E:%ﬁ:%ﬂ? < %E%@lé'lf @%ﬁgﬂfqugt %Og'l?a'tm:&d

wherein the size o res 1s iIn e range o m Ccrons.

A cerani c mat gid:%u@%arydw ad %aQJé'uEH bhodpdatieN dotRlindELdleraiint Be
capillary void paths is’in 20 the range of from1l to 20 microns. 6

ceran ¢ mt er i1 e3gAGIolityg O cAipUDaky Wedepa thiae Hawrings ahddymbaera >

porosity of 40 to 90% 7. A ceramc material according to claim1l,
wherein said f ds WGBOCmmartédl e ldrie ldedityeo fi ipowesh hayriagpar sieé said
capillary void paths. 8. A process for the preparation of a porous

ceram ¢ nafericf 1 wie &0 owprairee formedstiapdhef sintered poxiosi R@dY00 parts

by wei ght of albunen to forma nultiplicity of bubbles having a_size of 1
to 600 pm and at least part of said pores are connected to the

exterior space of the sintered porous body through at
least a part of said capillary void paths. .
2. A ceramic material according to claim 1,
10 wherein the atomic ratio of calcium to phosphorus in the
calcium phosphate compound is in the range of from 1.30
to 1.80.
3. A ceramic material according to claim 1,
wherein the calcium phosphate compound is hydroxyapatite.
15 4. A ceramic material according to claim 1,
‘wherein the size of said pores is in the range of from 3
to 300 microns.
5. A ceramic material according to claim 1,
wherein the diameter of the capillary void paths is in
20 the range of from-i_to 20 microns.
6. A ceramic material according to claim 1,
wherein the porous body has a porosity of 40 to 90%.
7. A ceramic material according to claim 1,
wherein said pores are connected to one another through
25 a part of said capillary void paths.
8. A process for the preparation of a porous

ceramic material, which comprises the steps of:



fncorporating the bubbl ed al bunen with 30 5 to 120 parts by wei ght—of a

cal ci um phosphat e conpound powder; shaping the th ture by
gasting the mXture into a nold having a desired gmﬂﬂ#ﬂ !@ amp
heating the shaped mixture at a tenpera- ture of ar d

al buren; heating then the shaped n1xturezﬁ 61tenperature of 500 to 70

carbonize t he hardened al bunen; and t hen, heati ng the

shaped m xture at a tenpera—tlﬂ§55¥(§§X&661§%¥€§ 4%hru N -APUmARNI NY

atmosphere to renove the carbonizati produc and sinter the

cal ci um phosphat g, cg, 6‘}}? 1c§c of“\ﬂ{l:ﬂ&ﬁé A & ilze d@im 8,
wherein the 20 step o uaEeatl ng the shaped m xture for qtjhe har deni ng of

al bumen is carriggd 8¢ um; an at nosphere having a relative humdity of 30 to
70% at a tenperature- elevating rate of 5 to [err] 10. A process according

in claim8, wherein the 25 cal cinsoxpmsphizie thwembhil qbvalkhunters wi a3 cl e
size'sf, 0.05 to 10 pm 11. A process for the preparation of a porous
cerani c nat er$al towh2@hpaoeprhy aeeight ey exlcium phasphate cPmRaud by
wei ght of albunmen to forma nmultiplicity of bubbles having a size of 1 to
600 pm |ncorpora9vﬂgrihe bubbl ed al burmren with 30

shaping the thus-obtained mixture by
casting the.mixture into a mold having a desired size
and shape; |

10 _ heating thé shaped mixture at a tempera-
ture-of 120 tof150°c to harden the albumen;

heating then the shaped mixture at a
temperature of 500 to 700°C to carbonize the hardened
albumen; and then,

15 . ‘heating the shaped mixture at a tempera-
ture of 800 to 1,350°C in an oxygen-containing atmosphere
to remove the carbonization product by burning and
sinter the calcium phosphate compound powder.

¥,/ 9. A process according to claim 8, wherein the

| 20 step of heating the shaped mixture for the hardening of

albumen is:carried out in an atmosphere having a relative
humidity of 30 to 70% at a temperature-elevating rate of
5 to 10°C/min.
10. A process according in claim 8, wherein the
25 calcium phosphate compound powder has a particle size of
0.05 to 10 um, : .
11. A process for the preparation of a porous

ceramic material, which comprises the steps of:



5-t0 120 parts by weight of a cal ci um phsophate conpound powder and 1 to 5

parts by weight of an organic fiber
diameter of 1 to 30 pm shaping the thus-obtained

shape and si ze,

heati ng the shaped mxt e at a t w&@“ U!' 0 to
[err o harden the al bunen; heating Fh fhe shap

tenp ture of 500 to [err] to carbonize the hardened 15 albunen and

organi c fi ber;

and-t hen, heabhﬂ%l&%ﬁéi%% QrQEXBQrSe he Bfnﬁfﬁéﬁeﬁure

800 to 1, 3500 i n an oxygen-contaln sphere“to renove
car boni zat | Onw%ﬁl b}ﬁul?.lt‘.r p19¢129d oF BthlTethS@hﬁlgUm gipapgat ¢ conmpound
A proceSs accoOrding to claim 11y wherein the organic

fiber is at qusmoqngmgenber sel ected froman animal fiber,. a silk fiber, a
cellulose fiber and an organic synthetic fiber. 13. A process for the
preparation of a porous 25 c&nemrpoma&&mgahhembubhlednalhenenthbthtEosrﬁt
m xi ng 20 to 300 parts by weight of sublimable solid substance particl
having a pétite &29i parss byt wedgbtpofia: kaledupaphsophatei gompoind

cal ci um phosphat e conpound powder; press-shaping _the thus-obtained m xt
into a desir e®oudsse ardd 1sit0e5 PaxtisnbY Weishiped anxerganie &ibefpera-

powder. 20

.10

15

20

25

having a length_of_ Sum to 5mm and a diameter of 1
to 30 um;

shaping the thus-obtained mixture into a
desired shape and size,

heating the shaped'mixture'at a tempera-
ture of 120 to 150°C to harden the albumen; |

heating then the shaped mixture at a
temperature of 500 to 700°C to carbonize the hardened
albumen and organic fiber; and then,

heating the shaped mixture at a tempera-
ture of 800 to 1,350°C in an oxygen—containin§ atmosphere
to remove the carbonization product by burning and
§inter the calcium phosphate compound powder.

12. A process according to claim 11, wherein the
organic fiper is at least one member selected from an
animal fiber, a silk fiber, a cellulose fiber and an
organic éynthetic fiber.

13. A process for the preparation of a porous
ceramic material, which comprises the steps of:

mixing 20 to 300 parts by weight of
sublimable solid substance particles having a particle

size of 1 to 600 um with 100 parts by weight of a

havi ng a Iengfﬁ—ﬁf—ﬁpnrro—ﬁnnrand a

10 desired*

of

-36-
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5 ture of 300 to [err] to renpove the sublimble substance by sublination;
and then, heating the resisdual shaped m xture at a rtemnperature u. 800 to
[.err] to si-nter the calcium phosphate conpound po

process according to claim 13, wherein the calciu ﬁm m Hund
powder has a particle size of 0.05 to 10 p@ =15. AY ng to
clai.m 13, wherein the sublinmble solid substance is at |east one nenbei®

sel ected from canpho | and na alene. 16. A process for the
preparation of L éﬂ%%%ﬁ? ‘E’fﬂp nd BOWAeZionpri ses the steps of -

m xing 20 to 300 parts by weig bl lLJ e Lcles
havi ng a partlcl e 20 size of 1qre{§)os'img g%t% %hg% g Qétig S\A&‘%ﬁ r%f an
organi c -fi ber V) ég*% %?gng&q!@yg eand a dlaneter of 1 to 30 pm
with 100 parts g%/ﬁgf\%%h‘% cal.f I um phosphat e conpound powder ;

pr ess- shapi ng the thus-obt ai ne gl eeiny Eth?é shdped rigtur@d aghaPreempdral-ze;
heat ™g the shaped mixture at a tenpera- ture of 200 to [err] to renove the
subl i mabl e subpsteiEe &F 300! LBI0T iyl rendva)ithe isubldmablec shbbeancand

t hen, - 37 - heating the-shaped m xture at a tenpera- ture of 800 to

[err] in an oxydey-sublimationatamdpitems to renove the carboni zation

product by burnlng and sinter the calcium phosphate conpound powder.
- heating the residual shaped mixture at a

temperatuﬁe of 800 to 1,350°C to sinter the calcium
o phosphate compound powder.
10 14. A process according to claim 13, wherein the
. calcium phosphate compound powder has a particle size of
0.05 to 10 um.
15. A process according to claim 13, wherein the
sublimable solid substance is at least one member
15 selecte§ from camphor, ménthol and naphthalene.
.16. A process for the preparation of a porous .
ceramic material, which comprises the steps of:
| mixing 20 to 300 parts by weight of
.sublimable solid substance particles having a particle
20 size of 1 to 600 ym and 1 to 5 parts by weight of an
organic fiber having a length of - Sum to Smm and a diameter
of 1 to 30 um with 100 parts by weight of a calcium
phosphaté compound powder;
press-shaping the thus-obtained mixture
.25 into a desired shape and size;
| heating the shaped mixture at a tempera-
ture of 200 to 800°C to remove the sublimable substance

by sublimation and carbonize the organic fiber; and then,



5 17. A prdcess according to claim 16, wherein the organic fihg;_is
at | east one nenber selected froman ani mal flber a Silk flber

cellulose fiber and an organic synthetic fiber. l
preparation of a porous 10 ceramc nater. |r7al_, whi ch cormnmmﬁmn mluaﬂn of :

m Xxi ng 35/ t0 380 parts by weight of org& i C synthetic resitn partid

“havi a particle size of 1 to 600 pmw th 100 parts by weight of a caIC|um
phos te conpound -powder; 1%ea h I ele My -

t hus-obtai ned m xture into a (fesﬁ egd l.‘hear?e agr?(?os“ﬁ?} hef%‘ttl Sr%gt‘.'tgﬁ\gerﬁaped

mxture at a tQIReTSe dov &Pl A¥ AP ifrdd J rﬁgﬁ%éﬂ%ﬁ@%@h@saa&aﬂ ic

resin particles by thernal deconp05|t|on t hen

heating the resd demovih i carbonizatiion pgroguwtatby duni®@0ana@ [err] in an
oxygen-cont ai ni ng at nosphere to sinter the cal cium phosphate conpound -
powder. 19. simrexdde amaim:dimg:naspd'laeﬁeﬂct&;pom giawdelrs 25 cal ciume
phosphat e conpound powder has a particle size of 0.05 to 10 pm 20. ”
process accdrdi ng ¥o cl & Bregesthacgarding qyaliadim i hathereiasithe
particles have a partlcle 'Si ze -38- of 10 to 300 pm 21. A process
accordi ng to ¥R fikes d5 athdsashaane m ﬁ,e]@é’:ﬁ%l ifXom apeast one

menber sel ect ed J‘roinfol%é/rret hylllrﬁet%crxyl ate e lydp llbeer}__e aar&d a%()l ysty-

organic synthetic fiber.

18. A process for the preparation of a porous
10 ceramic maéerial. which coﬁprises the steps of:
mixing 25 to 380 parts by weight of
organic synthetic resin pﬁrticles having a particle size
of 1 to 600.um with 100 parts by weight of a calcium
phosphate compound powder; '
15 press-shaping the thus-obtained mixture
into a aesired shape and size;
heating the shaped mixture at a tempera-
ture of 200 to 800°C to remove the organic synthetic
resin particles by thermal decomposition; and then, b
20 _ heating the residual shaped mixture at a.
temperature of 800 to 1,350°C in an oxygen-containing
atmosphere to sinter the calcium phosphate compound
powder.
19. A process according to claim 18, wherein the
25 calcium phosphate compound powdér has a particle size of
0.05 to 10 um.
20. A process according to claim 18, wherein the

'organic.synthetic resin particles have a particle size



5 rene. 22. A process for the preparation of a ceram c material,

whi ch conprises the steps-.of: mxing 25 to 380 p ﬂmmﬁj,m Mmﬂ organi c
synthetic resin particles having a particle size pmand 1
to 5 parts by weight of an organic fiber having a Iength of §pn1to and
a diameter of 1 to 30 pmwith 100 parts-=bg8wei ght of a cal ci um phosipiat e
conmpound powder; press-shaping the thus-obtained mxture 15 into a desﬁred
shape and si ze; ﬁ ti.-ng hﬂﬁ)shaped m xture at a tenpera- ture of 200 to”
[err] to remove Q g- HAMt hetic resin by t hermal deconposition and

gﬁ;gggl rznext L\(raeo;?agl{]efl ; %ests{;%%ge%%[mg[ é" rflaﬁmaﬂiaéxgﬁg%egg %al ni ng
at mosphere to rﬁﬁ&%@hpoﬁﬂﬁﬁﬁﬁﬁngQE§§&.HEPQ%P&eQ&thhQ'ﬁgmBQQ skf Eie&he

cal ci um phosphate A process according to clarm 2

wherein the 25 Aridialyl methdc¥3Alate)e ptRypebpytene! adal paTyaty-
~ani mhofiber, a sil krﬁf t t%ﬁr g cellul osé fi be'rp gganpgrganl C sy%t %tl%
fiber. 24. SA pFeresSS accordlng to claim 22, whrein the -39- organic

synthetic resin particles have a particle size of 10 to 300 pm 25. A
process for the pre@gati o pfocegsorfims ther prieparatdonabf ahpolousnpri ses
the steps of: - ceramic material, thch comprises the steps of;
mixing 25 to 380 parts by weight of
' \./ : organic synthetic resin particles having a particle size
10 of 1 to 600 um and 1 to 5 parts by weight of an organic
fiber having a length of 5um to 5mm and a diameter of 1
to 30 um with 100 parts by weight of a calcium phosphate
. compound powder;
press-shaping the thus-obtained mixture
15 jinto a desired shape and size;
heating the shaped mixture at a fempera-
. ture of 200 to 800°C to-remové the organic synthetic
resin by thermal decomposition and carbdnite the organic
-/ fiber; and then, |
20 heating the shaped mixture at a tempera-
ture of 800 to 1,350°C'in an oxygen-containing atmosphere
‘to remove the carbonization product by burning and
sinter the calcium phosphate compound powder.
23. | A process according to claim 22, wherein the
25 organic fiber is at least one member selected from an
animal fiber, a silk fiber, a cellulose fiber and an
organic synthetic fiber.

24. A process according to claim 22, whrein the



-/

5 m xing 25 to 380 parts by weight of organic synthetic
resin particles having a particle size of 1 to 600 pmand 2 to 5 parts by
wei ght of -sublinmable solid substance: particles hay i {ze of 1 °
to 600 pmwith 100 parts by weight of a cal cium pdc’ﬁﬂﬂﬂﬁi“‘“@‘lMLnd
powder ; .press-shapi ng the thus-obtai ned #xture int @sl meds shape and

si ze;geati ng the shaped m xture at a tenpera- ture of 200 to [err] to

renp the organic synthetjc.15 resin particles t her mal . deconppsi ti on

Lnd remove ¢ hooSBRLbnBRBLhanLE FERLRPEFEFELER, REYDI R BRF BRC ISR T hen.
heati ng the rESidT§|ﬁ§h§E8d Hixture_at a tenperature of 800 to [err] in an
oxygen-containlﬁg t IT0S %o sinter the cal ci um phosphat e conpound 20

powder. 26. A prggess ﬁcg‘gaé&ee E rCLﬁén}r%gﬁ]aaefaﬂshno&hs pbigabl e

substance is at |east one nber sel ected canphor, nmenthor and

napht hal ene. 2¢eramfcPhie8gsad;CRhIEAIcbRpEiabs) eheVBeEBENoERE 25 orgafii ¢
synthetic resin particles have-a particle size of 10 to 300 pm 28. - 4
process for sthe preparation ohiRingr2sist6eB80i papBkchyaveightchfconpri ses
the steps of: -40- mxing 25 to 380 parts by weight of organic synthetic
resin particl esrganingsgnphetic| resinepafticles6béving &8 partipletsidey

wei ght of sublimable solid substance particles having a particle size of
5pmto of 1 to 600 ym and 2 to 5 parts by weight of sublimable

solid substance particles having a particle size of 1
to 600 um with 100 parts by weight of a calcium phosphate
10 compound powder;
| press-shaping the thus-cbtained mixture
into a desired shape and size;
heating the shaped mixture at a tempera- .
ture of 200 to 800°C to remove the organic synthetic
15 resin particles by thermal decomposition and remove the
sublimable substance particles by sublimation; and ﬁhen,
heating the residual shaped mixture at a
temperature of 800 to 1,350°C in an oxygen-containing
atmosphere to sinter the calcium phosphate compound
20 powder.

26. A process according to claim 25, wherein the
sublimable substance is at least one member selected
from camphor, menthor and naphthalene.

27. A process according to claim 25, .wherein the

25 organic synthetic resin particles have a particle size
of 10 to 300 pm. | |

28. A process for the preparation of a porous

ceramic material, which comprises the steps of:



5 600 pmand 1 to 5 parts by weight of an organic fiber having a |l ength
of 1.to 5 mmand a diameter of 1 to 30 pn1mﬁthgﬁﬁﬁjﬁﬁT?TTETVEﬁﬁﬁT of a
Gal ci um phosphat e conpound powder ; press-shapin ed n1xture
into 10 a desired shape and size; heating the L!mﬂmt

tenperature of 200 to 800C to renove the organlc*synt etl par Ies
by thermal deconposition, carbonize thegJorganic fiber and remove th
subl i mabl e substance 15 particles by 53& i mation;. and then, heating the
shaped m xture at a tenperature of 800 to 1,350C in an oxygen-containi ng
at nosphere to renove the matlbmﬂﬁatﬁ%@s@r RATES B‘»W meighitg odn ergamisr t he

cal ci um phosphat e conpound powder . praocess according to
cl ai m 28, wher S¥REHRELS FRFiD é&ﬁﬁté-lﬁlle@ 5‘%‘%’1”& & H?zf\’:é' epér’ﬁeclé si ze of

o ke o B ER BBE B SE  tlnilh Fasd
mt eNal subst Al Adnc e HASLAIN S SRarihed %awaﬂ'glfaee%f e 52

A process for tﬁ] I'on oro n1c material,

as herein descrdfed, fngh&XER | g'pf'aﬂ:‘ts by weight of an organic fiber

having a length of 1 to 5 mm and.a diameter of 1 to
30 ym with 100 parts by weight of a calcium phosphate
compound_powder;
press-shaping the thus-obtained mixture into
10 a desired shape and size; |
heating the shaped mixture at a temperature
of 200 to 800°C to remove the organic synthetic resin
particles by thermal decomposition, carbonize the-
organic fiber and remove the sublimable subsfance
15 particles by sublimation; and then,
heating the shaped mixture at a temperature
of 800 to 1,350°C in an oxygen-containing atmosphere
\_J _ to remove the carbonization product by burning and
sinter fhe calcium phosphate compound powder.
20 29. A process accordin§ to claim 28, wherein
the organic syntehtic particles have a particle
size of 10 to 300 um.
30. A ceramic material according to any one of
claims 1 to 7 for use for inducing a new-born bone.
25 31. | A porous ceramic material substantially as

herein described and exemplified.
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32. A process for the preparation of a porous
ceramic material, substantially as herein describod

and exemplified.

P



