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PONDERED MATERI AL, THE POADERED MATERI AL AND A CERAM C MATERI AL
MANUFACTURBDOTHABRESFROM  TECHNI CAL FI ELD 5 The present PCmisEnt2om4sel at es
to a radi opaque and chem cally bonded ceram c material, the binder phase
of which consists mainly of a cement based gystem The invention also
relates to a powdered material that has the capacity to formsaid ceramc
material when it is saturated with a liquid reacting with the binder phase,
and a nethod of manufacturing this powdered material. The invention has
been devel oped primarily with a viewto dental and 10 orthopaedic
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cenent systemtype, in particular the system CaO A1203-(Si O2) - H20. Studi es

carried out according to the 15 invention and earlier works (SE 463 493, SE
502 987 and SE 514 686). have produced results that indicate great ‘
potential for riEengsh e gr strong and acid-resistant materials such as
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such as dental filling material. No other dental ﬁlhng material existing today meets all the
requirements in respect of b1ocompat1b111ty, aesthetics and function that can be posed by -
patients and dental service staff,

20
A description is given below of the practical demands that should generally be madeon a
dental filling material. Good handling ability with simple applicability in a cavity,
moulding that permits good modellability, hardeninig/solidification that is sufficiently rapld
for filling work and provides serviceability directly following a visit to the dentlst

25 ‘Furthermore hlgh strength and corrosion resistance exceeding that of earlier ﬁllmg C
materials, good b1ocompat1b1hty, radlopamty for X-ray purposes, good aesthetics and safe
handling for staff withGut any allergy-provoking or toxic additives in the material are -
required. Good long-term atiributes as regards dimensional stability are also demanded.

30 In SE 463 493 it was described how a chemiically bonded ceramic material, e.g. for dental
purposes, can be caused to exhibit increased strength characteristics in that a powder body
consisting of one or more hydraulic binding agents and possible ballast material is
comﬁacted at such a high external pressure and at so low a temperature that a well held-
together raw compact is obtained without sintering reactions on compacting. The filling



conpacted at such a high external pressure and at so | ow a tenperature that
a well held- together raw conpact is obtained wthout sintering reactions
on conpacworego4/0BhEsfil 1 i ng WD 2004/ 037215 PCT/ SE2002/ 00 P48BE282deraso ty i n
this raw conpact has increased to at least 1.3 tinmes the initial filling
density, which is -defined as the filling density attained through
shaking, vibration and/or |ight packingsof the | oose powder into a

contai ner, The user of the nmaterial prepares the sane by saturating the
raw conpact with a hydration liquid prior to application of the material or
in 5 situin acavity, e.g. a tooth cavity. Mre recently it has been
shown in SE 502 987 that for cement systems conplete hydration (which was
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Nat ur al 1@ oobfa me:aﬂyrﬂessgriedgtvpperespem ally enanel. The manner in which the
light is diffused through the tooth is described as transl ucent which is
to be ,differentiated fromtransparent. A definition of a nsI ucent
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derital filling material. However, it has proved to be the case that the aesthetics of the

material suffer, in spite ofa colour sitmilar to natural tooth colour, due to the fact that the -
20  miaterial is opaque, which means that the material does not have adequate optical attributes
to appear hatural. Natural tooth transmits light, especially enamel. The manrier in which the
- light is diffused through the tooth is described as translucent, which is to be differentiated
_from trarisparent. A definition of a translucent material reads: “A material that reflects,
transmits and absorbs light. Objects cannot be seen clearly through the material when the
25  material is placed between the object and the observer.” (Lemire, Burk, Coior n den”cis":ry,

' J.M. Ney Company (1 975)). One method of measuring translucence is to determine the
ratio between the quantity of reflected li ght with a white background and with a black
background (ISO 9917). A material is described as translucent if it has opac1ty of between
35 and 90%, as opaque above 90% and transparent below 35%. Natural dentine has an

30  opacity of approx. 70%, while natural enamel has an opac1ty of around 35%. The ablhty of
a filling material to imitate the appearance of the natural tooth depends to a large extent on
the material being translucent.



30 opacity of approx. 70% while natural enanmel has an opacity of around
35% The ability of a filling material to imtate the appearance of the
nat ural twoteo«dBpasds to a | arge extent on the nateri alPChSEg200886| ucent .
WO 2004/ 037215 PCT/ SE2002/ 001480 3 In the abstract to JP 57209871 it is.
stated that translucence can be attained in a material of Portland cenent
and water glass. In JP 51111828, a nethod;is described for the production
of 3Ca0A1203.6H20. In the 5 nmethod, the raw materials for the binder phase
are mxed with a surplus of water for 1-20" hours, with gradual heating
fromroomtenperature to 100C. It is stated that hydrated calcium

alum nate in the form of 3CaCA1203. 6H20 is forned thereby Thi s hydrat ed
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ceram c mate Is also. desirable hefe, especrtally in
connecti on. {Iﬁﬁ%ﬁ'ﬁy&%é‘?a Eﬁg‘éssexefﬂt?%rl ly fillings, for hardness to

develop rapidly. Increased chem cal 25 stability is also an aspect, in
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interfere with the translucence. Even in an orthopaedié context or other non-b1olog15:al :
context it is often desirable to have radiopacity, even if the need for translucence does not
20 exist in this case, | |

Yet another problem is that of achieving the highést possible mechanical strength and
hardness in the teramic material formed. It is also désirable here, especially in connection.
with dental purposes, primarily ﬁllmgs for hardness to develop rapidly. Increased chemical

25  stability is also an aspect, in which the share of A1** in the material influences stability. It
is desirable for the quantity A1*" to be minimized.

ACCOUNT OF THE INVENTION
. One quect of the present invention is to provide a ¢eramic material of the tybe stated in the
30  introduction, which material exhibits radiopacity, high mechanical strength and rapid
hardness dévelopment. The material shall preferably exhibit translucence at the same time,
at least if the material is intended for dental purposes. The invention also aims to provide a
powdered material that has the cépacity following saturation with a liquid reacting with the
binder phase to hydrate to a chemically bonded ceramic material of the type intended



har dness devel opnment. The material shall preferably exhibit translucence at
the sanme tine, at least if the nmaterial is intended for dental purposes.
The i nverwDa@o4izgnsai ns to provide a powdered nateri al PCAsE200290148€
capacity following saturation with a liquid reacting with the binder phase
to hydrate to a chem cally bonded ceramc material of the type intended WO
2004/ 037215 PCT/ SE2002/ 001480 4 according to the invention. The invention
also ains to offer a nethod for the nmanufacture of such a powdered
material. The invention also ains to offer a ceramc filler material. The
desired objects and others are achieved according to the invention in that
the binder 5 phase of the powdered nmaterial nainly consists of CaOA1203

(ss) and/or 3 in that the red and. t hus the
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are counted as Ca or Al. 20 The term bi nder phase is taken here to nean a
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20  The term binder phase is taken hefe to mean a cement content in the material, regardless of -
whether the powdered material ot the hydrated ceramic product is in question.

In method terms, the object of the invéntion is achieved in that the method for the |
manufacture of the powdered material comprises the stages of:

25 a) Mixing raw materials for the binder phase containing Ca and Al in a ratio Ca:Al
greater than or equal to 1:2.4, pfeferably greater than or equal to 1:2.2 and most
preferredly greater than or equél to1:2, but ,rib greater than 3:2.

.b) Physically reducing diffusion paths between atonfs in the various raw materials,
¢) Sintering the material at an increased temperature to form said binder phase which

30 consists mainly of Ca0-Al,0; (ss) and/or 3Ca0-AL,0s (ss), the material in stage a)
and/or following stage ¢ being brought to contain one or more heavy atom types with a
density of over 5 g/cnf, expressed as the density for the element of the atom type.



and/or follow ng stage ¢ being brought to contain one or nore heavy atom
types with a density of over 5 g/cnB, expressed as the density for the

el enent oWotzeev@rom t ype. WO 2004/ 037215 PCT/ SE2002/ 001480/SE2002001¥gar at i on,
two final phases, 3CaO A1203. 6H20 and A1203. 3H20 wi I | al ways be forned
from conventional cenent m xtures containing calciumalumnates of the
phases CaO Al 203 and CaO- 2A1203. The invgention is based on the know edge
t hat A1203.3H20 is not desirable as it can have a detrinmental effect on

t he nechani cal properties of the ceramc 5 product To have nore than one
phase al so affects the refraction of light by the ceramc material si nce
Al12C3. 3H20 and 3Ca0A1203. 6H20 have different refractive indices. S
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Ca0- 2A1203 are used. Naturally mixtures of CaO-Al;0s and 3Ca0-AlO; can also be used

for a reduced formation of Al,O3-3H,0. However, the binder phase’s content of |

20  Ca0-2A1,0; should be minimized and preferably omitted completely.

Yet anothet advantage of the ceramic material according to the invention is that if contains
a lower propoi'jtion of Al ions than conventional calcium aluminate compositions, which
ought to be an advantage in biological systems, especially in orthopa'edic applications.

25
With a view to achieving radiopacity, the powdered material, and thus also the ceramic
. product, contains$ at least one heavy atom type with a density of over 5 glom’, preferably
Zr,La, Ta, Zn, Ba and/or Sr. It is preferred that this/these atom type(s) form part of one or
"more compounds that also contain ﬂuoride. '
30

According to one aspect of the invention, the powderéd material and thus also the ceramic
product contains in addition to the binder phase one or more additives that contain the
heavy atom type or atom types and that have a refractive index in visible light that deviates
by a maximum of 15%, preferably a maximum of 10% and even more preferredly a



nmore conpounds that also contain fluoride. 30 According, to one aspect of
the invention, the powlered material and thus al so the ceram c product
cont ai ns Wp 2aaidi3vzisn to t he bi nder phase one or nore adaiCriSEe®@2hEB0 cont ai n
the heavy atomtype or atomtypes and that have a refractive index in
visible light that deviates by a maxi num of 15% preferably a maxi num of
10% and even nore preferedly a WO 2004/ 034215 PCT/ SE2002/001480 6 maxi mum
of 5% fromthe refractive index of the binder phase when the binder phase
is hydrated. It is preferred that the additive is a glass, i.e. anorphous
phase, nost preferredly a silicate glass. 5 Exanpl es of addi tive materials
that satisfy one or nore of the stated requirenents are silicate gl ass,
bari um al um ni um bor.gsi|ic | ass, pari al um niu 0 ilicate gl ass,
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fluoride. i've materials can al so have any 10 norphol ogy or form

i ncl udi ng: spheres regul ar or irregular forms, whiskers, plates or the
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volume in the powdered matena

According to the dbove, according to an alternative embodiment of the invention, the heavy
20  atom type or atom types can instead be iricluded in the actual binder phiase in such a way
that they repiace Ca and go into the solid solution (ss) in the binder phase, or alternatively
form a-compound that is close chémically and/or structurally. Apart from Ca positions
- {where Ba, Sr etc. can replace Ca), solid solution (ss) in e.g. 3Ca0-Al,03-6H:0 is possible
in H,O positions (whete oxides of 8i, Ti, Zr etc. or fluorides can replace Fo0) and in Al
/25 positions (where Fe, V, Sn; Bi andP etc. can replace Al), it bemg possible to influence
propertles apart from radiopacity, such as dimensional stability, ‘chemical resistance etc.
posmvely To manufacture the binder phase raw materials ate preferably used in this case
that coritain & heavy atom type in the same group as Ca in the periodic system, suitably Ba
and/or St, and in addition possibly-fluoride. The advaritage of this is that the actual binder
30 phase is radiopaque, and that the atoms that provide radiopacity do not interfere with
translucence.



properties apart fromradi opacity, such as dinensional stability, chem cal
resi stance etc. positively. To manufacture the binder phase, raw naterials
are prefewealbog/33mad in this case that contain a heavy &CarsERgopm0i4R0t he
sanme group as Ca in the periodic system suitably Ba and/or Sr, and in
addition possibly fluoride. The advantage of this is that the actual binder
30 phase is radi opaque, and that the atons that provide radiopacity do not
interfere with translucence. W 2004/ 037215 PCT/ SE2002/ 001480 7 The two
variants can naturally also be conbined, additives with a heavy atomtype
being mxed into the powdered material together with the binder phase, -
whi ch bi nder phase also contains heavy atomtype(s) 5 1In the sane vvay as

Ba and/ or an be sed t v

achi evi ng rs‘gt?% ?'SL;S a@f‘%ﬁpﬁlﬂ’c eencggbé?ed %ﬂgh@aes a%%y ?Mné}; n %lr?ét

form of fi rmixed uyeﬂalnowderedlmaltml togetbetowith ﬂucév)ndanmam vmhtm@dmph?énehp (CPC)
can be caus&gmmfgwﬁgﬁt%g% solution (ss) in the binder phase, with a
view to achi eving di"mension stability of the ceramc product. 10 Solid
solution (ss) in e.g. 3Ca0O Al 233. 6H20 can be produced in such a way that .

t Ee sol i5d Iadhadaneay-asvBa dndion St eastdisedith roplacy Cg/in-mabiﬁqunhadaywﬁha iviege | n
t
ese cas estP a{:}ﬂ%ﬁ%ﬁ%@?#’f@%ﬁgﬁeﬁg& ﬁ%@éﬁﬂ%ﬁé sfidod i?L o?x{i)l%??in[s 0

anal ogue so COI’]SI | ncreases

t he degr ee wystdllinasiiien (Gcrositjes) g8dA pﬁﬁm‘dmfl eegneat (QPé%a/cmbeﬁaua%togﬁdn@eo id

manuf act ur isaftief idspin Be bihder ﬁ}ﬁw A ViR & dchlevEigdimhedsithhnebilgabf fky t he
requi renments indic ed above for nmouldability and durability, and be easy

to handl e iFCBRRBEPfon with its wetting and application in a cavity, e.g.
a toot Hocawty The ceramic material forned should also, for 20 dental

applicati OrS%hd@'SI%h?;‘gﬁ &%@@%0%9@3 G}E(ﬁéh‘ﬁibe%r%tc@d indhctPLHRF hbge Qd he

above. It is_  especi ferred that the raterial exists |ncta$r§ f or m of
a raw conpaCltiPRT indiedfadgiopagity BRPIRTYGALRE. Iyessrrsas, thess anee ¥8di d
phase, pr efadvahthgecbdy 20240 yrt phisen@asbigud splithstutioanthatate hydrmm@ mhiferredly

55-65% by v 0 i S
described i %L%E&?@g %S#E%gd%ée & egd%\%gﬁg%%%wes&g sgﬂ?L i ?/te%%% |(f:labl ein
25- cordfecthawiagtirpeeijgsia- noul ded rrat erial that exists in powder formprior
to hydration, such

The powdered material shall further satisfy the requirements indicated above for
mouldability and durability, and be easy to handle in connection with its wetting and
application in 4 cavity, e.g. a tooth cavity. The ceramic material formed should also, for

20  dental applications, meet the demands made on such a material according to the above. It is
especially preferréd that the matérial exists in the form of a raw compact that has a degree
of compaction of 40-80% by volume solid phase, preferably 50-70% by volume solid phase
and even more preferredly 55-65% by volume solid phase prior to hydraﬁoﬁ, in a manner

* such as described in SE 463 493. However, the invention is also fully applicable in

25°  connection with a wet-mouldéd material that exists in powder form prior to hydration, such
as the material described in SE 502 987. The material can also contain one or more
expansion-compensating additivés suitable for giving the ceramic material dimensionally
stable long-term attributes, such as described i SE 514 686. It is generally the case that
said binder phase consists at least chleﬂy of calcium aluminate cement. However, the

30  * addition of one or moré other cement binder phases to a total amiount of less than 30% by
volume can be used, preferably 1-20% by volume and even more pfefeffedly 1-10% by
volume. Admixtures of ordinary Portland cement (OPC cement) or fine crystalline silica,
which according to the above can possibly be included in solid solution i the binder phase,
are used advantageously. Furthermore, it is desirable for the material to have a hardness of



as the material described in SE 502 987. The nmaterial can also contain one
or nore expansi on-conpensating additives suitable forgiving the ceramc
mat eri al wWormewidonal |y stable |long-termattributes, suekTaE2aescrdsbed in
SE 514 686. It is generally the case that said binder phase consists at

| east chiefly of calciumalum nate cenent. However, the 30 addition of one
or nore other cenent binder phases to a tptal amount of Iess than 30% by
vol une can be used, preferably 1-20% by vol ume and even nore preferredly
1-10% by volune. Adm xtures of ordinary Portland cement (OPC cenent) or
fine crystalline silica, which according to the above can possibly be
included in solid solution in the binder phase are used advant ageously.
Fur t her nor e, able for the f har dness .of

2004/ 037215% Fiﬁﬁﬁtééﬁ%{g ’B@g&%@eg%ﬁ&t PIF} é?tsb‘tf 833PR}%OW ﬁ‘é@%‘i‘fa ffa%faafeéﬁdﬁo
preferably atlehedd®@ HMO HV and even nore preferredly at |east 140 HWW.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON 5 According to one aspect of the

i nventi on, the bi nder _phase of the powdered material consists up to at

| east 70% b %§ CREEONOBETHEINYENIGION Y wei ght and even nore

pref err esl yAabofde@&b ofl® botowegxhtenu@{ tieptihdit ghk3e e Powderbd atdkidD3 (sS) .

According tqQ_anot her i nv 0 nder ha e of the

powder ed ma?e & uptf(f‘?ge%%?bgot%y ﬁvegefébg'%dfﬂsw l’vftg}l %F%F%‘Fy up to
at | east 70%@&%@%&&%@%@& of £e@iALGrtanlba3€2@adh\ss)ei ght and nost
preferredly at |east 90% by weight. Alternatively, the blnder phase of the

owder ed mat er| consi sts mmi of CaOA 208 refer u to at
Ponst 70% bkt et srmipe spreat Qe Brsnian, the medeaybian i Teres e
pr ef err &dl yc«atsxsltsaa&hly&ﬁ‘ﬂﬂagb AdgDsg), pr.éfeh'abhjllxﬁmrae&aﬁgbmwh@hﬁ aosd t er nat ives
ar e ggagerlggfe@é}feﬁwl?éa& st Lg m@ﬁm%éﬁg@%e&fuy a*eyea{;%wi% png?g actur ; ng
t he bi nder trvelyth mjp@aseyﬁauemowdﬁred matgriabcQpaisiam moé FeQtideOt @9 or
eq u?l todll ﬁre‘ferattﬂy Qf)@d @cbbaét 0% BY Sleighh dord preféttéaly dt Radt: sa%e? hwéxgﬁpaslu most
referre [.e r r an_ 3:
R/bchanl cal Y@I%rfeéiaggl sl {;boq)élwg’ k‘BﬁﬂdﬁP‘ﬁLge%ée%Wé‘ﬁg al%r‘i&“%‘ﬁ' S AE a%f‘arl ous raw

mat eri al® Bﬂgncplrvéblsurlm ng the raw materials, e.g. through cold isostatic
pressing, at a pressure of

ey]

A first embodiment of the method for manufacturing the powdered material comprises the
stages of*
a) Mixing raw materials for the binder phase containing Ca and Al in a ratio Ca:Al
20 greater than or equal to 1:2.4, preferably greater than or equal to 1:2.2 and most
preferredly greater than or equal to 1:2, but no greater than 3:2. .
b) Mechanically reducing the diﬁu‘sion'paths between atoms in the various raw materials
by pressutizing the raw materials, e.g. through cold 1sostatc pressing, ata pressure of
10-350 MPa, preferably 50-300 MPa and even more preferredly 150-250 MPa, to form
25 a pressed powder body,
following which the powder body is finely divided into granules, preferably of less
than 1 mm, even more preferredly of less than 0.5 mm and rmost preferredly of less
than 0.3 mm in size, )
. ©) S1ntenng the material at a temperature of at least 1200°C to form said binder phase,
30 . which consists mainly of Ca0Q-ALO; (ss) and/or 3Ca0-ALOs (ss),
d) Grinding the material to a particle size of less than 80 pm, preferably less than 30 pm
and even moreé preferredly less than 20 pm,
e) Mixing the material with any additives,



10- 350 MPa, preferably 50-300 Nl Pa and even nore preferredly 150-250 MPa,
to form 25 a pressed powder body, follow ng which the powder body is
finely diwbDadeaisntie granul es, preferably of |ess than PCISE2é2e0480" €
preferredly of less than 0.5 nmand nost preferredly of less than 0.3 nm
in size, c) Sintering the material at a tenperature of at |east 1200C to
form said binder phase, 30 which consisgs mainly of CaO A12G3 (ss) and/or
3Ca0A1203 (ss), d) Ginding the material to a particle size of |less than 80
pm preferably less than 30 m and even nore preferredly |less than 20 pm
e) Mxing the material with any additives, W 2004/037215 PCT/ SE2002/ 001480
9 f) Pressing the material to forma raw conpact with a degree of
conmpaction of 40- 80‘V b solid hase I - 70% Iurre
sol i d phase8 n%e% %@ngl gE T8 B §P ‘&P geg\?/ée]e})t%c}gmgg?no OQEQM 81’59
According to objermpemmld@hasehgefmﬂhpﬁp 7@%|bd vsvlmeeﬁdldngha% a@éﬁwr@aor@ut at a
m ni mum of ﬁ:ﬁfpa 1275C and even nore preferredly
at | east 1300?%?6&1&%%%@%}%%% erably at nost 1550C and even nore
preferredly at nost 1360C, for at Ieast 2 hours, preferably at |least 4

hours argl exes:diBs & dHefmict cﬁﬂhé’m@&xo& aakl sifiediplis ‘Sqrrisdit at 8 intibierinngf

preferably ed b f 6

bel ow the 1€§951ﬂtp§?fw§@ Gh T2t 8 #eﬂ%cﬁé‘ﬁ%%ﬁ% B Dot Bi S oc
A second endostilaedC, p!fefetmcbéymméﬁﬁ%@ anénm@@repmﬁgrqd t3eRed &3 %Cnf&f%trl al
conpr i ses lte}i%‘%Z%BﬁQeﬁreﬁf‘ablyaa)t 18424 RSl ﬁ‘l’é’l SR fiorrefebSdly ahRakti GTelREs, Qii&se
containing Ca a Al atlo%‘ag gzz(l_:leater ttano qg}+ I;D wtﬁ
preferably %}F‘é’é‘?gel?reeﬁag’llp%m gended By §rvanaat 3 fopasd CIpERRY Bt P58 d e

t han orlcequstiteting tehiperahig, eppatgr teapentrdiaferau®. 100)°Cheni cal |y reduci ng t he
di ffusion paths between atons in the various raw materials by mxing the
raw materials wth 2-10 tinmes nore_ water than powder ra mat er.i al , .which

mxture is feagad eppodigentgthempethad &rlmwﬁgtupézﬂ@w RsGreatenia] GpEptisss o5
hours, to 2fekREdncFCaOAl 2C3. 6H20 in grain shape, follow ng which any

g:, Zfs Ce):, \;S?y ! Wl?g]gﬁv l’E% & % rg}hatﬁ,ggeé pﬁgg%%g%fﬂ{n% éa%ﬁ%ﬁﬂ%@a@é@&l
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greater than or equal to 1:2.4, preferably greater than or equal to 1:2.2 and most
preferredly greater than or equal to 1:2, butno greater than 3:2.

b) ~ Chemically reducing the diffusion paths between atoms in the various raw matenals by
mixing the raw materials with 2-10 times more water than powder faw material, which
mixture is heated to 30-100°C while stirring for 1-20 hours, preferably 2-5 hours, to

20 form 3Ca0-AL05-6H,0 in grain shape, following which any dissolved water is,

evaporated at a temperature lower than 250°C, preferably lower than 150°C, even more
preferredly lower than 100°C butat least 50°C, -

c) Sintering the material through heat treatment at a temperature of over ’750°C
preferably over 500°C and even more preferredly over 1000°C fqr at least 15 minutes,

25 preferably at least 1 hoiilj, the water of crystallization evaporating and said binder _

' phase being formed, which consists mainly of Ca0-AL,Os (ss) and/or 3Ca0-Al,0s (ss),

d) Grinding the material to a particle size of less than 80 pm, preferably less than 30 pm
and even more preferredly Tess than 20 pm,
e) Mixing the material with any additives,

30 ) Pressing the material to form a raw compact with a degree of compaction of 40-80%

by volume solid phase, preferably 50-70% by volume solid phase and even more

preferredly 55-65% by volume solid phase.



.preferredly | ower than 100C but at |east 50C, c) Sintering the materi al

t hrough heat treatnent at a tenperature of over 250C, preferably over 500C
and even woreoqu3efisrredl y over 1000C for at |east 15 m mOTSE2002281480
preferably at |least 1 hour, the water of crystallization evaporating and
sai d bi nder phase being fornmed, which consists mainly of CaO A120G3 (sS)
and/ or 3Ca0O Al2A3 (ss), d) Ginding the terlal to a particle size of

| ess than 80 m preferably |less than 30 and even nore preferredly |ess
than 20 m e) Mxing the material with any additives, 30 f) Pressing the
material to forma raw conpact wth a degree of conpaction of 40-80% by

vol unme solid phase, preferably 50-70% by voI urre soI id phase and even nore
preferredly 55-65% by vol ume solid phase. 5215 PCT/ SE2002/.001480
10 Accor di ngiceerdingdo aaprspectof therpethed:; Fﬂgéfdlersé Ele gdigge Byhuaieres: |

sai d raw matesthRing CRalAicBhag ofat ead ol oftbnaiahatefialein thegnﬁ)hp dnecafsistshe raw

Caoes and actpesededil siton ST ?ﬁ?ﬁgn%%%%a@ bR 20C
powder ed Al 2681 thd ChrBists o ROG etdd Al ATl AR Qs HiGhanchdl(@ nInﬂlnaveritthasﬁu s

desired FO m{r@&%%ﬁﬁﬁicmrgggfndm& fhaloneeR Ta@ieﬁksy éorﬂ Fé)n %IMEolhiﬁéﬁ in

solid solution

or parts_ of the r er| nt.ai n can
be exchangedheghol B&T%?HEPSF}IGSFW%@WW g ma@ @C’% B%éf]ngr

fgg CH) 2. 8H2GomBolkidt), diplEaD, , BSCR B&DZCBQ(OHEISHBBD%IBJ—BMZ, S:(F:S,rCBr 2. 0to
0 r r, t

exchanged T SROFIs AP o r ?ﬁ%ﬁﬁ‘?“ﬁg'?’%ﬁfa'bﬁ)ﬁocwéadf@’imWn o
is desired @%M@&Mﬁ@@ﬁd’fééﬁ“ﬁﬁ&@@awﬂ@@m% ‘Pflséon and/ or

fluoridggin solid solution, the raw materials can also contain fine

Cryt ol | sl s S0 £SO BRI A0S, ESIRRG EERL BT

manuf act ure fhobdmhsphqb brdstior, ﬂatrawm&tmalss:amisa lcentgindinesrystallmsrsilioganadi um

Lhtanium ziceonksa) xhd/%& PlB e hehi10P0) bily SR o N €ol B SFREST 12l 5 can
OXI es r oxi t

al so cont a| es or sa of these elenents. In the event
that it is desired to r_ranuf acture a binder phase that contains phosphorus
in 20 96l i Gn geldavbrtaimt ittid esiraiviombnrfiaibs abinicaplene thattaitains@agtaBaych as

Sr - phosphat %rsonava%a(?igglt {I{a&%m zirconium, tin, bismuth in solid solution, the raw materials can
also contam oxides, hydrox1des or salts of these elemerits.

In the event that it is desired to manufacture a binder phase that contains phosphorus in
20  solid solution, the raw materials car also contain Ca, Ba, Sr-phosphates and apatites
including fluorapatite.

According to an aspect of the invention, it is preferred that the mateﬁal regardless of the
embodiment, is ground 1 in stage d and possibly screened so that the matenal has particle
25  sizes of over 3 pum, preferably over 2 um and even more preferredly over 1 um and/or
particle sizes under 300 nm, preferably under 200 nm. The particle size is measured by
laser diffraction aznd the volume-we1ghted mean value is indicated (also called D[4,3]).

Itis preferred from the translucence viewpoint that the raw materials for the binder phase
30 havea high wlﬁteness, the whitenéss value preferably exceeding 70, preferably exceeding

74 according t6 ASTM E313. The content of transition metals in the powder mixtute

should for the same reason be under 0.5% by weight, preferably under 0.4% by weight.



including fluorapatite. According to an aspect of the invention, it is
preferred that the material, regardless of the enbodinent, is ground in
stage d awo pessThly screened so that the material has pamtSEeée/00180 si zes
of over 3 pm preferably over 2 pmand even nore preferredly over 1 Vim .
and/or particle sizes under 300 nm preferably under 200 nm The particle
size is neasured by laser diffraction agg the vol une-wei ghted nmean val ue
is indicated (also called DJ4,3]). It is preferred fromthe transl ucence
vi ewpoi nt that the raw materials for the binder phase 30 have a high

whi t eness, the whiteness value preferably exceeding 70, preferably
exceeding 74 according to ASTM E3 13. The content of transition netals in

t he powder m xtur should for th n 5%
preferably [}aﬁaifﬁmgu%w*%‘g?“?e& "am°ve%@g'§bz¥/%‘§‘?’3i\é§§&ﬂ‘? %ﬁé’d’g 0%?%3%1%}%&%%
t r ans| ucencenateaial, lpesfemiply e\pedosity leviebef 1esp than| 2996, leweremorsforefomresily eflegsithathe
finished Cerl@%a‘fxdsg?hﬁ)&éﬁrleferﬁﬁ fi@binaoporosity level of Iess than 20%

even nore preferredly of |l ess than 10%and still nore preferredly of |ess
than 5% 5 Thanks to the invention, the ceramc material fornmed can be
caused t6 hawenla tb thansvadtien ke cemmbemmmifdmed cari3iEe- @08 tphafeertankipcetBe 85%

o0 st b0 TRAPEIEL B p§%4?a9$a@o%5“/wﬂva*@€°efﬁﬁ%ﬂéh 0-PNBEARGSS O
HV can be aéﬁﬂ@ﬁéme i, arbar.damfoﬁ@ttlmséS%HM, prefarabiy etlepsi 10 Hﬁ engheveroofeor

manuf act ur e paGGRIAE) M) 10 chiBe 886SRRE. embodi ment can be i nt errupted after
st age b. Afp | ler 'material of this kind is a ceramc product in itself

according to the invention, which can- be used as an additive in stage e.
The sti Afi n§oimensfaatpee éoﬁﬁwmqﬁemi;thbmeﬁmdcfmmmo@deaccotdmgoctmmcs@ that the

sel ected degljg alefif &, b%%ﬂeggp&@@me?ﬁﬁgeg%. fil@xemiﬂehél%?ﬂ{?@i%& glaec%m% al so

the grains can post-tre desj red shape. gerles
of experi neﬁf%iuwd% rtselt gqoprding fo thesnyeniigy. wikeh W@c‘tse%ﬁs‘ﬁ]lald Eﬁ"’éms%%e(fc
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wi t hout regard 0 ra SCr’i |on raw eri a
al um nadé ofhaee phases CaO A1203 and CaO. 2A12C3 forming part of e.g.
cal ci um

EXAMPLE 1

A series of experiments was carried out to study the effect of different procéss parameters

in the manufacture of calcium aluminate, 3Ca0-ALOs, and its influence on the matetial’s
20  translucence and mechanical properties, without fegard to radiopacity.

Description of raw materials

Calcium aluminate of the phaseé Ca0-Al;05 and Ca0-2A1,0; forming part of e.g. calcium
alutninate cement (Alcoa or alterriétivély Lafarge) Ca0, Ca(OH),, Al(OH)s, ALO3 (Merck).
Examples d) ~d) below describe

a) Manufacture of 3Ca0O-Al,Os at high température from CaO and Al,0s
s Manufacture of 3Ca0-Al,O; at low temperatire from Ca0 and A0

30 o Manufacture of 3Ca0-Al;O; at high temperature from Ca(OH); and Al(OH);
¢ Manufacture of 3Ca0Q-Al,O3 at low temperature from Ca(OH); and Al(OH)s

The raw materials were mixed in such proportions that the mol ratio Ca: Al was 3:2.



al um nate cenent (Alcoa or alternatively Lafarge) CaQ Ca(OH)2, A (OH) 3,
A1203 (Merck). 25 Exanples a) - d) bel ow describe a) Manufacture of 3
CaO Al203wet2otM/agmisenper at ure from CaO and A1203 b) Mardaractameoaio 3

CaO A1203 at | ow tenperature from CaO and A1203 30 a) Manufacture of 3
CaO A12Q8 at high tenperature fromCa(0Ol1l)2 and Al (OH)3 d) Manufacture of
3 CaO Al 203 at |l ow tenperature from Ca( 2 and Al (OH)3 The raw materials
were m xed in such proportions that the nol ratio Ca: Al was 3:2. WO

2004/ 037215 PCT/ SE2002/ 001480 12 Fol I owi ng m xi ng, the powder was
subjected to cold isostatic pressing in exanples a) - d) at 250 MPa for a
green body. Follow ng pressing, the green bodi es Were ground into small
granul es. The powder, m xtures_in exanples - were .then si n{ﬁgred
accor di ng t5%%@%%@5@%@0‘@%%subse%ad%eléesqs ic pregging nrepmpiRe 8 by 1480C
for -8 hour SatmmAPQﬁirla@ean)oﬁ?CHﬂlofvmﬁésﬁhyﬁe E@en Bodiesuwere Bjouh@ GOCshall |

hour follo 5Cfor hour 0 Iy re for 1
hour. 10 c\)lvg%atb%t orPOT’d D(%F%SIIP ﬁgp) Af@d}@?‘fgthtegﬁ&%%u@rasc&gﬁlgl gr(t)h:)él ing to
room tenpefaloyries ¢xstes1 hour. d) 1000C for 1 hour followed by 1350C for 6

hours then cooling to room terrperature for 1 hour 15 Verification (X-ray

di ff ti I t d foll

Sinteri ng. shovsa! 000 Tt Aok SoBeg B aren bt Bt BB P BB BILY (o 1o
CaO- Al 2Q8 The pmmixerasurelﬁ)remwmpl es a-d) were ground in a ball mll wth
inert grinding, gb%doﬁc%rl J&?&ngﬁ'b RS CH, dx[f%:}?qulfxéﬂhlaﬂ &%%g&?}oo 35%

| sopr opanol used e grin | qui OW Nng grin all the
powder had a gr afperabwedir 1088 than 20 m Fol | owi ng evapor ati on of t he

sol vent 10cyl i rgyr 1ml°01fw urfsRingd b1 e3ofader Ahduis theflcodlRp@s ra¥m 10 nm and a
hei ght of 1 rrmtem eg W?or?l wetted with water. The material was then kept
moi st at 37C for an gff | ""to measurements of trans|ucence. The

measur enent s of N@r@tfwdehwefw@mdb}aﬂﬁﬂé@fmﬁ hours then cooling to room

temperature for 1 hour.

15  Verification (X-ray d1ﬂ:‘ract10n) of the resulting phase composmon in examples a-d)
followmg smtermg showed that all the ongmal powder has been converted to 3Ca0-Al,03

‘The powders in examples a-d) were grc'um’d in a ball mill with inert grinding balls of silicon
nitride with a filling level of 35%. Isopropanol was used as the grinding liquid. Following

20  grinding, all the powdér had a grain sizé of less than 20 im. Following evaporation of the
solverit, cyliidrical taw compacts were made with a diameter of 10 mm and a height of 1
mim, which were wetted with water. The material was then kept moist at 37°C for a week
prior to measurements of translucence. The measurements of translucence were carriéd out
according to ISO 9917 (100 mezns opaque and 35 to 90 means transhicence). The hardness

25 (Vickers method) of the materia] was ineasured after one week. The material was compared -
with a calcium aluminate cement containing the phases CaO- A1203 and Ca0-2AL,0;
(LaFarge). The phase composition following hydratlon was also verified (X-ray diffraction

(XRD)). The results are shown in Table 1.

30



according to 1 SO 9917 (100 neans opaque and 35 to 90 nmeans transl ucence).
The hardness 25 (Vickers nethod) of the material was neasured after one
week. Thewoabevizatiswas conpared w th a cal ci um al um nateTSER@20BISNE ai Ni Ng
t he phases CaO Al 203 and CaO 2A1203 (LaFarge). The phase conposition

foll ow ng hydration was also verified (X-ray diffraction (XRD)).. The’
results are shown in Table 1. 30 WO 20045037215 PCT/ SE2002/001480 13

Tabl e 1 Sanpl e designation Hardness Qpacity (% Phase conposition HVo.i
(Co. 70( XRD Reference 130 73 A1203. 3H20O and 3 CaOA1203.6H20 A 275 39 3
CaO A1233. 6H20 B 290 43 3 CaCA12(3. 6H20 C 282 40 : 3Ca0A1203.6H20 D 295
44 3Ca0OAl1203. 6H20 The results show that a material with increased hardness
and jnproved translucence can be obtained by manufacturing the raw }
mat eri al fot2 in-a-conptrelHed—rmanprer—wthT5—contTolted phase
conposi ti ofsampgiXAddkdatidn A |Seariiess of exper|iOmntts(Bs car Bhawoemosmensudy
the effect| of different pro&gss parameters(cpjoy t he mar] ure of cal gi um
al uni nat e, -GaOA1203—and—t5—1nfHtence—or-tHe materiat 'acgnce
and nechan|Rakrepeoperti es,| W0t hout regard Bo radi opaci t%lZO{ﬁg@é?“%fl on |of
raw raw materials Cal ciumifal um nate of the phases CaOARIRB-ARL0.-6H{D 2A1203

form ng part—of—e g ——Tatcirum_ afumnate genpent (Al coa ely
Laf arge) O Ca(OH) 2 A1(I3") 3 A1203 (NE¥Pck)— 15 :ﬁ&gﬁéﬁb %ﬁzd\ el ow

descri be Mpguf acture of Ca)@;inOB .at_hi gh 43enper at.ur e |{3Ga@ £b0s- éHzDAlZOB
b) Manuf acrgre of c,eu /-\ledzéT Iew tenperjafure from C?%@Q@Aﬁé;@ﬁzo ’

D 1295 44 3Ca0-Al,036H0

The results show that a material with increased hardness and improved translucence can be
obtained by manufacturing the raw material for the material ina controlled manner with

5 |, controlled phase composition.

EXAMPLE 2

A seftes of exner'ments was carried out to study the effect of different process parameters

in the manufacture of calcium aluminate, Ca0-AL,03, and its mﬂuence on the matenal’
10  translucence and mechénical properties, without regard to re.dlopaclty

Description of raw materials
'Caleium aliminate of the phases Ca0-Al,0; and Ca0-2A1,0; fbrming part of e.g. calcium
aluminate cement (Alcoa or alternatively Lafarge) CaO, Ca(OH), A1(OH)s, Al,03 (Merck).
15 '
Examples a)—d) below describe
. Manufactire of GaO-Aly0s at hlgh temperature from CaQ and Al,Os
w Manufacture of CaO-Al;Os at low temperature from CaO and Al,Os
o Manufacture of CaOAlyOs at high temperature from Ca(OH), and A(OH)s
20 d) Manufacture of CaO- A.1203 at low temperature from Ca(OH); and Al(OH);

The raw materials were mixed in such proportions that the mol ratio Ca:Al is
1:2. '

25 Following mixing, the powders were subjected to cold isostatic preseing in
examples a) — d) at 250 MPa to a green body. Following pressing, the green



Manuf acture of CaQOAl 2C3 at high tenperature from Ca(0OB)2 and A1(OH) 3 20 d)
Manuf acture of CaO A1203 at |low tenperature from Ca(OH) 2 and Al (OH) 3 The
raw nmat erwal2o0amsrasn xed in such proportions that the nmpPCTrSEROQOGASAL | S
1:2. 25 Follow ng m xing, the powders were subjected to cold isostatic
pressing in exanples a) - d) at 250 MPa to a green body. Foll ow ng
pressing, the green WO 2004/ 037215 PCT/ SE2002/ 001480 14 bodi es were ground
into small granul es. The powder m xtures in exanples a) - d) were then
sintered according to the follow ng cycles: e) 1000C for 1 hour followed by
1480C for 8 hours then cooling to room tenperature for 1 hour. 5 f) 1000C
for 1 hour followed by 1350C for 12 hours then cooling to room tenperature

for 1 hour. g) 1000C.for 1 hour,.foll owed b 80. C for. ours cool i ng
to room tenperatu é’d’FBWBEelgr.ﬂ%nﬁ”Wfﬂelgﬁﬁé%sf e_pf“ﬁi Iurflm?‘f)rg %\% %Qi 50C
for 6 hours then cabmengthemsineehacddding hpse follovang eycles: hour. Verification

(X-ray diffractign ° ﬁ@ﬁa | Rhase Lits R oBlf4dbAs a- d)
foll owi ng si nterig)n)%logélgmféglgl a% g?‘?@t he ori%%%%omﬂer has  been converted

to CaO Al 203 15 TREPBHUERT 1 Bowxanpl es a-d) were ground in a ball mill
with inest grindfngobeid for dhowifbilest by 1350UEfoMl 2 howrs ftieh lcbsithglte vedm 6P35%

| sopropanol was us inding liquid. Followng grinding; all the
powder had a grai n%%ln%ga%%eff)gyé%qhan 20 m Fol | owi ng. evaporation of the
sol vent , cylindrg)cépo%hﬁgrbhwdplé@vwebyel%défwthhuréthﬁnzﬁeﬁa togpomt. 0 nm and
a height of 1 mm twhpRuEbel Wekted with water. The material was then kept

noi st at 37C for,.a 0 rior to,.ne Iy s of, translucence. The
measurements of Pr &%ﬁéﬁ%g‘&f}’@%@rw @Uocgfg% %\’8&‘8#&?’&50 ¥ PE9B917 (100
means obhque and 3%erhper@Orerfemhbourr ansl ucence). The hardness (Vi ckers

met hod) of the material was neasured after one week. The materials were
conpared W} hgc cal ci.um al um ,nzat e cenent, contai ning,.the phases O A1203
and  CaO. 2AY9ERcaiPR fErrgeiiifpatint ofdbevseuliing phasq campophion shee@ e dsi t i on
fol | owi ng hfptioatrgint2inyedwel dat Methelorgthal powdry hahi Hebii agiviensl o XRIO- A0 he
results are shown in Table 2. AR .

15 The poWders n exampies a-d) were ground in a ball mill with inert grinding balls of siﬁcon :
nitride with a filling level of 35%. Isopropanol was used as the grinding liquid. Following’
grinding; all the powder had a grairi size of less than 20 pm. Following evaporation of the
solvent, cylindrical sample bodies were made with a diameter of 10 mm and a height of 1
mm, which were wetted with water. The material was then kept moist at 37°C for a week

20 prior to measurements of transhicence. The measurements of translucence were carried out
according to ISO 9917 (100 means opaque and 35 to 90 means translucence). The hardness
(Vickers méthod) of the material was measured after one week. The materials were
compared with a calcium aluminate cement centaining the phases Ca0-Al;,0; and .
Ca0-2A1,03 (LaFarge) with the mol ratio 1:1. The phase composition following hydration

25  was also verified (X-ray diffraction (XRD)). The fesults are shown in Table 2.

Table 2 : ,

' Sample . Hardness | Opacity (%) | Phase composition (XRD),
designation HVo: | (Com) ~ |'A103-3H20:3Ca0- AL 05 6H0
Reference 130 73 72, '

A 175 50 2:1
B 192 49 2:1
c_ 174 54 |21
D 180 . |53 2:1




Tabl e 2 Sanpl e Hardness Opacity (% Phase conposition (XRD), designation
HVO0.1 (Co. 70) Al 233. 3H2C 3Ca0 Al 2A8. 6H20 Reference 130 73 7:2. A 175 50
2:1 B 19%04904031215C 174 54 2:1 D 180 53 2:1 WD 2004/ 02C28E2002/001480

PCT/ SE2002/ 001480 15 The results show that a material with increased

har dness and i nproved translucence can be obtained by manufacturing the
raw material for the material in a contrgkled manner with controlled
conposition of the binder phase. 5 EXAMPLE 3 A series of experinents was
carried out to manufacture calciumalumnate with a solid solution ofBa
and Sr (3Ca0 A1203 (ss)) and its influence on the material's radiopacity.
Description of raw materials 10 Cal cium alum nate of the phases

Ca0O A1203' a CaQ, 2 for cal cium al.um nate ce

(Al coa or am’grr#ﬂtf@@ %V@%‘é’m@?@?hgﬁ 58 Azlérf?rc(‘f\?g% giucenﬁ%ﬁr%l?ees a)
- b) bel ow dbserediy ma)nufmuMQdimw Merﬁlﬁa@ma&&lémsyomm Ca@perBad® and
A1203 15 b). Masaa H:p&ﬁﬁ&f%f%he%ﬁhéﬂaﬂgs% (Ss)from CaQ, SrO and A1203 The raw

materials were m xe n such proportions that the nol ratio (Ca, Ba): Al in
a) was 3:2 with the riiol ratio Ca:Ba 2:1 and (Ca, Sr):A in b) was 3:2
with theSmEXAMPDEGa: Sr 1:1. 20 The powder mxtures were mixed with 1

part powde ter vmth stirrin n atl to 75 wat ‘er
and the po \/\éﬁeyeqw?op&l%gﬁ Wa[?was%arﬂou?uécto “g%%%rﬁgﬁ clsulmsao u}aﬁem%b%\ﬁgédr formed
showed t hat splutien AEB ansdStd3GHD d26)sy(sso) 2n@d G rflep@orshe Matesia)'s ratikdpsciowder
was heat ed up in an oven to 1000C for 2 hours. Verification (X-ray
diffraction),of .the —resulting phase conposition in exanples a-b) follow ng
heating shotRACEHLY AT PR Sgl gi nal 25 powder has been converted to 3
CaOA12030( s $alcidth elypgmde pithe phasza@y)- Ad,(-ahg Ca®r2Alg);doimeng parhoba | caltitrh Wi t h

inert grindifghiRakbengf (ﬁfcbé &Qantematlvely Lafarge) CaO, BaO, Sr0, Al,03 (Merck).

Examples a) — b) below describe 4 .
a) Manufacture of 3Ca0-AlO; (ss) from Ca0, BaO and Al;03 °
15 b) Manufacture of 3Ca0-ALO; (ss) from Ca0, S1O and ALO;

The raw materials were mixed in such proportions that the mol ratio (Ca, Ba):Al in a) was
3:2 with the ol ratio Ca:Ba 2:1 and (Ca, Sr):Al in b) was 3:2 with the mol ratio Ca:Sr 1:1.

20  The powder mixtures were mixed with 1 part powder and 5 pé.rts water with stﬁﬁng and
heating to 75°C. The watér and the powder weré mixed for 6 hours. Phase analysis of the
powder formed showed that it consisted completely of 3Ca0-Al, 05 6H20 (ss). This powder
was heated up in an oven to 1000°C for 2 hours. Verification (Xeray d:Erachon) of the
resulting phase composition iri examples a-b)following heating showed that all the original

25 pdwder has been converted to 3 C?,Q:A{gOs (ss) '

The powders in examples a-b) were ground in a ball mill with inert gﬁndﬁlg balls of silicon
nitridé with a filling level of 35%. Isopropanol was used as thé' grmdmg liquid' Following
grinding, all the powder had a grain size of less thar 20 pm. Followmg evaporatlon of the
30  solvent, cylindrical raw compacts were made with a diameter of 10 mm and a helght of 1
mm, which were wetted with water. The material was then kept moistat 37°C for a week
prior to measurements of rad1opac1ty The measurements of radiopacity were carried out
accordmg to ANSTVADA Specxﬁcaﬁon No. 27 (1 mm sample body as opague as 2 mm Al).



nitride wwth a filling level of 35% I|sopropanol was used as the grinding
liquid. Following grinding, all the powder had a grain size of |less than
20 pm Fowboesang7msapor ati on of the 30 sol vent, cyli ndripcalSEr@erocaspact s
were made with a dianeter of 10 mmand a height of 1 mm which were wetted
with water. The material was then kept noist at 37C for a week prior to
measurenments of radiopacity. The neasureggnts of radiopacity were carried
out according to ANSI/ADA Specification No. 27 (1 mm sanple body as-
opaque as 2 nm Al ). WD 2004/ 037215 PCT/ SE2002/ 001480 16 The material was
conpared with a calcium alum nate cenent containing the phases CaOA12C3
and CaO. 2A1203 (Laf arge). The results are shown in Table 3. Table 3 Sanple

desi gnati on ity Ref ce No B Ye ults show
that a radig Ea %P?g; r‘i°§}pa??§ ﬁ’sat ‘r'arlfduIBia W%}efﬁﬁe %@?mﬁﬁées’%’é an be

obt ai ned usiCag-Alb@: mﬁt@a@:ﬂ@l@@ow%e) dhe mu}tswenltqvann"-[_’ableEXANPLE 4 A series
of experinents was carried out to manufacture calciumalumnate with a
solid solution (3Ca0 A1203 (ss)) and its influence on the material's

r adi opaci t y2& Scri ption of raw materjials 15 Cal cium alum nate of the
phases CaO S&@le@eggﬁa&%lﬁ@oga@{@ ng part of e.g. calcium alumnate
cenent (Al ¢Qa alternatipgly Lararge)|{ CaO CaF2, BaO, SrO Fe203, A1203
(Merck). Ex ﬁfﬁ@gea\r - c) baPow describe 20 e) Manufacture of 3 CaO Al2C8
(ss) ft-nm@QO . B.aO and AYep3 ). Manpfacture of 3Cag A1203 (ss) from CaQ

SrO and Al.Z%S g) Manuf act UE‘%Of 3Ca0 A1P03 (ss) from CaQ SrO Fe203 and
A1203 25 f - pl es were m xed according to the nol

rati os: 5

The results show that a radiopaque material co,nsisﬁng of only the binder phase can be
obtained using the method according to the invention.

10 EXAMPLE 4 ,
A series of experiments was carried out to manufacture calcium aluminate with a solid
solution (3Ca0-AlLOs (ss)) and its influence on the material’s radiopacity.

Description of raw materials
15  Calcium aluminate of the phases Ca0O-Al;0; and CaO‘2AL0; forming part of e.g. calcium
+ aluminate cement (Alcoa or altérnativeély Lafarge) CaO, CaFs, Ba0, Sr0, Fé,03, ALOs
(Merck). o

Examples a) — ¢) below describe
20 ‘
e) Manufacture of 3Ca0-ALOs (ss) from Ca0, BaO and AlOs
f) Manufacture of 3Ca0AL0; (ss) from Ca0, SrO and Al,Os
g) Manufacture of 3Ca0-ALOs (ss) from Ca0, SrO, Fe20; and ALOs

25  The raw materials in the examples were mixed according to the mol ratios:
' a) (Ca; Ba):Al as 3:2 with the mol ratio CaBa 2:1
b) (Ca, S1):Al as 3:2 with the mol ratio Ca:Sr 1:1
c) (Ca, S1):(AlFe) a5 3:2 with the mol ratios Ca:Sr 1:1 and AlFe 5:1



a) (Ca; Ba):Al as 3:2 with the nmol ratio Ca:Ba 2:1 b) (Ca, Sr):Al as 3:2
with the nol ratio Ca:Sr 1:1 c) (Ca, Sr):(Al:Fe) as 3:2 wth the nol ratios
Ca: Sr 1: IwarsdosaB7He 5:1 WO 2004/ 037215 PCT/ SE2002/ 00148@CTKE2060i0b 1288 Ng

m xi ng, the powder was subjected to cold isostatic pressing in exanples a)
- ¢c) at 250 MPa for a green body. Follow ng pressing, the green bodies
were ground into small granules. The po r mxtures in exanples a) - ¢)
were then sintered according to the followi ng cycle: 1000C for 1 hour

foll owed by 1480C for 8 hours then cooling to room 5 tenperature for 1
hour. Verification (X-ray diffraction) of the resulting phase conposition
in exanples.a-c) following sintering showed that all the ori gi nal powder
has been converted to 3Ca0A1203 (ss). 10 The, powders in exam wer e
ground in a ieHPwing mixing the nowees wasrshbiastad e Eq’éo%gftlcéﬁf%ﬁ‘é%ﬁle’ﬁmc qség‘ th a
filling |evek286 Ma%ord @e@f BRBNPO oMy p&&ggihgaﬂletglf&n@bdlﬂdwm gh‘(blﬁlﬂllﬁil:o small -

Fol | owi ng al Lt h el ar ess 20 um
Fol | owi ng e% ?egt Wdef "”u?ff)fr\/wpgé nﬁ’?’l (e:gffe%% re accordi.ng were. made

with a di amdolewing csm)e 0RO Ehigr & hhex fg}h@w bn14§9 Grfqu\MQURS rﬂlemoelmﬂotre@mw th
water. The rf&h?érhﬁ%efé@l?h&\hen kept noist at 37C for a week prior to
nmeasurenents of radiopacity. The neasurenents of radiopacity were carried
out according to ANSI/ADA Specification No. 27 (1 mm sanpl e body as opaque
as 2 nmAl) Veriﬂaeturm(t}@ralyailﬁmmrr) ofitharesdltisigtphase comiposition ialesarhplat #cpenment

contai ni ng tg %gdgﬁ are
shown in Tang 4. Q%@%a%@e 4 Sanpl e e%gr gn?tl onr(hhggi?egggge{t %H%%(?%?lé%?e No
A Yes 8....8 . : Yes_ C Yes The results show that a radi opaque

mat erl aI10c0n5| stl ng of only the binder phase can be

1

The powders in examples a-c) were ground in a ball mill with inert gﬁndiqg balls of silicon
nitride with a filling level of 35%. Isopropanol was used as the grinding liquid. Following
grinding, all the powdér had a grain size of less than 20 pm. Following evaporation of the
solvent, cylindrical raw compacts were made with a diameter of 10 min and a height of 1

15  mm, which were wetted with water. The material was then kept moist at 37°C for a week
prior to measurements of r'adiopécity. The measurements of radiopacity were carried out
according to ANSI/ADA Specification No. 27 (1 mm sample body as op'aque‘as 2 mm Al). -
The material was compared with a calcium aluminate cement containing the phases ‘
Ca0-Aly0; and Ca0-2A1,0; (LaFarge). The results are shown in Table 4.

20
Table 4
Sample designation | Radiopacity .
Reference No
A Yes
1B b AYes i
C Yes
The results shiow that a radiopaque material consisting of only the binder phase can be
obtamed using the method accoiding to the invention.
25
EXAMPLE 5

Experiments were carried out to study the effect of the phase composition of the binder
phase on the development of hardness with time for the material, without regard to
radiopacity. | ‘

30



obt ai ned using the nethod according to the invention. 25 EXAVPLE 5
Experinents were carried out to study the effect of the phase conposition
of the biwodewo4/Ehzse on the devel opnent of hardness wi t rCtrisEeoo2oni4she
material, without regard to radiopacity. 30 WO 2004/ 037215

PCT/ SE2002/ 001480 18 Description of raw materials Cal cium al um nate of

t he phases CaO Al23and CaQO 2A. 1203 formipg part of e.g. calcium alumnate
cenment (Al coa or alternatively Lafarge). | ci um al um nate cenent of the
phase 3Ca0O-.A1203 manufactured according to Exanple 1 and cal ci um

alum nate of the phase 5 CaQOAl 203 nmanuf actured according to Exanple 2.
Exanples a) - c) bel ow describe a) The hardness as a function of tinme for
cal cium al unmj nat e, consi sting. of the phases CaOA1203 and CaO. 2Al 2G3
(reference) ?ﬁc%ﬁnoﬂ?rélr%f““&??é’ég as a function of time for cal cium alum nate
consi sting dfal¢itue apmsiaste oCAEAhZES CAOALRY il €50 28,0, formiigipart of.gt ¢aleumhor

ox Lﬁ{of?sagugilfﬁ’égts%g@% THIB ofhd B ed), St ki TR Gl
silicon nit 1maaufa¢tpqed@gcqr@vgto Banghod aﬂ%@ﬂﬂi@p&mm%§ thepbasgs t he

gri ndi ng sl i qUHCHAL B9 aaWaBEiredtct 8B % E@dnpld e powder had a grain size of
| ess than 20 gm Foll ow ng evaporation of the solvent, cylindrical sanple

bodi es were made. with a diameter of 10 nmand a hei ght of 1 mm which
wer e wett ed Bxarplesgt ec) bermdemtiéei al was then kept noist at 37C for a week

20 between pasyapRALs 0f i é?&%gl%fu} AELEAR d gﬁéﬂggﬁﬁ&%ﬁﬁsm ts.

Measur enent s carri ed out a
are shown in téI-t?peAls Os and (3@ @ZQQt(@qu%ﬂce)-lardness 1 Hardness 2 Hardness 4
Har dnes < OHar)n&%s hadayss.as a fglRyisn of i@k calcium ﬂﬁmﬁlate]c@nﬁﬁm‘g of the phasé

CaO A1203

o The hardness as a function of timé for calcium aluminate consisting of the phase
3Ca0-AlOs, |

15  The powders in examples a-c) were ground in a ball mill with inert grinding balls of silicon
nitride with a filling level of 35%. Isopropanol was used as the gririding liquid. Following
_gtinding, all the powder had a grain $ize of less than 20 pm. Followmg evaporation of the
solvent, cyliridrical sample B_odies were made with a diameter of 10 mm and a height of 1
_mm, which were wetted with water. The matefial was then kept moist at 37°C for a week
20  between measurements of hardness (Vickers method load 100g). Measurements were
carried out after 1, 2, 4, 8 and 16 days. The results are shown in Table 5. '

Table 5 , A . .
Material Hardness 1 | Hardness 2 | Hardness 4 | Hardness | Hardness
. lday ~ ldays | days |8days | 16days
A 83 ' o8 117 127 - 141
B 110 132 150 175 180
¢ 160 200 230, 281 285

25  The results show that the hardness is developed more rapidly with time due to the fact that
the raw material for the material was manufactured in a controlled manner with controlled
composition of the binder phase.



A 83 98 117 127 141 B . 110 132 150 175. 180 C 160 200 230 281 " 285 25
The results show that the hardness is developed nore rapidly with tine due
to the fawD 2w6i37215he raw material for the material was Poarsib@eorsed i n a
controlled manner with controlled conposition of the binder phase. WO
2004/ 037215 PCT/ SE2002/ 001480 19 EXAMPLE 6 A :series of experinents was
carried out to manufacture inert filler Egrticles with solid solution (3
CaOA1203.3 Si2. (ss)) and to study their“influence on the material's
radi opacity. 5 Description of raw. materials Cal cium alum nate of the
phases CaOA1203 and CaO 2A1203 form ng part of e.g. calcium alum nate
cenent (Alcoa or alternatively Lafarge) CaO, CaF2, Si 02, SrO Fe203, A1203
(Merck). 10 The raw naterials were m xed according to the nol ratios (Ca,
Sr): (A, FeEXAMFDES:2:3 with the not ratio Ca:Sr 1:1, Al :Fe5:1 and
CaQ CaF2 1?A%gréé:sQJfleQ$!rﬁﬂenﬁ§ M@&még%tapmmﬁ | T2 0hES imlﬁ%ﬁadb@wﬁ@t kétid sogt g_tl c
pressing a or, e bodly . QWi ressi ng,. t'he gr.een. bodies
were groun dsq%‘?ﬂoé‘l\gﬁﬁ Wéﬁé’ﬁbé@g) ?"‘I‘Fg%’ Sf%g’ ﬁ%%’é‘a%ﬁ‘&ﬁ Pﬂ?}t@ ﬁ?&%ﬂ%‘] ﬁé'%élg? % ed
according to the follow ng Cycle: 1000C for 1 hour followed by 1480C for 8
hours then 8&%&9%1&9u%9@ﬂ%%ﬁﬂperat“re for. 1 hour. Verification (X-ray

of “the

diffraction resulting phase conposition in exanples a-c) follow ng
sintering sheu alpminatg of ﬂsmg‘w@«rs AQ1A1:0p a0 ERORAL O Sermingpariceltest chlgwp
3CaCA12(BSi {BsiRje cehtegt RAYSIEHT aleatvy et igePehd eCaml $i0,, 8380 3OV 0AIOE bi nder
phase consmi n]I% of 3Ca0A1203, manufactured according to EXAMPLE 1, in a
ball mill HFher t grinding balls of silicon nitride with a filling

| evel of 35% | sopropanol was used as the grinding 25 liquid . Foll ow ng

grindi ngy  athe LhSnREMEIIVere mBRE afeordiE & tHe moblafibs ?C%‘: SHEAS FEPEN) %0:3-Wikh
Fol | owi ng n@/g&?r arion of the so Vecﬂé’ C}&)QFI ndrical raw conpact’s were nade
with a diar gtiofep¥ind 1. AP 1 anhErQKEFet%d: m which were wetted with
waiter.,-The nmaterial was then kept npist at 37C for a Wek prior to
measur ement folfbfwiﬁmg%é ]ydWCiQP %vam%&e%r{g WUR igswﬁgg}egﬁfg%t@ﬁ() MPa fora

green body. Following pressing, the green bodies were ground irito small granules. The

15  powder mixture was then sintered according to the following cycle: 1000°C for 1 hour
followed by 1480°C for 8 hours thén cooling to room temperature for.1 hour.

Verification (X-ray diffraction) of the resulting phase composttion m exampies a-c)
following sintering showed that all the original powder has been converted to
20 3Ca0-A1,038i0; (ss).

The powder was ground together with 70% by volume binder phase consisting of
3C20-Al,0s, manufacturéd according to EXAMPLE 1, in a ball mill with inert grinding
balls of silicon nitride with a filling level of 35%. Isopropanol was used as the grinding -

25 liquid. Following grinding, all the powderhad a grain size of less than 20 pm. Following
-evaporation of the solvent, cylindrical raw compacts were miade with a diameter 0£ 10 mm .
and a height of 1 mm, which were wetted with water..The material was then kept"moist at
37°C for a week pﬁor. to measurements of radiopacity. The measurements of radiopaéity

, were carried out according to ANSI/ADA Specification No. 27 (1 mm sample body as

.30  opaque as 2 mm Al). The material Wa_s compared with a calciurh aluminate cement

contaming the phases Ca0Q-Al,0s3 and Ca0-2A1,0; (LaFarge). The results are shown in
Table 6.



were carried out according to ANSII ADA Specification No. 27 (1 nmm sanple
body as .30 opaque as 2 mm Al ). The material was conpared with a cal cium
al um nat ewoewemiz72isont ai ni ng t he phases CaO Al 2G3 and Ca0TAA2@Q80148@Far ge) .
The results are shown in Table 6. WO 2004/037215 PCT/ SE2002/ 001480 20
Tabl e 6 Sanpl e designation Radiopacity Reference No Material Yes The
results show that a radi opaque material egn be obtained by causing the
powdered material according to the invention to contain inert particles. 5
The invention is not restricted to the enbodi nents descri bed, but can be
varied wthin the scope of the clains. W 2004/037215 PCT/ SE2002/ 001480
21 CLAMS 1. Powdered nmaterial, the binder phase of which nmainly consists
of a. cenent-based system which powdered material has the capacity

f ol | owi ng Qarﬁ:albkfﬁj on.wth a |l iqlli d._5 reacti ng with the bi nder phase to
hydrate to |Saa @RasEcorAN] Rebvpadgl | y bonded ceramic naterial,
characteriZed in that said nder phase|mainly consists of CaO A1203 (ss)
and/ or 3 CaOStZEXY ss) andt¥at- the powdered material contains one or nore
heavy atomNypasl with a dé%isty over 5{g/cnB, expressed as the density for
the el ement of the atomtype. 10 2. Powdered material accordi ng to claim
1, characterized in that said binder phase consists up.to_at 70% by
wei ght, pr efBeabiulis shov tata ra8dpedug massrigheandepbiajead Wma@mgaﬁhéﬂ)ew %TG y at

| east 90% b)&néﬁ@ﬁﬂ%co?cﬂm%ﬁ%@@@énﬁoﬁ%c&ﬂﬁtﬁ@[erfpa@ﬁ@%l203 (ss). 15 3. Powdered
material _according to clTaim1l or 2, characterized in that said binder phase
mai nly cdnsists of -3 CaOA1203 (ss), preferably up to at |east 70% by

wei ght, everTheoneention is not restricted to the embodiments described, but can be varied within the

scope of the claims.



preferredly at | east 80% by wei ght and nost preferredly at |east 90% by

wei ght. 4. Powdered material according to claiml or 2, characterized in

t hat sai dwbizd37piase 20 mainly consists of CaO Al1203 pCasE200pioefs80 abl y up
to at | east 70% by weight, even nore preferredly at |east 80% by wei ght
and nost preferredly at |east 90% by weight. 5. Powdered material according
to any of the above clains, characterizegyin that said heavy atomtype
consists of one or nore atomtypes in the group that consists of V, Fe, 25
Zr, La, Bi, Sn, Ta, Zn, Ba and/or Sr. 6. Powdered material according to any
of the above clains, characterized in that it contains one or nore
additives that contain the. heavy atomtype or atomtypes and that have a
refractive k@%ﬁg§in visible light that deviates by at nost 15% preferably
at nost 30 d even nore preferredly at nost 5% fromthe refractive

i ndex of the binder ‘phase when the binder phase is hydrated, said

Ve, Dhe TR RRY s R W b S 9ASs @ﬁﬂé%%‘ireﬁ‘ L%?%@?‘? E?ség'ctﬁféfng
to any of the S¥BeMevhichpawderedmptgualdias thegapasity Floviresaiuaiign with afileilne or
atom types ar eemlﬁgezﬁth thabinder pﬂassod hifdr@8 td $&altio aqdem@dlahaﬂﬁan;ob@ﬁied t he

nom types | n HEBIL B, BB E b Ay étbé?#“eih%f b it PR R £
consi sting of (Bhadioy¥a0BAl0s Gs)aridahatithd pojpderedpaateria) coréphaomsoﬁaonednewye
bi nder phase. at%m woeed dBRiG L&l s Q’Sﬁ@ be@&e&%@a@ﬁeﬁﬁty%ﬁhé@ﬁi&ﬁn@dﬁhﬁ

characteri zed that silicon and/or fluoride are preSent in solid
sol ution (ss) C’ﬁnfyﬁg bi nder phase, .preferably in raw material in the form
of finelOcrystalline silica and/or Portland cement and/or fluorides of 10

Na, My, M, 2. Cowabred rma'?é?‘:al %ﬁcoﬁ‘ﬂ%g rcﬁ% @&h%Hc?#Pzgg ﬁxh%gc' Eﬁ Hiie? E}Masg coﬁms

above clalns characteri orus a reseént in
solid soluti oNP(t%§")le’°}Sh7Q%é’YM%@érpf?fhﬁéb’ at}ﬂﬂétff@%a]m yeig taradememrmoa| al in the

form of iron exifelesily atlest S0rd b9XiedRS 0oPCaGALIO;Pds) biidibr FHY-AL,0L ssphosphor us
in the formof phosphates of Ca, Ba, Sr or as apatites, preferably

fluorapatite. . 10. Powdered material according to any of the above clai ns,
char act &Y i z&d Powdetsdmatarial anoondarigrie chadm-1oy @r cltasditeitized in thattseidi tahder phasker abl y

of the type 3Ga@idéaEdis &@@AO -A10, (ss), preferably up to at least 70% by weight, evén more
preferredly at least 80% by weight and most preferredly at least 90% by weight.

4. Powdered material according to claim 1 or 2, characterized in that said binder phase -
20 - mainly consists of CaO-Al,O; (s8), preferably up to at least 70% by weight, even more
preferredly at least 80% by weight and most preferredly at least 90% by weight.

5. Powdered material according to any of the above claims, characterized in that said
heavy atom type consists of one or more atom types in the group that consists 6f V, Fe,
25 Zr, La, Bi, Sn, Ta, Zn, Ba and/or Sr.

6. Powdered material according to any of the above claims, characterized in that it
contains one or more additives that contain the’fheav'y atom type or atom types and that
have a refactive index in visible light that deviates by at most 15%, preferably at most

30 10% and even more preferredly at most 5% from the refractive index of the binder -
phase when the binder phase is hydrated, said additives preferably consisting of a glass,
most preferredly a silicate glass.



20 which X consists of an oxide or fluoride. 11. Powdered materi al
according to any of the above clains, characterized in that it is present
in the fowm2064/@721aw conpact that has a degree of conpaeCTeR2@R2/040880% by
vol une solid phase, preferably 50-70% by vol une solid phase and even nore
25 preferredly 55-65% by vol une solid phase. 12. Powdered materi al
according to any of the above cl ai ns, ch%acterl zed in that it is present
in |oose powder formor in the f or m of gfanules. 30 13. Method for the
manuf acture of a powdered material, the binder phase of which mainly
consists of a cenent-based system which powdered material has the capacity
following saturation with a liquid reacting with the binder phase to
hydrate to a radi opaque and chem cally bonded ceranic nateri al

char act eri zé&d Bfyvderrd m3terpd accopying (aany 6 A1eah e v deipeToherstsn zechin thes the eavia)
M xi ng raw rratmma;l';ﬁ: drefont t9pes Ak PeteEnt Phsvdid saleﬁérﬁqsm) in¢heGanden ghfik, theheaviyat i 0

Ca: Al greater n ef e reater tha or ; equal to
1: 2.2 and m)statomﬁy F@&Wﬁr%ﬁéﬁ%%&ﬁ tg}gcg‘é ¥ ]f%re eivy%?ffﬂ > greater
than 3:2. b) Fm«;nm Zal ﬂlypermdm:aya’@nmnﬁfeusn mnrqqa@ﬂa@edjepmennepﬂa@anddorme
various saw naxy@mﬂﬂ@,oréarg} n?lﬁe?@a'ﬁgthrelﬁﬁld@%lﬁﬁé.al _at an increased
tenperature to form Said phase, which consists mainly of Ca&A1203
(ss) and/or 3 CaO Al 203 (ss) the material in stage a and/or follow ng

st age c bei g Bovalegidtmdteriat acvoading tnmy@f therbeve didaw)ychataoterizedia shatksilibom

density over pﬁ} foih atom
type. 10 14. ntg/r?ggh %%%?%? %§§1?0 ltdggluﬂ%p&ci%ﬁaéc er| Eha%%fﬁ@{éﬁbgm%

di f f usi on pat Heetepal i the feragef Tinemvtalling §ilcagndionBertiard gement and/ wém@aéesof
accordi ng to QMg Mn, oah&r@geerl zed in that the diffusion paths are
reduced 15 nmechanically in stage b, stage, b including pressurizing of the
raw material; preferably through cold isostatic pressing, at a pressure of
1 0- 350 MPa9. plomideredimhagerida@0alingt anyod the\aboveadaims pohefacterieet] ip o250 MPa,

to form ng of @q4pFf ﬁﬁcﬁﬁﬁor@?@ﬁg?['esgﬁqﬂ solid é&id‘cﬁﬁ‘f@ggm"mé Gfﬂdélqﬁaﬂeo ?err lﬁgﬂy i's

preferably finel ranul es dg ess
even nore pr eF%WM@ frobe b TR Hon e din HEREIdsS B S@ﬁrOéHPp ap@
15 phosphorus in the form of phosphates of Ca, Ba, Sror as apatltes preferably
fluorapatite. .

10. Powdered material according to any of the above claims, characterized in that it
contains non-hydrated inert material, preferably of the type 3Ca0-Al,05-X (ss), in
20 ‘which X consists of an oxide or fluoride.

11. Powdered material according to any of the above 'claimé characterized in that it is
present in the form of a raw compact that hasa deg'ee of compaction of £40-80% by
volume solid phase, preferably 50-70% by volurie solid phase and even more

25 prefetredly 55-65% by volume solid phase: .

12. Powdered material according to any of the above claims, characterized in that it is
present in loose powder form or in the form of granules.

30  13. Method for the manufacture of a powdered material, the binder phasé of which mainly
_consists of a cement-based system, which powdered material has the capacity following
saturation with a liquid ieacﬁqg with the binder phase to hydrate to a radiopaque and
chemically bonded ceramic material, characterized by the .sta‘gesi of: ‘



20 than 0.3 mmin size. 16. Method according to claim 15, characterized in
that said sintering in stage c is executed at at |east 1200C, preferably
at | east wpz0@/@nziseven nore pi eferredly at |east 127PCTsEdonnst480
preferredly at | east 1300C, but at nost 1600C, preferably at 25 nost 15550C
and even nore preferredly at nost 1360C for at, least -.2, Hours,
preferably at |east 4 hours and even m)e% preferredly at |least 6 hours,
said sintering preferably being preced by drying at an increased
tenperature below the sintering tenperature. 30 17. Method according to
claim 13, characterized in that the diffusion paths are reduced chemcally
in stage b, stage b including mxing of the raw materials with preferably
2- 10 tines nore water than powdered raw material, WhICh mxtur heat ed
to  preferably) Mmmmwmaﬁﬁrmeh@dﬁwh%@@%g@@ %éd@n nor e
preferredly 2- 5grel o Bt <) uzfl@d)tlszvm:nglmbﬂtch any
di ssol ved wat er 004(}

7215 558 2/ 0014% qlé 234 preferably
evapor at ed at aPF@ﬁ%@Eégf&?féf %e‘luﬁ]afﬂ BLDOTEYE, | ower than 150G,
even (rjmre |tor eg)lemhgggaglylredr:ﬁmgtdiﬁﬁsldxﬂﬁw;s ‘ti%:atlaszeeatxcx‘cdnrcsaueltthﬂﬁuati»o£ usl@w nw;n@%gﬁ
according to char r inb8d bided W is
5 execut a%Irrg a ure e?%tﬁah%%gﬁé&&nlg rgﬁjgéb féégoave 50% gnd even nore
preferredl y overcolmeemam&»roféﬂa()éh% (sshand/ o7 3CaQ:Al 95% rably at least 1 hour,

wat er of cryst ad inzaLhIAR 8 @@%@éﬂfﬂﬂew&@sta@@& béiflg Boogitdo bontiio oaayt wmbre
clainse 13-1.8, characterize

sal ding Ca
and Al in stage a@o‘ﬁ%‘flﬂpeﬁf’mbt“ eﬁ‘?ié’tovc%g St ’t%g}e%ie\tliv%%m (Jac{r%fl%igs in the group
t hat consi sts ofelgmastiefthelatCaQyp€a’ C12, Ca(OH 2 and CaCO3 and at | east one

of the ED@W materials in the group that consists of powdered A1203,
A1203H2

Al C13 and. Al (OH)3. 15 20. Method, according.to _any. of ¢
13-19, char aft dvlpthadagcardugie claand 3 nedatArteszeiy tﬁaﬁéaldrc&%ﬁ’é’fc’é‘t ﬁ’ﬁfar%lﬁgu nor e
atom types in thehanieally drlohémiesiisi sts of Zr, La, Ta, Zn, Ba and/or Sr. 21.
Met hod according to any of clains 13-20, charact erized in that up to 100%

preferably 20 20-50% of -the raw material containing Ca in stage ads
exchanged fdba Mathvodagcording to claim 13, characterized in that the diffusion paths are Teduce

15 mechanically i in stage b, stage b including pressurizing of the raw material; preferably
through cold isostatic pressmg at a pressure of 10-350 MPa, preferably 50-300 I\/IPa
* and even more preferredly 150-250 MPa, to forming ofa pressed powder body;
following which the powdes body is preferably finely d1v1ded into granules, preferably
of less than 1 mm, even more preferredly less than 0.5 mm a‘nd‘mo_st pfefeqedly less

20 than 0.3 mm in size.

16. Method according to claim 15, characterized in that said sintering in stage © is
executed at at least 1200°C, prexerably at least 1250°C and even more preferredly at
Jeast 1275°C and most preferredly at ledst 1300°C, but at most 1600°C preferably at
25 most 1550°C and even more preferredly at most 1360°C for at least 2 hours,
preferably at least 4 hours and even more preferredly at least 6 hours, said smtenng
preferably being preceded by drying at an increased temperature below the sintering

temperature.

30 17. Method according to claim 13, characterized in that the diffusion paths are reduced
chemically in stage b, stage b including mixirig of the raw materials with preferably 2-
10 times more water than powdered raw matenal which mixture is heated to
preferably 30-100°C with stirring for preferably 1-20 hours gven more preferredly 2-5
hours, to form 3Ca0-A1,06H0 (ss), following which any dissolved water is



or raw materials containing one or nore heavy atomtypes in group 2-in the
periodic system preferably a raw material or raw materials containing Ba
and/ or Srwo2804/082t150d according to any of clains 13-21, pchiarawkmoidszed i n
that the raw materials in 25 stage a also contain fine crystalline silica
(mcrosilica) and/or Portland cement (OPC). 23. Method according to any of
clains 13-22, characterized by, follow ng,stage c, a stage: . d) the
material is ground to a particle size of Tess than $0 ,pm preferably | ess
than 30 mand even nore preferredly less than 20 m 30 . 24. Method
according to one of clainms 13 or 23, characterized by, follow ng stage c or
d, a stage: ' e) the material is mxed with additives, preferably

cont ai ni ng one or e additives that contain ea) tomtype or atom
types and t hat Pﬁ?%%g{ymgorﬁa@ét LT | rt}wég‘g"&f pestsatly lower tlan

PCT/ SE2002/ 001430°C,25en mdepreferredly ildbes thanglod’q, bat atdenwi H'E€s by at npst 15%
preferably at nost by 10% and even nore preferredly at nost by 5% fromthe
refractive index of the binder phase when the binder phase is hydrated,

sai d addi ti \&s Metepdaeeprdngiomiimtli7nefagicteaizgd mghat saigsinterpedd slpgeelisy a

sihl i Cat esgl az Sbexécu]?&l a}tNﬂérﬂl%iia@fécagbdém%,cbr@i@ﬁb?fab@b@'?mgﬁﬁd @‘i?e}[n%ﬂ@rel _
characteri ze ol,l owi e do .. a stage: ‘ e erial is
pressed to a r&éi’fé% 8Yer\r/1ng9(f§1btcggﬁ%tg?aééli@“ﬂ’g‘??p%@%ﬁ?k feagpl Ber ?flol ume
sol i d phase, preefstallidatipn Svapo@@igg.by vol une solid phase and even nore 10
preferredly 55-65% by volunme solid phase. 26. Radi opaque and chemically
bonded cerag'bc t%e ial, the binder. phase of which _n;%i nly consists of a
cenent - base -s}\gi? Péa%e@ﬁr&ta@r]w? eringgelir ), chripgirized in thalsaidJaWanatertsds i n t hat
?aigi b} boler pha:s&taimag@aﬁmiAlifﬁtsiage éxl:&ﬂ;&th&Qea(sﬁ?ie dfﬁleéx’éw?:ﬂé%éﬂa‘?slﬁ% abldp
ss) of a nmaxi . 2 refar ess_Ahan 1 ven [€ ou .
preferredly I es%éwﬁcgésﬁ&ﬁgfﬁ% dgrr?g (flalgjat aFﬁeé%@?@% Elméil éaa@oanggﬁte%ﬁqﬁge S%tge &Y mor e
heavy atom typexeriglyin the growe thatcangists of pgwdered AbQpr AlsQed2QAlOkendensi ty of
the el ement of Ai®Hgtom type. '

15  20. Method according to any of claims 13-19, characterized in that said heavy atom type
consists of one or mare atom types in the group that consists of Zr, La, Ta, Zn, Ba
and/or Sr.

21. Method according to any of claims 13-20, characterized in that up to 100%, preferably
20 20-50%, of the raw material céntaining Cain stage a is exchanged for a raw matérial
or raw materials containing one or more heavy atom types in group 2in the periodic
system, preferably a raw material or raw materials containing Ba and/or Sr.

22, Method accordihg to any of claims 13-21, characterized in that the raw materials irl -
25 ~ stageaalso contain fine crystalline silica (microsilica) and/or Poriland cement (OPC).

23. Method according to any of claims 13-22, characterized by, following stage c, a stage: -
d) fche material is ground to a particle size of less than 80 pm, preferably less than'SO
. pm and even more preferredly less than 20 um.
30 .
24. Method according to one of claims 13 or 23, characterized by, following stage ¢ or d,
a stage: ‘ ' | _
e) the material is mixed with additives, preferably {:on’raining one or more additives
that contain the heavy atom type or atom types and that preferably have a refractive



20 27. Ceramc material according to claim 26, characterized in that it has
transl ucence corresponding to 35-90% preferably 40-85% and even nore

pref erredwp 260#B026 opacity. 28. Ceramic material accor adcmgE@2anisof
claims 26-27, characterized in that it has a 25 hardness of at |east 50 W,
preferably at |east 100 My and even nore preferredly at |east 140 W 29.
Ceramc material according to claim 26, gharacterized in that it is a
filler material in particle form 30 30. Ceramic material according to any
of clainms 26-29, characterized in that it consists of a hydrated powdered
material according to any of clains 1-12.

index in visible light that deviates by at most 15%, preferably at most by 10% apd
even more preferredly at most by 5% from the refractive index of the binder phase
when the binder phase is hydrated, said additives preferably consisﬁng' of a glass,
most preferredly a silicate glass.

25. Method according to one of claims 23 or 24, characterized by, following stage dore,
a stage: '
f) the material is pressed to a raw compact with a degree of compaction of 40-80% by
volume solid phase, preferably 50-70% by volume solid phase and even mose
10 preferredly 55-65% by volume solid phase..

26. Radiopaque and chemically bonded ceramic material, the binder phase of which
mainly consists of a cement-based system, preferably for dental purposes,
characterized in that said binder phase has a mol ratio Al,O33H0 (58) to
15 3Ca0-Al,05-6H,0 (5s) of a maxirhum of 2:1, préferably less than 1:5 and even more,
_ preferredly less than 1:10; and that the material also contains one or more heavy atom
" {ypes with a density over 5 g/cm’, expressed as the density of the element of theatom .

type.

20 27. Ceramic material according to claim 26, characterized in that it hias translucence -
corresponding to 35-90%, preferably 40-85% and even more prefeiredly 50-80%

opacity.

28, Ceramic material according to any of claims 26-27, characterized in that it has &
25 hardness of at least 50 MV, preferably at least 100 MYV and éven more preferredly at -
least 140 MV.

29. Ceramic materidl according to claim 26, characterized in that it is a filler material in
particle form.
30 |
30. Ceramic material according to any of claims 26-29, characterized in that it consists of
a hydrated powdered material according to any of claims 1-12.



