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MANUFACTURED THEREFROM TECHNI CAL FI ELD 5 The present invention relates to
a chem cawby3borsded ceramic material, the binder phase of pCisEofI0@SONSi St'S
mai nly of a cenent-based system which material is preferably suited to
dental purposes. The invention also relates to a powdered material that has
the capacity to formsaid ceramc maternial when it is saturated with a
liquid reacting with the binder phase. 10 PRI OR ART AND PROBLEMS The
present invention relates to binding agent systens of the cenent system
type, in par bbb MARERY kS bEGaAR AhZG3a(h@hc A8 rRbkgkEs carried out
according to the invention and earlier works (SE 463 493, SE 502 987 and
SE 514 686) have produced results that indicate great potential for the
system for strong and acid-resistant materials 15 such as dental filling
material. No other dental filling material existing today neets all the
requirements in respect of bioconpatibility, aesthetics and function that
can be posed pati ents and dental service staff. A description is given
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A description is given below of the practical demands that should generally be made on a
20  dental filling material. Good handling ability with simple applicability in a cavity,
moulding that permits good modellability, hardening/solidification that is sufficiently rapid
for filling work and provides serviceability directly following a visit to the dentist.
Furthermore, high strength and corrosion resistance exceeding that of earlier filling
materials, good biocompatibility, radiopacity for X-ray purposes, good aesthetics and safe
25  handling for staff without any allergy-provoking or toxic additives in the material are
required. Good long-term attributes as regards dimensional stability are also demanded.

In SE 463 493 it was described how a chemically bonded ceramic material, e.g. for dental
purposes, can be caused to exhibit increased strength characteristics in that a powder body
30 consisting of one or more hydraulic binding agents and possible ballast material is
compacted 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
density in this raw compact has increased to at least 1.3 times the initial filling density,
which is defined as the filling density attained through shaking, vibration and/or light



which is defined as the filling density attained through shaking, vibration
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means that the material does not have adequate optical attributes to appear natural. Natural
tooth transmits light, especially enamel. The manner in which the light is diffused through
20  the tooth is described as translucent, which is to be differentiated from transparent. A
definition of a translucent material reads: “ A matenal that reflects, transmits and absorbs
light. Objects cannot be seen clearly through the material when the material is placed
between the object and the observer.” (Lemire, Burk, Color in dentistry, J M. Ney
Company (1975)). One method of measuring translucence is to determine the ratio between
25  the quantity of reflected light with a white background and with a black background (ISO
9917). A material is described as translucent if it has opacity of between 35 and 90%, as
opaque above 90% and transparent below 35%. Natural dentine has an opacity of approx.
70%, while natural enamel has an opacity of around 35%. The ability of a filling material to
imitate the appearance of the natural tooth depends to a large extent on the material being
30 translucent.

In the abstract to JP 57209871 it is stated that translucence can be attained in a material of
Portland cement and water glass.



In the abstract to JP 57209871 it is stated that translucence can be
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Yet another problem is that of achieving other optical effects (luminescence) in the material
at the same time as translucence and radiopacity, which optical effects imitate optical

20  effects of natural tooth. A natural tooth fluoresces, for example, when illuminated by light
containing UV light, e.g. daylight. Fluorescence means that a material has the capacity to
absorb light of a short wavelength (high energy) and then emit light of another, longer
wavelength (lower energy). This property makes the tooth come to life and be seen as
whiter in daylight than in room lighting (which does not contain UV). According to

25  Monsénégo, Burdairon, Clerjaud, Fluorescence of dental porcelain, The journal of
prosthetic dentistry, Vol. 69, No. 1, Jan 1993, natural tooth has its emission maximum at a
light wavelength of 450 nm, which corresponds to blue light.

Fluorescence in combination with translucence in teeth makes the fluorescent light appear
30 to come from inside the material. It is desirable for a material intended for fillings to
combine translucence and fluorescence for it to be seen like natural tooth. As stated, it is
also desirable for these attributes to be combined with the capacity to provide an X-ray
contrast when this is used to check the quality of the repair. Other optical effects, such as
e.g. lustre of the material and the so-called opal effect, i.e. simulated translucence, can also



30 to cone frominside the material. It is desirable for a materi al
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15 Inthe following description, the term “material” is taken to mean both the powdered
material and the chemically bonded ceramic matenial unless specifically indicated

otherwise.

The term binder phase is taken to mean a cement content in the material, regardless of
20  whether the powdered material or the hydrated ceramic product is involved.

The desired and other attributes are achieved according to the invention in that the material
has a composition and/or structure suitable for giving the ceramic material translucence in
the hydrated state.

25
According to one aspect of the invention, the binder phase is optimized for translucence of
the ceramic material, preferably in terms of physical or chemical attributes of the binder
phase. Alternatively, the material is optimized for translucence of the ceramic material in
the form of attributes of one or more additives suitable for giving the ceramic material

30 translucence.

According to another aspect of the invention, the ceramic material has a translucence
corresponding to 35-90%, preferably 40-85% and even more preferably 50-80% opacity in
the hydrated state.

35



phase. Alternatively, the material is optimzed for translucence of the
ceramic material in the formof attributes of one or nore additives
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anot her aspect of the invention, the ceramic material has a translucence
corresponding to 35-90% preferably 40-85% and even nore preferably 50-80%
opacity in the hydrated state. 35 WD 0C§/ 041662 PCT/ SE02/ 01481 5 According
to anot her aspect of the invention, it is preferred that the materi al
includes an additive that is suitable for giving the ceramic materi al

radi opacity, while retaining or increasing the translucence of the ceramc
material at the sane tinme. 5 According to another aspect of the invention,
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such asgo degaé pbedbréd mteridiGRalf fidtheRVISy alie refilitenmenvdndicated dsovalfgo ful |y
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addi tion OEhﬁQ GndLvelMdte BFel?éﬁblg RN, IW \%qt?tﬁe Rﬂi%ﬁ)%ﬁsei pHio? to hydration, in a
manner such as described in SE 463 493. However, the invention is also fully applicable in
connection with a wet-moulded material that exists in loose powder form prior to hydration,
such as the powdered material described in SE 502 987. The material can also contain one
20  or more expansion-compensating additives suitable for giving the ceramic material
dimensionally stable long-term attributes, such as described in SE 514 686. It is generally
the case in that connection that said binder phase consists at least chiefly of calcium
aluminate cement. However, the addition of one or more other cement binder phases in a
total content of less than 30% by volume can be used, preferably 1-20% by volume and
25  even more preferably 1-10% by volume. Admixtures of ordinary Portland cement (OPC
cement) or fine crystalline silica are used advantageously. Furthermore, it is desirable for
the ceramic material to have a hardness of at least 50 HV in the hydrated state, preferably at
least 100 HV and even more preferably 120-300 HV.

30 DETAILED ACCOUNT OF THE INVENTION
Different aspects that aim to achieve translucence, radiopacity, fluorescence or other optical
attributes of a ceramic material of the type named in the introduction will be described
below in greater detail.
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1.6 1s st a}e?rdac 1\?eI i846:56F the binder phase in the hydrated state as possible. To this end, additives
(fillers) can be used only with the aim of improving translucence. However, it is also
possible to achieve radiopacity with only a slightly impaired, retained or improved
translucence by using additives that give radiopacity but have a refractive index that lies
20  close to the refractive index of the binder phase in the hydrated state. 1.6 is stated below as
the refractive index of the calcium aluminate, which is a mean value of the phases
3Ca0-Aly03-6H;0 (1.63) and Al;03:3H;0 (1.57), which are final phases for the hydrated
binder phase. It is preferred that the refractive index of the additive does not deviate by
more than 15% from the refractive index of the hydrated binder phase, preferably by not

25  more than 10% and even more preferably by not more than 5%.

For radiopacity to be obtained, the additive shall also contain an atom type with a density of
over 5 g/cm’ (reckoned on the pure element), i.e. heavy metals from V and upwards in the
periodic system, preferably Ba, Sr, Zr, La, Eu, Ta and/or Zn. One advantage of using an

30 additive that contains barium and/or strontium 1s that since barium and strontium are in the
same atomic group as calcium, barium and/or strontium can become part of the binder
phase and replace calcium at certain points. In general, this is desirable, i.e. the use of
additives that interact with the binder phase and/or become part of a solid solution in the
same.

35
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45% by volume in the powdered material.

Reactive glass

20  According to the “Refractive index” section, it is important, if improved translucence or at
least uninterrupted translucence is to be achieved, that additives for the material, such as
additives in the form of hardness-giving filler materials, match the refractive index in
visible light of the material’s binder phase in the hydrated state. Furthermore, if the ceramic
material is to exhibit translucence and a natural appearance both in interior lighting of

25  various types and sunlight outdoors, the refractive index of the ceramic material’s binder
phase and the additive material must be the same at all wavelengths within the spectrum for
visible light.

According to one embodiment of the invention, this problem has been solved simply but
30 ingeniously by the use of additives, preferably in the form of hardness-giving fillers, that
are formed from the same elements as the binder phase of the powdered material. This
means that the additives have the same dielectric properties, and thus the same refractive
index, as the ceramic material’s binder phase, at all wavelengths. According to the
invention, the additive material therefore consists, like the binder phase of the powdered
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A great advantage of additive material according to this embodiment of the invention is that
it consists of a reactive additive material. The additive in the form of glass cement therefore
has the ability following saturation with a liquid reacting with the binder phase to form a
chemically bonded ceramic material. However, the additive material will hydrate more
20  slowly than the binder phase of the powdered material, since they have different phases,
which means that unreacted calcium aluminate glass will remain as a core in the additive
particles and function to provide hardness. A related advantage is that the additive particles
will bind better to the binder phase of the ceramic material than filler particles of another
type, since at least their outer layer reacts with the hydrating liquid in the same manner as
25  the binder phase of the powdered material, the outer layer binding to the binder phase of the
powdered material. To get a less reactive additive, in which case a greater share of the same
will be retained in the glass phase instead of passing over to a crystalline phase in
connection with the reaction with liquid, it can be stabilized using a stabilizer, e.g. an oxide
such as Si0,. One advantage of a material in the glass phase compared with the crystalline
30 phase is that the light diffusion is reduced on account of the fact that the glass grains
contain a smaller quantity of light diffusion sources such as grain boundaries, due to which
a positive contribution to the translucence of the ceramic material is obtained.
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The additive material can be present in total quantities of at least 3% by volume, preferably

20  atleast 5% by volume and even more preferably at least 10% by volume, but at most 55%
by volume, preferably at most 50% by volume and even more preferably at most 45% by
volume in the powdered matenal.

It is also conceivable to use a glass phase manufactured according to the above as the actual -
25  main binder phase in the powdered material. It is best not to use stabilizers in this case.

However, the ceramic material formed will exhibit improved translucence even without

stabilizers, since a substantial share of non-hydrated glass phase will always remain in the

ceramic material. Such non-hydrated parts of material will also function as in-situ hardness-

giving filler material. One possibility 1s also to use a stabilized glass phase as an additive in
30 anon-stabilized main binder phase, in which case the hardness-giving effect increases.

Yet another variant of this embodiment of the invention is to use other additives in a
reactive glass phase, i.e. additives in a glass phase that have the capacity following
saturation with a liquid reacting with the additive to form a chemically bonded ceramic



10 The additive material can al so have any norphol ogy or form including:
spheres, regular or irregular fornms, whiskers, plates or the |ike.

Parti cl eswofosmsenddi tive naterial should be smaller thamCaiGER2/m481
preferably smaller than 20 m and even nore preferably smaller than 10 m
The size of the particles is neasured by laser diffraction and cal cul ated
as the 15 volunme nmean value D[ 4,3]. Howgyer, it is also conceivable to
manuf acture the additive naterial in the formof glass fibres, in a known
manner, for use as an additive material according to the present

i nvention. The additive material can be present in total quantities of at
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acid such as e.g. polyacrylic acid, polymaleic acid or copolymers of these. Solidification of

the glass ionomer cement takes place due to cations being released from the glass ionomer

20  glass and reacting with the acid groups in the polyacid, forming a polyalkenoate salt.
Considerable quantities of aluminium are then incorporated into the matrix structure in a
curing process, the physical attributes of the material being improved. According to one
embodiment of the present invention, it is conceivable to mix calcium aluminate cement
with glass ionomer cement, which like the cases described above, when only the actual

25  glass ionomer glass is mixed into the calcium aluminate cement, leads to increased
translucence on account of the glass and a positive discharge of fluoride over time.

Even when using additives in the form of types of reactive glass other than calcium
aluminate glass, such as e.g. glass ionomer glass or glass ionomer cement containing glass
30 ionomer glass, it should however hold good that the refractive index of the additive should
not deviate too much from the refractive index of the ceramic material, according to the
above. The content of the additive should not exceed 25% by volume, even more preferably
should be less than 15% by volume and still more preferably less than 10% by volume.
Other aspects also according to the above should apply where applicable, e.g. the use of
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achi eved,
even more preferably 70 — 250 MPa and the degree of compaction that is achieved thereby

should be in accordance with what was indicated above for raw compacts. In production in
20  the form of suspension of dissolved powdered material in the liquid reagent, preliminary
draining is preferably executed at a pressure below 10 MPa, to a degree of compaction of
35-50% by volume solid phase. Final compaction then takes place at a pressure of at least
20 MPa, preferably at least 30 MPa, even more preferably at least S50 MPa and up to 300
MPa, to a final degree of compaction of 47-70% by volume solid phase, preferably > 51%
25 by volume solid phase and even more preferably > 55% by volume solid phase. During
production from a granulated powder material, compression is carried out at a pressure of
preferably 40-300 MPa, even more preferably 70-250 MPa, to a final degree of compaction
of 47-70% by volume solid phase, preferably > 51% by volume solid phase and even more
preferably > 55% by volume solid phase.
30
Farticle size
The particle size of the phases included in the material, especially of the binder phase, is
significant since the light is diffused in the grain boundaries. The particle size should
therefore be optimized with regard to strength and light diffusion. It is preferred to have



regard to the hardness-giving function of the glass phase, thanks to

I nconplete reaction wth the |iquid phase. 5 Porosity The transl ucence can
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refraction decreases, since the difference in refractive index between grains of the same
phase is zero. A mixture of the phases 3Ca0-Al,03; and CaO-2A1,03 is particularly
preferred in the powdered material with a simultaneous minimization of CaO-2A1,0;. This
means that the amount of Al,03-3H,0 in the final product can be minimized or omitted

20 completely, only 3Ca0O-Al;03-6H,0 being formed by the binder phase instead. According
to one aspect of the invention, the binder phase of the powdered material consists up to at
least 70% by weight, preferably at least 80% by weight and even more preferably at least
90% by weight, of CaO-Al,0O3 and/or 3Ca0-Al;Os .

25 By only using CaO-Al,03 and/or 3Ca0-Al;O3 on the whole as the binder phase in this way,
the hydrated material can be guided to contain Al,03-:3H;0 to 3Ca0-Al;03-6H,0 in a ratio
of 2:1 maximum, preferably less than 1.5 and even more preferably less than 1:10.

Surface

30  The surface of the ceramic material, in the hydrated state and following any post-treatment
of the material, can also affect the translucence. The surface preferably has a surface
fineness, measured as R., that is less than 10 pum, preferably less than 2 um and even more
preferably less than 1 pm. This can be achieved by grinding/polishing of the surface with
sufficiently fine grinding/polishing agents or grinding/polishing tools.

35



therefore be optimzed with regard to strength and light diffusion. It is
preferred to have WO 03/ 041662 PCT/ SE02/ 01481 12 particle sizes of |ess

t han 80 mwvopseiwsably | ess than 20 mand still nore preferpablSgEot/est t han
15 m The particle size is nmeasured by laser diffraction and a

uni t-wei ghted nean value is given (also called D4,3]). 5 The translucence
can al so be inproved further if the annryt of particles of the sane

magni tude as the wavel ength of visible [i1ght, i.e. 300-800 rim is
mnimzed. It is preferred here to have particle sizes in the material of
over 3 m preferably over 2 p.mand even nore preferably over 1 m and/or
particle sizes under 300 nm preferably under 200 nm This can be achi eved

f le b i f th wd ' S ' . b
car 1 od buRneeriaEl i sbrShe AR Seibarbfe FabREhe s G ahe b OO0 0
t hemsel vesfinisheg. ceintic statesialhas esarfadei layer tiat ess tosuatelethe nefrastiverindices of thehase
conposi ti O&ﬁ%ﬂ?l%ﬁttﬁ@imlggﬂtaﬁmg ﬂg%f ﬁiﬂ t%{a Hafi M) 48! wReasSalild)engunber  of

phases in t I nal produc results in reduced

15 ¢ e mnimzed,.whjich
opaci ty. TF®ation ¢fisuch piitmyan fhgi‘tyd’EaFFéltm%tﬁréa °?’b€"r %F@WS‘Lbﬂ%’(Y fgdhematetplp o ' he
di f f er encehydiophefic acfateevhichiaxurhebmbenchipvad b prehydritonsefithe poidesel i s zero. A
m xture of _the. p e 24 L&i1; | .erred
in the povﬁue"reg%l’ %&@lcg%%ﬁ%ﬁyépﬂnﬁﬁg eoug1 g?ﬁoh@%gg‘g%slia%ﬁé ﬁt&@éﬂ ét%rfgo&
This neaner byehemitabinflyvenning ofthemaegalnatttiahydeehilic suface ivderted. dig be
mnim zed @ettiaRhhsle fordRlivaWFNaGirdhYhe MRleial3CAMAB L BRividR ©30260MplefiraBlyl Dy t he
bi nder phaﬁgo tead. Accordi r11}g %S[g Qne aspect of the invention, the binder
phase of t 'Lﬂﬁd@?@&“ﬁ%ﬁ&%@h L5al#sts up to at  least 70% by weight,
preferbibly at | east 80% by wei ght and even nore preferably at |east 90% by

wei ght, of 4Gacil20 ok, Ca0AL1203. 25 By only using CaOA1203 and/ or
3Ca0A1203 on tgﬁ% vﬁ e as ffﬁe bi nder phase in_ this , the, hydrated

materi al cAvatHiedsaragiematsrialy e angteriel Mot agivey qleyv 3% S SAPE®ANY a ratio
of 2:1 rra?femmr, Bd.’rﬂ(fhe&fsa@hs%/adhﬁﬁ'%? fd'gﬁi?e the matdiid 1my@maxfm?&haﬁieﬂﬁtraﬁgty. ’Irhesz t han
1: 10. Surface Q_The. surfa 0 e rant c [:] LN e. e
Siate and PO OIS Ay Dot SREATIC NREEGH Boueck B AUSAXSI @ 20
t he trhhsl teetindleastrigo byvdlume, prefefablyah lgpastivts by velymedytat most 20% by

volume, preferably at most 15% by volume of stratified material is best used in the

powdered material. Mechanical strength can also be attained by means of a stratified

ceramic material of this kind thanks to its lamellar structure, which means that it acts like a

reinforcing material. The particles should be smaller than 50 um, preferably smaller than 20
20  um and even more preferably smaller than 10 pm.

Fluorescent additives

To achieve fluorescence, fluorescent additives are best used, in particular substances that

contain ions of rare earths: Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb and Dy. Additives that contain
25  Eu ions are particularly preferred, as they give a fluorescence that resembles that of the

natural tooth. According to another aspect, it is preferred to have fluorescent additives that

contain F-ions. Examples of preferred fluorescent additives are fluorapatites with dissolved

lanthanide and oxides of lanthanides.

30  Additive materials of this type can be present in total quantities of at least 0.1% by volume,
preferably at least 0.5% by volume and even more preferably at least 1% by volume, but at
most 15% by volume, preferably at most 10% by volume and even more preferably at most
8% by volume in the powdered material.



fineness, neasured as Ra, that is less than 10 m preferably less than 2 m
and even nore preferably less than 1 m This can be achi eved by

gri ndi ng/wolos@hionyy of the surface with sufficiently finePCT/SE02/01481

grindi ng/ pol i shing agents or grinding/polishing tools. 35 WO 03/041662

PCT/ SE02/ 01481 13 Anot her way of influencing the surface and thereby the
translucence is to ensure that the finighed ceramc material has a surface
| ayer that acts to match the refractive indices of the material and the
anbient air. This layer can be a liquid film e.g. water or saliva. The
formation of such a filmon the hydrated material can be achi eved by giving
the material a 5 hydrophilic surface, which in turn can be achi eved by
prehydratl of t e povvdered mat erial, through chem cal or physi cal
coating of hilic substance onto the material or by chenica

i nfl uenci n’ghe:)dspaﬂ bﬁeqmnammlﬂlesmmmmn@fmlm@mel ran beachigred Bysusingcqangd. The

wetting an ! fal 8For} € sHFRIcE bF Bl finfshédtdrahicndigiareen
130- 160, p%é&é?%%ﬁlétﬁ%ﬁé%ﬁ%&ﬁﬁ%@éﬂ%re Breferabl y 135- 155. c10 Addi tives

that provide lustre Stratified ceramic material, i.e. material with a given
cl eavage SEK]‘AMH,EQ g. mca and feldspar, can be used as additives to give

the mater ' S edidds tfrexP&ExQenlEe\Sﬁacgl-rfe%l outtd sgtnﬁ/tt?'e > ef a of HiEsre trz{ngf#P&ma C& 1S

partlcular pre since |l source o uorlde for the
15 t eet h. mdidpacitt-prompbye sdslitives on bgbﬁ@ﬁﬁfﬁ%}l dedippagdy obthe hydrgted GEB MUt  at
nost 20% byaighune, preferably at nost 15% by volunme of stratified material
is best used in the powdered material. Mechanical strength can al so be
attained by neans of a stratified ceramic material of this kind thanks to
i ts | ah®l | Rescgiprion ofmaw, materialh neans that it acts |like a rei nf or ci ng

material . -égﬁnﬁ)ﬂ"ﬁ {n(ﬂla%‘egoﬁﬁ'@ aSesR&F ABD), §hd CE@-QA@E);; RmihEh&H @ftg C%Ual | er

L tfves é@%?té&é@éf Skilgey d, in

addi ti ves %‘T‘afgﬁ %e\%%? (I{Jlrg‘;ag%ré‘rg%g{“’q% ﬁ‘bé@aeié%

parti cul ar SAOpElane)sdentah lassoSolictiseriska)ssitiéate glass (Sehotthzaenskag, Pr, Nd, Pm
Sm Eu, CGd, Tb and Dy. Additives that contain 25 Eu ions are particularly

preferred, as they give a fluorescence that resenbles that of the
15 Experiments a) — j) below describe:

a) Opacity of the hydrated calcium aluminate, without action or additives, but with filler
providing radiopacity (reference).
b) Effect of removing filler on a)
c) Effect of filler providing radiopacity on b), BaSO4
20 d) Effect of filler providing radiopacity on b), BaF,
e) Effect of filler providing radiopacity on b), BaO-Si10,-B203-Al,0s glass
f) Effect of filler providing radiopacity on b), BaO-F-S102-B20;3-Al>0; glass
g) Effect of filler providing radiopacity on b), Si0,-B203-Al;03-F-SrO-Na,0-Ca0-ZnO-
Laz03-Zr0; glass
25 h) Effect of filler providing hardness on b), Al20;
i) Effect of opacity-reducing filler on b), silicate glass
j)  Effect of combination of various additives on b)

Calcium aluminates, CaO-Al,03; and Ca0O-2Al1,0; with the mol ratio 1:1 are mixed with
30 filler particles and secondary additives (all content information in relation to the calcium

aluminate content) as below.

a) Addition of filler, 15% by volume SnO; (refractive index 2)

b) No addition of filler

¢) Addition of 15% by volume BaSO, (refractive index 1.6)



natural tooth. According to another aspect, it is preferred to have
fluorescent additives that contain F-ions. Exanples of preferred

fl uor escewo oanidics: ves are fluorapatites with dissolved | @cfrls@ni/elgsand

oxi des of l|anthanides. 30 Additive materials of this type can be present in
total quantities of at |east 0.1% by vol urre, preferably at |east 0.5% by
vol unme and even nore preferably at Ieasf | % by volune, but at nost 15% by
vol une, preferably at nmost 10% by vol une and even nore preferably at nost
8% by volune in the powdered material. W 03/041662 PCT/ SE02/01481 14 The
opal effect The opal effect, meaning the inpression of translucence, can be
achi eved by using orange and blue colour tones in the nmaterial or on the
surface of the finished ceramc _materjal. 5 EXAI\/gi_E 1 A series of

experi nent® wAddition Pf@&GBmvoweﬁaﬁas ft‘?fé“’%fqdéétl di fferent translucence-

or radi opgci A§di6®6P40% By adldnielg%ewah cbmgdiﬁxtlcﬁmﬂ% by waigtit BaOH5OUelyi t y of t he

hyd d
rycr e o g STl A B P A AB RS AB L o
al uni nat e DenddditiompEeiyo by VQIUU@I@*?&%Wblcme@ﬁlfem’g&° B%Bg (%Wﬁﬁght A1203

(Bai kalpx), 506, t(g/‘\lvégh@bz-lé%rﬂy%@{tﬁés - Srhtiaprg i) refisttivedadex gl ass
(Schottsvenskfé% Experiments a) -J) bel ow descrl be: a) Opacity of the
hydrat ed cal c al um nate, wi thout action or additives, but with filler
provi di ng gadAddition bf40% b evlamee)ass b/)'thlébmpomtimfm"/ehpmiwt $i024586 bpn a) c¢)

Ef fect of fi '&35%@{%5%Bg&&%&gg@@ﬁ@g%@.m%%wa OB 85wt 1|1 e

provi ding radi 0 @i rovi |ng radi opacity
on b), BaO Si¥gOs) %@YAV%%%&APY“EFE%@?OO?%PYW ”p‘f‘793118|/‘h Y’%.‘&bbpam ty
on b),18a0 F- BdXrdtAbidve ihda31. a0 ss g) Effect of filler providing

radi opaci t1){) Oﬂdcmlbn §f 9(%% %%ngluﬁ\l]ézﬂeb re%raqlve AN %ZHO La203-Zr @ gl ass
i) Addition of 40% by volume silicate glass (refractive index 1.46)
j)  Addition of secondary phases in the form of 10% by volume silicate glass and 30% by
volume Ba0O-Si10,-glass.

15
The mixtures are ground in a ball mill with inert grinding balls of silicon nitride with a
filling level of 35%. Isopropanol is used as the grinding liquid. Following evaporation of
the solvent, cylindrical raw compacts 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 translucence/light opacity or radiopacity. The measurements of
opacity were carried out according to ISO 9917 (100% means opaque and 35% to 90%
means translucence) and the measurements of radiopacity according to the ANSVADA
Specification No. 27 (1 mm test body as opaque as 2 mm Al). The results are shown in
Table 1.

25



25 h) Effect of filler providing hardness on b), A1203 i) Effect of
opacity-reducing filler on b), silicate glass ) Effect of conbination of
vari ous awoiosiovss2 on b) Cal ci um al um nates, CaO Al 203 and PCaAGERAMIRAEB wit h
the nol ratio 1:1 are mixed with 30 filler particles and secondary
additives (all content information in relation to the calcium alumnate
content) as below. a) Addition of filler, 15% by vol une Sn02 (refractive
index 2) b) No addition of filler c) A&glti on of 15% by vol ume BaSO4
(refractive index 1.6) WD 03/041662 PCT/ SE02/01481 15 d) Addition of 15%
by vol une BaF2 (refractive index 1.48) e) Addition of 40% by vol une gl ass
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From the results it is evident that a translucent and radiopaque product can be produced.

Furthermore, it is evident that the refractive index for the additive material is crucial for

being able to obtain both radiopacity and translucence at the same time.

EXAMPLE 2

Experiments were carried out to study the effect of grain size of the calcium aluminate and
porosity of the hydrated material on the opacity of the hydrated material.

Description of raw materials
Calcium aluminate of the phases CaO-Al,O; and Ca0O-2Al,0; forming part of e.g. Ca-
aluminate cement (Alcoa or alternatively LaFarge).

Examples a) — g) below describe:

a)
b)
c)
d)
e)
f)
g)

Effect of screening of c on a)

Opacity of the calcium aluminate in hydrated aluminate (reference).
Effect of reduced mean grain size of calcium aluminate on a)
Effect of reduced mean grain size of calcium aluminate compared with b) on a)

Effect of reduced porosity of the ready-hydrated material on a)
Effect of increased porosity of the ready-hydrated material on a)
Effect of d) and e) on a)



20 prior to neasurenents of translucence/light opacity or radiopacity. The
measurenments of opacity were carried out according to | SO 9917 (100% neans
opaque anwo03BMEt662 90% neans translucence) and the neasur @OETSES2/0f481

radi opacity according to the ANSI/ADA Specification No. 27 (1 nmtest body
as opaque as 2 mMm Al ). The results are shown in Table 1. 25 WD 03/041662
PCT/ SE02/ 01481 16 Table 1 Sanple desigpation Opacity (% Radiopacity
Co.70 A 100 Yes B 73 No C 75 Yes D 77 Yes E 65 Yes F 65 Yes G 55 Yes
H73 No | 63 No 7 63 Yes Fromthe results it is evident that a

transl ucent and radi opaque product can be produced. Furthernore, it is
evident that the refractive index for the additive material is crucial for
5 being able to obtain both radiopacity nd.transhgcen‘e at the same timne.
EXAMPLE 2 Ealsim slamingteiera0-AaQspad Cad g A0 vithgmehatied rlevgre giedgp fieh sj ze of
the cal ci ugramlplési nate and porosity of the hydrated material on the opacity
of the hydrated material. 10 Description of raw materials Cal cium al um nate

of the phases CaO Al12CG3 and CaO 2A12C3 forming part of e.g. Ca- .
The materials are ground in a ball mill with inert grinding balls of silicon nitride with a

5 filling level of 35%. Isopropanol is used as the grinding liquid. To vary the grain size of the
calcium aluminate, the grinding time was varied. The grain size was measured by laser
diffraction and determined weighted against the volume mean value D{4,3]. The porosity of
the hydrated material was varied by using different mechanical pressure in the production
of the sample bodies. The porosity was measured by means of scanning electron

10  microscope and image analysis. Following evaporation of the solvent, cylindrical raw
compacts 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 prior to measurements of
opacity. The measurements of opacity were carried out according to ISO 9917.

15  The following action was taken in the examples:

a) The calcium aluminate was ground to a grain size distribution with all grains under 40
micrometres. The porosity was controlled to 10% in the ready-hydrated material by
controlling the mechanical pressure in production of the hydrated material.

b) The calcium aluminate was ground to a grain size distribution with all grains under 20

20 micrometres. The porosity was controlled to 10% in the ready-hydrated material by
controlling the mechanical pressure in production of the hydrated material.

¢) The calcium aluminate was ground to a grain size distribution with all grains under 10
micrometres. The porosity was controlled to 10% in the ready-hydrated material by
controlling the mechanical pressure in production of the hydrated material.

25 d) The calcium aluminate was ground to a grain size distribution with all grains under 10
micrometres. Following grinding, most of the grains below 3 micrometres were
removed by air stream separation. Following screening, 90% of the grains were found
to be between 3 and 10 micrometres. The porosity was controlled to 10% in the ready-
hydrated material by controlling the mechanical pressure in production of the hydrated

30 material.

e) The calcium aluminate was ground to a grain size distribution with all grains under 40
micrometres. The porosity was controlled to 5% in the ready-hydrated material by
controlling the mechanical pressure in production of the hydrated material.



al um nate cenent (Alcoa or alternatively LaFarge). 15 Exanples a) - Q)

bel ow describe: a) Opacity of the calciumalumnate in hydrated al um nate
(ref erencwp.os/obleeEf f ect of reduced mean grain size of cal ecarsEat/amBnat e on
a) c) Effect of reduced nean grain size of calciumalum nate conpared w th
b) on a) d) Effect of screening of ¢ on a) 20 e) Effect of reduced
porosity of the ready-hydrated material¢on a) f) Effect of increased
porosity of the ready-hydrated material on a) g) Effect of d) and e) on a)
WO 03/ 041662 PCT/ SE02/ 01481 17 Cal ci um al um nates, CaO Al12G3 and

CaO 2A1203, with a nmol ratio 1:1 were used in the exanples. The materials
are ground in a ball mll with inert grinding balls of silicon nitride with

5 filli I | aof 35%. | | i d A ., NGl | i qui T
Vary the ghal Theraaumatroa ol ST n ¢ st bEr M At Do T
varied. The gmidrometreseTheysorositysuasedntioylled as20% inlthefreaslythydratealroaterisl by mi ned
pel ght ed agal Bakolifig d{@lnuaraﬂlzggneeéex'eqsHgdfm&h-ofmqua%%ftxmqf the

s varle I f

hydrated material w i usin erent nechani cal pressure jn the
product i ong) offhe Wéclsra@m@nﬁedvaégrouwg pPRPTAR @'tweézvgﬁwélozfﬂg}s 1 of
scanni ng el ecii@BméfesNF6llowia® pendif] niosbgfh@gainy delow Fmidremétreg wevepor at i on

of the solvent, cylkindrical caw cQ ct e W t I er of 10
nun and a hei movg‘flbﬁs?{ﬁ?m%%ﬁéwggg ge/e "?55 A’vﬂft d%?\%}qlge‘r‘}.gr#ﬂlg{%g?%ri al was
then kept noi betwaen BA@ fomiczomesesie. The perosity waszesntreliadiie $%oih theysadii-t y. The
measur enent s pfd:edflatetiaVGF Contrdliniz Mk MbthaMeAYr&sEtE irf ProldoR Yk the hidratede

foll ow ng action .\é\@s taken in the exanples: a) The cal cium al um nate was

ground to a gF“&?e ize distribution with all grains under 40 mcronetres.
The poidsity was controlled to 10%in the ready-hydrated material by

control li nq.hgpegulgea(}p%'v&% mEessure in production of the hydrated material.

b) The cale+tumatrumnatewas—ground—to—=agrarn—stge distribution with all
grai ns ung¢&amplg designagionr onet r ¢ Opadityd’Por osity was| controlled to 10%in the
ready-hydrated material by coptyplling the nmechapical pressure in
producti of Aof The nydrated ma zr‘i atr—

B 70

C 86

D 64

E 66

F 96

G 60

The result shows that a low porosity and a narrow grain size distribution are advantageous
for achieving a lower opacity.

15
EXAMPLE 3
Experiments were carried out to study the effect of the surface fineness on the opacity of
the matenal.

20  Description of raw materials
Calcium aluminate of the phases CaO-Al,0; and Ca0O-2A1,0; forming part of e.g. Ca-
aluminate cement (Alcoa or alternatively LaFarge).



c) The calciumalumnate was ground to a grain size distribution with all
grains under 10 mcronetres. The porosity was controlled to 10%in the
ready- hyowetoad4wer eri al by controlling the nechanical pr@SIISES2/01381
production of the hydrated material. 25 d) The cal ci um al um nate was ground
to a grain size distribution with all grains under 10 m cronetres.

Fol | ow ng grindi ng, nost of the grains |l ow 3 mcronetres were renoved by
air stream separation. Follow ng screening, 90% of the grains were found

to be between 3 and 10 micronetres. The porosity was controlled to 10%in
the ready- hydrated material by controlling the nechanical pressure in
production of the hydrated 30 naterial. e) The calciumalumnate was
ground to a grain s 'T’H'dl strlb tion with all grains under 40 mcronetres.
The por os.Pﬁs%ggo'&afLrﬁ Mepdpg %’%’En t he ready-hydrated material by

cont r ol | i n§o phauceainfacésadvaryingaeughmessnthehydratet intaterad wahgrohydinsangabrasineer i al .

o oo R G ol LS e en iy o

grain size i but | on ralns un m cronetre Tr orosity
was cont r omeasgpremenp ofithp ﬁanﬂh@en@a&y pyabngss ‘?eawaslﬂeas‘tf% alyendy t he

rrechamg:al mArRSoTddea c?ﬁbe%thJSQB "péncbmsﬂnyﬁgnw)ed material. g) The cal cium
alum nate was ground to a grain size distribution with all grains under 10

5 mcronetres. Follow ng grinding, nost of the grains below 3 mcronetres
were renolstniiss actal dalowglesdEdel owi ng screeni ng, 90% of the grains were

found to bg el NERMceRRF thtCalthinf AMRida8Sin h) IR BHhitY, WBSel5YéUrAlVigd t O
5% in the read%me{]%grat ed material by controlling the nechanical pressure

in productlon Tated material. 10 The results are shown in Table
2. Sanpd e H)ESEﬂ'ékatonnncﬁ}i@With $2(@ £desh §iCopaper ona)74 B 70 C 86

c¢) Effect of grinding with 500 mesh SiC paper on a)

d) Effect of grinding with 1200 mesh SiC paper on a) ,

e) Effect of polishing using diamond paste (one micrometre diamond grain) on a)

15  Calcium aluminates, CaO-Al,O; and Ca0O-2Al,03, with a mol ratio 1:1 were used in the

example.

The materials are ground in a ball mill with inert grinding balls of silicon nitride with a
filling level of 35%. Isopropanol is used as the grinding liquid. Following evaporation of

20  the solvent, cylindrical raw compacts were made with a diameter of 10 mm and a height of
1 mm, which were wetted with water. The hydrated sample bodies were then ground with
abrasive paper according to the test schedule. The material was then kept moist at 37°C for
a week prior to measurements of opacity. The measurements of opacity were carried out
according to ISO 9917. The results are shown in Table 3.

25
Table 3
Sample designation Opacity (%) R, (um)
(Co.70)
A 100 15
B 76 2
C 71 0.5
D 67 0.1
E 63 0.04




D64 E66 F 96 G 60 The result shows that a | ow porosity and a narrow
grain size distribution are advantageous for achieving a | ower opacity. 15
EXAVPLE 3wBxpesicients were carried out to study the effectrCofSEbhie48urface
fineness on the opacity of the material. 20 Description of raw materials
Cal cium al um nate of the phases Ca0O A12G3 and CaO 2A1203 form ng part of
e.g. Ca- alum nate cenent (Alcoa or alteggnatively LaFarge). WO 03/ 041662
PCT/ SE02/ 01481 19 Description of grinding and polishing To produce
surfaces of varying roughness, the hydrated material was ground using
abrasive paper from80 nesh (SiC) down to 1 micronetre dianond particles
on cloth. Prior to neasurenent of the translucence, the roughness of the

Tencor 1 nat PRRGRIC o o g Bl o TEET e oo bn G B BB TCT

of the cal tesmifageurri nate in hydrated al um nate, coarsely ground with 80
nmesh Si C paper. 10 b) Effect of grinding with 320 nesh Si C paper on a) «¢)

Ef f ect of W“mﬂh 500 nmesh Si C paper on a) d) Effect of grinding
with 1200 paper on a) e) Effect of polishing using dianond paste

(one m £r oBeperamatitawera dargedidout)to stadyp thekffe@aif chevonmpositiom af the bindaOpleden and

Ca0. 2A1203 1 ) i efiaere used in the exanple. The materials
are groundtﬁewpgagg?qmn?}fd?&ﬁ?#eﬁ%ért grinding balls of silicon nitride with

a
Description of raw materials

Calcium aluminate of the phases CaO-Al;03 and Ca0-2Al,0;3 and 3Ca0-AlLOs.
10
Experiments a) — d) below describe:
a) Opacity of hydrated calcium aluminate, hydrated from a powder mix with the mol ratio
Ca0-Al,0; : Ca0-2AL03= 1:1 (reference)
b) Opacity of hydrated calcium aluminate, hydrated from a powder mix consisting of
15 Ca0-AlL,0;
¢) Opacity of hydrated calcium aluminate, hydrated from a powder mix with the mol ratio
3Ca0-ALOs : Ca0-Al03=1:1
d) Opacity of hydrated calcium aluminate, hydrated from a powder mix consisting of
3Ca0-AlLOs
20
The mixtures are ground in a ball mill with inert grinding balls of silicon nitride with a
filling level of 35%. Isopropanol is used as the grinding liquid. Following evaporation of
the solvent, cylindrical raw compacts were made with a diameter of 10 mm and a height of
1 mm, which were wetted with water. The materials were then kept moist at 37°C for a
25  week prior to measurements of opacity. The measurements of opacity were carried out
according to ISO 9917. The results are shown in Table 4.

Table 4

Sample designation Opacity (%)
(Co.70)

A 74

B 60

C 55

D 40




filling level of 35% Isopropanol is used as the grinding |liquid. Follow ng
evaporation of 20 the solvent, cylindrical raw conpacts were nade with a
di anet er wbD 03042 and a height of 1 nm which were wettedPairtSEom@tser . The
hydr at ed sanpl e bodi es were then ground with abrasive paper according to
the test schedule. The material was then kept noist at 37C for a week
prior to neasurenents of opacity. The ngpsurenents of opacity were carried
out according to I1SO 9917. The results are shown in Table 3. 25 Table 3
Sanpl e designation Opacity (%9 Ra (mM (Co.70 A 100 15 B 76 2 C 71 0.5
D67 0.1 E 63 0.04 WO 03/041662 PCT/ SE02/ 01481 20 The results show that a
transl ucent product can be obtained by controlling the roughness of the

The. conpost irbfear i el Bt AELReST PRt BHbe bR Kuifnfie £

material . Sadatilpt th@mpwltyrmwqudechd:ystheahmqnﬁpémmompat@f mtfh%blpﬁ%ts es
CaQA1203 aﬂ%QaO 2A1203 and 3CaQAl 2CG3. 10 Experinents a) - d) bel ow

descri be: Qpacity of hydrated cal cium alum nate, hydrated froma powder
mx with the nol ratio CaOA1203 : CaO 2A1203= 1:1 (reference). b) Opacity
of hydriat eBXaMPRILEM al um nate, hydrated froma powder m x consisting of 15

CaQAl2(3 Experiments were carried out to study the effect of mica on the lustre of the material.

Description of raw materials
Calcium aluminate of the phases CaO-Al,03 and Ca0-2A1,0; forming part of e.g. Ca-
10  aluminate cement (Alcoa or alternatively LaFarge), mica (Chemiemineralien).

Examples a) — e) below describe
a) The brightness of the calcium aluminate in hydrated aluminate, without action or
additives.
15 b) The effect of adding mica on a).

Calcium aluminates, CaQ-Al;O; and CaO-2Al,03, with a mol ratio 1:1 are mixed with
secondary additives (all content information in relation to the content of calcium aluminate)
as set out below.

20 a) No addition
b) Addition of 10% by volume of mica.

The materials are ground in a ball mill with inert grinding balls of silicon nitride with a
filling level of 35%. Isopropanol is used as the grinding liquid. Following evaporation of

25  the solvent, cylindrical raw compacts 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
prior to visual verification of the appearance.

The results show visually that a greater lustre is obtained in the material.
30
EXAMPLE 6
Experiments were carried out to study the effect on fluorescence of the material of various
fluorescence-promoting additives.



c) Opacity of hydrated cal cium alum nate, hydrated froma powder mx with
the nol ratio 3 CaO Al1203 : CaO A1203 =1:1 d) Opacity of hydrated

cal ci um aworBatee2 hydrated from a powder m x consisting @CT/SE@a@ALR03 20
The m xtures are ground in a ball mll with inert grinding balls of silicon
nitride wwth a filling level of 35% |I|sopropanol is used as the grinding
l'iquid. Follow ng evaporation of the sgjvent, cylindrical raw conpacts
were made with a dianeter of 10 mmand a height of 1 mm which were wetted
with water. The materials were then kept noist at 37C for a 25 week prior
to measurenents of opacity. The neasurenents of opacity were carried out
according to 1 SO 9917. The results are shown in Table 4. Table 4 Sanple
designati o acity f},ﬂﬁ % 700 A74 B60 C55 D40 WO 03/041662

PCT/ SE02/0 PHgR Ry R esul ts it is evident that a translucent
product caGakanpalosirtsiof theiphases Gag) 4,05 and €20-3hie farmingpartdfe.gopaci ty can

be reduced Xnﬁa?@céiﬁ%'t &gc&; of¥erHat %i’ynﬂglsdréégt i ,TAldMRh 'ﬂﬁgﬁf)atltptlﬁtﬁe S

EXAMPLE 5 &erl ment re carrjed out the effect of mca on the
lustre of lam aﬁ*&?é‘isﬁ‘él"e‘i inppads ofjanthanidg 1 aw naterial s Cal ci um al uni nate of
t he phases CaOA1203 and CaO 2A1203 form ng part of e.g. Ca- 10 alum nate

cenent (Al | t 2 tiyel LaFarge) m ca (Chem em neralien). Exanples
a) - e) beﬁWp es? %e f %eﬁ '¥bor| ght ness of the calciumalum nate in
hydrated aku nifhaﬂeoremenmftcalawm gpmpate in hydrated aluminate (reference).

b) Effect of secondary phase on a), CaF2

c) Effect of secondary phase on a), fluorapatite with dissolved lanthanide (Eu)
10 d) Effect of secondary phase on a), oxide of lanthanide

e) Effect of combination of various additives on a)

Calcium aluminates, CaO-Al,03 and Ca0-2Al,0;, with the mol ratio 1:1 are mixed with

filler particles and secondary additives (all content information in relation to the calcium
15  aluminate content) as set out below.

a) No addition of filler

b) Addition of 5% by volume CaF;

c) Addition of 5% by volume fluorapatite with dissolved Eu

d) Addition of 5% by volume cerium oxide
20 e) Addition of 3% by volume CaF; and 3% by volume fluorapatite with dissolved Eu

The mixtures are ground in a ball mill with inert grinding balls of silicon nitride with a
filling level of 35%. Isopropanol is used as the grinding liquid. Following evaporation of
the solvent, cylindrical raw compacts were made with a diameter of 10 mm and a height of

25 1 mm, which were wetted with water. The material was then kept moist at 37°C for a week
prior to measurements of fluorescence. The measurements of fluorescence were carried out
on a spectrophotometer (Minolta). The results are shown in Table 5.



additives. 15 b) The effect of adding mca on a). Calcium alum nates,

Ca0 A128 and CaO 2A1203, with a nol ratio 1:1 are mxed with secondary
addi ti veswpaBlo4went ent i nformation in relation to the contemiSEof/o@al ci um
alum nate) as set out below. 20 a) No addition b) Addition of 10% by
volume of mca. The materials are ground in a ball mll with inert grinding
balls of silicon nitride with a fillingglevel of 35% Isopropanol is used
as the grinding liquid. Follow ng evaporation of 25 the solvent,
cylindrical raw conpacts were made with a dianeter of 10 mm and a hei ght of
1 mm which were wetted with water. The material was then kept noist at 37C
for a week prior to visual verification of the appearance. The results
show visual |y that a greater lustre is obtained in the material. 30

EXAMPLE GMMWE effect on fl uorescence
of the mmai gimple dedignatiohous | Blubrsamoe exgptedwsingng addi tives. WO 03/ 041662
PCT/ SE02/ 01481 22 Descripti M{gh&%%dﬂrﬁ’” al s (Cal cium al um nate of the

phases Cap-A-238—ard—Cao2A2E8—fotmnrgpart—of—e g. Ca- al um nate cenent
(Alcoa or|Alternatively LaFarg®p, CaF2 (Aldrich).|fluorapatite with

| ant hani degdi ssol ved in, oxidey@f phanthanide. 5 Exanples a) - e) bel ow
descri be gy—Fhe—ftuorescencepf catcrummratummate| i n hydrated al umi nate
(referenceC.__h) Effect of secd8HMUL nhase on a) | CaF2 c) Effect of

secondary|phase on a), fluorapgki buerbdn di ssol ved | anthanide (Eu) 10 d)

Ef f ect of [Secondary pnase on ide of Tlanthanjde e) Effect of
conbi nat i thﬁ_oi_uax_J_gus_addu_L_' it L&igﬁ‘fa;

The results show that a fluorescent product can be obtained by adding fluorescent

substances.

EXAMPLE 7
Experiments were carried out to study the effect of different whiteness of the raw materials
on the opacity of the material.

10  The raw materials used were calcium aluminate of the phases CaQ-Al;0;and Ca0-2A1,0;
forming part of e.g. Ca-aluminate cement (Alcoa or alternatively LaFarge).

Experiments a) — b) describe the effect of whiteness (according to ASTM E313) of the raw
materials on opacity for the hydrated material.
15
a) Calcium aluminate with a whiteness of 60
b) Calcium aluminate with a whiteness of 72

The mixtures are ground in a ball mill with inert grinding balls of silicon nitride with a
20 filling level of 35%. Isopropanol is used as the grinding liquid. Following evaporation of
the solvent, cylindrical raw compacts 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 prior to measurements of opacity. The measurements of opacity were
carried out according to ISO 9917 (100% signifies opaque and 35% to 90% translucence).
25  The results are shown in Table 6.



Cal ci um al um nates, CaO Al 203 and CaO 2A120G3, with the nol ratio 1:1 are
mxed with filler particles and secondary additives (all content

i nformat iwo 0Bf4166t ati on to the cal cium 15 al um nate cont @qir)SEaxosiget out

bel ow. a) No addition of filler b) Addition of 5% by volunme CaF2 c)

Addi tion of 5% by volunme fluorapatite with dissolved Eu d) Addition of 5%
by volune cerium oxide 20 e) Addition 0%4 3% by vol une CaF2 and 3% by vol une
fluorapatite with dissolved Eu The m xtures are ground in a ball mll with
inert grinding balls of silicon nitride with a filling | evel of 35%

| sopropanol is used as the grinding liquid. Follow ng evaporation of the
sol vent, cylindrical raw conpacts were made with a dianeter of 10 mmand a
hei ght of 25 1 mm which were wetted with water. The nmaterial was then kept
noi st at 3F¥leér a week prior to measurenents—of fluorescence. The

nmeasur enen§smplk dédignriescence hopLitgdy)i ed out on a spectrophot onet er
(Mnolta)} The results are sho& in Table 5. WD 03/041662 PCT/ SEQ02/ 01481

23 Tabl e|-5—Sanple—desi-ghati-op .‘.7qloresecncc, exeHted using UV Iight ?<400
nm A No PBAYes, blue C Yes, p%&ie D Yes, blue-green E Yes, blue The
results s BW that a fluorescept, product can be obt ai ned by addi ng

f | uor escert—-stbstances—5EX f re carried out to study
the effect of different whiteness of the raw materials on the opacity of

the mat eri fhe results show that the whiteness of the raw materials has an effect on the opacity of the
material such that a whiter raw material produces lower opacity.

EXAMPLE 8
A series of experiments was carried out to study the effect of admixtures of glass of

calcium aluminate on light opacity and radiopacity.

10  Description of raw materials
Calcium aluminate (CaO-Al,0O5) and glass with the composition 12Ca0-7A1,03 and dental
glass (Schott).

Experiments a) — d) below describe:
15 k) Light opacity of CaO-Al,O3 without additives
) Effect of addition of 12Ca0-7A1,03-glass on a)
m) Effect of filler providing radiopacity (non-reactive dental glass) on b)
n) Effect of using only glass phases on a), i.e. both in the main binder phase and in filler
providing radiopacity.
20
Calcium aluminate, CaO-Al,O3 is mixed with filler particles in experiments a) — c).
k) No addition
1) Addition of 30% by volume 12Ca0-7Al,0s-glass
m) Addition of 40% by volume dental glass with the composition 30% by weight SiO, —
25 5% by weight B,O3 — 5% by weight Al;03 — 2% by weight F — 25% by weight SrO —
5% by weight Na;O — 5% by weight CaO — 10% by weight ZnO — 5% by weight
La;0s3 — 10% by weight ZrO; (refractive index 1.606) to b)
n) Mixture of 60% 12Ca0O-7Al,0;-glass and 40% dental glass with the composition 30%
by weight Si0; — 5% by weight B203; — 5% by weight Al;O3; — 2% by weight F — 25%



10 The raw materials used were cal cium alum nate of the phases CaCA1203 and
Ca0. 2A1203 formng part of e.g. Ca-alum nate cenent (Al coa or

al t er nat iwelog/obmbar ge) . Experinments a) - b) describe the eCrsEn2/ofs1
whi t eness (according to ASTM E3 13) of the raw naterials on opacity for
the hydrated material. 15 a) Calciumalumnate with a whiteness of 60 b)
Calciumalumnate with a whiteness of 72: The m xtures are ground in a ball
mll with inert grinding balls of silicon nitride with a 20 filling |evel
of 35% |Isopropanol is used as the grinding liquid. Follow ng evaporation
of the solvent, cylindrical raw conpacts were nmade with a dianeter of 10
mm and a height of 1 nm which were wetted with water. The material was

t hen kept noist at 37C f a week prjor measure s, of opacity. Jhe
measur enent s BY WEightS ‘&/{@rbé( W‘Eéﬁrl\'paég_ 1 8&&8@5?%‘3‘3{1@4 %@"@@%ﬁrﬁﬁa%ﬂl
si gni fi es opabyeehtl.36%6-10%XD weighrZDy (efractive inde% 11806).r esul t s are shown in
Table 6. WD 03/041662 PCT/ SE02/ 01481 24 Table 6 Sanpl e designation
Qpacity (9 Co.70 A 98 B 73 The results show that_ the whiteness of the
raw mat er i dhemigureaprearuadin o fall mall yishdnerterpdinglalls eeltcongptridedithenat a
whi ter § awsiTRiz8éveRbf 7% dstpRSpanoMe isds eid ptindmgTGONPIFG1IBwihg 2oipRatidhfof
experi rrentﬁmwagl carrlnﬁd ut to st d‘g/ t he ,ef f ect iof teardrg\1 tures ofl igklxt% s of
cal ci um al FsiSALYERS Gyfi pgaﬁtra%ﬁ%ﬁ)atcé §fe Mpde M 4 diane ’ Pﬂﬁ rGROr raw
mat eri al s Cairo, winckaivere weited witla@dr2 0% matedalghasskeniieptmoistat 3316 fos mtvwesk
12Ca0. 7A12050 it fbnts 8 tRdSIubecBAho opacity or radiopacity. The measurements of
opacity were carried out according to ISO 9917 (100% signifies opaque and 35% to 90%
10  translucence) and measurements of radiopacity according to ANSI/ADA Specification No.

27 (1 mm sample body as opaque as 2 mm Al). The results are shown in Table 7.

Table 7

Sample designation Opacity (%) Radiopacity
(Co.70)

A 65 No

B 51 No

C 56 Yes

D 47 Yes

15 Itis evident from the results that a translucent and radiopaque product can be produced and
that the light opacity decreases if all or a part of the binder phase is exchanged for a glass

phase of calcium aluminate.

EXAMPLE 9
20 A series of experiments was carried out to study the effect of admixtures of reactive glass
on light opacity.

Description of raw materials
Calcium aluminate (12Ca0-7Al;,05) and reactive glass containing fluoride (Schott) and
25  calcium aluminate glass.

Experiments a) — d) below describe:
a) Light opacity of crystalline 12Ca0-7Al,03 without additives



Experiments a) - d) bel ow describe: 15 k) Light opacity of CaOA1203 wi t hout
additives 1) Effect of addition of 12CaO 7A1203-glass on a) n) Effect of
filler prwoiodiomger adi opacity (non-reactive dental glass) @cTISEOn)148f f ect of
using only glass phases on a), i.e. both in the main binder phase and in
filler providing radiopacity. 20 Cal cium alum nate, CaO Al 2C3 is m xed
with filler particles in experinents a) g c). k) No addition 1) Addition
of 30% by vol une 12CaQ. 7A1203- gl ass n) %\ddi tion of 40% by vol une dent al
glass with the conposition 30% by weight SiQ2 - 25 5% by weight B2G3 - 5%
by wei ght A1203 - 2% by weight F - 25% by weight SrO - 5% by wei ght Na20 -
5% by wei ght CaO - 10% by wei ght ZnO - 5% by weight La203 - 10% by wei ght
Zr2 (refr ctifvfe i ndex .1. 606@ ta h) ng M xture of 60% 12CaO. 7A1203- gl ass
and 40% deh} aF @‘Fté’géd%“?%“tll? aRFAELrERBM80% by wei ght Si 02 - 5% by

wei ght B203) - Eff8otloy additighéf GAIPARO;-gBis byayei ght F - 25% WO 03/ 041662

PCT/ SE02/ 0148 by: wej _ 9% hy wei ght Na20 - 5% by wei ght CaO -
10% by wei éﬁtégﬁ%%fuéﬁ/g\g}ggq\%\g%ﬁp}ﬁ X- 10% by Wei%a: Zr02 (refractive
i ndex 1. 608) . Effet ofiusing reaetivergdasy iangmgr glasseoptaimingdlyaridgiopia) i nert gri ndi ng

balls of§ silicon nitride with a 5 filling level of 35% |Isopropanol is used

25 oonancElity bt 5CA0 S r AR L R kBl S gy
which wereenetted with water. The material was then kept npist at 37C for a

week pri Oh) t RoMRagiHL €ments of translucence/light opacity or radiopacity.
The nmeasurepents. o foga%i{yty were carried qut according to I SO 9917 (100%
0

signifies Bhaddeitiona yolyg, 12630 M20P381as84@8) and neasurements of
radi opag@i t ¥) addaitidh 0930% bANSNRIZRGARO: fglasatoig)n No. 27 (1 nm sanpl e body
Sesrinat o R S End UL TREDS o, dAe 7 Serl
e) Addition of 10% by volume glass of the composition: 30% by weight Si0z — 20% by
weight SrO — 20% by weight Al,03 — 15% by weight F — 10% by weight ZnO and
remaining’ P,0;5 and Na;O to a).
15
The mixtures are ground in a ball mill with inert grinding balls of silicon nitride with a
filling level of 35%. Isopropanol is used as the grinding liquid. Following evaporation of
the solvent, cylindrical raw compacts 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 translucence/light opacity or radiopacity. The measurements of
opacity were carried out according to ISO 9917 (100% signifies opaque and 35% to 90%
translucence). The results are shown in Table 8.

Table 8
Sample designation Opacity (%)
(Co.70)

A 62

B 50

C 53

D 45

E 58

25



Co.70 A 65 No B 51 No C56 Yes D 47 Yes 15 1t is evident fromthe
results that a translucent and radi opaque product can be produced and that
t he |i ghtwopaoitey2 decreases if all or a part of the bindePCpls&sBo1481
exchanged for a glass phase of calciumalumnate. EXAMPLE 9 20 A series of
experinments was carried out to study the effect of adm xtures of reactive
glass on light opacity. Description of faM/naterlaIs Cal ci um al um nat e
(12CaQ 7A1203) and reactive glass cont %nlng fluoride (Schott) and 25

cal cium alum nate gl ass. Experinments a) - d) bel ow describe: a) Light
opacity of crystalline 12Ca0O 7A12C3 wi t hout additives WO 03/ 041662

PCT/ SE02/ 01481 26 b) Effect of addition of 12CaQ 7A1203-glass on a) c)
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of 30% by tR FAn26'S: eseg‘:tfoé’ 10 ¢) Addition of 30% by vol une
CaO A12(B- glass to a) d) Crystalllne 12CaO 7A1203 is left out and only
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wei ght SrO - 20% by wei ght A1203 - 15% by weight F - 10% by wei ght ZnO and
remai ni ng P205 and Na20 to a). 15 The m xtures are ground in a ball mll

wi th i nerwogsiomtbng balls of silicon nitride with a fill ipeg/drevel4spf 35%
| sopropanol is used as the grinding liquid. Follow ng evaporation of the
sol vent, cylindrical raw conpacts were made with a dianmeter of 10 mm and a
height of 1 mm which were wetted vm'th2 ter. The material was then kept
noi st at 37C for a week 20 prior to neaSurenents of translucence/light
opacity or radiopacity. The neasurenents of opacity were carried out
according to 1 SO 9917 (100% si gnifies opaque and 35%to 90% translucence).
The results are shown in Table 8. Table 8 Sanpl e designation Opacity (%
Caro A 62 B50 C53 D45 E 58 25 WD 03/041662 PCT/ SE02/01481 27 It

i s evident CLAMMSt he results that a translucent and radi opaque product can
be produced and that the |ight opacity decreases if all or a part of the

pi nder phape gl @XAIRNGES hPhinderPhaRde vmgﬁggatlg%ﬁﬁat%%p@t@ﬁasw aci d- base

reacti ons. nts det ailed
but can be vay$temj, vmnphpnwdmd n@@apléla@ﬂwtqaeacewzﬁ?lwmwumw pliquid

PCT/ SE02/ 0 148éacua€ withled Difdek phEsQ\wl BYd@ske AR Elidniitallythonddd deetric plagsial, of whi ch

mainly consi Sptrgfer% lyafor (?entaq purposes characterlzed in that the powdered material has a
composition and/or structure suitable for giving the ceramic material translucence in the

hydrated state.

10 2. Powdered material according to claim 1, characterized in that said binder phase consists

at least mainly of calcium aluminate cement.

3. Powdered material according to claim 1 or 2, characterized in that said composition
and/or structure are suitable for giving the ceramic matenal a translucence
15 corresponding to 35-90%, preferably 40-85% and even more preferably 50-80%

opacity.

4. Powdered material according to any of claims 1 to 3, characterized in that it is present
in the form of a raw compact that has a degree of compaction of 55-67% by volume
20 solid phase, preferably 57-63% by volume solid phase and even more preferably 58-
61% by volume solid phase.

5. Powdered material according to any of claims 1 to 3, characterized in that it is present
in loose powder form or in the form of granules.

25
6. Powdered material according to any of the above claims, characterized in that the
binder phase is optimized for translucence in the ceramic material, preferably in terms
of physical or chemical attributes in the binder phase and/or that the powdered material
is optimized for translucence in the ceramic material, preferably in the form of one or
30 more additives suitable for giving the ceramic material translucence.

7. Powdered material according to any of the above claims, characterized in that the
binder phase of the powdered material is optimized for translucence in the ceramic



system which powdered material has the capacity follow ng saturation with
aliquid 5 reacting with the binder phase to hydrate to a chemcally
bonded cewamsm4reat eri al, preferably for dental purposes, eaarsaor/ersred in
that the powdered material has a conposition and/or structure suitable for
giving the ceramc material translucence in the hydrated state. 10 2.
Powdered material according to claiml,,gharacterized in that said binder
phase consists at least mainly of cal ciumalum nate cenent. 3. Powdered
material according to claiml or 2, characterized in that said conposition
and/or structure are suitable for giving the ceramc material a

transl ucence 15 correspondi ng to 35-90% preferably 40-85% and even nore
preferably 50-80% opacity ) ered terial cordin an f clains
1 to 3, char matesial, P&felﬁh‘yﬂhéﬁmﬁ Pf;’,\"g‘“iﬂe%ss"é ii??r Pﬂ'ﬁdFﬁ}zmagq/mac}‘t"é%% 2orrpact
that has a d?ﬁﬁ&%oﬂf)oﬁﬁéﬁ)iﬁcﬁlé@lﬂd&fphﬁ- 67% by volume 20 solid phase,
preferably 57-63% by vol une solid phase and even nore preferably 58- 61% by
vol une solid phase. 5 Powdered nmaterial according to any of clains to 3,
char act er i g edoivderet atatarial dcsopstingstorslaimi7nchagstesizedinghat ﬂPQ)W%/r\tQ?PSSi ‘ﬁh’ceﬁéﬂ’feor m of
granul es. 25 bﬁxdeP@%@éﬁ@ec{Mo%ﬂeeémtﬁf&%wsm abeorainy tOASTIVEERBOVE cl ai ns,
characterized in that the binder phase is optinized for translucence in
the ceramic material, preferably in terns of physical or chem cal

attri but ess.i Poiwdered imfhrial pdraskngodiam 7 taractdnizep ovtbigtheiparaele size bf the s

optim zed for ahorﬁg a&els 1% e qu{n@%‘?-ergﬁyqégsq{ngrﬂqﬁggbéﬁ thbret he form

of one or trves suit grvin he ceramc materi al
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optim zed for translucence in the ceram c WO 03/041662 PCT/ SE02/ 01481 29
material, preferably in terns of whiteness value and/or particle size
and/ or cholmé’owﬂereéhmmatmcpuhmgioaﬂalmﬁ chagactirizedin thatdbebinder phasadesiely

mat eri al  accpfifgofi T8 Al 0% dnd/SHGIRALELI zed in that the whiteness value in
t he
15 11. Powdered material according to claim 7, characterized in that the binder phase

comprises calcium aluminate in the glass phase.

12. Powdered material according to any of the above claims, characterized in that it
comprises one or more additives that have a refractive index in visible light that
20 deviates by 15% at most, preferably by 10% at most and even more preferably by 5% at
most from the refractive index of the binder phase when the binder phase is hydrated.

13. Powdered material according to claim 12, characterized in that said additive consists of
glass particles, preferably particles of silicate glass.

25
14. Powdered material according to claim 12, characterized in that said additive is also
suitable for giving the ceramic material radiopacity, said additive containing an atom
type with a density above 5 g/cm’, preferably Zr, La, Ta, Zn, Ba and/or Sr, and which
additive is preferably a glass, most preferably a silicate glass, and/or which additive
30 preferably also contains fluoride.

15. Powdered material according to claim 12, characterized in that said additive comprises
a glass phase that has the capacity following saturation with the liquid reacting with the
binder phase to hydrate to a chemically bonded ceramic materal.



5 bi nder phase exceeds 70, preferably exceeds 74 according to ASTM E313. 9.
Powdered nmaterial according to claim?7, characterized in that the particle
size of tweosnmiéerity of particles is | ess than 80 m prefrersiEbyolsgss t han
20 m and even nore preferably less than 15 m but nore than 1 m
preferably nore than 2 mand even 10 nore preferably nore than 3 mor |ess
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to claim?7, characterized in that the binder phase mainly consists of
3Ca0CA1203 and/or CaCA1203. 15 11. Powdered material according to claim?7,
characterized in that the binder phase conprises calciumalumnate in the
gl ass phase. 12. Powdered material according to any of the above clai s,
characterized in that it conprises one or nore additives that have a
refractive index in visible light that 20 deviates by 15% at nost,
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19. Powdered material according to any of the above claims, characterized in that it
contains one or more additives that are suitable for giving the ceramic material
fluorescence, preferably one or more additives that contain ions of rare earths,
preferably ions of Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb and/or Dy, most preferably ions of

20 Eu and/or one or more fluorescent additives that contain fluoride ions.

20. Powdered material according to any of the above claims, characterized in that it
contains one or more additives that give the ceramic material lustre, preferably an
additive that comprises a stratified ceramic material, and/or that the powdered material

25 contains one or more additives that give the ceramic material opal effect in the form of
blue and orange colours.

21. Chemically bonded ceramic material, the binder phase of which mainly consists of a
cement-based system, preferably for dental purposes, characterized in that the material
30 has a composition and/or structure that gives the matenal translucence.

22. Ceramic material according to claim 21, characterized in that said binder phase mainly
consists of calcium aluminate cement.



phase conprises glass iononmer glass, preferably in a content |ess than 25%
by volune, even nore preferably Iess than 15% by volunme and still nore

pr ef er ablwolmsgsisehan 10% by volunme. 10 18. Powder ed nat ercalSEarewsdi ng to
any of the above clains, characterized in that its conposition and/or
structure are also suitable for giving the ceramc material |um nescence
or other optical effects that imtate optical effects of natural tooth,
said |um nescence or optical effects consisting of any effect in the group
that consists of lustre, fluorescence, opal escence, iridescence and opal
effect. 15 19. Powdered material according to any of the above cl ains,
characterized in that it contains one or nore additives that are suitable
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cal cium al um nate cenent. WO 03/041662 PCT/ SE02/ 01481 31 23. Chemically
bonded ceram c material according to any of clainms 21-22, characterized in
that the b?ondearamismpterisl aqopedingatoany af claims/2dr23a charaqtesizedqn bptighasi n t he
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27. Ceramic material according to any of claims 21-26, characterized in that it has a
hardness of at least 50 HV, preferably at least 100 HV and even more preferably 120-
300 HV.

20  28. Ceramic material according to any of claims 21-27, characterized in that it has a
porosity of less than 20%, preferably less than 10% and even more preferably less than
5%.

29. Ceramic material according to any of claims 21-28, characterized in that it has a
25 surface, which surface gives the material translucence, said surface preferably having a
surface fineness, measured as R,, lower than 10 pum, preferably lower than 2 pm and
even more preferably lower than 1 pm, and/or has a surface layer that matches the
refractive index between the material and air.

30 30. Ceramic material according to any of claims 21-29, characterized in that it has a wetting
angle for saliva or water on the material of between 130-160°, preferably 130-150°,
even more preferably 135-145°,



that it contains glass iononmer glass, preferably in the formof a filler
material. 25. Ceramc material according to claim 22, characterized in that
sai d bi ndwo jplase2z has a nol ratio Al203. 3H20 to 3Ca0 Al2@eTHHAINAR1 a

maxi mum of 2:1, preferably less than 10 1:5 and even nore preferably | ess
than 1:10. 26. Ceramic material according to any of clains 21-25,
characterized in that it has translucegge corresponding to 35-90%
preferably 40-85% and even nore preferably 50-80% opacity. 15 27. Ceram c
mat erial according to any of clains 21-26, characterized in that it has a
har dness of at |east 50 HV, preferably at |east 100 HV and even nore
preferably 120- 300 HV. 20 28. Ceram c material according to any of clains

21-27, characterized. in.that..it. has or.fsi of less.than 20%
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Cer ami ¢ mat erdfalhydmatedpoimdgred matarial adcording topn of d@msdR-act eri zed in that it
has a 25 surface, which surface gives the material translucence, said
surface preferably having.a surface fineness, neasured as Re, |ower than
10 m preferably lower than 2 mand even nore preferably lower than 1 m
and/or has a surface |ayer that matches the refractive index between the
material and air. 30 30. Ceramc nmaterial according to any of clains 21-29,
characterized in that it has a wetting angle for saliva or water on the
materi al of between 130-160, preferably 130-150, even nore preferably
135-145. WD 03/041662 PCT/ SE02/01481 32 31. Ceram c material according to
any of clains 21-30, characterized in that it is conposed of a hydrated
powdered naterial according to any of clains 4-20.



