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application, the material is used as inorganic putty.

20 BACKGROUND TO THE INVENTION
The present invention relates to binding agent systems of the cement system type, in
particular the system Ca0-Al;03-(S102)-H;0. This system is used in the construction
industry for exceptionally hard and tough environments, i.e. acid environments with high
mechanical stress (R J Mangabhai, Calcium Aluminate Cements, Conference volume, E &

25 F N-Spon, London, 1990). By applying rupture mechanical attack methods and advanced
powder technology to the system, the generally good profile of features of the base system
can be improved considerably. Studies carried out according to the invention and previous
works (SE 463 493 and 502 987) have produced a result that indicates great potential for
the system for strong and acid-resistant materials such as dental filling materials and other

30 applications. No dental filling material existing today meets all the requirements as regards
biocompatibility, aesthetics and function that may be set by patients and dental service
staff. The situation for various dental filling materials can be summarized as follows:
Amalgam has generally good durability, but has shortcomings as far as biocompatibility
and aesthetics are concerned. Plastic composites have good workability, but shortcomings



and aesthetics are concerned. Plastic conposites have good workability, but
shortcom ngs WO 01/ 76534 PCT/ SE01/00780 2 with regard to erosion and
corrosi owand7dsandl i ng for staff (allergy problens have aprCEeR)1/00798 asti c
conposites shrink on hardening, which gives rise to the risk of cracks
formng and the onset of decay in th2 |long run. & ass iononers have a good
bond with dentine and enanel, but shortcom ngs with regard to corrosion
and strength. Silicate cenent has good 5 conpressive strength and

aest hetics, but suffers fromcorrosion and strength problens. Various
types of inlay have good mechani cal properties, but are |abour-intensive
and require gluing. Below is a description of the requirenents which
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| OngZ_Ot T dlhtal pu oses, can be caused to have enhanced strength characteristics in that a powder
purp

body consisting of one or more hydraulic binding agents and possible ballast material is
compacted at such a high external pressure and so low a temperature that a closely

“ connected raw compact is obtained without sintering reactions on compaction. In this raw
compact, the filling density has increased to at least 1.3 times the initial filling density,

25  which is defined as the filling density which is achieved by shaking, vibration and/or light
packing of the loose powder in a container. The user of the material prepares the same by
saturating the raw compact with a hydrating liquid prior to application of the material or in
situ 1n a cavity, e.g. a tooth cavity.

30 The material produced according to SE 463 493 has indeed proved to satisfy most
requirements that can be set according to the above for dental filling material. However, it
has been found that problems can occur with dimensional changes, especially long-term

expansion, which according to the above can have disastrous consequences in connection



expansi on, which according to the above can have di sastrous consequences in
connection WO 01/76534 PCT/ SE01/00780 3 with dental fillings. There may

al so be avoeguissenent for certain applications for a met hpdr/Sedi/grsaduci ng
the ceramic material w thout raw conpacts having to be used. Follow ng SE
463 493, it has been shown according 30 Swedi sh patent 502 987 that for 5
cenent systens conplete hydration (which may possibly reduce the risk of

di rensi onal changes) can take place if conplete soaki ng and subsequent
conpacting of the cement systemtake place using a specially designed
stopper. However, the nmethod does not prevent dinensional changes which
take place afterwards and which are related to phase transfornations of
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which is desirable especially if the ceramic material is to be used for purposes other than
20  dental ones.

In Yan et al, Characteristics of shrinkage compensation expansive cement containing
prehydrated high alumina cement-based expansive additive, Cement and Concrete
Research, Vol 24, p 267-276 (1990),’ the use of calcium aluminate’s tendency to expand is
25  described. This article and related works on expansive cements describe the possibilities of
making standard cement expand or shrink less using calcium aluminates amongst other
things, but do not touch on the problems of long-term expansion of highly compacted
cement systems and control of the expansion of calcium aluminates at very low levels,
which is a prerequisite for the use of these binding agent systems in applications according
30 to the present invention.

Other immediate works and patents which do not however touch on the principle field of
the present invention are for example SE-B-381 808, EP-A-0 024 056 and EP-A-0 115 058,
DE 5 624 489 and US-A-4 689 080.



t he present invention are for exanple SE-B-381 808, EP-A-0 024 056 and
EP-A-0 115 058, DE 5 624 489 and US-A-4 689 080. WD 01/76534
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invention is to present a method for producing a chemcally bound ceramc
material of the type stated in the preanble, which nethod can be used to
give-a chemcally bound ceramc material that has dinensionally stable

|l ong-term5 properties. The noist powder material nust also satisfy the
requi renents set out above in respect of workability, and be easy to
handl e in connection with application in a cavity, e.g. a tooth cavity.
The ceramc material fornmed should also, for dental or other applications,
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developed primarily for dental purposes, has major application areas as a substrate/casting

20  materal for electronics, micromechanics, optics and in biosensor technology. The
environmental aspects in particular also give the material a large application range for a

further application, to be precise as inorganic filler.

COMPOSITION OF THE POWDER MIXTURE INCLUDING ADDITIVES

25  Apart from good mechanical properties, chemical attributes are important for dental
applications. In a significant aspect of the invention, calcium aluminates, i.e. double oxides
of CaO (calcium oxide) and Al,O3 (aluminium oxide) — here and below termed the CA
system, which reacts with water, forming calcium aluminate hydrates - are used as the main
binding phase. This hydration reaction constitutes the actual setting and hardening process.

30 Conventionally, some type of aggregate (filler particle) is added to the calcium aluminate
cement, principally for economic reasons. According to the invention, the choice of the CA
cement system, combined with another cement system or phase which interacts with the
aluminate cement, or combined with the addition of porous aggregates or soft matenals,



cenment system conbined wth another cenent system or phase which interacts
with the alumnate cenent, or conbined with the addition of porous

aggregat avoor/76&eft materials, WO 01/ 76534 PCT/ SE0O1/ 00780 PET/SE@dwTses a
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than 0.10 % In special cases, the dbnensional change may be close to zero
expansi on. . According to a first enbodi nent of the invention, the CA system
can be used as the only 5 main binding phase or with the addition of

anot her cenent binding phase in anbunts of less than 30 percent by vol une.
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silicon dioxide are used advantageously Since the cal cium al um nate cenent
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the present I nvent dition of, a secondary, phase
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transformations, various pure Ca aluminate hydrates such as 10-phase, 8-phase, other less
defined hydrate phases or transition phases, and finally 6-phase (katoite) can be present,
and in the case of additives containing silicon, Ca-Si aluminate hydrate. 10-phase, 8-phase
and 6-phase refer to calcium aluminate phases with 10, 8 or 6 water of crystallization per
25  unit of formula respectively. Phase transformation of the hydrates can lead to dimensional
changes, especially expansion, which has been shown by long-term evaluation of cement
materials. It has turned out surprisingly to be the case in connection with the present
invention that with the addition of a secondary phase containing silicon, preferably ordinary
so-called Portland cement (OPC cement with Ca-silicates as main phases) and/or fine
30 crystalline silicon dioxide (which constitutes said first, preferred embodiment of the
invention), undesirable phase transformations or changed phase transformation sequences
~ can be avoided in the main, and as a direct consequence of this dimensional changes can be

minimized, especially long-term expansion. How the complicated hydration reactions
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20  act here on the cement phase, without the influence of any hardness-pro?iding filler
particles which may be present. Being able to avoid or minimize the use of hardness-
providing filler particles is also due to the fact that any unreacted cement remaining —
which was previously considered serious from the expansion viewpoint — only has a slight
effect on the expansion. It has been found in connection with the invention that unreacted
25 cement can instead work positively, as an in-situ filler material, which contributes to the

desired hardness of the material.

According to one embodiment of the invention, however, the powder mixture, and thus the
finished ceramic material, can contain ballast material, which does not take part in the

30 chemical reactions between the binding phase and the hydration liquid, but which is present
as a solid phase in the finished ceramic product. According to one aspect of the invention,
the powder mixture can therefore contain up to 50 percent by volume of ballast material.
This ballast material can for example be of the type described in SE 463 493 and SE 502



as a solid phase in the finished ceram c product. According to one aspect
of the invention, the powder m xture can therefore contain up to 50
percent lwovotasse of ballast material. This ballast natepPCBESE@a07d00r
exanpl e be of the type described in SE 463 493 and SE 502 WD 01/ 76534

PCT/ SEO1/ 00780 7 987, i.e. fibres of7netal, carbon, glass or organic
material etc., or continuous crystals, so- called whiskers, of e.g. SiC
Si 3Nd and/ or A1203. According to another enbodi nent of the invention, due
to additions of aggregates (filler 5 particles) of a given geonetry/shape,
porosity and/or softness, the dinensional stability of binding agent
systenms of interest can be nonitored precisely and justified to desired
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aggr egate | gs an. open. oreosells,y of 20-60 % preferably 30-50 % An aggregate
size is CHESEATERR™ fﬁlmally suited to the rupture strength of the
materials, but often |t has a diameter of less than 20 m preferably 5-15
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retentnon o h1g given content of filler part cles, to mcr € contact surface with the
cement phase and distribute this on a smaller propagation area. The expansion whlch

derives from the cement phase 1s taken up primarily by the porous filler particle in that the
cement is given the opportunity to expand inside this. Porous aggregates can consist
advantageously of inert ceramic materials such as aluminium oxide, zirconium oxide,

25  titanium oxide or zinc oxide or another oxide or a combination of oxides. The porosity can
be present as open or closed porosity or in a combination. In the normal case, the porous -
particle or aggregate has an open porosity of 20-60 %, preferably 30-50 %. An aggregate
size is chosen which is optimally suited to the rupture strength of the materials, but often it
has a diameter of less than 20 um, preferably 5-15 um. Small porous aggregates or

30 particles contribute in materials of immediate interest to finer surfaces (lower R.-values)
than solid particles of a corresponding size. The pore openings in the aggregates are
adapted to the penetration capacity of the binding agents. The pore openings are
advantageously less than 5 um, preferably 0.1-5 um and even more preferredly 1-3 pm.



than solid particles of a corresponding size. The pore openings in the
aggregates are adapted to the penetration capacity of the binding agents.
The porevopeniaigs are advantageously less than 5 m prefreBbEy/078-5 p. m
and even nore preferredly 1-3 m WD 01/ 76534 PCT/ SEOL/ 00780 8 Porous
aggregates or particles of the above $ianed oxi des are produced preferably
by sintering fine-grained powder, but not at tenperatures too high for the
aggregates or particles to be kept porous. Al um nium oxide, for exanple,
is suitably sintered at around 1500-1600C. The sintering process is
controlled to the desired dianmeter, porosity and size 5 of pores.
Alternatively, the porous aggregates or particles can be produced by m xing

fine- :Pgl’ougqggé%ﬂgs cﬂg)\ﬁﬂf&ﬁesv&f a%ev@%ﬁ'éd ofidd}-are r%ﬂ&&bd pibfefblyisy nmade to

evapor a are ftorne he naterlg% freeze- Eranulated by
bei ng spintgrog fmcgfﬂlfl@fizw qf,rbuéngtp?éé‘?“éﬂ’er%%@é“{oc}“ foéﬂfeeagﬁ?gf‘t& 8 up inner
st r essegpafidits 6 bOKeplipbRAS] ANFhinithaegas, forexample, kGubiblgsingrahetaeundggr egat es

D P APOER, g RSt is SO AR At Bl ol REER KBy iz Nt O

high in TEEaP TEE5aN content of
thesé fpbiey. Abemativehathe priress dggreghtes oemrm@e%panmupmce«i bpmisipg Spe- by

vol une Blﬁ%)@&ﬂﬂi%t vﬁﬁeaﬂtag&ﬁaé 'Sstardf, %'1&1 1991’a@b'§o SapbRtNoah&poads gl ass
can be din ths cas ous natg gbpaare added to the

cenent #fsdormed |7F1h°c‘H%te‘f‘§ﬁ%1 e"stegﬁaq'b‘p/‘?dn tﬁﬁ‘% WeH5pé " 15 to avoi d being

ground down. I n another special .case, a very soft particle is chosen as an

extra aqghts{)?_?%l cmi t8 Q@lr tt6 %.lkg uff ?lﬂ‘le} &%@Qﬁ}eﬁ%ﬁ%ﬁ rﬁﬂ{ﬁdﬂge@'ﬂ tke modul us

| ower than ari ous yner | astic
bal 18, Mndawplmse aeawgﬁes wgbavmnhegh cloged porpsity gt edsSPii Vhgh E&eak%g. are
\é e ][ y Smlv%nt dfh%;lgnﬁ?&iél @Iresgarhamawlaeé Rigerhdl ekﬂ]?eﬁlsiri]ﬂndﬁkcﬁ fite cofitent difithese | )

ef or mahi. it cor di.n an_aspect t he al so been
f ound t ﬁ‘éﬁhl}l ﬁ%roﬂf H@'ﬁg e%ﬁah"%?tdggfllnf AT ? i?ercemtbé’ e %%:gﬁh%e} eased by
causi ng agém phasest Highdyporoosmmimmespheres of glassecan bhiugad in thip case. @,‘harhﬂghéy ity. This
al so apRor KR hdterslld £89HLLAS lﬁ?ecéeﬁlen{r Jﬂ%{tﬁt@%’fﬂé finfl §t&§‘éf thidffixinhg opération

particlés that are toqg Jarg gn have a te enc e COE§tr|cted in the
2

DT St e Vol bRing arauad RS SRT TSt PP 50 BCEI P hsep an
di r ect | @afra ad\ditios, dhich padtidlécan tats@mttresiestblyéxavmg anfi-modulas lowen thagrtixitned,

finely d:the% Qdiﬁ"g’éké‘%ev%o% v ﬁ%{n@%% i3 gﬁylﬁﬂlﬁr6ﬁu|yfira‘técénfb‘%ﬂ%£&’fx§reused

onobgeneou ure ropagatlon areas for

whi ch v
t he congb’h@ruwmg plpﬁe@st@éls,r@udwewn@ Smﬁeﬁemmﬂﬁ%weé‘to esda theapiddisfor he
phases, fafkereformdsiligy. bet t er

20
According to an aspect of the invention, it has also been found that the dimensional stability
of the material can be increased by causing the constituent components to have a highly
fine granularity. This also applies to strength aspects. The theory in that case is that
particles that are too large have a tendency to lie constricted in the structure, with different

25  accompanying attributes in different directions. According to this aspect of the invention, a
fine-grained, finely divided mixture of binding agent raw materials is therefore used, which
gives a fine homogeneous microstructure. Small propagation areas for the constituent

“phases reduce the inner mechanical stress between the phases, and provide a better

opportunity to compensate for the internal expansion which can take place in the event of

30 changes of phases, such as continued reaction with the surroundings or phase
transformations. The size which can be permitted depends on the level of strength desired,
but the grain size should typically lie with a distribution over 0.5-10 um. The calcium
aluminate 1s caused by grinding to have a grain size in the main of around 2-8 um,
preferably 3-4 um or around 3 um, and OPC cement, if this is used, is caused by grinding



opportunity to conpensate for the internal expansion which can take place
in the event of 30 changes of phases, such as continued reaction with the
surroundiwmgsi/ais3phase transformati ons. The size whi ch canChsE@awnsot t ed
depends on the level of strength desired, but the grain size should
typically lie with a distribution oveg 0.5-10 m The calcium alumnate is
caused by grinding to have a. grain size in the main of around 2-8 m
preferably 3-4 mor around 3 m and OPC cenent, if this is used, is caused
by grinding WO 01/ 76534 PCT/ SE01/00780 9 to have a grain size in the main
of around 4-8 m preferably 5-7 mor around 6 m Fine-grained silicon

di oxide, if such is used, would have an even snmaller grain size, '
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nor i@l | ythigegontext thatractmeadler emeuns ofjliamid negdsde bpdminad. ni xt ure. The liquid can
contain an accel erator here for a higher hardening rate and increased final

strengt sibly a liquid-reducing agent. In particular, if the
powder tﬁ‘@ﬁ@l 8\@5 not contain 25 additives of this kind, they can instead

be used The solid chngimiaht paitseaceardigae dtembovoarsingked well shisatdpinthopresencel t of an
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20  whereupon this non-polar liquid is evaporated from the mixture. A quantity of powder

mixture adjusted to the purpose, containing additives, is then suspended in a quantity of
hydration liquid, normally water, matched to the quantity of powder mixture. The liquid
can contain an accelerator here for a highér hardening rate and increased final strength, and
possibly a liquid-reducing agent. In particular, if the powder mixture does not contain

25  additives of this kind, they can instead be used in the liquid. The accelerator consists
preferably of a salt of an alkali metal, preferably a salt of lithium, e.g. lithium chloride or
lithium carbonate, in a quantity of 0.2-2 g/l and the liquid-reducing agent consists |
preferably of a lignosulfonate and/or citrate, EDTA, hydroxycarboxyl-containing
compounds in a quantity exceeding 0.1 % calculated on the liquid. In the suspension,-all

30 powder grains are brought into close contact with the liquid. The liquid content can be
reduced by up to around 50 % while retaining the same low viscosity when using liquid-
reducing agents (English: superplasticisers).



lithiumcarbonate, in a quantity of 0.2-2 g/i and the |iquid-reducing agent
consists preferably of a |lignosul fonate and/or citrate, EDTA,

hydr oxycavoxydsscont ai ni ng comnpounds in a quantity exceeBCTV§EQ/0D7$0
calculated on the liquid. In the suspension, all 30 powler grains are
brought into close contact with the lioquid. The liquid content can be
reduced by up to around 50 % while retaining the sane | ow viscosity when
using liquid- reducing agents (English: superplasticisers). WD 01/ 76534
PCT/ SE01/ 00780 10 PRELI M NARY DRAI NI NG When t he powder m xture has been
suspended in the liquid, the slurry is transferred to a porous, absorbent
bed for prelimnary draining. The slurry is suitably transferred in this

connect kﬁfﬁlﬁf @&a, as defined for exanple by a

circul ar- c;l/‘ltﬂle%lgrl clyni) wi thout a 5 bottom placed on a hab‘? por ous
sur f ace Wi the powelergixtuse hasrhesr syspendad4n the lpid ibe dpmpisgrnsigrediong of o
por ous (ﬁgf@@‘ébsﬂi%EﬁtrBe@'for ;ﬁelﬂﬁfn@g&lrﬁmt@l Tmiats&myaé suibRarasferrpdinhizr mat eri al

or a porous.woo referr rq s erial. To
i ncr eag SORPRSIQR fcb%{‘rr%‘t?)‘i arFﬁé"s H%?’ledg T HPe8e F y?/ﬁ cﬁmplf%f Elrllr alg gﬁmﬁ%‘ét ®oressed
li ghfl y bagamnplacedn porduprassheae. dhissurBecis rﬁ@fﬂ@d@pﬁfﬁrﬁbb'ﬁﬂ qpesteaifni ng, so
that a prjAB6LYa g&%ﬁi Ytariic rﬁeﬁ@rldl'a%ﬂrgus' Met2UhkEHall DpSobdolfHelitend Jrat eri al .

The initia pre ral nln Is th ecuted referab under urqe

sui t abl } POEOYS VR R ‘P%%Q"i q)pwpgs {cng»ter}% @ﬁéﬂcé%sf i@ee &t used as
a pr essiommesuihhap:edﬁmmg)&e shirdlecanfbetpressad lightly agpinarsh¢ porbhesypfaceoasa pl at e,

Wi ch DOLOMA statlih B predraiif] €5 A1 y?iugw%quws o%@@%setke% iRfcRRsi ng devi ce

of a porous ce orousbagol yner
nat dPi alpotaus mmughmml p@fi@mlw is thiserepites RIpfeadlyundeporesyLe, &

mat eri ala, rwah&fbfwsemhablmw ommérqaoﬂfuslaem Voo 29k paiRsihp eirfdltabdaod
mat eri al r edr,ai,ni n xture

nor mal | y"* dr‘fafga}fl Sg‘érﬁf % hg:?hlffg‘lélpff’é%é’vhé‘fh %‘gg%sosuﬁ%?e léﬁfef%"gﬁ%?meglbgol id

phase, aapeildiofig poassingdevier ofapoyoistaepaniic orateriab alposaus pnetal amederiallzave been
us ed ZQ)ohJusiplaﬁr 33323{&1 8R4 ﬁcfrb@sj wPachﬂ%ﬂgl l’n%sttﬁ?eiiaﬁedfl?‘ﬁ%oﬁﬁls Wgggani c putty,

gn res etc., only step
1 of15t hé"qt‘?ﬁaﬂ’l"é}P‘%P’@@?‘ﬁblﬁF?fé‘%%%fﬁ’eF?]B‘f"“ & hardwogy V‘& gheously used,

the slurry thus being drained on a porous pI ate, preferably w thout
oL oot AR o iy RARLE PRSP ke BBl ot 1o |1
due to tcamppetdessed35-50 percent by volume solid phase dependmg on whether only step 1 or
both step 1 and 2 have been used.
20
If the ceramic material produced is to be used as inorganic putty, e.g. in the car industry as
a filling compound on resprays etc., only step 1 of the initial predraining step just
mentioned is advantageously used, the slurry thus being drained on a porous plate,
preferably without pressure applied. This is particularly favourable in the event that liquid-
25 reducing agents are used, a higher degree of compactness being obtained due to the reduced

quantity of water.

If the ceramic material produced is to be used for other purposes, without being packed
together in a cavity, it is also preferred to use only step 1 of the initial draining or to let the

30 initial draining be executed in the same stép as the subsequent compaction. The whole
manufacturing process is suitably automated in this connection, including suspension,
draining and compaction. ' |



gquantity of water. If the ceramc material produced is to be used for other
pur poses, W thout being packed together in a cavity, it is also preferred
to use omQorst@ps 1 of the initial draining or to |l et the PGDSEmM/ b7l
drai ni ng be executed in the same step as the subsequent conpaction. The
whol e manufacturing process is suitallly automated in this connection,

i ncl udi ng suspensi on, draining and conpaction. WO 01/ 76534 PCT/ SE01/ 00780
11 COWPACTI ON When the slurry is subjected to any initial draining
according to the above, it is conpacted to a final degree of conpactness
of 47-60 percent by volune solid phase, preferably >51 percent by vol une
solid phase, and even nore preferredly >55 percent by volune solid 5 phase.
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Compaction is suitably executed under a pressure of at least 20 MPa, preferably at least 30
20 MPa, even more preferredly at least 50 MPa, and up to 150 MPa.

When the preliminary draining and compaction is executed in one and the same step, the
suspended powder mixture is transferred directly to the limited space, which is placed on
the hard, porous surface in the mechanical pressing tool and drained and compacted by

25  mechanical pressing at the pressure just stated. The final degree of compactness and final
form of the ceramic product can be attained directly in this connection, in one and the same
step. The final form of the product can here consist e.g. of a thin plate, on which electrical
circuits can be arranged in a subsequent step, to produce circuit boards, biosensors or the
like. With this embodiment it is preferable that the powder material and/or liquid contains

30 aliquid-reducing agenf, which means that a beech wood plate is sufficient for draining.
However, it should not be excluded that a ceramic plate, or a plate of another hard, porous
material, can be used in the mechanical pressing tool. A prerequisite here is naturally that

the plate is capable of managing the pressure levels used.



circuits can be arranged in a subsequent step, to produce circuit boards,

bi osensors or the like. Wth this enbodinent it is preferable that the
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pressure | evels used. WO 01/ 76534 PCT/ SE01/ 00780 12 The compacting tool in
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20 porous material can consist of a porous ceramic material, a porous metal material, a porous

polymer material or a porous wood material, most preferredly a porous wood material, e.g.

hardwood material. However, the final compaction step can possibly be executed by way

of introduction using a stopper of the traditional type, e.g. of steel, and by way of

conclusion with a porous compaction device. The final compaction step can be executed

25 by hand, suitably under a pressure of at least 30 MPa, preferably at least 40 MPa. The

strength can be functionally developed as early as 10-60 minutes after final compaction.

When using the ceramic material as inorganic putty, draining/compacting in the pressing
tool is preferably not used. Instead, final compaction and draining suitably take place

30 directly in a cavity, e.g. a dent in a car panel which is to be evened out, the mass obtained
following predraining being applied to the dent. In this connection, the pressing device
suitably consists of a porous tool (spatula type, shaped “ruler” etc). The final degree of
compaction can perhaps be permitted to be lower than for other applications in which
pressing tools are used, e.g. 40-50 percent by volume solid phase. Major environmental
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For purposes in which the material is not to be placed in a cavity, initial predraining 1s

20 preferably used only in the form of self-draining on a porous plate, or in the same step as
final compaction and draining. Liquid-reducing agents are suitably used. The final
compaction and draining take place in a mechanical pressing tool on a porous plate.

POST-TREATMENT .

25  Following compaction, the product is kept in a humid environment, preferably at a relative
humidity >90 % or in water at a raised temperature, up to 90°C, preferably between 30 and
70°C. When compaction is complete, subsequént polishing, e.g. smoothing, of a free
surface of the chemically bound ceramic material formed can be carried out within 1 hour,
for dental applications preferably within 10 minutes, even more preferredly within 3-7

30  minutes of final compaction. For dental material, the grinding is performed using a
conventional dental grinding arrangement. For carrier material for electronic circuits, the
grinding is carried out in a manner suitable for this purpose, so that a good flatness and
surface fineness is achieved. Following polishing, the material is allowed to finish

hardening, preferably in a humid atmosphere or in water at a raised temperature.
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upper surface of the pressing device (the cap), e.g. by pressing with a thumb or hand, the

20  effect of preliminary draining being increased.

Following preliminary draining, the slurry has assumed the form of a cake. The ring 2, the
moist powder cake 5 and the pressing device 4 are then lified from the plate 1 and moved to
another hard, porous plate 6 which is disposed in a pressing tool 7, see Fig. 1b. This

25  second plate 6 preferably consists of a beech wood plate. The pressing tool 7 is shown only
symbolically and comprises a bottom part 8, which provides support for the plate 6, an
upper part 9, which is pressed against the pressing device 4, and possibly a handle 10, at
least if the pressing tool is intended to be operated manually. If the pressing tool is
intended to be operated automatically, pressing suitably takes place hydraulically instead.

30 Compaction of the powder cake 5 takes place in the pressing tool 7 with simultaneous
draining of a surplus of liquid, which is absorbed into the plate 6 and into the pressing
device 4. The pressure used is at least 20 MPa, preferably at least 30 MPa, even more
preferred‘ly at least 50 MPa, and up to 150 MPa, depending on whether compaction takes
place manually or mechanically.
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Description of raw materials: Calciumalumnate of the phases CaO A1203 and
CaO. 2A13038a @i )psng part of e.g. Ca- 20 alum nate cenment (Al coa or LaFarge),

o A0 ) S o ST RS S A S by 0
(3-nol  YerfR&Ppandiomrof Yaryaus $epansicRecomypenpamiiaddieses. pr oduced i n- house from
fine-grained Al oxide (Sum tono, AKP 30)
Description of raw materials:
Calcium aluminate of the phases CaQ.AlL,O3 and Ca0.2Al,03 forming part of e.g. Ca-
20  aluminate cement (Alcoa or LaFarge), standard cement (Cementa), fine-grained silicon
dioxide (Aldrich) and glass spheres (Sil-cell, Stauss GmbH). Al,O3; (Sumitomo, AKP 30),
Z1r02 (3-mol % Y0;) from Toyo Soda. ’
Porous particles, produced in-house from fine-grained Al oxide (Sumitomo, AKP 30)
(aggregate diameter approx. 15 micrometres)
25
The examples under a) — h) describe
a) calcium aluminate’s long-term expansion with completely hydrated aluminate without
additives, but with hardness-providing filler particles (reference)
b) effect of fine granularity of raw cement materials
30 ;:) effect of secondary phase, OPC cement
d) effect of secondary phase, fine-grained Si oxide
e) effect of porous aggregate on b)
f) effect of porous aggregate on c¢)
g) effect of a combination of OPC and fine-grained Si oxide
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Si oxide WD 01/ 76534 PCT/ SE01/00780 16 h) effect of a combination of
various additives i) effect of Si-containing secondary phases on a pure
cenent system w t hout hardness- providing filler particles j) effect of
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Addi fi on of 40 percent by volune al um nium oxide, grinding tinme 24 h. The

cement O@@tﬁutﬂ"aﬁﬂﬁlﬂatgé?"Ca@QAllEO?ﬁfdQL‘mQRQO3,Q’)it}MﬂbIeb@lﬁr fatio 4Pamrox dnt atby vol unme
al um ni um oxi de,.. grindi ng tine

4 h. .The. t. 15 . 80 h
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to the calcrum al"um Ition of 40 percent by vol unme al um ni um
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a) Addition of 40 percent by volume aluminium oxide, grinding time 24 h. The cement
was ground for 20 h beforehand.

b) Addition of 40 percent by volume aluminium oxide, grinding time 24 h. The cement

15 was ground for 80 h beforehand.

c) Addition of 40 percent by volume aluminium oxide, grinding time 24 h. The cement
was ground according to b) above beforehand. 15 percent by volume OPC (ordinary
Portland cement/standard cement) was added to the calcium aluminate.

d) Addition of 40 percent by volume aluminium oxide, grinding time 24 h. A secondary

20 phase in the form of 10 percent by volume fine-grained silicon dioxide was added to
calcium aluminate ground according to b) above.

e) Addition of 20 percent by volume aluminium oxide, grinding time 24 h. The cement
was ground according to b) above. 20 percent by volume of porous aluminium oxide
aggregates(produced in-house) was added only after a grinding time of 20 h.

25 f) Addition of 20 percent by volume aluminium oxide + 20 percent by volume aluminium
oxide as porous particles (aggregates), grinding time 24 h, but the aggregates were only
added after 20 h. The cement was ground according to b) above, but with the addition
of a secondary phase in the form of 15 percent by volume OPC.

g) Addition of 40 percent by volume aluminium oxide, grinding time 24 h. The cement

30 was ground according to b) above. 5 percent by v(olume of OPC and S percent by
volume of fine-grained silicon dioxide were added to the calcium aluminate.

h) Addition of 20 percent by volume aluminium oxide + 20 percent by volume aluminium
oxide as porous particles, grinding time 24 h, but the aggregates were only added after
20 h, however. A secondary phase in the form of 5 percent by volume of OPC and 5
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st opper stapper 1?%1??Waﬂlaﬂie@éf%f¢hn@in 4 conaihér tﬁatq;@ﬂmwﬂfeamaherwtfm tt Ied
e | nsl ons 1 n no Crosc.o nateril al s
S GRS el ions R RS o cqnsa (R PP S PR R AT BBt o

cont i nuoess Imeasiypernentd,8chictayere performed continuously up to 180 days.

The results are reported in the table below.

Sample ' Expansion in % after

description 1d 2d 80d 120d 180d

a 0 0.12 0.68 0.82 0.83

b 0 0.22 041 0.48 0.48

(¢ o . 0.11 0.23 0.26 0.26

d 0 0.12 0.13 0.13 0.13
| o | 015 fo1s  foar  Joar
f- all values under 0.10 %

20  Error margin for measurements +-0.02 %

It is evident from the results that expansion stagnates after approx. 100 days. For the very
dimensionally stable materials (expansion under 0.15 % including error margins) no clear
point in time for stagnation can be deduced. It is also evident that
25 e Only an increased grinding time (b) in relation to reference (a) almost halves long term
expansion.



The results are reported in the table bel ow Sanple Expansion in % after
description Id 2d 80d 120d 180d a 0 0.12 0.68 0.82 0.83 b 0 0.22 0.41
0.48 0.48001/@564 11 0.23 0.26 0.26 d 0 0.12 0.13 0.13 0. RGT/SEO10B®LS 0. 18
0.21 0.21 f-j all values under 0.10 % 20 Error nmargin for neasurenents
+-0.02 %1t is evident fromthe resuligs that expansi on stagnates after
approx. 100 days. For the very dinensionally stable materials (expansion
under 0.15 % including error nmargins) no clear point in time for
stagnation can be deduced. It is also evident that 25 Only an increased
grinding tinme (b) inrelation to reference (a) al nost halves long-term
expansi on. WO 01/ 76534 PCT/ SE01/00780 18 Wen a secondary . phase in the

formof ,GP enne}j?e:[c? ndary’ %lgﬂlégr}%q{h% rﬂ{ofjél’ @érﬁ&ﬂtmp uantf cé?llt §p added

(c), a furt ermexpa o) I eved -
i n. rel ati oryotumg igplso agdgsfc), erfm&w pHRg bﬁivxing of lgngfierm ?X@G'Eﬁi‘éfdlslﬁ'yhlé"%qecondar y
phase in th@rglgfdptggb)fl ne- 5 grained silicon dioxide in a quantity of 10

t b I d | at
o by o HeSgtae vaverion SaRe SuhEL bag gra L ahte TP AT Bk ae i n &
quanti ty ofgréfledrslicendiokiyte incd quastifyeyf.10 pEmentabm@um@W)expanm on was achi eved
when usi,ng IBBFog)éﬁ g}%ﬂ&éegaoﬁé-t@rﬂpe@aﬁs‘?&?ﬂpr@faﬁon gﬂ%?% N agx?ﬁv&‘@{ifﬁﬂé In

conbi nati on | ow e panst on was eve ({/] usi ng a
secondary [PREQHS aggregaiesof@bmingsmaxrde haiayantsL of 2 neEg by Ylume §oxi de, in
conbi natel orExtreE%tyrleweekysadsmu Wwasizhievedwhers uediperoedpatticles il xgcpntanys

particles, eo é/meanagoqan}‘latbot h OPC cenent and fine-grained silicon
di oxi de and ST spherdst 'hation. 15 Extremel y | ow expansi on was

achilévea f cﬁxtltemlydavv@xpmW@wffh@md/\whﬁbuﬁmmamné@%y phase of both OPC

cement and fine-grained silicon dioxide, in combination.

e Extremely low expansion was achieved when using porous particles, a secondary
phase of both OPC cement and fine-grained silicon dioxide and glass spheres in
combination.

15 e Extremely lowexpansion was achieved for the pure cement system without hardness-
providing filler particles when using only a low content of Si-containing additives.

e Extremely low expansion was achieved for the Ca-aluminate system with low
quantities (10 percent by volume) of hardness-providing filler particles, using only Si-

containing additives for expansion compensation.

20
The materials which have extremely low expansion (<0.10 %) have, apart from the
expansion properties, a general feature profile which matches the corresponding cement
system without additives. These materials have a compressive strength of 170-200 MPa,
hardness of H (Vickers 100g) = 110-130 and an extremely high acid resistance.

25

The invention is not restricted to the embodiments described, but can be varied within the
scope of the claims. When using the invention as a carrier material for electronic circuits,
as a carrier material in micromechanical applications, as a carrier material for biosensors or
as a carrier material for optical fibres for producing circuit boards, biosensors or the like, it

30 is also conceivable that the product does not need to include expansion-compensating
additives, which however falls outside the scope of the present invention.



providing filler particles when using only a | ow content of Si-containing
additives. Extrenely | ow expansion was achieved for the Ca-alum nate

syst em wiwdol/o834 quantities (10 percent by vol une) of harBaEsseymoss di ng
filler particles, using. only Si- containing additives for expansion
conpensation. 20 The materials whichlRave extrenely | ow expansion (<0.10 %
have, apart fromthe expansion properties, a general feature profile which
mat ches the correspondi ng cement system w thout additives. These naterials
have a conpressive strength of 170-200 MPa, hardness of H (Vickers 100g) =
110-130 and an extrenely high acid resistance. 25 The invention is not
restricted to the enbodi nents described, but can be varied within the

scope ofctAifc! ai ms. When using the invention as a carrier material for

el ect ronl c.clircuits, ,as a carri mat eri al g{)orrechary L{
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mat eri al f eetwaleh abaldidg piaes of e op hodeipowdpred bioding aperds atsl a lijwd mastorss or t he

like, it 30 {hsthgsesh?n&iggggégésaghﬁar&#féﬁ‘ﬁﬁﬁl EE&Q‘Hang?Q@%SxMB dobipgl ncl ude

expansi on- conpensat i owever e th scope of
t he Presentuspendesd llﬂo’nld ligoidsy thesdlpomder gems arorgeeht jugo cﬁ%PW‘%E Wikt hod f or

produci ng %amﬁm qalér%pfealﬂmslwmm BbtaRlee iy c&hmb&’sé’rﬂﬁﬂﬁle(ﬂfaﬁrﬁﬁﬁfﬁﬁn bet ween
a bi ndi ng phase or no ﬁ ar. ed Dbi n?d g% anq1 ay %ﬁn%%g
reacting W® Strﬁ%cé‘é‘g ‘ﬁbe“bod}é 1400 15 CYURANS #8’“8 '"8\/\15%1"1 Eontaining said
bi ndi ng phameertaélsrnjjloﬁzedmbaddeby leactmhﬂttwtve@}wad hgmdmgahasalahd fgewder grains
are br OUthreﬂaélg{?xﬁg@QﬁP c‘floarilaa&li] e MWstdd irh 1t J)ﬂ%%'rﬁore‘é@ﬁd’n@iéﬂ%n{ﬂ@ﬁsa%hg”y thus

obtained is e majority f surplus reacting liquidis
rendPed, afdditiyes adapied OBivRIPE H\jtelf‘?h%ﬂ“ea?‘ai"ﬂ rféabl%]é’f’glt"émtﬂ@perﬂﬁst’ g‘re al is

al | owed t o nhigédirito £iyd perddr] privrhebdbirmednsaitidn bhthdissgspensiee imthe lighad. r emai ni ng
liquid, char acter i sedinthat one or nore

expansi on- cor’rEensatl ng 10 additives, adapted to give the materi al
di mensi @nalMsthed agsioeding tecelaiay nchvaoipee t ¢ Biss e drin thakiheannatenial i substantimdlider |

prior to orfreletﬁogpmgﬁgsg_@;bmlggﬁn&spa&mens| on in the liquid. 2. Mthod
accaording to claiml, c acterisedinthat the material is

subdfanti al | y free from hardness providing filler particles. 15
3. Method according to claim 1,characterised in that the material is made to

contain up to 50 percent by volume ballast material, which is mixed in in said binding
phase, prior to or in connection with its suspension in the liquid.

20 4. Method according to any of the preceding claims,characterised inthatsaid
binding phase consists at least substantially of calcium aluminate cement.

5. Method according to any of the above claims,characterised in that said
additives consist of one or more additives in the group which consists of porous
25 particles or porous aggregates, soft particles which have an E-modulus which is lower
than the E-modulus of the binding phase, and a secondary phase, which secondary
phase reacts with the binding phase.

6. Method according toclaim S, characterised inthatsaid additives consist at
30 least substantially of a secondary phase, said secondary phase preferably consisting of
OPC cement and/or fine crystalline silicon dioxide and/or another Si-containing phase,
preferably in a total quantity of 1-20 percent by volume and even more preferredly 1-

10 percent by volume in the raw compact.



3. Method according toclaiml, char act erisedinthat the material
is made to contain up to 50 percent by volune ballast nmaterial, which is
m xed i nw@oraise4 bi ndi ng phase, prior to or in connecti OPCWSEN/G0TS
suspension in the liquid. 20 4. Method according to any of the preceding
clains, char acter i s edin2hat said binding phase consists at

| east substantially of calciumalumnate cenent. 5. Method according to any
of the above clains, c har acter i sedinthat said additives
consi st of one or nore additives in the group which consists of porous 25
particles or porous aggregates, soft particles which have an E-nodul us
which is |lower than the E-nodulus of the binding phase, and a secondary
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phase pr ef efliabh dioxidsin atquagtitp bf 1-OpErceatigntolamed/ or fine crystalline silicon
di oxi de and/ or anot her Si-containing phase, preferably in a total quantity

of 1-20 percent by volune and even nore preferredl |- .10 percent by vol une
in the BawMeheheecordis B11FB534 hACH JEmYS00Y 80 azeﬁ@ad%wﬁ&en%@ér ding to
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addi tives %@%'a% tﬁé ork%?éﬁmgsqmﬁea&%abé/ygg%ga&@rbeﬁag 138 §Hahd @8, or porous

aggregates whi ch SIS east a §P%Ia y of oxides of A, Zr, Ti,
18§ or PZ’rferaPleé)s]e' pb'i“é?‘éir“é’ﬁpy“’ﬁ%%e%é" Ydi-AHBter of 2-30 m even nore
preferredly 5-15 m an open porosity of 20-60 % preferably 30- 50 % and
the porg o i i N t4 ches m 10
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preferably nﬁre pr according to
claim5, cshbspantially gonsiss of p¢ross Rardclps “thle&ltposatrs@paat&msmov@gt aleapleast
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volume.

20  10. Method according to any of the preceding claims,characterised in thatsaid
binding agents rhostly have a grain size of 2-8 um, preferably 3-4 um, which is
preferably achieved by grinding.

- 11. Method according to any of the preceding claims, characteri sed in that the
25 powder mixture and/or the liquid is made to contain an accelerator for accelerated
reaction between said binding agents and the liquid, preferably a salt of an alkali metal,
in a quantity of 0.2-2 g/l in the liquid and/or 0.1-0.5 per mil by volume, preferably 0.2-
~ 0.3 per mil by volume in the powder mixture, calculated on the solid content.

30 12. Method according to any of the preceding claims,characterised in that the
powder mixture or liquid is made to contain a liquid-reducing agent, preferably a
lignosulfonate, citrate, hydroxycarboxyl-containing agent and/or EDTA, in a quantity
exceeding 0.1 %, preferably 0.1-0.5 % if the agent is used in the liquid.



vol une. 20 10. Method according to any of the preceding clainms, ¢ har ac
t eri sedinthat said binding agents nostly have a grain size of 2-8
m prefemvabby7a33# m which is preferably achi eved by gripdi/epor/odiso Met hod
according to any of the preceding clains, c har act er i s edinthat
the 25 powder mixture and/or the lidlid is nade to contain an accel erator
for -accel erated reaction between said binding agents and the |iquid,
preferably a salt of an alkali netal, in a quantity of 0.2-2 g/1 in the
liquid and/or 0.1-0.5 per m | by volume, preferably 0.2- 0.3 per m| by
volune in the powder m xture, calculated on the solid content. 30 12.

Met hod according to any of the preceding clains, c har act er i s edin

that thes fmﬂ%bl adgb?ﬂ[idgt% aaY ofgﬁ%&edﬁgmﬂﬂs lcth £O0¢ 0 i e Hiigdhaitheeduci ng
agent, prefera nosu onate, Gitrate t ai ni ng
agent and/ BFC‘E[‘)‘T%Y%W“‘B &Fﬁ‘ﬁf‘ﬁ@on abard RaTaYs %‘@X‘%ﬁp& &?ra%&%ur%%; 0.5 % f
t he agent iwhidhsietbrimedbla ﬂormulodrammm&tlibﬁﬁdrwmeﬁmmv8030r<21;§ 13. Met hod
accordi ng kgwmymgtenta{n]?rna?oqgwg% rﬁlcnghﬂsmo& et@nédl?a‘bo?ou@ céraimcs e din that

the preli IS _executed on _ a hard, porous surface 1
pref &rably naitemi/ fagdurryh¢ing plased wraAelimitpd spa56(&1 OEéP'grﬂ%O%é?aé?ff | S0

porous met glat BReRdIF a suﬁ;lﬁ@éﬁhs liquia liyaBe6rbed irgo tied podsusangterial (k). wood’
material, most preferredly a porous ceramic 5 nmaterial, the slurry being
placed in a delimted space 22 3) on said porous material, so that
essent i d¥l )Mcah@djanguhngﬁo aniot tequéagding clairosrcdearr 2 at o1t he dpdthaishemt eri al

(1) 14. Ql?cflﬁih@gs QoY ufderphRsRE 97618 £praisife of 10MBal @ C t e T
sedin t e prelimnary draining i's executed under pressure,

preflgrably“é?xﬁ’f“é‘gsure of 10 MPa 10 maxi num 15. Method according to claim
13, char acteri sedinthat the prelimnary draining consists of

sel f -dr gis n'M&hgd"Q&:ﬁf(%%&) dlﬂ&e{f@% ' ec.stséJtrl% eQL it hﬁt ﬁlg?ﬁlﬁfmngr? d#ininyEt hod

according t 'ng clalnms s e din that
said corrp&etlﬁiliiﬁof?Plféi(@@mgeﬂn%&hfdﬁh%%tlpy%s‘ﬂ@@f@}eéﬂ}}@ in a pressing tool
(7) which conprises at |east one, preferably at |east two, surfaces (4, 6)

forraa ab MahedeofPagle anfal iy tatints Tt o2 £h e BF S S0 iSRG, 0105,
absor bed saingadtends exsontedsnenhnmicall), prsfessbly s Qfesmng:@nhm whm? of a porous
ceram c matcﬁfn'pﬁkes aR 1A SNdSpraRet Ay SRR twd! surBicBOfa0FadiAh Y8R Ast the moist
powder mixture, which surface/surfaces is/are formed of a hard, porous material, into
which a surplus of the liquid is absorbed, said hard, porous material preferably
20 consisting of a porous ceramic material, a porous metal material, a porous polymer

material or a porous wood material, most preferredly a porous wood material.

17. Method according to claim 16,characterised in that said compaction is
executed under a pressure of at least 20 MPa, preferably at least 30 MPa, even more
25 preferredly at least SO0 MPa, and up to 150 MPa.

18. Method according to any of the preceding claims,characterised in thatsad
compaction, as a final compaction step, involves a quantity of the moist powder
mixture being applied to a cavity, final compaction and the removal of any surplus

30 liquid being performed in situ by means of a compaction device, the component of
which acting against the moist powder mixture consists of a porous material, into
which any surplus liquid is absorbed, at the same time as the moist powder mixture is
compacted further in the cavity.



material or a porous wood material, nost preferredly a porous wood
material. 17. Method according to claim1l6, c har acter i sedin

t hat sai aveonpasii on is executed under a pressure of at PeBsSE0120790Pa,
preferably at |east 30 MPa, even nore 25 preferredly at |east 50 MPa, and
up to 150 MPa. 18. Method according 28 any of the preceding clains, ¢ h ar
act er i s edinthat said conpaction, as a final conpaction step,

i nvolves a quantity of the noist powder mxture being applied to a cavity,
final conpaction and the renoval of any surplus 30 liquid being perforned
in situ by means of a conpaction device, the conponent of which acting
agai nst the noi st powder m xture consists of a porous material, into which
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final conpaction step is executed under a pressure of at |east 30 MPa,
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at least 3 ré‘f@&bly@tfﬁﬂstmmw le@éreibRPryfeatdly aplsist 5D NMPa amdidp tipl 300MP20 MPa,
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a porous pgbﬁ’dnﬁ@'&eﬁﬁ*@&héhaloﬁP@roﬁ?nﬂ%‘l HHL&rMPQ‘éomilfs%Bl er nidRsHal GrLferredly a
porous wood mat er t he preceding cl ai s,

c hlQ r a @otous wood “%at"é’a& ‘P?FtPFFg?“etd eapcgg ‘é{%?qaﬁ‘%teflgl executed to a degree
of conpactness of 40-60 percent by volune solid phase, preferably 47-60
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solid phase an percent by vo une SO|I hase or
to a degr e@ompa@mﬁpaexwé@ét@ﬁ dagree of grarnagimessf 40irasceabby Yolymeselidiependi ng
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22. t hod accglrdl ngi g of the rr(li gé B voqm olﬁl;ﬁm&ee roi

e dPn t haty VOB 108d Phask (?IVF%WioﬁgprS ly 722 pEisepLvalyme eni caIIy
bound cer amr to ad¢gres aflcomipactress of $0éR@ercenthy wl@fles@l!ﬂ phagt denendmg oMour , even

mor e pref engedlyicMdnttrdh 3¢ 4 ch%@dtl?ﬁourﬁrt@rdméﬁna%rﬁi firhedl y within 3- 7
m nutes of sald conpaction being conpleted

22. Method according to any of the preceding claims,characterised in that
20 subsequent polishing of a free surface of the chemically bound ceramic material
formed is executed, preferably within an hour, even more preferredly within 3-10

minutes, and most preferredly within 3-7 minutes of said compaction being completed.

23. Chemically bound ceramic material produced according to any of the preceding
25 claims.

24. Chemically bound ceramic material according to claim 23,characterised in
that it consists of a dental material, preferably a dental filling materal.

30 25. Chemically bound ceramic material according to claim 23,characterised inthat

it consists of a carrier material for electronic circuits.

- 26. Chemically bound ceramic material according to claim 23,characterised in
that it consists of a carrier material for micromechanical applications.



23. Chemically bound ceram c material produced according to any of the
preceding 25 clains. 24. Chemcally bound ceram c material according to
claim23weoh7&34 act er i sedin that it consists pET/SEddantsl
material, preferably a dental filling material. 30 25. Chem cally bound
ceramic material according toclaim23 c har acter i sedinthat
it consists of a carrier material for electronic circuits. 26. Chemcally
bound ceramic material according toclaim23, char acteri sedin
that it consists of a carrier material for mcronechanical applications. WO
01/ 76534 PCT/ SEO1/ 00780 23 27. Chem cally bound cerami c material according
toclaim23, char acteri sedin that it consists of a carrier
mat er i aly7f @hekii QNGBS Beeraiic nidierd! aaddrding eielainc2, arhi r vt eri s¢ dascording to
claim23, ¢c h.ar .a cft e.r i s. dg.n 5rthat it consists of a carrier
material (MALYSPPSIHEP %W'?&Pat?ﬁlégf%rs.losfﬁso Theni cal |y bound ceramic nateri al
according toclaim23, char acteri sedin that it consists of a

mat eri alog Ghefifiitl BUIRARR hABrial hectling (NGBEE loh bpEde e agiin material

according to claif aracteri s § g in that it consists of a
putty pref dhaipicpnsigts ofl%éafﬁgr‘BatFi“fll(E‘i’ld?rPlf%é?ﬁE?a Bfige repairs. 31.
Chem cal |y bound ceram c material according to claim23, char acter
i s e djn~that dqt consist: - : e@ ihiller in
the bui 121 el 3’99“%‘ﬁ%%?%eﬂ‘i@a‘,ﬁﬁ&ff%%‘e’g??e'%‘g‘*‘?%’%’&s*{ Plabibrived

that it consists of a material for castmg/?ephcatxon.

10 30. Chemically bound ceramic material according to claim23,characterised in

that it consists of a putty preferably for use as a filler in panel damage repairs.

31. Chemically bound ceramic material according to claim 23,characterised in
that it consists of a putty preferably for use as a filler in the building industry and the
15 engineering industry. -



