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application, the material is used as morgamc putty.

20 BACKGROUND TO THE INVENTION
The present invention relates to binding agent systems of the cement system type, in
particular the system CaO-Al03~(Si02)-Hz0. 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 ac_b)anced
powder technology to the system, the generally good profile of features of the base system
can be improved cohsidexably. Studies camried 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 patlents and dental service
staff The situation for various dental filling materials can be summanzed 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
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. Amal'gam has general |y good durability, but has shortcomings as far as

bi oconpatihilit and aesthetics are concerned. Plastic conposites have
good wor ka¥Q ‘?1('2}{534but shortcomi ngs 11111111 111J1 MJI MJI ML1111lCir/SBolAo7s0
*@00002* WO 01/ 76534 PCT/ SE01/00780 2 with regard to erosion and corr.osion
and handling for staff (allergy problens have arisen). Plastic conposites
shrink on hardening, which gives rise to the risk of cracks form ng and
the onset of decay in the long run. G ass iononmers 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 aestheti cs,
but suffers fromcorrosion and strength problens. Various types of I nl ay
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raw corrpacf‘ V\? (PG AR PGy W F‘Fﬁ} S"Esﬂ'%bﬁ?qﬂéhmeb&&mﬂtmerl al or

in situinacavity, e.g. a tooth cavity.
In SE 463 493 it has been descnbed bhow a chemically bound ceramxc mateml, fore.g.

20 - dental purposes, can be caused to have enhanced strength characteristics in that a powder
body consisting of one or more hydraulic bmdmg agents and possible ballast material is
compacted at such a high external pressure and so low a tempemture that a closely

'connected raw compact is obtained without smtermg reactions on compaction. In thls raw
compact, the filling densxty has increased to at least 1.3 times the initial filling densxty,

25  which is defined as the filling densxty 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 hydratmg liquid prior to apphcauon of the material or in
situ in a cavity, e.g. a tooth cavity.

30  The material produced according to SE 463 493 has indeed proved to satxsfy 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, especmlly long-term
expansion, which according to the above can have d_lsastrous consequences in connection



.30 The material produced according to SE 463 493 has indeed proved to
satisfy nost requirenents that. can be set according to the above for
dental fil WMhei/dd%rial. However, it has been found that prrai/sEes/ 060
occur w th dinensional changes, especially long-term expansion, which
according to the above can have di sastr®us consequences in connection WD
01/ 76534 PCT/ SE01/00780 3 with dental fillings. There may al so be a

requi renent for certain applications for a method of producing the ceramc
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20 dental ones.

In Yan et al, Charactenistics 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 presentinvention. |

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.



.which is a prerequisite for the use of these binding agent systens in
applications according 30 to the present invention. OQher imedi ate works
and pat ent sy Vﬁ&udo not however touch on the principle field of the
present inventionare for exanple SE-B-3 81 808, EP-A-0 024 Osa/smed/o&fRe A- O
115 058, DE 5 624 489 and US-A-4 689 080. WO 01/76534 PCT/ SECL/ 00780 4
DI SCLOSURE OF THE | NVENTI ON One obj ect of the present inventionis to
present a nmethod for producing . a chemcally bound ceramc material of the
type stated in the preanble, which nmethod can be used to give a chemcally
bound ceram c material that has dinensionally stable |long-term5
properties. The noist powder material nust also satisfy the requirenents
set out above in respect of workability, and be easy to handle in

connect i OIDISICLIOSTRE OFIHENNVENTION i ty, e.g. a tooth cavity. The ceramic

material formed shoul d al so, for dental or other applications, have high
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aspects in particular also give the material a large application range for
a further application, to be precise as inorganic filler. COVWGOSI TI ON OF
THE POVDERDI IXFEIREVadactumingGoADDInvEMiEs Bthepesthod acardiage amehani cal

propert ies, chemcal attributes are inportant for dental applications. In

a signfi ?‘g e%ﬁ%lle()f t hf i nvention, calciumalunmnates, i.e. double
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hydrat es on afleH®3d TRE bhemIRHDS for the products are also very favourable from the
environmental and biclogical point of view. This means that this invention, which has been
developed primarily for dental purposes, has niajor application areas as a substrate/éasting
20  matenial for electronics, micromechanics, optics and in biosensor technology. The

environmental aspects in particular also give the material a large application range fora
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,05 (aluminium oxide) — here and below termed the CA
system, which reacts with water, forming calcium aluminate hydrates - are used as the main

“ binding phase. Thi; hydration reaction constitutes the actual setting and hardening process.

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 materials,



. binding phase. This hydration reaction constitutes the actual setting and
har deni ng process. 30 Conventionally, sonme type of aggregate (filler

particle) iwoagusdsto the cal ciumalum nate cenent, princip@%bg%k%hmo
econonm ¢ reasons. According to the invention, the choice of e ce
system conbined with another cenment system or phase which interacts with
the alum nate cenent, or conbined with the addition of porous aggregates
or soft materials, WD 01/76534 PCT/ SEOL/ 00780 5 produces a di nensi ona
change which is less than approx. 0.30 %linearly, often less than 0.10 %
I n special cases, the dinensional change nay be close to zero expansion. -
According to a first enbodi nent of the invention, the CA system can be used

as the onl mai n bi ndi g phase 0 th the addltlon of anot her cenent
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alum nate, when it begins to dissolve on the addition of water, forns a gel
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copect | uaRANSR WSl s oRach LMoY ot i A i
connedq i oarvatallizes angd ffgmas bydrate phases. Due to continued hydration reactions and hydrate
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 coﬁsequence of this dimensional changes can be
minimized, especially long-term expansion. How the complicated hydration reactions



invention that with the addition of a secondary phase containing silicon,
preferably ordinary so-called Portland cenent (OPC cenent with

Ca-sil i cat eWOaW/M¢834n phases) and/or fine 30 crystalline sili gar/sE@dos
(which constitutes said first, preferred enbodi nent of the invention),
undesi rabl e phase transformati ons or chapged phase transformati on sequences
can be avoided in the main, and as a direct consequence of this dinensional
changes can be mnimzed, especially |ong-term expansion. How the
conplicated hydration reactions WO 01/ 76534 PCT/ SE01/ 00780 6 come about in
detail is not entirely explained. Wth the addition of material containing
Si, the hydration reactions are. nodified, |leading to dinensionally stable
materials. Surprisingl. it has, been.found.that the itive effectsjust
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20  act here on the cement phase, without the influence of any hardness-providing 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
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cement phase and distribute this on a smaller propagation area. The expansion which
derives from the cement phase is taken up pﬁmaﬁly 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
k]

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 -
p-a.rticle or aggregate has an open porosity of 20-60 %, preferably 30-50 %. An aggregate
size 1s chosen which is optimally suited to the rupture strength of the materials, but oftén it

N has a diameter of less than 20 um, preferably 5-15 pm. Small porous aggregates or

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 openingﬁ are
advantageously less than 5 pum, preferably 0.1-5 pm and even more preferredly 1-3 pm.
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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 pm. The calcium
aluminate is caused by grinding to have a grain size in the main of around 2-8 ;.Lm
preferably 3-4 pm or around 3 um, and OPC cement, if this is used, 1s caused by grinding
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a quantitmENfi}@Natlon liquid, normally water, nmatched to the quantity of

powder mmgrs@hdag}gu{deqp %ﬁ?&d&%%eaan accel ea%e(h o teau; for a higher

hardening rate and increased final® Stren aamge mfhepfesence
a hon-po a’ and/or hydrophobic liquid, e.g. petroleum ether, acetone or isopropanol,

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 hlgher hardening rate and increased final stren gth, and
possibly a liquid-reduging 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 chlonde or
lithium carbonate, in a quantity of 0.2-2 g/l and the 11qu1d-reduc1ng agent consists
preferably of a lignosulfonate and/or citrate, EDTA, hydroxycarboxyl- comammg
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).

20
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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  1nitial draining be executed in the same stép as the subsequent compaction. The whole
manufacturing process is suitably automated in this connectlon, including suspension,
draining and compaction.
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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 connectibn, 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 agent, 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.
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circuits can be arranged in a subsequentlxtep, to produce circuit boards,

bi osensors or the like. Wth this enbodinent it is preferable that the
powder material and/or liquid contains 30 a |iquid-reducing agent, which
means that a beech wood plate is sufficient for draining. However, it
shoul d not be excluded that a ceramic plate, or a plate of another hard,
porous material, can be used in the nechanical pressing tool. A
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IN A CAVITY Conpaction in the pressing tool can alternatively be conpleted
with the preconpacted cake of noist powder material being broken into
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execut,gd br}/ way . . oy .
orous'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 fu{xctionally developed as early as 10-60 minutes after final compaction.
Whep psing 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 2 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



~of itntroduction using a stopper of the traditional type, e.g. of steel, and
by way of conclusion with a porous conpaction device. The final conpaction
step can beWB@6fidéd 25 by hand, suitably under a pressure g¢irrkgash 30
MPa, preferably at | east 40 MPa. The strength can be functionally

devel oped as early as 10-60 m nutes aftqmn final conpaction. Wen using the
ceramc material as inorganic putty, draining/conpacting in the pressing
tool is preferably not used. Instead, final conpaction 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 follow ng predraining being
applied to the dent. In this connection, the pressing device. suitably
consi sts of, a orou t ool %égatula t shaped ruIer etc). The final
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Fol | owi ng F9r eupasesiimavhicththe shaterra) iste banssd ahe phiy, iniial Iﬁ'édramwﬁ, rerBx*aBB' can

be 1ol usGOmm od o offk RAiighty EOL K Bl A0yl B €21 Dol

preferably ’3%/ ans gldp pressing device

por ous, aB e Hefso e aﬂ@‘éﬁ&f“ﬂﬁc&%‘y pellowingpserraininzs the sburey 3ssuries thedomoses
in whitéh tofia meas, evhich cansberib'taltg/@ob@aqnbcaaﬁdldtaﬁneﬂ ifia\catiyy, eigha Bémlin E’Eﬁq{aﬁbll[" ng
is 20 preh&eabhb f - draini us pl ate,
or in theq)%ge gﬁr%ﬂs%k%ﬁsﬁn&ﬁg\gé I on asrlll é‘ &R °¥gpa'i§’i“&-a&’é €fhg
agent s ar é°% R Bdgpedrifuler| eta) conpaction and draining take pl ace in
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For purposes in which the material is not to be placed in a cavity, initial predraining is
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 sultably used. The final

compaction and draining take place in a mechamcal pressing tool on 4 porous plate.

POST-TREATMENT

25  Following compaction, the product is kept in a humid environment, ﬁreferably 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 polishiné, 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 munutes, even more preferredly within 3-7

30 minutes of final compaction. For dental matenial, 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.



. POST- TREATMENT 25 Fol | owi ng conpaction, the product is kept in a humd
enV|ronnenkK)R{%;§[ably at arelative humdity >90 %or in water at a

rai sed tenperature, up to 90C, preferably between 30 and 70BCTAIR@I100780
conpaction is conplete, subsequent polishing, e.g. snoothing, of a free
surface of the chemically bound ceraniclfmterial formed can be carried out
within 1 hour, for dental applications preferably within 10 m nutes, even
nore prefer redly Wi thi-n 3-7 30 m nutes of final conpaction. For dent al
material, the grinding is performed using a conventional dental grinding
arrangenment. For carrier material for electronic circuits, the grinding is
carried out in a manner suitable for this purpose, so that a good fl atness
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hand, the | m nar
y 10 MPa maximum, is applied to the

e.g. in the form of a cap A light pressure, preferab

upper surface of the pressing device (the cap), e.g. by pressing Wlth 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 lifted 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. Ifthe pressing tool 1S
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.



. Foll'owing prelimnary draining, the slurry has assumed the form.of a cake.
The ring 2, the noist powder cake 5 and the pressing device 4 are then
lifted from‘Yﬂ@l/EﬁJé’te | and noved to another hard, porous pllaéﬁsﬁlmsgh i's
di sposed in a pressing tool 7, see Fig. Ib. This 25 second plate 6
preferably consists of a beech wood plate The pressing tool 7 is shown
only synbolically and conprises 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
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packed into a cavit ground or polished according to the previous
description, following which it only needs to lie and harden, suitably in a
hum d envigmmEs EXAMPLES 15 A series of experinents was performed.to
study ffect on expansion, in particular |Iong- term expansion, of

vari ot2 eﬁéﬂﬁscﬂﬁ CERSRFAHSAV ISR Eapd toytady the st tmni expandion, amparetelal Rhg-

Cal ci um altemm pgpansiof, dﬂven@rsa@@angapc&qagg,gaﬁﬁlga@@egﬂ 203 form ng part of
e.g. Ca- 20 alum nate cenent (Al coa or LaFarge), standard cenment (Cenenta),

fine- gral%ad silicon :
escription of raw materials:

Calcium aluminate of the phases Ca0. AlLOs and Ca0.2AbO; 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). ALO; (Sumltomo AKP 30),
Zr02 (3-mol % Y20s) 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 c) 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



. dioxide (A drich) and gl ass spheres (Sil-cell, Stauss GrbH). A1203

(Sum t ono, b3y, 2r02 (3-nol % Y2GB) from Toyo Soda. Porous particles,

produced i n-house *rom fine-grained Al oxide (Sumtono, AKP BOY/SEQHOifBe&gat e
di anet er approx. 15 mcronetres) 25 The exanpl es under a) h) describe a)
cal cium alum nate's | ong- tern1expan5|onMtr1conpletely hydrated al um nat e
w thout additives, but with hardness-providing filler particles
(reference) b) effect of fine granularity of raw cement materials 30 c)
effect of secondary phase, OPC cenment 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 conbination of OPC and fine-grained

Si oxi de MO eﬂdc?ﬁﬁﬁdorﬂﬁﬁémmzwadm&a) effect of a conbination of
nt ai ni ng seconda phases

' d ect of n
coment syt ehi Proo ATk sfen sy Gt ) 1 ProE el DrERL g Bhrdiets o
har dness- promodtdwgﬁlildflpemcmrt icles on i) 5 Calciumalumnates, CaO A1203
and Ca0 241 20fect W idforfes BHR B AL 0108 oRpprox. 1.t are mi xed wi th

fllleg particles and secondary a I ves quantltles specified are in
relation to the quantity of calciumalumnate) as stated below. Wen
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bef or and Cl) tion of 40 péercent ume a m oxXi grl ndi ng
time SRSt was gr ound accordlng to b) above beforehand. 15
percent by volune OPC (ordinary

a) Addition of 40 percent by volume aluminium oxxde grinding time 24 h. The cement
was ground for 20 h beforehand.

b) Addition of 40 percent by volume aluminium oxide, grnding time 24 h. The cement
15 was ground for 80 h beforehand. I

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 addmon
of a secondary phase in the form of 15 percent by volume OPC.

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

30 was ground according to b) above. 5 percent by \;olume of OPC and 5 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



. Portland cenent/standard cenment) was added to the cal ciumalum nate. d)
Addi tion of 40 percent by volune alum niumoxide, grinding tine 24 h. A
secondary 20 phase in the formof 10 percent by volune fine-grained
silicon dioxide was added to cal cium alum nate ground according to b)
above. e) AWdit/7om of 20 percent by vol une al um ni um oxi depcgsEn@bmng ti ne
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oxi de + 20 percent by volune al um nium oxide as porous particles
(aggregates), grinding tine 24 h, but the aggregates were only added after
20 h. The cenent was ground according to b) above, but with the addition
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test measurements, which were 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 10.41 0.48 0.48

c 0 . 0.11 0.23 0.26 0.26

d 0 0.12 0.13 0.13 0.13
L o | o015 lois oz foz

- all values under0.10% ]

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 Onlyanincreased grinding time (b) in relation to reference (a) almost halves long-term
expansion. '



. Stopper into holes with a dianmeter of 4 mMmin a container that permtted
measurenment of 15 the dinensions in an optical mcroscope. The nmaterials
were kept woidt76z4 37C bet ween test nmeasurenents, which wergepefdiRnfgd
continuously up to 180 days. The results are reported in the table bel ow
Sanpl e Expansion in % after descriptiomgld 2d 80d 120d 180d a 0 0.12 0.68
0.82 0.83 b 00.22 0.41 0.48 0.48 ¢ 0 0.11-0.23 0.26 0.26 d 0 0.12 0.13

0.13 0.13 e --- - 00.150.18 0.21 0.21 -------- =-=-------mm-mnnn -
---------------------------------- f-j all values under 0.10 % 20 Error
margin for neasurenents +-0.02 %It is evident fromthe results that
expansi on stagnat es after approx. 100 days. For the very dinensionally

st abl e rrater nsi ogn under 0.15 % i ncluding error nmargi ns) no clear
point in%i BPSE‘iO&éﬁ%’tHbGFF'E e fumpf ARG Fement ing qypaty of il d@atcenthit 25

Only an incredege ighlsdstideg (&) ARt} virfhal RhlRingQF 14rp-tefh BkSIERN(8 hcbvaast
hal ves | ong- ternh?§%<qp@23| on. WD 01/76534 PCT/SEOL/ 00780 18 When a
e

secondary. plﬁas formof OPC cenent in a quantity of 15 percent by
vol une i s alkenggdedxpaisionas futheherdused byalsetidudyrphase inlthe fprincofifinex pansi on

s achi eved grhi'ﬁe&‘é‘hx%hﬁfbxid%iﬁg)qpa?&tﬁ VHSIREEBADSLAR dp further reduced by

a secondary hase 1nt orm o rain dioxide in a
quantity of Hproerddasduced) long-temn epgynsion erieéﬁP@G t¢ fto dualeeipcHieneg-usaem

expansi on Irpdrehsaztgg@égatd@ of Blumirfiuf &adesh Mﬂmtyafprer@é}{tws«omgé&gat es of
al um ni urg oxde 1 n A guant it 19%({] gnt b vol une gxt rerrel | ow
expansi on was achi ev vﬁewgﬂoﬁé"aﬁézlb% 4 B’éf’f g PELUSR eéée AdeF3rdalhase
of OPC cenerthaseo£QREicamentin combinaBonr enel y | ow expan5| on was achi eved when
usi ngoa Secopafniel RS ExfahsiBR Was SBlGev&E WRBLE vah Q a5k dgrryqihg?éiofsd deh 69E

di oxi de, in conbina
cement ancI hne-gramed silicon dioxide, in combination.

* 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 iow.expansion was achieved for the pure cement system without hardness-
providing filler particles when using only a low content of Si-containing additives. -

* Extremely low expansion was achieved for the Ca-aluminate system with low
qumtiﬁes (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 isalso conceivable that the product does not need to include expansion- compensatmg
additives, which however falls outside the scope of the present invention.



. Extrenely | ow expansion was achi eved when using porous partialleyp @se
secondary ng@ﬁ%S f both OPC cenent and fine-grained silicon dioxide and
gl ass spheres in corrbl nation. 15 Extrenely | ow expansi on wdTAdG1/68780 f or
the pure cenent system w t hout har dness41 providing filler particles when
using only a |l ow content of Si-contai niid g additives. Extrenely |ow
expansi on was achi eved for the Ca-al um nate systemwith low quantities (10
percent by volunme) of hardness-providing filler particles, using. only Si-
cont ai ning additives for expansi on conpensation. 20 The material s which
have extrenmely | ow expansion (<0.10 % have, apart fromthe expansion
properties, a general feature profile which matches the correspondi ng
cenment s@EABMSW t hout additives. These materials have a conpressive

strength pof [ ickers = 110- 130 and an

extrenel yphl&%alé@?gr %@‘fcé?g%gg&gggllﬁﬁﬂm%nc\%dﬁ?w jt?réaq}?&meta%? FREOH to the

enbodi nent s bf’éyem pligding phazesof ape oy morepbwdertd binting agentopead ofiqiiti eeazting s

When usi ng thﬂhtm@%uﬁ@ @, &ea%h%r offy%wfé} &nidifiln %&‘Fﬁxﬁ%};&)hc' rb%gr{gtef a2
|

a carrier material i @ He ﬁ l'ications’ as a
for bi’osensotéPHee é’ésaé Apisethatat! o Ffﬁmé’fﬁbfewhtﬂnﬁﬁé@efcgnmm\m@m ng

circuit boarthsJighidosbersopen the stuis thikebtainkd &fﬁmxﬁe&ﬂs&ﬂla@ﬁlﬁq'ﬁ%gﬁplo?tﬂehat the
product doesq I nS|on commensatin ves, ~which
however falls ?@&s g&%@ﬁkg} lgqedl@?s rlégl%v%i( d1s cogépé'a.ﬁ{éﬁ a8 1ﬁi glndmlf’E@Y Wegte

01/ 76534 PCTPaeralipatigred todia emhyseacpon wbt»md sfidrbipdiog phisegna tieheni cal | y

bound Cel’amxemaﬁh@’hq?\hdtbm Q?@@Qe(?fis'é%aﬁxtﬂl%netzﬁwggéﬁangloﬂdé ese%\tsr)lgngr ngne

or e po red b| di n ents an ui.d reactin

agegﬁg a qugrﬁietllt tﬁ%\‘lﬁd&?"’ W%ﬂar%“g%ﬁ‘@‘%ﬁa’l bigylopaderm preperges are

suspended | rianad@htblsqdlpdwsler tphiat toadrlin pawietiogvith IS sasenbiod Yo Me lighi® c! ose

contact with the liquid, whereupon the slurry thus obtained is drained so
surplus reacting liquid is renoved, and is

t hat thec#m{}&[e of t he
conpact e thgd prepafing toyclaim g, ¢ bareics etrhes e drin that the materl Ims@sltahmllyar den
by reaction fxetfirere hardaéss-paovidingdilRbpsficRad the renmaining liquid, ¢ har a
ct gsri sedinthat one or nore expansi on-conpensating
3. Method according toclaim I,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 in thatsaid
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 to claim 5, characterised in thatsaid additives consist at
30 least subsmntxally 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 prefnrredly 1-
10 percent by volume in the raw compact.

b



, 10 additives, adapted to give the material dinensionally stabl e dangsder m
properties, are mxed into said powder, prior to or in connection with its
suspensi onWmortsss4 i qui d. 2. Method according to claim1, ¢ BcBskorhoSsd © '
i s edinthat the mterial is substantially free from hardness-providing
filler particles. 15 3. Method accordig to claim11, characterised in that
the material is made to contain up to 50 percent by vol unme bal | ast
material, which is mxed 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, char acter i sedinthat-said binding
phase consists at | east subst antially of calciumalumnate cenent. 5.

Met hod acgor 0 ve cl ai ns, h r c t ri sedin
that sar a7 oM AReS RS Aata 9 e Foh bt &l foet seoonBriphass whi ch
consi sts of ponstsofP@aemenlies qoantiipodUS myepm hgtvelumsaid/orfietdradtalinghi ch
have an E-no mgul us of the binding phase,
and a secondg%&?ﬁﬁgg@n\/\hﬁc%&Qgég}lég’?&&gﬁ%g‘é reacts with the binding
phase. 6. Method according to claim5, c har act er i s edin that said

addi t isvesg CONRkifdd a%&ox%%% RaHimSU B hlaantd @é tys €U & ﬁa%‘albdﬁi'a}h%?@é&st%@' d
secondary phgeﬁe gref er consi st.i OPC cenent and/

crystalline bientielyio BorgHﬂP‘Eﬁ’cggB’E PIPUSREEERUES. Which Gomaiskat least of er abl y
in a total ossbstantialtyodf dhei@R qﬁeAﬂdZarnTx B SnadrUre tieasd peeferablyiaginghaafigheReby 1-

10 t by b7062
PCTIIOEIrES(la/n007%(:5*5(:“?8rg"?exll ﬁ)é’t’ﬁgﬁg acc rd| %B}n{ a}r'o?é(ﬁ)ﬁﬂﬁﬁx ﬁ% 8 /?ZI pégi?raglyﬁq s e
d in that sar®*saedthgmofe ppeniegs ip themasticley agmt@sebmm 1esmthan@mmtl ty of 1-5

per cert by vplefsiEblR0d/® i dndveR Wivk@prefatRdlsi 13 gan dioxide in a quantity of
-5 percent by volune. 5 8. Method according to claim7, char act er

i s edin that said additives consist at |east substantl ally of porous
parti cl es®or Mstraduscomjirsatam, 5, whiate consi s¢ dain themsaid addithet atlehal |y of

oxi des of Al gyiffantidil co%smt %&Blész&ghél&e%ﬁa{ él%hgg%c{l?\ébr? stabfjei%%mst er of

2-30 pm even rmre re erre en p %
pref erably 3#bsEptally %frm"’[?féh?f&? yﬂba@mh@bw PQIﬁéltspavim*cmmeiwgglreegeﬂt es’

bei nd3 ess t paferdblpof glask Middiaee apbiosiy whithisRcasdh S/%) prabIPeeiant gflky 1-3
pm and are present in quantities of less than 2 percent by volume of the raw compact,

preferably 0.1-2 percent by volume and even more preferredly 0.5-1.5 percent by
volume.

20  10. Method according to any of the preceding claims,characterised in that said

binding agents mostly have a grain size of 2-8 pum, prefexably 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 agerit, 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. |



. 9. Method according to claim5, char acteri sedinthapys@ise
addi tives Obﬁ substantially consi st of porous particles, which porous
particles consist at |east substantially of m crospheres w PGT/SE/NS0

cl osed porosity, which mcrospheres are 15 preferably of glass and have a
porosity which exceeds 50 % preferabl yZIexceeds 80 % and are present in
quantities of less than 2 percent by volune of the raw conpact, preferably
0.1-2 percent by volune, and even nore preferredly 0.5-1.5 percent by

vol ume. 20 10. Method according to any of the preceding clains, c har ac
t eri sedinthat said binding agents nostly have a grain size of 2-8
pm preferably 3-4 pm which is preferably achieved by grinding. 11.

Met hod actdr Methpdiagcendyngth anhef hepeaddimg dhiaisye b aa ac e fi s & if et fHese d in

that the 25,RAWEST Blatd fquid i to.contain an
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Met hod® accor AFHG2Y easﬁ‘im'o eipg,Rlapsddn afislignitgdspage (% 3homsaid porous material, sg e d
in that the thpossdentiaity x surpbusosf the liid id bsartekd ihe 166 BbAKE mAtdriafit)d- r educi ng
agent, preferably a |ignosulfonate, citrate, hydroxycarboxyl -containing

agent and{{?)er;géﬁ, in.a cluantit exceeding 0.1 % preferably 0.1-0.5 %if
t he agent%s acpordig tp jagy pEfthe precydingicbEms\th 8 T2 2634 iRET SEMkt 780 21

13. Method aprelimitiaRgdiatmifnis exbodtbPuitied pRALRG, ﬁxle?ejnmiyagr%sﬂ bfofmba & M 1 S
e d ifythat " prelimnpary draining i s executed-on argl, porous surface

(1), prefera ymnall1 surface which is forned by a porous ceramic material, a
porous netal material, a porous polynmer material or a porous wood

terial, I : 16 o5 gaterial , the. sl .bei
] AP L T B

placed in a deIJmteéfspa_ :
essenti al | y ¥ S§PAfsel-graiping yndgythe inherensguessure dftheslume por ous mat eri al

(1). 14. Method according to any of the preceding clains, c har act er

i s i t LLmn drai ni ng,i.s executed under, pressure,
pr ef glrflbl {/B aﬂ%{rhggg g‘rzo_erm(;)]g t%[g)‘ )ﬁﬁg%e Ef?cﬁ%)r(lg &P afaLhSd 158@0?‘6‘*’#@“&% claim

13, char act efoTPagtien i exgeytpdymechaniqalip) prefenahly irda piessingtool (7) which
comprises at least one, preferably at least two, surfaces (4, 6) acting against 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
consisting of 2 porous ceramic material, a porous metal material, a porous polymer
materal or a porous wood material, most preferredly a porous wood material.

20

17. Method according to claim 16,characterised in that said compaction is

executed under a pressure of at least 20 Wa, preferably at least 30 MPa, even more
25 preferredly at least 50 MPa, and up to 150 MPa.

18. Method according to any of the preceding claims, characterised in that said
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
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 1s
compacted further in the cavity.

30



. consists of self-draining, under the inherent pressure of thepshwuywse 15
16. Method according to any of the preceding clains, c har acter i s
e d in thaWs@i/®s3conpaction i s executed nechanically, prefeﬁ??kﬁob@w@;
pressing tool (7) which conprises at |east one, preferably at leas Wo,
surfaces (4, 6) acting against the noi st powder m xture, which -
surface/surfaces is/are fornmed of a hard, porous material, into which a
surplus of the liquid is absorbed, said hard, porous material preferably 20
consisting of a porous ceramc material, a porous netal material, a porous
polymer material or a porous wood material, nost preferredly a porous wood
material. 17. Method according to claim1l6, c har act erise din that

sai d cor‘rplebct' i,Ss execyted.under.a pressure of. at |eas 0 ‘MPa, .
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i nvol ves uantity of the noist powder mxture being applied to a cavity,
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| east 30 MPROTPRAeEMIS MAteHal, sperpusimerbamaternl, apsronsdddymer mategatay aany of

clai 18 1- 17 potous Wodd Materikl, thost preferRdl; 4 Porbli@tvos@kdltedz2i Ni ng and 5
conpaction is performed in one and the sane step, under a pressure of at
| east 20 MPa, preferably at |east 30 MPa, even.nore preferredly at |east.

50 MPa ard- dyfethed agerdimg to awnofthe arateling oidfims, dins da cpeIuS g Gak 8le (6) ,
into which g BlistSis Qkeddtfiich S rd 149 &K al ni ng/ conpact i.on,
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vol une sol i d@eapplication area for the chemically bound ceramic material formed.

S
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22. Method acdording 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, ch a ré cterised in
that it consists of a dental material, preferably a dental filling material.

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

1t consists of a carrier material for electronic circuits.

26. Chemically bound ceramic material accordingto claim23,characterised in
that it consists of a carrier material for micromechanical applications.



. phase, preferably 47-60 percent by volune solid phase, nore gg@{@m@@ll y >51
percent 15 by volune solid phase and even nore preferredly > percent by

vol une soIYde‘bWééfé or to a degree of conpactness of 40-50 pera®di nd¥%

vol une solid phase depending on the application area for the chemcally
bound ceranic material formed. 22. MetB8d according to any of the preceding
claims, char acteri sedinthat 20 subsequent polishing of a

free surface of the chemcally bound ceranmic material formed is executed,
preferably within an hour, even nore preferredly within 3-10 m nutes, and
nost preferredly within 3-7 m nutes of said conpaction being conpleted. 23.
Chem cal |y bound ceram c material produced according to any of the

precedi NnR7. ADhdthidallEboudd cefhfOhfatdrlay a OISl GEIAN £3 B £F 4 9# e2f£0uding to

cl aim 23, Cttﬂtai [ a.&tf er.i s e.asl in. that it consists of a dental
material, profer SWSHELldSATEr Maferial fg DIRSERIOtl . 30 25. Chenical |y bound
ceramc material ~according to claim23, character i s e din that it
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mat eri al acdbatdi eegsist of h materd forcaktimp/replicatioh. e r i s e d in 5 that it
consists of a carrier material (holder) for optical fibres. 29. Chemcally
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15 engineering industry. -



