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present a¥f P¥%f3n relates to a method for producing a ch%‘?rT@EﬂlI/‘W@ound
ceramic material by means of reaction between a binding phase of one or
nore powder ed binding agents and a Ilth d reacting wth these binding
agents, a quantity of powder conprising said binding phas nded
in said, liquid so that all powder grains are brought int mmmmmmmmm act
with the liquid) follow ng which the suspension thus obtai ned.ksgedr ai ned so
that the majority of the surplus reacting liquid is renoved and as a

possi bl e extra sub-step is finally drained, before the nmaterial is

per mi t t e PO SR PRODIFEING ATCHEMIEANL YBOUND'CERAMICPRODBUCT, 2eND

remai ni nﬁ&b@%ﬁf The invention also relates to the chem cally bound _
ceramc whi ch i s obtai ned on execution of the nethod) and which is
preferably used as 15 dental filling naterial or as a carrier materi al
(substrate) and casting material for producing replicas of electronic
circuits, for exanﬁl e‘ and as a substrate material/casting material in the
fiel o5 ofE s and bi osensors and as a holder for optical fibres.
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St udi es car out "accor previous wor 463
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goo l'1ty) but "has shortcom ngs as far

foll ows am has ge era
as bi oco?'ﬁﬁj't%la 1}, the matfre é%‘ésceﬁéﬁ NEANEPEBcer ned. Pl astic conposites have
good wor kabi lity) but shortcom ngs WO 01/76534 2.20 SEP 2004

PCT/ FO01RQ( mﬁ\ﬂ) H&Q&i ANOD and corrosion and handling for staff
s haveé arrtsen

(all'ergy_proble astlc conposi tes shrink on hardening,
whi ch gi Thepresens inventipmrelatestodindingiegent systamsf theeementsystanetypsf indecay i n

the | ong d’.rHBulalQ18§§stérﬁ) CROEARONESI0,)HMAY OThib Syiteniisiuied 8th RBnstRsttieRaTE! , but
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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
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5 conpressive strength and aesthetics) but suffers fromcorrosion and
"strength problems. Various types of inlay have good mechani ;%%?%E gwgtl es,

but are | a}j@pdrigkdsensi ve and require gluing. Below is a des § t he
requirenents which shoul d generally be set for a new) 10 practica ent al
filling material; good handling abilityowith easy applicability |n a
cavity, noul ding which permts good nodellability, hardening/solidification
which is sufficiently fast for filling work and serviceable directly
following the visit to the dentist. Furthernore) high strength and
corrosion resistance exceeding that of existing filling materials are

requi red, good bioconpatibility, good aesthetics and safe handling for
staff without all erg 15 inducing or toxic additives in the materials. In
addi t i on, WithaesardtoerpsiphandeorErsian angdihapdling for stalalleseyt rroblemshave augen).
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initial f||||ng density) -25 which is defined as the filling density which
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of conpactness, for acc Ie streng pr o uce

spite of %Wéfaﬂ‘&%thet’?\‘éﬁmmﬁb%\bl@a@meh%d priget® application of thesmaterial ortme

degr ee of siapiEevitgeg. Wa¥oth@havie t 0o high if the noist powder material is
to be applied .in the cavity, since this inpairs nouldability. The nethod
of manufacture can al so be devel oped further, in particular nmade sinpler
and a3 onihemamblpmmedmerdummeSBﬂﬂM%/ﬁusahdeed pievedrtalshtisfempsci al |y i f
the cerandau{fBinghts Mat ban Bé’séfﬁcéb?&qﬁft@ﬂfl%wgﬁgﬁeﬂ&h@ﬁm% Aeriad ﬂg Q4 fnes-
In Yan et al ar acteristics ensa expaiisi've “cehent
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alum nate's tendency to expand is 25 described. This article and related
wor ks on expansi ve cenents describe the possibilities of nmaking standard
cenent expand or shrink |ess using cal cium alum nates anongst other things,
but do not touch on the problens of |ong-term expansion of highly conpacted
cenent systens and control of the expansion of calciumalum nates at very
|l ow I evel s, which is a prerequisite for the use of these binding agent
systens in applications according 30 to the present invention. O her

i medi ate works and patents .which do not however touch on the principle

f| eI d of the present invention are for exanple SE-B-381 808, EP-A-0 024 056
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DE 5 624 489 and US-A-4 689 080. WD 01/ 76534 4 DI SCLOSURE CE 'EllaE
* | NVENTI ON 20 SEP 2004 PCT/ SE01/ 00780 ' One obj ect of the pres% tS§ wﬁtion
is to prewend/@sywet hod for producing a chemcally bound cRCGHSEILGNT88ri al of
the type stated in the preanble) which nethod can be used to give a

chem cally bound ceram c material that3 has dinensionally stable |Iong-team5
properties. The noist powder material nust also satisfy the requirenents
set out above in respect of workability, and be easy to handle in
connection with application in a cavity, e.g. a tooth cavity. The ceramc
material formed should also, for dental or other applications, have high
strength) and satisfy the demands that are nmade on such materials according
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the inventiopn, 't CA _SV.St emqc ¢ Rbidi phase or
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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.



10 changes. The CA cenent should be present in dental applications as the
main phase in the ' binding phase, as the CA phase contri but e;&g EI%
~strength and acid resistance. It has proved to be the case th ﬁ
theories r&Y3PY74¥3* reasons for di nensional changes whi ch wePSTRRO1DEBOAr d
in connection with Swedi sh patent 502 987) i.e. inconplete 15 hydration, do
not appear to give a full explanation off the reasons behind the problenms
with regard to dinensional stability. The background to the present
invention is rather the idea" that the dinensional changes are linked to
phase transformati ons of hydrates. The statenent, which is not to be seen
as restrictive for the invention, neans that cal cium alum nate) when it
begins to dissolve on the addition of water, fornms a gel which then 20

crystal |l i pISCBOSURR OF THE DNVENTI@Nes. Due to continued hydration reactions
and hydrate transformations) various pure Ca al ymi nate hydrates such as

10 phase. CeishiE of by Atoseiberiion f12 eyt spe Do Rudto e & el phases)
and fi nal bpuid geramic niatetialiaf e typerstited pr the raambde; ovhiich mbthod zsebetisedddi t i ves
cont ai Ni NG %ial dhefi; PR ' . - 10 -Fg}%st_ nd 6-phase
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shown by r. | yati.on of. cenent jmterdals. . lt has.turned out
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first 10pr EFef%as WhlaRhaving seqd tepeatabilityand Srps suiehle for being aytomated to a

t r ansf or mhighdeeel dor celtaingpglipdtimas t r ansf or mati on sequences can be avoided in
the main, and as a direct consequence of this dimensional changes can bhe

m ni m zed, especially |ong-term expansion. How the conplicated hydration
react i ons Thisigachipved@gaordimate tirsmzantoniytherethodarendmgte chiralt i n det ai |

is not entirely explained. Wth the addition of material containing Si, the
hydr at L on ,reachions are. d i. fied, leading ta dinensiqpally staple
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in this specification. as al so turned out surprisingly that
conventional filler particles providing hardness) e.g. 15 in the form of

hard A120€QMPOSETION OF BB PONDER MIETURE ENCLUDINGEADBIEIVES , or t hat
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20 act he?’éswdﬁﬁfm)ép&eéﬁ% r’fY‘ﬂbWﬁn@’é °W‘?&&5?‘“HP§“’?‘WP? dEatessrargpged as the main

har dness- pindinighage. fTHis bydrptior readtiom cohstititesthe abmiapyestirytind harlenthgarbeest.o

avoi d3@r sl e | f LOi ng. fidd articles is also due
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on the ex &Nt @ t f i i 1 : i i t hat
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unreacted _25.cenent can inst.ea rk pqgs)tiy

mat eri al ) al\%m"&ﬁe EERTT Y ‘??ﬁd‘f’mﬂlﬁéﬁ}t@& of 2pteive ageregateer sefimaaterals,
Accordi ng to one enbodi rent of the invention, however, the powder m xture,
and thus the finished ceramic material, can contain ballast material, which
does not take part in the 30 chem cal reactions between the binding phase
and the hydration liquid) but which is present as a solid phase in the
finished ceram c product. .According to one aspect of the invention the
powder mi xture can therefore contain up to 50 percent by vol une of ball ast
material. This ballast material can for exanple be of the type described in
SE 463 493 and SE 502




20 SEP 2004 WO 01/76534 7 PCT/ SEO1/00780 987, i.e. fibres of %eéeg ar bon,
‘glass or anlc material etc.) or continuous crystals, socak wﬂ kers,
of e. &%% (634 and/or Al zO3. According to another embo RGRSE1HPT0he
inventlon) due to additions of aggregates (filler particles) of a given
geonet ry/ shape, porosity and/or soft ness, the di mensi onal stability of

bi ndi ng agent systens of interest can be nonitored precisely and justified
to desired levels) often to I'ow levels or to no dinensional change at all.
The situation for the cenment system CaO-Al zGs-(Si Oz) - H20, whi ch can be used
to advantage as a base material for dental filling material, is described
In greater detail below, but the invention relates generally to 10 ceramc
bi Ind| ng agmﬂtxcessashmaﬁs(i?mll \lnliungb whictels $dso thah approki 0.80 ¥ firteacly) dftendéss thin i

sel ecting g | L C ns accordi ng
to the prasdr “HbEeicarss e dhRblsicar fansEmak 3P o REAR sRVER" Ra"hl i ng
condi tions betmeen t he bi ndi ng phase and aggregates can be i nfluenced
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" suspended jn the liquid, the slurry is transferred to a porous, absorbent
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circular-cylindrical wall, without a 5bottom placed on a hard) porous
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or a porous wood material, nost preferredly a porous ceramic material. To
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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.



consisting of a porous ceramc material, a porous netal material, a porous
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sum up, for dental purposes initial predraining is used in two steps) i.e.
sel f draining on a porous plate and und®r |ight pressure. The prelimnarily
dewat ered slurry is conpacted and then drained further in a mechani cal
pressing tool with absorbent plate/plates, whereupon the cake obtained is
broken into pieces and finally conpacted in a tooth cavity. The very | ast
conpaction can be carried out here using a conpacting device with an 10
absorbent pressing surface. For purposes in which the material is to be

used as atghivey grdifisize &l themesdi of Stbovd 4-8 ok, Qrerbably)s-PaRCbrardundiguhihe form of
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manner> sul taBneF Biet ¢ pnalies smoyatof ligyid geeds tp nefat ness and surface
fineness is achieved. Follow ng polishing, the material is allowed to
fini sh haggspERSIoNreferably in a hum d atnosphere or in water at a raised
temperature. .. WO O1l/7653: 14 BRI EF SCRI PTI ON OF DRAW NGS 20 SEP 2004
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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 higher 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 citrgte, 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).
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particles (reference) b) effect of finélgranularity of raw cenent nmaterials
30 c) effect of secondary phase, OPC cenent 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 20 SEP 2004 WO 011 76534 16 PCT/ SE01/00780 h) effect of a

conbi nation of various additives i) effect of Si-containing secondary
phases onCOMBRAGTIRNENt system w t hout hardness providing filler particles
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a?} Addi t i weighted 40erags wdids f@b’cdrl;@llti)tu]?ﬁ p?hhwi\d mogfﬁaﬁﬁé%rﬂ@p tale qc]ﬂieﬁﬂ ohé,f’fﬁlo%b h.
volune. 2 IREHh CSRihatiln @ i pekEnd bl et dian HhehercilurBE OO0y o 80
h beforehand. c) Addition of 40 percent by vol une al um ni um oxi de, grinding
time 24" he kBEfoF HEIMmYRS, HE eiElHaraGfiRdriial afl @oRthinBROUE sIARE Gk AR in 45
per ¢ elrbt ' b%eéﬁ%h&:rg?pr%i%é 20 éorgx?prr}ging at least one, preferably at least two, surfaces acting
' against the moist powder mixture. This or these surfaces are formed by a hard porous

material, into which a surplus of the liquid is sucked, said hard, porous material preferably

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. One of the surfaces

15  can be formed in this context by the same pressing tool that was used in preliminary
draining. The opposing surface is preferably formed by one side of a plate of hardwood,
preferably beech wood. -

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 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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| dExpansi g, d fimg ggth%onqgns? powc{er mixture is compacted further in the cavity. The hard,

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 stéel, 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 ﬁxpctionally 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 ina 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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sultably also used in this connection. Following predraining, the slurry assumes the form
15  ofamass, which can be finally compacted and drained in a cavity, e.g. a dent in a car panel,
preferably by means of a pressing device which suitably consists of a porous, absorbent
. tool (spatula type, shaped “ruler” etc.).

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 suitably used. The final

compaction and draining take place in a mechanical pressing tool ond 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, subsequent pohshmg, e.g. smoothing, ofa 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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conpact . anothergard, porogs p&t@ﬁ whigdos dmsesl-jo 2/pdS3@Q tool 7, see Fig. 1b. Thls :

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 toél 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
preferredly at least 50 MPa, and up to 150 MPa, depending on whether compaction takes
place manually or mechanically.
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accel at ed ‘rieacgl on Wed igl bi,ndi ng agents agéj ‘ﬁ ﬂg 1;l)referably
2 sal 10 of PAKdSE P'P&Pa der gake paekediptor vty iHgroung er palis aqcptﬂj tand/ or
0.1-0.5 pthe me\homdeampm foblowires wiich itthnly feeds trclie anidl halbdeny silitably ina t he
powder m KfmicEdnvirdhmbha@@t ed on the solid content. 30 12. Method according to
any of the preceding clains, char actar i sadinthat the powder

m xture or liquid is made to contain a |iquid-reducing agent) preferably a
| i gnosul f BKAMPLES trate, hydroxycarboxyl -contai ni ng agent and/or EDTA, in a

quantjdy .1-0.5.9% i f the agent in the
I|qU|idSt W%ﬁé%g% yg;é%f? Siogéygﬁﬁgfﬁﬁﬁ i@'&h@mﬁm&&g@%' ing to
any of t htenprexpansiongofvegionsyxpansion-compensatingadditives. e d in that the
prelimnary draining is executed on a hard, porous surface {1), preferably
a surfaceDWmCh is formed by a porous ceramc material, a porous netal

mat er i al , PESSSRAION LTIt PRier st eri al or a porous wood material, nost

preferr edCylcaqundmmmteefthaphamC&OleC)s dndeCa0.2DALO; foemitg ;ﬁ!r@a’%h iO&-

del i Bg edy1SRAGR é&nengXAEQa E‘?{S&gpe@ %gﬂ?#}c%;{ i %Ce%x%n‘apaﬁn rg?nf& ﬁllcg% Vet hod

surpl us of t he 1d'is a us e
accor di ng ‘t°6‘d§r(§l‘ﬂ’l° Iﬁgﬁfséé@l’!?fﬁb(sél'%ﬂlhﬁ?u%ﬁ (GithD Al©s (Slm‘lltomosﬁél’ao) n t hat
t he prel | BrOAB 3Nl %6 YROL)Frons TEY®Sedaed under pressure, prefer ably a pressure
of 10 MPap t ho ordi ng ,t 13, r.actar
i sad |n&lgﬁg?§hgﬁg1ﬁ%qqcﬁﬁl thﬁ?/“s(?%zﬂ"hﬁﬂeg @Bﬁg A(jl”§'d§f( fthHr i39, under

t he |nher@Egresatesimmrabptohelishumomm&ﬁ 16. Met hod according to any .of the
preceggng claims, c har act ar i s edin that said conpaction is

execut ed anically, preferably in a pressing tool {7) which conprises at
| east one; “‘ié’f’{ﬂ? eng) T@a%ﬂ“’f’gﬁ) surfaces (4, 6) acting against the

noi st pomer cmmmmmmwgbngwﬁm@amm @ﬁﬁ%oinﬁie@dlﬁhfld}ﬁﬁﬂdhﬂﬁmﬁtefﬁ%ut

t | bsor bed d hard,
Bg;gﬂ: nm;lg)g;%lcgl# pre »‘y}%ﬂhf;:dn%sss-glro%l&{ng gflerpartlclesctyeference)a sorbed) sai ar

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 ofa combination of OPC and fine-grained Si oxide




20 consisting of a porous ceramic material, a porous netal material, a
"porous polyner material or a porous wood material, nost pref@Qr8ER 2004
por ous woosygei/msssal . 17. Method according to claim 16, ¢ hP?Tyngﬁ oo &
s adin that said conpaction is executed under a pressure O feas? 20
MPa, preferably at |east 30 MPa) even ngre 25 preferredly at |east 50 MPa,
and up to 150 MPa. 18. Method according to any of the preceding clains, ¢ h
aractari sadinthat said conpaction) as a final conpaction step)
i nvol ves a quantity of the noist powder m xture being applied to a cavity,
final conpaction and the renoval of any surplus 30 liquid being perforned
In situ by neans of a corrpaction devi ce, the conponent of which acting

agai nst the i st . po m xt ure consjists of a porous material, into which
any surpl¥s ¢ %P@f{)‘?@“ patinpfyarigys 34948 e tine as the noi st powder

m xture i ceffawaf&ebohwimhgswondirb@hmmma pure cdineénERy st dvi bt it diess- 22
PCT/SEOl/OO?grg g HE)Q% COI’dI ng toclaiml1l8 char actari sed
in that said |na? (of0) Ion step i s executed under a pressure of at | east
30 MPa, pief effeshplhasdnase-neavidiog fitter pasticlesen lod according to any of clains
1-17) £« h-ar actar i s ea d in that said draining and 5 conpaction is

f d d.th f at t
bt ef e abl G417 et ol ATz cAvaread 2RRDn SrL G T ectr B of PR wBL 2 up
to 150 MPajxedneits ﬁﬁercpattic}esahdaedmdalry additives (attauentites speified are o sefutioh ta
surpl us ofpeldy Sh:xﬁtg 1&9 %xﬂﬁﬂxate M&Q@b%@) WhEH SRIRARI 8ﬁde"‘ﬁ' f@n@é‘fod

por ous mater era y cons sts of "a porqus ceramc terral, a poérous
met al mat Withaytth a%spswlﬁlss being spagified, aomenﬂanaibarsepetmomgu filtereri al ,

nmost Yo ef particlds ¥reangd@t.ous wood material. 21. Method- according to any of t he
preceding clains) c har act ar i s edinthat .the conpaction is
executed to a degree of conpactness of 40-60 percent by vol ume solid phase,
pref er abl §) 4Adétiopof 4@ percenyt byoiolume alominfupheids, grindiog pirmef 24 ir. ¢ The cenent
percent 15 bwg,louﬁgf&(;bl}pbggmﬁ&dand even nore pref erredly >55 per cent by
vol ume so] | d,phase r to a of co actrJ SS .0 50 ent voI ume
solid phaé é@ﬁ’éﬁ‘ral 0 Beree ya 'P%&H“PBW ?’gF‘" ‘HS“EH’e?rﬂO a \‘?c%

ceranik nat ewasgrobnd far@0 htforbkartdod according to any of the precedi ng

cl ai ms) C?f' ﬂd&l %n%fhzfgzg/:eé}b@@l%gér glr%}:{gﬁiﬁlrg%(%ﬂya%ﬁﬁ Er@hxe%ﬂ Sﬂ\g?ergénta free

surface o em ca IS’ éxecu
preferably wwahgieuadaersrding to/yabove befprelmedrbijpgrcmttbmwnhmwl@PG\(mdum and

oo Caf . ROk el it OGS (0T o0 20
pr ecedi ngX)ZSRaflg'lo figherc i‘?’?‘galﬂmn’c‘&‘ frigpn Sé‘ﬂea? b cAseeendgnt o

cl ai R®3, c phaseiin thedorm of YO persent byl voluntefirie-grained siticen dioxideawabendidad to

mat eri al ) prgglg;ggpilymgl féeﬁB@Ad chb}dlﬁg%g@)%ﬁbé" 30 25 Che_m cally bound

ceranic teri.al, a i s edin that
it consi stk Of 'émeé’ 29 eﬁfcmte/rw&vme ﬂkyrmenum’ﬂéwganémsémq%h The cement

was ground according to b) above. 20 percent by volume of porous alumiinium 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



26. "Chem cally bound ceram c nmaterial according to claim?23, c har act
‘ar i sedinthat it consists of a carrier material for mcronechani cal
appl i cati ons. WD 01/ 76534 23 20 SEP 2004 PCT/ SE01/ 00780 2@ SEReMcal |y
bound ceramic material according toclaim23, c har actari sedin
that it consists of a carrier materiallor biosensors. 28. Chem cally bound
ceramic material according toclaim23, char actari sedinb5that

-it consists of a carrier material (holder) for optical fibres. . 29.
Chem cal |y bound ceramic material according to claim23, char act ar
i sedinthat it consists of a material for casting/replication. ' 10 . ,

30. ¢hemically bound ceram c material according to claim23, c har act

ari s e d f use filler
"' panel " daptign Pl ahune ofE8Yhes Alipdh Blok 4RE BTARt by Bt LBhsf g 1o
cl ai m 23, cspﬂneeesmaaaddetd ta the ¢algum adhmmatmatthxstcasconm sts of a putty '

prefer abipy A&’ax 455 8f &3ofdaty lbﬂa%es lh Rnd fbﬁnmif ;%Aaaqt BW%F@R%%% percent

engi neerfin ust rX
A AY{. Ah. reqlump gf ﬁmgrAmEdwcoa\dm@%a\n%ng Amegoh. Thegement was ground
Fkt éBG} xsrﬁvfé‘r&m]ibas@nU] ca] cal ca] ca] ca] ca] ca] caU] cal] ca] ca] caU] ca] c<a]ca] c

)1 51 71 9 ZenGEER R AR sl B B8 kAR ohi tijvolyma of QBG eadpesreenty caj ca
-] ca] ca] caU]l?Ya‘]Qi@m? offijecapivall siibon Hinaldeadndzhapds Pﬁﬁﬂoﬁ’ﬂqlwﬂm@@]w@mqfca] ca] ca

ca ZrO2 0f 10 percent by volume, grinding time 24 h. Th t
99=>7 ¢ C’@ gJJKI\/P UUU V\}mf\ {vpl?fcg{n cgzg ca l%eg rgg dca] cajc

aU] ca] ca] caftd Ba] caj caU] ca] cal] calU] ca] ca] ca] ca] ca] caU] cal] cal] ca] ca] ca] ca]
cal da . _decgvghh i

| cal on) e f%%ff?“?w“;% 1" HiB ARG ?Lﬂé L}@g]niz%“&v?{aﬁa”] el e

}}}~~~~%%%¢le}*ke BwrPf rrapane] vab vsddos 9 lsajd mam]poa]ma] calcalc
' aU] ca] caf aalsonlent hetdradl 0 a.] N&@Mﬁﬁk&%%rc '%ered and vrca?

L e

edsizhg mla]ncm}lcdln]mm]sc@ﬂecém&]ecaz]teaalsWeiedebcmbmtﬂmcmmca] caj ca
}ﬂ$%g?$g%g§\€/§%%€r§% oje | ca] cg?rland &?‘]tﬁ]a &ﬂa?ca ca‘i gaU] ca] cal ca].cal ca] ca

] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca! T})veP\ _k} xsnic”Yje [
V] ] c] caTbatdsalt selremired e thleasle Bbloal ca] cal)] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ¢

a] ca] ca] calU] ca] caU] ca] caU] cal ca

kzAT})) | ¢ a] cal c
a] ca] ch¥emplea] ca] ca] cé Rh&&' () -
Y description
| 10%8& i ‘ %8 () - 3940
& ()Felr100me (-0 1900w ()1&32

b _ 0 022 - 1041 0.48 - 0.48

c 10 . 0.11 0.23 0.26 0.26

d 0 0.12 0.13 0.13 0.13

P oI 015 lois  Joar  Joar |

| £ all values under 0.10 %

20  Error margin for measurements +-0,02 %’

Itis evident from the results that expansion stagnates after approx. 100 days. For the very
dlmensmna.lly 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,
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s$109& () *! AV¥heromgecondargplapg in thefomef QPCeement inajqeantily of1$ peent by

L k+3109%AA& ( holume is also added (c), a further virtual halving of long-term expansion is achieved
in relation to (b).
» Long-term expansion is further reduced by a secondary phase in the form of fine-
5 grained silicon dioxide in a quantity of 10 percent by volume (d).
¢ Improved (reduced) long-term expansion in relation to (b) is also achieved using
porous aggregates of aluminium oxide in a quantity of 20 percent by volume (g).
» Extremely low expansion was achieved when using porous particles and a secondary
phase of OPC cement in combination.
- 10 e Extremely low expansion was achieved when using a secondary phase of both OPC
cement and fine-grained 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 low.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
quantities (10 percent by volume) of hardness-providing filler particles, using only Si-
contaitiing 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, bicsensors or the like, it

30 isalso conceivable that the product does not need to include expansmn-compensatmg
additives, which however falls outside the scope of the present invention.
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between a binding phase of one or more powdered binding agents and a liquid reacting
with these binding agents, a quantity of powder containing said binding phase being

5 - suspended in said liquid so that all powder grains are brought into close contact with
the liquid, whereupon the slurry thus obtained is drained so that the majority of the
surplus reacting liquid is removed, and is compacted during final draining, before the
material is allowed to harden by reaction between said binding phase and the
remaining liquid,characterised in that one or more expansion-compensating

10 additives, adé,pted to give the material dimensionally stable long-term properties, are
mixed into said powder, prior to or in connection with its suspension in the liquid.

2. Method according to claim 1,characterised in that the material is substantially
free from hardness-providing filler particles.
15 '
3. Methodaccordingtoclaiml,characterised in thatthe 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 sccondazy phase, which secondary
phase reacts with the binding phase.

6. Method according to claim S, characterised in thatsaid 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 ina total quantity of 1-20 percent by volume and even more preferredly 1-
10 percent by volume in the raw compact.
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5 8. Method according to claim7,characterised in thatsaid additives consist at

least substantially of porous particles or porous aggregates, which consist at least
substantially of oxides of Al, Zr, Ti, Si, Sn or Zn, these preferably having a diameter of
2-30 pm, even more preferredly 5-15 um, an open porosity of 20-60 %, preferably 30-
50 %, and the pore openings in the particles/aggregates being less than 5 pm,

10 preferab.ly 0.1-5 pm and even more preferredly 1-3 pm.

9. Method according to claim S,characterised in that said additives at least
substantially consist of porous particles, which porous particles consist at least
substantially of microspheres with a high closed porosity, which microspheres are

15 preferably of glass and have a porosity which exceeds 50 %, preferably exceeds 80 %,
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 fnostly have a grain size of 2-8 pm, 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/ 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.
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I) ZMethog accordlglg to any of tf‘e preceding claims,characterised in that the

preliminary draining is executed under pressure, prefgt'qbly a pressure of 10 MPa

10 maximum,

15. Method according to claim 13,characterised in that the preliminary draining
consists of self-draining, under the inherent pressure of the slurry.

15 16. Method according to any of the preceding claims,characterised in that said
compaction is executed mechanically, preferably in a pressing tool (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

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 thatsaid compaction is
executed under a pressure of at least 20 MPa, 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
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.
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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 material,

30 25. Chemically bound ceramic material according to claim23,characterised inthat
it consists of a carrier material for electronic circuits. ‘

* 26. Chemically bound ceramic material according to claim23,characterised in
that it consists of a carrier material for micromechanical applications.
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27.

28.

29.

30,

31.

Chemically bound ceramic material according to claim 23,characterised in
that it consists of a carrier material for biosensors.

Chemically bound ceramic material according to claim 23,characterised in
that it consists of a carrier material (holder) for optical fibres.

Chemically bound ceramic material according to claim 23, characterised in
that it consists of a material for casting/replication. '

Chemically bound ceramic material according to claim 23,characterised in
that it consists of a putty preferably for use as a filler in panel damage repairs.

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
engineering industry. -



