WO 01/ 76535 PCT/ SEQ /00781 1 CHEM CALLY BOUND CERAM C PRODUCT, METHOD FOR
| TS PRODUCTI ON, TOOL TO BE USED I N EXECUTI ON OF THE METHOD AND

| NTERCHANGEABLE PART ON THE TOOL 5 TECHNI CAL FI ELD The present application
rel at es wooa7esasv conpact conprising a binding phase of POPSEN/ 0TI e

powder ed bi ndi ng agents, which. raw cohpact has the capacity, follow ng
saturation with a liquid reacting with the binding agents, to forma

chem cally bound ceramic material, and 10 whi ch raw conpact preferably has
a degree of conpactness of 55-67 percent by volunme solid phase. The
primary application of the ceramc material is as dental filling material.
The invention also relates to a nethod fo;wgroducing said ceramc material,

and a t 00ICHEMICATARdBOVND RERAMICRRAREET METHOL FORIERBROPMI HONart f or
the tool . FBASKTROIND M@ T IWEDEF TEK NiREH0DeARDUNTEREHANGEABLBL es t 0
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bi ndi ng age the cenent systemtype, in particular the system
Cao Al 203%%@@@%%% s systemis used in the construction industry for
exceptionally hard and tough environnents, i.e. acid environnents with high
mechaniscal stress (R J Mangabhai, Cal cium Alum nate Cenents, Conference

vol ure, Ei%éﬁ&ﬁ;&ﬁéﬁﬁﬁ? London, 1990). By applying rupture nechanica
attack net dvdnced powder technology to the sgsten1 the generally
good pr of iThe pofsertepplination wlateshiea Basemppeicenpiyag? Hadngphass etoneohEPtfer abl y.
St udi es cgjohidedd @%ir&%@ﬁtﬂ'%ﬂr@w&hﬁlpﬁdﬁ%@lﬁé edpadifyd fqio@irigauturation ikth a( SE 463
493 and 5Q2 987) have. produced a re t ] g' . ot ial for
the syste qfftﬂ're ng wgth egbl @P%i?%eé’{ssi %’t{] ant J ér}lge%néérﬁﬂ :bga{s(ﬁ%ﬁag'ggﬁge nt é?ﬂ# illing
mat er i @l s.which @erroaipact2Beférably hege dagtesof semeaeingss g S1oddgirendatvelumg t he
requi r enenbid glask CURE Siimdry esliERRdn dTithd deyamiamiateligitis assdenntififliug aiategial. t hat may
be set by .pat.ient.s and ntal servi f. -g?g b HALE A nd Q801 ¥adr | oUs
dental fi Iﬁledbveﬁé?lé%%fega?eéat% 2 55? Ay ?ézugglgz% SRS An’rnhngaam as
gener al | y hagdlow theirastiiomipact anp an interehaspesbledariifergae 18l f ar as bi oconpatibility
and aesthetics are concerned. Plastic conposites have good workability, but
shortcaom | dH&Q ion and corrosion and handling for
staff ﬁg}ﬂg$8$h%?5§ﬁgié avg¢§$§§gﬁ§. Pl astic _conposites shrink on
har deni ng, Thetireskntghnvension relates tg bindingragant sptteres féhecemsphiyiigmMArRS: the  onset of
decay in theiduRhelsyitem Ca855L,0LBOBEBONTNE spsigoadistdindhaddnbtrateiohi ne and
enamel , industry for exceptionally hard and tough environments, i.e. acid environments with high
mechanical stress (R J Mangabhai, Calcium Aluminate Cements, Conference volume, E &
20 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. No dental
25 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 with regard to
30 erosion and corrosion and handling for staff (allergy problems have arisen). Plastic
composites shrink on hardening, which gives rise to the risk of cracks forming and the
onset of decay in the long run. Glass ionomers have a good bond with dentine and enamel,
but shortcomings with regard to corrosion and strength. Silicate cement has good
compressive strength and aesthetics, but suffers from corrosion and strength problems.



but shortcomngs with regard to corrosion and strength. Silicate cenent has
good conpressive strength and aesthetics, but suffers from corrosion and
strength problenms. WO 01/ 76535 PCT/ SEQ /00781 2 Various types of inlay
have goddOREZd¥3mhi cal properties, but aée | abour - i nt ensi PET/aRY/00T82quUI r e
gluing. Below is a description of the Tequirenents which should generally
be set for a new, 5 practical dental filling material; good handling
ability with easy applicability in a cavity, noulding which permts good
nodel I ability, hardening/solidification which is sufficiently fast for
filling work and serviceable directly following the visit to the dentist.
Furthernmore, high strength and corr.osion resistan exceedin hat of

exi sting f\ianpvmpmférlwahage goed ‘P%“(ﬁ‘ﬂ’i‘lF@d’mpﬁBt?& WH&E%&E TROFIVE 9 good

aest heti cgequitd ghadge handling for staff w thout allergy- 10 i ndum ng or
toxic additives in the materials. In addition, good | ong-term
characteristics wth regard to dlmensg1 Q iiabll r? wanted. This is a
probl em i Pey tsiadgsaiptipy OﬁtH%reqH‘é?‘E?r’it%‘f" 1& g‘%ﬂ‘l‘ ge(?\?ré‘ e OTg*¥h can cause
di sast 50uprdcaied] ekl k@ steds; good dsudling abrthEtmeaByamlcabilityasabmw descri bed
how a che o%?l?}k%wggﬂ grrrﬁ% H&ﬁloﬁata@m lhardgﬂﬁg/?olghﬁc%.ﬁoxg@ﬂwﬂ|1s RERNPEGS, can

be caused e en ance stren cterlstlcs |n hat _a powder body
consi st i ndessfor §Hmegrorkardsengerralsi frECtb( "ﬁ‘@g tgaritdo diea‘a% sFHHETBAR] ast

mat eri al ikSgh tenghah®cbradsios ucshstach expleeding tunelexphesSiling matedals arel ow a
tenperat ur, %utnjagtgo@d 6lo25% Mlbll %ngﬁégfimeﬁ@svhg Qife ﬁ@r{dllhg foQ %ﬁ"w@ﬁgut\’m&ﬁ?m

S|nter|ngraC|ons on_conpaction. l{naﬁéraw ﬁ)ﬂ the filling

densi thY had dycHeros 4Qagrddgivat 1t E‘f‘teTal?ﬁ Wop,feo “ﬁit?ﬂ“ theractery Sensi ty, 20
whi ch i s deifh ragad asditeasiénal $tatngtydensanted. \iFhiscih 2 ipsobéerhingagduly ifgheaki ng,
vibration Andi 9ty ahgmver RAEKINIG Qh chil€ disRQRAs RRVAGEaKaPesths GOQLAI Ner . The
user of the material prepares the sanme by saturating the raw conmpact with
a hydrating liquid prior to application of the nmaterial or in situin a
cavity, e.lgSEa68d68 It haaiehylescAbedlivey aelicaricaly bonubicrrauic avswrding gt o SE 463
493 hag; | r&ﬁﬁf’ﬂﬂ'ﬁ&%?@aﬁ Be &ﬁgédstt) lﬁa&%ﬁanc’é@%nrgﬂx' BastelilRb irC@A AR wAst

according tg t li.,ng nateri has been
Found.t hatbagy SOTERES ELamedt et et ap g aBR deiye bobS iy
| ong- t er mcoerppandatench avnigl bxterelqrebisurg andsd low adbopaato@thitavckosey s ast rous

consequen%ﬁnéc@edq%@s&w&& ob‘%ﬁela v&i@.emaémtéﬂulgl reft9i8ns o @pabifon’. ARMif ALy f urt her
devel opnent of the

teri ctur d.to other
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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 in a cavity, e.g. a tooth cavity.

25  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
with dental fillings. There is room for further development of the material and its

30 manufacture with regard to other aspects also. Such aspects are for example the degree of
compactness of the raw compact, which influences the durability of the raw compact in
various directions, workability on application, and the strength of the finished product.
Other aspects concern optimization of the raw compact’s dimensions and shape and how 1t

1s moistened in connection with application. It has been found that problems can occur



various directions, workability on application, and the strength of the
finished product. Oher aspects concern optim zation of the raw conpact's
di mensi ons and shape and how it is noistened in connection with

appl i cat wore1/7685 has been found that prgblens can occur WOTGEN/@385 3

PCT/ SEQ /00781 when the material is hydrated too quickly. There is not
then sufficient time, after the raw conpact has been m xed with hydration
liquid, to nould the material and/or cut into the sane, before it
solidifies. This problemis accentuated with any accelerator in the
hydration |iquid. However, the use of accelerator is desirable in itself,
since it means that the product 5 quickly becaones iQ,o] i shabl e, and since the
pati ent cavhenghematerd ichydmted gaiariekly- dheredspot diep suibigiqat %{B?;ég?r tF‘hrﬁfV is

rel ated t QoldpecthSeberh nixédwitle Bydatin [fqnid, temowlll tHeirhdtéringand/er quhimtahest i on of

how the r Qe AIRAE gt.sbl%di{i%. H4is Lok RELRLYedRRYSING @k deYerat¥in RHyAMABNt 1S
required fSr 7 g%f; ppi ngl era corrpasg% .angq,t r.arlgp.ortl n% it . to thed cavity
that is i riauitiddoweyeheenise pEacelpraton isdssimble in dielf Svre ik means thatdeg Yt qui r ed
for conpacduiékly BicoinBepdlatattaapdsincqthe pattbatcanilédve theictjnicduidklytand egteetd. t y .

Foll owi ng SE 463 493, it has been shown according to Swedi sh patent 502

987, that for cenent systens conpl ete hydra%i n (g/ﬂiCh' uld then | essen
the risk oPnepspessiablsasiated b he yirgedraw sempack fg‘f% Hines SdnpALtBO%Yaki ng and
subsequent h@otip 64 Edrgpaof is tdiee leadied tpusslssplenicilbk dnphacmensis ngguaedfoeci al | y

desi gned sg,%‘ggl lthe %ﬁ%@l@ﬁaﬁ%ﬁaﬁ 1498 Aty thRiEMERle o RIHEQNRI Changes

whi ch t ake e a a I are rel a& d to phase transformations
of hydt&t ecamPapEUeV 54 %Wetf?féﬂf%?‘?f&aﬁa?%@na ‘ﬁﬁ?ﬁhfé}l@afff%i’“g‘?ég e,

exhal at i onliqiid inthé bavityhi gher carbon di oxi de content), or other reactions.
These reactions 20 and rel ated di nensi onal changes becone nore obvious in

cases where a high degree of _conpaction is used._.in the 5 8§¥Cti n of the
material . FRjloeing SE 4634 Gnihagisgh shovgt asadree SWedsheateni P %/ oghtr as this
general |y ginwessygtegacemplstertarigtibn (Wiieh wetlH dendesorthe ngk ¢fcliBénsidsalz 987 may
also r ??l'“ tfan sggﬁ?%l%%ce%co%@ét@éd&gi_nggfl@glﬁ)s eﬁtr&ghﬁh(?ﬁl?of genrthsi uses it

to perftection, may cause, the 1 ndividu dentis 0 hesitate to use
the techni Hikm tolse Hl?’Fe\}‘é’l’i‘gétSp%ﬂ‘aSlyél‘?%ig SEPPEY Hosedtn BRMeed et Wipensat i on
expansi ve penaitincasibadlchanges whieh yade ataeelaftirgirdadndnineh are radated topbesd

expansi ve P gpﬁ% -276
(1890) ot hggg‘g"té‘l“%tﬁnéa{\m am gﬂ%&ggﬁ?gﬁi%;ﬁ%@ﬁgrm@? Bmiéghgﬁgf;f ‘g{ag}g%’scri bed.
herieactpls of hase

This arti cPeakHen pisvEh aighet eog fionidroatepl ¢ reagfons
possi b0 t arekrelafed Fomemlonalg-hst gen teaotheorore nbvienspanabepwheghrihigh degss ofisi ng
cal ci um al U&Hl]ﬂl%&&?ls AR te pﬁl&nﬁﬁon of the material. However, a higher degree of packing
is normally sought, as this generally gives greater strength. The method according to SE
502 987 may also require a good deal of training before an individual dentist uses it to
perfection, which may cause the individual dentist to hesitate to use the technique.
25
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
described. This article and related works on expansive cements describe the possibilities of
30  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

to the present invention.



t hi ngs, but do not touch on the problens of |ong-term expansion of highly
conpacted cenent systens and control of the expansion of calcium

alum nates at very low |levels, which is a prerequisite for the use of

t hese biwdiomgesagent systens in appli catl ons accordi ng {PCTISE@/Qrasent

i nvention. WO 01/ 76535 PCT/ SEOL/ 00781 44 Cther inmmediate works and patents
whi ch do not, however, concern the principal field of the present
invention are for exarrpl e 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. 5 DI SCLOSURE OF THE | NVENTI ON One obj ect
of the present invention is to provide a raw conpact of the type stated in
the preanble, which raw conpact follow ng hydration ves a chemcally
bound cer &ther immadieteivedrks dndpatents vdiichedsich Meyefs‘toéﬁ?fégfre(ﬁigmtpé Higldploperti es.
The raw CQRE}H6dentTHSdntioh 8@ forsRlmple SELBS 8T BOBJEPEABIORS 056 aldatP-akoMe ofsey

wor kabi |'i ﬁﬁggggﬁq@lﬁ }\y468@rb%be easy to handle 10 in connection with its

noi st eni n ionin acavity, e.g. atooth cavity. The ceramc
mat erial formed shoul d al so, for dental applications, satisfy the denands

that arse pROEOSUREUSNTHBINVENTIENCOrding to the above This is achi eved

accordi ng he | venti o n.that. the [ AW,50 ] LOr nore
15 expans Iécﬂ? i) a?re%enp mv%fmtoln \}se té) prov1d¢et 8&' c% Sét o?{?‘.ggype%?i%edqgﬁl

di mensi onairdagnbis, avmcé mmqnpqcéfoﬁpmrtsﬂwtape%gwwg@ewl Ipkewd CPREIPONDER VA
TERLAL | N@é&@laﬁ\@aﬁmhﬂéﬁﬁﬁnﬂ%ﬁblé oafr@agtopraissaThealv phpaamiisesso chem cal

attribut ?S ?tﬁ' ! ethe @%rrter%%ts S tf:d %OQ%§+ vgoleﬁr?lgg 'ar?@&drgmlztg alan 13 egéygg' hérldﬁ: nt

aspect (6] clrum al um nat
(cal cil¥m dox p@réx)%cwm QSCBO‘é'f&PlE}&?W aplisxtiondy 2 caviiyr 8- AriePth &1ty {Be ned t he CA
system Wietbhi¢ Raetis finied shatl€slso, ffordenagappitaionmsadsgntha deartiy dragdres - are

used as the main has ydration reaction constitutes the
act ual setr{1alde ' Su%i’ rﬁrﬂgr '}gcc% £p§t° tﬁ-pébsov‘@COnvent| onal ly, sone type of

aggregate (fi I | er parti cI e) is added to the cal cium alum nate 25 cenent,
princi pal I'phi§ ®bcleeed@bioedin @ Rsthe Bivertadh diaithe v tdngpactvodipris@bneohmorhoi ce of

the CAlS C& {l’ﬁlo?lyc%%%n;l‘nsaﬁ %?d[dﬂglgs 4! h@d%@g&ﬁ'ﬁ{e it g‘é?&mﬁeﬁ? Bﬁ%&g%g{%?l £ V\'hl ch

interacts e cene conbi ne
porous agdPEyRFPRAtier soft materials, produces a di mensional change Whl ch
is less than approx. 0.20 % linearly, often less than 0.10 % In special

cases, the-g|FBRETONDF FHRPSAVIEN APEERIOS IV BRIP4 BB PRPES ON-

Apart from good mechanical properties, chemical attributes are important for dental

20  applications. In a significant aspect of the invention, calcium aluminates, 1.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.
Conventionally, some type of aggregate (filler particle) is added to the calcium aluminate

25  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,
produces a dimensional change which is less than approx. 0.20 % linearly, often less than
0.10 %. In special cases, the dimensional change may be close to zero expansion.

30
According to a first embodiment of the invention, the CA system can be used as the only
main binding phase or with the addition of another cement binding phase in amounts of less
than 30 percent by volume. Admixtures of ordinary Portland cement (OPC cement) or

fine-grained silicon dioxide are used advantageously. Since the calcium aluminate cement



30 According to a first enbodi mrent of the invention, the CA system can be
used as the only nmain binding phase or with the addition of another cenent
bi ndi ng phase in anpunts of |less than 30 percent by volune. Adm xtures of
or di nar W@erishind cement (OPC cenent) or fine-grained BCT/AEm0m1 oxi de are
used advant ageously. Since the cal ci um al umi nate cement WO 01/ 76535

PCT/ SEOL/ 00781 5 has a tendency to expand nore strongly on harder packing,
conbi nati ons of CA cenent and another phase of said type, with a tendency
to shrink, can produce reduced dinensional changes. The CA cenent should
be present in dental applications as the main phase in the binding phase,
as the CA phase contributes to hi h streng tg and C|d resi st ance, It has
pr oved toh%@tﬂhﬂ@n@%@xﬁﬂétmqr%@mcnﬁ Sy hatder agking g i’@&%’bsr%f%“re”ﬁf‘tr?é‘ si onal
changes  whitieh piee &f §iid tyberwiet tehdencyororsbatk, om protice Subakd Hinpasiemt! 502 987,

e | ncog | ﬁ%fe The)eé\r %e%pshoq% l%%es@ﬂtgﬁggmgl%pghéﬁﬁo% Jslt!lllé mﬁ}ﬂﬂhé’s@% inen of t he

reasons beRi the regar I Q stability. The
backgrounbmﬂwgﬁ)hésep‘"#séb%ﬁﬁ HhﬁiPecl‘ff“i”(?HteFEO}P&}l Hesnetzad py éesis@"P‘Flat t he
di nenssonal changes are linked to phase transformations of hydrate. The

stat ement It has pr%rleci £ bg%e éa\%)\%'gﬂgt tﬁ?&%ofi’e% réé%.?&lﬁé ﬁ&go\{ffofr gfméngfc‘m-ﬁlrb‘ﬁ E on, nmeans

that cal cium (;l di ssol ve on the pi i on of
wat er foVVﬁtChaVeg‘éP“t\ﬁﬂ’f“@Hi ‘PH@WG"E?W%%\EY"F PG YD1 8E IRy BrORtRe B hases. Due
t 0 cont i nHgdtativng d@hdtPpéae activontillenplamton af the réasemsdlebindalid wolslemy aithous pur e

Ca al um nﬁ ggrdng qrrﬁe[ngf%ngllé&%ﬂﬁf pﬁ% ﬂ?x@l@g?gu éﬁ? gﬁ%entq;l\%?&lo}l %%Ethgrﬁhgﬁgé ned

hydrate p tion ases, % %‘ ag %ﬁm te) can be
presenf, thaptheidimensonglrhangss atgdigreq R?é’gas(,ed'ﬁf‘ pPrpagnssf] ’BF? al uni nat e
hydrate. 3iftephasehid-iphasebe sed abrephase foshemvemionameinsthakaleumat e phases

with 10, §1u9{ma‘§e ‘mﬁﬁt bgélag{oycﬁ§s§ivle'oﬁ%é ataemeﬁ fwyt@; %orﬁaéafggnrvoMmeEhase

transfornati rates can_lead t nsi.onal “chan , espeC|aIIy
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20 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 crystalline
silicon dioxide (which constitutes said first, preferred embodiment of the invention),
undesirable phase transformations or changed phase transformation sequences can be
25 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
come about in detail is not entirely explained. With the addition of material contatning Si,

the hydration reactions are modified, leading to dimensionally stable materials.

30  Surpnsingly, it has been found that the positive effects just mentioned on the addition of a
secondary phase have an optimum with relatively low addition quantities. The minimum
expansion has been attained in this connection when said secondary phase consists of OPC
cement and/or fine crystalline silicon dioxide and/or another phase containing Si, preferably

in a total content of 1-20 percent by volume and even more preferredly 1-10 percent by



m ni m zed, especially |Iong-term expansion. How the conplicated hydration
reactions cone about in detail is not entirely explained. Wth the
addition of material containing Si, the hydration reactions are nodified,
| eadi ng wo otrésehsi onal |y stable materials. 30 Surprisi ngCy/SE00T8as been
found that the positive effects just nentioned on the addition of a
secondary phase have an optimumwith relatively |low addition quantities.
The m ni num expansi on has been attained in this connection when said
secondary phase consists of OPC cenent and/or fine crystalline silicon
di oxi de and/or anot her phase containing Si, preferably in a total content
of 1-20 percent by volune and even nore preferredly 1-10 percent hy WO
01/ 76535 @olP@E/isEEmatgRs Mos) rafereedn saifeechpdasy phase cqugists of EFéPF‘é’&PE}/, sai d
secondary , gh#asgy 60nS pétént 6f vElRGHe ariBNind diystAligusalitoh joxafe id a Gupeinodnt by
vol ume and/or fi crystalldne sili i Qx] LA t@ndua it Yin@fis 1-5
per cent bg'%ﬁpﬁ“t?ﬁggy Wé%{rg?'%%#ge?%e 1%%1%91%%%21%%@;&#:8 ‘Zont extIs to the exanpl es
in this spesifickiigation. 5 It has also turned out surprisingly that
convengional filler particles providing hardness, e.g. in the formof hard
A1203 parti.cles. can be avoi. i Yondh11 Aederialin, Qirahdate £ heir use
can be m .tihrarfgltsa%fu"ile% Q[uh%%mrﬁsérgggﬂglsggéﬁngg&%ﬁ??O%F%d Ersﬁ{ﬁar_!lhf) ry th’g ydrat e
devel oped in thefermeafdard AlpQf Rrtiptasi GRde gy dedhantisgly by matstidedrdhat dheifdisei onal
changes Wichhbd infimized id thapididriessiis @bntdied ptigarily by airgearatcdweloped.
expansi ons ensat i ng. V, s SR chah SN ct here on
t he cerreng'ﬁ%%gesté%nsvc\’n”f]%gﬁg 91{6&1%8 ﬁﬁ?ﬁgﬁégbg@m%ﬁ?&ﬁa? én%ss- prtg{;/bl’ ing filler
part i dPes pafticelar leagrtese chanesent he PR IAIWePBURgG HdvEs aGroring 9 dhe he use of
har dness- ipreatortiddfert ioh kier cemantihadee srithsut ahesioflghnee dfuny herdhasprdvihbg any
unr eact ed ggenpnt LR potdl LU bR HSLE e RGdQUS from
t he expangﬁgrnpé\%cé%‘%?%}?h?g%en?réﬂhg?éé\@gsa[b?%ﬁt %g e%‘?ect (gn tshe_expzfnsi on. It
has been Paurding Alle @il isgisovdue fio the &aof HobamyuBreastrh et EIRINRE ~ cenent
i nst ead WavHich Wagirévisislyyconsideradisdriousiron thd dxpasiomatierioalt — onhyi lela slgghtt r i but es
to thes deatied dlALANRSS:, Hnal BETBLA! h2bnndfSPRAh 1Y dRnglfmaRARLLRNt Of
t he invent1on, however, the raw conpact, and thus the 20 tinished ceramc
material , ce@ANtARTRALIvPTSROS KXY AR AN-Sifu fillge materiglowhich Gentiibes tedte i n t he
chem cal rdeagddihanrtaefzef wreamtérda bi ndi ng phase and the hydration |iquid, but
which is present as a solid phase in the finished ceram c product.
According to one aspect of the invention t he raw conpact gahn t herefore
contai n ug‘acerdse tpane embodipen; of theanvsntion hpweter.thg aicampackiipd thus e a5t
mat er izal  daishbd cerai@nit@iah @arnéontdine billapemderiad, hidhddoesnin SEaké@3rt 40tBe and SE 502
987, 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 raw compact 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 502 987,
25 1e. fibres of metal, carbon, glass or organic material etc., or continuous crystals, so-called

whiskers, of e.g. SiC, S13N, and/or Al,Os.

According to another embodiment of the invention, due to additions of aggregates (filler
particles) of a given geometry/shape, porosity and/or softness, the dimensional stability of
30 binding agent systems of interest can be monitored precisely and justified to desired levels,
often to low levels or to no dimensional change at all. The situation for the cement system
Ca0-Al,03-(S10,)-H,0, which 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

ceramic binding agent systems in which dimensional stability is critical.
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less than 5 um, preferably 0.1-5 um and even more preferredly 1-3 um.

Porous aggregates or particles of the above named oxides are produced preferably by

25  sintering of fine-grained powder, but not at temperatures too high for the aggregates or
particles to be kept porous. Aluminium oxide, for example, is best sintered at around 1500-
1600°C. The sintering process is controlled to the desired diameter, porosity and size of
pores. Alternatively, the porous aggregates or particles can be produced by mixing fine-
grained oxide powder with an agent, e.g. starch, which 1s made to evaporate so that pores

30 are formed. The matenial is freeze-granulated by being sprayed and frozen.

In a special case, to be able to take up inner stresses caused by dimensional changes n the
binding phase, aggregates with a very high closed porosity can be used, which break in the
event of high inner stress and provide internal expansion space. The content of these highly
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di stributi g t the gram gxze shoulmyplczt{ll?y lie wﬁh &'Tstribution over 0.5-10 um. The calcium
aluminate is caused by grinding for 24-72 hours in the presence of a non-polar liquid to
have a grain size in the main of around 2-8 um, preferably 3-4 um or around 3 um. OPC
cement, if this is used, is caused by grinding in a corresponding manner, possibly at the
25  same time, to have a grain size in the main of around 4-8 pm, preferably 5-7 um or around
6 um. Once grinding has been completed, the non-polar liquid 1s evaporated from the
powder mixture. Fine-grained silicon dioxide, if such is used, would have an even smaller
grain size, preferably in the order of magnitude of less than 100 nm, and even more
preferredly around 10-50 nm, e.g. around 15 nm, which type of silicon dioxide can be
30 purchased for example as a commercial product, separated in electrostatic filters in the

production of silicon.
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That this is possible is due to the fact that the raw compacts according to the present

invention are relatively small, which is discussed further below. The size of the raw

compacts being relatively small, only a small pressure drop occurs in connection with

compaction, which means that simple tablet pressing or tablet punching is sufficient to

25  achieve the desired degrees of compactness. A desired degree of compactness in this

connection is a degree of compactness of 55-67 percent by volume solid phase. The degree

of compactness is preferably 57-63 percent by volume solid phase and even more

preferredly 58-61 percent by volume solid phase, the optimum degree of compactness

depending on the size of the raw compact. It is to be noted that these degrees of

30 compactness can in certain cases refer to weighted mean values for constituent phases.

Tablet pressing is best executed at a pressure of 40 — 150 MPa, preferably 70 - 110 MPa

depending on the table size. The raw compact obtained has a strength (compressive

strength) of 0.3 — 5 MPa, preferably 0.5 — 2 MPa, with good edge strength. However, it is
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20  beapplied (in a package) can easily be gripped using a tool (according to below). Low
cylindrical raw compacts with a cut on the top and bottom side can be broken in half and
fitted into large approximate fillings. The raw compacts can be produced in a number of
standard sizes, a minimum size, e.g. with a height of around 0.5-1.5 mm being able to be
used for a topmost layer in the tooth filling. This is then easy to pack to a smooth and fine
25  surface without it spreading material to the sides.

According to another aspect of the invention, the shape of the raw compacts can be adapted
to a dental drill, so that they fit perfectly into the cavity to be filled. This 1s applicable to
large fillings above all. The tooth cavity is drilled out here using a dental drill with a shape
30 and diameter that match a suitable size of raw compact. The tooth cavity is pretreated and
the moistened raw compact inserted directly into the matching hole in the tooth. The raw
compact is compacted and packed further into the cavity. Even large fillings, e.g. when a
tooth wall is missing, so-called approximate fillings, can be executed in a corresponding

manner, the raw compact also being packed against a matrix strip. The advantage of this
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repaired tooth, e.g for eating etc. Contradictorily, satisfactory time can be obtained

according to the invention simultaneously for shaping and cutting the material before it 1s

hydrated. This is possible on the one hand thanks to the use of an accelerator for hydration

of the material, and on the other to the method used for packing the raw compacts into the
25  cavity.

Regarding the use of an accelerator, it has been found that using something of this kind
accelerates hydration, and at the same time gives a higher early strength in the material.
The hydration process is however affected very little by the accelerator during the first

30  minutes (approx. 2-3 minutes) after the raw compact has been saturated with the hydration
liquid, meaning that shaping and cutting of the material can be carried out under not too
great a time pressure. The time for shaping is also advantageously extended in that one raw
compact is immersed at a time, at least partly, in the hydration liquid for at least 5-15

seconds, preferably at least 10 seconds and up to 30 seconds. The liquid 1s permitted here



materi al can be speeded up, so that the material can be polished and thus
finished quickly, 20 the tinme taken for each patient being shortened and
the patient quickly being able to use the repaired tooth, e.g for eating
etc. Comwvoatressorily, satisfactory tinme can be obtai nedPCcasegeraisig to the

i nvention sinmultaneously for shaping arfd cutti ng the material before it is
hydrated. This is possible on the one hand thanks to the use of an
accelerator for hydration of the nmaterial, and on the other to the nethod
used for packing the raw conpacts into the 25 cavity. Regarding the use of
an accelerator, it has been found that using sonething of this kind
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I nstrument Following this, any further raw compacts are caused to be saturated by the liquid, in order
then to be packed into the cavity, preferably by means of the same filling tool, at best until
the cavity is filled with moist raw compacts packed together, which are then permitted to
harden to produce the chemically bound ceramic material. Thanks to the raw compacts

25  being saturated one at a time with hydration liquid, hydration thus commences sequentially
for the individual raw compacts, as these are wetted and packed in the cavity. Compared
with the method shown in SE 463 493 and in SE 502 987, in which a whole raw pressed
cake is wetted, in order then to be broken into pieces and packed in the cavity, a substantial
amount of time is thus gained for the moulding. The last material in the saturated raw

30 pressed cake according to previously known techniques will of course have time to begin to
hydrate even before it is packed into the cavity and packed together there, possibly
resulting in the worst case in uneven packing of the matenal in the cavity, with the
attendant impairment of quality. According to the present invention, however, the material
hydrates as it is packed in the cavity. If an accelerator is used, the hydration reaction is



According to this preferred enbodi mrent of the invention, a first raw
conpact is thus caused to be saturated by the liquid, in order then to be

packed into a cavity, preferably by neans of a filling tool, whereupon a
second rewotoéPact i s caused to be saturated by the | i quwicd/SEpmeo780 or der
then to bée packed into said cavity, pr]éferably by neans of the sane filling

tool. Following this, any further raw conpacts are caused to be saturated
by the liquid, in order then to be packed into the cavity, preferably by
means of the same filling tool, at best until the cavity is filled with
noi st raw conpacts packed together, which are then permtted to harden to
produce the chem cally bound ceram c material. Thanks to the raw conpacts
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not be any surplus of hydration liquid, due to the fact that the degree of compactness/

porosity of the raw compact has been optimized so that the quantity of liquid which 1s
automatically absorbed by the capillary forces in the raw compact corresponds to the

25  required quantity of liquid for moulding and initial hydration. However, other liquid may
have ended up on the material in connection with its packing into the cavity, e.g. saliva,
which is why it is expedient to use a demoistening compaction device/tool for the final
compaction. The demoistening operating part of the tool consists here of a hard, porous
material, into which any surplus liquid is absorbed at the same time as the tool compresses

30  the raw compact further into the cavity.

Following final packing, subsequent polishing, e.g. grinding of a free surface of the

chemically bound ceramic material facing towards the oral cavity can be carried out,



accel erator can consist of 0.1-0.5 per m| by volune, preferably 0.2-0.3
per ml by volume 15 in the powder mxture. Since the accelerator is
present in this nanner in solid form a further small but perhaps

i mpor t an&4i3gai n can be achi eved injghat the dissol utfi<dPE8%¥e salt
foll ow ng saturation of the raw conpact by hydration liquid takes up
further time. Wen the cavity has been filled with conpressed raw
conpacts, and any top layer formed 20 of one or nore thin raw conpacts,
according to the above, final packing and the renoval of any surplus
liquid in situis carried out by neans of a conpacting tool. Normally there
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invention gls@ fo?{rgl{sfe%lﬁgothérawwmljaetrto'tl{bsc%(llrt)’ on of a raw conpact into a
cavity. The tefm insertion refers to a raw conpact being gripped, held,

introduced into the cavity that is intended to be filled and Ieft/attached
t her e. 1TheAcemsding tcosnetagmict aftbotod], agitigurhatarmy dianeenofdhapdindes! sheath,
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conpact, t hev shwgathio gip indteadfand soldsivomipaction body, which has a diameter adapted to
the internal diameter of the sheath or nozzle and consists of a relatively hard, porous
material, due to which the tool forms a demoistening compaction device for compaction in
the cavity of one or more raw compacts saturated with said liquid. Due to this, the same
25  tool can thus be used for insertion of the raw compacts into the cavity, and for the final

demoistening packing together (compaction) of the raw compacts in the cavity.

The compaction body consists according to the invention of a materal in the group
consisting of porous ceramic materials, porous polymer materials, porous metal matenals
30 and porous wood materials, preferably a material consisting of a hardwood material. The
material for the compaction body should have pores with a smaller diameter than the
powder grains in the material that is to be compressed. It has been found surprisingly that
beech wood functions excellently as a material for the compaction body. The compaction

body at best has a diameter that corresponds to the most commonly used diameter of raw



end or nozzle, having an internal chanfer of approx. 20, the | argest

di aneter of which exceeds the dianeter of the given raw conpact. 20
According to a preferred enbodi ment of the tool, it is also adapted, when
not gri ppoOAY7&3s raw conmpact, to grip instead and hol d aPCospacion body,
which has a dianeter adapted to the iRternal diameter of the sheath or
nozzl e and consists of a relatively hard, porous material, due to which
the tool forns a denvoistening conpaction device for conpaction in the
cavity of one or nore raw conpacts saturated with said liquid. Due to this,
the sane 25 tool can thus be used for insertion of the raw conpacts into
the cavity, and for the final denvoistening packing together (conpaction)
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further below with referenc t ~ iLgures, of which: Figs. la-c
show some concei VADT €° ef c(f’crirllp%%ttrsl?%cogcﬁngﬂghér)g\?v&é%hbact according to the 10

i nvent i on;Figs §ab shawe medsldiefof aothwith p gevityrand sy spaRast which bt beefhat i s
drilled and provigesidw inhhomedelfdfe; more raw conpacts according to the

compact’ Wil hac Bed T R sFaitach U mblor b COR RS R AAEU L 20 Sngth
as a function of adcpleraiopn e hedrgianiqyyh concentrati ons of accelerator in
t he hydratFigns | i qdhoflis a view in perspective of a first embodiment of the tool, i.e. the insertion
instrument, including raw compact;
Fig. 6 shows a side view of the tool in Fig. 5 in cross-section, including raw compact;
20 Fig. 7 shows the head of the tool according to Fig. 6, in cross-section;
Fig. 8 shows the tip of the head according to Fig. 7, in sectton, including piston and
raw compact;
Fig. 9 shows a side view of two variants of a head for alternative embodiments of the
tool;
25 Fig. 10  shows a side view of yet another variant of a head for an alternative embodiment
of the tool;
Fig. 11  shows a side view of a head for a tool according to the invention, which grips a
compacting body; and
Fig. 12 shows expansion as a function of time for a ceramic material produced

30 according to the invention.



Fig. 5 shows a view in perspective of a first enbodi nrent of the tool, i.e.
the insertion instrunent, including raw conpact; Fig. 6 shows a side view
of the tool in Fig. 5 in cross-section, including raw conpact; 20 Fig. 7
shows t hwohead3nf the tool according to Fig. 6, in crossc€ssEGioors) Fig. 8
shows the tip of the head according td>F|g 7, in section, including piston
and raw conpact; Fig. 9 shows a side view of two variants of a head for
alternative enbodi nents of the tool; 25 Fig. 10 shows a side view of yet
anot her variant of a head for an alternative enbodimrent of the tool; Fig.
11 shows a side view of a head for a tool according to the invention, which
grips a conpacting body; and Fig. 12 shows expansion as a function of tinme
for a cera)EToﬁhﬁDé?ESﬂRIBifW@@de?%m‘éﬁww ng to the invention. WD 01/ 76535
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15  This raw compact 3 is placed following moistening into the cavity in the tooth and then

preferably not packed any further.

Fig. 4 shows the hardness achieved (measured as HV 100g) in the ceramic material formed
as a function of time with some varying concentrations of accelerator, in this case lithium

20  chloride, in the hydration liquid, which consists in this case of water. As is evident, the
hardness is developed more quickly and to higher final values the higher the concentration
of accelerator used. The levels low, medium and high referto 1 10* g, 210* gand 3 10* g
respectively of lithium salt/g of formed product.

25  Figs. 5 and 6 show a tool 7, which can have an external design that can be the same as for
conventional insertion tools and can be produced in plastic or metal, preferably steel. The
tool comprises a cylindrical sheath 8 and a piston 9 arranged in the sheath, which piston is
displaceable in the axial direction of the sheath. The piston 9 is enclosed in a coil spring
10, which prevents the piston being led too far through the sheath 8. The tool 7, more

30 precisely the piston 9, is also provided with a pressing surface 11 for pressing by a finger,
e.g. the thumb, of the user. A projecting dolly 12 is best arranged on the sheath to be
gripped by two other fingers, e.g. the index finger and middle finger. The sheath 8 in the
embodiment shown is bent to achieve the best means of access to the oral cavity. The tip



as a function of tinme wth some varying concentrations of accelerator, in
this case lithium 20 chloride, in the hydration |liquid, which consists in
this case of water. As is evident, the hardness is devel oped nore quickly
and to hWw@hetesis nal val ues the hlgher t he concentrati onPCOPEE®BI er at or
used. The levels low, nediumand high Yefer to 1 104 g, 2 10-4 g and 3 10-4
g respectively of lithiumsalt/g of formed product. 25 Figs. 5 and 6 show
a tool 7, which can have an external design that can be the same as for
conventional insertion tools and can be produced in plastic or netal,
preferably steel. The tool conprises a cylindrical sheath 8 and a piston 9
arranged in the sheath, which piston is displaceable in the axia

di rect i on 16fofthegosihiebeshformpdbya beagr 4gwhigh éaf?cqe%@ﬁharb# Rregssphly g‘ﬁ’rafii"f;gso 10,

whi ch pr evgntis: bhe-aRibs Lok BekRGohpectt 6 duaibet b diffghnttdieersiveat h 8. The t ool
7, nore 30 precisely the piston 9, is also provided with a pressing surface
11 for pressing by a fin the thunb, of the user. A projecting

dol Iy 12 i% thastis aptrtangéigac%tﬁo gﬁegrseﬁ@atcﬁmpmﬁlée sheath §hasiamiptarngd charier

fingerss epsgy tﬁ@ﬁea’drldeﬁlefgfe@@ﬁrdlﬁﬁuerm etivisic Clagder. exddeds tealaintetd of nrakhe

enbodl ment sho V- or al
chvi ty o NS ergis nd il R Ba el  GRANG RleRRARER difhdale

formed by the bivaniradcomyiarich aecardingtodidgsa d ah$: eThepq*’éméﬁrdB|syltqur*@éa'ééPg %0 that
the tool canrf8desediatios toﬁﬁéﬂbdﬁ@@ﬁ@bﬁth@ﬁeaa lauDheto thfs, e favecoaipactdamrdaisi ons.

So that it 0. t heath 8 has
an i nternal'“tr8cli|“:§?a‘rﬁ5 Sarsqg '%% toc# dndye Veg{h’f%sst}t%]?d gt@a\%lg%g&dfléﬁﬁgtg ré‘? Ego%c1 whi ch

- chanf et0 ex&i@weéowm@r@w&ﬁ@pe&ﬂﬂfd%l YE’@ﬁ‘ﬁé’é eghgpfes 1yiitalip &fnge and t he

M ni num di aaRkted héw efe pMibE D carsbd digfiacet anthatiepebhanthe eaw m‘mpabhiaoxglof/ﬁa raw
conpact 3, gqgrdl ng to Figs. 7 and 8. The chanfer 15 suitably has an angle
of around }ﬁeﬁ relative to the centre line of the head 14. Due to this, the
raw conpact can be introduced easily into the tool, and neverthel ess held
steadi |l y | Acqrdf€to Figtd)thesddTPor niorgpreBiseld thedieadb4, hﬁmbé previdedwitibnrpact i s hel d

firm yl?y r%ra%g% etg{]ﬁl tﬁpﬁ)ﬁl%ﬁ'sléé 16 ohhagéﬁ %anévp% 19&%&%@9{%@@ opi ston 9

can be 'dis raw’ co head 14.
Accor di ng hyiratiog liqoid whea tbwppeérawn@a&tr%é P%‘QV ympgigedigdhe hapid- An pe
provi ded whidibelof §16t% fl 6loahd1edS7, are h@e airahgetherofind thie ofrcishfetesceld tiorhehdles 17,

wth a vi egnéﬁemﬂ% %;M&&#;ﬁggum W8 ngvqe!wgf;%hhg\Mh'a%eeqs POfnd , O1 pped

raw conpac slots 16 or
hol es 17 awbich éﬁ“éabb’r?xéﬂﬁ’ééﬂl’%lﬁm &mtuﬁ‘éﬂ’é"lcf‘rﬁ‘ﬂﬁﬁe@f‘%‘h?:féh%heag hbanbiagrrenged  aAn
al ternabi velitiRee®r i Bgnhouptran thkGhort end &f the lad.de t he head 14 with a recess
18 in the wall,

The embodiments according to Fig. 9 and 10 are only conceivable variants. In normal

cases no perforation or recess 1s required, since the capillary action of the raw compact is so

good that the necessary quantity of liquid is absorbed even when only the lower, projecting

25  part of the raw compact 3 is immersed in the liquid.

Fig. 11 shows how the tool 7 with the head 14 can also grip a compaction body 19, for final

compaction of the raw compacts in the cavity. This compaction body 19 consists according

to the previous description of a hard, porous material, and has a diameter that is adapted to
30 be gripped by the tool 7.

EXAMPLE 1
A series of experiments was performed to study the effect on expansion, in particular long-

term expansion, of various expansion-compensating additives.



whi ch suitably extends a little way around the circunference of the head 14
and is arranged 20 a little way, e.g. 3 mm up fromthe short end of the
head. The enbodi ments according to Fig. 9 and 10 are only concei vabl e

vari ant swolon76¢53¥ mal cases no perforation or recess is PEGSEE78ISI nce t he
capillary action of the raw conpact i s1&o good that the necessary quantity
of liquid is absorbed even when only the |lower, projecting 25 part of the
raw conpact 3 is imrersed in the liquid. Fig. 11 shows how the tool 7 with
the head 14 can also grip a conpaction body 19, for final conpaction of
the raw conpacts in the cavity. This conpaction body 19 consists according
to the previous description of a hard, porous material, and has a dianeter
that is adaptedidoo/ @0 meergis pped by the tool 7. EXAMPLE | A series of

Iexper | Ment 8,1¥aS: ANGhihok BBMebRassi O8Y. A0S apd Ce0 L2 ALO; Expangsiacnf egnCpar ti cul ar
ong- term ex an5| on vari ahi WO

01/ 76535 E%fFﬁ‘ﬁ %ICOigr L%? 6%8‘%&5 %}F&Rg@ f\g rflﬂ% i Q%&M&’%

al uni nat e @ibxidhEAlghenerd &@SAH?GPS(SEHG | Geyso Mg Ag#’ @g Ca-

al um naj e g@}@lho(%%)ﬁmﬁaﬁﬁfa@ﬁ) st andard cenent (Oerrent a),

fine-grained silic di. oxi ]@]E L,Iaog:?d g&g[gﬁ (Ap3eel 1, Stauss
GbH) . Alzg%fo ﬁ%?n% Odlbﬁfﬁ“éb‘%léle@’g 2&? gecg 63 P om To@o Soda.

Por ous partaggibgese dipmetguaneiox: h PéRIQBEY SO m f i ne- grai ned AI oxi de (Sum tono,
AKP 30) (aggregate dianeter approx. 15 mcronetres) The exanpl es under a)

- h) descripe 10 Jate's long-term expansion with conpletely
hydr at ed akprﬁxﬁﬁ?g)su ?Eﬁaﬁt %‘%cfd%l

ves, but with d(ges&- rovidi nﬁg filler
particl@s gr efasiemebimisate sfonagdermampansie ‘@‘F}h‘iﬂmpé"rtﬂ’gy pteg & Nt erial s
c) effect of &ﬂ&wagiébhywmhﬁﬁ&nes@ﬁvﬁﬁr@ﬁﬂerdémelfe:f@dbremfe)secondary phase
fine-grai ngg %ec%flfql% raq’l?laggyo?iafv@ge?neg{m n{)zgys aggregate on b) f) effect of
gats y

porous agg a conpi nation of OPC and fi ne-grained
Si oxide B) éf@é@ﬁse%fndﬁy@bﬁﬁig%@i"%}ﬁe‘ﬁf various additives

d) effect of secondary phase, fine-grained Si oxide
15 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

h) effect of a combination of various additives

i) effect of Si-containing secondary phases on a pure cement system without hardness-
20 providing filler particles

j) effect of hardness-providing filler particles on 1)

Calcium aluminates, Ca0.Al,Os; and Ca0.2A1,0;, with a molecular ratio of approx. 1:1 are

mixed with filler particles and secondary additives (all quantities specified are in relation to
25  the quantity of calcium aluminate) as stated below. When “aluminium oxide” is referred to,

without the type of particles being specified, conventional hardness-providing filler

particles are meant.

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

was ground for 80 h beforehand.



i) effect of Si-containing secondary phases on a pure cenent system w t hout
har dness- 20 providing filler particles j) effect of hardness-providing
filler particles on i) Calcium alum nates, CaO A1203 and CaQO 2A1203, with a
nmol ecul WOPHIESE of approx. 1:1 are mixed with filler pBET/SEN®E78aNd
secondary additives (all quantities spécified are in relation to 25 the
quantity of calciumalum nate) as stated bel ow. Wen "al um nium oxide" is
referred to, wthout the type of particles being specified, conventional
hardness-providing filler particles are neant. a) Addition of 40 percent by
vol ume al um nium oxide, grinding tinme 24 h. The cenent 30 was ground for
20 h beforehand. b) Addition of 40 Per_c,ent bcé vol unme. al um ni_um oxi de,
gri ndi ng ) madgigion of Ahpereantbrivolumia slugrBumP sy SreNe et ¢t b nAcemAl 01/ 76535
PCT/ SEOL/ 007 s grb@nEdcobeliid th BNattfve SBfopdELENLS fycenOdyvotured QRC iiordimagxi de,
grinding ti 4 h. The cenent I o ' above
bef or ehand. ”?8%%&&%@6?“%%%6%896 g?%ﬁ%g"%y"gf?g’!é‘? ?[)Jgﬁl&g&emnt / st andar d
cement) waly dddwignod4@ hescerdby velpmgllymimamexids) sing iphibr A0ewaf¥ENt by
vol une sal um Rju@ORedstm @riopdicegt byiveRinAfite-gréin i aliokideSvashdsal ton t he
formof 10 percent by.vol ume.fine-qrai i L1con dioxide was added to the
ground cal ci S}fﬁ%?%%gfuénégrgg}a%|aﬁ§&€%’gg§g)a 8&%. e) Addition of 20 percent
by vol une el didivionef 3% berecnt §y velymg gluminimuoxide, grpianscimett b Thascegiedund
accordi ng tovR} RRAY BeccolindBIb 85dve Y0 YorketiBy 0blup@lodpisrodd dlifhitiunibxde de
aggr egat es(produced inshouse - | ping tine of 20 h.
10 f) Additi 8ﬁgr8%a?ef&? rg%urcgghntegqt‘)l\ég\%algg%egﬁ%ym%ﬁ?%%\ﬁ@iﬁdtgﬁiggo percent by
vol unelfal dii Middifionek Peipergent by Jume plpinismeyide I7qPersartdy yolugiciahiipy™ i ne 24
h, but the aggliegapasuywitci@nhpregatteledrimfingdime i buiftheagpespries wesnbr ound
according to v It € LELOB, condanys pgm%ni n the
formof 15 pé‘?%%dﬁat%%bgo %%e%t&%ggfﬂ%&é&%ﬁ%ﬁgngb)}Bi\\%g?@em By vol une
al umi ni um oxiofie secgpdanyphage i1 the fopm of 15 wereent Spupltme fGas ground according to
b) above. § padamtorhy pyebiine volumERGaRGMDoxXE geitindtyme Y40h UTike einent
fine-grained sili I Ox] a ¢ lsyia . h)
Addi tilgsﬁ of é‘fi“sﬁé@ggﬁ?&%h%lbﬁﬁ%&ﬁ| ﬂﬁg%f%t%fa?ﬁ‘éf%a‘ﬂ aﬁ,ggp“gr Lc@u f’il‘tbb?/ vol ume
al uni ni um oxiclrnexnf figeeruredsdicen diogile werg addphiy the saciom alymipgig. ¢ he
aggr egat esh)weAsd il of 2ageteeht 8 Velume aluminium oxide + 20 percent by volume aluminium
oxide as porous particles, grinding time 24 h, but the aggregates were only added after
20 h. A secondary phase in the form of 5 percent by volume of OPC and 5 percent by
20 volume of fine-grained silicon dioxide and 0.5 percent by volume of glass spheres was
added to the calcium aluminate in this case.
i)  Addition of secondary phases in the form of 5 percent by volume of OPC and 5 percent
by volume of fine-grained silicon dioxide, grinding time 24 h. The cement was ground
beforehand for 80 h.
25 j) Addition of secondary phases in the form of 5 percent by volume of OPC and 5 percent
by volume of fine-grained silicon dioxide and hardness-providing filler particles of
Z1O; of 10 percent by volume, grinding time 24 h. The cement was ground beforehand

for 80 h.

30 The mixtures were ground in a ball mill with inert grinding balls of silicon nitride with a
coefficient of fullness of 35 %. Isopropanol was used as a liquid. Following evaporation
of the solvent, materals a) — h) were admixed with water, dewatered and tamped with a

stopper into holes with a diameter of 4 mm in a container that permitted measurement of



20 h. A secondary phase in the formof 5 percent by volume of OPC and 5
percent by 20 volunme of fine-grained silicon dioxide and 0.5 percent by
vol une of glass spheres was added to the calciumalumnate in this case.
i) Addi twonm/edsisecondary phases in the formof 5 percentPCiBE@ozsre of OPC
and 5 percent by volume of fine-grainéf silicon dioxide, grinding tine 24
h. The cenent was ground beforehand for 80 h. 25 j) Addition of secondary
phases in the formof 5 percent by volunme of OPC and 5 percent by vol une
of fine-grained silicon dioxide and hardness-providing filler particles of
Zr2 of 10 percent by volunme, grinding tine 24 h. The cenent mas gr ound
beforehand for 80 h. 30 The m xtures were ground in a ball mll wth inert
gri ndi ng bthk danespioss in anemtipdl myi¢rgecopp + hheymatgnds peeikeptmest at af |Q+§§‘§eeaf 35 %
| sopr opanofesassiedehtaSviacH wétd ipeforfriell lcomirugusty apay didags. of the sol vent,
materials a) - h) were adm xed with water, dewatered and tanped with a
stopper into holes with a dianeter of 4 mMmin a container that permtted
measur enenthofesui®a@reresdsn peribbErylpw0781 20 the di nmensions in an optica
m croscope. The materials were kept noist at 37C between test

neasurenew%s whi ch werd pertornmed conth%%gu%nxﬂy%ﬂ%o_180 days. The|results
are repor

RIR the tablle below.; 5 Sanpr in %after desgription
1 d 2d 80¢ddé&spgption80d a |0d0. 12 0|88 0.8 @dss bl 120d 22 0.[4806) 48 0/48 c O
0.11 0.23{9.26 0.26 d Q.12 0.1810.13 bd8 e (.15 0.1 21 0 Pl f-j
al | val ues under 0. 10 9%Error margi.g 1or Sure S+-0.02% evi dent
fromthe _EsuLLs_LhaL_emension :?gﬂnataéﬂz.ter Wfié i”&g"° .Jr t he
very dinenasionally stabl® nmateri @l (exipa®si on Uha@r 0 JF 026 nclud ng
error narglns) no clear | L0 pointyihR ting fpr stggpati on qgmsbe deduced. It
is al so eyrdent—that

- all values under 0.10 %

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
10 point in time for stagnation can be deduced. It is also evident that
e  Only an increased grinding time (b) in relation to reference (a) almost halves long-term
expansion.
e When a secondary phase in the form of OPC cement in a quantity of 15 percent by
volume is also added (c), a further virtual halving of long-term expansion is achieved
15 = in relation to (b).
e Long-term expansion is further reduced by a secondary phase in the form of fine-
grained silicon dioxide in a quantity of 10 percent by volume (d).
e 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 (e).
20 e Extremely low expansion was achieved when using porous particles and a secondary
phase of OPC cement in combination.
o 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 using porous particles, a secondary phase of

25 both OPC cement and fine-grained silicon dioxide and glass spheres in combination.



Only an increased grinding tine (b) in relation to reference (a) al nost

hal ves | ong-term expansion. Wen a secondary phase in the formof OPC
cement in a quantity of 15 percent by volune is also added (c), a further
vi rtual Waelovresegs of | ong-term expansion_ is achieved 15 PATSEIZH0T™ON to (b).
Long-term expansion is further reducedzlby a secondary phase in the form of
fine- grained silicon dioxide in a quantity of 10 percent by volune (d).

| mproved (reduced) |ong-termexpansion in relation to (b) is also achieved
using porous aggregates of alum niumoxide in a quantity of 20 percent by
volume (e). 20 Extrenely |ow expansion was achi eved when usi ng porous
particles and a secondary phase of OPC cenent in conbination Extrenel y
| ow expansi ofEsfigmelydpw svisasianans pdiigygd Er e RIS bAEE SR PLPHIBWEE  cenent
and fi ne- gr aipa@ddisi kileguartitie@xilde using otlg atdowedriten of Sikocntadmeg ydditows.expansi on
was achi eved.&%ﬁerglggﬁggégygﬁng@r,waggmev_e@f&%@admﬁm@ SewithdGuwbot h OPC

cement and fine- . I'con dioxide and gl ass eres in. con@i at i on.
WO 01/ 76535 P@WtSE@ﬂ’QJIW@EtbQEOIU’Eﬁ)tqféﬁ‘éPVSPERM“g%@i“EPGWC JSUERNIET f or
the pure ceneRhtabysd Nditivies foo ekpahsodo@ssensgivovi ding filler particles when
using only a |l ow content of Si-containing additives. Extrenely |ow

expansi on was achi eved for the Ca-alumnate systemwth | gw %anti ties (10
per cent byTheonaieials which hrverregemply ) erragsien (VP ﬁ)?fatvf:’@lp%%, ofdhsg only Si- 5
cont ai ni ngexpekidn preperfi@l a goneaih featire wrofileavisadit haiches Teeomespeniial seméritch have

extrenely 4y9§é’m%ﬂ?oﬂ§ kivesOtHde %%eh@lg‘ﬁave?a%ﬂprésgi‘?@l&e% h 1PERSO NiPa,

properties,” a general fteature proftile which tches the.correspondi ng
cenent 10 sykarénesspiih OYickest Hi%e) 74 40-1 3 andenirempely Pehpgiddesistnsin essi ve
strength of 170-200 MPa, 10 hardness of H (Vickers 100g) = 110-130 and an
extrenely pigqlyi¢ 4 resi stance. EXAVMPLE 2 Description of raw materials:

Cal cium alum nate of the phases CaO A1203 and CaO 2A1203 form ng part of
e.g. Ca- 1Bessrgfemelye” M ts (Al coa or LaFarge), standard cement (Cenenta),
si licon di Oxlcte al{rindieiof the phadts €a0iAE:: tand £a@E ALDs 62m{nkl pdrtiof . Cavl xi ng:

15  aluminate cement (Alcoa or LaFarge), standard cement (Cementa), silicon dioxide
(Aldrich) and an inert oxide, ZrO, (Aldrich).

Mixing:
The cement phases were ground together for approx. 80 h, whereupon the oxides were
20 added in a final mixing operation of approx. 22 h. Finally, the grinding liquid, consisting

of 2-propanol, was evaporated.

Pressing:

The powder mixture was pressed into small tablets at a pressure of approx. 90 MPain a
25  Korsch tablet punching machine. Tablet diameter 3.00 mm and height 3.00 mm with

approx. 20° chamfer 0.35 mm in from the flat sides.

Conditioning:
The tablets were heat-treated at 400°C for 4 h.
30
Insertion and compaction in the test chamber:
Water with alkali salt was added to the tablets one at a time. The tablets were transferred to

the cavity in a special holder and compacted with an ordinary stopper initially, to be tamped



The cenent phases were ground together for approx. 80 h, whereupon the

oxi des were 20 added in a final mxing operation of approx. 22 h. Finally,
the grinding liquid, consisting of 2-propanol, was evaporated. Pressing:
The powdeo onfessure was pressed into small tablets at a pceseuroe7sof approx.
90 MPa in a 25 Korsch tablet punching?rachi ne. Tabl et dianeter 3.00 nm and
hei ght 3.00 nmw th approx. 20 chanfer 0.35 mmin fromthe flat sides.
Condi tioning: The tablets were heat-treated at 400C for 4 h. 30 Insertion
and conpaction in the test chanmber: Water with alkali salt was added to the
tablets one at a tine. The tablets were transferred to the cavity in a
speci al hol der and conpacted with an ordinary stopper initially, to be

t anped WOl 6536 pHOT SEMICGOTEViceZaocpiding toigilth Télebmetﬁ}befblfﬂﬁblaé ¢ ng

devi ce (aG&PpelifttB9°HinG hubld envildgineder e then kept in the test bodies at
37Cin a humd environnent. Result: 5 Fig. 12 shows the resulting
expansion as a function of tinme for the ceramc material formed. It is
confirmed Relvdt: the expansion val ues achieved are very |low and that

expansison #@WQ lsBowOE reamhﬁg eA{an;d@ry&s a fm&ldnwamb rf& I'fhd ®ranaé mﬁ@ﬁﬁlrfbﬁsﬁeﬁd to the
enbodi nmen t%o scope I

S. e
cl ai ns. Thh‘é CP?ﬁP?QﬁﬁaglFsef%agﬁwf’Sglu%&asflh'e %rﬁa?w 1(hwandnven or%'otr:laer’lveal so be
used in coendecdDdayswi th non- dent al appl ications, i.e. in connection with
t he production of chenically bound ceram c naterials for other purposes. A
concei vabl e appli.catio [ terial ) for
el ect r oni Cﬁ}’f $ e&fl?léls é)ﬁgregmctegsqtthe em%odxmegfa desc 1E>%C{T%ut dah Be %r?e%% é\'ﬁ%:htg can
consi st0 hecepe ditheesizims! Eh@fltauvmrﬁogql &@examlmthatth@ ’alr'féftt@P can ala? bewgd2-7 cm
15 for usqna%@cﬁﬁf&vitﬁﬁomrﬁlh@;&hc&@csnselleeﬁidoaﬂmxoﬁwitﬁwmet;sod@aoﬁoﬁarr| er

material i n ms Qaégllfa?n?‘c mat, 1p $ i‘cffa*heppur ?se§ Re ?&Bka@l{a ]@ga cgtrléna%{éea "

bi osensor SHEPIA y
circuit bosg dsarigi mstewé@r@st@nte)tfqareelerqun@c cuﬁulmnéa wswﬂeemw&bwh@%% t he
product dome préd@iict ERQEndia heRFOUSLMP QAR §ii PrafOne dGahbtBofatiint 2V&Sn,i n

appl i ¢ orS uste a%té carrslerkl{maﬂer’lal W} eﬁectronng x\@cu?tlé afs g'c!lr?xeror}ﬁtgxllaq ?n rtnn:?orr?e%RPrSCa?f the

presen I nven
applications, as a carrier material for biosensors or as a carrier material for optical fibres for

producing circuit boards, biosensors or the like. It is also conceivable that the product does
not need to include expansion-compensating additives in applications of this kind, which
however falls outside the scope of the present invention.

20



20 WO 01/76535 23 PCT/ SEOL/ 00781 CLAIMS 1. Raw conpact (3) conprising a

bi ndi ng phase of one or nore powdered bindi ng agents, which raw conpact
has the capacity following saturation with a liquid reacting with the

bi ndi ng wgentaes3t o forma chem cally bound ceram c mat er paf/sEavd7sshi ch raw 5
conpact preferably has a degree of con%}act ness of 55-67 percent by vol une
solid phase, characterised in that the raw conpact (3) al so conprises one
or nore expansion-conpensating additives adapted to give the materi al
dimensionally stable long-termproperties. 10 2. Raw conpact according to
claiml, char acteri sedinthat the raw conmpact (3) is

subst anti al free of hardness-providing filler particles. 3. Raw conpact
according(ﬂe)xll,ﬁI @iml, characterisedinthat the raw conpact (3)
15 conpri ses Rew donpabt (PRdobeisinpy burdlingyhalraifloas br mere gpvdéred HindiRgwgansrpact

according to f Ie Gaflrafioh with@ liqufdl thadting w@thd 1 n that
sai d bi ndi ng %hasrgwccgngﬁés{thggglg ?&a&( ﬁm%mg Atial faufl bacting

ntiall um al um nate
cenent. 20 5.t @hmﬂ@sﬁgﬁa%&tto A eheavea! éilf’amfia a”i‘ﬁgytif)‘?)'v%nadc‘l"%fsww charac
t er iss e d:oh@a&dpaéfersﬁydas adigirdei of esmpaebsef 50f67qreceot bymlenaghdidt | ves in
t he group whi Chh consists of porous particles or por ous aggregates, soft
particles whilti*have an E-modul us which is ;é than t he E-nodul us of the
bi ndi ng phases h an#c he Eetohdattyt BAFRECORRPLLR) LRGTPLSS OBILEL ™ eact s wi th
t he bindi ng phaseion2nfpenfdang adipas hdapteion diveghetroatetiadidimedpsiopally stable a ¢ t e
ri sedin itives consist at least substantially of a
secondary phalégg{egg?’ch)ggggndary phase preferably consisting of OPC cenent
and/or!9ine crystalline silicon dioxide and/or another Si-containing
phase, pr et errbl yorhprceadcoddalg toyulaim i to/h of a 4t 0i sped cethat thy rapodommectdhds even

more 30 pr ef egegl ] 1 0oARKGRM prBYiclQIiERptidshe raw conpact . 7. Raw
conpact accordlngtocalm i sedin that said

secondary phase consists of CPC cerrent in a _quant_lty of 1-5 percent by
vol ume ands orRéw nemgacystcaldirigrie clagn [ j clomr ale oxi idee d mn thagtharaw ¢onpatt (3) 5

percenysby VOlyiiices up to 50 percent by volume ballast material

4. Raw compact according to any of the preceding claims,characterised in that

said binding phase consists at least substantially of calcium aluminate cement.

20 5. Raw compact according to any of the above claims,characterised inthat said
additives consist of one or more additives in the group which consists of porous
particles or porous aggregates, soft particles which have an E-modulus which 1s lower
than the E-modulus of the binding phase, and a secondary phase, which secondary
phase reacts with the binding phase.

25
6. Raw compact according to claim 5,characterised in thatsaid additives consist
at 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
30 preferredly 1-10 percent by volume in the raw compact.

7. Raw compact according to claim 6, characterised in that said secondary phase
consists of OPC cement in a quantity of 1-5 percent by volume and/or fine crystalline

silicon dioxide in a quantity of 1-5 percent by volume.



WO 01/ 76535 PCT/ SEO /00781 24 8. Raw conpact according to claim5, ¢c h ar
acteri sedinthat said additives consist at |east substantially of
porous particles or porous aggregates, which consist at |east

subst antwalohyésad oxi des of Al, Zr, Ti, Si, or Zn and SnpcCrisesiompief er ably
having a 5 diameter of 2-30 m even mo#® preferredly 5-15 m an open
porosity of 20-60 % preferably 30-50 % and the pore openings in the
particl es/aggregates being less than 5 m preferably 0.1-5 mand even nore
preferredly 1-3 m 9. Raw conpact according to claim5, char act er.
s edin that said additives at |least 10 substantially consist of porous
particles, which porous particles consist at |east substantially of

m crospheres with a high closed porosity, which mcrospheres are

pref er abl yg ofr gl @&ﬁpa@ﬂ&cbﬁw@ t@cﬁﬂﬁ ssd i yr bt €hi soxd eedist 20 Aditiveetonsiabl y

exceeds 80 % n in t by

vol une of thet lleé%st‘fg%ﬁlé[ por%l*sé)r aﬁ thobB 8‘% %Ere%§§$ Jh&ﬁ%ﬁﬁﬁgl{ @%d even
nor e preferreﬁc;tb§¢mr@1~'ﬂ!§§>’mf@)‘Klé@rO(féilth”oI/l Sllsorv%ﬂ n, these H%fWaE MBYBE 2according to
any of 4he pragaeein 23 Rlfiave mdrepréfeftedty 5-16 pin, hn Sped pbrasity bh20-60 @i d raw

conpact (3) has olid
phase, pref er%ﬁ b%&%&@ﬁgn&éﬁ@%‘%gﬁﬂfﬁ%& th?? @aeﬁ§@%%6B¥T¥@ aw cgrrpact
according to lanwr@f#rabh(@ gﬁe@e@ﬂﬁgerbmaﬁerpéefe@dﬂvla 3pmy ¢t er i sedin that
sai d raw conpact (3) also conprises an accelerator for accel erated reaction

pet ween 58! S\ DD AASNAS: BRM @eMpywenssawlﬁﬁaﬁéaﬁ@fdgfvi&%n%gtstIng

pr ef er abl y of sark uantit per ml
by vol dée, pr%‘bétﬁ@ﬂﬂlly cgnszslefraorg‘érpamqleswthlzsm%% Wlewpwawéﬂ on the
sol i d cont entsubd@atidROf fIRPEEreawDE Highgldsed porysigf whitk mregpheiengrec! ai ms, ¢

har act eprﬁfegb?}ylcﬁ' ﬁgas ﬁxdtl'g%a ggrgkgr]\p%gﬁjéﬁge 95@'% eqtﬁgﬁ‘lg/@%e'e@! é@’%have a

grain size of aw c act according to any
of the precedi¥greprgsamsin %‘aﬁmb?s pf lgssthgn Zpgregnt By golyme g ‘Pﬁé&w campagh r qw
conpact (3) hﬁafeaabﬂ)alf yeglercdhtBnoluie, aid &emmonspxefettedlpnd-1a5 perednlt Byt

di mensijgn of 9 Emmnl mum its dianeter or width being 1-8 nm preferably
2-5 mm and | eight being 0.3-5 mm preferably 0.5-4 mm WD 01/ 76535
PCT/ SE01/ 00781 25

10. Raw compact according to any of the preceding claims,characterised inthat
said raw compact (3) has a degree of compactness of 57-63 percent by volume solid

phase, preferably 58-61 percent by volume solid phase.

20
11. Raw compact according to any of the preceding claims,characterised inthat
said raw compact (3) also comprises an accelerator for accelerated reaction between
said binding agents and the liquid, said accelerator consisting preferably of a salt of an
alkali metal, in a quantity of 0.1-0.5 per mil by volume, preferably 0.2-0.3 per mil by
25 volume, calculated on the solid content.

12. Raw compact according to any of the preceding claims,characterised inthat
said binding agents substantially have a grain size of 2-8 um, preferably 3-4 um.

30 13. Raw compact according to any of the preceding claims,characterised inthat
said raw compact (3) has a largest dimension of 8 mm maximum and a smallest
dimension of 0.3 mm minimum, its diameter or width being 1-8 mm, preferably 2-5

mm, and its height being 0.3-5 mm, preferably 0.5-4 mm.



14. Raw conpact according to any of the preceding clains, c har act er
i sedinthat it is intended to be used for dental purposes, preferably

for dental filling material. 15. Raw conpact according to claim 14,
char act ewoio1/36585 d i n that said raw conpact (3) 5 has diregrsgdmeessiadapted to
a dental drill (2). 16. Raw conpact ac %rdlng to any of claims 1-12, ¢ h a

racterisedinthat it is intended to be used as a carrier naterial
for electronic circuits, as a carrier material in mcronechanical
applications, as a carrier material for biosensors or as a carrier 10
material for optical fibres. 17. Raw conpact according to any of the
preceding clainms, c har act er i sedinthat said ram/conpact (3)
has di nensi%d%wa@almaeth@@dalﬁ to preH Qflﬂﬁl%cheéﬁ\Sl olayme.m)h g it Gt G ihiBat it aw

conpact i s tQgRenddd fostusedfor 4ontdiurpdetd) pafcrably for dehtaifilighganabeiti cal | y bound
ceramic material by means of reaction between a binding phase of one or

nore powdered binding agents and a liquid reactin w th these binding
agents, a Pouirer cdrmiypt aseprpinisde Algns &t.¢ clbqrrmqfrﬂgﬂé trsthpispidgaw eomprsetSed i nt o
a raw copnpacthab dmdnsiohfiadaptedeo pomardritiqely, before the liquid is made to 20
saturate the same, is exposed to such a high external pressure and at so
low a tenperature that a closely connected raw conpact i.s obtai ned w thout
si ntering 16 & ¢ompactarceidinsde Bmoe clamms tH2r Qe EdFpatLs ¢f df B1rtBSy has a
degree of conNpREYLIRSDe usid B 2-chrfiepRkeailifolyfectrohidRBcEB) 4sth qalis Matetialina r a C

el 02 & TPt Rl LD, RONASE RadhoPhaRATRY] 265,005, QLaBy ©

expansi on- conpens Ives adapted to give t materi al
d|nensi%nalIy“§@¥ﬁﬁgcméﬁﬁﬁpﬁﬁn1propertles 19. Met hod according to claim
18, char acteri sedinthat said binding agents consi st at |east

substant i aj Ve 8l cSALE! WL ALHITLORS 6 ERRRL A Y 14 Voo A1 Bl v

consi sting consi sts of porous
particles or fBlBYSOBPag ey %S‘O%%ﬁd@ptﬁéﬂqndp‘&‘dﬂﬂ |°EY1tyr{él/‘ét°a’H“@ Hedul us
which is | oneawtcoapadthetobermetdheesi. of the binding phase, and a secondary
phase, i ch secondary phase reacts mﬁth the binding phase. WO 01/ 76535
PCT/ SEQ /00781 26 20. Method according to claim1l8 or 19, c h.ar act e
ri s e d ih Methed fripiodusipeeshemiclly @und ceramie material By Pans of raglifiee of
conpact ness Obetbden@dipdnghake bfone of moE: ppoldedd pidiag,agents and a liquid reacting

with these binding agents, a powder body comprising said binding agents being
compacted into a raw compact (3) in that the powder body, before the liquid is made to
20 saturate the same, is exposed to such a high external pressure and at so low a
temperature that a closely connected raw compact is obtained without sintering
reactions on compaction, which raw compact preferably has a degree of compactness
of 55-67 percent by volume solid phase,characterised in that the powder body
also comprises one or more expansion-compensating additives adapted to give the

25 material dimensionally stable long-term properties.

19. Method according to claim 18, characterised inthatsaid binding agents consist
at least substantially of calcium aluminate cement, said additives preferably consisting
of one or more additives in the group which consists of porous particles or porous

30 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.



preferably 5 8-61 percent by volume solid phase. 5 21. Method according to
any of clains 18-20, character i s e d in that the nethod conprises a

t abl et preSS|n9 stage for each raw conpact (3) that is produced, tablet
pressi ng"B8V W execut ed at a pressure of 40-150 MPa, prE'E?%%WVm?O-llo MPa.
22. Method according to any of clainms 18-21, char acteri sedin .
that said raw 10 conpact (3) is forned in that said conpaction is executed
in a nodel (6) of a cavity (5) into which the raw conpact is to be

i ntroduced. 23. Method according to any of clains 18-22, c har acter

i sedinthat the powder mxture and/or said raw conpact (3) is

precondltl oned at terrperat res. exceed 5 150 r ef er abl [ ing
250C. 24. %W%&%Pﬁﬁﬁb e Hhor g8 © hlagiar?ifeiési ‘“Qh?sa‘draW%mpta“?

d in that saistabiequd taves: degaasécbmmcmaiswféﬁé3ﬂ)h@eli*téwvébﬁ"f%ﬁ@lld plase, n that

the raw COWDgFetferatﬁy'séf%\?l’pér%@kt%vbﬁlﬁ&tsowaﬁaséy inthe liquid, preferably for
at |east 5-15 seconds, preferably at |east 10 seconds 20 and up to 30

seconds, so that the liquid is permtted to be absorbed by the capillary
forces 5act2|1ng/Iethbctdwondang/tawrmpa”@talmi he20,avb aionplecti sgrdefrethatishgmpdpdg gri pped

by neans ﬁ-ﬂ hﬂ% grtz;b'lé? 'Bréssﬂﬁé SAEEBE eacH Yawh ébnﬁﬁﬂtr(@):ﬂhhtq J)I\Mdﬁ&dl tableDei ng
e

i nrer sed |nt any renai on the raw
conmpact then pff’é?‘ﬂ% %}P$ E’&FCBtF‘F at opresspre 0%3{)]%8 C%r?%ra% tdoﬂ?nlgpof cl ai ms
18-24, char acteri sedinthat saldllqwd consists of a

hydration i Qukiflod #4b@hgRS @ﬁﬁ&f@mlms £aN| 2 Hsr 26t @qcseel cﬁhﬁﬂhﬁ)trsafd%,wt he r eact i on
bet ween the bindin

ph sald cel erq efe
consi st ng ofcoﬁlpa"ég?)tls %fm%fﬁméfllﬁzéilii ?@Paﬁ ibn ?Célr T RTAR NG lg%)q%ﬁ?w{ya of 0.1-1
g/l of Iiquidmnpmamehabhywamaﬁeawﬂw1@m¥mg¢ even nore preferredly at | east
0.4 g/1 and nost preferredly at least 0.8 g/l of 30 liquid. 26. Method
according to first raw
conpact (3> |1\g tﬁ%@%%‘(ﬁlmﬁg&) By %féf?waﬁ egz fig hal cﬁe“ (f[ m?trrll]a%}r]d%() C{eﬁen to be
packed into anist and/f 53id ram¢®¢@ﬁdﬁ)ypwon‘tﬁ¢r§d@f tealpﬁfla‘rulrffsrﬁgcqeéwg wher eupon
a secojy ramqg@quggmﬁﬁgehﬁe&gggﬁﬁcto WO 01/ 76535 PCT/ SEQ /00781 27 be
saturated by the liquid, in order then to be packed into said cavity (5),
preferably by nmeans of said filling tool, whereupon any further raw
conpact s ate Methstakcoulinggo anpefiplame d8-87, Gtmerwmmld eq i Bpigeid lighishis t o be

packed into sgiddéa¥Hnirte t}{?:rr@\ﬁ/@l’)ﬁ ¥ (3¥n iﬁ@ﬂﬂ@rawikfonﬁﬁbtds fmrhdrbdiGt legal ,
preferably un artly 1;[1 qle 11qu1cf p%ferzi’ﬁy Eatqeas{ % Il? secon s preie: ra%ﬁy at(feasmroes,%goerl S
20 and up to 30 seconds, so that the liquid is permitted to be absorbed by the capillary
forces acting in the raw compact, the raw compact preferably being gripped by means
of an insertion instrument (7) in connection with its being immersed in the liquid and

any remaining superficial liquid on the raw compact then being dried off.

25  25. Method according to any of claims 18-24, characterised in that said liquid
consists of a hydration liquid, which preferably contains an accelerator for the reaction
between the binding phase and the liquid, said accelerator preferably consisting of a
salt of an alkali metal, preferably in a quantity of 0.1-1 g/I of liquid, preferably at least
0.2 g/l, even more preferredly at least 0.4 g/l and most preferredly at least 0.8 g/l of

30 liquid.

26. Method according to claim 24,characterised in thata first raw compact (3) 1s
caused to be saturated by the liquid, in order then to be packed into a cavity (5),
preferably by means of a filling tool, whereupon a second raw compact (3) is caused to



5 raw conpacts, which are then permtted to harden to said chemcally bound
ceramc material. 27. Method according to claim26, char acteri s
e din that final packing and the renoval of any surplus of liquid is
execut edwon/zssau by neans of a conpaction device 10 (7pci/seoroondi - the
part (19) of which acting against the #bist, conpacted raw conpacts
consists of a hard, porous material, into which any surplus of liquid is
absorbed, at the same tine as the noist raw conpacts (3) packed together
are conpacted further in the cavity (5). 15 28. Method according to claim
26 or 27, char acter i sedinthat subsequent polishing of a free
surface of the chem cally bound ceramc nmaterial forned i s executed,
preferably wbt hitwagd b th liwidén ordertherniorhe Pasker airte azid gaviiy (i Arefrablyhut es

gfgt efl_ S?' d7 %]Eémtshﬁ'ﬁllﬂfg tb&lewﬁ&b@onraay\/ﬁﬁﬁﬁp@ﬁftc‘émb&)ts frasalzee o wonpl et Edh 20
(0]} sert.ion, of 1 C
(7) 8??{?&52}? léqubd in,order tﬁﬁn %%"%?&Eedﬁrﬁl sdiff EeRut? 9%}&;&&)@@%8%’“‘

raw conpact ndr ng
agents, and wﬁsaemﬁlﬂxawtooémﬁﬁqeblywagl thiy eavity hacheey ﬁllfcbwtbmorﬁg compirssdi on with

ali qU'Sd r eagdv Bﬁnﬁﬂcishwhlfdﬁaﬁltﬁ@i @mitRd ehhfderito sdid ERandicAlysufdtdrymizound
ceramc materlagll aracteri sedinthat said tool (7)

conprises a (Wl mjrlcal sheath (8) with a short end or a head (14) which
has an 25 inner diameter (d, D) adjusted according to a dianeter of a given

raw conmpact7 (Mdthod &t@ordilpas tlainde,afh S&d et shisatd i Bt fnal fieRidg bddihebei ng open
to receive the ra ofcatnﬁ sun\SR’Lus (oﬁ ?) 1d§’g e@e&ngdd&l(gﬁv b§ Zl)e%rp%\fla Egmﬁzhcplox? Eign?e( 9)

arr anged in t%mov acea
di rectifn of (Dhea wakahtpart dP) eirdhel ating ﬁ@antsra@em»td@ma@?d [23) compagta d
cavity (5). c3fksistOof aTlQQi paﬂﬁﬁ)ﬁﬁteﬂ@l info whidh Bny2Quplas ¢f IRuid iRalsotbed, dttHe S e d

in that the shart t r 101 qgum

i nternal di afeter m?&g rg&'%]%e& gt(%&g):k%w% an%l%tjacéynggéét gﬂgp@gﬂé raw
conpact (3), C@Y\‘é’@heath (8) at the short end or nozzle (14) having an WO
01/ 76535 28 PCT/ SEQ /00781 internal chanfer (15), preferably of 10-30, the

lar ges# ﬁ%ﬁo@w%ﬁr@%' %ﬂn %é 8??71% h a rQ% t%'r(f‘ggBQH thQLsutb?eequgﬁtg)%nsl{u?%W .

conpac to ¢la s e
din that saicfa dise surface %meehe@g@aﬂwowad paramis mgtarialfapmedgs exespigdhead (14) has

a recess ( 18)préferably Ritiiie3-10mifeésf eveatrhard prefeneligsvithin/3-7 ntfiuted dfessafd6) in its

wal I . compaction of the moist raw compacts (3) has been completed.

20  29. Tool (7) for insertion of a raw compact (3) into a cavity (5), which raw compact
comprises a binding phase of one or more powdered binding agents, and which raw
compact has the capacity, following saturation with a liquid reacting with the binding
agents, to form a chemically bound ceramic material, characterised in that said
tool (7) comprises a cylindrical sheath (8) with a short end or a head (14) which has an

25 inner diameter (d, D) adjusted according to a diameter of a given raw compact (3), the
short end of said sheath (8) or head (14) being open to receive the raw compact (3),
and the tool (7) having a piston (9) arranged 1n the sheath, which piston is displaceable
in the axial direction of the sheath, for transferring the raw compact (3) to said cavity
(5).

30

30. Tool according to claim 29, characterised in that the short end of said sheath
(8) or head (14) has a minimum internal diameter (d) which is less than the diameter of
the given raw compact (3), the sheath (8), at the short end or nozzle (14) having an



32. Tool according to any of clainms 29-31, char acteri sedin
that said tool (7) is also adapted, when not gripping a raw conpact (3),
to grip instead and hold firmy a 10 conpaction body (19), which has a

di anet erwadj/tesised to the inner di amstgzr( (d, D of the Bowacdog78{8) short
end or of the head (14) and consists a hard, porous material, due to
which the tool (7) fornms a denoi stening conpaction device for conpacting
one or nore raw conpacts (3) saturated with said liquid into said cavity
(5). 15 33. Tool according to claim32, c har act er i s e din that
sai d conpaction body (19) consists of a material in the group which

consi sts of porous ceramic materjals or terials Ror ous
netal mat eri aremalrhapsyr Gl RKEfS@bWé’tfé? |3§ Li?)‘g%ggg'raé'ﬁ @a"f ei"&‘fe Whi ch
consi sts of ahdtaﬁrdmaﬁﬂﬁﬂaglemla'mompm(mre pr ef erredly beech wood. 20 34.
Conmpacti on bod_y (19) for the tool (7) according to any of claims 27-31, ¢ h

aracter sedinthat it_has a dianmeter, whjc apted to the

i nner di arfdt érrOOK%FCO"dEB)g tgclay 29 sha% e &t 4 e IdA GG 10 hﬁ S’i‘)‘f1 SB‘i‘a%T ﬁé' CEPé‘éH’ (14)
and that it qeskrsémsl, of said tead (.4) paronesess (i) erd mimbienof frefogutiony hulkes GF)

consi sts of yhaterials, porous polynmer materials, porous
netal materi g’?glggmj é?g})}g wood materials, preferably a material 25 which
consists of a hardvvood material, even nore preferredly beech wood. 35.
Conpact i ors2boidy] axzcfaid togny of Himb A9-34,citcahaat ¢ r s ed in tharsaid tgold7)ds also t hat i t

has a di amet %'aaptgcf, w}feg’ nmripB{ngfaQ&QlaJ)pra%I é),%rip instead and hold firmly a
10 compaction body (19), which has a diameter adjusted to the inner diameter (d, D) of
the sheath’s (8) short end or of the head (14) and consists of a hard, porous material,
due to which the tool (7) forms a demoistening compaction device for compacting one

or more raw compacts (3) saturated with said liquid into said cavity (5).

15 33. Toolaccordingto claim 32, characterised inthatsaid compaction body (19)
consists of a material in the group which consists of porous ceramic materials, porous
polymer materials, porous metal materials and porous wood materials, preferably a

material which consists of a hardwood material, even more preferredly beech wood.

20  34. Compaction body (19) for the tool (7) according to any of claims 27-31,
characterised inthat it has a diameter which is adapted to the inner diameter (d,
D) of the sheath’s (8) short end or of the head (14) and that it consists of a hard, porous
material in the group which consists of porous ceramic materials, porous polymer
materials, porous metal materials and porous wood materials, preferably a material

25 which consists of a hardwood material, even more preferredly beech wood.

35. Compaction body according to claim 34, characterised inthatit hasa diameter

of 1-8 mm, preferably 2-5 mm.



