WO 01/ 76535 PCT/ SEQ /00751 | Cl-vffCALLY BOUND CERAI YI | C PRODUCT, ?METHCD
FOR I TS PRODUCTI ON, TOOL TO BE USED I N EXECUTION OF THE |v THOD AND

| NTERCHANGEABLE PART ON THE TOOL TECI LNI CAL FI ELD The present application
relates to a raw conpact conprising a binding phase of one or nore
powder ed W7 B4y agents, which raw conpact has the capacFPEVSERENTSHW 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 o 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 for producing said ceramc material,

and a tool for [ ] h A i rt for
fhe fool . CETMAERGRRBETE TN RN N T PO SRS BAE PR FBRat es 1 o

bi ndi ng ag@npLsyC BENESHP It R ECERENN QF STEMEYHOD AND IPaERICGHANGEAREE syst em
cac>A12ce-$§k9%hqg@g5TgbLs systemis used in the construction industry for
exceptionally hard and tough environnments, i.e. acid environnents wth high
mechani cal stress (R J Mangabhai, Cal cium Al um nate Cenents, Conference

vol une,5E & 20 F NT Spon, London, 1990). By applying rupture nechanica
attack HEt?g@ d3hd; advgpced powder technology to the system the generally
good profil[e o eatures of the base system can be inproved considerably.
St udi es caf Pf BESBUEPRACEHIAPIAGS 10 BHEOMPIERPTBIS IR PP iBY PoAts of WSIOKFOTESE 463
493 and 5020W&fd hiadeg pradyctithasw esbict hizahe tapaiigaiotiswiiceaturgioh @nhizal for
t he system. - and i 0-resi terial . tal filling
mater ) gl o R dant i BREBAE SR S iy SRR B0 AT BN e 1

r equi r Erent'SIchRY SHEPFE PTHOSMRAR A5RTR O CORISHRBIO ¢ & 64 RarpuytvPBmet hat nmay
be set by paidiphats TEnorndant @ipliseiodiof thestaimic thhend iid satenfanriliih® makatll Ous
dental f11irhog o dal 8, DRAUITRI: 4 fi0in@Sail QL QWna R BTN %,c

general ly gogd dura , _but has s ( coifi ngs as far as bloconpatibility
and aest heffRddng tue ray sempiragnd o) igfGhangghis#ar fE &haiatle good wor kabi lity, but
shortcomngs with regard to 30 erosion and corrosion and handling for

staf f (al | gy @t opheo haendiregpl; Plastic conposites shrink on
har deni ng, _.whi ch gi'ves.rise to ghe risk of cracks formng and the onset of

decay in t B PEHTT FURNHE T8EEs FORBHRE S2HATE NS PO Y BBARE SWHER REN ne and
enanel , bparustarthe puyiemgSaGvAl K (Bigay-H-@.0ThioEyseexi BRsand tisd doamgickion Si | i cat e
cement has;Jad, for exceptionally hard and tough environments, i.e. acid environments with high

mechanical stress (R J Mangabhai, Caicium Aluminate Cements, Conference volume, E &
20 F N Spon, London, 1990). By applying ruprure mechanical attack methods and advanced
powder technology to the system, the generaliy good profiie of features of the base system
can be improved considerably. Studies carried out according to the invention and previous
works (SE 4¢3 493 and 502 987) have produced a result that indicates great potential for

the system for sirong and acid-resistant materials such as denta! filiing materials. No dental
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filling material existung today mests all the requirements 2s 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 genanally
good durability, but has shortcomings as far as biocompatibility and aesthetics are
concerned. Plastc composites have good workability, but shortcomings with regard to

30 erosion and corrosion and handiing for staff (aliergy probiems have arisen). Plastic
composites shnink on hardening, which gives nise 1o the risk of cracks forming and the
onset of decay in the long run. Glass ionomers have a good bond with dentine and enamel,
out shertcomings with regard 1o corrosion and swength. Silicate cement has good

compressive strength and aesthetics, but suers from corresion and strength problems.
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conpressive strength and aesthetics, but suffer fromcorrosion and strength
problems. ~lI~~ VIl VIII VIII ~~~~ VIII IIll ~lIl~ *166166*
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\Tari ous types “of inlay have good mechani cs! properties, PBUSEew®@7s)

| abour -i ntensive and require gl uing. Bel ow i s a descri ption of the

requi rements which should generally be set for a new. 5 practical dental

filling material; good handling ability with easy applicability in a
cavity, nmoul ding which permts good nodellabiiity, hard ening;
solidification which is sufficiently fast for filling work and serviceabl e

directly folio wir the visit to the gentlst Furtherm)re hi gh strength
and corros! R E’?Fss_?qé’ﬁ@ehae‘ 588%!?’1‘?9“%“%&’( PIGPeTELY, St #g loppt i“F?ngﬁﬁleil als are
requi red, rgood diwogconpati biiity, good aesthetics and safe handling for

stai ?without allergy- 10 inducing or toxic additives in the materials. In
addi ti on, %?od I o({]g term phar acteristics wth regard to di nensional

stabi | ity B & Rty P ueR Psthe Seapirgmans dinghrhpuldigererpliy bg fot fome newat er i al
expand$ owvezcttilnenhiliichmeanialc aarsichadil iS@asdbi wmﬂl@@&\haﬁheﬁkﬁg%a aairn? result.

In SE 463 hE w heen ; chem nd. cer
mat eri al , I?%gdh lﬂﬁﬁg gl% &%%adgg%e@g \%a?o il érzsé’gglsﬁé%t VHEVE SB éﬁ&ied

strength cfﬁséfoéé‘g 815 vaqrk aae seRv ‘t’fﬁat“ T“p‘b‘V\H@PWT’stB@/V@@mﬂ‘lsmmt Of urthaenws, nor e
hydraul i ¢ fbglfmllt"nghagdéﬂfir“osa)mdospﬂﬁﬁ:l bk@obﬁgluaa‘ibx tFmitﬁlrnlfm'md SarcGQERact ed at

such a hi er ow a fenper ture that . a cl osely
conneﬁbedggm{?v%goﬁgg%top?@é% g?%gdg%'{] "s‘%sﬁ e P A8 yHaoyalleray-

conpa |orin CW&%‘%’“T%%‘“”CE)W&%F’M@% ﬁ%qdﬁ@ndeqm ipye-teaw chaerteasied t o at
| east 1.3 witimregart kredimahdibral sthbilityl dagwalansi This is20w&eehn beridehi pgd as the

filling depsit.y L JoS1 AL V4 S| g vi br at Lon and/or I'i ght
packi ng of the F}\é%sg%p;ovﬁxg h’%}ﬁ ﬁgé%ﬁ%sarbﬁéﬁtg%toomgé‘? P A fratler i al

prepares the same by saturating the raw conpact with a hydrating Iiquid
prior to dpPEi46arbdn heftdee damtietd Bbw OEhdricals) riddnﬂ@ax@m@‘faﬂ'{httab{a ,f3r@g @ tooth

cavitys 2%e el i Qdu c li.n 3 has’ indéed proved
to sa%llJ sf51 &Qﬁpmsr eqﬁr} %ﬁ%&%%@&%ﬂw Qm & 5a5%“f FHE ‘f‘(ﬁ“at‘ﬁéc"a%ve f or

dental fi |‘1°F¥1§°’}?Ef‘%$ PARS OBRER Bdrauiip Dmﬁae aISéIetn afpergibietatiap nubiiens can
occur Wi t lsonipawersitonal a lobiangesa espeeizad I;cylokx@@mb@hmrn 8%PARNS @J‘ whi ch

accor di ng cogndcha r@»b@c\/rﬁ £80 BAVRIdL3 AR S QY quences 1n comnection W th
dental filli ngs erepl S, rooom for ?ur{uﬁ ing 2 eve °ﬁ%ﬁ?m’6”f°ﬂf’ﬁe té¥Yal and
its compact, the nl Ing density nas increased to at least 1.3 times th° initial filiing density,

20 which is defined as the filling density which 1s achieved by shaking, vibration and/or light
packing of the loose powder in a container. The user of the material prepares the same by
saturating the raw compact with a hydrating liquid prior to appiication of the material or in
SItu in a cavity, e.g. a tooth cavity.
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The material produced according to SE 463 463 has indeed proved to satisfy most
requirements that can be set according to the above for dental fil ling material. However, it
has been found that problems can occur with dimensional changes, especialiy long-term
expansion, which according to the abovs can have disastrous consequencess in connection
with dental filiings. There is room for further development of the material and its

30 manurar‘h'ro \,V‘lfh regar A 10 CJ‘E" aspect lan

ard cts also. Such aspects are for 6?{&11})‘15 the degree of
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compactness of the raw compact, which infiuences the durability of the raw compact in
various directions, workability on application, and the strength of the finished product
Other aspects concem optimization of the raw compact’s dimensions and shape and how it

13 moistened 1n connection with appiication. It has bean found that problems can occur



30 manufacture Wth retard to other aspect_- also. f ". ..., U"'i aspect--)
are for cxaTipi ., the degree 0- conpactness of the raw conpact, which
i nfluences the durability of the raw conmpact in various directions,
wor kabi | wd' 199:19pp| ication, and the strength of the finished product.
Qt her aspects concern optinization of the raw conpact's #Wepgioors and
shape and howit 1is noistened in connection with application. It has been
found that problens can occur WD 01/ 76=35 PCT/5x, 01/ 00751 3 when the
material is hydrated too quickly. There is not then sufficient tinme, after
the raw conpact has been m xed with hydration liquid, to nould the
material and/or cut into the same, before it solidifies. This problemis
accentuated with _an 1acce]_e‘[k(?tor in the hydration liquid. However, the use
of accel er WG VAT REFEST 10019  TherSia 8O thempdident fime. #fethgraduct 5
qui ckl y bewowes hpobdes bt dwith hrdraiigrde i eo patiidait mernallgarsecithigochd ni ¢
qui ckly andmeadeidfd £soliddIQ. %B@ﬁ&bl&hE?stac'céntﬁﬁle@@vﬁﬁa%pachggra&s1% tgt]; bk
conpact faor dental fillings is the qu §.t|?n_o. 10W the raw _conpact 1s to be
hand! ed pﬂfaé]fcy NEE\NRN O%ﬁfc?'nﬁoﬂfrfg’ﬁ’t‘aq SN 1561 S ToTans et thppregutthe r aw
conpact’ arghidkharesposspaighittic, bod sihes havidant thalkaveshd ditrengleki smda: kil | ed. A
10 conpaction device is |ikewi se required for conpaction of the raw conpact
provi ded v&zth liquid in %Ihe,cayi ty'. Follow.ng SE 463 493, it has been
shown accor tfi Nyt HShELTEH S PAE Biit OB 98P Faetia fillipgsripie qugsivews
conpl et e Hipdrtat faoreofmphatioh tavsitagd sl enrelesisenalishesd insturidrdisTegsi-aral 15
changes) Ganpihake BhasRphd: HOHRIBLRNS QaK NG a0 subgseguent 'Cag;gﬁﬁ‘:t | ng of
t he cefent O?Péstem t ake. pl.ace using. a speciall yhaem gneé‘ S o‘f)“ €. However,
the net hod BBaSORGEY “pIdUEHTSe SIS B AARPRITAR GE et Edmpagkeropidad with
af t er war dsiqaridn Wisieeitar e rel ated to phase transformations of hydrate or
reactions with the surroundi ng at nosphere (for exanple, exhalation air
with a hi qh(ﬁr carsboAnﬁq‘i Qxide content), or other reactions. These reactions
20 and rel'at 84 diPrendi‘Onal DEHRERY S VBECEAEINETP & Welivh buientish2 8B dstWier e a
hi gh degr eemett sysempeamtien hydrausetvhich whed fit-adssedn @B g oidag-n@ier i al .
Hovevar, ahhi@henn 4e9bRe. afoRarki Rdkind WBBLLY, ! Lthis generally
gi ves greatsl g%ge 19t h.. The qébhgg".é{%é %?ﬂ%ﬁ”axéég‘g%‘é"%ﬁgéﬁv “Fay ™ al so
require a good gedl of B AFRiCHY” AETDYE SwaPPindiovettrathe drethodsipemass it to
per f ect i orPTeURRi Ehenrnatehaseestwiach nilé pichudterdeid dnsitwiich Hesiidiad @ ghesuse the
t echni que trafffortrian Y@roral dats orChRfiGENAN St LeSoRhind ML OKARYE (SONRENRat i on
expansi ve CeITRRL a%%qghaé{ tﬂlgkr)]g carbon dioxide contant), or other reactions. These reactions
20  and related dimensional changss become more obvious in cases where a high degree of

compaction 15 used in the production of the material, However, 2 higher degree of packing

15 normally sought, as this generally gives greater strengtn. The method according o SE

502 987 may also require a good deal of tratning before an individual dentis uses it 1o

periecuon, which may cause the individual dentist to hesitate to use the technique.
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In Yan et al, Characteristics of shrinkage compensation expansive cement containing
prehvdratec high alumina cement-based expansive additive, Cement and Concrate
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 probiems of long-term expansion of highty compacied
cement systems and control of the expansion of calcium aluminates at very iow levels,
which is a prersquisite for the use of these binding agent systems in applications according
to the prasen: inventon. )



prehvdrated hi gh alum na cenent - based expansive additive, Cenent and
Concrete Research, Vol 24, p 267-276 (1990), the use of calcium

aium nate's tendency to expand is described. This article and rel ated

wor ks on expansive cenents describe the possibilities of 30 making standard
cenment expand or shrink |l ess using cal ciumacum nates anongst ot her

t hi ngs, but do not touch on the problens of |ong-term expansion of highly
conpacted cenent systens and control ofthe expansion of cal cium
alurninates at very low levels, which is a prerequisite for the use of

t hese bi nding agent systens in applications according to the present
invention. 4 Oher imedi ate works and patents which do not, however,
conceal Oke:anmbdkbaloritsiakgaenes wiler BhaseRbwbaveRhionare for, ex.a.riple
SF-B- 3 8} D%%%;, FP -0 04 05_6"9nglaElg-§-Og1£D70§€ . 'DE5624489andUs' A'4689080,

DI SCLOSURE "OE 1M PRVERT T ON“CRR “ 67 et 1at7%t Fe 4 Beehit ansvadhat o 5058 o
provi de BECHACERpad USot-4a56 08Jpe stated in the preanble, which raw
conpact follow ng hydration gives a chem cally bound ceramc naterial that

has di i - stahbl ¢ Iﬁ?g,(\;- rmproper ies. The raw conpact ntut also .

sati sfﬁﬁe@r@&ﬂ% @m% at Egﬁfibove for workability and Curability, and

be easy ®er tirrilobtcipneseimentibo Wintdviis 5 rAIDicHRE dTehangs aDRk ifgelon in a
ul

cavity, regnold Wided RuCaMhY:folli\8ne G8EARLE JTRL eLi.al: foried shoul d al so, for
dental gppligations, sat i'sky ,tgﬁ”e?rg%%g]oﬁﬁ{ér’f% %‘r’ng'mlﬁaégémiiﬁd StieHmat eri al
according to the APOVESIOTRHY §2PE InRaicepaontetsr dhagt @rdwe: nnwehbi on i n
that t héafEreoppareosnp s iatdsboveioo wortibe i@ XPangh iy - £ 1o LENSALLRCT

addi ti ves cagropiion #ih 0; SbRnldenmabsslal, dj mensionally stahle jone- term
propertiegs, | 1Qlag;;r;fJIJLstadassg‘ﬁ_gt _the i.nvention propos&sFARFEBIAEt conpri sing
a bi ndi ng phase of ‘BR&" *87 " hb6re PoMTEr ePrHraigrngatigene semmhischataaw conpact
has t he "EEBAR SIS hoklidatdrgdins st ideabosen With a liquid reacting with the

bi nding agents to forma chemcally bound ceramc nmaterial, and which raw
conpact r rably has..a deree of .conpact ness of 55- 67 percent by vol une
sol i d pﬁg‘ssg% .g“c“‘-h“ %‘{1 FOHNE P PPN R g RatComvect camp g erpae tor alos0

conpr i sEPGHETGPTRRISEISGYERYFOREzPEp ensaht ngtaddiihbyes adapt £, 10 gi ve the
mat er i aterdipngnsicanal |y stable long-term properties. In a second aspect the
i nvention proposes nethod for producing a chem cally bound

In a first aspect the invention proposes raw compact comprising a binding phase of one
or mors powdered binding agents, which raw compact has the capacity following
saturation with a liquid reacting with the bindin g agenis 1o form a chemically bound
ceramic material, and which raw compact preferably has a degree of compactness of 55-
07 percent by volums solid phass,

characterisedinthat the raw compact also COMPIISES One or more expansion-
compensating additives adapted to give the material dimensionally stable long-term

properties.

In a second aspect the invention proposes method for producin
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hemicallv bound
ceramic material by means of reaction between a binding phase of one or more
powdered binding agents and a liquid reacting with these binding agents, a powder body
comprising said binding agents being compacted into a raw compact in that the powder
body, before the liquid is made to samrate the sams, is exposed to such a high external

pressure and at so low a temperature that a closely connected raw compact is obtained



ceramic material by nmeans of reaction between a binding phase of one or
nore powdered binding agents and a liquid reacting with these binding
agents, a powder body conprising s%_d bi ndi ng agents being conpacted into
a raw conpact in that the powder bd8y, before the liquid is nade to
saturate the same, is exposed to such a high external pressure and at so
|l ow a tenperature that a closely connected raw conpact is obtained 4a

Wit hout sV ﬁh@,tusmgom@rmmmms ommou:rqmpa&ﬁl\@lm.,n Wi @ Bibhay }ﬁ@f@ﬁﬁ{: hR! £higLab! y has

a degr ee oocorrpact ness ‘Kh) " percent by volume solid phase, ¢ “Sh™ar ac
t er | CORR AR Y ep]dﬁvéﬁé’r‘ Y aPé phaspe hses 2 oriee orsmnirmtla
expansi orthe(pBWﬁ&S@idI\rags addipis¥esnadan ye {he nma

di mensional Iy stabl e | gng-tptérsm p} oper%nleﬁcejes}‘n‘til 0% %rﬂ?r(fa[é@p%@mfeﬁé‘di‘%xﬁentl on

proposes ©&Ve thematgris dinhamiontl lasuahkmlommtmbmrﬁnﬁ cavity. which raw
conpact conprises a binding phase of one or nore powdered bi ndi ng agents,
and whi ch raw conpact has the capacity, follow ng saturation with a liquid
reacting Ip\mhhd'ra chihadirRgtiag estiBof B gund. cer ami

materi al . h ah? acter SRB%SSIQ? 2 Hkan@??ghﬁggf%ngﬁbyﬁgﬁéaﬁ”‘
cylindri ‘ékI“C}é R EHMmgcE horapfﬁf’r‘?élﬁtm@nd“ ohaswiheadr inlor £HoNa@S <@ BirldiH Lige s aNEL er
adj ust ed n ven. raw conpact, the short end of
sai d sheé?ﬁqg&ghegﬁ gﬁﬁ%’%%ﬁ%” pggg %l@”fWef?HﬁP%%hﬁa@tdIMHNHH@hHWtoo
havi ng a ilst 6re asindingedebmst he sheat h; Wﬁ&ﬁﬁa@!SQBHnaS ghﬁgéace@bl? in the
axial dir tlon of .the sheath for transferring- the raw conp act™¥6"sai d
cavity. & THESIEF 7 GNCF UaP@M)EF@lIVPHTP@I%%MN@DUDMN@vﬂhDDThTB&o%DQfdto«f rom
good mnechayagalh; L i ti.butes. are inportant for dental

appl i cati ons. .anQ§$§%.§?25§$ﬁ§§§§@“§i92%%3°P Vnt CHHICIEaPict SiHCaCai nat es,
i .e. doubP@paxi thesshoofenCa® semameaﬂnnmolxaadea)euﬁﬂ@beﬁ t%21@§°1(a|ﬂ&m}a'&‘ H#nggél de) -
here and H@IKM{ g med t he ystem_ which reacts with water, form'ng
cal'ci um Acum nar nﬁ?&?éPE§HIMEF§°G§%6“ ghepthe Whedhnpistoinrididrplashasein i s
hydr at i oaxiabaéigddiion o eashidiktes i o et ardeni ng process.
Conventionally, sone ry- e g? gg%?eggfgn(f§'(%$&gértl $é¥“9s added to the
calciumalumnatte cenent, principally for econom c reasons. According to
the inventior_, the choice of the CA cenent system conbined with another
cement s &}E’m oréf)hase which interacts with the alumnate cenent, or
conbi ne Y e i e et BV ISR gy atey Got DBATTVE Bt er i al s,

pr oducesAgerdioregsbdnatnafiloanges s sChhhass i %PDerDo‘.,.n%Q R0, inearly,

of ten |Q§§1Eﬂ%ﬂ 2.10.%..1n spec%gi cases, the di mensi onal 1hange may be
close to 0. expansion. - ASCOT di R Y 5" 2 FA SEmEHIvAR AR AE- (@ubleRsidENVent i on,
the C A (é‘hlrk’:lﬁho%@?’ i d-as (al h'élﬂoml yxide) —here and below termed the CA

system, which reacts with water, forming calcium aluminate hydrates - are used as ths main
o a [T o o o~
binding phase. This hydration reaction constitutas the acrual setung and hardening process.
Conventionally, some type of aggregate (filler particle le) 1s added to ths calcium aluminate
cement, principally for economic reasons. According to the inventior, the choice of the CA
cement system, combined with another cement system or phase which interacis with the
aluminate cement, or combined with the addition of DOroUS 2ggregates or Soft materials,

produces a dimensiona! change which i5 less than approx. 0.20 % linearly, oftan less than

0.10 %. In special cases, the dimensional change may b= close to zero expansion.

Accerding to a firsi empodiment of the 1nvant tion, the CA systemn can be usad 25 the only

mzin bind 'I'IG' D'L.S“ orwith the addition ofanoth emens: Dlﬂ..ll'l’7 Dnas=' In amounts ofiess

-3D
an 30 percent by volume. Admixturss of ordinary Portiand cement (OPC cement) or

nne-g ameu siitcon dioxide are vsed advan age OU.SH Since the calcium aluminate cemen:



mai n bi ndi ng phase or with the addition of another cenment binding phase in
amounts of |ess than 30 percent by vol ume. Admi xtures of ordinary Portland
cenment (OPC cenent) or fine-grained siiicon dioxide are used

advant agepyiskyss Since the cal cium al um nate' cement WO 01/ 76535 5
PCT'SE01/00781 has a tendency to expand nore strongly 8RTRE¢desIpacki ng,
conbi nations o: CA cenent and another phase of said type, with a tendency
to shrink, can produce reduced dinmensional changes. The CA cenent should
be present in dental applications as the nmain phase in the binding phase,
as the CA phase contributes to high strength and acid resistance. It has
proved to be the case that the theories regarding reasons for dinensional

changes L, , r nnectl on with.Swedish patent 502 987,
i e. |ncox¥r¥g gétagw ngtdng% ogﬂgln Og% WSk PAEEIIG SPEOFIGN] 01X IeHISEEASN of t he

reasons t?é‘ﬁ?“ﬁblpftaﬁéovla@b}/wwattﬁmeﬂ@gf&rstlﬂmlg cch prensicondlc Shartunkxbﬁey. The
backgr oundhahgest fige pressBht shBVidMeipd3=AtSn B@f{til%oﬂi&ﬂohsde%‘%njvg hBa %s {8

di mensi orba}}lc\i,\ﬁp 3. rnetflm ked 10 ptbats Lranst or r’r*ael ns of hydrate. The

st at ement Teh S not T 8 be “CEERMESOREY YicREP\¢Rd pYH et émF?nventl on, means
that cal ci um al uninate, when it begins to dissolve on the addition of

wat er, f dt s provgeho whihe Radehpnd thactﬂé’oﬂﬂ@yég'al%% r@ﬁQnI %H’?ﬁn‘l&(g Eanphases Due

to conti ydration reactions and transformat i ons. Svari ous pure
Ca al uni ﬁg}t%gh, SPaE S UG SR gpn Vﬁ’é{kg‘x dr§ PRESE> (ot et I”é@@ﬂ% defi ned

hydr at e ﬁ‘ﬁ&é“é‘@“ Gto not 2aPsit o @i eptal esplararidn 61 tnalrdayorﬁﬂlahas &o(ﬁf@tﬁ@hst@om can be

present, regdadliol dlrntarkh%rﬁﬁ%xﬁf} qqd'oﬁ"k\éﬁﬁmg%aloms&g 1r§'J ngn 5T Lher tn° al um nate
hydr ate. ég)mpph%%gf, lonapcase a e refer to cal cium alum fi‘éa phases

phas
with 10, er ot Tyt g?]’f"di%d’?aén'rb’é?om’ﬁﬂ?rts bhvweniha. Phase
t r ansf or FEAFBHLOThIEHE nRYEatsesn asassmiwiyd fr thednmeish onadns dheagesn especi al |y

expansi omluntinbehvivas: el 16 ARYvOYn 19 dixﬁ@r{ 6?@&‘(@' frﬂ% QEeigfhl" emnent

mat er i al X t urned_out surprisin e°case it connection
with thescageagle‘gn% a?%\%/)gﬁ PO RATSS \# ‘Fﬁofﬁ’@g’ﬁaﬁflﬂwndﬁa%ﬂo%wd@d@ﬁ? phase

cont ai ni MGREPIRAIENS, VERer eretaalomitiarsdryyrass scel alsed phBey Eipaﬁd &&F}E&E (OPC
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i nvention), . 1Ene%ls:ll%r %1% ﬁgﬁg@ﬂ FaSH§° hr(%aﬁa&ﬁ%‘“%yr%E%éhgé&ob%as?epnw
tr ansf or FRES dﬁ?@éﬁ‘ﬁéﬁ&é?‘%#“ﬁ@%@wqu B ot hievatembbfiryadiikatisn ferdi I ect
consequengg odformhias PRiseensifomakios hﬂtﬁgBSertaﬁca‘aqﬂad% Bl R chaRES ecially
C

| ong- terrg DADSI Hawy,; Q |cate,d drat | on reactions Ome about in
det ai|, Slﬁéo&t gnté)dgsem ex%?g?isﬁbengt eyt H’alr‘tai ‘b”ﬁ‘OBPI R8s mateniddnt ai ni ng

Si, X% he Wr“éff‘rdo?\“ F‘é‘ﬁﬁ%‘f‘%‘ﬁéc’ B? Beperdiit peectcaandimy s beseit imesioanad: y st abl e
mat er i al sviti3Be Siifoni ﬁlamgith,da'btph&%&o%ﬁxﬂho saad grbat bf-yj'b‘?axﬂ% LL Ly gef Tects
j ust nentﬂo@tnaﬂg S rl:f }@(gbé‘qgr'ngrln tn Vc-smuat‘as as main phases) and/or fine

e crystaliine
siiicon dioxide (which constitutes said first, preferred embodiment of the invention)
2

undesirable phase transformations or changsd phass wansformation sequences can be

-avoided In the main, and as a direct consequence of this dimensional change

[
h

s can be

minimized, especially long-term expansion. How the complicated hydration reactions

come about in detail i1s not entirely expiained. With the addition of material containing Si
=] ?

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

w
[}

Surpnisingly, 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

expansior. has been attained in this connection when said secondary phase consists of OPC
cement and/or fine crystaliine siiicon 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



secondary phase have an optimnumw th relatively |ow addition quantities.
The m ni nrum expansi on has been attained in this connection when said
secondary phase consists of OPC cenent andior fine crystalline siiicon

di oxi de and/ or anot her phase containing Si, preferably in a total content
of 1-20 pas@ent:sby vol une and even nore preferredly [-10 _percent by WO

01/ 76535 6 PCT/ SEOL/ 00781 volune in the material. Mst pE"e”rSéP*rf@di“ sai d
secondary phase consists of OPC cenent in a quantity OF] -5 percent by

vol une andior tine crystalline silicon dioxide in a auarti o_ 1 percent by
vol ume. Reference is also made in this contex_ to the exanples ir. this
specification. It has also turned outtsurprisingiv that conventional filler

particles providing hardness, e.g. in the form of hard A1203 parti cl es,
can be avai ﬂﬁ@L %w rtxgtla% i Radsh ﬂ@%@('s@ld’ 520 )
minimzed, in t hat ar dness I%econt F ol r}ilaﬂggr |a% %?Of?bd:r‘gi gt

devel oped. WH‘H%\Pe T’rDaFF§f‘bk?" FRvich éﬂ“é‘“?ﬁ@'sﬁlhi"r?ér‘w&&@s&l“olﬁ adkmmvonal
changes wilthperceme py voiub®. Bafetdncelsatsolrong-it @M @RaNgeSe exldibies in this

expansi on-goiipensat i ng addi tives according to the invention act here on

t he cerrent phase, without the influence of any hardness-providing filler
particPes which may be present. Being able to avoid or, mninize the use of
har dness- Iprouisdinnged ditlsetoripagitiled: e&xvleﬁn@tla$ﬁh£}hb@ftk%thkﬁr:chﬁrCParEhﬂE 8Ny

unreact ed ; et , vigusl.y consid L ous from
t he expansfgm%neévpm n?J- Bgm}mw%gagb1 gyaa]%pc{]? SPUSPRE R B eO g?@p TESh. It

has been {6l dml“H”%ﬁnlé‘éf"FB?f OPFSE Fp Ctoﬁléoﬁl?ﬁiv@ﬁmféhw thathydmreekesiopkd. cenment
i nst ead wofskdsarposisfdrvetigns agsthaprifiry Shisd o#b]dx@rsloﬂﬁtnggd@L withhdizh; contri but es

to thao deghi-ed:- Rak! s L e : Accord 0 one errbodl ment of
the i n\(/)ent%laor? %\?\1@32%,5& Ee rgﬁn%%%régfom% “a"“f%uaggt“ﬁg 3C5eFnsip Sifed cerami c

material | CEAIEOHAFT oBAPT SEEteniRItET |\%qn0umh¢ ghivetfses amobardrekeppaiding N t he
cheni cal rélactdrdniss isithveran bt hesdi NHiRgpbase a6 hhenhy dlatl on, '—Ji—%” d, but

which is pr&s@nt and o . finished .ceram ¢ product
Accor di ngl%{ro onemai'%eagr§ flg:9 Ogaflﬁgtént‘?%ng‘a N P CERPHCE BRI her ef or e

contai n up ¥H W pﬁe‘r’%‘é"’h‘t CHRYIAGEE sFOUE Fomht exctension vievabint Thils habatilghst
mat er il4l ¢8pctioothesanplien. Heheobet¢hbutid/ipeotestioh Wes thainSEid6 34 93.a06; SB' 502

9S7, 25 i cemediiiiag mr;msaim dgrampsm%ﬁ.%sn c.-q?fvgu g%mﬁgugwl%gg c oa

CCr: t|nu S crx{stals so- cal ker's
Accor di ng t'%reﬁ BIHEY ﬁlbda?‘?ﬁ‘-f?ﬁt of the i nventi on due to additions of
aggregates (filler particles; ofa given aeorret rv, , Shape, porosity and/or

sof t ness, AREdH¥EBSL gﬂ@&ad%&qglpy t¥veRfion 38R, ndi ng agent systens of
intergst can. be Tonitored preci i sel'y and jugti¥ idtgﬁlgt G R tﬁb\/@l‘as
Inished ceramic matenal, can contain al.ast mat.,r.al which does not take part in the

chemical reactions between the binding phase and the hvdration liquid, but which is present
as a solid phase ir the finished ceramic produst. According to one aspect of the invention,
the raw compact can thersfore contain up to 50 percent by volume of ballast material. This
baliast material can for examptie be ofthe type described in SE 463 493 and SE 502 987,
1.e. fibres of metal, carbor, glass or organic materia) etc., or conttnuous crystals, so-called
whiskers, of e.g. SiC, SisNs and/or ALG;.

Axccomln«J to another embodiment of the invention, due to additions of aggregates (filler

parucies) of a given geometry/shape, porosity and/or sofinass, the dimensional stabiiity of

30  binding agent systems of interest can be monitorad precisely and justified to desired lavels,
often to low levels or to no dimensional change at all. The situation for the cement system
Ca0-AL03-(Si02)-H>Q, which zan be used to adv antage as a base material for dental
filling material, is described in greater detail below, but the invention relates generaliv to

ceramic binding agent systems 1n which dimensional stability 15 critical.



often to low levels or to no dinensional change at all. The situation for
the cenent svstern Ca0O A1203-(Si 02)-H30O, which can be used to advantage as

a base material for dental filling nmaterial, is described in greater
detai |l khed@wssRAUt the invention relates generally to ceram c binding agent
systenms in which dinmensional stability} is critical. WFPOT/7ER®ms

PCT, ' SEOL/ 00781 7 By selecting aggregates (filler particles) in binding
agent systems according to the present invention with a specific geonetry-
and porosity, the binding conditions between the binding phase and
aggregates can be influenced positively, |like the dinensional stability.
Porous aggregates and other expansion:- or shrinkage-conpensating additives
thus 5 ¢ - e, Ld o able to.justif dinensional
changes ?y%lﬁg;su ar“e"pb gth@(fppﬁgm%é ’utdhgﬁ“é‘g ateggljl g%’s[ln&ndc\?%r QIS HRYIE unct i on
of por ous"YIYPRYHP 8SPesE ’b"'oﬁeﬂi“n@ 2%l pavesips él,f}émmgmpeﬁtmonbttwtmuns with the
ret ent i orbindieg plaghargiagergaantenk iafushickd }&.sttﬂ@r\tlxlfél 188 Bmﬁc‘hs!oﬂ&ﬁs?a%ﬁﬁ; the |
cont act S thel t e and distri his on a smaller
pr opagat ?gﬁ&g%eé Jtheagg?(} nangogﬁggmﬂl cﬁp‘le‘rang/é%'n F S G‘C’é’ﬁ%ﬁh?“ phase is

t aken “up SORTREFEEP (reBYsst e s 6F %E“Pb‘?Ffe.wSWarﬂtmmS@nalmhm td héesirebReait i S

gi ven théaycapqn@r&mxﬂayalbﬂveexﬂahd i nside this. Porous aggregates can consi st
advant ageousl y of inert ceramc materials such as al um ni um oxi de,
zirconium.oxide, {fitaniumoxide or zinc oxide or another oxide or a

conbi nat i W“"B&Pd‘é’éo‘*s?ﬁér"% POSTRN T te Ryeseptiasenion asthopevithahe cl osed
porosity ra;ntm odl 2 Gitpiatcotmant dfﬁ'xfllteh@rﬂﬂé:r@d m@xa];gs%,mat OB ROLOHS. RRLLI Ccl e or
aggr egat -ha s L. prefer 30-50 An aggregate
sizeis ¢ osgrﬁg ﬁgf g%lpestlh%ré %fngagl gl ap?rhaé % euﬁga%f%‘ﬁ@% of the
mat eri al $BGEOGt ‘t“eﬁe‘PT" PHAS e ENaPRTEPartT DY s 9otoa fili@bamiais inghafier abl y
5-15 um cSmaitlis poeroths oa;ggnagato&s.p@xﬂd xrﬁarabluﬁk Eor &Q%Hebé»‘mcénr&o%l erials of

i mredi at @4l HtBEESty dr9nd :SuLf, ower .. -val U than solid
particle ¥ cocrrr(r?qesr"jdc::%ﬁ1 i s?lgg aamm‘mugb‘@ﬁi?hég“‘?r’hmflﬁé‘ dgggr egat es

are suit Zdam”t"‘b Otlﬁeorpzé%%‘da"t ‘?“&H‘”é‘awe@% § agomplretitn eitixmiys a§enpsosifan por e

openilAgs bamessadvantageolwsidpords or thasohbiidbn. B @F apabd; Y. Q. &ngo;&m and ever,
nmor e prefp@furc@djl Yookt Xk EQ{)CQ,UJ% A g .o particleg of the above naned
oxi des are pr zlfuce Ezr eferably b gtng gltogt/éralrn al?ﬁ’f’l8 g “§r a7 ASHeHwder . but
not at té&msETACHFSITLS OH?‘BH]W%‘I““‘? Wéﬂa@g?f@gav@gtmx thpmateiich det dicentie kept
porous. Apundianetr oiléddanl20nneveartphisly 5i55 BeStmel mrg{@gga;cagg gund 1500- O
1600C. tﬂﬁ:@mﬁlcﬂ&&{dxmn R4 6'simﬁlgma|£0| L@% %oofmzkhsmggessl({owpr ﬂ-@a Esg'\r

por Os’l y tk?arlll sof?c& DB.I'U?IES ofa corresponding size. The pore openings in the a aggregates are suited

10 tne p°n°tratlon capaum OL tne bmomg agents. 1 ne pore opemngs are advanta!wouslv
: = (=1 2

less than 5 um, preferably 0.1-5 um ard ever more preferredly 1-3 um.

Do o e L .
+0rous aggregates or paruicies of the above named oxides are nroduced preferaply by

tv
W

sintering ofﬁ ne-grained powder, but not at temperatures too high for the aggregates or
particies to be kept porous. Aluminium oxide, for example, is best sintered at around 1500-
1600°C. The sintering process is controlled to the desired ciameter, porosity and size of
pores. Alternatively, the porous aggregates or particles can b produced by mixing fine-

gramned oxide powder with an agent, & .. starch, which is made to evaporats so that pores

w
(@)

are formed. The matenal is freeze-granulated § by being spraved and frozen.

In a special case, 10 ¢ able to take up inner stresses caused by dimensional chanees in the

o . . e m mes . : .
binding phase, aggregates with a very nigh closed porosity can be used, which break in the

event of high inner siress and provide intemnal expansion space. The conten: of these hichiv



i ticles can be produced by
ores. Alternatively, the porous aggregates or par | _
Ir[:ixi ng fine- grained oxide powder wth an agent, e.g. IStfirch, which is made
to evaporate so that pores 30 are formed. The nateria Iisal case to be
freeze-g-ranul ated by being sprayed and frozen. In i’;l sEeC s 1o
abl e to wakg,efsi nner stresses caused by dinensional c afrlg”?@ﬁf?i/qgéslused
bi ndi ng phase, aggregates with a very high closed porosi dg ot er nal ’
which break in the event of high inner stress and provide in E01 /00781 8
expansi on space. The content ofthese highly WO 0I/76535 PCT/ S o
porous particles is limted to a maxi mumof 5 percent Iby vol UnWEbCe) useg i
bi ndi ng agent phases. H ghly porous mcrospherez of ?hascsze(r:rgnt Ssture in
this case. The highly porous materials are added to the ST ot e
P T L Tl R et P AL ) AR I R P
anot her speci al - case, & very” g6t part i EFETT 8Y ERgEEd \ bus | ower
additive, Pﬁkﬁeéhqﬁab’pﬁocqté ngerestieke afgiast cedsesadiy thiavhsng T&e’tg h@nﬁﬁgﬁt‘i‘*c bal | s
t han t hat n&ftentafé%re i@lﬁ@&;ioﬁge @?ﬁéﬁgﬂ%ﬁg?h}% ﬁ?;ﬁq{glggkﬁmgﬁxgmg \%?réﬂgréﬁo AL v ,
n be.used here. Wen. using pl . Dall s, ,
S;ralh?/dr " B grr?é*i}ag?‘é“& ﬂ‘aﬁ%mﬁap&lf‘i‘ FrSE e % %ﬂ%lpéﬂfcmls Fbesenes an gator maﬁl ity
10 Accor drddjurowairhaspisét caofiaithy stwsenty btving dn_&&&dﬂ@é&wﬁ&%&nglg# ijth% e
di mensi onglndfdeaibdd Wario®f soll}R il A1 GRMRE ol PN Q‘-S:?en Bs %ee?l-ﬁlerg. °p)
constituept. conponents to have a highly fin€ granurari ty.™ L
appl i es tlc“)!susl%F'énLé]”t% l%tsvﬁ}éﬂag.” ek SR 355 e aisp B veddes 1!1§xetrmatilurcpranrtﬂnatl es ]
tﬁat are oelorparige have a tendency to he constricted in theASt{):’Jg}ﬁre:[ OV\At
different acconpanyin attribut ei5l ? di ffe;_egteddl ][Ieﬁte: Snzi. ¥ ggd - k'?ure of
this egt of. the invention, a Lne-gralned, 1inely . BT
bi ndi ﬁ%paééﬁ?mlr“éw frelBYS 81 S° 1 Pt &t %w_éeeafowﬁﬂtaﬁmv@mwcwalfﬂt@;@uem
honogeneofSPaTerast s de imcesas Shiat ¢ahpmgmhktﬂﬂerﬁb@ﬂ$ohﬁe@fs tggg\é%g%gyprovi de a
phases r e@uegrahligrid NMRK aﬁ@ﬁbﬁ@s?ﬂg?%%{h[ ge%ﬁtigﬁ%ogégnﬁg%&%démfch can take
ettt OBRSILHILL L gorpensate LOT T Lot ol Al erpanet o i on oan ¢
!to he surr odffdnRgy ey atphrase i Iaansdierissi @rsordhB e tsxisza%pmgtzﬁthe ﬁﬁg?t%,sai Je
per n 11 edfifepends, MRitdedteveluefs E{n??%%.g%rggaﬁi Blg%i_‘lilé 153t5rhereplgﬁeegsceg,l \QP%
T o nat S ERAE el B g gl FHoRest paressclopihe sexrciseof a
al uninate”j s caused by nandl WgTEr 242 ‘ A 5 8 urn
non- pol ar phmqsgﬁﬁe@uqeéhe nagrencengmedlsusds bervean trh@ahﬂﬁ!s,&n@_pr@«_ﬁ@émupeear i o C,aused
pr ef er abl yprortubity Brccaipeika 13- 4L anem%gpar%gn[sﬁﬁ@fich a}ltt{]%ioléc% ifl the event of
by gri nni E‘rgmlg;na o@‘pgaosresresgupnoa@%loggnug%r}gae:gbn \Fr)ﬂth the suxyroundings or phase
20 wansformatons. The size which can be permitted depends on the level of strength dasired,
but the grain size should typically e with a distribution over 0.5-10 um. The calzcium
aluminate is cavsed by grinding for 24-72 hours in the presence of a2 non-polar liquid to
have a grain size in the main ofaround 2-§ um, preferadly 3-4 um or around 3 um. OPC

cement, if this is used, is caused by grinding in 2 corrssponding manner, possibly at the

I
n

same time, to have a grain size in the main of around 4-8 um, preferably 5-7 pum or around

6 um. Once grinding has been completed, the nor-polar iiquid is evaporated from the
powder mixture. Fine-grained silicon dioxide, if such is used, would have an sven smaller
grain size, preferably in the order of magnitude of less than 100 nm, and even mors

preferrediy around 10-50 nm, e.g. around 13 nm, which type of silicon dioxids can be
30 purchased for exampie as a commercial product, separated in electrostatic filters in the
production of silicon.



25 same tinme, to have a grain size in the main of around 4-8 um preferably
5-7 p-m or around 6 prn. Once g-inding has been conpl eted, the non-pol ar
liquid is evaporated fromthe powder m xture. Fine-grained silicon

di oxi de 5 S U uch is used, would have an even snaller grain size, preferabl
in the ordef *sf magni tude of less than 100 nm and ever PCiSE®/0opmef errediy
around 10-50 nm e.g. around 15 nrn, which type of silicon dioxide can be
30 purchased for exanple as a comer ci al product, separated in

el ectrostatic filters in the production o: silicon. WO 01/' ?6235 9

PCT/ SEO /00781 COW_,4 C. I ON The scud constituent parts according to the
above are mxed well, at best in the presence of a non-polar liquid, e.g.
petrol eu %@{jh cetone or isopropanol, whereupon this non-polar |iquid
IS evapor “FroMmthe m xture. The powder mixture is granul ated using
traditi orfdle sBiidredrivadsnttpert agoeBsEtotite olvo we onx @l eslf anigest i e fowE orm xt ur e,
cont ai ni (o 1ive st matelal IS
N b e S R

i nvent i on'dUfHp §‘3€8Wﬁ'56fqnbﬁ‘“tr§k@§° pINSPEVEET RPGH® prEailated bﬂﬂ“ﬁamm@w
t enperat unshodyrerercat i floonmmtpenpier aT b gowdd ntifturieansaihhatbxdaasish-nt eri ng

reacti ons, i ool y K )t £ g ngade ree of
conpact n?sgﬁklg 'gsa} %ﬂgﬁﬂ Mds}%ngjgnig@%{ i %Sc&lgerlngcgggt’%“ r"gmer?lf)sé‘g COEI‘E P45 t he

dur abi | i 5" 6PTPHE thﬁ’(ﬁ“l}gotﬁﬁ‘éec‘f‘"%’ﬁ‘ oy Rys §?m%u9ﬁ%fb 1?1#‘@3 weh pswratateri al in
a posi t i Vewdimmectriramrefatablyeors amepetanre, Wisich nehmfth4i1apeRGih PR WIKaRL | i 1Y of

t he raw q)(pama nd : e avity. egative di rectl on.
Accogg Iozag;l rgeb&l?pggés(}rp %gé\lm '?)é@ﬁ% chy §Ec%é[§a %g S IR U Edhpact i s

conp ““TBCWT%F&S Sgﬁb"féﬁ %L“&%H?n@éﬂ“dﬁweeﬁwact andieademnctorfyhdei ng
ar ranged cermanmewpgnme abligve dasiiog at thbsahe iife eXipQEREnd9 RSk bRIRSSUr e in a
vol ume ofthd QWi Qb OQQB%I&QOA N6 SRR A% neclilft d%??sur e is stated to exceed

200 'N Pa, at best Pa m ni mum Accor di ng "t he present invention,
however, the conpaction procedure can be sinplified considerably in that
it can be“xm;amnoadaotmflcmsnsmnwheeuhm@hea(ﬂﬁ:zaﬂ 480503 rapr BEShA® colrlP@aW

conpast s bb@oﬂg>c2.>&t.9E§§§§Q1oh f@\,@&@p%kdiPMB{y o6 a¥n 2064 o D2 HECHaNI cal
t abl et press, of.a . conventC{ona I's. IS possl PEMTE due to the

fact thatthe A0 THHoET Y @ ceéarﬁ?”ﬁgmtaovot ‘HE" Pir! g EhiurTopRAiRG e GRsingy e
rel ati vellpepmshire iswhitazitoiescatil £600 3 Rechtfogsitd36 Mibah Divaurk] hacsdrdigg @f tht he raw

conpact s pb@leﬂgmr-ﬂh@ft ln\vﬁﬁ‘aL%-SﬂHHEémoéEB&ym%cécf@l éan%rneﬁﬁéﬁ'%dq E)dnra%?\ur s in
connectiqn with, conpaction, which neans that si g\ res8ing or

tabl et putichihg°f §”§ﬂ‘f P4t é‘mp“‘t‘ae%m ﬁfw@f%‘é“ d@srdrwmem 9@3_ of
conpaét néE%SSSGAﬂd@éﬂt feth, degbeen=oin aoompanicaiessetiprest bf Sconventional type.

That this 1s possible is dus 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 reiativeiy small, oniy a small pressure drop occurs in connaction with
compactior, which means that simple tablet pressing or tablet punching is sufficient to

25 achieve the desired degrees of compacmess. A desired degree of compacmmess in this
connection is a degres of compactness of 35-67 percent by volume soiid phase. The degree
of compactness is preferably 57-63 percent by volume solid phase and even more
preferrediy 58-51 percent by volume solid phase, the optimum degree of compactess

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

L2
(@]

COmMDACiness can in ceriain cases refer to weighted mean valuss for constiment phases
Tablet pressing is best executed at 2 pressure of 40 — 150 MPa, preferably 70 - 110 MPa
depending on the table size. The raw compact obtained has a strength (compressive

strengtn) of 0.3 — 5 MPa, preferably 0.3 — 2 MPa, with good edes strength. However. it is
- - — N ?



connection is a degree of conpactness of 55-67 percent by volune solid
phase. The degree of conpactness is preferably 57-63 percent by vol une
solid phase and even nore preferredly 5 9-6 1 percent by volune solid
phase, the optimum degree of conpactness depending on the size of the raw
conmpact WOH/7§53t 0 be noted that these degrees of 30 conpagispesi&an in
certain cases refer to weighted nean al ues for constituent phases. Tabl et
pressing is best executed at a pressure of40 - 1501viPa, preferably 70 -
110 Npa depending on the table size. The raw conpact obtained has a
strength (conpressive strength) of 0.3 - 5 NF1 a, preferably 0.5 - 2 Ma,
w th good edge streneth. Howeverit is WO 01l 76535 PCT/ SEQ /00781 10 not
excl uded according to the invention that cold isostatic conpaction, as
descri bedof axcSEE] a BRI OB, thEanci®n e doldis S@dtictloMmpEdne Sas dERaKS i o= t abl et

pressing the, of conpactness, a hardness! Istrenath is 5
obt ai ned%%%ﬂ“ F%F%ﬁé‘ggﬁg{ea%a%c product whi ch is approx. 30-40 %

hi gherthan the strength which can be achi eved according to the suspension
nmet hod aghaesces bt piedsiGoalZs 8T deghes df f&@m%@ffﬁﬂbt 'a%an@.@.‘%@'c-m kabi lity
of *-he r QRRAGEL S | bt ai n whi ch. wor kabi . better than that
whi chgcagg\%g) ach%”*mdg%1 o trgr?l %gdcdg d“}lnsc(%sl:taa%uf%xaﬁf/lgé%%%%?@& ReieEFhpact s
accor di n§<d osEbe a @3"‘&936001@“9\@(?@?@15%“%@ wR@odsistritefl ihEE SAVesitizan. t he
(rjaw Corrp&&tsahhaﬁg& k@i’m&kadﬂlmﬁaﬂ&b@& @&mv&ﬁﬁ?obfﬁgﬁhmﬁm@(l%ﬁoﬁlml | est
i "ensi o . Ni NI ter,,or w dt ein
layt(P Uga hmmd“afm%mﬁ n|lg\h %Wﬁ& cﬁ}dﬁ“;ais%ﬁ“vpﬁp&"ér BHRY RS m To

pr ef er abl
fill a f‘o@?‘l‘i“%&\ﬁi‘tﬁ"”égnunber o= raw conpacts; e.g. 2-5 conpacts, are
normably needed here. The 15 shape o_ tine raw corrpacts can be spherical,

cylindrigal, (96 ken, [, chanf er ed 5). or _any ot her shape
which is su?r'%a Ir%(gFJ or tabllﬁ] lEr(v(rggts'%n} Y &N o oHRe éﬁ‘“%% %fgh %’3@%%@@ ves
good st r ERGEHL™ angp S%ﬁﬁé‘rql@aqm% K. Damcymmnlmrrcai digmetelt & vadttbetrs @8 cyl i nder
with a cent rnaéfnrab)iytz Dt bed fd mgmgﬁasoA:hﬁlblﬁlxo-%@@s:eﬁnmw(pgﬁ?act with an

al most sply > asy . Le Wth instruments fr
di I’ejt_l ons%ﬁQ Y %Pb drcl%gl %ﬁgW“’cogY ACtLTRRAT A BBy ogehBeEpphted (in a

package) shapg 08 ﬂ*‘ﬁ? "%‘éafbﬁ fﬁﬁéﬁsm@ﬂﬁ@} evingotal (ernewtidivity btarebiehamfersd ow
cyl i ndri eddesy @wng otfpasiape which lsasuﬁkﬂlbln%kth&lgf sreRindnds Rathamnsisde. GaD be
broken i vahéllz&das%@n%&' 448 nérx@&lQ rc,gq‘?mﬁg Bl CX mat & az”éb Q_g“WThe faw

conpacts _can pe_produced a nunber 0 aPacF%rl RiAEFRA si ze, e.
g. with & %Pé%‘@ﬁ@ato*fmaréd%me HPTESSe IBW eRTIRaT r}gltkamaémmsm@ncal shape is easy

to grip with 1 Insrruments from all directions. High cyiindrical raw compacts, which are to
20 beapplied (in 2 package) can easily be gripped using a tool {according to below). Low
cyindrical raw compacts with a cut on the top and bottom side can be broken in half and
fitted into large appreximate filiings. The raw compacts can be produced in 2 number of
standard sizes, 2 minimum size, 2.g with a height of around 0.5-1.5 mm being abie to b2
used for 2 topmost layer in the tooth filling. This is then e easy to pack o 2 smooth and fine
surface without it spreading material to the sides

~3.

2
wh

According to another aspect of the invention, the shape of the raw compacts can be adapred
to 2 dental drill, so that they fit perfectly into the cavity to be filled. This is appiicabie to

lorge Allinee almera o PR I . . . .
iarge filiings above all. The tooth cavity is drilied out here using 2 dental drili with a shape

(92}
o

and diameter that match 2 suitable size of raw compact. The tooth cavity is pretreated and
the moistened raw compact inserted directly into the matching hois in the tooth. The raw
compact 1s compacted and packed further into the cavity. Even laree fillines, e.c. when a

tooth wall 1s missing, so-calied approximate tiliings, can be executed in 2 corresponding

manner, the raw compact also being packed against a matrix strip. The advantage of this



used fora topnost layer in the tooth f~liing. This is then easy to pack to
a snooth and fine 25 surface without it spreading material to the sides.
Accordi ng to anot her aspect of the invention, the shape of the raw conpacts

can be adapted to a dental drill, so that they f t perfectly into the
cavity tBO9&¢Ff1ed. This is appllcable to large fillimgs/ahovesail. The
tooth cavity is drilled out here usingla dental drill with a shape 30 and

di aneter that nmatch a suitable size of raw conpact. The tooth cavity is
pretreated and the npistened raw conpact inserted directly into the

mat ching hole in the tooth. The raw conpact is conpacted and packed
further into the cavity. Even large fillings, e.g. when a tooth oval. is
m ssing, so-called approxinmate fillings, can be executed in a corresponding
manner, t Aethodw Bartpastenathsen beinveapacketeraytnist ragy sortoabXxreskins fhtacThe
advant agen@ffnt uphb $eiWOn Qaiiy n%ﬁté’aioggt/t%/?Q%ﬁp mathix gﬁfph%gat!eﬁalh %oetvbe

strength can be increased further raw conpact remains intact
right up £6 5o EPRG f“‘ﬁ‘aft%? Spalt KtV ayassst tot‘ﬁemca‘t?i’% PRl hespmaattionx stri p.
Material Wwasvdge 567 abrsentbedoicet: soiid phive seore asesr=diyss3iaT payanbageous t o
use the upp@m-Rad pilale t he compaction interval, i. e. 6-1-67 percent by
vol une solid phase nore preferred' , 6_31-57 percent by 5 volune solid
phase. According to an alternative embodi ment, the possibilities ofar.

i ndi vi dualicemading itd 4n aﬁgmfapv remhrncxavnnt;ysoarbelmnﬁrpf@\Aedvfduﬁtiwrnlhrﬂfﬂoﬁr € a

negative bdmRI@SS] HRinkstolRAEHRE DR GRYLLY 1D L L,3bL&;,L TR essi on
material, prefer abl§/ Acsi Licong nmass, —where 'pgsr’{“““z B’tég {)f\r}ec nodel 2of 10 the

tooth and® caV| SHPPIoE Bt BAGEE P RS ?ﬁilé‘om BaZPATIOON e xastivamded odf t he
t oot hl@aviteyoeth apdgeveprrraetuctd loonpact edhd anbiegdt: s dtihgthsbeaRed i N

hydr at i onraw %ﬂcﬁ§c@ﬁ$a@¥“ﬂ Windh Lhtﬁ‘;'n stepRh A sdkb e gL Nk IB’DIBQE tqut h cavi ty
as a conpl et.el Xlreﬂh ualjzed i nl aé’BPy‘egse uent —packing w w TR s ui ng

break- up SA° FRETFAW L HITpAEE v g pe ‘\/’BP’él’é‘éI“lleh”t‘ﬁeSDélbé%tsie@ it is
advant agebpkingoritisestihg bupipep opde raw potibeet 5 ONRAGtal olded Nhahdsalcaseh .i6is 62- 677

percent byiwalagddub e JS5U§,QJ pbhe R3S & - di ¥~ 64-67 per cent by
vol ung; sol j;q pﬁftashl BplIC AT O\Icgmng IB?&T g%ﬁ’f?? ARCBrarigY '8/ Biie” aspect
tiro

o the invention  the D(§c‘meT ShRER( PEFE TG S #1%8S ceranic  material can
be speeded up, so that the material can be polished and thus nr_ished

qui cky, zﬁptmmd)mtnajgemr"f or each patient being shortened and the patient
qui ckl'y bgi te to.use tze re alr§ddtooth e.g for eating etc.

Cont r adi CtOI’I? atigractor ytr & GFteAi Stedenge BoP Fsigmico t he

i nvent i on™&te ﬁﬁllctaaheémﬂgti%d fropo Shapr ngteanaticas it polisged et thed Ririkiald Japkere it is

20  thetimetaken for each patient being shortened and the patient guickiy being able 10 use the

repaired tooth, e.g for eating erc. Contradictorily, satistactory time car be obtained

according to the invention simultzneously for shaping and cutting the material bafore it is

hydrated. This is possibie on the one hand thanis to the vse ofan accelerator for hydration

of the material, and on the othsr 1o the method used for racking the raw compacts into the
25 cavity. ‘

oo o A e w8 . I . L. a1
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 sirength in the matarial
The hydration ess is | T ' little by i juring the f
ydralion process 1s however atrected very little by the accelerator during the first
- : , . o
30 munutes (approx. 2-3 minutes) afier the raw compact nas peen saturated with the hydration
liquid, meaning that shaping and cutting of the material can be carried out under not too
greai a ume pressure. The time for shaping is also advaniageously extended in that one raw
compact 1s immersed ata time, at least partly, in the hvdration hquid for at least 5-13

seconas, preteradly at least 10 seconds and up to 30 seconds. The nquid 1s permitted here



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

accel erator for hydration of the material, 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 |and

accel er avegimgsely ati on, and at the same tine gives a hi ghgrrgafloy-s ?trength
in the material. The hydration proces$lis however affected very little by
the accelerator during the first 30 mnutes (approx. 2-3 mnutes) after the
raw conpact has been saturated with the hydration |iquid, meaning that
shaping and cutting of the material can be carried out under not too great
a time pressure. The tine for shaping is al so advantageously extended in
that one raw conpact is imersed at a tine, at |east partly, in the

hy(cjir ati on tb bejabserobOby adpilleaslrcdsadfing inasoOndsconpact ﬁfe&@xk)éoﬁ:badf %%?ﬂtrabl}g seconds
and up to,;3 JThe 4] rot er [

PCT, /SEOl/b(Jg]?%ﬁSS)%CZ’)%mIES O‘at‘%q‘!‘ls%‘o& Bg%“m“ V’lch““ oF ¢8¢8 ”zi‘cbr é”‘i’"n”?ch‘é raw
conpact , thRliqusy TerprRent qfﬁ’éfléir?é?bqﬂy“ﬂ b@l“??@lag?%l e 2P Ontelhol ofat mpuifedser t i on
i NSt r UMEeNtfod FrPQAIBEEOR, Mbdnlhd ﬁ1§‘ tb@ia@gvdnmtrtﬁl%i uph 5-21€, dllhayfad The amount
of liquid ?118 angonmaamao‘dt ocgnat |w%§ Ly at. | i -95 % o_of tha; quired

f or corrpl SESU R PR eSO MmO f%é’t‘n?‘ﬁéop R Oy LE COPREERESHp TB“’?Q‘S% of
liquid 5 &b et ’atﬂé%lmoh“ @h&am@ﬁﬁﬂﬁomem@epeMHﬂm compacheﬁsdr&gr ee of

conpact ne%‘@umﬁéatsomf Sud B cabxh@r}Cf@ﬁ:@D ﬂf %DQZHE% dpood %Q)*ft@cxtﬂaﬁllﬂ‘adtau% degree of
conpact ne§§] o2 <the L awmgo gclt has been 0 é %&Ji so that .due ta

capi | | ary P8Feas™ § THEES B EYE. 05 ‘5}0%? ?lﬂ%a“la B r &Y TORMNKES YRS C2PRIuI d.
Such a que\h@b‘%‘?‘“@fﬁﬁ“ﬁqmbd '—g#s‘@egl*@()@é od dreraeidabinbittrg andior piths cvethmsetit i ng

capaciity at &nﬁbﬁ&ré@%@!c:@ﬁﬂta J@m Y&ernﬁfaﬁﬁﬁmmpt*ﬂfpm nglgf(plgﬁlaqgwavﬂmrxt ure
and/ or of {he | g,grrptgct n;g JLemperatures exceedi n mai ni ng

5 ed C. Any
superficia I|qU| TV STHTE B Fire el/ay = Bn° e fétvva‘é%ﬁﬁ‘ﬁé‘t“qi‘%“?‘ﬁ Ydried
0'", e .alNPPonRiAGinrRdraifensisenetee Careniee ongratin Gen tagegpikekih yne damﬂho

contact wiik boraxD&IUnS.’tq@lnﬂﬁi\aS@Er\éh@ﬁ E@nnomne@geof@/‘dﬁ%hgn 'Ithh?ﬂv E&K&%t ace in
the cavit Oolerslatg%n ection wth.saliva secretjon.during. hardening of the

material . The raw conpa i dEige O gy e RGPS S T AOGDFLEPPER] b5t f
agai ndP a HORSEEEEE SEERFRtte and t hen applied to the 1 cavity using an
instrunment. According to this preferred enbodi nent of the invention, a

first raw . caused -1Qr0€ sat urated by the liqujd, in order
then to bétgc(3 g}a@ggdn?ft%ggé"acgm Qpimsitof erabﬁ?“’ﬁ?f aﬁﬁ%ﬁgw%’?‘p%r gltf“l’slcﬁbse?ool

wher eupon 2P EEYHE Pawe é‘éWﬁatEtOfii%' t@:&é}l}erd pegkeBents atcayigt, etkidigbly bemkargui d, in
20 order " tdfiefiliing tde, iRedoeh b BEdns dvlc SNt ¥ caRES S AN Y bIBRASuiA in t he
same f7'0| ! 'o@&rtug-g 10 be packed into said cavity, preferabiy by means of th= same filiing too!.
Foliowing this, any further raw compacts are caused to be saturated by the liguid, 1n order
then to be packed into the cavity, preferably by mezns of the same filling tool, at best until
the caviry is filled with motist raw compacts packed together, which are then permitt=d to
harden to produce the chemically bound ceramic material. Thanks to the mw compacts
25  being saturated one ata time with hydration liqui¢, hydration thus commences sequentially
for the individual raw compacts, as these are wetred 2nd packed m the cavity. Compared
with the method shown in SE 463 493 and in ST 502 987, in which a whole raw pressad
cake 1s wetted, in order then to be broken into pisces and packed in the cavity, a substantial
amount of ime 1s thus geined for the moulding. The last material in the samrated raw
30 pressed cake according to previously known techniques will of course have tme to begin 1o
hydrate even before it is packed into the cavity and packed together there, possibly
resulting in the worst case in uneven packing of the material in the cavity, with the
atrendant impairment of quality. According to the present invention, however, the matenal

hydrates as it is packed in the cavity. Ifan accelerator is used, the nydration reaction s



Fol lowing this, any further raw conpacts are caused to be saturated by the
liquid, in order then to be packed Into the cavity, preferably by nezns of
the sane filling tool, at best until the cavity is filled with noist raw
cenpactswgaf%e together which are then permtted to ‘harden to produce

t he chem ca bound ceranic material. _Thanks to the r awwaIwsE0acd781 25 bei ng
saturated one at atinme with hydratro&% i quid, hydration thus commences
sequentially for the individual raw conpacts, as these are wetted and
packed in the cavity. Conpared wth the nmethod shown in SE 463 493 and in
SE 502 9S7, in which a whole raw pressed cake is wetted, in order then to
be broken into pieces and packed in the cavity, a substantial anount of
time is thus gained for the noulding. The |ast material in the saturated
raw 30 pr é§§%&a‘n"a}k"é” 330 GFRArFGE to0hp ARV otiEr $hednisiy -2 evhesgeebaw very of cour se
have ti nestanghedin:-hodediygeainicemasiabRfcdtendd Ths st niBlevdifigcavity and
packed to resulting in the wor st case i n uneven
packi ng o?ﬁkﬂ&&nggﬁ&ﬁgfEﬁﬁﬁfﬁég%EV|ty, with the attendant [ npairnent

of quai ny. According to the present invention, however, the materi al

hydrat &s a@se adceiemtqacifedblyrondias Rl bf arl'ﬂﬁalﬂﬁn@ﬁl Wh?éh% ax'ss%ldé%‘?x‘r’t}ﬁt he

hydrati on (65 PCT/ . accelerated here al so,
agcor di ngh{’é-}?&chl 191”5& @e%t‘%‘?& ?ﬁ‘é‘ggﬁ Ty A aﬁalﬁ? HH‘?'@E’ 18 Wit hagditiuper v

strong anfhlPudy °th?‘H‘é‘rﬁarP@“%‘ér AR eonvmt efrfi @ﬁ 0 19 wibpraferbi; at Thaet (52 s/ergéh can be
devel opedmofapetiredinkd iyasabuey| ajn&&ben&@oﬁq)r%ﬁéﬁiﬁﬁlea@ 0.9B8 . AGHEl efr}ﬁ%t or

preferabl dS f,a L& 49f; al ka is d's ved in the
hydr at oan ﬁgﬂﬁ %min? i ?lﬁa a2 r)yggf\/t))s?m‘ éﬁeﬁeera}:eéﬁ‘leﬁtrnréﬁgé%tlt%‘“‘fﬁlnlwt hiumis
used, Q maref‘?llﬂrTL&‘ﬁ?kséﬁlﬂl?rﬁea’éﬂ“@F‘ Wethng M@aklbe,raatﬂl cofitent clamt@eratocem be 0. 1-1
g/ :j pr ef be adel ywidibul ehottag: c&'ug{alqccﬁﬁedﬂmrm %gggﬁceggcmnagfgheggﬂnr% 4 g/i

and even er ter

content, gﬁ(geﬁ Elé‘g Ah% a}ﬁvm rtg ?‘%%‘e%ﬁ’é t?ﬁéahg fé‘Xﬁ}éfn“f"rlue‘a%P? @H@?@H“ ¢itdai ned in
the 10 mafosmip t Wﬂc&"‘ﬂ’ﬁ“f?r‘i’émﬁeﬁ éhe¢mpaciadt {3 i @noeqpakhaepntat bf gh
content  ofccaleaeirermtansiscafd.] D 45 adl by volokd, n&x%&t@{ bagses o nM OQ&,{}L” ring

for the apphi RAGK i erial,.1nto t
Al ternativel f%aﬂﬁégtgfei[ er.at S}E&C?F}e&g’g S%% n{ e fna?rlé‘tréﬁs‘“ é‘?f“bé m xed in

solid fo’f“ﬁ"r“r EPH BRRidmPRARapt time gb‘@fcé’i* ée thfnl@' dmtb@trﬁmanwedmohmf thai s
connect i osglt folievio mtentiond! thanoeloatpaitdy HamnteRNglis takef uPuthsQmm, Per m! by
vol une, preferably 0.2- 0 3 per nmil by volume 15°in the powder m xture.

Si nce thegaccel erat or esent in this manner in solid form a further
snal | but“%&? Hbr&vﬁ*yn% ’5“%%&1 PAIRse S athraecomphttaead airtop haer foimesd

di ssoPUt i efpnefor triee theahtv chophanat@rdag t @t bissve0fnal PRI W ERIPALS 2Py

hydrat i onadyl s@eich LR sHR if LELHN tf:yl f8€4ns of a compacting tool. Normaliy there

not be any surplus of hydration liquid, dus to the fact that the degree of compactness/.

will

porosity of the raw compact has been optimized so that the quantity of f iiquid which is

automatically absorbed by the capiliary forces in the raw compact corresponds to the

8]
wh

required quantity of liquid for moulding and initial hydration. However, other iiquid may
have ende L . or . .. : .

e er d 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  theraw 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,



Wien the cavity has been filled wth conpressed raw conpacts, and any top

| ayer fornmed 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 will not be any surplus of
hydr at i O¥O P¥VH#i#d, due to the fact that %he degree of conpagtPRmSTs
porosity of the raw conpact has been optinized so that the quantity of
liquid which is automatically absorbed by the capillary forces in the raw
conpact corresponds to the 25 required quantity of liquid for noul ding and
initial hydration. However, other liquid may have ended up on the materi al
in connection with its packing into the cavity, e.g. saliva, which is why
it is expedient to use a denoi stening conpaction device/tool for the final
conpact i oRteferaly déthii S @ pinesopena09ragraferradiowithin é- 1 roplutes efisi wtrpatimne of a
hard, por efte v & dmpdciithas YEunCdd gurplus liquid is absorbed at the
sane tinme as the tool conpresses 30 the raw conpact further into the
cavity. Follow ng final packing, subsequent polishing, e.g. grinding ofa
free surf&@@bdfogﬁ\é%f’dﬁ@g‘i@é@r HoGRNBACHAN: naterial facing towards the
oral cavi fje GRBni A& Liaed 1ilool WPIRLLD ¢ 31l oref erably
within 3-10 mnutes, even nore pref er’ﬁ‘egﬁ’?\?ﬁ%f"%%ﬁ%%&?tgs%{*g?
conpacti on Cof " {HE" Hbf & ?Oé{waﬁto%wg’pﬁ J1ef Uirod eI Rie dle caviptharer

| 1\ " SERTI orgmded Jo7pgafillsag@nd lefppmeth«dNh&eThe i nvention also relates to a tool
for insertion ofa raw conpact into a cavity. The term insertion refers to

a raw con}%ggtnsgrsii{)ngoogripgdedd held, 1ntroduced into the cavity that is

i ntended t0° ba Tl FEd*and TP B R P AT re oY rAdnGehehepthiand prasebly

accor 8P ng2 peraiher hiead ethiap interopigliases alaptel aembrdingto adienithr amadipneier abl y
10 a nozzbemgdct MeRkhehth haddh dpah @i ahodl ARE Blei ing to a

di anet er {sto% ixeer& L aw .gagrrpﬁ%ct. .The.sh.ealt h Q‘gg@?n&gﬁ%ﬁ‘?’%ﬁ%éhort end
for recei Ving the Taw conp Bevnichpistgn isdisplaeable inthg awal Gireckien efthat h, whi ch
pi ston i sskfedipfosFentitang thetrdve compat tadibe eatityon of the sheath, for
transferring the raw conpact to the cavity. 15 According to one aspect of
t he toel, LnLoum i ntern i aneter of the cylindrical sheath, or

nozzl 29 i Q@T({e%lg *than isﬂéctaﬁtlgﬁg ngra BFPRE ‘Effv’éh&l‘?‘ﬁwrdﬁﬁlﬁ'a%’ﬂ?d‘t‘%s%qq@at h, at
its firstOCHEEE sdesa thep throdigmeter ofabe gigemmwi avierctathe sl er itsatrsapprox. 20,
the | ar gesid afiraek gravhiy anhiteRal Bx6LLA8 516, dbaMR 8L L ilNe r%%%ﬁf&hr aw
conpact . n@&qg;g;a&gteggftz% referred enpodi ment of "the tooﬁ, It 1s also

adapt ed, en not grippl ngeawsrrléav‘\’f%omaf:t , to grip instead and hold a

conpaction body, which has a dianeter adapted to
20 According to a preferred embodiment of the tool, it is also adapted, when not gripping a
raw compact, to gnip instzad and hold a compaction 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 1n
the cavity of one or more raw compacts saturated with said liquid. Due 1o this, the same
25  toolcan thus b= 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 material in the group
consisting of porous ceramic materials, porous polymer matenals, porous metal materials
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 2s a material for the compaction body. The compaction

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



the internal dianmeter of the sheath or nozzle and consists ofa relatively
hard, porous material, due to which the tool fornms a denoi stening
conpaction device for conpaction in the cavity of one or nore raw conpacts
sat ur at gg, Wi A ﬁh_sald liquid. Due to this, the same 25 tool can thus be used
for mser?l on of the raw conpacts into the cavi ty, and fEST/3E4E007BInal

denvoi st eni ng packi ng together (conpaction) of the raw conpacts in the
cavity. The conpacti on body consists according to the invention of a
material in the group consisting of porous ceramc materials, porous

pol ymer materials, porous netal materials 30 and porous wood material s,
preferably a material consisting of a hardwood material. The material for
t he conpacti on bod | d have ores Wi tE smal | er dianmeter than the
povdor br SPTEHH PRl P SVERBIOTS BT Bl SeoBr SSBERT: Y IR SEPBRER f ound
sur pri si ngkeyict pravidedwel thewoogadtiondtodgre aexmmlgleem;} ybralsnad pratseidaald for the
conpact i oRu QA fredt REHEAIRAG th O Bw QREDARL 08340 .anmeter that
corresponds to the nost comonly used |arreter 0 "WO 01/ 76535

PCT/ SE01/ 00781 15 conpacts, preferably 1-8 mm even nore preferredly 2-5
nm By S me SREDDESRRIRGONARE DRAWINGS ce provided with the conpaction body,

an advant aﬁpﬂ@ Js t obt.ai ned on the
raw corrpa?tg @Q%ﬁgﬁé ntagh%'?jiﬂfg %Z@% '?5, egpgb‘ﬁ?%% JDE%&ER% b%ﬁ‘a\ltéﬁ W NGS Sone
of the aspdfracede e&Fﬁﬁedt’l?“feﬁe" iWRighti on wi Il be described further bel ow
with reference to the enclosed figures, of which: Figs. la-c show sone
concei vablke,.e e, L o e | nventi on;
Fi gs. éa (f%hgvpg?%%&r? gngllggolo%%g%p t(()){c/g\ ?%g&%ﬁ%ﬁg{am C#911ed and
pr ovi d8d wi th ond™veBFTore raw conpacts according to the invention; Figs.
3a- b showFagsnzrdelshelvdroof tha side ot fromiabbiva a e thy is arilledBardopio-GesP@iE! ondhi ch has
been  moul ded 11 ot i JRHCbAILES ackddFi O o UGN, S{ Tength as @ function of

time for ome, var |ng %ar@ﬁptratl accel erator in the hydratlon
liquid: Firgss BRRBorg Pif 198 s‘ﬁ‘é‘b% FayEy.¢nd & THY pampaskybighmenkeenf t he
t ool , i e. the i mserided omtheinmsiel/disent , i ncl udi ng raw corrpact Fig. 6 shows a

si de VBeW -4t he 100! stx'nﬁlotg'a.ga mn@tléxnoﬁ{rﬂ)éﬁn J\'/a%ng':!:&ql 1,@9 [@aw conpact;

20 Fig. 7 shows the head (ehenylae to%qm%ccor Cross-section;

accelerator in raton

Fig. 5 shows 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 up of the head according to Fig. 7, in section, 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 2 head for an alternative embodiment
of the tool;
Fig. 11  shows a side view of 2 head for a tool according to the ini'ention, which gnips a
compacting body; and '
Fig. 12 shows expansion as a function of time for a ceramic material produced
30 according to the mvention.



Fig. 8 shows the tip of the head according to Fig. 7, in section, including
pi ston and raw conpact; Fig. 9 shows a side view of two variants of a head
for alternative enbodiments of the tool; 25 Fig. 10 shows a side view of
y.et another variant of a head for an alternative enbodi nent of the tool;
Fig. 11 sloassassi de view of a head for a tool according _to the invention,
which grips a conpacting body; and Figs 12 shows expansiohSE¥/%7§luncti on
of time for a ceramc- material produced 30 according to the invention. WO
01/ 76535 16 PCT/ SEQ /00781 DETAI LED DESCRI PTION OF THE I NVENTION Figs. 1
a-c show sone conceivable forns of a raw conpact according to the

i nvention, to be precise a spherical shape with a cylindrical mddle part,
a high cylindrical formor a low cylindrical formwth a cut for

si mpl i fi ecbeh M SrOPESEREAIORSOF SHE RVASNTIOR b show how a tooth 1 is drilled
out with L of a sel e'Ctt?ld di aneter, whereupon a cylindrical raw

drill 2 _
conpact 3afd$s' =6 SRPLIPRHAANG G VA FRIMe PL & BN I ReRASFUEpEiinths inveptiaratd bey 4
formed i n mrévasetacobdricel shEpgwitRl calisdicshmvilic daer, £hioB Ryl ATk b 8@l at t ack

of decay Sylfiittal foff WHIQWR: ROW-SANRE BlvilioitrcOMRRERS 3 can be inserted into
a large cavity 5. 10 Fig. 3a shows a positive nodel 6 of a tooth, with a

cavi ty°5. This nodel 6 has been produced froma negative inpression (not
shown) of fags. Patlshivdbew atowh b isdrilledoavivtya diih 2af 2 eHsRardivffteSHASEuIAr @ raw

B
conpact, tI®LAREE] ra® dosipdSt e o die a.raw act 3. (Fig. 3b)
bei ng obt éﬁhﬁlé‘%.t q‘grta IES? ?‘%ogf?rcgﬂ ﬂ@?lé g?g ‘heg Ci'”ﬁ Tl\f’isﬂfjeglrlptf’g'bet?‘i‘v\}é?h its
cavity. 15°THI! FRPUBApatt <3 2158 SPRHCIBd SXish BiR AT atteekifidgeayrit &Fig.he
cavity in Achskovothsean! tawerpmprsilanalblk ynsendd packieg-amfurther. Fig. 4

shows 1phe hardness achi eved (nmeasured as HV 100g) in the ceramic nmaterial

formed a?.93f uQcti on of tinge g\n th sglrre.yar ying concentrations of

accel er at or% EAMYHi &POSHYE Mqdehp Qhd 109 BHP8CRE, S-i This med¢pdreabsan | i qui d,

whi ch congiredused fiom hinggagtvs émpfessian @rot stASvn) 67 AMin6ieTHual 8 A J0RS SnhaS

devel oped ogaRbEotiddisaks Yor 8y tOMPAANEE bl Rl is Yaliues 1 g hi gher the

concentrat,j Qn 3%f accel er ad%gr ,gse’ . mr&gal%eliyé%g%.ﬁgﬂou %ﬁcg"r’r?%cﬁ‘%fﬁ‘- refer

to 1 1Q-4°g$§,_ 15 39pepeg HrReodnaigs Berpetly sipsd aq ihpandjvideal raatinisithnits edvityg  of

f or med3pr 7w compact 3 1s placed foliowing 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 c_hloride, in the hydration quuid, 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 highreferto 1 10% g, 2 iO"‘ gand3107g

respectively of litnium salt/g of formed product.

25 Figs. 5and 6 show a tool 7, which can have an external design tﬁat 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
dxspla:cleable In tne axial direction of the sheath. The piston 9 is enclosed in 2 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 doliy 12 1s 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



25 Figs. 5 and 6 show a tool 7, which can have an external design that can
be the sanme as for conventional insertion tools and can be produced in
plastic or nmetal, preferably steel. The tool conprises a cylindrical

sheat h amamﬂmagplston 9 arranged in the sheath, which p$§§%§ ”@”
dlsplaceable in the axial direction ofjthe sheath The pi'st R"9ts encl osed
ina coil spring 10, which prevents the piston being led too far through
the sheath 8. The tool 7, nore 30 precisely the piston 9, is also provided
with. a pressing surface | 1 for pressing by a finger, e.g. the thunb,
ofthe user. A projecting doIIy 12 is best arranged on the sheath to be

gri pped by two other fingers, e.g. the index finger and nmiddle finger. The
sheath 8 i o nbodi h 8 a

access t01@0?ﬁbfgﬁ caV|$ﬁﬂ£déyE»WQdlw&&%%&%%g§%E%%T%%EER%3%§g%“g%7@%3 of the
tool is bé@?ﬂFﬁ?ﬁéﬂnB?“ﬁﬁéﬁdaﬂﬁomﬂﬁFeﬁad&h“%éo figentamensionsef er abl y
threaded, so that the tool can be used for raw conpacts of a nunber of

dlfferent QIME %}%%o @ dhad c,lllg,mgsa g%g é%nf%%tglnas%rhm t he. raw

conpact, the s as an fnternal Head 34" t he
gr eat est dlbé’ﬂélfe*%eaﬁ)‘ thevereatsst dipaetes P wﬁfé@ashwe Q%P%ﬂﬁl’etf@rﬂlmeta of aww conpact
3 of a gi wempsit3efagileh bige MdthaminitiAndiaetetd of wiibh §lesk Sah @Rdiihag drhe

di anet er b1 @i d ding.to-Figs

chanfer 1858 Popf oSl FUEARAH it PEEEE R SRk s adlF e 1 ne
of the heé)éaffand %ﬁé“l@e\'eﬂﬁrﬂsc Pﬁel”l“a%”tﬂﬁéédﬁ Paﬁtdorévs fhatavorhmed: ®@adel y into
the tool, imndubevesihiatehs dogladd séveaniiby Hean pbaAOe i ﬂa&hﬁﬂﬁ%%e ‘Eicgs 8 10
shows Jhow J,he. mwmcggwe&ag%es%iﬁéﬁ% %ebY 7R c%?m S It

al so be| ng [.ndi cate acedd "5t pushes
the. raw cCBHfARED %“@utwsa%n%%eb“weabcad@o ﬁé’i:‘é?‘éf#lf’ﬁgmﬁéﬁ“ﬁ%jnpagb eHeftheot , or
nore precibsed 14.t he head 14, can be provided with 15 perforations, e.g. in
the formof slots 16 or holes 17, with a view to increasing the uptake of
hydr ati on Ilqu,ld when the gri ped raw conpact 3 is partly .inmersed in the
|7 qui d.  ASGETHIE 5te §i%%s°°&ef6*f°ferﬂ5?~e%e'ylth aewd Hefan armravigedtiwah ound t he

ci r curifSer erderatdnst hig iheadotdor sicknl @brthen aat, V&ha&i‘eﬁ@ﬂ'odhd’ﬂ&sin@ﬂﬁ htaklQs IS to
provi de t igaheaddds Whidiae ghesessy e&n?&tghe 0 et 0Ly extends @

I|ttlewayar he cir ce O sal’anedZOa
little way: “’éefgm SLa"‘Snlrﬁ Ordlﬁi:ﬁlﬁl eﬁﬁ& 2RBEtd ‘Eﬁ‘éf‘d(ﬁ“‘ EiFaIHergrEe of Hee feh@é)@h ment s
accor di ng Amalemgrive aendiidPtodtie 16k yo mongieitvelthe 1 ¥ aktharidess 19 i owaml  cases

no perfora,,pdghns %bl e | S 4.he. d actlon of . the raw
corrpaccﬁt9 1]?;,12 T: § plegtf% atlﬁt%éﬁg&édéé‘?aart? EIE%%H L6 O?B‘} |ﬂd%f¥ CISEEEELd even
Iy

when .> mlug(t’rpm@e shortend of the h

The embodiments according to Fig. 9 and 10 are only conceivabie variants. In normal
cases no perforation or recess is required, since the capiliary action of the raw compaoﬁ is S0
good that the necessary quantity of liquid is absorbed even when only the lower, .projecting
part of the raw compact 3 is immersed in the liquid.

N
wh

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

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

to the previous description of 2 hard, porous material, and has a diameter that is adapted 10
30  be gripped by the tool 7.

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

term expansior, of various expansion-compensating additives.



25 part of the raw conpact 3 is imersed in the liquid. Fig. 11 shows how
the tool 7 wiith 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 mat eri al ,
and hasveodi/asei er that is adapted to 30 be gripped by ﬁ@fs%oﬁ% EXAMPLE
1 A series of experinents was performedsto study the effe %3? anS| on,
in particular |ong- term expansion, of various expansi on-conpensating
additives. WD 01/76535; PCT/SEOL/ 00781 18 Description of raw materials:
Cal ci um al um nate of the phases CaO A1203 and CaO. 2Al 203 form ng part of
e.g. Ca- alum nate cenent (Al coa or LaFarge), standard cenent (Cenenta),
fine-grained siiicon dioxide (A drich) and gl ass spheres (Sil-cell, Stauss

Gr1bH) . Al&@c&ﬁmotfpéubmaé%ﬁlﬁo) 5 Zr02 (3-nmol % Y2®B) from Toyo Soda.
Por ous parti cl es rodu fromf] ai_ned Al oxide (Sumtono,
AKP 30) (Cté(1 gj‘l“gﬁ m’dr %ﬁgtg?as‘h %@2‘1 C%?“?n Bm‘?gloﬁ frmingRaretadCés under a)
- h) descraittmn&Qca?vrrtézlucoumlafamehataaasdIcermgatt(@fnmrmyp@f&;mmewsﬁ,hmconpl etely
hydrat ed ahdkmdd\@l&:cth s spdste &Sy Mss@rrfthlp Aikd, OVI‘AS\I;’I?%LI I er

[ ty o terials

particles ect_ of fine granu raw cemnent
c) effact Z&éé @rﬁcﬂ r29l3[5rt‘?§b oYogEacenent d) effect of secondary phase,
fine-grai. r?@chSmamLel,earocﬂ.&cbm et efbmdinepoainttsAbgit-dgamnaomn, hkpfp) ef fect of

por ous aggg,,egg@,g@ M &dr afpro®! fsehierthet Eorrbl nation of OPC and fi ne gr ai ned
Si oxi de effect ofa conbination 015 arious additives i) effect of

Si -cont ai n| ng secondary phases on a pure cenent system w t hout hardness- 20
providi ng YThifIekcemptpsarrtdecdz)esh)ja)esce‘ibfeect of hardness-providing filler particles

on 1) 162 ) UmiBhif HABEES, 10@%%1%5%%% Pg@l@ggydrwea ag,é,%,mg%%qa\r/e;at' 0

of appr ox. % are mx er partic secof
(all quantbl) t i %‘%‘p“e@f‘f”‘f’ a‘%n(-'fsl H{OY‘@}’&’? [} parcles (reference)

effect of fine granularity of raw cement materials

c) effect of secondary phase, OPC cement

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

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

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

Calcium aluminates, Ca0.Al;05 and Ca0.2AlL,04, with a molecular ratio of approx. 1:1 are

mixed with filier particles and secondary additives (all quantities specified are in relation to

25 the quantity of calcium aluminate) as stated below. When “aluminium oxids” 1s referred to,
without the type of particles being specified, conventional hardness-providing filler
particles are meant.

2) 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.



25 the quantity of calciumalumnate) as stated bel ow. Wen "al um ni um
oxide" is referred to, wthout the.type of particles being specified,
conventional hardness-providing filler particles are nmeant a) Addition of
40 per cewdh oPysxol ume al um ni um oxi de, grinding tinme 24 h. The cenent 30
was ground for 20 h beforehand, b) Addj'hgti on of 40 per ceMCTHENSIEe

al um niumoxide, grinding time 24 h. The cenent was ground for 80 h

bef orehand. W) 01!76.3 19 PCT/'S EO1 /00781 c) Addition of 40 percent by
vol ume al um ni um oxide, grinding tinme 24 h. The cenent was ground
according to b) above beforehand. 15 percent by volune OPC (ordinary

Portl and cenent"standard cenent) was added to the cal cium alum nate. d)
Addition of 4 ; A Lum_nium oxi de, gri ndi tine 24 h. A
secondar yéa 5%‘93%’3@% ‘%}( %Vﬁgﬁw}lﬂ%ég IEi‘TBn1|%)"enr°c"énet g%ﬁfq%ﬁ”ﬂﬁggfli A&s §FBed
silicon di oxV&el QR 24a0fEHStioD) Atpre Geistanand al chamensbuvilnat OP&oAlitiNg t o b)
above. e) Adblirtlarahceafen?8andericRiienbYvay Qb s o & ichlin Bl 4e, grinding tine
24 h. Thegcereilion graund according to b), above. 20 ercent by vol une of
por ous. al Um ni unt oxi 46 Aygregat 68 ¢ ProdIRer e nS HiRe ™ 6ds haddeerrsaty af t er
a gri mii ng tPhee Brtopfopm of §0 pyresamdiytviobum egfne 20aipet stidoan digxidOkaE®RIdad ty1i Ni UM
oxi de - 20 pae e@ihd Byt AirBindleWRELMP Yo Pydng6. @S porous particles

(aggr egat 8s) - ndi Linme 24 h, but the aggregates were only added after
20 h. The‘sce"r\r%%{‘é’%sﬁg%écﬁg‘ﬁ“a@é‘b%Fﬁ&‘%‘&mmmé nggifpe 3¢ fhThheemaddi t i on

of a secondaV3f.SrPHHESECIrAIng b ¥ ahore.020 dfcqme by eritmbyf yarb Wy eRGm g)idAddi t i on

of 40 per centagyeoy@b(pivaueddunhBide X hdRd ofly Al NGiddi B R4 .o Jhe cenent 15

was grpung ag(g:c?{igi&g,otngrhl;)rba,t%%yue.eqarger.ger%?,?x;vb#%%ﬁ‘ﬁé'gnd_ 5 percent

by volume of .fine-grained siiicon dioxi B8~ er é® Refdert by yokums aiuhisiuam

al uni nate. H¥95HdiPPIowR PeFcleD(agaeawtAY), drinding]tumee4dl, bt the sy ausicd vere & per cent

by vol ume aladdeaftsre0 OX THe cafeRW=08HuRdkLdordifSo bg%ﬁ&%i,ﬁgutiihr@e%cﬁdih but the
a 2]

aggr egat es vga;gge%ld%/rv&g%q%gt after .20 h. A secon sein "% mof 5
percent b v}gé e of - 8PC ahges pefce* B9 20VUPURE Cof f i ne- grai ned silicon

di oxi de d 4 t1%qrélgrpprc§9t Byglolitres @iﬂm@i@ggx@p,fgeinémgm 24l dERk denchhe
cai cildm acuriasat@midnctddife eAS&bol 9. Pk Qﬁv&txm§ seepdaLy '%gg‘,segtso in the form
of '5_per centydinyOleueofe QRecAofaAGLESR.y DX, VoL Ue. of NS gral ned
silicon dioxjde, grinding tinme 24 .- The eemente Bltimnate.
) ! A .
itiorrof 20 percént 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. 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. '
1) Addition ofsecondary phases in the form of 5 percent by voiume of OPC and § percent
by volume of fine-grained silicon dioxide, grinding time 24 h. The cement was oround
fag 1 ~ - .
beforehand for 80 h. o |
Addition of secondary phases in the form of 5 percent by volume of OPC and 5 percent
by volume of fine-grained sili_con dioxide and hardness-providing filler particles of
Z10; of 10 percent by volume, grinding time 24 h. The cement was eround 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 evaporiion
of the solvent, materials 2) — h) were admixed with water, dewatered and tamped with 2

ar 1nt 1 ilag 1t} 31 =% £ .. 3 ;- 1 y .
Stopper into holes with a diamster of 4 mm in a container that permitted measurement of



bef orehand for 80 h. 25 j) Addition of secondary phases in the formof 5
percent by volune of OPC and 5 percent by volune offine-grained silicon
di oxi de and hardness-providing filler particles of ZrQ2 of 10 percent by
vol ume, gMh¥fiy>ti me 24 h. The cement was ground bef or ehapgrsi@g,8Q h. 30
The mixtures were ground in a ball mll wlth inert grinding balls o
silicon nitride with a coefficient of fullness of 35 /% 1sopropanol was
used as a liquid. Followi ng evaporation of the solvent, materials a) - h)
were adm xed with water, dewatered and tannDed with a stopper into holes
with a diameter of 4 mmin a container that permtted neasurenent of WO
- 01176535. 2Q PCT/ SEQ /00781 the dinensions in an optical mcroscope. The
materi al s WEFSREBIONHR 3k opticab TG hetopeefihe mestialtBastik@TRINS at ICGAWES, €
performed contmeasotdsieytsupnica ﬂ&@p&@dﬁedﬁbﬁtiﬁ&%k’lg% t@égo&éeyported in the
table below. 5 Sanple Expansion in io after deScription 1 d . 2d 80d 120d
-1180d a o Q,12 0.65 10.82.10.83:- b 0 0.22 0.41.0.48 0.48 ¢ 10 0.11 0.23
0.26 10.26 I§efFspspre Bregedingthe Gablgbelew. - - - == - - - -- l ---"-, 1=1 10.21
1 0.21 -5-------- 0 = all values under 0.10 / . FError margin for
neasurenmentg, +-0. 02 Tt .TSrevident from the Tesut-ts—that—expansion-stagnat es
after approX. }100 days. Fpr the very di nErgngealis % afteabl e materi al s
(expansi on! A#EEPUAT 15 % i néd udi ng €2dr or nHErgYWIdNS) npigJqear 1p1§b‘8i nt intinme
for stagnajkon can be deduged. It icf'w"l"SO ebv‘%gfient_ &gt —Onty anm—tnetreased
' -ef 2 4 B—almpdf-hal ves ¢-8hg-term

grinding t{pe (by TmrerariomtoTererene 041 |o4s 0.48
c o 011 1023  Joa26 026
d ' o |0.12 0.13 0.13 0.13
LS| 0 ..o ] 018 | 021 j.0.21
'} fe . all values under 0.10% -

-Brror margin for measurements +-0.02 %. _

Itis eviden: fr e . pansi res after ap . -
t rom the results that expansion stagnates after approx. 100 days. For the very

duneqsionali3! stable materials (expansion under0.15 % including error margins) no ¢lear
10 pointin time for stagnation can be deduced. Itis also evident that ' - '
°  Oniy an increased gﬁnding rime (b) in relation to reference (a) almost halves .long-ten.n
expansion. ' . . ' : ' |
. W'nenla secondary phase in the form of OPC cement in a quantitj orls per.c.ent by :
volume is also added (c), a further virmual 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.ﬁn:—-
grained si_ijcon dioxide in a quantity of 10 percent by volume (d).
~© - Improved (reduced) long-term expansion in relation 1o (b) is also achieved using
| porous aggregates of aluminium oxide in 2 quanfity of 20 percent by volume (e).
20 . Emem;ly low expansion was achieved when using porous particles and a secondary
phase of OPC cement in combination. | o
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 using porous pamicles, a secondary phase of

to
w

N DA ~ . . ag. . . .
both OPC cement and fine-grained silicon dioxide and giass spheres in combination



expansi on. Wen a secondary phase in the formof OPC cenment in a quantity
of 15 percent by volune is also added (c), a further virtual halving of
| ong-term expansion is achieved 15 in relationto (b). Long-terns
expansi QP is,76f urther reduced by a secondary phase in the formofiine-
gr ai ned SPPVESH dioxide in a quantity of 10 percent by \EITGERI/UA¥
| nproved (reduced) long-termexpansion in relation to (b) is also achieved
usi ng porous aggregates of alumniumoxide in a quantity of 20 percent by
volume (e). 20 Extrenely | ow expansion v sachi eved when usi ng porous
particles and a secondary phase of OPC cenent in conbination. Extrenely
| ow expansi on was achi eved when using a secondary. phase or-both OPC
cement and fine-grained sil.icon dihoxinge in combination. . Ext ge ly |ow
expansi on “was AeRT SveuTREIHET B6t TS VAT RS S CL VSRRV Bl 4TEneE 25
bot h OPC cemeravidirgifilidr pertigleaivhen usng ¢wlyn low ostes ofRdcaqpzssg sqtigvees i n
corbi nat i an. EWR-A%) 1658RarAo PGl SEAILORES.: CEMLRIR YskOWEYBANST on vas
[

achi eved for the pu cenment syst wi thout hardness- providing filler
particles méﬁa‘ﬁ‘é‘rh@%cs?nf%“t;"ylv L B Pe %{‘li?rr??fﬁ‘gleéd’éi"@io@é's?i'
Extremély | owerdxpmgsidinvesler aphneverimmnsdtive. Ca- al umi nate systemwi th | ow
quantities (10 percent by volune) of hardness-providing filler particles,

using onl y. Si containi ng additives for expansion conpensation. The
gy magerﬁg\)'é}“g%ar\’gﬁﬁrﬁnﬁ% VERPAREPDIUILT ke vehariaTe™ thart from t he

mat eri al s Whi €
expansi on spppien piesitics agrsnerbieatheatreftle Wiviof mitehestiecdormamicatias cthent
cor r espondidign GaBtadatys efeVd hikekdis Médomessiipgf&%?'}?{%bé ve a
conpr snﬁerdgg_réeggt(g#g% ]&8 2=Og lygzao 10 ha[_d‘qe'%s,o _H (Vickers 100g) =
110- 130 and “af r v |%)h S P Yrand aextiemaely mehppidresstmsg cr ption of raw
material s: Cal cium alum nate of the phases CaO A1203 and CaO 2A1203 form ng
part of epxaM@erre»215 alum nate cenent (Aicoa or LaFarge), standard cenent
(Cenenta),~silicon.dioxide ,(Adrich) and an inert oxide, Zr02 (Al drich).
M xi ng: ‘H]eéc_ncpgr%r?fmﬁ‘hﬁ%%?a(iere ground together for approx. 80 h, whereupon
t he oxi de$algirealupinageiefabe phrrses EahAlOrand G0 .8ABOafomImg@hriapps Ca- 22 h.
Final 1y, theighé odhdg(AicSibrd.aFeRB)S kst d 0 cement (Cementa), silicon dioxide

(Aldrich) and an inert oxide, ZrO, (Aldrich).

Mixing: .

The cement phaseas were ground fogether 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 MPaina
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-reated at 400°C for 4 h.
30
Insertion and compaction in the rest charﬁber:
Water with alkali salt was added to the tablets one ata rime. The tablats were transferred to

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



of 2-propanol, was evaporated. Pressing: The powder m xture was pressed
into small tablets at a pressure of approx. 90 MPa in a 25 Korsch tabl et
punchi ng nmachi ne. Tabl et dianmeter 3.00 mm and hei ght 3.00 nm w th approx.
20 chanfer 0.35 mmin fromthe flat sides. Conditioning: The tablets were
heat - t r b ed7ets 400C for 4 h. 30 Insertion and conpaction in the test
chanber: Water with alkali salt was added to the tabl et sSToOHEEH0BIti ne. The
tablets were transferred to the cavity in a special holder and conpacted
with an ordinary stopper initially, to be tanped WD 01/ 76535 PCT/ SEQ / 00751
22 finally with a porous conpacting device (according to Fig. 11). They
were then kept in the test bodies at 37Cin a humd environnent. Result: 5
Fig. 12 shows the resulting expansion as a function oftime for the ceramc
material FaEMEEith 2 bbrou i ed,; X oGXPansi op, val ues achi eved are
very | ow gendlrgfhat exp ?\gﬁgélgcjlﬂﬁe"’{/%%éc htg%(t:grg fg? Pﬁoﬁ&aggﬁy Y& ﬂi’??ﬁ@ﬁ%’?é’?? i s not
restri ct efft BV et ehthoth AT & SHE9aMeBRd, but can be varied within the 10
scope of the clainms. Thus it is understood for exanple that the invention
can al so pggused in connection with non-dental applications, i.e. in
connectiop. w gh t he production of chemically bound ceramc materials for

ot her Jp-urg&é showsthm essilras P@2RGIpN fcafuingnomefaand for thecqam a2 fora@e er i al
(subst r at B)is tanfireké diat tBieepanbibe Viltiss AMGevRd 3HOSH 18 8nd &aﬂ%ﬁ%ﬁ%@% papics. The
pr oduct cg&&gpg@)g‘;yshere for exanple of a thin'plate wth-a rametrer of
around 2-7 cm 15 f'or use as a carrier material for electronic circuits, as
a carrier material in mcronmechanical applications, as a carrier materi al
for bi osefiBekseotioras nat eafictelo tHaERbo@mdneS d-ORbE Bkt édn%ﬁfaﬁtébcm?%rtgedum ng
circuld begpder dhi3aasoRs AL uhAihIkEy Lo 12 (3l 80, concel vabl e that the
product does not need to include expansiIRe'gShpRREYERtRY @adiscibpased n
appl i cati %?%FCtt%i‘@ﬁk?%d?eﬂ%mﬂ#cammwem tinksioo wtiitbeproliectimage of the
present i eheamtilprboud® cerb@hnitkSlls VQNRLANBE32 23RETASEQLLPALRL LA M5

on area 1s

€.g. a camer matenal (substrate) for electronic circuits and a substrate in micromechanics

The product can consist here for example of a thin plate with a diameter of around 2-7 cm

15 for use as a carrier materal forelectronic Circuits, as a carrier material in micromechanical

applications, as a carrier material for biosensors or as a camier material for optical fibres for
producing circuit boards, biosensors or the like, It is also conceivable that the product does
not need to include exparision-compensating additives in applications of this kind. which
however falls outside the scope of the present invention. |

20



1. Raw conpact (3) conprising a binding phase of one or nore powdered

bi ndi ng agents, which raw conpact has the capacity follow ng sat i WISE
with aliquid reacting with the binding agents to forma chemcally bound
ceram c wealognésat, and which raw 5. conpact preferably h degr ee of
conpact ness of 55-67 percent by volune 3blid phase, char acﬁ%ﬁﬂ? E§ in that
the raw conpact (3) also conprises one or nore expansi on-conpensati ng
additives adapted to give the material dinmensionally stable long-term
properties. 10 2. Raw conpact according to claiml, cinar act er i s ed
in that the raw conpact (3) is substantially free of hardness-providing
filler particles. 3. Raw conpact according toclaiml, c har acter.
sedin t(tIIaAMSle raw corrpact (3) 15 corrpri ses up to 50 percent by vol une

bal | ast ter act , x| cor r,ecedi ng cl ai ns,
char ;nal c tlia CompaCt% qr ”Bf’%ﬁ aBT hﬁ %ﬂ%‘fsoé’wg%ﬁ °§1dé“gé‘§ *Ppast
subst ant i al | yvio¢h rewicempsat hhsihe ﬁ%maemc@hiemnv SZ‘@rz’Elon Reith adlompdiesciagodthdi ng t o

any of the ahRyginghahdBs t@fcﬂm& dheﬁql&h% bBudd cha?m@mQtﬁ'ri@ EH@M&Q'% additives
COI’ISIS'[ of one or sts o por ous

itives consi
particles or Sg’lpﬁﬂé’reéé@o?egaétaedsegregc?? fO‘BgﬁQ?Wefﬁ %s”v\?r?l @ﬁ*ﬁé@ VOJHMESHSdul us
which is | owdhaset han the E-nodul us of the binding phase, and a secondary

phase, which &E@W@Jr%svmhﬁlstﬁatrtﬁ‘aﬁw&ﬁﬁﬁa& (ﬁmsobdomﬂdrﬁgs &tlao??n 22 6. Raw
conpact accordin in that said

c
addi ti ves corfgrd iohs CP mPe'g%?ngsalﬁigg‘[‘aﬁ?‘{aéfﬁon °‘f"°§’ %?8‘?1535[?’9 SnsipRaldy stabds ¢
secondary phé@@ Efr@ﬁ@r)@mf—%/ consisting of OPC cenent and/or fine
crystalol i ne silicon di OXI de and/ or anot her Si-containing phase, preferably
in a tot aI v}éot aot 3 Op?rce %/1 volaurreﬁéﬂl even nore 30 preferredly
1- 10 per cent R ?n?ccor lf’%é PR TSHAR A "t BADAE fRYateneg @yt o
claim6, c hSa nala’é‘/Irevéﬂbarﬁn§5f@r%'l¢lnclrlhaltnassa‘lai secondary phase consists
of OPC cenment in a quantity of 1-5 percent by volunme and/or fine

crystalling con .di oxi.de i qu ntlt Dof 1- rcent by volune. LLOYD
wSE "o o1/ TR s ey B Qe 8 = 18 o an it BeCOr B TOeU ] m 5, o
har éomprzsq»ypéozﬁwemcmhbxv@amd Daﬂhitmatve@ consi st

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 Raw compact according to any of the above claims,characterised in thatsaid

W

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 is lower
than the E-modulus of the binding phase, and a secondary phese, which secondary
phase reacts with the binding phase.

t9
wn

Raw compact according to claim 5, ch aracterised in thatsaid additives consist

o))

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 preferrediy 1-10 percent by volume in the raw compact.

7. Raw compact according to claim 6, ch aracterised in thatsaid secondary phase
consists of OPC cement in a quantity of 1-3 percent by volume and/or fine crystalline
silicon dioxide in a quantity of 1-35 percent by volume.



at least substantially of porous particles or porous aggregates, Woygh |
consist at |east substantially of oxides of Al, Zr, Ti, Si, or Zn andvgfi

t hese preferably having a 5 di ameterof 2-30 um even nore preferredly 5-15
i-m an open porosity of 20-60 preferably 30-50 % and t-he pore openings in
t he par tWeblE®5&Eggregates being less than 5 rn, preferabporssolosg;t mand
even nore preferredly 1-3 um 9. Raw céfipact accordlng toclaim5, ¢c har
acteri sedinthat said additives at |east 10 substantially consi st
of porous particles, which porous particles consist at |east substantially
of m crospheres with a high closed porosity, which mcrospheres are
preferably of glass and have a porosity which exceeds 50 % preferably
exceeds 80 and are present in quantities of |ess than -2 percent by vol une
of the raw conpact, preferably 0.1-2 percent by volume, and even nore
preferredl r Q| cordi ng to any
of the pr esé’ e%ﬁ«g&ﬁ;@%&%&ﬁ?&’ cﬂam\{ é&&‘?rac%gnﬁéﬁ" d%%”ép %LﬁF itives &o?g

conpact (3) ﬁé@asés%&“%“yo‘? p@é‘ﬁ’aé’éf‘ﬁ@é@%?m?:?a%%@ﬁ d’émh tpsyodt dgeet sol i d
phase, pr ef esualistantifibeffkidee bEADZ Y, Sipbilrearsifs, dx»p@@@@;ab%%awng sRaw conpact

di f ;
accordisng to g hrb! I@@C% %9?%8%0&%@1‘7@% 59 Jmn? an o x}i?%?snp&; [’%éQe/r .

that said raw_conpact an ‘accel er at ed
reaction bet \REé‘“ﬁab"s AP O0PrRAr My %Rjeﬁ?-é“%ﬂﬁd“ thgearticlegbperpeataibdingdesetendt or
consi sti ng pmef prefpddly 0fl -Aumaht eoén radsrnpaérk:aédly mstigd, in a quantity of
0.1-0.5 per m!| by volune, preferably 0.2-0.3 per ml| by 25 vol une,

cal cul ate the solid content.  12. Raw conpact according to any of the
pr ecedi ng cI AR OmPagt 250qrdigg o glagn §, gh g gc et s ¢ fdp thas sidiadsiithvds ageagent s
subst dAti al | yulisewmeally gmaistoipioz@usafarti2tes, wilith pb@ﬁﬁﬁa@@&lys néistht Bas:30 13. Raw

[ d
[ That el &1 oy ¢ oranuerpaicin BEE R G BB, Katto By ehibra um and

onpac
smal | est  di REASFYNOLEles 2ad hayes mrﬁ%‘mwlwfy'ww&o pyefembiitehcdeds BY%l- 8 mm
preferably 2aidammpresentdn gtstibied gfiesshiginmpLcsn by mhmgbﬁﬂﬁﬁﬁm:éfn&c -4 mm

LLOYD W SE \Spfi;%%F @5135p'2'§enﬁ 9;[/\/(?”1:1%/ thgil%ln m:lore préxegeﬁﬁg 6?‘?]]&% Dr?iga(.:n?;)g' hg to any

of th precedln i nt ended
to be Gsed f&PUBént a pur poses, preferably for dental filling material.

10. Raw compact according to any of the preceding claims, characterised in that
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,characterise d in that
said raw compact (3) also comprises an accelerator for accelerated reaction between
sald binding agents and the liquid, said accelerator consisting preferably of a salt of an
alkali metal, tn a quantity of 0.1-0.5 per mil by voiume, 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 in that

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 in that
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 2-35
mm, and its height being 0.3-3 mm, preferably 0.5-4 mm.



15. Raw conpact according to claim 14, character i s e d in that '—Eﬁ%ﬁ r aw
conpact (3) 5 has dinensions adapted to a dental drill (2). 16. WISE
conpact according to any of clains 1-12. char acter i s edinthat
Lt is iybepsee to be used as a carrier material for electronic circuits,
as a carrier nmaterial in nicronechanisal applications, T&F/SE0H8I781 er
material for biosensors or as a carrier 10 material for optical fibres. 17.
Raw conpact according to any of the preceding clains, c har acter i s
e dinthat said raw conpact (3) has di nmensions adapted to an individual
cavity (5) into which the raw conpact is to be introduced. 15 18. Met hod
for producing a chemcally bound ceram c nmaterial by neans of reaction

bet ween a ki rdi, : e or -pore powdered binding agents and a |iquid
reacting ]\?vi 1?%!)% %glg)g&%?cnogﬁilﬂ %aaé]gr?{ 95 PSS B R o § Sisrff dafdt Bi ndi ng
agent s bei ng's IREARECE ba upgsiiar dentahprmonpapteletd)y fondedta tilltroempenider body,
before the liquid is nmade to 20 saturate the sanme, is exposed to such a

hi gh extenpa r at so l.ow tenperature that a closely
connect ed 7 'aw%z1 gﬁ%i%{t%f%pgﬁfgcnaéﬁ Wi ﬁ(ﬁfta SiTit'erfihy hHsadrrvRempet (3)

conpacti on, Wi GRerAQPsEEmPeto asieekbdralb(3). has a degree of conpactness of
55-67 percent by volune solid phase, character i s e d in that the powder

body alsqggc ri Qne or nore ansj on- conpensating addi tives adapted
to give the g‘gwr?ﬁ%ﬁ?‘ﬁfc"&ﬁ%%gﬁ%ﬁgég Ss]lt' 151 % gg%b??"e‘rsrﬁdpﬂfb%'é?fﬂses. 19.
Met hod accor Hit§iget & ke usedrsiBcarniermagerral forelectrenit circists @s d chifiet Maferigiah d

bi r]di ng agenhﬁcrﬁﬂﬁﬁiaﬁkal a@bliiaﬁax%t, a§#&$¥i@rr}¥1£t§rliélYor%fiosgr?slo%i 2 lcalilrrrﬂatnat e cement,
sai d agditi Vﬁﬁteﬂ%ﬁ%%&}%h&b@%ﬂm sting of one or nore addit i Va8 n the group
whi ch consi sts of ‘por-ous particles or porous 30 aggregates, soft particles

whi ch have an E-nodulus which is |ower than the E-nodulus of the binding
phase, and7aRsecomgadticqoRiisgio aofihe HeLRBRAMINNASES L8AGLS Wt % e
bi ndi ng phasg, la'u%%%% h "\ggneo%lloﬁgggag)t%dﬁ Bl SE(? | 0%3%{_ 526 x' i %}hOd
according to c? almlg or )1.39, e nha P PR ol ‘éavgy(:p}uetﬁa*tm@ghd raw
conpact (3) M*%CHER3sied s inERdcer. degr ee of conpactness of 57-63 percent by
vol uméssolid phase, preferably 58-61 percent by volune solid phase.
18. Method for producing a chemically bound ceramic material by means of reaction
between a binding phase of one or more powdered binding agents and a liquid reacting
with these binding agents, 2 powder body comprising said binding agents being
compacted into a raw compact (3) in that the powder body, before the iiquid i1s 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 compactmess
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 addinives preférably consisung
- of one or more additives in the group which consists of porous particies 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.



5 21. Method according to any of clains 18-20, c har acteri sedin
that the method conprises a tablet pressing stage for each raw caymagise 3)
that is produced, tablet pressing being executed at a pressure of 40-150
Lvipa, preferably 70-110 MPa. 22. Method according to any of clains 18-21,
charact &YOPVE5& d in that said raw 10 conpact (3) is forwegsdepéApt said
conpaction is executed in a nodel (6) 8 a cavity (5) into which the raw
conpact is to be introduced. 23. Method according to any of clainms 18-22, ¢
har acteri sedinthat the powder m xture and/or said raw conpact
(3) is preconditioned at tenperatures exceeding 15 150C, preferably
exceedi ng 250C. 24. Method according to any of clains 18-23, c har act
er i sedinthat said liquid is caused to saturate the raw conpact (3)
in that tBe Mathaonpedingitsclhimres selb, ath 4 easte ripard ﬁrythhﬂsatdlawbbﬂwhdid(g)
preferably far I e 2 e onds 20 and
up to 30 sec%nc géed 18@} a% ﬁ %FS&-H?%t?é;E gifabffm@s?éé{%f%%%yb&umbé% by t he
capillary fBF‘éé%D’ééﬁ‘Sﬁ@em?Pttohé(o ©WoWpPAate; the raw conpact preferably
being gripped by means of an insertion instrunent (7) in connecti on with
its berng-, emai ni ng rfi.cial IC]UId on

t he ra\SN colrlrpn%té% eclﬁg&-tc)ﬁé1 QO'JHI&GD g”gﬁjg 7@ ylﬁ%”ﬁ/bf hod® §é§§faaﬂ? §RPdany of
claims 18- 24°°1Epfh5°éal’fa°&téf~f=1’eg5r‘age fgr gacy ri cempact S that 1S|Dq<urittsted ¢amesi st s of a
hydration |i aussng bdihg brepiited eraalrbysuf0diaai ITo MP., BRERAEY 2091 o haf the reaction
bet ween the bi ndi ng phase and the liquid, said accelerator preferably
consistin ,}of a salt of an alkali netal, preferably in a quantity of 0.1-1
g/l of |iqai iYethadaraprdmeyo aty qfsitams 1823, gt Era eveni nod an graetaid raed| y at | east
0.4 gt and mtacp(ﬁﬁsa'fol‘rwxynaksdxeasmpﬁbt&ng:/éxe&ftecﬁxg a|rhc9dé|1 )o?@ca\hf?gjh()d

accordi ng to; 6l akbL24e & L s edinthat afirst
conpact (3) |ls cause“ : Clagxg stésftﬁﬁ)gtlg © uc'Elhe liquid, in order then to be

packed into a cavity (5) preferably by neans of a Filli ng tool, whereupon
a second PawMrdinqaattordd) td snyecddhads t ©2bLOYDr W 8§ WY Q&%@@@%o@@r

PCT/ SEOQ1/ 007 er then to be_ packed into
said cavity E‘:ﬁt}% aﬁa{n%ﬁi)ﬁg’C%%ptabte(ﬁnlsqwcog%’an gf TR Yot ""“ﬁ\?ijérggeupon any

further raw aE’i“%‘r%?rbe*"Eaed’éfégcl-%oocbe sat ur at ed by the liquid, in order
then to be packed into said cavity, preferably by means of sai d filling
tool, pr ef;er@p.lt%d%uga ALlymbs heen, {1 ed Wi I st ressed 5
raw corrpacts whi arght aﬁ p(‘a:rnx‘}1 ed 1o har en ‘tseié’i’g‘%&m‘% Sy bound
cerarmc tause to saturate the raw compact (3) in that the raw compact 1s immersad at least
partly in the liquid, preferably for at least 5-15 seconds, preferably at least 10 seconds
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 superticial liquid on the raw compact then being dried off. -

19
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. Method according to any of claims 18-24, charactarised in that said liquid
consists of a hydration liguid, 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/l of liquid, preferably at least
0.2 ¢/l, even more preferrediy at least 0.4 g/l and most preferredly at least 0.8 g/ of

30 hiquid.

2
[=A)

Method according to claim 24, characterised inthat a first raw compact (3) is
caused to be saturated by the iiquid, in order then to be packed into a cavity (5),

preferably by means of a filling tool, whereupon a second raw compact (3) 1s caused to



paterial. 27. Method accordlng toclaim26, char acteri sedin
that final packing and the renoval of any surplus of liquid is ék@ERIWSE in

situ by neans of a conpaction device 10 (7) - a tool - the part (19) of
whi ch agjd fdeagai nst the noi st, conpacted raw conpacts Eg?%' sts_of a hard,
porous material, into which any surplug of liquid is ab E%I”O B the same

tinme as the noist raw conpacts (3) packed together are conpacted further in
the cavity (5). 15 28. Method according to claim26 or 27, c har act e
ri sedin that subsequent polishing of a free surface of the chemcally
bound ceramic material formed is executed, preferably within 3-10 m nutes,
even nore preferredly within 3-7 mnutes after said conpaction of the

moi st raw COQ@%‘E&@@& §)) thQuﬁeﬁﬂ)rgprrm‘lnetB%g Da%gd fito SJ&DQ vu() é%}g? Eerl et ton of

a raw conpact (3) . Q. a cavity (5), which raw conp bsy a bi ndi ng
phase of onemB‘?‘“SerFQé BBW&é‘?‘éd‘”‘HﬁmoﬂQ“éﬁ’é‘i’i?rsfawéﬁ’apm"efhciu& tOchﬁ*«rr'pact has
t he capaci t ysatdretell oyihedigsat, ur @tiérahennbotble packed it shid &amlmgn%tymymngm nd| ng

t to f grh,etgb
S a i that Saepbr e IOURE EPCR Fes T PELE! Wik i ehp Pt 2 chort

end or’ a hea@“(@ﬂ)m%l"@ﬂdh%{gt}é?ﬁ peBnittah By agren Aptart ciysmicably badpdistrguicaccor di ng
to a di anet emaefiala gi ven raw conpact (3), the short end of said sheath (8)
or head (14) being open to receive the raw conpact (3), and the tool (7)

havi ng a Qjés {pr (9) arranged in the sheath, which piston is displaceable
in the axr t 1$ £ AN mgpackieg pedneonpact (3
h wéeﬁow%fo HHE Khediai 2 Ttor 16 e dnsiteat fingpackiag pmdvhe onpact  ( 3)

to said cavi teynovélmf anyaﬁxrﬂes ofiamid aegwueadngsxmmcxh@dnarb?@cmﬁnéan& fevdeeC t € T

d t hagyyt h i h
nterhal di and Q‘%"; R R S g T e s A

conpact (3), “ARESLRRBIH. RUPUS BHeHH SnrHE wduw&wrvéhzmé if dbgprobdat thg an
LLOYD W SE 4D eQVic53%e @8isPEWH Shiphcts (80 p8dked kdbe@ENat c6MPATA fukild )n the
preferably o{gav;@ 5;0 the | argest dianeter (D) of which exceeds the

di aneter of the gi'ven raw conpact (3). 31. Tool according to claim29 or
30, char act er i s edin that said sheath (8), close to 5 its short
end, b sa§.dMetad afcbdjinpasclam Feess, ¢ A8} 2 6t e A S RAhahbRALIRPELARS, hol es

( 17) of a free surface of the chemically bound ceramic material formed is executed,
preferably within 3-10 minutes, even more preferredly within 3-7 minutes afier said -
compaction_of the moist raw compacts (3) has been completed.

20 29. Tool (7) for insertion of 2 raw compact (3) into 2 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 hiquid reacting with the binding
agents, to form a chemically bound ceramic matenial, characterised in that said

tool (7) comprises a cylindrical sheath (8) with a short end ora 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 in the sheath, which piston is displaceable
in the axial direction of the sheath, for transferring the raw compact (3) to said cavity
(3).

30

30. Tool according to claim 29, characterised in that the short end of said sheath
(8) or head (14) has 2 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 .



or slots (16) inits "mall. 32. Tool according to any of clains 29-31, ¢ h
aracteri sedinthat said tool (7) is also adapted, when not
gripping a raw conmpact (3), to grip instead and hold firmy a 10.LEYDPMSEI on
body (19), which has a dianeter adjusted to the inner dianmeter (d, D) of

t he sheawb'ts/7¢s8) short end or of the head (14) and consi ﬂf{?‘/ E%' har d,
porous material, due to which the tool28 7) fornms a denoi s ] r@-’%'orrpactl on
devi ce for corrpactl ng one or nore raw conpacts (3) saturated with said
liquid into said cavity (5). 15 .33. Tool according to claim32, ¢c har a
cteri sedinthat said conpaction body (19) consists of a material
in the group which consists of porous ceramc materials, porous polyner
materials, porous netal nmaterials and porous wood materials, preferably a
material whi Glieoahdiastfsr (0f), prefoaibtarad-Boe, ekilakes: BMORIT G rAiElALedkY beech

wood. 20 34. t@&ﬁﬁ%l%?&@% x(a%vgc?onfsp%t(é e tool (7) according to any of

clainms 27-31, inthat it has a dianmeter which is
adapted to the inner dianeter (d, D) of the sheath's (8) short end or of
the head (3M)Tadhstcbhitdg totclat@29icsBS,-af a aalaa-légﬂs@@rx(ﬂl-fﬁatsﬂggﬁé‘a% sk e group

whi ch t: t |
o ch SonsL S8 il B VR, SRLRTLA BLEELA) Bp) RO PO IR TR e 26

whi ch consi st slgs (AS)Har‘fél\)'b@Bd material, even nore preferredly beech wood.
3-5. . Conpacti on body according to cla|m34 C h a racteri sedin

that it hag aglf Ec@gxta‘?ryg to%y g‘f_ gainn{rsn?_gigrl?fc%raargl cyf €Tis er]fmn that said tool (7) 1s also
adapted, when not gripping a raw compact (3), to gnp tnstead and hold firmly a
10 compacton 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 inthat said compactlon boay (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 in that 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 materals and porous wood materials, preferably a material

[V
wh

which conststs of a2 hardwood material, even more preferredly beech wood

W
tn

. Compaction body according to claim 34,characterise d in that it has a diameter
of 1-8 mm, preferabiy 2-5 mm.



