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CERAM C PRODUCT, METHOD FOR I TS PRODUCTI ON, TOOL TO BE USED I N EXECUTI ON OF
THE METHOD AND | NTERCHANGEABLE PART ON THE TOCOL 5. TECHNI IU 54‘:; The
present application relates to a raw conpact conprising a n hase of

one or mr@omp,v@gg ed binding agents, which raw conpact hagctReo1RaRACI ty,
following saturation with a liquid reacting with the binding agents,

forma chemcally bound ceramic material, and 10 which raw
preferably has a degree of conpactness of 55-67 percent by m@@%’m’ﬂmmy
phase. The primary application of the ceramc material is as I ng

material. The invention also relates to a nethod for produci ng &&ie+cerani c
material, and a tool for handling the raw conpact and an i nterchangeabl e

part for thefeoicalby BEHEOIRAME ﬁmUwammunemﬁsmmm. on

he syst em m%iéﬁ?%?asﬁ%‘@% e S P e

i ndustry forPldYE@NTHBé]QQL hard and tough environnents, i.e: acid
environments with hi gh nechanical stress {R J I\/angabhal , Cal ci um Al um nat e
Cenents, Conference volunme, E & 20°F N Spon) London, 1990). By applying
rupture Mechani cal attack methods and advanced powder technology to the
system the TROENETAYFBIA profile of features of the base system can be

i mproved Conﬁﬂedﬁés%m hé&Mﬂk&&eﬁ@ﬁ&dﬁ@bﬂﬂct@ﬁfpﬁ&ﬂgagmﬂﬁxgtﬁh&eloﬁumﬂmme and

revi ous wor r

:Ond:/l:a'ltJ es gr!é°é"( P%‘I‘geflﬁrw? %ra%%ot"é’&nf thg o %zdgamag?%%%tyﬂ?gnat
materials s umlaseam\ath the biniding agents td farm a cmesmsém ng serpmicimatefah e i al
exi f’;\' tngld 0d@NicHBRY &r@ﬂa@t é]rgﬁrab%dk b BEREY S compdctas oS5 b6 Dpacanaby Woltmé v,

aes etiIcs a ce
staff The si %‘E‘&tpf’ 1&1.8‘? PUQPV&BHE‘YQ&B%E ﬁk? %&%Ha‘?&{aﬂs% %rg%?rl]l e'ﬁag%dﬂ ri zed
as fol |l ows: Theinyentionatsogelates 912 methasigr EFQ?‘%?& ﬁatdwera&lﬁ Maigials stiratfeslrrgﬁgs as

far as bi Ocoﬁ@ﬁhh%)ih@ri\y cathighci@ilan GiteRanpesblEpurcfor the tool. Pl astic conposi tes
have good workability, but shortcomngs with regard to 30 erosion and

corrosion and handling for staff(allergy problens have arisen). Plastic
conposi t €S SBACKGROUNBHRTHEJNVENTEANGi ves rise to the risk of cracks

LOV (rjﬂ ng ﬁ”g théep remegw@;ﬁu&lqaaﬁés {obikdify AgRAGsyEteMs ofth&emém eystem gphave a gOOdd
Strength. S PrtsE evER GRARDS @%@?@%@swﬁ%‘# PR sbeaBiGn" 0" OO
suffers fr omttd@mxfg: memp@agy hasé, ggc}-topglmnvgﬁ@nents 1e. acl environments with high
mechanical stress (R J Mangabhai, Calcium Aluminate Cements, Conference volume, E &
20 F N Spon, London, 1990). By applying rupture mechanical attack methods and advanced
powder technology to the system, the generally good profile of features of the base system
can be improved considerably. Studies carried out according to the invention and previous
works (SE 463 493 and 502 987) have produced a result that indicates great potential for
the system for strong and acid-resistant materials such as dental filling materials. No dental
25  filling material existing today meets all the requirements as regards biocompatibility,
aesthetics and function that may be set by patients and dental service staff. The situation

u

for various dental filling materials can be summarized as follows: Amalgam has generally
good durability, but has shortcomings as far as biocompatibility and aesthetics are
concerned. Plastic.composites have good workability, but shortcomings with regard to

30 erosion and corrosion and handling for staff (allergy problems have arisen). Plastic
composites shrink on hardening, which gives rise to the risk of cracks forming and the
onset of decay in the long run. Glass ionomers have a good bond with dentine and enamel,
but shortcomings with regard to corrosion and strength. Silicate cement has good
compressive strength and aesthetics, but suffers from corrosion and strength problems.
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20 SEP 2004 WO 011 76535 PCT/ SE01/00781 2 Various types of inlay have good
mechani cal properties, but are | abour-intensive and require %b LgErf}gz Eel ow
is a description of the requirenents which should generally be Set m ra

new, 5 pra@sieesssdental filling material; good handling apifiktdahdin easy
applicability in a cavity) noul ding whic¢h permts good nodellability,

har deni ng/ solidification which is sufficiently fast for filling work and
serviceable directly following the visit to the dentist. Furthernore, high
strength and corrosion resistance exceeding that of existing filling

materials are required, good bioconpatibility, good aesthetics and safe
handling for staf fwithout allergy 10 inducing or toxic additives in the

material s. Viioad @jpet 6finlag Bavk d0od Gndchirital propagies usire tzbowd-inkensiegand! t o

di mensi onal st.abill ity are wanted. This is a problemin particular if the
material exXPANEEBVEr tine, which can cause disastrous tooth breakages as a
result. In SE 463 493 it has been described how a chem cally bound ceram c

material, L Bélo®-ifa gjésé;isk&ﬂ._takhdﬁuqxﬁms vitith Sivuligenedlly be M&b? agewanced
strengt char act | S 1Ln.t t GO | LNQg . -0Nn Qr nore
hydraul ic. bP‘ﬁ%?cﬁgéeé%’ihﬁ g‘ga'?\aée nﬁg 3l %F%\gggé ?@gg'y“r'rlgrf %{gb{ %‘f?‘?%‘g‘é{r_‘r‘g%@%vé‘a’ at such
a hi gh ext emaaldingvehiehpesmits goagomodslabilitye haydening(salidificationswhich issufficientiiiect ed
raw conpact fa'ktsf%xqiillgi_ﬂ% lw_edc dﬂgfsbﬁl&atﬂ% Biic&Xliy ﬂgldv&ﬁgldﬂxEQ{S& t®the @A CFirétrmore ht hi s
raw conpact). e 1,N ensi t as | ncreased ot o at ast .3 . tlnes the
ot el e 1 Vieh Sengband FnSE0 e R e R AR ECor s e IRRE hacsibln bty i o
i s achi evedrenyiresh aeddjocompstibilit goodngstbetiasianh safpbandlingfoo stalf mithpwedlergpowder
It E a cofg ai ﬂﬁﬁ%iné' bitetﬁsamgdig%es:ihqlerr?ét@:ﬁa_lﬁllnaa@maxg,%sca fb?g—%&ﬂ%t_ hhbﬁc;ﬁﬂ%tﬁ:l&a“ ng

e raw Cco W a [ L Rg. 1 Ldul d. pr F.lo a IcatlLon, o e
mater t al or Mgt fO dfimeiongh sapHicy aff waned, Tiis if 8pBlem i paieiianise’
produced acwetertlrrgpanss SFer4ame, #9Shican causeldisabtioppipeth brepkagasias p yesplist
requi renents that can be set according to the above for dental filling

mat eri al . [.t.. has been {0 hat prablens, can .occur. Wi.t h
di nensi ona%ﬁ%ﬁ%%%* %Q%ZDSF%%S?“?% nq’g“{ae“?‘%“@&agﬁﬁg‘.‘"é’ nc,em\%f:_gﬁyegsié\%of 81ghg to the
above chh hdemalpumeses; eandecavssd tubaye eshanged yrenedrcharactafisties incthatal powdet | ngs.

There is robody dhsibtidgl dTohe a6l BRaRGLic mditnpegMﬁaipabsimdaﬂafsﬁn&Qﬂal is
manuf act ur e %tah regaurg g,o oé herala§ ects 9, uch atﬁlg%s @r elyf or exanpl e
the degree ST™ESHSALIHASNEYINE PER LOHIS O W RATERFTHE A A SIS Y he
durabil'ity esnneeed ranecmpaptis pbtained withewtsintgringgedctions, ongompattidn. tln thgsraw
applicatio {l_coxam/t;&ﬂbeﬁlm?g &eﬁﬁ&ﬁh&ﬁn&r@ﬁe& tortk fAQd PhAESRE initga mﬁxfngaﬁﬁigi ﬁ .
concer n,opt i ati raw conpact'.s di.nensi ons.and.. shape and. how i
oot 28hetich it adheR s A BHinEHeSRTHich 7 atHioten oy S0tk HiorS0 ane ckeht
probl ens canadkingaf the logsepEmdeNio 4 comaney. 1BE3IGerdf HETMEBED] p@PFEY the same by

' saturating the raw compact with a hydrating liquid prior to application of the material or in

situ in a cavity, e.g. a tooth cavity.

25  The material produced according to SE 463 493 has indeed proved to satisfy most
requirements that can be set according to the above for dental filling material. However, it
has been found that problems can occur with dimensional changes, especially long-term
expansion, which according to the above can have disastrous consequences in connection
with dental fillings. There is room for further development of the material and its

30  manufacture with regard to other aspects also. Such aspects are for example the degree of
compactness of the raw compact, which influences the durability of the raw compact in
various directions, workability on application, and the strength of the finished product.
Other aspects concemn optimization of the raw compact’s dimensions and shape and how it
is moistened in connection with application. It has been found that problems can occur



when the material is hydrated too quickly. There is not then sufficient
time, after the raw conpact has been m xed with hydration liquid, to nould
the material and/or cut into the sanme, before it solidifie 'glgps obl em
is accentuated with any accelerator in the hydration |iqui ) the
use of acqR)MratRr is desirable in itself since it nmeans ,;ckﬁg otl,h@,spr oduct
qui ckly becones polishable, and since ti#e patient can | eave tli'ue clinic

qui ckly and eat etc. One aspect that is related to the use of a raw conpact
for dental fillings is the question of how the raw conpact is to be handl ed
purely physically. An instrunment is required for gripping the raw conpact
and transporting it to the cavity that is intended to be filled. A 10
conpaction device is |ikew se required for conpaction of the raw conpact
provi ded wi {RHed ﬂx@Hia@En'aﬂsh?&atéa‘t’ddc}mclEWT}QWI ngotSEerAsﬁﬂ'noﬂ&ﬁtxmeIaﬂmﬂmeMn shown
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oes not prev.e.

I mensi I whi ch
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strengt ho Tb@m?ﬁhbﬁ) de\aELi9 e wige fequitdd foPebnactidhivf i raw coRfiabt poviled @ﬁﬂi deal

of training ndi vi dual dentist uses it to perfection, which may
cause the |H8P\9|"&l§‘§l d htist to hesitate to use the technique. 25 In Yan et
al, Characteristics of shrinkage conpensati on expansive cenent contai ning

pr ehydr at ed FBll&bm@LSEmGBa9S qamtbe&\agﬁdm%mmsg seS vadibhtpateat 5026989 Nthatod
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systens and PEDE
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| NVENTI ON' OrienétiaR¢ §ought, H"ﬂhs@eﬂ&ﬂm glbé%\gié’a'tdr@ﬁiedgﬁx The Piethtddecarding s SBpact

of the type d.in the dration
gives a chen@é%??‘aﬁgﬁﬁﬁeq@gFgﬁ? er| a 'n%%\%rg%g}s?ﬁﬁhdn%gé%ng\#a#% 1?t\“sét abl e

| ong- t er m prrspfestionewhicirmay pme&@rmdmduﬁﬁsntlsatogwsnmﬁoyﬁs/thpﬁ@hn@qa| renent s
stated gyve for workability' and durability) and be easy to handle in

connecti on nd .appl i cati avi t a tooth

cavity. Thevfgqragﬁ'f% % °&7“§ 'CS%fa?re"&‘agﬁ SOTRG" aﬁg%ex"?gswed%n et °°a'|c‘)ag'f Mations,

satisfy the Rfehvdmend highalumine cement-tesedrpansivapdditive, Ca@eﬁrﬂéii ﬁgneretet he above.
Thi's is achéseaen] vat 2 plleTR76q1 9909, théWRRF tBélut Rlukdiadte’s Mdé@wt@mk

' h
Tt o ol di EGSHa s SRR RO TRRE S LR Bbhef BEcAOAR Bl 8F N
i nvent i o3P progkingsandatd csmeptrspansornshiink lagy ugingicalgiupmalyniastes @ﬂ%ﬁﬁ@tb?f nor e

powder ed bi ngj gb@gwmmmloﬁw@weﬁmsﬁgmﬁ efcﬂlﬂs@ﬁ@ﬁﬁgﬁlyc&ﬁbdc(é& ng
saturation wt | I eac

u i nd in
chem cal |y bistiracweeid frndel ptife Stpampitr R R s uRREE i vepdreledly nas a
degree of cowhiabisnasereqfisitFo7thp esexditiesbyindiok agent syvteimd iphppdieations hecardinga ¢ t
ar i s ad {findftedent MeedtdW COnpact al so conprises one or nore
expansi onconpensating additives adapted to give the material dinensionally
stable long-term properties. In a second aspect the invention proposes
met hod for producing a chemcally bound ceramic naterial by nmeans of
reacti on between a binding phase of one or nore powdered bi nding agents and
a liquid reacting with these binding agents, a powder body conprising said
bi ndi ng agents being conpacted into a raw conpact in that the powder body,
before the liquid is made to saturate the sane, is exposed to such a high
external pressure and at so low a tenperature that a closely connected raw
conpact is obtained



20 SEP 2004 4a without sintering reactions on conpaction, which raw conpact-
preferably has a degree of conpactness of 55-67 percent by volune solid
phase, c har act ar i s adinthat the powder body al so conprises one
or more expansi on-conpensating additives adapted to give t hé0nekRo2004

- dinensionally stable l'ong-term properties. In a third aspect the invention
proposes tool for insertion of a raw conpact into a cavity, which raw
conpact conprises a binding phase of one or nore powdered binding agents,
and which raw conpact "‘has the capacity, following saturation with a liquid
reacting with the binding agents, to forma chemcally bound ceramc .
material, c har act ar i s adinthat said tool conprises a
cylindrical sheath with a short end or a head which has an inner dianeter
adj ust ed a&dlarimmgdiatg vworks andwetentssrhich do vetnhovaves oomesot the phiecipidietd @ind of
sai d sheat thedresdfdflvatibitre StRarnBle/SEBI3E SOBED-AW CLTRGhd E@Dﬁ.otﬁlgfﬁ@.o'
havi ng a. p@ﬁtg)&f{ggang%%é#aeqséheat h, which piston is displaceable’in the
axial dire ort of- t3h atmn,” ror transfernng .the raw conpact to . said
cavity. COWOSI TTON OFF THE POADER MRTERI AL | NCLUDI NG ADDI Tl VES.Apart from

.good nechapis@loMRESH TS INVERTIGR! attributes are inportant for dental
applicatiops. | ignificant .aspect of the inventiqgn, calciumalun nates)

n_a , )
i .e. doubl “aﬁfva%té’f G RETEPT I 1B RIYAYe 1y RTPAY of Shemastited bthele) -
here and  bpteamblecwhighl ravhen@actiyBowing hybiratibn gieacs shemiitdilywated derfmicni ng
cal ci um al weieRattRat RSl iteRSonal B RbIIBAL-Aom' A M "THE %.%cg:gndpggﬁﬁ&t alkd! S

hydration reaction constitutes. the_ actual ,sett|ng a niNg process.

Convent i on?aal%F ,ﬂ!‘esr(?ﬂ’é”et'wg Sﬁe%gy%&éwﬁquty é‘?‘l %ﬁ?‘{‘ﬂwﬁbﬂq%"v&%@é’dﬂdl@ t he

cal ci um al Wfoneacdor with its mogsténing gyal Appli¢ation dco ooty ce.g. aasath savige qhedi ng to

the i nvent ¢epimichierahhas mutdm«vso%ra@mm?ﬁﬁﬁ%mu&mbB@:ﬂax&’&stagh%@ot her
.. nt, or

cenent syst.em or ase whi ch.interacts w e alumnate cemne
conbi ned V\A&‘%#?c{ sélggalaf%fl\fwoaﬁc%fimﬁé?gﬁsa 8%Yregates or soft materials, produces
‘a di mensi onal change which is |l ess than approx. 0.20 %linearly, often |ess

than 0. 10 Phis IsacHipM sboring @Sthe iMRnHABNRACQRAM 2w/ RS BRPrilG o‘ﬁh%?@g 0 zero
expansi on. . Acco ggor‘]'g)ets%t.a ac’d’ir%\} eﬁ%o dj ment tgf t he llc{lven-t,%t(éﬂ, the system
can be usedras the onry e ornd Sec*)tﬁa@'é%e P mRePR mensiensly siehledenganot her
cement bi HEhEOP#HeE i n anounts of |ess than 30 percent by vol ume. .
- Admi xtures of ordinary Portland cenent (OPC cenent) or fine-grained silicon
di oxi de are used advant ageously. Since the cal cium alum nate cenent 20
SEP 2004 \vaGirst/spadh tHeGhv<rHdh/poébo3ds awheinpct &melaiing 4 BindiipP s f dhe
strongly on harder packing, conbinations of CA cenent and anot her phase of
sai d type,°"HQIR Paviese bding ageatsy Which rew sompact has thecaneaty fallowing onal
changes. 3 : Folg tes , i i the main
EhRirded ?ﬁﬂ?ﬁ'h ﬁﬁ‘i‘éﬁcﬁngﬁﬁg f%%ﬁ% dsgrthEtQtt@f%rﬁlo&)éﬂe%Eﬂ%‘iougﬁr

phase in the bindi ng phase, as Elifa e contributes to engt h
~and aci d rcesimic aratesial, land hdbchoravyendnpiaot preferatdy basedegred of dvenpidotesd &fsS5-

regar di ngr‘?&eason for1 di mﬁiiﬁnal changes which were put forward in
connect i or? A 8‘?&‘??“'68 Rta5802 987, i . e. i nconpl ete hydration, do not
appear t0cdi ¥fadtbulik c@iRIRAMS AW DmpabBEalsSesiRptEsed 8hé Bfimbreee)@a@%@ns wi th
regard to dinmensional stability. The background to the present invention is
rat her théompersating additivestadapiedimaive the materislgimensiendllyrstablie ongiitras e
transforn&}apf%pt?esof hydrate. The statenent, which is not to be seen as
restrictive ror the invention, neans that cal ciumalum nate, when it begins
to dissolve on the addition of water, forns a gel which then crystallizes
and forns _hydrate phases. Due to .continued hydration reactions and hydrate
t r ansf or méi oieeond, aspeefuthe jnyertion nippases methad, for preducing p chemiqlly ]

8- ph , | . i g i1 d
(i harty oChagc nied by meBe Gf NbRUE HBRRRACs BindifE Hhald 88 TG Frard
cont ai ni ngowdéred bindirgragBhtsahnd ailigaidrehstiipakith thtSe bindig, aginteBpevwdsit Boly Phase

refer to cal ci.umalum nate phases wwth 10, 8 or 6 water of crystallization
per unit 6PMPEsiRg sad bplingagentihaing cmpastedonto hEavhgempacs én thah thecpowden

di mensi on j ex| i Is e sho b

| ong-ter mgéd élrisgg)tq??r? lﬁﬁc@@@%ﬁé’tgﬁ%&@?&%ﬁ@&s% Ilfgﬁja&g&% %né%hc?[hl\égﬁi‘%magi ngly
to be thepmasge and apsvpo! i Gampydritare that @bmaFtcohﬁeceﬁt ta@Ncdmigdct V¥ dBiaihb®
addition of a secondary phase containing silicon, preferably ordinary
so-called Portland cenent (OPC cenent with Ca-silicates as main phases)
and/or fine crystalline silicon dioxide (which constitutes said first)
preferred enbodi nent of the invention)) undesirabl e phase transformations
or changed phase transfornmati on sequences can be 25 avoided in the nain,
and as a direct consequence of this dinensional changes can be m nim zed,
especially long-term expansion. How the conplicated hydration reactions

. " e e - Y




30 Surprisingly, it has been found that the positive effects just nmentioned
on the addition of a secondary phase have an optimumw th relatively | ow
addition quantities. The m ni nrum expansi on has been att ai ne@ 0i SER 2004
connecti on when said secondary phase ggnsists of OPC cenent and/or fine
crystalline silicon dioxide and/ or another phase containing Si, preferably
in a total content of 1-20 percent by volunme and even nore preferredly 1-10
percent by .20 SEP 2004 WO 01/ 76535 PCT/ SEQ1/ 00781 16 volune in the

materi al . NBEROUS sifemedgpssions o sorwactintamhighhsecanaprst sreferablydre acsgrast i n
a quantity - s i r 1] ] sil i ean dioxide
in a quantidt};f/coé1 ﬁﬁggsperceﬁp%gé#/g? u‘ﬁ’g%ﬁéﬁ@ﬂgﬁéé %ytztaglgs%{]ﬁﬁ 8 lflﬁﬁast
context to thtipowderrholy alsb wotiprisessqreair inaraeksumsion-dompeasatiak saditived afiprdt
surpri si ngItX thg}1 conventi onal fill | er particles providing hardness, e.g. in
the form of ° BRFC AP, aB snsiogally gtable fongtoem gEpeditsi rely in the material
or that their use can be mnimzed, in that hardness is controlled
primarily by the hydrate devel oped. Hydrate transformations are the primary
cause of dilerbirdaspectctheinysstion preposastoolifor ibgertiam of & mvacompayy ite arvavignges.

The expansigna tl iI.tihbves according to the invention act here on
t he cement ‘%ﬂ%}ggwgm@ﬁaghp&?ﬁg i r%fbllrﬂiz%éhag? ogﬂ% deaﬁ?ééo&dﬁf%}?la‘iﬂﬁg agenty, ey
particl es indothichyaw &opipastehds. thBeaparif lfslldving \siubath Wthialidfid tb&urge of
har dnesspr ov. di ﬂ]g filler particles Is also due to the fact that any

unr eact ed ¢8Hentie HHBIIAL N FEFRSC htowaoTpr e elgamigalion bt eceramid omsteliabm t he

expansi on \wil kAt Qnl y ; g, 1 ffee: t he expansion. |t has

been found%iﬁy\gghgtggtl?%ndl\}mgﬁﬁt?:Hgltéog\%n ﬁ%‘% %glindﬁ%‘}lég%atﬂgﬁ@ear@ﬂﬁ o ead

wor ks posi tai heatl ywhiels has an rinssrtdiarhétet edjusted acdorfiihg Wb iagR i of BUpiRen k4w t he

desired hardness &f s&lhe tefriﬁip. Accor di n%eto one enbodi nent of the

i nvent i on, “RBRACete shal end pisg %{’@f‘“f‘ AUripad (hging opento receiyes e rawesommact,

" material) At hivifah | ﬁé‘ﬁ!. ' - in the
chem cal reaptl%gﬂgg?%glbm%éﬁ%ne bi glugllét%%ﬁggtﬂé%&?lt%&h?/Effglfé?%ﬁéﬁtolleql&i tb? but

whi ch i s pesiabdirection af thsl shdathhfes transferring tlid mivsdvathacenaaidcapitpduct .

According to one aspect of the invention, the raw conpact can therefore

contain up to 50 percent by volune of ballast material. This ball ast
material can for exanple be of the type described in SE 463 493 and SE 502

987, 25 1. j : I i rial etc., or
conti nuousggp}fs é@ﬁéﬁﬁdj%%%g?g}f&sﬁ@%ﬁ&g’@ﬁgm and/ or A1203.
Accor di ng fpartfiemigeed methadicakpropesties; themical etttibutes arelimgpottantfoicientabns  of

aggr egat esadplicAtlods. B sidnthRRtaspdct 8 b Mﬁ@n%%@&iﬁﬂ‘xlam%ﬁ}sé Pg{dg&rgg é}fi@&d/ or

soft ness, ¢ nsional, s L ity of 30 Qinding agent I nt er est
can be mn?{%ﬁ'(g{fawﬁfuérb?’ggff)ﬁnéz‘g‘% @%/‘?‘F‘i“gﬂq‘ DV éﬂg'g%lﬁﬂé'lt%l‘)“eéﬂtee(ﬁ‘*t o | ow
| evel s or %ysterp whicheeastsovith wathm fgmingt cabeluim alliimgnass iydadtésonrd wed ke meiient
e S s At e R,

i i1l i IS X i tai w,
but the in@%’h‘%f‘@%f‘ah‘& S&F‘é%’"’%ﬁ%&ﬁ% (letraradio)as %ﬂedﬁélf%@gaﬂéw@ alyrainalés i n
whi ch di meerstesharinsipallyifbi ecpnomicaedsbs lccordinglo Sishnaatidn, R dhaicd 65BBCA
PCT/ SE01/ Ogehfeht Bétehe h&asihswwﬁggﬁ&a@ftc@ﬁe&tfsyh&ﬁ[%mg&é B@L@?Iﬁtgh@s Mﬁhéy‘g agent

systenms acgor di P% to the g}res%nt. |(Bven .J,0N éeoma ry and
porosity, TREMBIGFEMERE esembinedvaitthibe addifion pporus deeTeEatss sofhmateaalsr egat es
can be i nfpradureed dposisionaiehyngelwhieh islas dianapsriored0 %iliabarly, biten |IBQtRAS
aggr egat esp a§'6h,_ ah BEdei8 ¥RANH O o or Ll - ting additives thus
contribute to fhe g%éagf DI ,ﬁeﬁd&geﬁ%or&@%ﬂﬁgEgg;&ﬁ?g?}?e{}gt%_rfoy B onal
changes to a desired | evel by acting as "expansion vessel s".

According to a first embodiment of the invention, the CA system can be used as the only
main binding phase or with the addition of another cement binding phase in amounts of less
than 30 percent by volume. Admixtures of ordinary Portland cement (OPC cement) or
fine-grained silicon dioxide are used advantageously. Since the calcium aluminate cement




The function of porous aggregates according to the present invention is
thus, with the retention of a high given content of filler particles, to
increase the contact surface with the 10 cenment phase and g SEPi M0ke this
on a snuller propagation area. The expansion which derives fromthe cenent
phase i s waloenesap primarily by the porous filler particl edcrseohébsit he
cenment is given the opportunity to expafd inside this. Porous aggregates
can consi st advantageously of inert ceramc materials such as al um nium
oxi de, zirconium oxide, titanium oxide or zinc oxide or another oxide or a
conbi nati on of oxides. The porosity can 15 be present as open or closed
porosity or in a conbination. In the nornmal case, the porous particle or
aggregat e has an open porosity of 20..60 % preferably 30-50 % An

aggr egat e $iaz £tendench asedpandinote sirsngipon had¢r;naei«img, eambioatidne of CAgemerd and r engt h

of the mat %équéxsphapyg sgfdttﬁQ: Mmg?&d@nc@'tém cadprddees rdd18dl ERendidhal
preferably oro artlcle contribute in
materi al s &F‘a’?&?ﬁeﬁﬁ‘%@é CFWF’étrSB %F’rﬂg &‘TF’? Icatyqng g, °ﬁ'a"%/%ﬂaa%§‘)thezo t han
solid partibihdisg pHas€ acﬂrer@spmdcmnmtesao h*@hetrmgﬂeammrd msgjstange. t he
aggregatses are suited to the penetration capacity of the binding agents.
The por € openi ngs are advantagequs]y |l ess than 5 referably 0.1-5 wm
and even notkasproved e bejthe caseshas the tmnsﬁgege@l@aégﬂa?e? b‘i) npa%l?rraérﬂ@esef t he
above nanedwiizh dee patﬁnpdrdduaeﬂeqamﬁfvamaﬂabeﬁxshmaﬁﬁt mzmérxlmgxcompfetme grai ned

powder, buthOJaPaE ﬁltd ?Pﬁeglttw%atf@?e)ﬂ:hﬂﬁn&f&ftﬁ a%g%&ge&&é mﬁsrdﬁir&p'es to

be kept por m oxi.d or ‘exa

siLnte e .around
15001600C. reeasd E“i‘iﬂ"é’f*ﬁ‘?f& fﬁl‘ﬂk@s? e BAckGTORRR {0 B PSRN uveRkiad i Bheat ﬁg?aer,
por osi t 0 antatshedimehsipral elsangéd atrehmiaﬂltupﬂxaﬁe trarisforpations f hytyateg@bes or

particles cape V@&L%ﬂ%ﬁ%gt b tbetd aEQesfrr'idi‘l*%QFo? l&qgvéﬁﬁbﬁ‘?n%ﬂmgf capéuhﬂ an agent)

e.g. starch, to ev por at e pores
material | slvmasewhendihbesinsdg disse b"e?'}ﬁljeé%f%%%% PHRS g é{“‘s“pem al
case, to becrpddllizes and folids hyﬂratlpbﬁsestmmsemtmad;byzﬂrmondeamam amﬂaxbrdxateanges in
the bindi ngﬁﬂl@ﬁﬁﬁaﬂoﬂggfaﬁgﬁt e%ﬁlbm%aiéq{ Xm@sgﬁ'chq 9531%&4%% (Bﬁésteyotﬁ&@espe used,
whi ch br eak e, eve g Inte

'é‘éd &*F%thmﬁ?'t‘?%&é"éeshﬁ'ﬁiﬂe’v y 6-pfjasg C?E?S&‘“Wﬁ RI?LSFP‘? 6535

expansi
PCT/ SEO1/ OOa':ffdJm r.’rmrcausofpddxtwesluantaumg silicon} @diSitaburainata hiy drate) d0-pbaspB-plase by
volune of tfg dhiadi fé&rﬁ@ﬂ}hutﬂq ﬁatebﬁagék'\%ﬂpfd 9‘6?6 %&FBF%D%&!E%Q{;]@&J ass can

be used in t |s cas °§Q< terr al ar e, ad cenent
m xture in WHES ff?rﬁ&ua«sﬂhaﬁemaf 0%'% the Sydrates can; emltpéua%ioa HERME8S,gr ound
down. I n anedpbéallyxxpaisitn, wh&hhasabeeesbb»aoﬁytlomtehneweuatmn@haamt matedislsextra 5

addi tivey Qﬁ; &Bh rﬁﬁ% gH@'ﬁ@ﬂH&a&tlB% @%@u&?’wﬂi}?ﬁ\h B%es@rﬂ'njlzve Shls | ower

than that o Vari ous  so stlc bal | s,
or hydrate & é%leﬂo eeon errhaafs‘i%&"m&%w% Haferaéiy ‘w%inew weallego y

snmal |, t hesBortianyd eehient (OPCcehehewith Ca-sitieates adaiain plases) and/drdinedafsatlimabi | i ty.
10 Accordi ngy E&nbcﬁ&ﬁ@ﬂ@h hsthdies éa‘f'&’fr?% %ﬂ%-rgh Em@@ﬁm@ht&ﬂﬂ&%ﬁ%n@ d that the

di nensi onal e nateri I NCrease causl t he
constituent® SRRFvEHogs Af P%ﬁ fﬂhﬁﬁtﬂf’%fﬂma&%?%ﬂ“e’ﬂ??ﬁa'bbeso appl i es

t o strelft hawsdedadn the nTahle ahé exd directicdnbefuencepé thisdimbadionahchiangéssanbbat are t oo

arge have iliBASIRNed b GO0 SlhAbE 1Pk R BGHE AR DIl f erent

acconpanyi ng |ons S aspect
of the i nveﬁ?'P?ﬁ‘P“hmﬂEm’f |‘$1’éﬂtgf‘*éﬁel¥éﬁ§’ ampd o With the 4dditign of R‘P@PE‘ contaimingfing
agent raw mtechyimation racﬁohemfnwd&iedsmxngmlcﬁxhergimelw Aabil¢ Mmatetiglgpgeneous

m crostructure. Small propagation areas for the constituent phases reduce
t he inner nechanlcal stress_between the phases, and provide a hetter
oppor t u APt y Sepnsaglydhhasieen found hat ‘?‘ﬁ?@sr“h‘%fl effé%bﬁ‘ﬁ’sm%mﬁm emthe additienef ap| ace
in the evensewhdaeypitgehavefanpbtimen)withelatiedy pwmﬂdiauedummé lm miininfunt he

surroundi ng f tted
depends on t% ﬁ&%flg{l]/ g%%e% Qat%m?eraq%ﬁl sg%élhé)cggn wﬁgfsa?dnégon\gg’ S|ez°é’ ngs)%ogfé

typi cal |y | icemegtand/er ﬁ!negmstauws sibjponesliesideans/or anathar plrase certriningihi,araferabint e i s
caused by grin Dbkad Borftett o2 120 Refeonibs vblimleAfd weamsﬁrefefmalynmﬁ%eaf byiquidto
have a grain size in the main of around 2-8 p,m preferably 3-4 pm or
around 3 pm OPC cenent, if this is used, is caused by grinding in a
correspondi ng nmanner, possibly at the 25 sane tine, to have a grain size in
the main of around 4-8 pn, preferably 5-7 pmor around 6 pm Once grinding
has been conpleted) the non-polar liquid is evaporated fromthe powder

m xture. Fine-grained silicon dioxide) if such is used) would have an even
smaller grain size, preferably in the order of nagnitude of |ess than 100
nm and even nore preferredly around 10-50 nm e.g. around 15 nm which
type of SI|ICOﬂ d|0X|de can be 30 purchased for exanple as a conner0|al

o o o, . g M. o




20 SEP 2004 WO 01/ 76535 PCT/ SEO01/00781 9 . COMPACTI ON The solid constituent
parts according to the above are m xed well, at best in the presence of a
non-polar liquid, e.g. petroleumether, acetone or isopropanol, whereupon
this non-polar liquid is evaporated fromthe m xture. The bﬁ»vﬁf@ﬂmfxture is
granul ated using traditional 5 . nmethods to increase the flow on pressing.
The powdeW@PKI66¥5e, cont ai ni ng expansi o;corrpensati ng addi PCV/SBOIZn0TBIANY

bal |l ast material, is then conpacted to cl osely connected raw conpact
according to the invention. This conpaction takes place at high pressure
but a low tenperature, preferably roomtenperature, which neans that no
sintering reactions take place during conpaction. Optim zation of the
degree of conpactness is inportant, since it 10 influences properties such
as the durability of the raw conpact_ and the strength of the ceramc
material i nvaupeithe pategnk dest preferredly; spid seapmdary phaseconsistsiof OPGement inhe

\é\pr kabi | i tya qﬂanﬁig_ebfn BlperenpeLiolone ammtxi firetcryeallint silicoadidxideiin a gummﬂhve
I rection. cor al t A Y .. the raw
conpact is @é r?ﬁ'é?&?teq’g vfgm%%'/ %egﬁréf#z%éfoa@?%mg g‘ﬁ%g@:‘%% ‘?‘gﬁﬁé}gﬁ? l|()§){o:§ﬂ\/\'/(szler body

bei ng ar r anspedificationn i nper neabl e casing, which is exposed to outer pressure
in a volynme of liquid surrounding the casing. The pressure is stated to

exceed 200 a) ,at, best 250 MPa, mi ni mum_..Ac ding. o the,present

Chventi on. WhEAE e ol g e cBnRorioh s #ish i@ Ard\ieE B8 Rtss. s ey b
in that it inghe fsemoehhard Mo pertigles,canpe avaidasientirelnin thempptetialperdhatither usehe r aw
conpact s beidathedRiniMiess @fthhthabdhesat cordioled pidartily b BR)hyditeddvBlepadi cal

tabl et pres gf C ventlonabt pe. That?fteums LS ssible,is due to the
fact that tHeipiseRsimatPus ald the kel 55 oftipPusioial eReRs Withgime, I

rel ati vi9y paragular long-term changess dibs sapansigntchmpersetingadditives agcpading totthee r aw

conmpacts bejnRentionladi her@by the Bthént pRiteywithcuiBlel infRicASS oF: @{; ¢l41dRes9 prdliding N
connecti on |l e.ta

th t whi ch t . | et
Coblet  panchiterieie oraRay ¥t TRk ablIb YT RE yriipe Gl e ol Bisines?”
conpact nesspromdingdilleepartielgs isalso due trthefrctibatany ynrengted cementremainings a degr ee
of conpact nggfhas ?Eev@hsmbme&s\eriu@ fed® the @pahsidN A8vpoil e oRBHaE & sREht

conpact pgss _4s. preferably 57-6 er.cent. by vol une. .solid phase and even nore
et arr bEb el e Siihtn “fh A o RR R n BB Wi e o B e Steafe
conpact nesscemgné mgtead;works phstiesly, @s a intsite fillgnmateriglawhich peontributestoltiee not ed

t hat these degte@ReEdfdss 3Pthe aixkegiel Ness can in certain cases refer to weighted
mean val ues for constituent phases. Tablet pressing is best executed at a
pressure of 40 -150 MPa, preferably 70 -110 MPa depending on the table

si ze. The r Aecasding tconecimbwidimant bfthe inventioanhoweves trepreseinpactsnd ¢ngtthe) of 0. 3
- 5 MPappr sihighetieyantic materidl, MR%ontr BhllGR At Whidh' RROA S takdPdRYiSthe 1T 1S

20 SEP 2004 V\0.0%I 76535 PCT[ S 0%#8{0783;1 10 ggﬁ eéc_.udEd .?rc‘)corgj gg to the

i nvention t RETEHFAciQBoetiieen the Binding Ahase and theiydparipp igpid, bukwnigh 5 pagsent ¢ o
be used in &%%30didphasede the finished ceramicipagsiuct. Ancerlingtg onoasphet of thetinekntienr ees
of SorTaﬁ;. NeheFaw %ﬁﬁ&mgéﬁfggﬁ?ﬁtﬁm bﬁto‘?i{@tﬁél‘détﬁ%y vblimi€of balldst RRtdrise rm{b§| c

pr oduc [ i.S._approx. - igher an.the r c e

achi eved acé%l}aatl'ﬂ%g‘?%"?'h@r 5{?@8&%@? %’P‘h@?ﬁc '%”l&d’ésgr“?ggy%?%@]’%? At
t he sanm@5ti he fibeasofmetad,icatbon,iglags of orgénic materizletpar continmoutxirystals; do-caltedc h

wor kabi I'i ty whsk&§tdfely $ieRi;Nhald/oMaigh. can be achieved with the

col d-isostatically conpacted raw conpacts according to SE 463 493. 10
According to one aspect of the invention, the raw conpact has a | argest

di mensi on oAcerdmg nexiothemembetimentrdithes sventiometus twadditiond ofBagyragates(fitlem it s
di amet er or piieliel) o8 sl éi&né@s};@ﬁeef)@rﬁﬁw ahd/or Sofffidls, Hadihdriod s%‘hi;i&?f ng

0.3-5 pt ef.er abl 54 mm To fJ1l a topth cavity, unper raw
conpact &, e?’ﬁ’.dmﬁ-age%éﬁ%{ﬁst%f,mtgf‘ﬁ cﬁ‘b*’?rﬁf’?‘?”?fg%‘a%‘ﬁe?h@}dé‘.m%’rg to) sgﬁig elst ¢ he
raw conpact ofterato e levplser tooml dimendionatichiangd at(aife The sibdatiomfor thelemlentraystem
chant er ed edﬁesmz@gt(sw-mbb@ﬁicﬁbﬁﬂ?e d&*’hd’vgn%é'aé Qgh&sr%ﬁériaﬁ ?ot?:dgﬁtalfLezs' ng

and which at,the sape tinme, gives good strengt . spherical w

cyl i ndri cal ffngdraterh i deseribed ig preatgrdeta) helovs bukthe inylentiqn relates gererallyde si des.
A tabl et - pr eeramit bindihg syEpegstesvs ihwhish dinteasionsiptbilitgBlcritiédpe is easy to grip
with instrunments fromall directions. H gh cylindrical raw conpacts) which
are to



20 be applied (in a package) can easily be gripped using a tool (according
to below). Low cylindrical raw conpacts with a cut on the top and bottom
side can be broken in half and fitted into | arge approxum.}& E'Plh gos. The

raw conpacts can be produced in a nunber of standard size a mninmm si ze,
e.g. W thwadigéght of around 0.5-1.5 nm being able to be #t%‘?éi:o%lfma t opnost
| ayer in the tooth filling. This is thefl easy to pack to a smooth and fine

25 surface without it spreading material to the sides. According to another
aspect of the-invention, the shape of the raw conpacts can be adapted to a
dental drill) so that they fit perfectly into the cavity to be filled. This
is applicable to large fillings above all. The tooth cavity is drilled out

here using a dental drill with a shape 30 and dianeter that match a

sui tabl e sipgaelbtingrapofegapagiiller amiclés) it hindiay agent systeprsatcading tb tha gresém

noi stened r.a t he
Cooth. The *vvgaf%rgﬁﬁﬁé#e@ﬁ%%@# o ‘B“‘*Ebﬁﬁﬁé%ﬁd‘mbfﬁﬁﬁeﬁ% eﬂ“%av. ty.
Even | ar ge binding phgss and ageregatescag be influgnegypositively; likgitha dimensional stabjlity.

appr oxi mat eokdus bizgtefates@ad other Expaf4ibedr sitinkageodongRpsie) mxﬁmmlars, the raw

conpact .al sg b acke ai [ XieS ki t.a f IS

20 SEP 200 BB R Q°i§g‘|‘ﬁ%‘é€?%8%"?§ﬁ°£“ ‘ﬂ.“lcfgf‘gg{f ‘?‘%ﬁ‘g sdtggl{aeﬁé ‘%Pcan be
i ncreased thraFﬂmgaSl ‘expangien vesseliaw conpact remmins intact right up to being
finally packed against the cavity wall or matrix strip. Material wastage is

he® comm e ot sfbabl 8P forbA Egroshs A2oRHARLAGERNA: ,flsenuaslsttﬁag;guﬁg% part in

the conpaction in une sol nor e
pref er r ed| yewmtiqrfgdighaivenspnieat offll egzﬂm@esmpazg@easﬂ\@mraﬁbs the

al ternaty veepiiaghaseint distrititMhssSdnk Intallesroffgatioh dréwl i The@updnsivadvhidh | i ng for
each cavi tyde%ﬁ?st aqb’lif{h% Séﬂerit 'i&.i%% rak{ﬂp %rfmﬂgfgﬁ lh‘égg o@ﬁﬁ& aame i difgg of the

caV|ty inas S on I cone mnass,
wher eupon &Lepisayis giyen ﬂmépormmtmo expand iR thisn Parensi aggres@ewaeer@esa I nto
this di e andvaligRoetpstlindfDetrdmimatdialsisQet 43 ahitiiniuyh kit wiredHRA6kide,S

t ed, (]
bl ed i i okige bp 8Me SLAERESholedy AL 8'a Aiiafith S AP GBI TN
Subsequent bsaw wwgvswworéal@ed ngmb%qkn asorabmm@ Pawe@ewée@se; the pefounbl vy
avoi ded. | rpartivdser aggregate hdstaniopemporosityefR0469 %, preferably 30-50[% An pggrégate t he

oreherr edl b Bt whickis il Qﬁ‘eﬁ‘?@fhegxpt%@'s“%ﬂéﬁtﬁ%a%%?ﬁ%% Tv
Accor di ng t@séﬁ@m&%éﬁksﬁha‘t %M&fﬁ{aﬁb’ I"i‘@ Smol POOHEARETEREE OF engt h i n
the ceram CpaaMésrdoﬁdnbﬁam hatesiple oflibtnétidate ﬁiﬁerédﬂﬁiﬂﬂehﬁlrfmésqldw& Rc-aﬂués

li sh
Do ng. ity 1Dk (P13 pabtleR BEEcctcfdiatns offd. THE b MR BT o Qe BRGH, P t?ée‘d
tooth, e.g ®dhe reeaptirmnémamtmﬁbp h@idwesmtgz Tl@enoresqp&emsar gretaﬂvmtaemslye

obt ai ned aclesythanQpipprefeably0/BS tunPdhdevevnbrefersddly f-9unshapi ng and cutting
the material before it is hydrated. This is possible on the one hand thanks
to the use of an accelerator for hydration of the nmaterial, and on the
other to t hBOTR¥SASBISEHISTRT PRBICIes 4 the shovenamed axidesAsapiodused peeferlly D cavit y .

RfegaL di D:E t §intetisgcofdine g itsdqRiwaen barnot aﬁtexhpaatbfeemofmgmﬁ_ rihb&hgrhl@dté%@rsoge'[ hi ng

of tnhis I N r g | S er

carly st rengﬁﬁ&% %%E&;ﬁgng&}{g ﬁlhln?rﬂum%glg af%) Ealg%eét siner a\{gr\?gl?d gﬁ@gec t ed

very |ittl el®R0"¢ nEhesintening pipesss WPt edmﬂrpldpw QGWWW&WIMf 2-3

lm nut 35) af peres. t/’(lférrraﬁ%ly‘ Qh@p&bummt@mt @a&wf {eﬁbﬂﬂbé’\prb&bdeh'ﬁy midh@fiaen 4 out
IQUI nea utting,o e e carried ou
inder ot ¢ BBAgs bR pnaR ui o8 Bler ' WA kR R Y g RporSiRdo B icted

advant aé@ou@lﬁfﬂl’@ﬁ@ eﬁmaﬁmlﬂmezmﬂuhwdbmhﬂagspm@dlandrﬁpmd at a tine, at

| east partly, in the hydration liquid for at |east 5-15 seconds, preferably

St Sl Eaét 2%81:\5/% 8&7 % ang) ligé‘;}e%&ga%sgig%g{%g%rfs;@ %auset%ly &ixmensxgnal r’%atntgeesdm gler € 2

binding phase, aggregates with a very high closed porosity can be used, which break in the
event of high inner stress and provide internal expansion space. The content of these highly



to be absorbed by capillary forces acting in the raw conpact, the raw
conpact preferably being gripped by neans of an insertion instrunment in
connection with its being inmersed in the liquid. The amount of liquid
absorbed is automatically at |east 90-95 % of that require@of 8EP Q0fp! et e
hydration, meaning that the raw conpact takes up 15-22 %of liquid 5

cal cul at e n1/168¥ anount of powder dependi ng on the degr eecoSEsgpsiCct ness.
That this is the case is due to the fact8that the degree of conpactness of
the raw conpact has been optim zed) so that due to capillary forces it
absorbs 90-95 % of the required quantity of liquid. Such a quantity of

| i quid gives good conpactability. An inproved wetting capacity is obtained
preferably by preconditioning of the powder m xture and/or of the raw
conpact 10 at tenperatures exceeding 150C. Any renmai ning supeficial liquid
(visible tOpctrbes Eytiglesdn lifnfted tooamaxdmpacdf Siperceinery vahinebfalid binding agény br i ngi ng
the saturat attpgmgggﬁtf (HrbBnaids Gibss cﬁtf Be 63 hfhls chbd. "rifd H@hib&%ﬁ?

serviette. I on ace In the cavit connection
with sali vamé'@ét‘ Is pregdded toithap eﬁ’éf‘ﬂéﬁi“ﬁ@"’dt‘e fingd stagg @F‘i‘edp‘x‘"ﬂfé’efaékﬂﬂ&ﬁ?’ﬁé’ct can
alhs 0 be sat géxﬁg gdanmdém UinGhottier speciaif dasei @ @ém soft partiele &t chossh asemmt] te and
then applied . to t [ n. . r t Sy
preferr e% eﬁ% itive ﬁ{c?i Pﬁ%ﬁa oy talﬂg hp gtrgs)ses b@?’&(ﬂ'ﬂ?ﬁgh mé%il(fl% ngerQhéx} tfk.‘at Uf¥h e <ed
to be satur htnémgtpyaaehé/arxp@ﬁﬁoapowmem g&rplastie halispordwd m&ﬁae&e uprddreze. é&b«m Y,
preferably bstngrﬁaﬁﬁ: ballfwhichfdré Vérp §malQ tele mBLAlSs I8 holes RORE fhiddd\foe AIRBCL | S
caused to bﬁi% ed by the liquid, in 20 order then to be packed into
said cavity, pre er bly by nmeans of the same filling tool. Follow ng this,
any further raw conpacts are caused to be saturated by the liquid, in order
then toibe Pacdedialgkdirbashéet oY invgntidh, ﬂhﬁraaﬁalbyerb&umaah@ﬂintehﬁoﬁﬂmabiﬂx'tyl ling

tool) at begpquntil: , ked
toget hor , vl toh aterial S b bickdaked By CausingShetbhotiolBhl G Bl BIOE R it 7
bound cer arrt'lee grapdarity Thww&ﬁweplteéwmnmmﬁpgée egw lnéhaﬁgassa&ttwat ed one
at a tine wphdiclaythatdre e5d lhrigg Hivd)a tBydbREY foQid cb‘%ﬁct@@ﬂmm%uﬁ@%&rﬂlﬁ'@bﬂty for

the individ 0 C hese e pac t he. caV|ty
Conpared w fl)Jl ﬁé%‘ﬁgﬂwﬁt %EB% Ee%trb\giﬁ‘ertengﬁ:eﬁé@ é.gcor 198 fmg’é g&éiéeim W ch” a
whol e r&d piisegainedfinely divided misdurejof bindingagem smw matenals isitherefare usteé whidces
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20 SEP 2004 WO 01/ 76535 PCT/ SE01/00781 14 preferably within 3-10 m nutes,
even nore preferredly within 3-7 mnutes after conpaction of the noist raw
conpacts has been conpleted. TOOL FOR | NSERTI ON AND FI NAL COVPACTION 5 The
invention also relates to a tool for insertion of a raw cogpagtpizio a
cavity. T{e diBkddsi nsertion refers to a raw conpact being gy dﬁp &H jeld,

I ntroduced into the cavity that is inteaded to be filled an 7attached
there. The insertion tool according to the invention conprises a
cylindrical sheath and preferably 10 a nozzle or head with an internal

di anet er adapted according to a dianeter of a given raw conpact. The sheath
has an open first short end for receiving the raw conpact, and a piston
arranged in the sheath, which piston is displaceable in the axial direction
of the she@éMPjgﬂdﬁansferri ng the raw conpact to the cavity. 1 S

According t pect of the
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present invention, however the compaction procedure can be simplified considerably in

that it can be carried out as simple mechanical tablet pressing, the raw compacts being

20  pressed in tablet form, one by one, in 2 mechanical tablet press of a conventional type.
That this is possible is due to the fact that the raw compacts according to the present
invention are relatively small, which is discussed further below. The size of the raw
compacts being relatively small, only a small pressure drop occurs in connection with
compaction, which means that simple tablet pressing or tablet punching is sufficient to

25  achieve the desired degrees of compactness. A desired degree of compactness in this
connection is a degree of compactness of 55-67 percent by volume solid phase. The degree
of compactness is preferably 57-63 percent by volume solid phase and even more
preferredly 58-61 percent by volume solid phase, the optimum degree of compactness
depending on the size of the raw compact. It is to be noted that these degrees of

30 compactness can in certain cases refer to weighted mean values for constituent phases.
Tablet pressing is best executed at a pressure of 40 — 150 MPa, preferably 70 - 110 MPa
depending on the table size. The raw compact obtained has a strength (compressive
strength) of 0.3 — 5 MPa, preferably 0.5 ~ 2 MPa, with good edge strength. However, it is



PCT/ SEO1 /00781 conpacts, preferably 1-8 mm) even nore preferredly 2-5 nm
By neans of the conpaction device provided with the conpaction body, an
advant ageousl y conbi ned pressing and suction effect is obtained on the raw
conpacts packed into the cavity. 5 BRI EF DESCRI PTI ON OF q&ﬁ\#ﬁ%ﬁom of

t he aspects according to the invention will be described el ow with
r ef er enceVPIWHE5 enci osed fi gures) of ich: Figs. 1 a-csHo

concei vabl e enbodi nents of the raw con}l)@ct according to the10| nventl on;

Fi gs. 2a-cshow, fromthe side or fromabove, a tooth that is drilled and
provided with oneor nore raw conpacts according to the invention;Figs.
3a-bshow a nodel/die of a tooth with a cavity, and a raw conpact which has
beenmoul ded in the nodel/die;15 Fig. 4shows strength as a function of tine
for some varying concentrations ofaccel erator i.n the h dratlon | j d; Fi g.
5shows a vhessxehideibaceprling to ghegpventipn that cQlgsogtatie FRmRaction, @s desgribe 1ﬂ§5€ t he

i nserti oni ne3 4987eM He uged inickrtatn cases conpact ; Fi g. 6shows a side view of the
tool in Fig. 5 in cross-section) incI udi ng raw conpact; 20 Fig. 7shows the
head of the tool according to qu gross-secti ﬁn Fi 8shows the tip
of the headharksse @bleypiessing ig thesta F%d%gé%qu FPmMBAGEesfi R AR stg{sg Wr aw
conpact 5Fi gbtafiet @vehe finBhetbcerantiwpaidutiwhiviaisiapptos. 30-4B06Mhigher than thelstremgitat | ve

enbodi nent s (0 vat i ant
erbod! Ment 2.adfh i 8h 88liever abdoftingd BINOURL st ﬁﬁetﬂéﬁé’d&!cr%@%t\aﬁ?mglﬁée nt
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body; alnd Fibgtter iRmRMSVHEoHAA bk @dihlaﬁad avithithe t:dldﬁtso@faht:dllﬁf&ofnpﬁct@d ﬁezfo%ﬂ‘ipﬁc?

mat eri a ng to the invention. 2 0S EP 2al W 01/ 76535
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the moxstened raw compact inserted directly into the matching hole in the tooth. The raw
compact is compacted and packed further into the cavity. Even large fillings, e.g. when a
tooth wall is missing, so-called approximate fillings, can be executed in a corresponding
manner, the raw compact also being packed against a matrix strip. The advantage of this



30 precisely the piston 9, is also provided wwth a pressing surface 11 for
pressing by a finger, e.g. the thunb, of the user. A projecting dolly 12 is
best arranged on the sheath to be gripped by two other fingers) e.g. the

i ndex finger and mddle finger. The sheath 8 in the enbodi pgn§ERI0AN i s
bent to agfy gv¥esskhe best neans of access to the oral cavi ,SE{p&7§,| p 20
SEP 2004 WO 01/ zZ6535 PCT/ SE01/00781 17 143 of the tool is best torned a
head 14, which can be detachable, preferably threaded, so that the tooI can
be used for raw conpacts of a nunber of different dinmensions. S o that it
Is not too difficult to grip the raw conpact, the sheath 8 has an internal
chanfer 15 by the head 14, the greatest dianeter D of which chanfer exceeds
the dianeter of a raw conpact 3 of a given size and the m nimum di aneter d

of whi ch 'gn gﬁaﬁ% Is#&lgm @Bk Shcr e&maham{matﬂ@wwmatreéam@mdl ng to
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so that dit VﬁU’é‘Fféé’ aser aw conpact 3 out of the head 14. According to Fig.
9, the tool, or m)re preC|ser t he head 14, can be provided with 15
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3 i s i nier ssetid phast haork ipepfiercbd 64567 ﬁg:rcsxhby\;solimm.sdlid@haml 7 W|th the head 14
can also grip a conpaction body 19, for final conpaction of the raw
compacts in the cavyi té\( Thi s _conpaction body 19 consists according to the

previ ous deéléplrlﬁt‘l Ar’(é%, porous material) and has a dianmeter that is
adapt ed t o A€cokdingytoionp espebtyoftirecnvention, the &exdlopnEntbf Strengthi in sheaderamiper i nent s

was per f or thefifl i biepebdld o féoefﬁat R0mERANS eégpdodasﬁad&aamm?gh&@ngg o

expan5| on, varl OU E,‘X n ensa Itive
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repaired tooth, e.g for eating etc Contradictorily, satisfactory time can be obtained
according to the invention simultaneously for shaping and cutting the material before it is

e to use the

hydrated. This is possible on the one hand thanks to the use of an accelerator for hydration
of the material, and on the other to the method used for packing the raw compacts into the
25  cavity.

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

30 minutes (approx. 2-3 minutes) after the raw compact has been saturated with the hydration
liquid, meaning that shaping and cutting of the material can be carried out under not too
great a time pressure. The time for shaping is also advantageously extended in that one raw
compact is immersed ata time; at least partly, in the hydration liquid for at least 5-15
seconds, preferably at least 10 seconds and up to 30 seconds. The liquid is permitted here



Cal cium al um nate of the phases CaO Al 20s and Ca0. 2A1z03 form ng part of
e.g. Caalum nate cenent (Al coa or LaFarge), standard cenent (Cenents),
fine-grained silicon dioxide (A drich) and gl ass spheres (Sil-cell, Stauss
GrbH. Al zGs (Sumitono, AKP 30), 5. Zr02 (3-nol 9% Yx03) froppTomm 28rda.
Porous particles, produced in-house fromfine-grained Al oxide (Sunitonp,
AKP 30) (&¥Qf¥laiSe di aneter approx. 15 nicronetres) The ewyamseesomsider a) -
h) describe 10 a) cal ciumalum nate's | olr?g-ter m expansi on with conpletely
hydrated al um nate wi thout additives, but with hardness-providing filler
particles (reference) b) effect of fine granularity of raw cenment materials
c) effect of secondary phase, OPC cenent d) effect of secondary phase,
fine-grained Si oxide 15 e) effect of porous aggregate on b) f) effect of
porous aggregate on c) g) effect of a conbination of OPC and fine-grained
Si oxi de h) teetiefabserbed byacapdliany feates actingfin Wrerrawgsmaati the ravscompaet freferablyf

Si - Cogt ai n:c Bapggﬁﬁﬁad%w?dah@m% .mnﬁmmtﬁnema&n&m&mtm& ﬁlmr%e§829 .
rovidln i er I Cl €S 0 e arti cl e
o) CCal i Hi i rheelein R ABRora s b maRcEDy 8 1% P B 4 bt g
of appr ox. IqrrompbterhwdwowmtanﬁnﬂthGl’chqoramtJOMPe@m@lusé&@ﬁd&pﬂlm@htlves (al1

quantities gnegkiki 8Hl tH ahdubt & o@JdbP&prﬁ’dlgéoﬂ e d@g@@Bf éanﬁt:tn@él qipbihis is
al um nat e) ssta.t is referred %ndvvlt hout

d b
the type. of Hcate i dueths it Uiabe foiass OLAOMIRPORER® Fat CRIRMEL B Y681 ng
filler part optimizedise thut due toa:)apwldmmcmt alhsodd 9PI5%6 of thieyequaded qearaityiofi ni um

i de, grin f: d. b}
Xﬁh. ti og of b g?%fﬁnawvoghg%@%gﬁgrﬁﬁ %ccﬁfpg%%mwn%lng '&Qd?‘f"ﬁg‘fﬁﬁ&ﬁﬂpme
cement was gsr@wﬁaedrm eﬁgﬁf yagmméwawas of 3‘2@%&?‘ e /27 e TBw sOmpict
PCT/ SE01000Z8tkmperatyesAatcietingri 56f1C. mmmm sbyerﬁalaLiumuda(wmbla itauthne eye)cda
c{g i ndi ng E I Ei?er%élr cBmpIa?s HENBRLd d/ﬂrﬂ% gIb PR 95&9@%@6 &m P@ﬁt hand

ercen
T e Rtg kbt noiased e eteg G p&fﬁe drafign s wm
al um ni um oxa ckenegronrwithsglivd seerefidn Hurink haedmnﬁwfyhoﬁnatermiai‘hemdohmaét@amn of

10 percent faxso\behwﬁteﬁhﬁﬁqaa%r&a%ﬁsaghhmnnmt%d%wme affl g ggléd round
cal ci um SI um nat e. accor ove. e} Addition of 20 percen

vol ure dPunicAY! rHsB’%laBéns"ﬂFﬁgﬂHl ng time 24 h. The cenent was ground accor di ng
to b) above. 20 percent by vol unme of porous al um ni um oxi de

aggr egat es ( Rz %o s pretied eMBSdiMERteP e thvenddd, & Fird vt bAR0is Wl BaRbd 20 N-
to be saturated by the liquid, in order then to be packed into a cavity, preferably by means
" of a filling tool, whereupon a second raw compact is caused to be saturated by the liquid, in

20  orderthento be packed into said cavity, preferably by means of the same filling tool.
Following this, any further raw compacts are caused to be saturated by the liquid, in order
then to be packed into the cavity, preferably by means of the same filling tool, at best until
the cavity is filled with moist raw compacts packed together, which are then permitted to
harden to produce the chemically bound ceramic material. Thanks to the raw compacts

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

30 pressed cake according to previously known techniques will of course have time to begin to
hydrate even before it is packed into the cavity and packed together there, possibly
resulting in the worst case in uneven packing of the material in the cavity, with the
attendant impairment of quality. According to the present invention, however, the material
hydrates as it is packed in the cavity. Ifan accelerator is used, the hydration reaction is
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o af t erdescri on
0.48 0. 480 800 lyaibrcin Gorist B 00 PoEmy B Vo, pistegoly S 7oy per il by afumy 41
0. 13e.. 15. . inthe powder mixture. Since the accelerator is pdes¢®t i thisBmanner in spli¢ form, a

« —+ -+ - _further smﬁl-@ﬁpérh'aps.important time gain can be achieved in that the dissolution of the

salt following saturation of the raw compact by hydration liquid takes up further time.

When the cavity has been filled with compressed raw compacts, and any top layer formed

20 of one or more thin raw compacts, according to the above, final packing and the removal of
any surplus liquid in situ is carried out by means of a compacting tool. Normally there will
not be any surplus of hydration liquid, due to the fact that the degree of compactness/
porosity of the raw compact has been optimized so that the quantity of liquid which is
automatically absorbed by the capi'llary forces in the raw compact corresponds to the

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

30 the raw compact further into the cavity.

Following final packing, subsequent polishing, e.g. grinding of a free surface of the
chemically bound ceramic material facing towards the oral cavity can be carried out,



e e _.___._all values under 0.10 Error margin for
measurenments +-0.02 It is evident fromthe results that expansion stagnates
after approx. 100 days. For the very dinensionally stable naterials
(expansi on under 0.15 %including error margins) no clear 20 S6PnaB§ n tinme
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compact. The sheath has an open first short end for receiving the raw compact, and a

piston arranged in the sheath, which piston is displaceable in the axial direction of the
~ sheath, for transferring the raw compact to the cavity.

15  According to one aspect of the tool, a minimum internal diameter of the cylindrical sheath,
or nozzle, is less than the diameter of the given raw compact, the sheath, at its first short
end or nozzle, having an internal chamfer of approx. 20°, the largest diameter of which
exceeds the diameter of the given raw compact.

20 Accoi'ding to a preferred embodiment of the tool, it is also adapted, when not gripping a
raw compact, to grip instead 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 in
the cavity of one or more raw compacts saturated with said liquid. Due to this, the same

25  tool can thus be used for insertion of the raw compacts into the cavity, and for the final
demoistening packing together (compaction) of the raw compacts in the cavity.

The compaction body consists according to the invention of a material in the group
consisting of porous ceramic materials, porous polymer materials, 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 as a material for the compaction body. The compacﬁon
body at best has a diameter that corresponds to the most commonly used diameter of raw



The materials which have extrenely | ow expansion (<0.10 % have, apart from
t he expansi on properties, a general feature profile which matches the
correspondi ng cenent systemvvlthout additives. These materials have a
conpressive strength of 170-200 MPs, 10 hardness of H (Vi cRdr SEACGHY) =
110-130 amd @ameszstremel y high acid resistance. EXAVPLE 2 pgesedohiisgpn of raw
material s: Cal ciumalum nate of the phasgs CaO Al ZGs and Ca0. 2AI ZGs form ng
part of e.g. Cal5 alum nate cenent (Al coa or LaFarge)) standard cenent
(Cenents), silicon dioxide (Aldrich) and an inert oxide, ZrQz (Al drich).

M xi ng: The cenent phases were ground together for approx. 80 h) whereupon
the oxides were 20 added in a final m xing operation of approx. 22 h.
Finally) the grinding liquid, consisting of 2-propanol) was evaporated.
Pressing: Tésngaewdseferibitlig mmeemﬁmwe&empz Snmh.| By axlamtostmtcoaxp@amsur e

of appro Kar { TabI et anet er
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si des. Condsuctiomeffagt xsvh@utedl@néhmmp@mémackwb@t@he 88ViYOOC for 4 h. 30

I nsertion and conpaction in the test chanber: Water with alkali salt was

added to thﬁ%ﬁ#é%ﬁb@ﬂ%&he tablets were transferred to the

cavity |?1 a specra acted with an ordinary stopper
initially, Semeefthepspeets accgtdlwpﬂmoueww} beé@snwlfms}mbﬁbmm 22 finally
W th a por otiferétapatkiefdoddad figRs, ofGhithdi ng 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 of tinme for the ceramc

mat eri al foFigeda-d ShqusQﬂmﬁohpmquﬁdmdtm@ﬁe@fpmwwmvmt@e@r@wtOethed are
very |ogand that gxeseston |evels out after 40 days. The i nvention is not

restricted t ts . de ed. but dwlthlnthe 10
scope of th 1g8|22al-cn§h g’ﬁgﬁpf Sigg of od'ég%cfvgbam?tgﬁﬁagﬁa@]le B'i‘w‘tdﬁ%wlnh\?&ﬁtl on
can al so be used or moreraw compacts according to the invention;

Figs. 3a-b show a model/die of a tooth with a cavity, and a raw compact which has been
moulded in the model/die;
15 Fig. 4 shows strength as a function of time for some varying concentrations of
accelerator in the hydration liquid,
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 tip 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 a head for an alternative embodiment
of the tool;
Fig. 11  shows a side view of a head for a tool according to the invention, which grips a
compacting body; and
Fig. 12 shows expansion as a function of time for a ceramic material produced
30 according to the invention,



I n connection with non-dental applications, i.e. in connection with the
production of chemcally bound ceramic materials for other purposes. A
concei vabl e application area is e.g. a carrier material (substrate) for
electronic circuits and a substrate in mcronmechani cs. The ?gosdﬁt#:gw an
consi st here for exanple of a thin plate with a dianmeter of ~aroun -7 cm
15 for us&vVR8UMS¥Barrier material for' electronic circuitspcaSEa/@agier
material in rnicronechanical applications, as a carrier material for

bi osensors or as a carrier material for optical fibres for producing
circuit boards) biosensors or the like. It is also conceivable that the
product does not need to include expansion-conpensating additives in
applications of this kind, which however falls outside the scope of the
present invention. 20 20 SEP 2004 WD 01/ 76535 PCT/ SE01/ 00781 23 CLAIMS 1.
Raw conpact PEIMIERAPESSRABTION, OF FHRINNENEIBY one or nore powdered bi ndi ng

agents, whi Bigsriaw showisosie cofceivabR fomaTe v Eompacydcberdimgite BRtih @Rt kdbé

liquid reacting with.the bindi.ng agents to,for . ¢h al boune)ceram'c
mmser i al o aRioaRS er ) Shae i e ARG it ST Bigh Rl S St onc ot o

SS- 67 per cepylinggical romwitls o patdorsimplifieddivisign fsa desiteda r | s e d in that the
raw conpsct (3) al so conprises one or nore expansi on-conpensating additives

adapted to gj t.h terial .di.mensional | t.abl e | gng-term properties. 10
2. Raw comphl 2 helicS! 4 om LT RRRLA ARyt a3k Y 00 Gigher Shreldl ¢ e
raw conpact a c@indrigal saw seraprct 3 of § carresponsiingigmietersoan be ingetiédrigtofthé tayity 4
Par:ihC![ etS-h ﬁ)maﬁiﬂtﬁ@f&&pt I.BEQ.CISUQEMOMﬂféleﬁfeﬂ%&f,angriEinﬂl dttadk 6f dec@li Ij"ig.z FI d t
in tha e conpsises .u : ercent by volunme ball as
mat eri al . 4.2E %’ng‘?/g g‘%&‘é‘f‘{l&%‘&%?ﬂ%cg@ % Smgbr?ym%fte&?g" ?)E@t?ecﬁ?' gg)'cl ains, char
act al? i s adin that said binding phase consists at |east

subst anti al Fig. 8 shos Gipasitiad moH BT aGEHTE Mith 2XRvity 5.RENYs GRABESkasde&P! ding to
any of the ' [ ' sai d.additives

h.ar act rJd.s ed.in that
consi st of Bioucsa el EReanfivlrihakosfin GporaPomlos EnrebideBliod v @ b o
particl es oFOPRACHOS stagpfoeytameeompaet thepeadel Gisasedvsiaanouddiorediern mwronpaas
wnhl ch) is | OWig.tmgeihEGbﬁhﬁB%E Hieﬁ'&ct{y{%ﬁit%ﬂhtﬁ@Lﬂﬂgipﬂﬁﬁlq?]otﬂ'%ﬂﬂﬁtg%%ﬁw&gar y
phase ic condar ase. . S W e .bi ndi ng. phase, . w
conpact \‘\gc c 2 P %l?anvg °?‘3pa>céf gllsrﬁ%?':c)ed ?g‘ﬁ’“ﬁ“& mgistenng gntp Q}e @%@p '&afﬁ?f“’?ﬁ‘aﬁ“g deng
addi tives coresarally net prekedang fisthemnt i al |y of a secondary phase, said
secondary phase preferably consisting of OPC cenent and/or fine crystalline

silicon dioxid nd/.pr. anot her. . Si s cont ai ni e, preferably in a total
quant 1y of & SoRBE ks Slicyed (R Biad af AN BENSh s comanic awepiomeed
percent by 9 firetanpftims withsomernmaaing concerationsafpereieraiar o thisrasetlithiemai m 6,
ement | Th oo 7 e EABOTIAS WhidH eSS R clogt Bafr ASS eldBnplhe T
silicon di o%ig'g‘gélug i %"%‘i&?jﬁ'?‘?‘{j? q&f&[]‘}-@g %P'&éﬂﬁb&)"g‘ai‘ feibigher the Concentration
of accelerator used. The levels low, medium and high referto 1 10 g, 2 10¥ gand 3 10™ g
respectively of lithium salt/g of formed product.

25  Figs. 5 and 6 show a tool 7, which can have an external design that can be the same as for
conventional insertion tools and can be produced in plastic or metal, preferably steel. The
tool comprises a cylindrical sheath 8 and a piston 9 arranged in the sheath, which piston is
displaceable in the axial direction of the sheath. The piston 9 is enclosed in 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 dolly 12 is best arranged on the sheath to be
gripped by two other fingers, e.g. the index finger and middle finger. The sheath 8 in the
embodiment shown is bent to achieve the best means of access to the oral cavity. The tip



20 SEP 2004 WO 01/ 76535 PCT/ SEO1/00781 24 8. Raw conpact according to claim
5 char actari sadinthat said additives consist at | east
substantially of porous particles or porous aggregates, %fusgpnmﬂ at

| east substantially of oxides of Al) Zr) Ti) Si, or Zn and t hese

pr ef er abl yvqum a diameter of 2-30 un) even nore pref errenspoie’b pm an
open porosity of 20-60 % preferably 30-130 % and the pore openings in the
particl es/aggregates being less than 5 p,m preferably 0.1-5 pmand even
nore preferredly 1-3 pm 9. Raw conpact according to claim5, c har act
ari sadinthat said additives at |east 10 substantially consist of
porous particles) which porous particles consist at |east substantially of
m crospheres with a high closed porosity, which mcrospheres are preferably
of gl ass and3 hfthe taw! sdrestfotmediiyiadtead k4 edhich 0 beetachabler prbfernblyxtbreadid, 80 %
and are pregfpthe kdbl GMEBE dsell &5t b coiSaeistdta RubBesraftien? dinkdbigh® of the raw
conpact, preferably 0.1-2 percent by volune) and even nore preferredly
0.5-1.5 percent by 15 volunme. | 0. Raw conpact according to any of the
precedi ng cBaithatit icndt tep diffiguls ta grip the rawscompact, thetsheath 8 haschnriatarmabehamédr ( 3)
has a degr egs @f iHeHERACA Qﬁ‘e'sgﬁ'eﬁést diamater Dfo %Wh éPmei’e? E*HE@dsStﬂL Hﬁm@@?é@a  Taw
preferably 58-61 8 ;.cent %%@]tﬁme sol i d ¢ ?1 % sadq/ npact

accor di ng t §°BRRF HP ¢ BRCHIEL M pmdi "E:et‘ﬁ pfwhighas jes ‘f“e diagegr ofy { pat
sai d raw cofsaiten(r8y cainpast 8 creperdagso Bigs. a?deSefI&:bohamferlmmblgrhai @chnpl2act i on
bet ween sai efahbmimramttétmdn&m,eldfwﬂad ?@'I‘S’ueatﬁ‘&ﬁé %mia& iﬁg@bﬁmeng

preferably of@s g P aqa p S@ctﬂ ti

by vol une, Bregisesiiygnts b‘”@"ﬁé? '|‘ﬁ"'|° Jess beld s “‘cP °EH} Féﬂ“%rf‘& e soI id
cont ent .1012shm/hocmhpmccam0helhnlgfmlya‘wyn@hs bﬁhephamfedllmgalsbbemg) char
act ar iifliad Homhbgisto%@icdqlala Bﬁgmeed%eiﬁ&t%pm%mmb déié\b%t@ftﬂé ain

size of 2-8,xn,, preferably 3-4-un 0 13. Raw conpact accofding to any of
t he precedih&"c ains, char actar i sadin that said raw conpact
(3) has a largest dinension of 8 nm maxi num and a snal |l est di mension of 0.3

MM i ni UM Alck§rdi Q@Figeg £ oW, tho#a%ée&eﬂytﬁemu 19%5%@%314}{%@ /”;‘165320' its

hei ght EP 2 .
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c h a r a chydration liquid when the gripped réw compach3 &rpaaly immesed irsthd lifjoid. dent al
pur poses) ph%eémkwtsfxworﬂsr& oy axfelhb}elaﬂgngata%dna'the &éumﬁ?éﬂcssméﬁ %COfd' ng

to claim 14, raw conpact S ha
di mensi ons 9&&&?@8“3 a%fc’ﬁié“?ﬁtﬁ%'%rlﬁ'l 1§ t°(p2?v‘dig‘°s‘%€\}4c‘6%%t@f’eﬁééé‘l‘ thengll o any
of clains 1whichspitkblpexteralse littleaway aroumndeheakifcnmfdiatce bf the heddidand acinaggede used

as a canoi ek 1 Wy, 8h. ¥ M, Bp HEH RSNt ehd 6Ethe Read®S @ Carrier material in
m cr onechani cal appl Icati ons as a carrier material for biosensors or as a

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

cases no perforation or recess is required, since the capiliary action of the raw compact is s0
good that the necessary quantity of liquid is absorbed even when only the lower, projecting
25  part of the raw compact 3 is immersed in the liquid.

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

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

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

EXAMPLE 1

A series of experiments was performed to study the effect on expansion, in particular long-
term expansion, of various expansion-compensating additives.



10 material for optical fibres. 17. Raw conpact according to any of the
preceding clainms, c har act ar i s edin that said raw conpact (3)
has di nensi ons adapted to an individual cavity (5) into which the raw
conmpact is to be introduced. 15 18. Method for producing azcﬁhggpqghly bound
ceram c material by nmeans of reaction between a binding phase of one or
nmor e powdM@®H/35di ng agents and a liquid reacting wth tphPersEQoNTENg
agents, a powder body conprising said bil8di ng agents being conpacted into a
raw conpact (3) in that the powder body, before the liquid is nade to 20
saturate the sane) is exposed to such a high external pressure and at so

| ow a tenperature that a closely connected raw conpact is obtai ned w thout
sintering reactions on conpaction) which raw conpact preferably has a
degree of conpactness of 55-67 percent by volune solid phase) ¢ har act
ar i s e dDescripiar of ey meyardels: body al so conprises one or nare

expansi on- ceRARS Ahniiisidhd prass GDRRLOMaddCAD. Y4104 Fermihg Pk 6f ¢.8Ca- .

di mensional | y stabl e | ?&g-ter ri;aﬁro ert;tlltgs 19. Hd}fbt kelotg)eﬁccordl gg. to claim
18, c h a r2lmpngte cement (Alcoaof LaFarge), standard cegiept e RS deony | east
subst ant i al dipxofe (Akdrich)andalassispiates (Siknelh StausseGmibHY AtQ(EumppmboARD BY),

consi sti 59 OABSENA% YO fdfdldyb\$8a.i N the group which consists of porous
particles o orous, 30 aggregates of articles whigch .have - nodul us
which is | o&'/@g’“f H%tﬁ°‘€ﬁé’“%ﬁﬁ%°ﬂ‘ﬂﬁ\9§“o‘?°‘?h&gﬁﬁmﬁﬁg °’S\ﬁg§g’f“‘gﬂb"’53@e§3ndary
phase, whi clegsergandiametqshpprex rléauicronwite$) t he bi ndi ng phase. 20 SEP 2004
WO 01/ 76535 PCT/ SEO1100781 26 20. Method according to claim18 or 19, ¢ h a
ractar in t?@t @?Pd Law conpact (3) is caused to have a degree

, S e
of conpact nglége’fﬁ'f’ P HE8eTErC HPey ol ume solid phase, preferably 58-61
per cent 18y wdl gateiuscilirdingte’sdeng-trm2 éxpahbivh with sowplettiyrydratedalymimhteokithont

18-20, ¢ h a r a@difivds, Bt with hardRed-grévilidg Ellb B hReb&epr i ses a tabl et
pressing stﬁge &ort £ C"-‘Q&g‘éﬁﬁ\j\l cor’ripact éB that . is produced, tablet pressing
bei ng execut®®d &t g %’? ity ol rayy cempntypaterials. of or apl y 70- 110 MPa. 22.

Met hod accorc)li effedt of seagndafy phasd, PPCl@nétt c h ar act ar i s e din that
said raw 10 d§ ORT&% bf {eddndaty fHAtd BHe-bRidel 3t 0@ d conpaction is executed in a
nodel (ﬁé of La p-a\{i B/ éSs) intq vvhg}ch the raw conpact is to be introduced.
23. MetN3d &%c8Feh ﬁé FRUAFF B M s 18-22, char actari sedin
t hat the povidleeffedtof pareusagdregate oaicd r aw conpact (3) is preconditioned at

tenper at ur eg) exF8R OF Heoribinakiod of OPCGhE Fab ghirtd Geedang 250C. 24. Method
according t actari sedinthat said

anﬁ"{?ffd ai,ns 18- ﬁS, .c h %.r

liquidis cd¥s&HeFatasamipaationof warnonsadditiyesct (3) 'in that the raw conpact is
i mrer sed at i) eaffect pfiSitc¢optaining secondaguplasespmafparadsinent systeat witheas harfned &
seconds)opr ef epaRlidingfilldrpaticled 0 seconds 20 and up to 30 seconds, so that
the liquid i.g pﬁ.rrpg eg to be, abs [ebed .b%/ th§ capillary forces acting in
the raw conpact™*F e EFSEBIRY 3@ EPUHEEE 9 Yei ng gri pped by neans of an
insertion instrunment (7) in connection with its being imersed in the

liquid and amcif FRirlhdAes, BRONI0; GhdCabizdtiod van,maeéﬁwmghm&hﬁpa&ei ng
dried off. 25 2 ..&/ghhod afﬁcorgl ng (ia?%a@}/.of | al ns, 18- Zé‘, [ ar.act a
ri s e dirdPFRAPTE ﬁﬂamf S GNEIHTER aqgptives (] gpaptities specifigd agre igpelatign to
pref er al@Sy dcbequntity of calciomalumiadteyastatedtbelw: Slodni“alumirdtmexidel’ sarefafrediiong

phase, and  Nidloubll dpe S2heliARORY BlaeploBhhAbYNANSL BlokPidfR Sal T of

an alkali netal, preferably in a quantity of 0.1-1
preferably AATYLEI2feTEMLy |  oven nore preferredly at least 0.4 g/1 and
nost preferredly at least 0.8 g/l of

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

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

was ground for 80 h beforehand.




30 liquid. 26. Method according to claim24, char actari sadin
that a first raw conpact (3) is caused to be saturated by the liquid, in
order then to be packed into a cavity (5), preferably by ans of a filling
tool , whereupon a second raw conpact (3) is caused to 286@ 2004 v

011 76535 WEPLEER9/ 00781 27 be saturated by the liquid, irpcwsRinsmeen to be
packed into said cavity (5), preferablyl®y neans of said filling tool,

wher eupon any further raw conpacts are caused to be saturated by the
liquid, in order then to be packed into said cavity) preferably by neans of
said filling tool, preferably until the cavity has been filled wth noist,
conpressed raw conpacts, which are then permtted to harden to said

chem cal ly bound ceramc material. 27. Method according to claim26, c h a
ract a ) Addgiog of A0 pprgentby yalumsaduaminipmaeride, gundiegtimaR4 bf Thnygemsentpl us of
|i?ﬁi d isteﬁwﬂ; gfbuhd a&dokdin i U)EB@&_&fﬁr&;aﬁ@.@ﬁﬁér&&n@bﬂ%ﬂhﬁgog@ (ofdinary @ t?ol
- e par | C ctimg agai ns | st,. coppacted raw conpacts
consi sts of a%ﬁﬁ%?\é%%%lﬁ%“%? g"r‘i‘%%,wﬁsﬁf’fieﬁmiqﬁ Cﬁiﬁﬂlg}'ﬂg Pl of liquidis
absorbed, & wdditioané40 persentdy vhlumesileniniuavoxddergandisg (8} 2pac Kedcsaigst her

are conpact ed phatetih e fhith 61® ' S i i35 ' claim
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i)  Addition of secondary phases in the form of 5 percent by volume of OPC and 5 percent
by volume of fine-grained silicon dioxide, grinding time 24 h. The cement was ground
beforehand for 80 h. : o '
25 j) Addition of secondary phases in the form of 5 percent by volume of OPC and 5 percent
by volume of fine-grained silicon dioxide and hardness-providing filler particles of |

ZrO; of 10 percent by volume, grinding time 24 h. The cement was ground beforehand
for 80 h.

- 30  The mixtures were ground in a ball mill with inert grinding balls of silicon nitride with a
coefficient of fullness of 35 %. Isopropanol was used as a liquid. Following evaporation
of the solvent, materials a) — h) were admixed with water, dewatered and tamped with a
stopper into holes with a diameter of 4 mm in a container that permitted measurement of
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| 20« Extremely low expansion was achieved when using porous particles and a secondary
phase of OPC cement in combination.

Extremely low expansion was achieved when using a secbndary phase of both OPC
cement and fine-grained silicon dioxide, in combination.

Extremely low expansion was achieved using porous particles, a secondary phase of

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



% 48;
C?S) 40Rzupke [ V] ] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca]
cal ca]ca]calcalca]ca]calU]ca]ca]calcalcalca (hl*10% & ()-,z10%W & () -

10%& () -y, #10% & ()-& ff10% & ()-0 YIO%N & ()-3"10% & () - 20 SEP 200
e 10%VU-033795’3& ()-910% & ()-f10% & ()- ! @&" 10% PCT/SE01/00781
& ()-11&"10%"& ()-@0% & ()- zodY: 10@y¥lo% & ()- 10" 10" 10" @*S;
10% & ()-& L"10%9"]1"& ()-'a L"10% ;& ()-!'DL"10%"& ()-1 Y
}zXedY: !l " #10922& ()-!6. #10%&' ()-!,#10%& ()-S10% & ()-'l 109 | & ()-!;|I
109%&' ()-/z[9dY:!'!ID "10% ()-,,
10% & ()-T*10% & ()-! X YH#L09%&' ()-!1 Y#109&' ()-!DY#10%g& ()-1JKLXdf bCl ! D&t 1
0% o0& ()-mM0% o0& ()-"s10% o0& ()- 10t 10t 10t2
10% & () - . ¢ 10B4t&n(e)y owBRhaRng! wadlachidGUPSRAhE purk t&H6M 8ystgm wthdiHamifeds) - | 3" 10

%co EO&'I ()- o 180/ rQ&dﬁ&ﬁle{ﬂa@t@l&g&/}@n §ing'only o bM2dnttAHPLR IRBRRB additives.
10gogo! @ (ﬁ)@g y pwexgﬁ%%xm ael)le\(ef forltbgMquafe system-withilown 1 109090

10% 0&' () - +10
10! 10967& () - | 1paaefids )i Bdibend b €l0ineorhasdhsisiproiding GlidiPactolés 1Ry S ' ))))

)) bC 10g9go 11Qthikg addhRd forlekpantidh compensation.

The materials which have extremely low expansion (<0.10 %) have, apart from the

expansion properties, a general feature profile which matches the corresponding cement

system without additives. These materials have a compressive strength of 170-200 MPa,
10 hardness of H (Vickers 100g) = 110-130 and an extremely high acid resistance.

EXAMPLE 2
Description of raw materials:
Calcium aluminate of the phases Ca0.Al,0; and Ca0.2AL,05 forming part of e.g. Ca-

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

Mixing: .
The cement phases were ground together for approx. 80 h, whereupon the oxides were

20  added in a final mixing operation of approx. 22 h. Finally, the grinding liquid, consisting
of 2-propanol, was evaporated.

Pressing:
The powder mixture was pressed into small tablets at a pressure of approx. 90MPaina

25  Korsch tablet punching machine. Tablet diameter 3.00 mm and height 3.00 mm with
approx. 20° chamfer 0.35 mm in from the flat sides.

Conditioning:
The tablets were heat-treated at 400°C for 4 h.
30
Insertion and compaction in the test chamber:
Water with alkali salt was added to the tablets one at a time. The tablets were transferred to
the cavity in a special holder and compacted with an ordinary stopper initially, to be tamped
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finally with a porous compacting device (according to Fig. 11). They were then kept in the
test bodies at 37°C in a humid environment.

Result: _
5. Fig. 12 shows the resulting expansion as a function of time for the ceramic material formed.

It is confirmed that the expansion values achieved are very low and that expansion levels
out after 40 days.

The invention is not restricted to the embodiments described, but can be varied within the
10 scope of the claims. Thus it is understood for example that the invention can also be used
in connection with non-dental applications, i.e. in connection with the production of
chemically bound ceramic materials for other purposes. A conceivable application area is
e.g. a carrier material (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 material for electronic circuits, as a carrier material in micromechanical
applications, as a carrier material for biosensors or as a carrier material for optical fibres for
producing circuit boards, biosensors or the like. It is also conceivable that the product does
not need to include expansion-compensating additives in applications of this kind, which

however falls outside the scope of the present invention.
20
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CLAIMS
1. Raw compact (3) comprising a binding phase of one or more powdered binding agents,
which raw compact has the capacity following saturation with a liquid reacting with
the binding agents to form a chemically bound ceramic material, and which raw
5 compact preferably has a degree of compactness of 55-67 percent by volume solid
' phase,
characterised in that the raw compact (3) also comprises one or more
expansion-compensating additives adapted to give the material dimensionally stable
long-term properties.

10
2. Rawcompact according to claim 1,characterised in that the raw compact (3) is
substantially free of hardness-providing filler particles.
3. Rawcompact according to claim 1,characterised in that the raw compact (3)
15 comprises up to 50 percent by volume ballast material, '

4. Raw compact according to any of the preceding claims,characterised in that
said binding phase consists at least substantially of calcium aluminate cement.
x

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

25
6. Raw compact accordingto claim 5,characterised in thatsaid additives consist
at least substantially of a secondary phase, said secondary phase preferably consisting
of OPC cement and/or fine crystalline silicon dioxide and/or another Si-containing
phase, preferably in a total quantity of 1-20 percent by volume and even more
30 preferredly 1-10 percent by volume in the raw compact.

7. Raw compact according to claim 6, characterised in thatsaid secondary phase
consists of OPC cement in a quantity of 1-5 percent by volume and/or fine crystalline
silicon dioxide in a quantity of 1-5 percent by volume.
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at least substantially of porous particles or porous aggregates, which consist at least
substantially of oxides of Al, Zr, Ti, Si, or Zn and Sn, these preferably having a
5 diameter of 2-30 pm, even more preferredly 5-15 pm, an open porosity of 20-60 %,
| preferably 30-50 %, and the pore openings in the particles/aggregates being less than 5
um, preferably 0.1-5 um and even more preferredly 1-3 pm.

9. Rawcompactaccordingto claimS,characterised in thatsaid additives at least
10 substantially consist of porous particles, which porous particles consist at least
substantially of microspheres with a high closed porosity, which microspheres are
preferably of glass and have a porosity which exceeds 50 %, preferably exceeds 80 %,
and are present in quantities of less than 2 percent by volume of the raw compact,

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

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

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

30  13. Raw compact according to any of the preceding claims, characterised inthat
said raw compact (3) has a largest dimension of 8 mm maximum and a smallest
dimension of 0.3 mm minimum, its diameter or width being 1-8 mm, preferably 2-5
mm, and its height being 0,3-5 mm, preferably 0.5-4 mm. |
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15
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, a powder body comprising said binding agents being
compacted into a raw compact (3) in that the powder body, before the liquid is made to
20 saturate the same, is exposed to such a high external pressure and at so low a
temperature that a closely connected raw compact is obtained without sintering
reactions on compaction, which raw compact preferably has a degree of compactness
of 55-67 percent by volume solid phase, characterised in that the powder body
also comprises one or more expansion-compensating additives adapted to give the
25 material dimensionally stable long-term properties.

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

30 aggregates, soft particles which have an E-modulus which is lower than the E-modulus

of the binding phase, and a secondary phase, which secondary phase reacts with the
binding phase.
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20. Method accordingto claim 18 or19,characterised in that said raw compact (3)
is caused to have a degree of compactness of 57-63 percent by volume solid phase,
preferably 58-61 percent by volume solid phase.

5 21. Method according to any of claims 18-20,characterised in that the method
' comprises a tablet pressing stage for each raw compact (3) that is produced, tablet
pressing being executed at a pressure of 40-150 MPa, preferably 70-110 MPa.

22. Method according to any of claims 18-21,characterised in that said raw
10 compact (3) is formed in that said compaction is executed in a model (6) of a cavity )
into which the raw compact is to be introduced.

23. Method according to any of claims 18-22, characterised in that the powder
mixture and/or said raw compact (3) is preconditioned at temperatures exceedmg
15 150°C, preferably exceeding 250°C.

24. Method according to any of claims 1823, characterised in that said liquid is
caused to saturate the raw compact (3) in that the raw compact is immersed 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 superficial liquid on the raw compact then being dried off.

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

0.2 g/, even more preferredly at least 0.4 g/l and most preferredly at least 0.8 g/l of
30 liquid.

26. Method according to claim 24,characterised in that a first raw compact (3) is
caused to be saturated by the liquid, in order then to be packed into a cavity (5),
preferably by means of a filling tool, whereupon a second raw compact (3) is caused to
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of said filling tool, preferably until the cavity has been filled with moist, compressed

5 raw compacts, which are then permitted to harden to said chemically bound ceramic
' material.

27. Method according to claim 26,characterised inthat final packing and the
removal of any surplus of liquid is executed in situ by means of a compaction device
10 (7) —a tool - the part (19) of which acting against the moist, compacted raw compacts
consists of a hard, porous material, into which any surplus of liquid is absorbed, at the
same time as the moist raw compacts (3) packed together are compacted further in the
cavity (5).

15  28. Method according to claim 26 or27,characterised in that subsequent polishing
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 after said
compaction of the moist raw compacts (3) has been completed.

20 29. Tool (7) for insertion of a 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 liquid reacting with the binding
agents, to form a chemically bound ceramic material, characterised in that said
tool (7) comprises a cylindrical sheath (8) with a short end or a head (14) which has an

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

30

30. Tool according to claim 29, characterised in that the short end of said sheath
(8) or head (14) has 2 minimum intemal 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 .
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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 claim32,characterised in thatsaid compaction body (19)
consists of a material in the group which consists of porous ceramic materials, porous
polymer materials, porous metal materials and porous wood materials, preferably a
material which consists of a hardwood material, even more preferredly beech wood.

20 34. Compaction body (19) for the tool (7) according to any of claims 27-31,
characterised 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 materials and porous wood materials, preferably a material

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

35. Compaction body according to claim 34, characterised inthatit has a diameter
of 1-8 mm, preferably 2-5 mm.



