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MANUFACTURI NG OF A PONDERED MATERI AL, THE POADERED NATERI

.MATERI AL MANUFACTURED THERE FROM TECHNI CAL FIELD 5 The fresent | nvention

rel ates tWO3WAHPbpaque and chenical Iy bonded cerami cPB E30240148¢ e b nder
phase of which consists mainly of a cenent based system The invention also
relates to a powdered material that has the capacity to formsaid ceranic
material when it is saturated with a liquid reacting with the binder
phase, and a method of manufacturing this powlered material. The invention
has been devel oped prinarily with a view to dental and 10 orthopaedic

bur POseSyeibob o i MANGERETORIN O‘M‘% LS MATRRIAL oA%e pBR AND
Prob EveE T EHQM@ W TER EQ%TQ%% ?iﬁo:d. es

carried out according to the 15 invention and earlier works (SE 463 493, SE
502 987 and SE 514 686) have produced results that indicate great .
potential for ]ﬁﬁ%gr strong 'and acid-resistant nmaterials such as
dental fillin other dental filling material existing today
nmeets all %helh mfﬁfé’ﬁﬁwwdﬁfﬁs toagpdieradps angichenapli hopded;cepmicrpateqabihe s and
function that blﬁc&apme Fradadh d@nsmtpmhingmfa camehtBasatl aystas Mk iwersioa bifso relfes

descriptio Pgmgé eneral |
Qje made gn a%az)n?h?\é&?m R%LaQ%a%? Bz{c%gf)dmuséa%g ng g%g ?ll tvf/ﬂé\s}mtedt gJ npl e y
appl i cabi | i t ysaturghesd withA4 ligpid fe?ﬁS‘GS éfﬁlth(jheth’l‘ﬁier perricke geer ?Fd’?j’é}‘fa&tﬂwgqsi

har deni zi gl sqid\xdbfed enafetisl Tlid iAvention Basfobércdereibped priaprily withcrrvidw td demglmdr k and

provi des 8Pr V8 ahlbinkodl 1P L XishYeiiedh o biiadd) stdle denti st . 29

Furthernore, hig corrosion resistance exceedi ng that of’
earlier filling material_s, good bioconpatibility, radiopacity for X -ray
pur poses, goORRIOBARBANDFRORLEMSe handling for staff wi thout any

al | er gy- pr oV OljeNges @t idveRtion raeleld ﬁolb\ﬁf‘c&gl dRedtes téﬁﬁtoﬂﬂeademé{ﬁystén??ﬁé ed. Good
|l ong-termattribuie s as r st ahi r 0 demanded.
30 I'n SE 463 pﬁﬁ‘f“{afthﬁvr% te @%?I“g@d' %%ng C@ﬁ%ﬂeé&?lrlﬁ ﬁ Bﬁl:ge%? c material,
e.g. for Hentiayentignandeuber, wirn(SEet63 495,68 508 98k 4ndHE 5h4r$§6)é¥§§@2r0é¥qe@ ngt h
char act eri st irgglts thaf ib@éatSpreRWoiRAtid) Ssh¥he s%&@rﬁ&‘&fstr% #d 46i6ResRtantBBRridNY dr auI ic
bi ndi ng age nts%c@?s%egtglsﬁﬁlmg nelatlejr?all | omg'edtental iﬁ*mg material existing today meets all the
requirements in respect of biocomp at1b1hty, aesthetics and function that can be posed by -
patients and dental service staff,
20
A description is given below of the practical demands that should generally be madeon a
dental filling material. Good handling ability with simple applicability.in a cavity,
moulding that permits good modellability, hardeninig/solidification that is sufficiently rapld
for filling work and provides serviceability directly following a visit to the denttst
25  Furthermore, high strength and corrosion resistance exceeding that of earlier ﬁllmg -
'matenals good b1ocompat1bzhty, radlopaclty for X-ra.y purposes, good aesthetics and safe
handlmg for staff without any allergy-provoking or toxic additives in the material are -
require&. Good long-term attributes as regards dimensional stability are also demanded.

30 In SE 463 493 it was described how a chemically bonded ceramic material, e.g. for dental
purposes, can be caused to exhibit increased strength characteristics in that a powder body
consisting of one or more hydraulic binding agents and possible ballast material is
comﬁacted at such a high external pressure and at so low a temperature that a well held-
tbgether raw compact is obtained without sintering reactions on compacting. The filling
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cofrpacted at such a high external pressure and at so |ow a tenperature that
a well held- together raw conpact is obtained w thout S|nter|n9 riﬁftlons
on conpacting. The Pilling *rnnnm 1 7 APR 2006 WO 2004/ 03¥718FR

PCT/ SE200¥0Q0948B0212 density in this raw conpact has i ncrreassEdonm0nds0| east
1.3 tinmes the initial filling density, which is defined as the filling
density attained through shaking, vibration and/or |ight packing of the

| oose powder into a container, The user' . of the material prepares the sane
by saturating the raw conpact with a hydration liquid prior to application
of the material or in 5 situin a cavity, e.g. a tooth cavity. Mre
recently it has been shown in SE 502 987 that for cenent systens conplete
hydrati on (which was regarded as reducing the risk of dinensional changes)

can take place.if ete soakin Nt n_of the cenment
system takeg ASioL eﬂ%r‘%ﬁc’f’wga%?‘ ’%%?g%atls{ gﬁg%ﬂ? g?é’ﬁﬁgdﬁ ‘Mor e
recently stWhllchRStddﬁasd bethe fidling density 28&insd thregh sbhﬂahg,anhrdxmrand/byhg]ﬁm of the
type refer §Eg§é

di mensi onal ?a%ﬂm?%fﬂ{é lﬁeﬁ)@:‘i’tdé?%og{%r uQes ?‘% lqﬁ%matggﬂiﬁg?%gﬂﬁﬁes otr{e or
nmore expansi %ﬁ%?qwchﬁ’&h ¢ hydratiomlsyuid prier ta pRplicatian ofithe MHrisaY s

accordi rig tsﬂtuSEa@ﬁﬁtgAQ@ a Phottb&itP87 or SE 514 686 have certainly proved to
satisfy nost of the demands that can be nade according to the above on

dental filling material. However, ii has proved to be the case that the
aest het i cs Mpretresntlyiithas ba¢n shofhén SEiSA2 981 thet for cemaeny bystemssomipleie hydativat ur al

tooth col Ol{R;whwﬂM@astr@génﬁléﬂ Js"%@&ucidﬁ%e ﬂi]@of%@m@i?sﬁcﬁ{ﬂ ﬁlan e§ gaﬂ%éé%l dphf ch means

that the mater e t Jhave "adequate I ca tes to appear
U ol NECTIPLTE FOR T S0 MR fareton, %F%Wssemresvmé paKd i n
whi ch. tl9e dfiaghecially disighed sidppdnr ough the tooth is described as transl ucent,
which is to be .differenti ated fromtransparent. A definition of a

transl ucen materlgxﬁreads "A material that reflects, transmts and

absorbs | i gerer dll it han beensbowe sy SE § 1636 thetierosmgnt yetemefithatypd when t he
25 mat eri alreferreptameE 463t 493657 SEBD2087 86 bedishsdd 8 «QbisR Hiﬁ%hslonéllyes‘twlé e, Burk,

tr ans! ugenad s e dryled iR Rl s B ol e PR E g TP S 8 SRRt e
light WPth a white background and with a bl ack ‘background (1SO 9917) A
material i MatsAls Hapste pRodubaladbatiito SE 468 408 SPRRCILorRE 2B 1648 Bhve
~_certainly proved to satisfy most of the demands that can be made according to the above on’
derital filling material. However, it has proved to be the case that the aesthetics of the
material suffer, in spite of a colour sitnilar to natural tooth colour, due to the fact that the
20  miaterial is opaque, which means that the material does not have adequate optical attributes
to appear natural. Natural tooth transmits light, especially énamel. The manrier in which the
- light is difftised through the tooth is described as translucent, which is to be differentiated
_from trarisparent. A definition of a translucent material reads; “A material that reflects,
transmits and absorbs light. Objects cannot be seen clearly throtigh the material when the
25  material is placed between the object and the dbservef ” (Lemire, Burk, Coior in den'tisﬁ'y,
. I M. Ney Company (1 975)). One method of measuring translucence is to determine the
ratio between the quantity of reflected light with a white background and with a black
background (SO 9917). A material is described as translucent if it has opac1ty of between
35 and 90%, as opaque above 90% and transparent below 35%. Natural dentine has an
30 opacity of approx. 70%, while natural enamel has an Qpacﬂ:y pf around 35%. The ab1l11y of
a filling material to imitate the appearance of the natural tooth depends to a large extent on
the material being translucent,




35" and 90% ‘as opaque above 90% and transparent bel ow 35% I\%tAg; aéqﬂéienti ne
has an 30 opacity of approx. 70% while natural enanel has kb p?a y of
around 335500l %zﬂbl lity of a filling material to im tgdpslfyaRpRar ance of
t he natura tooth depends to a |arge extent on the material being
translucent. 1 7 APR 2006 WD 2004/ 037215 PCT/ SE2002/ 001480 3 In the
abstract to JP 57209871 it is. stated that translucence can be attained in
a material of Portland cenent and water glass. In JP 51111828, a nethod is
described for the production of 3Ca0 Al 20G3. 6H2O. In the 5 nethod, the raw
materials for the binder phase are m xed wth a surplus of water for 1-20
hours, with gradual heating fromroomtenperature to 100C. It is stated
t hat hydrated calciumalum nate-in the formof 3CaO Al 233. 6H20 i.s forned
t her eby. Thithe shetircitelP STBAPRT Litisatated thatttanslucenenwaabertaiped ncematenalnt
temeraturpoﬁm&%gﬁadvatéggqmg essed at the sane tine at 50-800: MPa for
10-60 m nutes, possibly foll'owng the addition of further 10 water, to form
a ceramic that is then dried at 60-250C wi thout the water of
crystal | i ZatlPsn111328 gmetkepirdasceitied fdilﬂidpiodlmﬁdimdf MAJZDQGHMD JARh&1111828,
t he mecha cuted
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A rel at'ed probl’emTs achievi

t r ans| ucenzasrs, wﬁbgraﬂsalfbmtmﬁq;ermnmmtamqtq 1p0LC. fI’F ISIStaﬁ@lthdtle'dtaéﬁd in or der

for it to 5&&1@951%1&@’:&3&%ﬁhh'&ggC&@@Qz(ﬁlﬁEOhnyrﬁ@&rﬂi@ébWﬂhs h9d}ht|&da”d t he

onset of d%f E‘H‘?‘?CU %% r]bﬁ X-ra g g@d&‘gL due todthﬁlfact

Chat the SEAGME o R roen AP RSB BT LILT 284 Gompretgd ghipesing,

i nterfere sainehinterat 50860 YPadentec0 mirestes] possihlydoll siving éle adlditiontof fitrther ot her

non- big 0%&@11 to fgﬂﬂ%@éﬁmic tgétsis akh ﬁﬂecg%%ofﬁe*@ﬁfﬂ?ﬁw&v{ﬁd&%%ﬁ%%o ven if
t ano

t he need for ftran ence

probl em i sbei%a&"allﬂm @GF‘?\thQ‘i‘fi@S?ﬂhjﬁé%-{P P34 133% @emhaﬁwéapmﬁteﬁewg@ﬁ and
har dness ialreidychydenalthaenm ichiatxzebaedred. It is al so desirable here,

especially in connection. wth dental purposes, primarily fillings, for
har dness to devel ogjerapl dly.. I ncreased chemi cal 25 stability is also an
aspect, i atedpro mshﬂzpeof@hm@g rddiopahidy atdhessaimeltileds todsluesncetthbi | i ty. |t

i s degisr alfhndr eémg P&luﬁbl@ata.l ﬁ%%ﬁrﬁﬁn%m&hm%@wm&h& E
| NVENTI O\IC??ﬂei g"J[’VEé‘“glt 'E (?r ‘esent crllventl on . Sl rovi bram C
mat eri al ealy Lo tg& g ﬂietoH%eto ecay respectively in X-raying. The pro em 1s
due to the fict that the X-ray contrast aids that aré common nowadays, e.g. ZrO; and SnO;,
interfere with the translucence.'Even in an orthopaedi¢ context or other non-biolog-ipa.l :
context it is often désirable to have radiof:ecity, even if the need for transluéence does not
20  existin this case.

Yet another problem is that of achieving the highést possible mechanical strength and
hardness in the ceramic material formed, It is also desirable here, especially in connection.
with dental purposes, primarily ﬁllmgs for hardness to develop rapidly. Increased chemical

25  stability is also an aspect, in which the share of A1** in the material influences stability, It
is desirable for the quantity A1** to be minimized.

ACCOUNT OF THE INVENTION
- One object of the present invention is to provide a ¢eramic material of the ty'be stated in the
30 introduction, which material exhibits radiopacity, high mechanical strength and rapid
hardness dévelopment. The material shall preferably exhibit translucence at the same time,
at least if the material is intended for dental purposes. The invention also aims to provide a
powdered material that has the cé.pacity following saturation with a liquid reacting with the
binder phase to hydrate to a chemically bonded ceramic material of the type intended



30" introduction, which material exhibits radiopacity, high nmechanica
strength and rapid hardness devel opnent. The nmateri al shahb Qpﬁﬁ@mably
exhi bit translucence at the same tinme, at least if the material is

i nt endeWd 2004/0¥2t3l purposes. The invention al so ai ns PGT/SE202/60480
powdered material that has the capacity followi ng saturation with a liquid
reacting with the binder phase to hydrate to a chem cally bonded ceramc
material of the type intended 1 7 APR 2Q06 WO 2004/ 037215 PCT/ SE2002/ 001480
4 according to the invention. The invention also ains to offer a nethod for
t he manufacture of such a powdered material. The invention also ains to
offer a ceramic filler material. The desired objects and others are

achi eved according to the invention in. that the binder 5 phase of the

powder ed nat er,i al i.nly .congi sts of OA1203 s) and/qr 3Ca0QA1203 (ss)
DGt hE B0 MR ARt e en G S 1 G TcA WaPec s TaP e o
an. at om t ygfeuati 4 povederetemstetial. Thomeerdiiog/atspBime tourffes g ecramsc filke mabgermil.t y of the

el enent that corresponds to the atom type. 10 In product terms, this nmeans
t hat the binder, phase of the ceramic material forned has a nel ratio

A1203. 3H2Ghedlsyiradpbiecisaad pdwrsine achieved agearding to the dnvention in thyithe Wndgs| y of
I(es)s htsharphaséof@iwp' i cﬁy?aedrmﬁtteﬁarngaiﬂweﬁaiﬁ bﬁ@@(()j-mm_(%s) éxﬂi/ofr’a’@@ﬁﬁbggﬂ}[ i_pln
Ss ere _mgan olid,sokutjon,. . be.descr.i-bed in _greater ai
15 ater, FHrAoEARoPAEEe PRlePh] snddfusthecrsbic R agte iR oA e i o
cont ai n otdersitysabove § gfves, exipedssaras tipr depeity of the elenient that| cotrespondtottheeatixnnder
phase, theggg replacing Ca and/or Al in full or in part. Ih the quantity

ratios that are indicated, these other atomtypes are counted as Ca or Al.
20 The term bi nder phase is taken here to nean a cenent' content in the

mat er il@ , In egaiucl temss, tHis medigttha thd Hitddp phaterof theteteiit alatepial fonaed idraaheld

: o . 0 Che.obi 60t A
ivent | on T k0 30 EERC bR SBRR I8 pb iR B AR e e
powder ed rRanek: and evemmore preferradlyslessgban 6025 a) M xing raw naterials for
t he bi nder phase containing Ca and Al in a ratio Ca: Al greater than or

oref er r od BPe SPUBTRIPRTIRAReS pidat ol s0l5hor - ASOVIR be BReAbel DichimiergeBil o)
Physi dal | yaterethicinngnsdhdtftheshinder phasesadintidess et bave to,rcottain otheriatars typas
material s Lre%rggeﬁg\%ﬁglfi]& Efﬁuﬁ@{ i1 hePbinddr pfBlse, AelSA5 RS BTRGARE Wi f AR of Or M

sai d bi nder ‘ﬁ_th?g& i L o . - _
mnp e quantity ratios that are indicated, these other atom types are counted as Ca or .

Al

20  The term binder phase is taken here to mean a cement content in the material, regardless of -
whether the powdered material or the hydrated ceramic product is in question.

In method terms, the object of the invéntion is achieved in that the method for the .
manufacture of the powdered material comprises the stages of:

25 2) Mixing raw materials for the binder phase containing Ca and Al in a ratio Ca:Al
greater than or equai to 1:24, pfeferably greater than or equal to 1:2.2 and most
preférredly greater than or equalto 1:2, but rio greater than 3:2,

.b) Physically reducing diffasion paths between atom's in the various raw materials,
¢} Sintering the material 4t an increased teﬁlperature to form said binder phase, which

30 consists mainly of CaO-Al,0s (és) and/or 3Ca0Q-ALO; (s5), the matérial in'stage a)
and/or following stage ¢ being brought to contain one or more heavy atom types with a
density of over 5 g/crp3, expressed as the density for the element of the atom type.



30" consists! mai'nly of CaOAl 203 (ss) and/or 3CaQA1203 (ss), the material in
stage a) and/or follow ng stage ¢ being brought to containl bMeRRGOre

heavy atwonbogpesini th a density of over 5 g/cnB, expregsae2@s bl density
for the elenment of the atomtype. 1 7 APR 2006 WD 2004/037215

PCT/ SE2002/ 001480 5 On hydration, two final phases, 3CaO A1203. 6H20 and
A1203. 3H20 w I | always be fornmed from ;-Sonvent I onal cenment m xtures

contai ning cal ci um al um nates of the phdses CaO A12G3 and CaO 2A12Q8 The

i nvention is based on the know edge that A1203.3H20 is not desirable as it
can have a detrinental effect on the nmechanical properties of the ceramc
5 product. To have nore than one phase also affects the refraction of |ight
by the ceram c material, since Al1203.3H20 and 3CaO Al120s-6H20 have

di fferent PaMyawEHPLAwp faplnheses) 3Ca0ALONEHD endAbOsBHAD Ml elyvaiebaformed o

[rﬁnm;] agt u: ﬁgﬁh c{(ﬁﬁ{'@ﬁbﬁ‘ﬂ cbxhé\z}itnﬁlﬁ&rét%r&bﬂbta g d&%&@ﬂuﬁﬁ?@és‘%bfﬂ%p‘ﬁﬁé@@?%- FHZ?’h itn
e hydra st,at e : a o be able to uf act.ure "a i a a
has a mini %9&%&9%%2%%3 Inyepon IBEF%?@ Pﬂg%gﬂlpy)’?eégigi@@géggégo Bhe
bi nder  10nghiasimble d3at day daed edetriments] effectanthbmeckumidabpropetiésofeioadspinticon| y
3Ca0A1263. [k : @@% ; ' 1 U G -han
Al12C8. 3%0&2%%‘1 ere ra%ﬁag ﬁtg\%mg?lg%E&%Eﬁ%%@%?@@u@rgﬁg&{tﬁg%%c opacity,
i . e. increBaBHak HBerRAOuELD and 3G20 A6y 6HHQ havesdiffereatrefradiive iidineatltsn ti me
ih sds hor t entherefeas déstibl tﬁb@&ﬂ@tﬁg&u&&m ¢ matdid] thBeRas %m@nakzi%%emw R the

ydration ) ;i shorter. inste | .on| y _ s. 1 he
bi nder pha'{é)%%&g%é%s_%ﬁp’ ’ﬁ%%{d&&e%@rqr&?g&%io %egabgﬁjf?[’Fﬁ EHTE HE in 3CaO
A1203. 6H20thethana pgingEtd@ontent ¢fALQ=FHA0. BylisingtonlhB GiQyAl0; estha bindasi der abl y
gr eat ero prsHasy, tetydtfedn$aA L0 Be BHAIED R tohfain &@y%ﬁ-m@gsﬂ@mef m xtures
cantainin > um ni nates of the phases, CaQOA1203 and -Cal.2A1203 are
used. Nat 8%‘%‘3512@?@&5@? ko) lggﬁ@ﬂlfwléﬁﬁ‘g@@%msgéﬁ ang thg refactiens for a
reduced fwlsﬁxkaﬂmd,cr&sﬂﬂr@]ﬁ.laivbr%@acitylpﬂ\&\iﬁreaslémmmwﬁ-&Ilﬂib@e;@'t'ﬁe f@@ﬂﬂf\t of 20
Ca0. 2A120 .4, 10 refer om tted.co etely. .Yet
anot her ag%gﬁfg%%n%&gﬁg%%%ggﬁag@%ﬁ%gﬁ%%ﬁ gr%é%:/%nre ighng a&sf‘fr%alls%g%syn’f‘iﬂ}?n S
that it cOHCEHHAE PEPCEEE? Shorten By inssind asinglonlydir0) - Al aztbabinder thase, theal ci um
al u {n it e hydrapstismitefdlsan B?ﬁ&i&oll@@lﬂmonialﬁm_ ﬁ%@mzegl\sﬁgo ﬁﬂﬁlzb%ﬁ&@hﬂ{ﬂ'bcm .
syst emns, : Ny i opaedi c. applicatiops. a, i 0
achi evi ngﬁ%ﬁ?‘%’?@%l Pﬁlgnﬁ%a&g%ﬂ;gpéy ﬁﬁ?*&ﬂ?faPéfH%‘hﬁ%@’é;\QPgéﬁ#ﬁgaﬁéﬁ ani ¢
product, coAveRtiasal powlerasixtussecontinyg el cumninpenates ¢f the pheseasi GaD-AL,Opwead 5
9/ cn8, pr &f#2M,8; are used. Naturally mixtures of Ca0-Al;03 and 3Ca0-ALO; can also be used

for a reduced formation of Al,03-3H;0. However, the binder phase’s content of '
20 Ca0-2Al;0; should be minimized and preferably omitted completely.

Yet another advantage of the ceramic material according to the invention is that it contains
a lower proportion of Al ions thari conventional calcium aliminate compositions, which
ought to be an advantage in biological systems, especially in orﬂ'lopa'edic applications.

25
With a view to achieving radiopacity, the powdered material, and thus also the ceramic -
- product, contains at least one heavy atom type with & density of over 5 glem’, preferably
Zr, La, Ta, Zn, Ba and/or St. }t is preferred that this/these atom type(s) form part of oné or
“more compounds that also contain fluoride. '
30

According to one aspect of'the invention, the powderéd material and thus also the ceramic
product contains in addition to the binder phase one or more additives that contain the
heavy atom type or atom types and that have a refractive index in visible light that deviates
by a maximum of 15%, preferably a maximum of 10% and even more preferredly a



Zr, La, Ta, "Zn, Ba and/or Sr. It is preferred thatthis/these atomtype(s)
formpart of one or nore conpounds that also contain fl uort?e RSg

Accordi ng. to one aspect of the invention, the powdered mat i Af 4‘]@ t hus
al so t hey@gooans1s product contains in addition to the bCMEE200pHEI® Oone or
nore additives that contain the heavy atomtype or atomtypes and that
have a refractive index in visible light that deviates by a maxi num of
15% preferably a maxi num of 10% and even nore preferiedly a 1 7 APR 2006
WD 2004/ 037215 PCT/ SE2002/ 001480 6 maxi mum of 5 % fromthe refractive index
of the binder phase when the binder phase is hydrated. It is preferred
that the additive is a glass, i.e. anorphous phase, nost preferredly a
silicate glass. 5 Exanples of additive materials that satisfy one or nore
of the stated requirenments are: silicate glass, barium al um nj

bor osi |'i camexigiuasef 5% froim the attaetive mﬁﬁ‘Pﬁ}bﬂB@ﬂ?’flP@aﬁteé”]&lﬂé% ndgg @ ﬁ?rﬁ

sul phat e, DafratedN T is\pedrbeds tfot'tﬁ&éHHltWéhszh BlassS 1.6 Rt drpHoub gYa8 ) thost pleferpdhses ,
apatite, uora]patlte and-simlar materials. In these materials bariumcan
be exchang@d¥o8%&t ronti um and the materials can also contain fluoride:
The additive materials can al so have any 10 nor phol ogy or form including:
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Biesssiliate A, The

smal | er t $iliertoplass, bapivm alumirinm horast 1@?—*@1%&5$>é>ar19m§#5mp@m
Slhze Or t hBarfad ﬁdlﬁﬂa@& bhSum TRSSAH, %Mntﬁ-@ﬁ@&ﬁ‘dhﬁx{xﬁ-@ﬁﬁotsﬂlﬁat&Qﬁss; apatitd, at ed as

t he vol ume,mean .. matefials of. thi

be. pr esent LPf2R% L‘fﬁﬂ %rlrﬁltg%al%gn gxlesq 183{8?&% v%’lltf Ean%&?er a%&uuf‘s

| east 5% baynd\/cbé mamnalsd:aaalsq cmﬂmﬂpoecﬂeaﬂ‘hedd@mmmh@ads cmcﬁ}wvéﬂmrre but at
oSt Shfo By \ﬁeiolg%r fd?ﬁlefn%ﬁﬂmgysl]ﬁmter %uxéfbﬁ%mwfbm %Qk&y%té%&he

preferredl at no eri ding to
t he above, lﬁcgﬁﬁt‘ﬁf‘eﬁg 3‘6 g&i’“&??’é?‘?ﬁ? 5\1‘@“1@&65’&?‘ fan %ﬂ”‘?*@efﬁ\l?@r?ﬁag]:? t he
heavy 20 #%anB0 ptmdaverinore prefeasdly amailerstiackd joa. Theolizechfthd partidies iact ual

bi nder_Phasgdiboiaihel aiicaahe Lhay L epl B Go e dila 4o B st Daasale d

solution (s or a I npound t hat

i s' cl ose waeAplsf this '@(ﬁ@leb@fﬂiﬁéﬁlﬁﬁ@M quanititieg of aﬂP%?W‘@dWﬁ@é‘}f% Bﬁem‘?l\%er e
Ba, Sri®t catlédns%avdkend@ld evePinotk frefettbdlat Ieﬁﬁ)lo%rbyev@améGﬁQtAi&QSS% H20 i s
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volume in the powdered material.

According to the above, according to an alternative embodiment of the invention, the heavy .
20  atom type or atom types can ir;stead be included in the actual binder pliase in such a way
that they repiace. Ca and go into the solid solution (ss) in the binder phase, or alternatively
form a-compound that is close chémically and/or structurally. Apart from Ca positions
- (where Ba, Sr etc. can replace Ca), solid solution (ss) in e.g, 3Ca0-A12036Hz0 is possible
in HoO positions (whete oxides of Si, Ti, Zr etc. or fluorides can replace F0) and in Al
‘25 positions (where Fe, V, Sn, Bi and.P etc. can replade Al), it being possible to influence.
propertles apart from radiopacity, such as dimensional stability, ‘chemical resistance etc.
posmvely To manufacture the binder phase raw materials are preferably used in this case
that coritain & heavy atom type in the same group as C4 in the periodic system, suitably Ba
and/or Sr, and in addition possibly fluoride. The advantage of this is that the actual binder
30 phase is radiopaque, and that the atoms that provide radiopacity do not interfere with
translucence.



25 positions (where Fe, V, Sn, Bi and P etc. can replace Al), it being
possible to influence, properties apart from radiopacity,1gubfR 386

di mensi _ iLity, chem cal resistance etc. positj T nuf act ure
the bin (?.E?)ﬁag)g;e]z,lgraw materials are preferably used inﬂt‘! F%’mgg@elmt hat
contain a heavy atomtype in the sanme group as Ca in the periodic system
suitably Ba and/or Sr, and in additionépossi bly -fluoride. The advant age
of this is that the actual binder 30 phase is radi opague, and that the
atons that provide radiopacity do not interfere with translucence. 1 7 APR
2006 WD 2004/037215 PCT/ SE2002/ 001480 7 The two variants can naturally

al so be conbined, additives with a heavy atomtype being mxed into the
powdered material together with the binder phase, which binder phase al so
cont ai ns Mhawyo eirixmts oap a4teyally alsbibe chmbinadms ddiiyenwitiBa hetp Atom 18pe beingbe used

to replace.ca i ! J L Y bier phesedehick ¥ingér phash ARACT ty
and trans%ﬁ’tg:%zd_nlgg’ %Fs?ﬁaeé}ggﬁét@'?aﬁe&gjeﬂﬁ%gﬁgFﬁ trr?tg formof fine crystalline
silica (ncoxtsins beays ptamtipe)-Port| and cement (OPC) can be caused to go into
solid solution (ss) in the binder phase, with a view to achieving

di mensional _stability of the _ceram.c .product.. 10 |. i l: .SS) i N
e.g. 3%0&1@@?’@'@@' &% aaeéyﬁ%%&aegauﬁﬁﬁga 2°x %911}%%&%&{@%%%@} &E%I utions
- Wi th i nes sdseng radioparitgiahy transhrcenea theysdmattimegsilican in thedermefifine  t hese can
be used - i | A L& (BPe) UL cafell b SPIM dgdas t hat
are hydr a?’%@mj@%?%u%ngcﬁ@ggk%&ﬁoﬁgggggggﬂt(he é@gr.ee of ﬂy%pin m as
regards t RIUEPRH(sEn e hinder pheserwith & VishdEo PNIAYRE ARENSiFal SR A%, The
powder ed gEhflid odsdtal | further satisfy the requirenments indicated above
for V\g?ul dability arid durability, and be easy to handle in connection with
its ting and  application in a cavity, e.g. a tooth cavity. The ceramc
mat eri al thdrefdutsmté@dn aigs3;2Q-812026H-0 ¢amba prodpesdiie sich a vy thatdhe 088 denands
made on SUghtGhITBKRK irdteafiGRiShddty Lard Ath-RfioMBIg. Thithdss cases RSE dnl be e er red
that the rTgt erial exists in.the form of r .cogB%ct tgatd ha}srga degree of
conpact i oATHFIAEECUSHNASEY WSt RiES osPrige @,Sg’gf’a?s GRS 8o By vol une

sol i d phasensidersbleinereasmsties depet of freetloyn &5regdids thy chaibanfeaw olategialstiade pri or

t o hydk at i QB fk-firf, gﬁéﬂgr such as described in SE 463 493. However, the
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The powdered material shall further satisfy the requirements indicated above for
mouldability and durability, and be easy to handle in connection with its wetting and
application in 4 cavity, e.g. a tooth cavity. The ceramic material formed should also, for

20  dental applications, meet the demands made on such a material according to the above, It is
especially prefeired that the matérial exists in the form of a raw cbmpact that has a degree
of compaction of 40-80% by volurne solid phase, preferably 50-70% by volume solid pha;e
and even more preferredly 55-65% by volume solid phase prior to hydration, in a manner

* such as described in SE 463 493, However, the invéntion is also fully applicable in

25'  connection with a wet-mouldéd material that exists in powder form prior to hydration, such
as the material described in SE 502 987. The material can also contain one ot more
expansion-compensating additivés suitable for giving the ceramic r'naterigl dimensionally
stable long-term attributes, such as described iri SE 514 686. It is genetally the case that
said binder phase co'nsists. at least chiéﬂy of calcium aluminate cement, However, the

30 ° addition of one or mors other cement binder phases to a total amiount of less than 30% by
volume can be used, preferably 1-20% by volume and even more preferredly 1-10% by
volume. Admixtures of ordinary Portland cement (OPC cement) or fine crystalline silica,
which according o the above can possibly be included in so0lid solution in the binder phase,
are used advantageously. Furthermore, it is desirable for the material to have a hardness of



25, connection with a wet-noul ded material that exists in powder formprior
to hydration, such as the material described in SE 502 98% + T, ﬂngerial
can al so contain one or nore expansion-conpensating additives sultable
forgi vi n§VQ Y0¥ ¢ material dinmensionally stabl e | oRGTISER0UR/A€148G but es,
such as described in SE 514 686. It is generally the case that said binder
phase consists at |east chiefly of calciumalumnate cenent. However, the
30 addition of one or nore other cenent Rinder phases to a total anount of
| ess than 30% by vol une can be used, preferably 1-20% by vol une and even
nore preferredly 1-10% by vol une. Adm xtures of ordinary Portland cenent
(OPC cenent) or fine crystalline silica, which according to the above can
possi bly be included in solid solution. in the binder phase, are used

advant ageou r desirable f terial to.haye a '
nar dneas: ot ok SHHEVIBUS Triigrssens astortl Brretbo Y s Hiso et SBady 50 Hv
in the hydredieest IH0FE, preferably at |east 100 HV and even nore preferredly

at |east 140 RV. DETAI LED DESCRI PTI ON OF THE I NVENTION 5 According to one
aspect of the inventi on the b| nder hase of the powdered materi al

consi sts ufPEbAB NTK)M¥bly at | east 80% by wei ght and
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CaO Ali-03 ss q anolgg ﬁagq % i nventio t he bi nder
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preferably e:mﬂlﬁat least 80%0 W elnghtwmcgﬂtAlz@Daml/cpmﬂaé)rAbdb gssht - | east 80% by
wei ght and nost preferredly at |east 90% by weight. Alternatively, the
bi nder phasge of_ .t he powdered naterial .consists nai nI of CaO A12Q3 (ss),
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net hod for lbpnég%lﬂlrﬁ/dg%%ﬂrégﬁ §é%(%gjv‘%(lﬁ/\ger e@x%&’ %‘?ﬁrgqu %t(}ﬁ% ytvgpég stages of : a)
M xi ng r awAdigmstivelysth Pbﬁldﬁfhélatﬂ Qfdhﬁpqw‘@s@ roatatial icoisings Baingnef G40-AkOa (sshit i 0

Co 112, 2 anmmet Ppe o erst i Helghl vhorh il o8 Al A2l ol 1B oo 0 e
than 32. bfr %ZPHI“@ %‘5%’@ d{eﬁ%@ ‘ﬁt@"ﬁ?‘ﬁ E%tl""'S?P a%ewéfe@éﬁf@éﬁe #8Qns in the

vari ous’r asonRgetvebleal s

A first embodiment of the method for manufacturing the powdered material comprises the
stages of:
a) Mixing raw materials for the binder phase containing Ca and Al in a ratio Ca:Al
20 greater than or equal to 1:2.4, preferably greater than or equal to 12 2 and most
preferredly greater than or equal to 1:2, but no greater than 3:2.
b) Mechanically reducing the diffusion paths between atoms in the various raw materials
by pressutizing the raw materials, e.g. through cold 1sostat1c pressing, ata pressure of
10-350 MPa, preferably 50-300 MPa and even more preferredly 150-250 MPa, to form’
25 a pressed powder body,
following which the powder body is finely divided into gramiles, preferably of less
than 1 mm, even more preferredly of less than 0.5 mm and thost préferredly of less
than 0.3 mm in size,
. c) Slntenng the material ata temperature of at least 1200°C to form said binder phase,
30 - which consists mainly of Ca0OAl,O5 (ss) and/or 3Ca0-ALOs (ss),
d) Grinding the material to a particle size of less than 80 pm, preferably less than 30 pm
and even morsé preferredly less than 20 pm, |
e) Mixing the material Wwith any additives,



by pressurizing the raw materials, e.g. through cold |sostat|d ?@ sing, at
a pressure of 10-350 MPa, preferably 50- 300 MPa and even Hh® ‘g erredly
150-250 MPa, to form 25 a pressed powder body, follow nﬁ Whl ch the powder
body is WOOX215 ded i nto granul es, preferably of | esRCT/SEMPNIB oven
nore preferredly of less than 0.5 rrmand nost preferredly of less than 0.3
mmin size, . c) Sintering the material at a tenperature of at |east 1200C
to form said binder phase, 30 . which ®onsists mainly of CaO A12Q8 (ss)
and/ or 3Ca0OAl1203 (as), d.) Ginding the material to a particle size of |ess
than 80 m preferably less than 30 m and even nore preferredly |ess than
20 p.m e) Mxing the material with any additives, 1 7 APR 2006 WO

2004/ 037215 PCT/ SE2002/ 001480 9 f) Pressing the material to forma raw

conpact Wi S 8l GORREGI 4 Q&hégm $H0s B0 dByred 6 doRRbaBEYr of 4D!ER%E,

preferably 50 y volune so ase and even r ferredly 55-65%
by vol une so|b3dvcﬁmgeohd53hpa?em€nr yﬁ%ﬁ%ﬂ@w \HRE s pﬁﬁﬁpﬁ’éteﬁ%m %% d

sintering is'gRfele8N 53L5%sby wolimbkslldptate. 1250C, preferably a m ni mum of
1275C and even nore preferredly.-at |east -1300C but at npst 1600C,

preferably at nost 1550C and even nore preferredly at nost 1360C, for at
| east 25 hoArsydipg &f excalpept atthie mwtiod Aaithsinteringid cawied oWt e THANIUR Pedl y at

east © Mopisyee, %ﬁéﬂrabﬁr'ah Rl o?FﬁﬁC%Bh Yvdhah&te pheraesitiest 153t tHODPO Birtak an

i ncreased tenperature:t '

t
at a t enpePapi}oeo (9 Pé?f%%hma%% & ?%C%gﬁﬁﬁ‘ %ﬂ%b&fﬁgﬁﬁggﬁmﬁzgﬁﬁﬁfg’&% or
manuf act urjeag Ztli&&rsppn\bﬁﬂbﬁﬂhtmm hadrs sheveh sese prefarredlyad &mstof houss) s xi ng r aw

materials for . géla é{}ﬁfﬂexﬁé@tﬁ%&g Bg?éﬂﬁa@% a%&&getﬂe eﬁtﬁr@’cﬂa@xsg@bﬁltbe 15

greater th&n - reate an or equal to 1:2.2
and nokd  priefieg teawlepiuge. e é’fraﬂewmmbﬁfe ynd; 19 @CZ ‘but no greater than
3:1. b) Chemcally reducing the d|ffu5|on pat hs betvveen atons in the

wat er T hansSrBe bAoA A S ot ad T B B
stirring fteskgdbfhours, preferably 2-5 hour s, to

a) Mixing raw materials for the binder phase containing Ca and Al in a ratio Ca:Al

15 greater than or equal to 1:2.4, preferably greater than or equal to 1:2.2 and most
preferredly greater than or equal to 1:2, but no greater than 3:2.

b) * Chemically reducing the diffusion paths between atoms in the various raw matenals by
mixing the raw materials with 2-10 times more water than powder raw material, which
mixture is heated to 30-100°C while stirring for 1-20 hours, preferably 2-5 hours, to

20 form 3Ca0-Al;05-6H,0 in grain shape, following which any dissolved water is_
evaporated at a temperature lower than 250°C, preferably lower than 150°C, even more
preferredly lower than 100°C but at least 50°C,

c) Sintering the materil through heat treatment at a temperature of over 250 C
preferably over 500°C and even more preferredly over 1000°C for at least 15 minutes,

25 preferably at least 1 hotil_'_, the water of crystallization evaporating and said binder
' phase being formed, which consists mainly of Ca0-Al;05 (ss) and/or 3Ca0-ALO; (ss),'

d) Grinding the material to a particle size of less than 80 pm, prgferably less than 30 pm
and even more preferredly less than 20 pm,

e) Mixing the material with any additives,

30 'f) Pressing the material to form a raw compact with a degree of compéction of 40-80%
by volume solid phase, preferably 50-70% by volume solid phase and even more
preferredly’55-65% by volume solid phase.




20" form 3Ca0 Al 2G8. 6H20 i n grain shape, follow ng which any di ssol ved wat er
Is. evaporated at a tenperature | ower than 250C, preferablg BP‘E

t han' 150C, even nore preferredly |ower than 100aC but at gs (g@ c)

Si nt eri WHORMS/O0FEXIEr i al t hrough beat treatment at a teerPé}TéiFGP@/%HSBver
250C, preferably over 500C and even nore preferredly over 1000C for at

| east 15 mnutes, 25 preferably at |east 1 hour, the water

of .crystallization evaporating and sai dipgi nder phase being forned, which
consists mainly of CaO Al 2G3 (ss) and/or 3CaO Al12@3 (SS),* d) Ginding the
material to a particle size of less than 80 m preferably less than 30 m
and even m)re preferred_ly |l ess than 20 m e) Mxing the'material with any
addi ti ves, "f) Pressing the material to forma raw conpact with a degree

of co actlon of 40-80% by vol une soli has r abl 0-70% h voI urre
sol i (rjrp phaséct@ﬁ@ﬂémwp@){ 05@@11@&%16;@%%9%5@56& gaé‘l?’r'aéf" WRtgLis
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mat eri al clomesaithérehy bm:cbmedﬁunewynab@aéﬂ@mn@e@af qr§w .mat eri al

contaiyy ng Ba and/or Sr. 10 In the event that it |s desired to manufacture

a bi nder qg se con sil.icon, ,and/ o ution, the
|

raw nat er Weht t&ﬁ‘tsl 15 egltﬂ ni‘alnﬁgc%‘?:ey%{“ﬁfl?rl P'ﬁ‘&s ‘i°PPé“An 04%?"&“85 i ca)
and/ or Porfluoaide icehidsoluficRGhe Amihateridls oot aldeeontdin fipe cl&s(calllBa siligy, My, Mh
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that contains netals suc I'ron adium titanium zircdnium tin,
bisnuth in solid solution, the raw materials can. also contain oxides,
hydr oxisdedn e e@hithatdf isidasited t6 hruRfatiare & bindér phase that contains metals such as

iron, vanédium, titanium, zircénium, tin, bismuth in solid solution, the raw materials can
also contain oxides, hydroxides or salts of thése elemeérits.

In the event that it is desired to manufacture a binder phase that contains phosphorus in
20  solid solution, the raw materials can also coritain Ca, Ba, Sr-phosphatés and apatites -
including fluorapatite.

Acéording to an aspect of the invention, it is preferred that the matefial regardless of the
embodiment, is ground 1 in stage d and possibly screened so that the matenal has particle
25  sizes of over 3 m, preferably over 2 pp and even mote preferredly over 1 pm and/or
particle sizes under 300 nm, preferably under 200 nm, The particle size is mheasured by
laser diffraction anid the volume-we1ghted mean value is indicated (also called D[4,3]).

Itis preferred from the translucence viewpoint that the raw niaterials for the binder phase
30  havea high whiteness, the whitenéss value preferably exceeding 70, preferably exceeding

74 according ta ASTM B313. The content of transition metals in the powder mixture

should for the samie reason be under 0.5% by weight, preferably under 0.4% by weight.



In the event that it is desired to manufacture a binder phase that contains
phosphorus in 20 solid solution, the raw materials can al 40 ABRt406h Ca,

Ba, Sr-phw §(ﬁh/@§7‘§§s and apatites including fluorapatitepcgSe060Ridong to an
aspect of e Invention, it is preferred that the material, regardl ess of
the enbodinent, is ground in stage d and possibly screened so that the

mat eri al has particle si zes of over 3]@] preferably over.; rn and even
nore preferfedly over 1 pmand/or partitle sizes under 300 am preferably
under 200 nm The particle size is nmeasured by laser diffraction and the
vol ume-wei ghted nmean value is indicated (also called D[4,3]). It is
preferred fromthe translucence viewoint that the raw naterials for the

bi nder phase 30 have a hi gh whiteness, the whiteness val ue preferably
exceedi ng Mﬁqnsle&mcabarybemtpemdrﬁg’tlﬁdbﬁcmlhvﬁboﬁparmi\?he foished opFENiE oNt ent

of transit BB ht j‘ré{ﬁ% gﬂ]@@& E&M@o%sé%ﬂh{bré%feh@@l y@8[Es feason be

under 0.5% /%/) p 4% by weight. 1 7 APR 2006 - WO
2004/ 0372 18"Pa e mere/POTeRsy 9 ucence can be inproved further by a
| ow | evel of porosity of the fini shed ceramic material, preferably a
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wvent1 on, the
ceranmic nactoalesrwhdmeﬁw@ﬁ-9@%rlplt§€eﬂtbéwé%§5%@nﬂ&@ laorterpa?fgrrqﬁbeﬂb%o °@BRG¥s pondi ng
to 35 90%Aﬁh@£aﬁﬁ@%¥ AQ:&M@F&%@M%@ HPRefrablya 126100 B/ §6venawd y. Al
the sane tun ss .of east 50 "HV, preferably at |east 100 HvV and
even nore beé@?@?r %}; ¥ be achieved. 10 To manufacture a filler
material, the nmethod for manuf acture according to the second enbodi nment

can beq ntfd 131 ﬁ&ur@f tﬁ?lfer ﬁ:taf rf?étﬂéci éo?ﬁnam%feaalccd?&mé o ﬁe kiddfai s a

ceranm'C I,.ch can- be used

as an addi thﬁ)éumilt §%‘g@mtermm«?é a@?r SF%F RgAifiles f"é@"é‘aiﬁfé}&ﬁ é%‘? B USe
control | errbdhct | 1€seEa8&)r§1ﬁg wm& ifvegticheWhithedn te aiedaslad atditivedastapee.athei eved

for the f ':L%’Jlngeﬂrﬁ Ega{at E&;&%E%Slflyabe weopirggedqp%@ §as%%9 ﬂB?th@Qeqlgctéc{ fe@frgcgfohﬁ t he

desired
study the whbeetliefeddorthe ﬁémpadmewlmham!@r@n be nost-ﬁea’f?ﬁhmheéqsupe of
cal ci ym algginate, 3 CaOA1203, and its influence on the material’ 20
transl ucence and nechani cal properties,. without regard to radi opaci ty.

EXAMFLE 1

A series of experiments was carried out to study the effect of different procéss parameters

in the manufacture of calcium aluminate, 3Ca0-AL0s, and its influence on the matetial’s
20  translucence and mechanical properties, without regard to radiopacity.

Description of raw materials

Calcium aluminate of the phasee Ca0-Al,0; and Ca0-2A1,0; forming part of e.g, calcium
aluminate cement (Alcoa or alternatively Lafarge) CaO, Ca(OH)z, Al(OH)s, ALOs (Merck).
Examples a) — d) below describe

a) Manufacture 6f 3Ca0Q-Al,Oj3 at high temperature from Ca0 and A1:0;
w Manufacture of 3Ca0-Al,O; at low temperature from Ca0 and AlOx

30 9 Manufacture of 3€a0-Al;O; at high temperature from Ca(OH); and A1(OH);
o Manufacture of 3CaQ-Al,03 at low temperature from Ca(OH), and Al(OH)a

The raw materials were mixed in such proportions that the mol ratio Ca: Al was 3:2.



Description'of raw materials Cal cium alum nate of the phases CaO A1203 and
CaO. 2A1203 form ng part of e.g. calciunh alum nate cenent (Nc
alternatively Lafarge) CaO Ca(OH)2, A (OH)3, A1203 (Merc{l%. 25 Exanpl es a)
- d) beM2WdER1be a) Manufacture of 3CaO Al 203 at hi §RTEEANEOAHE e from
CaO and A1203 b) Manufacture of 3 CaGA1203 at | ow tenperature from CaO and
A1203. 30 Manufacture of 3 CaO Al 2G3 at high tenperature from Ca(OH)i and
Al (OH)3 d) Manufacture of 3 CaOAl1203 at2 | ow tenperature from Ca(OH) 2 and
Al (OH)3 The raw materials were m xed in such proportions that the nol
ratio Ca: Al was 3:2. 1 7 APR 2006 WO 2004/ 037215 PCT/ SE2002/ 001480 12

Fol | ow ng m xi ng, the powder was subjected to cold isostatic pressing in
exanples a) - d) at 250 MPa for a green body. Follow ng pressing, the

green bodi e_dl: | n . . o 5_
exanpl es a oﬁl_o‘@%g nﬁ%@?&e@‘i@ﬁ%@%@%@ég@%lggsof%ﬁfﬂlg%w%h oW hlgégg)flcii)gs: 5
a)* 1000C faR5a MRafr 4 gteen hedy. Bollawigp oressing, shegaesbadiasese STAURE 1o Smgbm
tenper at ur g, s, Thé Békder BBl Geta@iplds A0 welt theyEifteRM 2béhiagite@the12 hours
t hen cool i ﬂ to room tenperature for 1 hour. 10 c) 1000C-for 1 hour
fol | owed b{; QWBEEYFIS 4 hours then cooling to room tenperature for 1 hour.
d) 1006C for 1 hour followed by 1350C for 6 hours then cooling to room
oty o &P 0 RORE 1 kb MAEhEd BAIRRC fof f iy b LML B0 1 N
resul ting phase conposition 1n exanples a-d)  followng~sintering showed
that all the orfEPealry®diddeuhas been converted to .3 CaO Al 208 The powders
in exanpl es 8y A)0VKT Rr §hUPEAlbRedbyPBd J0°0Fdrl 12HotiR théteddolifE tdbofig balls of
silicon nitri ge with a.filling |evel of 35% I|sopropanol was used as the
grinding |iqui ?@%ﬁ%ﬁoﬁ hﬁbr'gri nding, all the powder had a grain size of
| ess tlfan 2Qrm10081Q fonil hguetriipwediby HS0OE farfchoussthemenoling §o ravat i cal raw
conpacts were Radgerdutdiod fogireter of 10 nmand a height of 1

d) 1000°C for 1 hour followed by 1350°C for 6 hours then cooling to room

temperature for 1 hour.

15  Verification (X-ray diffraction) of theé resulting phase composition in examples a-d)
following sintering showed that all the original powder has been converted to 3Ca0-Al,0;

‘The powders in examples a-d) were ground in a ball mill with inert grinding balls of silicon
nitride with a filling level of 35%. Isopropanol was used as the grinding liquid. Following

20  grinding, all the powdeér had a grain sizé of less than 20 um. Following evaporation of the
solvent, cyliridrical faw compacts were made with a diameter of 10 mm and a height of 1
mim, which were wetted with water. The material was then kept moist at 37°C for a week
prior to measurements of translucence. The measurements of translucence were carried out
according to ISO 9917 (100 mesins opaque and 35 to 90 means transhicence). The hardness

25  (Vickers method) of the materia] was measured after one week, The material was compared . .
with a calcium aluminate cement containing the phases CaO-A12Q3 and Ca0-2AL0;
(LaFarge). The phase composition following hydration was also verified (X-ray diffraction |
(XRD)). The results are shown in Table 1. ' '
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The results show that a materia] with increased hardness and improved translucence can be
obtained by manufacturing the raw material for the matetial in a controlled manner with

- EXAMPLE2
‘A series of experiments was carried out to study the effect of different process parameters

10

. controlled phase composition.

in the manufacture of calcium aluminate, CaO-Al;Os, and its _ihﬂuence on the material’s
transluéeniceé and mechanical properties, without regard to radiopagity.

Description of raw materials

15

20

25

‘Calcium aluminate of the phases Ca0-Al;0; and Ca0-2AL,0; forming part of e.g. calcium

aluminate cement (Alcoa or alteratively Lafarge) CaO, Ca(OH),, A1(OH)s, A0 (Merck).

Examples a) ~ d) below describe
" o - Manufacture of GaO-A1;05 at high temperature from Ca0 and Al,03
w Manufacture of CaO-Al,0s at Ioﬁr temperatuire from Ca0 and ALO;

9 Manufacture of CaO-AlLO; at high temperature from Ca(OH), and AI(OH);

d) Manufacture of Ca0-ALO; at low ”cernpefature from Ca(OH); and Al(OH);

The raw materials were niixed in such proportions that the mol ratio Ca:Al 1s

1:2.

Following mixing, the powders were subjected to cold isostatic pressing in

examples a) — d) at 250 MPa to a green body. Following pressing, the green



alum nate cenment' (Alcoa or alternatively Lafarge) CaQ Ca((?H 2, A (OH 3,
A1203 (Merck). 15 Exanples a) - d) bel ow descri be Manuf actiut PG 20080101203

at hi gh\\;(?fmfﬁif%ﬁe from CaO and A1203 b) Manuf act ur ep@OI/SA/MIBO3 at | ow
tenperature froth CaO and A1203 o) Manufacture of CaO Al 203 at high

tenperature fromCa(0OB)2 and Al (OH)3 20 d) Manufacture of CaO Al 203 at | ow
tenperature fromCa(OH)2 and Al (OH)3 T raw materials were m xed in such
proportions that the nol ratio Ca:Al is 1:2. 25 Follow ng m xing, the
powders were subjected to cold isostatic pressing in exanples a) - d) at
250 MPa to a green body. Follow ng pressing, the green 1 7 APR 2006 WO
2004/ 037215 PCT/ SE2002/ 001480 14 bodies were ground into small granules. .
The powder m xtures in exanples a) -_d) re then_ sintered accorndi to the
fol 1 owi ng cycl es: bediesrogeground info $Bal} gqamvlﬁ%@apwdﬂ%‘@%?e (%%’rarsjg't hen

cooling to room EranekahdiRerbOiccirdigito hdfolbwik@@dtlef:or 1 hour fol | oned by
1350C for 12 hours’t cool i to,ro oS E 15 g) 1000C
for 1 hour fol I%vﬂe%oogé?%ﬂ r?@fowﬂdhxgr%é %ﬁggé%w)ﬁé%(gﬁlgggﬁm%enperature
tor-1 hour.. h) 1fpQErdhes fokour. fol | owed by 1350C for 6 hours then cooling
to room 10 tenpesaigie gt Mout elifdiled Y856 CoRE | o bdbodling ks &id on) of the
resul ti'ng phasé’c .rrp05|?| on 1n exanptes:a-d): follow ng sintering showed
that all the ori gtemperaspaderl hess been converted to CaOA1203 15 The powders
i n exanpl es a-%}, VEOEC IS0 EdlloveB k11480790 forvt hburs ien togligtdiregn bal | s of
silicon nitride wt hff'%ff I:] l-ii ng{l evel d35% |sopropanol was used as the
grinding |iquid. “FegRe rﬁ&“ b(j’ ‘nding; all the powder had a grain size of
less than 20 grh) Fo®O°EvbmighouedeilowredblydASS1C fone howrs ieespolindPiroRiRi cal sanpl e
bodi es ywere nmade yy [ . of 1.0 mmand a height of 1 nm which

wer e \?\L/gtted W th %%%FME@I?&O%H al was then kept noist at 37C for a week
20. prior to neasurenents of translucence. The neasurenents of translucence
were carriggifivdtion (X-ray diffraction) of the resulting phase composition in exmples a~d)

foliowing sintering showed that all the original powde; has been _converted to Ca0-ALOs-

15 - 'I‘hé powders in examples a-d) were ground in a ball mill with inert grinding balls of silicon
nitride with a filling level of 35%. Isopropanol was used as the grinding liquid. Following
grinding; all the powder had a grairi size of less than 20 pm. Followitig evaporation of thg
solverit, cylindrical sample bodies were made with a diameter of 10 mm and a height _of 1
mm, which were wetted with water. The material was then kept moist at 37°C for a week

20  prior to easurements of translucence. The measurements of translucenge were carried out
according to ISO 9917 (100 means opaque and 35 to 90 means &aqslucehcé)l The hardness
(Vickers méthod) of the material was rmeasured after one week. The matenals were
compared with a calciuni aluminate cetnent containing the phases CaO-AlOzand = -
Ca0-2A1,05 (LaFarge) with the mol ratio 1:1. The phasé composition following hydration

25  was also verified (X-ray diffraction (XRD)). The results are shown in Table 2.

Table 2 . ,

| Sample . Hardness | Opacity (%) | Phase composition (XRD),
designation HVo: | {Com)  |'ALQs3Hz0:3CaQ-ALO;6H:0
Reference 130 73 7:2. 3
A 175 50 2:1

B 192 49 21
c 174 54 , 2:1
D 180 . |53 2:1




according to I SO 9917 (100 neans opaque and 35 to 90 neans L,rsﬁélzvd@ence).
The hardness (Vickers nethod) of the material was neasured"® r-one week.

The mat aypabeyoserie conpared with a cal cium al um nat e peNBRboR2@A0H4ed NI N t he
phases Ca0O A1203 and Cab-2A1203 (LaFarge) with the nol ratio 1:1. The
phase conposition follow ng hydration 25 was also verified (X-ray
diffraction (XRD)). The results are sho%] in Table 2. Sanpl e Hardness
Qpacity (% Phase conposition (XRD),

desi gnat i onHVO. 1Co. 10- Al 2Q8. 3H2Q 3CaQAl 2C8. 6H20 Ref er encel30737: 2.

A175502: 1 B192492: 1 C174542:1 D180532:1 Table 2 1 7. APR 2006 WO

2004/ 037215 PCT/ SE2002/ 001480 15 The results show that a material with

i ncreased hardness and_inproved translucence can be obtained by
manuf act ur {LAE TesAkS shaw theteenaterial with ingseased kardnass and impeaiied trangtecenpeeamdie wi t h
contr ol | edobRHRE By tia@ik&hrik e RivPABierR RS the Rttt L SondoReSRELRS vafh
experi rrents(gg&ailﬁ arri egi out. .t q.npnuf acture calciumalumnate with a solid
sol ution of CERPQSHRIORL ¥B4B5¢- and its influence on the material's
radi opacity. Description of raw materials 10 Cal ci um al um nate of the
phases £alAd2Qaperd CaO 2A1203 foiming part of e.g. calcium alumnate
cement (Alcoa.or alternatively Lafarge) CaOQ, BaQ, SrO A1203 (Merck). -
Exanpl es a§x serigy) ofisgpesimentscssi demied pub i mamicinre caltiupehominate Jvith ss0fidf r om CaO,
BaO and Ah&slution dfBalshd Isa_(nﬂa@ww(sg)a 2882t HRE%e (chhe eI GaR opiRyand A1203
o

The raw materials were m xed in su proportions that the nol ratio (Ca,
Ba): Al in a) was .
: Description of raw materials

10 Calcium aluminate of the phases CaO-Aizo;;:and Ca0-2AL0; forming part of é.g. calcium
+ aluminate cement (Alcoa or alternatively Lafarge) CaO, BaO, S10, AL:Os (Merck).

Examples a) - b) below describe
a) Manufacture of 3Ca0-Al;O; (3s) from Ca0, BaO and ALO;
15 .b) Minufacture of 3Ca0-ALOs (ss) from CaO, $70 and AL,O;

The raw materials were mixed in such proportions that the mol ratio (Ca, Ba):Al m a) was
3:2 with the mol ratio Ca:Ba 2:1 and (Ca, Sr):Al in b) was 3:2 with the mol ratio Ca:$r 1:1.

20  The powder mixtutes were mixed with 1 part powder and 5 pérts water with sthﬁng and
heating to 75°C. The watér and the powder were mixed for 6 hours. Phase analysis of the
powder formed showed that it consisted completely of 3 CéO-Al;03-6H20 (ss). This powder
was heated up in an oven to 1000°C for 2 hours. Verification (X-ray diﬁ'action) ofthe
resulting phase composition iri examples a-b) following heating showed that all the original

25  powder has been converted to 3Ca0-Al;O3 (ss) - |

The powders in examples a-b) were ground in a ball mill with inert grmdmg balls of silicon
nitridé with a filling level of 35%. Tsopropanol was vised as thé grinding liquid. Following
grinding, all the powder had a grain size of léss thari 20 pm. Fplldvh'ng evaporation of the
30  solvent, cylindrical raw compacts were made with a diameter of 10 mm and a height of 1
mm, which were wetted with water. The material was then keépt moist at 37°C for a week
prior to measuremeérits of radiopacity. The measurements of radiopacity were carried out
according to ANSTVADA Sfaeciﬁ'caﬁon No. 27 (1 fom sample body as opaqiie as 2 mm Al).




3:2with theé rriol ratio Ca:Ba 2:1 and (Ca, Sr):Al in b) was 3:2 with the
not ratio Ca:Sr 1:1. 20 The powder m xtures were m xed with ifbéfﬁ Pnder
and 5 pawc0e@benriaM th stirring and heating to 75C. Thecwstro2/endse he
powder were m xed for 6 hours. Phase analysis of the powder forned showed
that it consisted conpletely of 3 CaOA1203. 6H20 (ss). This powder was
heated up in an oven to 1000C for 2 hours Verification (X ray diffraction)
of the resulting phase conposition in eXxanples a b)-ollow ng heating
showed that all the original 25 powder has been converted to 3 CaOA1203
(SS). The powders in exanples a-b) were ground in a ball mll wth inert
grinding balls of silicon nitride with a filling |level of 35% | sopropanol
was used as the grinding liquid. Follow ng rinding, all the powder had a
grai n si ze T maserial Waﬁomnﬂrgdwwthelcalsmﬁum%&%%m&m% éleséla%eél vent ,

cyl i ndri calCaami,09sRache-208J08 (IERkSd) The eswlisareihetmdd TéBlesm and a hei ght of
1 mm which were wetted with water. The material was then kept noist at
37Cfor a week prior to neasureaierits of radiopacity. The neasurenents of
radi opaci t yTabler3e carried out according to ANSI/ADA Specification No. 27 (1

rnm sanpl g 1S+ que § . ﬁ @ Al).l 1 7 APR 2006 WD 2004/037215
PCT/ SEZOO“,‘S%%%&%%&-f Bicbe —qonpared with a cal cium al um nate
cenent contRefertag t he phasd® CaOA1203 |and CaO. 2Al 208 (Lafarge). The
results arjg shown in Tabl ¢ yd,; Table 3 $anpl e designati onRadi opacity

Ref er encel —S5—Thie_Tesutts—stigw t hat a radi opaque materi al
consi sti ng Byt onl y the bi Jees phase can be obtained using the nethod
accordigg to the invention. 10 EXAIVPLE 4 A series of experinments was

carried out,to nyf act ur e aIC|um nat out|

(3ch0 a1 2Tt S el bl iRt oReeihaioF P <R b B o BF

Descri pti ombmﬁneldamingmhembﬁbéad;ﬁrdﬁagtolthmbmnnnate of the phases CaO A1203
and CaO 2A1203 form ng part of e.g. calcium

10 EXAMPLE 4 .
© A series of experiments was carried out to manufacture calcium aluminate with a solid
solution (3Ca0-Al0s (ss)) and its influence on the material’s radiopacity.

Description of raw materials
15 Calcium aluminate of the phases Ca0-Al,03 and Ca02AL0; fc_;rming part of e.g. calcium
- aluminate cement (Alcoa or altérnatively Lafarge) CaO, CalFo, Ba0, Sr0, Fe;0s, Al03
(Merck). '

Examples a) — ¢) below describe

20 '
: e) Manufacturs of 3Ca0-AL0; (s5) from €20, Ba0 and AlLO;
f) Manufacture of 3Ca0: A1203 (ss) from Ca0, SrO and AL;Os

g) Manufacture of 3Ca0-AL0; (ss) from Ca0, S10, Fe;0; dnd Al,Os

25  The raw materials in the examples were mixed according 10 the mol ratios:
' a) (Ca;Ba):Alas 3:2 with thié¢ mol ratio CaBa 2:1
b) (Ca, Sr):Al as 3:2 with.the mol ratio Ca:Sr 1:1
¢) (Ca, Sr):(AlFe) as 3:2 with the mol ratios Ca:Sr 1:1 and AlFe 5:1



al umi nate cenent’ (AI coa or alternatively Lafarge) CaQ, CaF2, BaQ® ABRQ0I6
Fe2Q3, Exanpl es a) - c) bel ow describe cture of
3 CaO AW{’?&%\@ Yom caO,. BaO and A1203 f) Manufact Jf‘&’%@%‘[ﬁ | 203
(ss) fromCaQ, SrO and A1203 g) Manufacture of 3 Ca(j-Al1203 (ss) from CaQ
SrO Fe203 and A1203 25 The raw materials in the exanples were m xed
according to the nol ratios: a) (Ca, BaJ7Al as 3:2 with the nol ratio
Ca:Ba 2:1 b) (Ca, Sr): Al as 3:2 with.the nol ratio Ca:Sr 1:1 c) (Ca,
Sr):(AlFe) as 3:2 with the nmol ratios Ca:Sr 1:1 and Al:Fe 5:1 1 7 APR 2006
WO 2004/ 037215 PCT/ SE2002/ 001480 17 Fol l owi ng m xi ng, the powder was
subjected to cold i sostatic pressing in exanples a) - c) at 250 MPa for a

green bOdyT}he £ WLy whilGibBERAR El?@is%ﬁaﬁ@ﬁr@ssﬂé?:ﬁ@:&nl soag

granul es ovvde m xt dres | n_exanp en si.nt
accordi ng t&%2 i WW&BO%EMW%W@%M@W&&WW prngynipAEE for 8

hours t hen ganllés)Thé powdee Mibiutes ipStafipleser) -0 wirelbdirsintdfed ad‘cbmig torhd X ray

diff h
S ST TR o e A A
to 3 CaGAlZespambrebrddest.in exanples a-c) were ground in a ball mll with

inert grinding balls of silicon nitride with a filling level of 35%

| sopr opanol use e grinding qU| Fol | owi.ng. grindin all the
powder had %\WQV?P %&mF °§ﬂ’§ﬁe Fﬁﬁ@ﬁ’(ﬂ’ﬁﬁ"’é’@éﬁﬁf“&ﬁﬁg} of the

sol vent, c;tb]lmdmgcsmltermwhmmtaﬂﬂ themg;mi@ewdeﬁﬁas 8eatlicatiirted t3 CAMAROY and a
hei ght of 535 mm which were wetted with water. The material was then kept
noi st at 37(C for a week prior to neasurenents of radiopacity. The

measur éfents of radi opacity were carried out according to ANSUADA

Speci fi cat |1tm puazderaln éﬁla:ﬁpnsfaa@md?e Botid gfa &M&ﬂlﬂﬁmﬁﬁn&t BrindMg balls bAsilie@d er i al
was corrpare at e ce nt..c n| N
CaO Al 208 an E’Shé‘ﬁg ie(’ %"‘f?éﬁ%‘e%mm@ B3t 2 s %&ﬁﬁﬂ?fa;ﬁ@ o%mE o0
Table 4 grinding, all the powder had a grain size of less than 20 pm, Following evaporation of the
solvent, cylindrical raw compacts were made with a diameter of 10 nin and a height of 1
15 mm, which were wetted with water, The material was then kept moist at 37°C for 4 week

prior to measurenients of radiopacity. The measurements of radiopacity were earried out
according to ANSI/ADA Specification No. 27 (1 mm sample body as opaque 23 2 mm Al). -
The material was compared with a calcium aluminate cement containin,g; the phases ‘
Ca0-Al;0s and Ca0-2A1,0; ("La.Farée). The results are shown in Table 4.

20
Table 4
Sample designation | Radiopacity .
Reference No-
A Yes
4B e Yes -
C Yes
The results sliow that a radiopaque material consisting of only the binder phase can be
obtamed using the method according to the invention.
25

EXAMPLE 5
Experiments were carried out to study the effect of the phase composition of the binder
phase on the dev_'elop'ment of hardness with time for the material, without regard to
radiopacity. '

30



Sahpl e desi gnationRadi opacity ReferenceNo AYes CYes The results show that
a radi opaque material consisting of only the binder phase can bé AR 2WP ned
usi ng t heoneddnashig@ccordi ng to the invention. 25 EXAMPLBpdT/dRepeldolRet S wer e
carried out to study the effect of the phase conposition of the binder
phase on the devel opnent of hardness with tine for the material, w thout
regard to radiopacity. 30 1 7 APR 2006 1 WO 2004/ 037215 PCT/ SE2002/ 001480
18 Description of raw materials Cal cium 8l umi nate of the phases
CaO A1203' and Ca0. 2A12Q3 form ng part of e.g. calcium alum nate cenent
(Al coa or alternatively Lafarge). Calciumalum nate cenent of the phase 3
Ca0O A1203 manufactured according to Exanple 1 and cal cium alum nate of the
phase 5 CaO A1203 nanufactured according to Exanple 2. Exanples a) - c¢)
bel ow descmdsaimion thimvhmegnelss as a function of tine for calcium al uminate
consi stin : . : 1 O . 1 The

9 AleikAS1RRAS 96@?@%@% Z—’:géca y a%%%%%st i‘o'}rﬁ{n% éﬁl%g%ﬁf)e.@. g?laglﬁe

har dness as_ a .function o lum alum nate co tin
phase dhsphapaat e

CaQAltinate femeid (ces o1 alteraatively & afasse) dralenmealyminatecorrenta
consi Zt! ng 303&0tﬁ|k1§l)9?aﬁﬁhl _ct@r@dh d etodideBto %;&_im'ﬁlﬁﬂ ww” fix&n!aﬂuﬁiil_ aepris pﬁadﬁ) \'NEL e
ground in al ||~ th.nert. griading balls of silicon nitride with a
filli nggl e?&p%lfo%%“fﬁﬂ%%‘ﬁ‘&&fﬁ%lﬁ%a@ %lE'as the grinding |iquid.
Following grinding, all the powler had a grain size of less than 20 gm
Fol | owi ng W@&'p@ Bl B&cribP! vent, cylindrical sanple bodies were nade.

i th di t g 10 mm and .a hei gh} of . - ,
w ad arg}s .e['{le gardness asa %mctlon oie _tlmge or calmjlim aluminate consisting of the phases
Ca0-Al,0; and Ca0-2A1,05 (reference)

10 b) Thehardness as a function of time for calcium aluminate consisting of the phase
CaO°A1203 '
o The hardness as a function of timé for calcium aluminate consisting of the phase
3Ca0-ALO;, '

15 - The powders in examples a-c) were ground in a ball mill with inert grinding balls of silicon
nitride with a filling level of 35%. Isépropanol was used as the gririding liquid. Following
_gtinding, all the powder had a grain §ize of less than 20 pm. Following gvaporation of the
solvent, cyliridrical sample B_odies were made with a diameter of 10 mm and a height of 1
_mm, which were wetted with water. The matefial was then kept moist at 37°C for a week
20  between measurements of hardness (Vickers method load 100g). Measurements were
carried out after 1, 2, 4, 8 and 16 days. The res‘ults.iar'e shown in Table 5. '

25

Table 5° _ _ . .
Material Hardness 1 | Hardness 2 | Hardness4 | Hardness |Hardness
. lday days . days . _|8days __|16days
A 83 ' 08 117 127 - | 141
B 110 132 150 175 180
1 160 200 | 230, 281 285

The results show that the hardness is developed more rapidly with time due to the fact that
the raw material for the material was manufactured in a controlled manner with controlled
composition of the binder phase. '




mm which were wetted with water. The material was then kept 4pigHR 2006 37C
for a week 20 between neasurenents of hardness (Vickers nethod | oad 100gq).

Measur enEMHEES carried out after 1, 2, 4, 8 and 16 FEIRE2002PAL8) o5y t s,

are shown in table 5. Table 5 Material Hardness | Hardness 2 Hardness

4Har dnessHar dness dayday_s. 6 clays _ A8398117127141 B .110132150175180
C160200230. 281285 25 The results show that the' hardness is devel oped nore
rapidly with tinme due to the fact that the raw material for the materi al
was manufactured in a controlled manner with controlled conposition of the
bi nder phase. 1 7 APR 2006 WO 2004/037215 PCT/ SE2002/ 001480 19 EXAWPLE 6 A
series of experinments was carried out to manufacture inert filler particles

with solid ﬁ%gn (3 CaOA1203.3 Si02. (ss)) and to study their influence
on the.mat]é‘ adi opacity. 5 Description of raw, materials Cal ci um

al um nat e éfEetdsef phpsenGa@il@aidamttcCa@uzhae heftdiller paytiger withfolel g.

cal ci um ' 1 {3 ; h i : r.ge): : Si 02,
SO P03t Ar g0 R3O GOl oRulap iRl ke o8 WIS RaiORERY,
the nol ratios (Ca, Sr): (A, Fe): (Si) 3:2:3 with the not ratio Ca:Sr 1:1,
Al : Fe5:5 abDeksclpfdriafraw Whiidrialkol | om ng m xi ng, the powder was subjected to

col d isostafi:€ Nk i t 250 PR a4 Bree ody. .Fol | ow n r.essing,
the green gat(‘)1 :ﬁtélga lﬁ’éﬁ%{%’f gfjen@aﬁﬁﬁﬁs%g{)? artﬁ, gﬂgﬁgg&" , uﬁ&&%@? cﬂf%r e was
t hen si nt exleminglecomdiirdleca arbberhativebulafarge)Ca@: CaFo(iQ;, Sod, He209uxl0+f ol | oved
by 1480C f@ferékyhours then cooling to roomtenperature for. | hour.
Verification (X-ray diffraction) of the resulting phase conposition in
exanples a-c) following sintering showed that all the original powder has

been cléhveTheaaiw tnarterials were mixed according to the mol ratios (Ca, Sr):(Al, Fe):(Si) 3:2:3 with
the mol ratio Ca:Sr 1:1, Al:Fe-5:1 and Ca0:CaF, 10:1.

Following mixing, the péwder was subjected to cold isostatic pressing at 250 MPa for a
green body. Following pressing, the green bodies were ground irito small granufes. The

15  powder mixture was then sintered according to the following cycle: 1000°C for 1 hour
followed by 1480°C for, 8 hours thén cooling to room temperature for.1 hour.

Verification (X-ray diffraction) of the resulting phase composttion in examples a-c)
follovying sintering showed that all the original powder has been converted to
20  3Ca0-Al038i0; (ss).

The powder was ground together with 70% by volume binder phase consisting of
.3CaO-A1203, manufacturéd according to EXAMPLE 1, in a ball mill with inert grinding
balls of silicon nitride with & filling level of 35%. Isopropanol was used as the grinding -

25 liquid. Following grinding, all the powderhad 2. grain size of less than 20 pm. Following
-evaporation of the solvent, cylindrical raw compacts were niade with a diameter of 10 mm .
and a height of 1 mm, which were wetted with water. The material was then kept moist at
37°C for a week prior to measurements 6f radiopadity. The measurements of radiopaéity

, wete carried out according to ANSVADA Specification No. 27 (1 mm sample body as -

.30  opaque as 2 mm Al). The material was compared with a calcimh aluminate cement

containing the phases Ca0-Al,Os and Ca0-2A1,05 (LaFarge). The results are shown in
Table 6.



20 3Ca0A12(8Si 0.z (ss). The powder was ground together with 70f’bé§xggbne
bi nder phase consisting of 3Ca0A1203, manufactured accordi ng 2 LE 1,
in a bal i1l wth inert grinding balls of silicon nitri i th filling
| evel oﬂbgg@?ﬂ?g%%ropanol was used as the grinding 25 iFi G&%?M%%ngmjng
grinding, allthe powderllad a.grain..size.offess than 20 .pm Foll ow ng
evaporation of the solvent, cylindrical raw conpacts were nmade with

adi anmeter of 10 nm and .a height of 128m which were wetted with
water.'-The material was then kept noist at 37C for a week prior to
measurenents of radiopacity. The neasurenents of radiopacity were carried
out according to ANSI/ADA Specification No. 27 (1 mm sanple body as .30
opaque as 2 nmAl). The material was conpared with a cal cium al um nate
cenment COTHﬁe@ ng the phases CaO A12G3 and Ca0. 2A1203 (Lafarge). The
resul ts agpe—stiowr T Tabffe 617 APR}2006 WO 2004/ 037215 20 Table 6
Sanpl e desp§RfiY eeaEaeH T
results shewrd-Bale a radi opague material can be obtained by causing the

powdered [THTEr al accordig to the rnyention to contain inert particles. 5
The i nventMateRal not resLlﬂ%Eed_L£L4Jua-enbodinents descri bed, but can be
varied wthin the scope of the clains. 1 7 APR 2006 WD 2004/ 037215

PCT/ SE2002/00148 1 | MS,.1. P ; el ' j of which
mai nly con#g tress“‘g? %5%%@9%?9%8%%%%%@?%%% b@"‘%’&@‘éﬁ%ﬁ ﬁéto g’??’%? has t he
capacity f olatesisl acposdingtoesthé mventiontio gorithin dnet Britadesct i ng Wi th the bi nder
phase tg hydrate to it radi opaque and chem cally bonded

The invention is not restricted to the embodiments described, but can be varied within the
scope of the ¢laims, '

0 eNo Mat eri al Yes PCT/ SE2002/ 001480 The




ceramic matérial, characterized in that said binder phase mainly consists
of CaO Al 203 (ss) and/or 3 CaO Al 203 (ss) and that the pomderfgn&pﬁ %u'bal
contains one or nore heavy atomtypes with a density over 5 g ,

expr essewoasod/ize2zdensity for the el enent of the atom tpeasE6RM0R%86d
material according to claim1, characterized in that said binder phase
consists up to at |east 70% by weight, "preferably at |east 86% by wei ght
and even nore preferredly at |east 90% fy wei ght of CaO Al 203 (ss) and/or
3 CaO- Al 203 (ss). 15 3. Powdered rraterig according to claim1l1 or 2,
characterized in that said binder phase mainly consists of 3 CaO Al 203
(ss), preferably up to at |east 70% by wei ght, even nore preferredly at

| east 80% by wei ght and nost.preferredly at | east 90% by wei ght. 4.
Powdered material according to claiml1l or 2, characterized in that said

bi nder pha@@ mai nly consists of CaO Al 203 (as), preferably up to at

| east 70% by wei ght, even nore preferredly at |east 80% by wei ght and nost

pref erredl t l.east 90% we| . S, Powdered material accoydipg to any
of the abo%/?e%épwgfﬁ"?éF‘a?ﬂ}fi%lﬂ?‘}egg%a*ﬂfwgﬁmgﬂéﬁﬁmw _ aaf’tem’?f"f'éaﬁ@?consisis
of one or nos¥sten.omitly pewddared miteria) hosithe chpdcity followdtgssanfration wigh a i@hd Zr, La,
Bi, Sn,s Ta; td.Rs E i L Lf | ' el any of the
above C5| ai ns?éagthuéé?ggtﬁgﬁ %dgﬁ?%éstgﬁalfﬁws{o%ﬁ@?ﬁue%hgQl‘(r;e‘rﬁﬁ%ﬂ e élg%jl tives that
contai n t he- AFAWF BeHk: sectnzed ipihatypid dmdauphapemainksaasistsoé Ce@etliG= i ndex
i ndvi si bl e | (sghand/draiCalenl,0f @6) 2aM ﬂ&gt/tﬁmaf Rvdtlﬁafmgrm @cgrﬁw gﬁor@ﬁ% hgdﬁyIO%
and even nor s o rom refractiye i ndex .he

bi nder phasgtoﬁl%%g%‘&%g%ﬁﬁnga °E%§§Z°’Psewasﬁsfae“&,ﬁe depsy %lﬁia‘?‘? ‘%9‘@5’88# g'ieer abl y
consi sting oftom®Pass, nost preferredly a silicate glass. 1 7 APR 2006 WO

2004/ 037215 PCT/ SE2002/ 001480 22 7. Powdered material according to any of

t he above _cl gi. haracterized in that the heavy  atqomtype or atomtypes
are preseft ? ?]vrvrg%?(f a‘a{f&ﬁfﬁ%‘aﬁme & ;iainh 1+ qharagiererdrin fhahsad bider phasrapnsisom
type or at onvp torsdeast Ei%e bpbikight; predératily atleadt 80%dbyoreiginaad besniodt om types in
group 2 in therpelivagids %4 6y : JADHE ferr VaicQnalst i ng of Ba
and/ or Sr, QQMi cﬁ,ch?ul F‘SS/%({% paggﬁyﬁ;{%a-gggg(s&&dgort?’ﬁgbﬁ?’l n@f‘e&g)phase. 8.
Powdered .materi al according to any of the above clains, characterized:in

t hat 45| i corPowdedédimafetibloicbating LEcIRneS 82, dhira&igdited if Babitdi®@BindsSHhaid) t he
bi nder phas CrmamBf @ofngirs@ l%lf¥CL(9Ar12@'3v (ss), preferably up to at least 70% by weight, evén more
preferredly at least 80% by weight and most preferredly at least 90% by weight.

4. Powdered material according to claim 1 or 2, characterized in that said binder phase -
20 - mainly consists of CaO-ALOs (s5), preferably up to at least 70% by weight, even more
preferredly at least 80% by weight and most preferredly at least 90% by weight,

5. Powdered material according to any of the above claims, characterized in that said
heavy atom type consists of one or more atom types in the group that consists 6f V, Fe,
25 21, La, Bi, Sn, Ta, Zn, Ba and/or Sr.

6. Powdered material according to any of the above claims, characterized in that it
corlt'ain.s one or more additives that contain ﬂie:'heavy atom type or atom types and that
have a refractive index in visible light that deviates by at most 15%, preferably at most

30 10% and even more preferredly at most 5% from the refractive index of the binder -
phase when the binder phase is hydrated, said additives preferably consisting of a glass,
most preferredly a silicate glass.



material ih'the formof fine crystalline silica and/or Portlangaﬁj lint
and/or fluorides of 10 Na, My, WMh, Ca; Sr or Ba. 9. Powder & al
accordiQQOE&lﬁgﬁlpf t he above cIalnB characterized |np&hghmh%8&H&pnd/or
phosphorus™are present in solid squtlon (ss) in the binder

preferably in raw material in the formof iron oxides, iron hydroxi des or
salt of iron and/or 15 phosphorus in the form of phosphates of Ca, Ba, Sr
or as apatites, preferably fluorapati?22. . io. Powdered nateri al
according to any of the above clains, characterized in that it contains
non- hydrated inert material, preferably of the type 3Ca0 A1203-X (ss), in
20 which X consists of an oxide or fluoride. 11. Powdered materi al
according to any of the above cIainB characterized in that it is present

vol une fsgf"-’nd%‘ﬁges%@mafeg‘?p%?’d D R e
vol une- i b u Y,

25 preferredf HSQPBS rg%?PT’EPSBK%é‘gu“%Z(SS%%%QB@g I phesetheheavy :
accordi ng t oatayighe hﬂt&bcmms Pleftably coﬁmmgtoéona@dnmrahehgrtatoxﬁ typos mpresent in
| oose powder t

mRnuf act ur 6 5{0%5@219&13 siyE g BTt ofnBle Bttty chueiifld g Sl

consi st>s of # omgtébreﬁgaﬁ@e@qmvthebmdqmmr ed mat eri al has the capacity

following saturation with a liquid réacting vvlth t he bi nder phase to

hydrate to a,radi chemcal on cer mc mat.er i e

char act er |gze]d)°%'§ cﬂ@%@pg@aggordmg to fnf’?O bWG Btézféi% psilicon

PCT/ SE2002/ OeridigOucaide Memesgn’rmwohﬂoéutwal(ss)ﬁmﬁebhﬁer Ihhamj@ref@’ab]yen et ai ni ng
Ca and Al inpgeefiaf i'n‘%hé:i%nﬁ*' of 515 BNk B QR Sdy Jp%eae&a@ Bﬁae%%ky

gr eat er t han_or_e preferr y greate an or equal
to 1: 29 put N&%&Aﬁe@aﬁhﬁh Ba: 2. p) Phy5| cally reducing diffusion paths
betvveen atons in the various raw materials, 5 c¢) Si nterlng the material at

of Ca0 AL303 %‘@5?@ A e 3 B B RS B Sl PRS2 Y
fol | owi ng st aRgéorphpsnhamsisreqergsant insolid mlumn (@%)én the bimtes phdse aurefezabbnint ypes
W th a densijay @uLfialin HeFEn of¥BH 8588Ira® hydiExidE bt sl oford &fl/or -
15 = phosphorus in the form of phosphates of Ca, Ba, Sroras apautes preferably
flnorapatite. .

10. Powdered material according to any of the above claims, characterized in that it
contains non-hydrated inert material, preferably of the type 3Ca0-A1,05X (ss), in
20 ‘which X consists of an oxide or flaoride.

11. Powdered material according to any of the above 'claim'si characterized in that it is
present in the form of a raw compact that has a degree of compaction of 40-80% by
volume solid phase, preferably 50-70% by volumie solid phase and even more

25 prefetredly 55-65% by volume solid phase: .

12. Powdered material according o any of the above claims, characterized in thiat it is
present in loose powder form or in the forrn of granules.

30  13. Method for the manufacture of a powdered material, the binder phase of which mainly
_consists of a cemhent-based system, which powdered material has the capacity following
saturation with a liquid ieactiqg with the binder phase to hydrate to a radiopaque and
chemically bonded ceramic material, charaoterized by the ‘stalges_ of: '



el ement of the atomtype. 10 14. Method according to claim 13
characterized in that said diffusion paths are. reduced rrec ter
chem cally. 15. Method according to claim 13, characterized | n t at t

di ffusi ofp PRLAS 284 © reduced 15 nechanically in stage p?T SERF8601180 NCI ud| ng
pressurizing of the raw material; preferably through co c{ I sostatic

pressing, at a pressure of 1.0- 350 MPa, preferably 50-300 MPa and even
nore preferredly 150-250 MPa, to form ng of a pressed powder body,
fol l owi ng whi ch the powder body is preférably finely divided into granul es,
preferably of less than 1 nm even nore preferredly |l ess than 0.5 mm and
nost pieferredly less 20 than 0.3 mmin size. 16. Method according to
claim 15, characterized in that said sintering in stage cis executed at at
| east 1200C, preferably at |east 1250C and even nore pieferredly at |east

1275C and "ggg\maggﬁwrﬁ&bﬂawfm 'tl%’iﬁde%ﬁ@&@mxﬁh&hm@mmémiﬁ@@ﬁo @ralerably at
25 nost 1.5 an

f t j t-Z
nQ T ors, . pr oreRa Gelada E 24 RO AEEL I brdiare bl | Teos %
hours, said si Eﬂﬁbdlggrda’feeﬂﬁhabb%abmlmmmgdadrbynﬁt?-yl ng at an :jncr eased
t t ng t

enperat ur erl?g tgaﬂ;‘y nggu&?}lﬁ@#[}go?he 3t t%éhr fomsH tﬂg varfdak Wnﬁ%ﬁrs Ing to

claim 13, si on %aé?gp rg}ll%de ulg‘:e emcally

in stage b, ctSigtsring theanaieriahat amiinereased femngeig wifl Bindegp %%e’d?’%f’ rabl y

Co " pref or abl y R T St ar ably e 20 mxﬁ“re vop, mor e
y Wi

preferred y 2-HemgpLn sfage Fﬁ?cﬁ{f’%@%"ﬂfi gflg‘gx&&?;ﬁﬁ)gﬂtfﬁ%loﬁﬁ%ozfg ??1 any

di ssol ved wat elfeairgathm typdRRvB00ENSINEV20 6 4/ @F 7epsesFedms drodusitn oie o 24

preferably eva gperature |ower than 250C, preferably | ower
than 150C, evéei%ﬁ%%?eth%trae efyﬁedly | ower than 100C, but at |east 50C. 18.
Met hodoaccordl ng to claim17, characterized in that said sintering in stage

cis 5 exqutimthal ascotERPRY cMitir1S, ciatateerzb) thetrseklalifiision petieaze BGIGGdand even
nor e preferredl%ﬁl elg 0 0C for at |east 15 m nutes, preferably at least 1
hour, water of® YN CFRPOh evapor ati ng.

-15. Method accordmg to claim 13, characterized in that the diffision paths are reduced
15 mechanically in stage b, stage b including pressurizing of the raw material; preferably
“through cold isostatic pressmg, ata pressure of 10-350 MPa, preferably 50-300 MPa
" and even more preferredly 150-250 MPa, to forming ofa pressed powder body;
following which the powder body is préferably finely divide_d into granules, preferably
of less than 1 mm, even riore preferredly less than 0.5 mm ahd_most preferredly less
20 than 0.3 mm in size. ' . ‘

16. Method according to claim 15, characterized in that said sin’teﬁng in stage cis
execirted at at least 1200°C, preferably at least 1250°C and even more preferredly at
least 1275°C and most preferredly at ledst 1300°C, but at most 1600°C preferably at

25 most 1550°C and even more preferredly at most 1360°C forat least. 2 hours,
preferably at least 4 hours and even more preferredly at least 6 hours said smtenng
preferably being preceded by drying at an increased tempera’mre below the sintering
temperature.

| 30 17. Method according to claim 13, characterized in that the diffusion paths are reduced
chemically in stage b, stage b including mixing of the raw materials with preferably 2-
10 times more water than powdered raw material, which mixture is hea’;;ad to
preferably 30-100°C with stirring for preferably 1-20 hours, even more preferredly 2-5
hours, to form 3Ca0-Al,056H;0 (ss), following which any dissolved water is



19. Method according to any *of clainms 13-1.8, characterized i tﬂgﬁ

raw matg containing Ca and Al in stage a consi st one of
the raw Qﬂ?‘lerlzaqs in the group that consists of powdel’r%terdﬁ-‘féa%9 bﬁ%

Ca(OH)2 and CaCO3 and at | east one of 'the raw materials in the group t hat
consi sts of powdered A1203, A1203 'H20, AIC13 and Al (Orl)3. 15 20. Method
according to any of clainms 13-19, char@dterized in that said heavy atom
type consists of one or nore atomtypes in the group that consists of Zr,
La, Ta, Zn, Ba and/or Sr. 21. Method according to any of clains 13-20,
characterized in that up to 100% preferably 20 20-50% of the raw
material containing Ca in stage a is exchanged for a raw nmaterial or raw

mat er Idal S CO@E&bﬁbl@%vgﬁ@atg? aﬁ%ﬁx féﬁﬂ'?’ I&W&Eiahms@‘@ bfbfﬂ’ﬁlﬂy qu?erﬂia&t t he 5
periodic sy refera erj r rials containing Ba
and/ or Sr. gggﬁfﬁ 8’&?(?6? ?W%%O%cqg’ Jf“&te}i@{g&fe characterized in

that the raw materials in 25 stage a also contain fine crystalline silica

(m crosi | &%gM&ﬁgdr %%?@?{gtzéogﬂbﬂncl@)"af},}ac@e?& ﬁﬁhat'\éﬁfd%ﬂaﬁng‘iﬂéﬁbé'& ;’ aﬂg of

clains 13
materidhl is gresutadat etqnmtuqe@ibev@%(lcﬁrefe@bb abiean SO0 Fang eesnamatsl v | ess

than 30 m apefevally 60 0PI°EBF sicedsy 15 afsutéshpiRf: dyﬁtrleasaph&ﬁlr whfet bpd
according to on%llof claims 13 or 23, characterize foll ow n§ stage c or

d, a stage: zation. e@PPRFNg-s i xed with additives, preferably containing
one or nore addltlves that contain the heavy atomtype or atomtypes and

that prefes aMéﬂaé’tPéé%oﬂ;ﬂg?B LACHE e,/lsu&s % ﬁf@nﬁ &&Qflsfaﬁh%zeﬂéatenas

PCT/-SE2002/ 001480 In visib at devi ates st 15%
pref efdibl y afoMa@ing aafageeéﬁn%%a %aémt%er@awa&'tm%s%swhswppomthe
refractive i ﬂﬁexormfststdf@obﬁdeﬂﬂl(:am&elz, ChOR); fitl CACOMdRPRES ons ofhd ki ed,

Sicare ol acR bRl el RN oot 250y, ARRPRRO AR S Y *

char act eri zedl&EDsf ol | owi ng stage d ore,

15 20 Method according to any of claims 13-19, characterized in that said heavy atom type
consists of one or mare atorm types in the group that consists of Zr, La, Ta, Zn, Ba
and/or Sr.

21, Method according to any of claims 13-20, chara.cterized in that up to 100%, preferably
20 20-50%, of the raw material contammg Cain stage a is exchanged for a raw matérial
or raw materials containing one or more heavy atom types in group 2in the penodlc
system, preferably a raw material or raw materials containing Ba and/or Sr.

22. Method accordihg to any of claims 13-21, characterized in that the raw materials in -
25 ~ stagea also contdin fine crystalline silica _(:_r;ic;os_ili_ca) and/or Portland cement (OPC).

23. Method according to any of claims 13-22, characterized by, following stage c, a stage: .

d) 'jche material is ground to a particle size of less than 80 pm, preferably less than 30
. pm and even more preferredly less than 20 p.m
30
24, Method according to one of claims 13 or 23, characterized by, following stage ¢ or d,
 astage: . ' | .

e) the material is mixed with additives, preferably {;ontaining one or more additives
that contain the heavy atorn type or atom types and that préferably have a reﬁ'acﬁve



a stage: f)ithe material is pressed to a raw conpact with a degree of
conmpaction of 40-80% by volune solid phase, preferably 5 0- 749 lAVRvqume
solid phase and even nore 10 preferredly 55-65% by vol unme solid phase.

26. Radi Qrpspegosaps chenical ly bonded ceramic material, lt@gspjomhg@hase- of
which mainly consists of a cenment-based system preferably for dental

purposes, characterized in that said binder phase has a nol ratio A1200H20
(s9) to 15 3Ca0 Al 2@8. 6H20 (ss) of a maximum of 2:1, preferably |ess than
1:5 and even nore, preferredly less thanh 1:10, and that the material also
contains one or nore heavy atom types with a density over 5 g/cn8,
expressed as the density of the elenent ofthe atom typé. 20 27. Ceram c

mat erial according to claim 26, characterized in that it has transl ucence
corresponding to 35-90% preferably 40-85% and even nore pr erredly 50- 80%
opacity. 28. Cademiwvisthledrghtthabdaytatasibigt msw,@refeﬂaﬂw%meﬁiz % and

char acteri zed Lanthak phdrediafly & M5t ba smmeaacavemxmwmaarﬁm ably at
| east 100 MV and even m)re prefer%gq(yaélg ‘42 Fij OE{ %Q % a1ra

mat eri al accor WheRythedindenphase is hyd pq BYFSP PIARIY CpRsisiae 813 BEi%,

material in pabstprfrredly BsilidtteFss.A ceranic material obtai ned by hydrati ng
a povvdeged mat eri al according to any of clains 1 to 12.

25. Method according to one of claims 23 or 24, characterized by, following stage d or e,
a stage: '
f) the material is pressed to a raw compact with a degree of compaction of 40-80% by
yolume solid phase, preferably 50-70% by volume solid phase and even more
10 ﬁrefer’rédly 55-65% by volume solid phase. .

26. Radiopaque and chemically bonded ceramic material, the binder phase of which
mainly consists of a cement-based system, preferably for dental purposes,
_ chara¢terized in that said binder phase has a mol ratio ALO33H;0 (s8) 10
15 3Ca0-Alz03'6H20 (5s) of a maxirum of 2:1, préferably less than 1:5 and even more
preferredly less than 1:10; and that the material also contains one or more heavy atom
types with a density over 5 g/om’, expressed as the density of the element of the atom .

type.

20 27. Ceramic material according to claim 26, characterized in that it has translucence
corre'si:onding 10 35-90%, preferably 40-85% and even more prefefredly 50-80%

opacity.

28, Ceramic material according to any of claimis 26-27, characterized in that ithasa
25 hardness of at least 50 MV, preferably at least 100 MV and éven more preferredly at
least 140 MYV.

29. Ceramic materid] according to claim 26, characterized in that it is a filler material in
particle form.
30
30. A ceramic material obtained by hydrating a powdered material according to any

of claims 1 to 12.



