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WO 2005/084611 PCT/EP2005/002196 - 1 5 Filled, polymerizable dental
material and process for 10 the production thereof The invention relates
to a filled and polymerizable dental material, and to a process for the
préRluzfien /DB detéof. Various dental materials are usedfgrprostetico 2196
preservative and preventive dentistry. These also include "composites”,
which contain one or more filling 20 materials in a resin matrix. The fillers
impart the desired mechanical properties to the dental materials; these
include the rheology in the processing phase and mechanical properties
such as hardness or abrasion resistance in the cured state. It has already
been 25 proposed (WO-A-020 92 022) to improve the mechanical
properties of dental materials by addition of nanoscale fillers. The
nanofillers disclosed in the specification mentioned are produced by a
very complicated plasma torch process (PVS). 30 The present invention
is based on the object of creating filled and polymerizable dental
materials and also a process for the production thereof, where the dental

materialegan heRredyced inexpensively apdhave 3p good ggggggiscalfor

properties such as, for example, comgr,esswe strength and abrasion
resistance. The inventiofr AhRY8EHH5 BBect B F#€dns of a filled 2 and

polymerizable dental material which contains: a) an organic binder, b) a
nanoscale filler which has the following 5 features: at least 50% by

' 9 [ icularly preferabl
waldht, rgferanly At least 600 by weight and parficularly Preteray & b1e
dental material, and to a process for the production
thereof.

Various dental materials are used for prosthetic,
preservative and preventive dentistry. These also
include "composites", which contain one or more filling
materials in a resin matrix. The fillers impart the
desired mechanical properties to the dental materials;
these include the rheology in the processing phase and
mechanical properties such as hardness or abrasion
resistance in the cured state. It has already been
proposed (WO-A-020 92 022) to improve the mechanical
properties of dental materials by addition of nanoscale
fillers. The nanofillers disclosed in the specification
mentioned are produced by a very complicated plasma

torch process (PVS).

The present invention 1is based on the object of
creating filled and polymerizable dental materials and
also a process for the production thereof, where the
dental materials can be produced inexpensively and have
good mechanical properties such as, for example,

compressive strength and abrasion resistance.

The invention achieves this object by means of a filled

and polymerizable dental material which contains:
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least 80% by weight of the nanoparticles have 10 a particle diameter of

less than 200 nm, preferably less than 150 or 100 nm, at least 20 particle
number%, preferably at least 30 particle number%, preferably at least 40
particle number% and particularly 15 preferably at least 50 particle

number%, of the nanoparticles are aggregated patrticles, c) at least one
inorganic and/or organic filler selected from the group consisting of a

ground 20 filer bavjag adneanparticle size between 0.2 um and 50 gm

and a spherical filler having a mean patrticle size between 0.1 gm and 50
gm. The process according to the invention for the 25 production of such

a dental’Matérial' a8 fiefoflowirig: s8eps: Writdking availableof: Bolalpari ng
organic bindégza2)arsat least partially agglomerated and/or aggregated
nanoscale filler, 35 a3) an agent for the organic surface modification of

the organic filler a2), a4) at least one inorganic and/or organic filler

selected from th& gﬁtﬁﬁ)s-%- chifsisting Hea gRound BNeLRaaRd 8 méanl east

particle size betW&erP@.2ypmand 5@ @mancta spherical. fileelaviega, at

mean particle sizg between @, pﬂé@ﬁ@ltS 3¢ PPLD) ﬁéﬁxﬁgﬁ%‘ei have

organic surface modlf%%altlé)?eo é{we filler a2) using the agent a3); 10 c

incorporation of th& Strfase-odiftiéd RaTdscalé fille? Fito thedrgarit® nm.
binder until at [B&St 5084 Jreferalsly bl feast 60Ys; furtiegr nm,

- at least 20 particle number$, preferably at
least 30 particle number%, preferably at
least 40 particle number% and particularly
preferably at least 50 particle number%, of

the nanoparticles are aggregated particles,

c) at least one inorganic and/or organic filler
selected from the group consisting of a ground
filler having a mean particle size between
0.2 pum and 50 um and a spherical filler having

a mean particle size between 0.1 um and 50 um.

The process according to the invention for the

production of such a dental material has the following
steps:

a) making available of:
al) an organic binder,

a2) an at least partially agglomerated

and/or aggregated nanoscale filler,

a3) an agent for the organic surface

modification of the organic filler a2),

a4) at least one inorganic and/or organic

filler selected from the group
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preferably at least 80%, of the nanoscale filler has a particle diameter of

less than 15 200 nm, preferably less than 150 or 100 nm; d) incorporation

of the filler a4) into the organic binder; 20 where the steps c¢) and d) can

be carried out in any desired sequencesor_simultaneously and where step

b) is carried out before or simultaneously to the steps ¢) and/or d). 25

The core of the inventionis cembirationt ofan dnexpensivelyl ebtaihableng a

nanoscale.filler.defineqlghﬁn.o}g%ggt@gj@fe.@tyg%b)kgg%ghl.vw&ba um  and
further (micro)filler- d(—:glgled in morﬁ]detall in feature c) of claim 1. ,
Nanoparticles can be prepated by the Sol°gel 30" protess. in tHis prodedsd 2
alkoxysilanes are hydrdfzed &ad tHeC stanslsAermestareccondensedim  and
relatively slowly to gives manpparticles. Essentially, only "primary particles”
35 having a very uniform size distribution result. The process is very
expensive, as the particles have to be prepared completely from silanes. -
4 The flAheSRTONHEPrébHrafich CFSIRAE &cig i TiReRiseckhiowrmat ion of
Primary particles ifi ihé emnexange tan likewisesesultdmwre. under the
reaction conditions of flame pyrolysis, however, to a large part 5
--agglomegates" or "agg%]ra;tgates" result from the primary patrticles. The

|

term aggrégates Yed ¢S Partitles I W ¢S ol RioHE bfifhanpnoscale
particles areabséeintedwith bhe amotbenby mbansiefstrongitionds suchast

as, for. example, sinteykricgespAgglomerates axe particlesyjn 10 which., -
two or more primar ticles and/qr aggregates are gssociated with one

another by n%!aené%fgéﬁﬁive@%weaﬁ%%gﬁds &0ch as,30r exdlfiplenancscale
hydrogen britigés ®F dipdfe-dipoRatetsdionsl iene isle, irrdggfegates than

200 nm, preferably less than 150 or 100 nm;

d) incorporation of the filler a4) into the

organic binder;

where the steps c¢) and d) can be carried out in any
desired sequence or simultaneously and where step b) is
carried out before or simultaneously to the steps <)
and/or d).

The core of the invention is combination of an
inexpensively obtainable nanoscale filler defined in
more detail in feature b) of claim 1 with a further
(micro) filler defined in more detail in Ffeature c) of
claim 1. Nanoparticles can be prepared by the sol-gel
process.

In this process, alkoxysilanes are hydrolyzed and the
silanols formed are condensed relatively slowly to give
nanoparticles. Essentially, only "primary particles"
having a wvery uniform size distribution result. The
process 1is very expensive, as the particles have to be

prepared completely from silanes.
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the primary particles are connected to one another 15 superficially, in
agglomerates as a rule rather point- like connections exist, i.e. the contact
surfaces are comparatively small. The aggregates and/or agglomerates
formed from the 20 primary particles are markedly larger than the primary
particles, such that the flow behavior of an organic matrix containing such
fillekgis donsiderabiyo influencedoeworsenesh 255Fhe mventor has®iow i s

re@@g@kzleg éhaan%t@atiggpffqmaﬁ@ﬁrtg%&g{\&%@@%&@%@%&%%@%jecan
. agglomerate r aggregated, it is never ‘ 10,
Ztr%gggjl feri ajf?év?r}ﬁ g%od%ﬁggﬁan%%ﬁ pIopETties Préferably tfiese ©f

entaf?na’ferla
agdrefiated oPBDRgGidiAeratedfillery are first organically sufacgre  part
modﬁ@ﬁdwékﬁﬂﬁﬁqu@ﬂwﬂ@gg@@gﬁ@@gﬁoyg%@ﬂﬁnEerd%ﬁg %r%ﬁary
a tes an gregates being destroye . the incorporation to the

e%%ﬁﬁ% gtg Iéagtﬁ%‘% ymwéaﬁf%ﬁﬁz en%l?/n g pe)agr/%i%iréas%%%e %aﬁgrfi giess o
diEMETEr §985 [REs NREFLOU ABR@EEIE AT AGcording t6 Mo picdesd with

explainegrintrhere detail belawy. The ing@mﬁﬁ@th9§>@8@ws§h@WS&?%f, for

ingxpepsive stafting.materials for, the panascale filler and nevertheless

ackﬁ(—:‘\%@)sszL that the dental mateggi,als acc%%&%g?g%g inventionthave the J-_ "
L

adVantageoli] propeRRESmPARERBY n&RSchte fifer ST/ SatticiAigiregates
meERarfiesiqsroperiésyAciording tathetinwention, thesmanoscalediller S/ely

aceoiding i featuse b) is sill partly aggregated, enamipimum amoynt of
th(ginarioepgéticlgigeﬁ{lggér%gncoge detail in the claim are aggregated cates
particles in which two oF More primary patticled ahdfbf aggtomerdEscar

cofifected BystionPrEsEs: It the ease of veryel® smallrimaneparicteshe r

theuaggregatesican, alsastilgbaveanarticle diameterof dess1han 100 9%+
like connections exist, i.e. the contact surfaces are

comparatively small.

The aggregates and/or agglomerates formed from the
primary particles are markedly larger than the primary
particles, such that the flow behavior of an organic
matrix containing such fillers is considerably

influenced or worgened.

The invention has now recognized that, gstarting from
fillers in which nanoscale primary particles are
agglomerated and/or aggregated, it is nevertheless
possible to arrive at a dental material having good
mechanical properties. Preferably, these aggregated or
agglomerated fillers are first organically surface-
modified and subsequently incorporated into the organic
binder, agglomerates and aggregates being destroyed by
the incorporation to the extent that at least 50% by
weight of the nanoparticles have a particle diameter of
less than 100 nm (determined according to the process
explained in wmore detail below). The invention thus
allows the use of inexpensive starting materials for
the nanoscale filler and nevertheless achieves that the

dental materials according to the invention have the
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frequently, however, such aggregates exceed the indicated limit of the
particle diameter of 100 nm. 15 The invention has thus recognized that a
partial aggregation of the primary particles of the nanofiller does not or

only insignificantly adversely affects the; advantageous properties of a
nanoscale filler and that the complicated preparation of nanofillers
consistingz2G:only obprimanyparticlesnifar-example/by-thesobgek fillers
procesy).can;be dispensed,with. Eillefs such.as, Jy example, silicon

dioxide obtained by flame pyrolysis have nanoscale primary particles 25
which are held together in relatively large aggregates and/or agglomerates
btk Bysticry aggregaté forces(imrpartioular sinter bonds) andiweakfiller

agglomesatedorees. Theqrecessyaccouingte the invention is based an. .5
th@ reealization thiatutr)xy rgechancical [ co%)oratlon of such 30fillerSintoan

“ e ARJERP Brokef wnd gt tned in

=) 1 m moLl O
organic banTér?he agglomere{%e bonds a ‘
adiytegateDomils ardpariie brokeaTsuehehat attertetindorperationlibe  in
filet hais thepatameters:definethinfeatyre by obthe LM,  The,graanic s e s
surface maodification aB%?rcg@% (t)%fgea%%% 35.b) of claim, 16 causes fresh

. 9n. Fhe qgse oL, very
agglomeration of primary particles or aggregates/agglomerates after the .
incBipoTatRIn i theRFGATHE Hiftrer F616e 2589 THER bRganiesurfakeo still
modifieation careintpiarticulardiesanesilanizatidh expdaiged ipHaere degail nm;

belowy-Rreferably, the prganic surfage mogification infroduges ﬁ%@!lpsthe

onto the surface of the nanoscale fillers which ‘CanTeact chemically with
thjénérégﬁf:ceb%ngéfn 6‘%5&% & Wigk &ffinity ¥6r thiBRERT KihdeéP 5 The

dental material according to the invention contains at least one further

filleteaccordiag to teatura of haim 1. Ehisgan hea groynd fillerora . ;o1

S@¥g¥§$ation of the primary particles of the nanofiller
does not or only insignificantly adversely affects the
advantageous properties of a nanoscale filler and that
the complicated preparation of nanofillers consisting
only of primary particles (for example by the sol-gel

process) can be dispensed with.

Fillers such as, for example, silicon dioxide obtained
by flame pyrolysis have nanoscale primary particles
which are held together in relatively large aggregates
and/or agglomerates both by strong aggregate forces (in
particular sinter bonds) and weak agglomerate forces.
The process according to the invention is based on the
realization that by mechanical incorporation of such
fillers into an organic binder the agglomerate bonds
are largely broken and the aggregate bonds are partly
broken, such that after the incorporation the filler
has the parameters defined in feature b) of the claim.
The organic surface modification according to feature
b) of claim 16 causes fresh agglomeration of primary
particles or aggregates/agglomerates atter the
incorporation into the organic binder to cease. This
organic surface modification can in particular be a

silanization explained in more detail below.
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filler (for example a spherical filler as described in 10 DE-C 32 47 800) in
each case having particle sizes defined in more detail. Both spherical and
ground fillers have characteristic particle shapes, which differ markedly
from the partly aggregated nano- particles according to feature b).

Nanoscale primary 15 particles can have a similar particle shape to

sphierical fillers actorlinyrodeature o), bat diffes dhatkesty: isrparticle sizece s

The investion makes avajlable adeptal material which, ;20 in;spite of 15 oy
inexpensive productian, hl?f ood mechanical properties. Advantageous
embodiments ofctH S |O’éJ a"%t‘irﬁdi &d ShRE Shb&aTE Clams Pise 2

he inv
AiétionTreferied 2Brproportiopsdsnweight ofitte organic binder,
nanoscale filler or of the additional filler according to feature c) of claim I.

T rima rticle.size of the .nanoscale filler, 30 according to the .
e R DaWEE e o SRR Detesaiay betidi & HAR arf Bb° 11

invention is between 1 nm-and 80 nmi, pre .
nffandtaaticRafy preferssly bétwesh @ARPaTH BO niw Theataroscale of
filteradccordingTtoithe inzentios has aB&Insurface asga (@ecardipgie PINa1

661 DI twee /9.35 and 600 mz/g, preferabl .
bgt]—\t/i/i(iieghaOé\rkng?/ﬁg)z:?ngofZ Ié g%nzgg ga%%erga%r%u ar?yl%r%gragﬁy bcg?ﬁggﬁ%%d i

m27g and’ 200°rh2/§°07 ThE n&ifsdeal& fiiérs BRployed aecoriimbto thézes
irbentiosdre preferatihe metdalt sehimetabohmixethenetahoxidesd ground

sifigatesaitrides. sulfates, tHanales s zifcongies.sfannates,fyngstates ar, )
a ii%(%uegg of %ﬁgg}% 5diompcr)¢1nds. Thzﬁgrou consisting of the semimetals,

whosé properties (especially” SBpeardiice EieétricAC 8GR RAy) IlRano-
bEfvderCthoSe GIIRETRERAR aha théepommetals) inclidezbombe siliconmary

geumadiuls@rsefita, have a similar particle shape to
spherical fillers according to feature c¢), but differ

markedly in particle size.

The invention makes available a dental material which,

in spite of inexpensive production, has good mechanical

propertieg,

Advantageous embodiments of the invention are indicated
in the subclaims. Claims 2 to 4 mention preferred
proportions by weight of the organic binder, nanoscale
filler or of the additional filler according to feature
c) of claim 1.

The mean primary particle size of the nanoscale filler
according to the invention is between 1 nm and 80 nm,
preferably between 4 nm and 60 nm and particularly
preferably between 6 nm and 50 nm. The nanoscale filler
according to the invention has a BET surface area
(according to DIN 66131 or DIN ISO 9277) between 15 n@/g
and 600 m’/g, preferably between 30 m*/g and 500 m?/g

and particularly ©preferably Dbetween 50 m*/g and
400 m*/g.
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antimony, bismuth, selenium, tellurium and polonium 10 (cf. Rompp

Chemie Lexikon [Rompp's Chemical Encyclo- paedia], Georg Thieme
Verlag, 1990, p. 1711) . The group consisting of the metals can be found

in the periodic table left of the group censisting of the semimetals, i.e.
includes the main group metals, subgroup metals, 15 lanthanides and
actisidesnAndthe term rhixetemetal exideopitrite, etccisitdbey to  the

undeestaodhere-as: meaning.a,ehemical.compound.in; which at lgast two, _ 5
mmeet'%lls and/or Cfemimetzils Ct:o%ether with the. corresponding nonmetal

anlpna(%xi%}éf“nﬁr&f’de, Btc} are Db combined With oﬁ%%&ﬁ&'ch@ﬁé&@?es'
Theltrd3cale filleisemployed dcebting toethe dnventioiarenparticulaye se
peeferably silicon diexideyraluminum-exide, iZIifgonll@@ dioxide, é'&é‘ﬂlr!i%tal s,
digxi 25.7] ide, tin dioxide, cerium oxide, aluminum-siljcon oxides,

s%ﬁé%%in%%%%%i |gon{jezsfr%%ﬁ%uﬁ%%idggpf?gnrgﬁ &s an theelreCtrlcal

MRS Wit SHidon diokides iigiah ddREcand fheimixiies With silidork he
dioxides tandéor tinrdidxide sbarendiityide igtiersidm %&fﬂt&r&%b@ri%senic,
shifatenstrontiur filgnate, barium ditanate, ?9%‘9%?5%%&%21%9“%%'f%‘nium
Zlrcaonate, magnesium zlrconate,, calcium ZJI’COFIBIG, strontlum Zlrconate,
bz{lﬁ%m AArEHAte, SOGMNT tuRGAIES Foot BRSIRP tng Statd fiadnedRifyclo-
tinfstate) calGienrungstatee 38estrbagumitangstate andfarbariunhe group
]Elc’fifigﬁia@t bTbh@e%EOC@ﬁé agearding te the ig%fﬂ%%%n?eb%}gl NANASGAlS s odi
[ S.are ine Ispersing commercially o | , ,
a%%%égeate%?%glogm%ggiqeeg mano —+a ~fiférs Fs%%ﬁ%s For exfimpiemimetals,
pyréyenitSicidadids)nim dredrgaris solvemsind lorgaricallyrmogifyimg als,
themwome theisufaeedDusipg thisqrganicanadifieation;: dunctiqnal GHOURS + 41
age applied fo;the.syrface of the 5;nanopartigles which, on the one,hand,
are either

meaning a chemical compound in which at least two
metals and/or semimetals together with the
corresponding nonmetal anion (oxide, nitride, etc.) are

combined with one another chemically.

The nanoscale fillers employed according to the
invention are particularly preferably silicon dioxide,
aluminum oxide, =zirconium dioxide, titanium dioxide,
zinc oxide, tin dioxide, cerium oxide, aluminum-silicon
oxides, silicon-zinc oxides, sgilicon-zirconium oxides,
iron oxides and their mixtures with silicon dioxide,
indium oxides and their mixtures with silicon dioxide
and/or tin dioxide, boron nitride, strontium sulfate,

barium sulfate, strontium titanate, barium titanate,

sodium zlirconate, potassium zlrconate, magnesium
zirconate, calcium zirconate, strontium zirconate,
barium zirconate, sodium tungstate, potassium
tungstate, magnesium tungstate, calcium tungstate,

strontium tungstate and/or barium tungstate.

In the process according to the invention, these
nanoscale fillers are obtained by dispersing

commercially obtainable, aggregated/agglomerated nano-
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covalently bonded or adsorptively bound to the nanoparticles and which,

on the other hand, can react chemically with the organic binder or have a
high affinity for the organic binder. In the further steps, 1.0 the dispersion

of the modified nanofillers in the solvent is used directly or preferably the
solvent is stripped off and then the dry nanopowder is incorporated into
theiorgemie birderhThe prganic susfapemodificatiparcan alsa beicarried dg)
outdlieethy L intbe iganisbinger. Broeans oS PIACEINE, chen on
S%FBQSII’]@ tC% ar%glomerate_s and in some cases aggregates ar

yconimimuted Yo titfexteht’that at REESE58%, 207 steferably taton

ermanently
Eeﬁ%@@%cdmlpa@tmm preferablyralt i kedst 80%r bkthesnarfeparticteS the
gy saton 15 oL aghioved: Lo, atleact 209 —preranly at st 308"
deaggregation is npt achieved, i.e. at leas 0, preferably a 0,
pr%?%%%%na%gast %86}0 grgd 25’ [j)fartic%gasrﬁffﬁ)r%fé\-fﬁﬁw at RSP 809 56t thethe
nAdelaraEles ate aggredatet ivarticlesn Theorganiesmodificationofthereact
surfacei oktheyaggtegated/agglameratad napotilers is preferably. 3Q, nign
caftiedhout by HieatRg Witk A lloxans, i%?é%(;%’(.ss't'fg]r?’ D reps,

ur
zirconate, tungstate or wi n organic acli as are descri

v

exafiplel iTPRr Bis8y 081), artttgamieticid eRlorida e Bhhjedde. The the
sifoxanestchicrosilbmés, Gilazands; itanates;s¥nezicgonatesand gwjlg,s;?t@s is

ot ref ly h the ral f ulae Si (OR' nR4§i dR4 ), .
?gr%%%g%zl? %?Ti oa%%i nR41?rlﬁQ§r (OEQF 1R4f§;%d W)lfd“F?' O@éan“f e
Where i aAd RIS 1, 2°0r3; pretérabRF Basio3. T gfdup RIEGndedrgmnic
- GaRED i919dst Bsdntthetase® of Rsanyidesired pligahicfunctiohakct 1y
gtiaups Herefarablyian alkylareup and particularly preferably a

By means of thisg procedure, surprisingly the
agglomerates and in some cases aggregates are
permanently comminuted to the extent that at least 50%,

preferably at least 60% and particularly preferably at

least 80%, of the nanoparticles have a particle
diameter of less than 100 nm. However, complete
deaggregation is not achieved, i.e. at least 20%,
preferably at least 30%, preferably at least 40% and
particularly preferably at least 50%, of the

nanoparticles are aggregated particles.

The organic modification of the surface of the
aggregated/agglomerated nanofillers is preferably
carried out by treating with a siloxane, chlorosgilane,
silazane, titanate, zirconate, tungstate or with an
organic acid (such as are described, for example, in US
6,387,981), an organic acid chloride or anhydride. The
giloxanes, chlorogilanes, silazanes, titanates,

zirconates and tungstates particularly preferably have

the general formulae S1(OR" ) sRuun, S1iCl,R4.n,
(ReR’ " 3.uS1)2NH, Ti(OR’)gRu-n, Zr (OR" ) 4R4n and W(OR') nRg-n,
where m and n is 1, 2 or 3; preferably, n is = 3. The

group R’ bonded via the oxygen is, just as in the case
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methyl, ethyl, propyl or isopropyl group. The functional group R is any
desired organic group and is 5 directly bonded to the silicon, titanium,
zirconium or tungsten via a carbon atom. If mor nis 1 or 2, the groups R
can be identical or different. R is preferably selected such that it has one

or more functional groups which can react chemically with the organic
bindler ot 10, haveashigh &ffinity<dr thecorganicbindenndhese functiopalup,

gfaupsareralso santaineghin gz%@;poxgmegggﬁ%eim@ag%ﬁ%b1y a
chlorl § and actnho%grldes which gan likewise be employed for organic

surtace modific They*arepreferably acr&%?@ﬁ@ﬁﬁ%tha&jﬂﬁ@ The
cydmsackprate, agrramide, hiethaoryldaide svinyd ralyh epogideyoxetare, i s

vilyk-ethary amineiarid; acidiestesjacid chloride: phosphate s rconium or
Dégﬁg@cre%tewegosghl%e t%ol alcghol ar} or |so%yanateé;roups The che
f

byproducts formed In t organic Surface Modification 5f the °F 2
nanBHiRTs Fsuchr a8Sfot eg&rhprea hlceohok AjamenloricRicidsorpreferably
asmheniagdresterhovadhio the skibseqtient stepsexeegtfar possible groups

residues (ippurities).d.e o confained ronI contai
|n small amounts of stO I%/%%{%gvyggh?jé ergély a 0r 5% b }éy v%elgél in

the 4&ntal nitt&fial 61‘50%113&&&}6@50,& fulthér aBvaRtadEoud bpHsH of tReese
ifiErEibh9stHe orgaviopsodification of tiessurfacecoftthe madofillets, 30 the

withodyase it this ease, thegroup R oa‘é@agomp%mc!ausegﬁq Sthegurface, 4

ification compr adye o afncton ro hich can react with a
3%/%% Icﬁﬁlé]ondln“%cl)fgﬁe aée to ﬁe%ﬁ?fé@e%? u‘ﬁgviéﬁ' s £aR ta‘?ggamc

piaceFaR bmhﬁé%%maleﬂ‘h@ﬁd arteby B5rheanbbianacniylate,
boadhEhe gdlvent in which the epgarie suyfage anodification 0&@1’%/1 amide,
Qﬁé‘@ﬂg@f‘ﬁgﬁl rigd Oulfo'rB/[?ferabiyl P olar acg) rOthe ,OIV&QE ane, vinyl

parthcularly preferably acetohe
er, amino, ac1d acid egter, acid chloride,

phosphate, phosphonatei, phosphite, thiol, alcohol
and/or isocyanate groups. The byproducts formed in the
organic surface modification of the nanofillers, such
as, for example, alcohols, hydrochloric acid or
ammonia, are removed in the subsequent steps except for
possible residues (impurities), i.e. they are no longer
contained or only contained in small amounts of < 0.1%

by weight, preferably =< 0.05% by weight, in the dental
material produced later.

A further advantageous option of the invention is the
organic modification of the surface of the nanofillers
with dyes. In this case, the group R of the compound
used for the surface modification comprises a dye or a
functional group which can react with a dye. The
bonding of the dye to the surface of the nanofillers
can take place both by means of a covalent bond and by

meang of an ionic bond.

The solvent in which the organic surface modification
of the nanofillers is carried out is preferably a polar

aprotic solvent and particularly preferably acetone,
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- 10 butanone, ethyl acetate, methyl isobutyl ketone, tetrahydrofuutran or
diisopropyl ether. Furthemore, the direct organic surface modification of

the nanofiliers in the organic binder to be used for the production of 5 the
dental. materials is a particularly prefefrgd. procedure. In this case, the
organic binder is the solvent to be used. For the acceleration of the

oRjinic suEface modifitationcsftthe manofilers;ah acidwainhe, addeckasac |

ca@%@ﬂpm&@@@nca‘s@ly@%@y?Gg»pcg;flloev&%@&r prefgably between )
0, jlg/%gpd 05:%/0 must bsedorgg%nt in o §r, to carry out the modification. _
i OS5 an 5a50fbatedn theSuAared prLers

This water Is gﬁgﬁ_‘ alréady preseft as
the'aggtBgatedragdglomerated nanofiffersigsed doa sthingsolistancen of

Fohassistingthe reactiosy further. lisswater, e alse-imtheform gla rerreq
dilyte acid,.can be added. In order to accelerate the disintegration of the
a%glomerates and Iz}lggre asltesclﬁ%ﬁé orgga%r?lc Solvent 20 u%gi{ﬁ The 1S the

organi€8lrt&& Mvdiigafion FrforeshPad g meaifiedtionan organic
additibrakenerdy input cannbe cartied atdmusingithe eustamary metheds: be
Thisgan carr t ex | s of a_high-speed stirrer, a
disolver,%a%beg d@rﬁf%qryggnixe%ﬁg%ﬁg églé%é 0# t eaﬁg et(_g»[')fc re%rﬂc\)/gﬁ}ts of
highTy \lfichlfse%& gﬁ?tgy tHE TY B prftied proceddre, FESFarkeuRiEFent
thelorgaffeirider Fused directly hs a sotent. db theorganicikinder ie poti s
used as aspheit e Aganc bileqio bewsad.canbe flledlreciiplg. .
e qrganic solvent with the dispersion e organically modifie

nggofi %fg In A1 case, %Ct{e? %%ﬁ/%?\ %rs?ﬁﬁged%%]tﬁ(?%?epﬁrsﬁﬁn 6 @
17 Fhixtte of BREEHE BdeF and afgsiicallyom sdiied erariofitter, orfoniyc he r
dusingthe later.useloi¢hei 35 narofileddental matgrial;dbedattef is can be
Pagiguarly

In order to accelerate the disintegration of the
agglomerates and aggregates in the organic solvent
during the organic surface modification, before and
during the modification an additional energy input can
be carried out using the customary methods. This can be
carried out, for example, by means of a high-speed
stirrer, a dissolver, a bead mill or a mixer. In the
case of the use of relatively highly viscous solvents,
this 1is the preferred procedure, i.e. particularly if
the organic binder is used directly as a solvent. If
the organic binder is not used as a solvent, the
organic binder to be used can be filled directly into
the organic solvent with the dispersion of the
organically modified nanofiller. In this case, the
solvent 1is stripped off after the preparation of the
mixture of organic binder and organically modified
nanofiller or only during the later use of the
nanofilled dental material. The latter is particularly
a practicable procedure in the case of solvent-
containing lacquers based on the dental materials
according to the invention. Preferably, the organically

modified nanofiller 1s freed of the solvent and
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a practicable procedure in the case of solvent- containing lacquers based

on the dental materials according to the invention. Preferably, the
organically modified nanofiller is freed of the solvent and - 11 .

processed further as a dry powder..n+this case, the dry organically

modified nanopowder is then added to the organic binder and

-Hcotperated Vit ieeharfical 2enérgy inputdEhe inGorpatation cambe the
carried ouforn s examplechy means gk abigh;speed stirrer, a dissalvers
ahead B‘%aﬁrg mﬂ)ligéggadaer or a.rzrlﬂxer. In the cg{se of the use of |
relatively highly viscous Solvents and iy partictfar itthe'case of fie et e
1Bt theordanic BifdérasBPssiadriton cam hapgerctiat podsibles, for
exgessesandior unreacted Pastsiof dhe Gorappuadused:for thewrganic e

surfgeg magification of the nanofillers gannot be removed from the
dispersion. In this casé), the prefe'rre%l pr%%g tre is that thegs 15 possible

excesses and/or unreacted parts of the compound used for the organic
strfacemodificatiorrdf theenansfilerstare-ednuettediby reaefionwithia cous

sysableragentintp syhstances which are then,gither, remoyed tt,r#(gn 0 ot
dis ersi%n Q else can re.mai&jn the 20 dispersion if they are inoffensive,

i.e. hot harm T, Tiars. BaftuIafly frefPretdtocedite i thehgawen
of biter R Agent WhHichds esactenittr possibie axedssesang/oof  the
m&gﬁad@aﬁ?%eﬁthﬁﬁame&%ndd%%hi@ t@%g@@@é:d ' %l@f?(jic;ation of
ITl ! nanortilers € organic_binder employeq is a )
g)%npgﬁykg%%ir%%(é%e%*ng %ﬁm er &‘ecrlgjrrY;)e&n EohicH CortainB fregton -
raBicdiPpSlyntéable BRa/oPEsTsHiGS apd/oramionicals3othat these

pohyaekizable groups aad/or graupswhichalloyeewing pymeansofa the
congensation.andior addition reagtion . and/or by means, of anacid:base .
rgggNﬁhQ&gé%Tﬂ%%@dsare converted by reaction with a
suitable agent into substances which are then either
removed from the dispersion or else can remain in the
dispersion if they are inoffensive, i.e. not harmful,
to humans. A particularly preferred procedure 1is the
use of water as an agent which is reacted with possible
excesses and/or unreacted parts of the compound used
for the organic surface modification of the

nancfillers.

The organic binder employed is a compound or a mixture
of a number of compounds which contains free radical-
polymerizable and/or cationically and/or anionically
polymerizable groups and/or groups which allow curing
by means of a condensation and/or addition reaction
and/or by means of an acid-base reaction. The compoundsg
consist of a phosphazene-based, silicon-based or
organic (carbon-based) parent structure and at least
one functional group, which is bonded to thisg parent
structure and which allows curing which proceeds by
means of a free radical and/or cationic and/or anionic
polymerization reaction and/or by means of a

condensation and/or addition reaction and/or by means
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consist of a phosphazene-based, silicon-based or organic (carbon-based)
parent structure and at least 35 one functional group, which. is bonded to
this parent structure and which allows curing which proceeds by means

of a free radical and/or cationic and/or.anionic polymerization reaction
and/or by means of a condensation and/or addition reaction and/or by
nfeans? 12 céfcarPacid-base esaction- Thesesfurictional groups areups  are

pfﬁfélf&kﬂ‘}éﬁ@l&wate a@@ﬁhﬁ@ﬂéate CWW@a%rylamg@anoacryl ate,

meth ﬁ%ﬂ"& e, vin I epoxide oxetane vinyl ethe ino, acid, .
acid gster aC|g SCﬁﬁ)rag’e¥ p{f)l%sp gte phosp gﬁdte p&h{ s%Tlrte th%Pdee

aR6HOR ARd/ori4G0ante JFdups ATHE Reid, a@idoster cirtl agrteloridecid
geolipsccatehe dph\ne@kfatexamp[eoégﬁmﬁaﬁwxyll@a@@@fﬂhﬁaspmﬂﬁlol ,
a&@éoHBQSFH}?é'Fo?C'q% 8E§lé anig, agg§ Q The{) parent steucture. %gnes or

of linear, branched, cyclic, dendritic and/or hyper ranc ed donstruction.

The a?é:rﬁ%trﬁ%?é? LR b8 B BRoMEC, BigoRtarit s polyfierie*ample ,
sfrueture CEévehgmical stractiise of theokp parent stractide js consirstech i c

from gliphatics gyelern aliphaticsheterocyclic, aromatic and/or hetero-
aromatic segments. One or more functional groups can be contained

within the aliphatic, cycloaliphatic, heterocyclic, aromatic and/or
hef&roalmiaittseghiems £ 120fe.g CR, -5 SOP£-SORLANRL-, -PRExnched,

-B{RRY)s ; POBelndrB@i@\l?rléénd@o%o((ﬂﬁ )egbéggcg&pz w&rEQ-Crrion.
-ERl O-NR 2%%%%55?3 and SklieR 0m2> vhere 25 R1% jI—Jr%ome}'ﬁlc e
dRer¥EDTg&nic ?&d-"eai‘—bﬁeraﬁ}ﬂan GhsibsaRted BF SUBSER a;w%y| dehe

apfiradicalst ructure is constructed from aliphatic, cyclo-
aliphatic, heterocyclic, aromatic and/or hetero-
aromatic segments. One or more functional groups can be
contained within the aliphatic, cycloaliphatic,
heterocyclic, aromatic and/or hetercaromatic segments,

e.g.

-0~, -8-, -80-, =-80;-, -NR*-, -PR*-, -P(ORY) -, -POR'-
~-PO (OR*) -, -0-PO(OR*) -0O-, -CO-,

-CO2-, 0-CO-0-, -COS-, -C83~, -C=N-, -N=C=N-, -CO(NRY) -,
0-CO-NR'-, -NR'-CO-NR?-, -SiR'R*- and/or -SiR'R*-0-, where

R* =H or any desired organic radical, preferably an
unsubstituted or substituted

alkyl or aryl radical
R* =H or any desired organic radical, preferably an
unsubstituted or substituted

alkyl or aryl radical; identical to or different

from R.

If aliphatic segments are contained in the parent
structure, these are preferably derived from
substituted (e.g. halogenated) and unsubstituted alkyl
and alkenyl compounds, ethers, esters, carbonates,
urethanes, polyethers, polyesters, polycarbonates and

polyurethanes.
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R2 =H or any desired organic radical, preferably an unsubstituted or
substituted 30 alkyl or aryl radical; identical to or different from R". If

aliphatic segments are contained in the parent structure, these are
preferably derived from 35 substituted,(e.g. halogenated) and

unsubstituted alkyl and alkenyl compounds, ethers, esters, carbonates,
uréthanes,lpelyethess; polyestenspolycarbonates: anch epdlyliietharesoa rent
13; df-cyclopliphatic segments age-contained 4n fhe parent slructyre, these,

are preferably derived from substituted (e.g. halogenated) and .
bLHB l%éld\{ et ? %ﬁ%@?ﬁ?%&gﬁ?ple, &Refbhexahs dha et ed

unsu %ﬁtu cycloa Kares (su
detivatives) spirans(@uch assfor exampleirspire, [3:3iheptasmedand &id its
amémlvaxcii@efwrocg@mr{%uch Ascfor %Zmp!?@ﬁecgmnlgc;@%prngggm-
noygar. inane, adamantane, twistane and diamantane).
hggfo%?g)gggn%%n%naénm%%ﬁta%ﬁﬁj iﬁ(#%g %%?egﬁtcs?rﬁéﬁ S iesd e (SuCh
praferably 8&rived iR Lsubstitdeerkig: halogenier)and unsubstitaedkne,,
cyclodexerinsdangpholines and iminoexadiazinedienes: 45df aromatic
segments are contained in the parent structure, these are preferably

derived from substituted (e.g. halogenated) and unsubstituted benzenes
(shth &€ 6 SRS berERE M oueRE S pHstiel i ahd biphenyparent
arid fusetmrematic rihg 20 systems (sughrassfosieXampledindened from

fluprene,; paphthaleng, .??naphti‘%&{em@é%e“e’ &_qgnan%@&stitut ed
n%prgﬁa ne. pyrene an cgr sene). If heteroaromatic segments_are
cor\ﬂ,am%%eelﬁ{eihe parent 2% f?él&tﬂ?es RSk AP preraiativ derved Hams -

substituted (e.g. halogenated) and unsubstituted pyrroles, furans,
thicpheaesnpindoles, berg@furans, are contained in the parent

structure, these are preferably derived from
substituted (e.qg. halogenated) and unsubstituted
benzenes (such as, for example, benzene, toluene,

phencl, aniline and biphenyl) and fused aromatic ring
systems (such as, for example, indene, fluorene,
naphthalene, acenaphthene, anthracene, phenanthrene,

naphthacene, pyrene and chrysene).

If hetercaromatic segments are contained in the parent
structure, these are preferably derived from
substituted (e.g. halogenated) and unsubstituted
pyrroles, furans, thiophenes, indoles, benzofurans,
benzothiophenes, dibenzofurans, dibenzothiophenes,

pyrazoles, imidazoles, pyridines, pyrans, thiopyrans

and quinolines.

As an organic binder, a liquid crystalline compound or
a mixture of a number of compounds, of which at least
one is liquid crystalline, can also be employed which
contains free radical-polymerizable and/or cationically
and/or anionically polymerizable groups and/or groups
which allow curing by means of a condensation and/or
addition reaction and/or by means of an acid-base

reaction.
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benzothiophenes, dibenzofurans, dibenzothiophenes, pyrazoles,

imidazoles, pyridines, pyrans, thiopyrans 30 and quinolines. As an

organic binder, a liquid crystalline compound or a mixture of a number of
compounds, of which at least one is liggid crystalline, can also be

employed which 35 contains free radical-polymerizable and/or cationically
afd/druariidrically polysmerizablergroups aingd/or lgeoups ewhich adlovi tuting de
by meansiof ascendensation and/or, addition reaction and/or by means of ¢

an acid-bas(f reac%ion. 14 A fur hir referred opt-on its the use o fluoride,
S O W

ion-releasing ¢onvpoufi lo?% mixturé 8Fa nifber 6 compéinifs, Gfwhiche
ateBst oreScatrreleaga=1corbdadens, wWsiamor@adichinderWhiclrontains
ad@éi@naﬂr;aagﬁt?in@@1r§ﬂé@%ilﬁabm@yn&@fd¥,6@ie'd/ %Qé%%@_ﬂﬁai%@&}y and/or
and/or anignically mer-ta roups_and/or groups which_allow curi

by mearhs (()gf a??ongegr%aﬁﬁ%ﬁlazn%%readgiﬁgﬁ pr%ac%ﬁ%%%/o?ﬁrf i eséns"figfg(:h
af il 38 RGN, TRABOr@dni@bireRAE RRAlAtes, mMethaerylardi tion
acrytamites, methaerylamides; vinyb ethers sepoxidess coxetanres, on .
spiroorthocarbonates, spiroorthoesters, bicyclic orthoesters, bicyclic
monolactones, bicyclic bislactones, cyclic carbonates, cyclic acetals, allyl

153ulfidés” Yty cloprpaAES rganiciosphatss, orgdifchacrylates,
phesphonaicks: Drganictplosphitesibdascombimation etthese conpaunidies
aesxpadielarly pretasably emplayed-Nofresticting genarality, $e0€sters,
examplep are mepfigned below: 25 Moty melacaie sl picyelic
(miﬁacry%te, A--Or 1= propy! (methagiytate, e R ettt €Y
abry/fatd RO tmetR)aehylate 2 EBRIRSGE Met)= htrylates yslbhexyh 1 1yl
(mathjaciytate, ischotpyldmeth) aspdates hydroxyethyli@eth)gepdBates,
h%%@%%@@pylphosphonates, organic phosphites or a
combination of these compounds are particularly
preferably employed. Not restricting generality, some
examples are mentioned below:

methyl (meth)acrylate, ethyl (meth)acrylate, n- or i-
propyl (meth)acrylate, n-, i- or tert-butyl (meth)-
acrylate, hexyl (meth)acrylate, 2-ethylhexyl (meth)-
acrylate, cyclohexyl (meth)acrylate, isobornyl (meth)-
acrylate, Thydroxyethyl (meth)acrylate, hydroxypropyl
(meth)acrylate, phosphoric acid esters of hydroxyethyl
(meth)acrylate or hydroxypropyl (meth)acrylate, (meth)-
acrylic acid, malonic acid mono(meth)acrylate ester,
succinic acid mono(meth)acrylate ester, maleic acid
mono (meth)acrylate ester, glyceryl (meth)acrylate,
glyceryl (meth)acrylate ester, glyceryl di (meth) -

acrylate, glyceryl di(meth)acrylate ester (such as, for

example, glyceryl di(meth)acrylate succinate), 4 -
(meth)acryloyloxyethyltrimellitic acid, big-4,6~ or
bis-2,5-(meth)acryloyloxyethyltrimellitic acid, 2-

(((alkylamino) carbonyl)oxy)ethyl (meth)acrylate, allyl
(meth)acrylate, butanediol di (meth)acrylate, hexanediol
di (meth)acrylate, decanediol di (meth)acrylate,
dodecanediol di (meth)acrylate, ethylene glycol
di(meth)acrylate, diethylene glycol di(meth)acrylate,
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25 (meth)acrylate, phosphoric acid esters of hydroxyethyl (meth)acrylate

or hydroxypropyl (meth)acrylate, (meth)-- acrylic acid, malonic acid
mono(meth)acrylate ester, succinic acid mono(meth)acrylate ester,

maleic acid mono(meth)acrylate ester, glyceryl (meth)acrylate, 30 glyceryl
(meth)acrylate ester, glyceryl di(meth)- acrylate, glyceryl di(meth)acrylate
estét tSuehlendor example, glyceryinditmethyacryiate succinate)aé<hylene
(@QW@QM0y|0>@§WétEimeé|EmCA%Qis'4,6' golyethylene glycol
bi 72(.%é(@h§th ajg:}r}xlgyélogeth rlgrlme!m acid, 2 35 . cerol
(@lkylamino)carbonyhoxy)ethyl (reth)actyIdts. iy A et btrylate: Y .
b&tareehio! eiimets)aenasatey hekanedioi difrhethjacrylaiedevanediol tri-
di(m@tmaatw@teaw@decan@@i@b@&m@ﬁg%‘crylatlgn@th%@ng ?#?@po}ﬁyl alt ed
diimeth)agrylate, di ne glycol di(meth)acrylate, triethylene glyca
d:tg(meth)aé;lifL gtfe}f%g%%%%yle%%l g?%éﬁ%ﬁa rﬁé@%ﬁ%reﬁate, %8@@?@%@%@43 ttol
glycorF 3 RYRAHERT Glyceryl GiRrsthRriaterglyeérol  hexa (meth) -
propoxyari{meth)ackytateririmethylolgtopanertyido(mathacrylates hoxylated
CHIRNy e aBHIOL PR AR Ay O AR HNTEINGeRAED. 5 -

pentaerythrito] tetra(meth)acryl-ate, dipentaerythritol hexa(neth

agrjy‘f‘a"t‘éf Bébrlﬁé‘ﬁ& A metT e R AatRY SiSRYiatsP ahd) Gt R B o RiaRane
bEphenoPRrditnetd)ackylates @ 2tlerefrom, chloro- and bromo-
bb&és@uem@m)ac%&ﬁwef-wgﬁ@r%@ropefy)gwm{%&%ﬁ apd Gkyeidvl
c erived therefr chloro- and bromo- phosphoric aci
o?@%ﬁﬁggg A %?ﬁc?dyl %r]ﬁee%%gf:lﬁ/la?ér}eutrgehaa(ﬁjéyf%ge'fﬁicryf?if@gl (stith agor
fGFaXRhple; 7,7 OluitnethyBr A AL 6idx4-3L B4-Qioxacs; 32 16-dioxa-5, 12~
diazahekadecanehd 6-dioxydingetbagyiate). potester- drethangs1vester -
(@?@ﬁﬁwgtes(mpéjgﬁ%%ﬂg}%@e@ryla S’If’g l ﬁ:g'[rbon%é[%étﬁ; acrl%‘% ates,

h)acrylates, polyamide’(meth)- acrylates, polyimide acry :
é%ie?ﬁ ek?%l%%th)acr(ﬂ%@wgiﬂo%ﬁér(meth)%ﬁ%ylat@s%thw (meth) -

acrylates, polyimide (meth)acrylates, phosphazene
(meth)acrylates and siloxane (meth)acrylates; ethyl
vinyl ether, n- or i-propyl vinyl ether, n-, 1i- or

tert-butyl wvinyl ether, hexyl vinyl ether, octyl wvinyl
ether, cyclohexyl wvinyl ether, cyclohexyl 3,4-epoxy-1-
methylvinyl ether, dimethanol cyclohexyl monovinyl
ether, 1,4-dimethanolcyclohexyl divinyl ether,
propanediol divinyl ether, butanediol divinyl ether,
hexanediol divinyl ether, octanediol divinyl ether,
decanediol vinyl ether, ethylene glycol divinyl ether,
diethylene glycol divinyl ether, triethylene glycol
divinyl ether, triethylene glycol monovinyl ether
mono (meth)acrylic acid ester, polyethylene glycol
divinyl ether, tripropylene glycol divinyl ether,
glyceryl trivinyl ether, pentaerythritol tetravinyl

ether, 7,7,9-trimethyl-4,13-dioxo-3, 14-dioxa-5,12-
diazahexadecane-1,16-dioxydivinyl ether, bisphenol A
divinyl ether, ethoxylated and/or propoxylated

bisphenol A divinyl ether, polyester vinyl ethers,
polycarbonate vinyl ethers, polyacrylate vinyl ethers,
polyamide vinyl ethers, polyimide  wvinyl ethers,

polyurethane vinyl ethers, phosphazene vinyl ethers and
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20 vinyl ether, n- or i-propyl vinyl ether, n-, i- or tert-butyl vinyl ether, hexyl
vinyl ether, octyl vinyl ether, cyclohexyl vinyl ether, cyclohexyl

3,4-epoxy-1- methylvinyl ether, dimethanol cyclohexyl monovinyl ether,
1,4-dimethanolcyclohexyl divinyl ether; 25 propanediol divinyl ether,
butanediol divinyl ether, hexanediol divinyl ether, octanediol divinyl ether,
detahediotvinyl athier ssthylene g@mydivmyemagildi@myéefl@,gIgtg@,l_c 1 Ido 1,
divi , tri I viny, iethyler ol mongvin B
etggry gg@fgno?n&%%hg%%%%%:%éstér?%%%'{’te%%%;ng%%%%ﬁ d ivir%)ylgetﬁégr?xy
tripreégpailggr?eaa@(:ol NiRyetfie S Pgeay Pty fether, pafitdthritol vinyl -
teﬁé@#@h@ﬂ?@? 7,?Qitﬁmélhylﬁﬂmﬁéim@l&méadéﬂxet%dﬂa?c%des , epoxy-
diay&h@fa@&@ﬁee-béékﬁﬂ?&dé\g@%! etft:@ﬁc?iipggr}ol /ét@ﬁé d%/%%{égg}q\r/,iHP)l, 4-
e Qr pPropo ed _bispheno iviny| ether,

e%gésy& r%%%égr %ﬁg?er%ﬁ%ye he?é,ipb?fzﬁ?%//lgﬁfec\;{i] %}fﬁm?wﬁ{iﬁ%. e),
VIRYICRREFE pblyintide Viyi 8thers, a5digarethahe wimykdthets, diglycidyl
plosphazededinybethers and : 6y siaxaneinyt ethers;aikyt ghygidyb c he rs
cthere.slycils gl (meleiaie dipgnienedionide, 1. 2choxy.
hexadecane, bls(3,.-epoxycyclohexyl.) adipate, vinyl- cycefo. XEne ox ]S

Vi >é]l%%ﬂﬁﬁexen X Bhoxy B-&Ishexahe carBsRyiatdsisach as(e - 9.
forekaampie 3:4) epoxgcyclodaimetitdtd bisphenols (such as, for

3 d-erprysyclobexsnecaroxylate), tuptanediol diglyciy ethar -F),
hexar?g%l);iglycid ther, d iR diglycidy ther, giglg ot -F)

. .
ethers 'rocfjtﬁlé) polye fﬁ?lﬁ%%]gﬁy Is &1id '6fthe p Iﬁ)%%WeHé@Gl RreBls, tri-
dighyetdyf ethers Bisubstithtet@ty  halbyenated) ahd imsubstituled ether,
bisphebalsdguemas, for exapmrplexhigphencl-A, 5 alnd e clzxides,
b?@ﬂ%ﬁ'x@on@égrcmm gg’%\ég:gi}%se }her’ trl{)?:eit%l/glggyﬁnaetgl g ycegoxides ,
ether, trimetylolpropane triglycidyl. ether, ‘

polyamide ‘epoxides,” polyimide epoxides, polyurethane
epoxides, phosphazene epoxides and siloxane epoxides;
3,3-disubstituted oxetanes and dioxetanes (such as, for
example, 3-ethyl-3-(2-hydroxyethyl)oxetane) ;
(trans/trans)—2,3,8,9—di~(tetramethylene)~1,5,7,ll~

tetraoxaspira[5.5]undecane; substituted 1,3-dioxolanes

(such as, for example, 2-phenyl-4-methylene-1,3-
dioxolane) ; difunctional 6-methylene-1,4-dithiepanes,
and the reaction productsg of nucleophilic

(meth)acrylates such as, for example, 2-hydroxyethyl
(meth)acrylate or glyceryl (meth)acrylate esters with
reactive phosphoric acid, phosphonic acid or phosphinic
acid derivatives such as, for example, Py,03, POCl,; or
PCl,.

The mixtures of organic binder and organically modified
nanofiller obtained are distinguished by a high
Cransparency and a low viscosity. In the case of use as
a dental material, however, they are not suitable for
all applications, since they have a high polymerization
shrinkage and a relatively low mechanical strength.
Therefore, according to the invention at least one

inorganic and/or organic filler selected from the group
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15 polybutadiene polyepoxides, polyester epoxides, polycarbonate
epoxides, polyacrylate epoxides, polyamide epoxides, poly;mide

epoxides, polyurethane epoxides, phosphazene epoxides and siloxane
epoxides; 3,3-disubstituted oxetanes and dioxetanes (such as, for 20
example, 3-eth.yl-3-(2-hydroxyethyl)oxetane);

(transirans) 23,8 9-dis(tetramiettiyléne):k5,hAdting a mean particle
tefraoxaspir @[«%é}yn@%ﬁn%ﬁugﬁ&m% 1, ?gloég&neé%l(l%%%i fOFi11ers
example Zéphen I-4-me1@/I ne-1,3- dioxolane); difunctional .
6-met @%ne-l%gllﬁ}igﬁé:nesc, & fhe TEGMTT P AU biHtdIeophiie 18
(MetPlaeREes siichiax; dorexampié, 2-hydrogyethyhifmieth)eeryiate oribed

gbyjseryd (meth)acrykaie esters with, reactive phosphore acid phosphonic ;¢
agidorphoasphinic, agid derivatives such s, for example, 208, POCR or
30 PCI3. The mixtures o orgaﬁlcebln(fer and organica );i%orfﬁﬁ: j

nBRGHTTEF obidihd@Are GBHAGHNSES byeafighatansparsryeshd @lowasion
viseesipt dmtfze. case of use as 35 a dental material, however, they are not
suitable for all applications, since they have a high polymerization

sél?g}?kage and a relatively low mechanical strength, Therefore, according

t

Shvettionst I53E Ghé SihBrgahic Ahdisiorgahiciifer deeReiffsm can
thegoup ety cddﬁém@of:grwmgfill@t?ha\iieg;a_mﬂafypadhﬂe s;iae for
between &2 mand.ai meand sphericalfillers haying @ mean particle ., 1 o

ize between 0.1 m and 50 um_is _homogeneously incorporated into the

MIXtUres - 8g§crit36e%e§’ab8\7@ ARRErial S thereBy bb&ifa thatigological
JistiRgaishéd Dy a hilgpiéer comipressive stfenytheadowée polyrherizationpic,
slariﬁlgage artdqaﬁkanmy@q ab&_sion &Q@@nce.ghqgﬁgﬁg dentap high
“%¥§H§§£E£8H¥09tOEhSJ”VGQ“OWE%Q h%%%%%@ﬁgﬁﬁﬁﬁht the dental

consistencies; they can be, for ' ' ‘ ~ .
materials acCcording to the invention is likewise

possible.

The inorganic and/or organic filler described above is
incorporated into the mixture of organic binder and
organically modified nanofiller with mechanical enexrgy
input. The incorporation can be carried out, for
example, by means of a high-speed stirrer, a dissolver,

a bead mill, a roll mill, a kneader or a mixer.

In the process according to the invention, the surface
modification of the nanoscale filler is carried out
either before or simultaneously to the incorporation
into the organic binder. The further (spherical and/or
ground) filler can be incorporated into the organic

binder before, simultaneously to or after the nanoscale
filler.

The inorganic and/or organic filler can be a non-
reactive filler, a reactive filler or a mixture of
these two types of filler. A reactive filler is
understood here as meéning a filler which with ingress

of water releases ions and can thus lead to a curing of
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example, flowable and also rigid, i.e. modelable. Moreover, they can have
very different rheological properties; they can be, for example, thixotropic,

15 shear thickening or shear thinning. A high translucency, i.e. a low

opacity in the dental materials according to the invention is likewise

possible. 20 The inorganic and/or organic filler described above is
inEdrporaréct inte theamixtureof organiebinder dnt aerganically-modifiedhese

nanofider with mechaaical engrgy input; The ingorporatign ean be gayried,

out far exar %Ie by. means ofahlgh speed stirrer, a dissolver, 25 a

Sad il aroll mill a Kieaderor 2 rer. ﬂ%ﬁ%%ré@é@?&%o?ﬁﬁ&?&ﬁ]eand
m@éﬁt--orf}%@#@éb modificatios ok threl manoscate fillér.is catried ofthith,
eithesrefereiorisimulianegusly toytheigcqrpesation 30 into the organic
binder. The further (spherical and/or ground) filler can be incorporated
into the organic binder before, simultaneously to or after the nanoscale
filfe?. 35 Fhe Wﬁ&ﬁl’é%d/(ﬁfkﬁféﬁﬁ ic fileeean e afriohl e&activefiflégzably
reactive fillerovaimixture b dhesetwaitypes of filles A reaetive fillerjswder,

UF}Q%@@OQ:D?&% as meaning %{}Lﬁ%@@&@gv'th f’l%?é of Wai}ﬂ releases | 4

ions, and cai;}éwus lead to a curing of - the materl ans o an

Gt Hase & TheSé He%@tw@?fﬁé&rarélﬂ%& ]fﬁFiexlaﬁﬁﬁe RP thaers,
prEpagatioreef cormhomess amd glassoonidmedr, cefMentseantrartedesaribeds - ¢

foy example, dt Da G ShRithse 5 Biompatesials:19, p-4 GQrA{JSe@rB?%&ﬁ afrhe

in nic_and/or aorganic filler, preferably, quartz powder, glass powder
glgg%%éerarr%?:%owge rrjg ar l(?dees %é}grﬁydrﬁdegoﬁﬁéé’g‘ﬁd?ar of the

uﬁmwé&ﬁlﬁcﬂﬂyn@@mmd/mmu@d lead polymeggnic binder)
already described, it being possible to fill these

homo- or copolymers with the nanofillers and/or
inorganic fillers described such as, for example,
quartz powder, glass powder, glass ceramic powder,
pyrogenic or wet-precipitated silicic acids. Chip
polymers are obtained by grinding the corresponding

polymerization products.

As an inorganic and/or organic filler, barium silicate

glassesg, strontium gilicate glasses, borate
aluminosilicate glasses, phosphate aluminosilicate
glasses, fluorcaluminosilicate glasses, calcium
gilicates, zirconium silicates, sodium aluminum
gilicates, layer gsilicates, bentonites, zeolites
including molecular gleve, the oxides and the

hydroxides of the alkali metals and the alkaline earth
metals, apatite, filled chip polymers, spherical
fillers as described, for example, in DE-C 3247800 or a
mixture of these fillers are particularly preferably

employed.

A preferred variant is the use of an inorganic and/or
organic filler, in which by means of organic
modification functional groups are applied to the

surface of the filler which can react chemically with
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spherical fillers as described, for example, in DE-C 3247800 or a mixture
of these fillers are employed. The chip and bead polymers are homo- or
copolymers of the polymerizable compounds (usable as an organic
binder) 15 already described, it being passible to fill these homo- or
copolymers with the nanofillers and/or inorganic fillers described such as,

fofF Branipleaquartzpowder, glass pewderaglass«geramic paweder, for the
Pysegemie or wekpiecipitateassilicic, Acids, Chip 20 polymers, are obtained, , .,
bya r}noliggéhe (:olfﬂrg:'g%%rg:drln%1 polymerization products. As an i organlrcrzlide
andlor organic filler: bafdm slitate glassey BohEUM Sicate gsees ;
b@?@fé?%fédéﬁﬂﬁ@ﬁlicat‘éig?a‘slses,qiﬁ%bhatemumwesilimgmses, vinyl
fluaraatuminositicate, glas&@%,cf:,alcit_%@ isilici@%téi{cf,oniug‘clégtﬂcatﬁi% or gi de,
sodi inum silicates, layer silicates, bentonites, zeolites i
m?(%ke%%}ljglrgs%\/e, thg%%s eﬁsbarln%gﬁ]’e 30 ??}8? xg&etseOf the ARSI metafs & o
theliKQne 3ty FREtaR, Apeite FillePERraGIpRErs, Splericab fillopssasare
desuribedpfor@xamples imy)E<C 3242800-0paumixiure OF thesg filets-areseq
pe_tlrltjcuIatrjyeprefg[ab@éC?éﬂmqxggi%Qéé%@é%rmdg@“ané}lsethe Hag OE an, s
ingrganic and/or organic filler, in which by means of organic mo&llﬁca]tlon
fuk%%ﬁé?ad?&?ps are AppREP T i Srface GHihé FR&SFhich carifedrrtes,
chiemicalipbsth - 19 thg sigeanie bindergahave ashighaffinityfeathe: acid
organie-hinder. Jhesgryactionalgroups are preferably _acrylgce,
methacrylate, cyanoacrylate, acrylamide, methacrylamide, vinyl, allyl,
epoxide, oxetane, vinyl 5 ether, amino, acid, acid ester, acid chloride,
pRospiidié L pHdsphenate pshbsphies, thitlrdleohiol is the use of an
inorganic and/or organic filler which is X-ray opaqgue
and is incorporated into the dental material according
to the invention in such amounts that the dental
material according to the invention has an X-ray
opacity (according to 1ISO 4049-2000) of preferably

= 100% Al and particularly preferably = 200% Al.

For the adjustment of the viscosity of the dental
material according to the invention, pyrogenic or wet-
precipitated silicic acid can optionally additionally
be incorporated into the dental material according to

the invention.

The dental material according to the invention can be
both a single-component material and a multicomponent
material, where in the latter case at least one of the
components, preferably all components, correspond to
the composition according to the invention. The
invention thus also relates to a kit for the production
of a dental material according to the invention; the
kit can contain one or more components. In the
multicomponent kit or system, the production of a
dental material according to the invention is carried
out by mixing the components in the specified mixing

ratio and subsequent curing.
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and/or isocyanate groups. Preferably, these groups are introduced by
means of the compounds already described in the surface modification of
the nanofillers 10 (siloxanes, chlorosilanes, silazanes, titanates,
zirconates, tungstates, organic acids, organic acid chlorides or _
anhydrides). A particularly preferred variant is the use of an 15 inorganic
and/or organic filler which is X-ray opaque and is incorporated into the

dental material.zecarding teihe iweption insuchiamounts. tal the deptal v,
mﬁlﬁe\;ieag1 ccc:)ordi(gggf toithjfj;-tinvecntlon Qas an X-r%%I O{ac:l‘t (according to nd
ISO 4049-2000) of preterably 20 >°"1009% A" SRd particuldrly: preteribiy

> OPHOS YIRS the HejustineAt 6fthe WistositybEtheaental imaterdlors is
accordingdd The invertion, eyeagenic of wel- prh@@id@itat(%lpe%m@@ allci%@@rial
opti itionally 2 incorporated into t ental materjal,
a%c%%%ggthe %Znt%ﬁ.g‘[hegégfnefglt%%?e'rial g%:%qrrgadjng to rt]‘r'ulet iln‘%/%%ﬁon oL
cdr*b& Bth e singrRcontsoient hidierial a7 a ARz idohigonent 3Gn  be
meteriad iwhédre ot latter case atleastone-efdhe cemporentss eparately
preferabiy | componeits consspandi dhe composiligh aceording o, ;o)

the invergi,on. The inventjon thus also relates to a kit for the production

a Gental aleria according ¥s the'interfitsh; He'ss kit caHEBAtarBRBDE LY /
nfofe B MpbhENts Piche cireitiicormponent ki or Systemritedpradictioneaf th

audentaldnaerial asearming 19 4he i,nV%fHéP/fbcijz? C%JW%@A%PM‘PM%%EEF the
c nents jn the specified mixing ratio and subsequent curing. or
tr?érpégugrin%@%%f) tﬁlé d%agn%ﬁ ha %ﬁélcaglc%%dq’l%lé%g the invention an initiatpr ora
number of initiators and optionally a coinitiator or a number of coinitiators

isThpreferabljaincerporatat into ther-derdabmaterialfor example, photo-
initiators. These are characterized in that they can
bring about the curing of the material by absorption of
light in the wavelength range from 300 nm to 700 nm,
preferably from 350 nm to 600 nm and particularly
preferably from 380 nm to 500 nm, and optionally by
additional reaction with one or more coinitiators.
Preferably, phosphine oxides, benzoin ethers, benzil
ketals, acetophenones, benzophenones, thioxanthones,
bisimidazoles, metallocenes, fluorones, a-dicarbonyl
compounds, aryldiazonium salts, arylsulfonium salts,
aryliodonium salts, ferrocenium salts,
phenylphosphonium salts or a mixture of these compounds

are employed here.

Particularly preferably, diphenyl-2,4,6-trimethyl-
benzoylphosphine oxide, benzoin, benzoin alkyl ethers,

benzil dialkyl ketals, a-hydroxyacetophenone, dialkoxy-

acetophenones, a~-aminoacetophenones, i-propylthio-
xanthone, camphorquinone, phenylpropanedione, 5,7-
diiodo-3-butoxy-6-fluorone, (eta-6-cumene) (eta-5-
cyclopentadienyl) iron hexafluorophosphate, (eta-6-

cumene) (eta-5-cyclopentadienyl)iron tetrafluorcborate,
(eta—6~cumene)(eta—S—cyclopentadienyl)iron4 hexafluoro-

antimonate, substituted diaryliodonium salts, triaryl-
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according to the invention. Here, initiator or initiators and coinitiator or
coinitiators can be contained together in one component and/or

separately in two or more components. The dental material. 10 according

to the invention can thus be cured thermally, chemically, photochemically,
i.e. by irradiation with UV and/or visible light, and/or by reaction with the
ofaf- andfok dmasphefic mbistarenis Thednitiafors-bsatsle herercanie; forre
examptey photo- initiators. These are characterized in that they can bring
about the curing of the material by absorption of light in the wavelength
range from 300 nm to 700 nm, preferably from 350 nm to 600 nm and '
pafticulany 2o praféiably figta 38Dk - beOhAR AndBptibhaly byertiary
additioral reattiorewitls pne argaorecoinitiaiersh iRredgrablyi phosphive n 1 um
udgschenzoin ethers, henzl. kefals, acetonhenofes, henzophenones, .
thé(ixanthones, bls_l jdazoles, metallocenes, fluorones, e-.d|carbony .
cOMPOURAS HrylGiaZoMmanreRis: arRURGHRNT salts Y HrHlioBBRAT SAIRE 1 o8
fertoceriummsaits uphenylfhosphesieim saltsoramiixture of theseeferably

cempounds are employed here .30 nggy@g{ﬂ%erabgy ' N-dimethyl-p-

diphenyl-2,4,6-trim - ben h ne gxide, benzoin, benzoin alkyl

eﬁ%ﬁ&xgéﬁ%l’diallﬁﬁh&fgl%%%?g%’% EfobhéHsie, dialkoRy-d1hydroxy-
aBétopheRoies. wlaiifoacetophetionss hiepropythioe xdrtoaehy lamino) -
camphokqienonebpherylprapanedione, 57 35diipdecd-butoxy-f-fluorgne,

(g{%ﬁg@egg)(g@égé cyc%j%%%ry{%%%igr.ggiéon he ag‘luo&qphosphate, (eta-6-

cumene)(eta-5-cyclopentadi iron tetraflioro oP@ﬁe,
(eta-6--cumene)(eta-5-cyclopentadienyl)iron hexafluoro- antimonatg,
stibstituted diarylmdonium' salés;trdryl. < 2% wsidfositsn saltsser a mixiige be

Oéﬂﬁﬁﬁyéwnp%HW%%@“%QH“”@%%&g about the curing of the
material by the absorption of thermal energy at
elevated temperature. In this context, preferably
inorganic and/or organic peroxides, inorganic and/or
organic hydroperoxides, a,a’ -azobis (isobutyroethyl
ester), o,o’-azobis(isobutyronitrile), benzopinacols or
a mixture of these compounds are employed. Particularly
preferably, diacyl peroxides such as, for example,
benzovyl peroxide or lauroyl peroxide, cumene
hydroperoxide, benzopinacol, 2,2'-dimethylbenzopinacol

or a mixture of these compounds are employed.

For chemical curing at room temperature, inter alia, a
redox initiator system is used which consists of one or
more initiators and a coinitiator or coinitiators
serving as an activator. For reasons of the storage
stability, initiator or initiators and coinitiator or
coinitiators are incorporated into parts of the dental
material according to the invention which are spatially
separate from one another, i.e. a multicomponent,
preferably a two-component, material is present. As the
initiator or initiators, preferably inorganic and/or
organic peroxides, inorganic and/or organic hydro-

peroxides, barbituric acid derivatives, malonyl-
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As coinitiators for photochemical curing, tertiary 5 amines, borates,

organic phosphites, diaryliodonium compounds, thioxanthones,

xanthenes, fluorenes, fluorones, u-dicarbonyl compounds, fused
polyaromatics or a mixture of these-.compounds are preferably employed.
Particularly preferably, N,N-dimethyl-p 10 toluidine,
I\I?‘N-%ﬁé“l‘l@lﬁﬁ@baniﬁﬁ@;ﬁ,w,N%h%ox%@myﬂ-pqmuiair@r?set@ylhexy_ids or
pe(dimethytaminej benzoate) butyeylchgling triphenylbutylbgrate 9f 2, 4 o

mixture-of these gompoundsare employed. 15 As injtiators, 'thermal
initiators” can a-so be e'mplgzs)erd Wﬁ%ﬁ}%%drlleb’ring%%%%%/ e éiﬁi]n@l(‘ﬁt*[ﬁe or

Mt FaB) thE SESShRSR bE thedmaf enBigy: HE elevdted femperatareydmnds
tisdontext, preferabty: incrgatic and/of Orgapicperoxidess iNokgalice rably
andior 20.0r9ania hydroperoxides. .2 -azebis(isobuturoethyl esten, , ;.
abté;%azeolpls isobutyronitrile), behzopinacols or a mixturé o these T

compounds are employed. %ﬁic@%ﬁy préferaBly Vdiacyf pefbtdesteRdic
asafok exarhie; ovenzoytiperoxidecor lagroylperpxidecewmena®d having

hygropesaoxide loanzapinacel; 2x-dipethylbenzepinggal, or a mixture.of -
t@géaqn%(irgpoungl%grer%rangloyed. For chemical curing at room

temperature, imter aiia, & rédoR INHAbH Sy st istfsed wiidh coRiseTst ted
OMBIGHE 3056 e iifiator5aand ercomitiator orlcohtitdtersaseivingiasan or a
activatord-as feasenseofdbestenags  stabilibminitigion or initiators and
coinitiator or coinitiators are incorporated into parts of the dental material
according to the invention which are spatially 35 separate from one

ahotherS, 2 aTHaticottGRem, preteribi BIwd-eoriponény ardténal is any
presertiAsithe initiatombi imitiators, preferablydnerganic.and/gt organic zng

nesoxides dpersanis andiarrganis hydroz peroxides, barbituric agid 3 4,
derlvatl\ies, maflonxl -22 . .

examplé’ o his is "dual-curing dental materials",
which contain both photoinitiators and optiocnally the
corresponding coinitiators for photochemical curing and
initiators and corresponding coinitiators for chemical

curing at room temperature.

For the adjustment of specific properties, the dental
material according to the invention can additionally
contain "additives" or "modifiers". Without restricting
generality, some examples are mentioned below:

inorganic and/or organic color pigments or dyes,
stabilizers (such as, for example, substituted and
unsubstituted hydroxyaromatics, tinuvinsg, terpinenes,
phenothiazine, "HALS™ - hindered amine light
stabilizers - and/or heavy metal scavengers such as
EDTA), plasticizers (such as, for example, polyethylene

glycols, polypropylene glycols, unsaturated polyesters,

phthalates, adipates, sebacates, phosphoric acid
esters, phosphonic acid esters and/or citric acid
esters), ion-emitting substances, in particular those

which release fluoride ions (such as, for example,
sodium fluoride, potassium fluoride, yttrium fluoride,

ytterbium fluoride and/or quaternary ammonium
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sulfamides, protic acids, Lewis or Broensted acids or compounds which
release such acids, carbenium ion donors such as, for example, methyl
triflate or triethyl perchlorate or a mixture of these compounds 5 and, as a
coinitiator or as coinitiators, preferahly »tertiary amines, heavy metal
compounds, in particular compounds of the 8th and 9th group of the per-'

- ddigrabRe@iron andecoppet giou'), compouads Havingi ionically beund: ve
halogens.arpseudohalogens such asJor 10.example, quUalerian) q.; q:ne,
ammjpp&;lnﬁﬁ&!{des, wea Broensted aclds,s;L ch as, for example, alcohols ]
and Water of & mixture of thése conyotinds are Employed ™ fithe Wental es -
matetiar acesrdiitig olthe inveRtidRarye 15abnceivabie combamtion ehd/or
thednitiatass and coinitiatoss desgribed above san-also-he %H@g@er%-sén for
e this is "dual-curing dental materials”, which contain bo
p%%?rﬁ%érs%%ﬂ%%ﬂo%a éﬁﬁ%eéorse%%%ﬁaﬁg coinitiators 8?’ Butanone
pﬁ&%ﬁ’ém%%]%&riﬁ@ﬁﬁé%)initiators and corresponding coinitiators for
chemical curing at room temperature. For the adjustment of specific
bropertiesfhedental inaterialaceording o e inyantion.can addiionally

25 cog{tain "additives" or "modifiers”. Without restricting generality, some

exdinples A memionedBeidw- inor§afe EnaRsrofganicatlor pIRRERRE 1 ve
orf@yesi sstawilizefsifshotas, fol @kampte, subsstitited ane sunsubstituied use
huianyaomaios, livian dewinanes. 30leRothiazag, HALS -
indered amine.fight stabilizers - and/or heavy metal scavengers such as

EggrgAS(?hpIar;%tﬁ:Jle'zlnglelsj%suc‘i%l"’}a{:sfE fojfaeisémpleﬁ? tp%rﬁ)/}%th %W%Olsfnat erials,
pBIgpropyfere glfedls, GRERGIEREY poleststs, phttihlatesiadipates, dental
selzacates; phospherd asisl, 35 estess; phnsphenis acid-esters-and/or €itee 1,
acidnesrers) i%%‘r?é‘ijﬂg?gss,“bsws%cé"‘fiir?gpa”ir%%'@é those which ielease. a1
fl%%rédcfuggg (such as, for example,

The invention is illustrated below with the aid of
exemplary embodiments. First, various measurement and
test procedures used are explained, subsequently the

examples and comparative examples follow.

I. Measurement and test procedures

l. Particle size determination of the nanoscale

fillers

The jparticie size determinations were carried out by
means of dynamic light scattering (3D-PCS). The method
allows the determination of the proportions by weight
of particle sizes in the range from 1 nm up to a few
micrometers. The upper limit of the method is afforded
in that larger particles sediment in the measurement

solution and thus cannot be determined.

All samples were investigated as dilute dispersions in

2-butanone, a solids content of approximately 0.5% by



10

15

20

25

30

35

sodium fluoride, potassium fluoride, yttrium fluoride, ytterbium fluoride
and/or quaternary ammonium - 23 fluorides) , bactericidal or antibioticall.y
active substances such as, for example, chrlorhexidine, pyridinium snits,
penicillins, tetracyclines, chloramphenicpl, antibacterial macrolides and/or
5 polypeptide antibiotics) and/or solvents (such as, for example, water,
acetong; ethariolgi-prepanathbutanone rang{or.ethyl-acatate) Jthedental,
matesialaceord g&tﬂ’thgi@ﬁﬁ@ ncan e 1leo~userdcff ¢ P eraosth%téCr’actions
preservative and preventive dentiﬁry. Wi%hout%?alm to comprﬁeteness, )
some use examples may be mentioned representatively: tooth filling
materRés; shahp RAldapmoatdrial§, rhateriatsdfor temparary crowns and
bridges, dental 15 cements, adhesives, materials for artificial teeth,

veneer mat%riz%ﬁ, sealin%r_n terials,and dental Iac%uers. The invention is

illustratéd below with the aid of %%ﬁj‘rﬂﬁry%b Birrems Reirst Rariggsns
nfeasureffent &haL st provedures(tsarkareCexplained Istibsequentlythehi s

emglesm,comgaar@tf\@p@%ﬂ@ﬁs followe 1 %@agg e@&%k%}@% éess_trﬁhi ch
p ures . Particle size determination o e_nanoscale Ti eq,rs ne

pg%gle s%e%%é?rﬁ%aﬁénzsewé% cga?ﬁeed: dut’ 8)91 30 mEARE Grdyranittc 1s
ligHtScatterinG B5-PCdyithe methiser atews tetdererhfinatibhof thef  the

proportionsdyaveight cafeparticte sizes i thedange omdanm updod.few ; o

migrometers,.Theupper dimit.of the method is afforded in that larger
particlgf sediment in the measurement 35 E%ﬁ%éﬁdgﬁé thus c%ﬁgcr)tlgéi out.

dtRrteds Al SAFHRIES WerHRdiRgateSREdif it /fspersions in

3. Determination of the particle number content of the

aggregates of the nanoscale fillers

The dispersion of filler and organic Dbinder is
investigated by means of an electron microscope. In the
analysis, those particles are counted in which primary
particles are bonded superficially to one another

(aggregated) .
4. Polymerization shrinkage

The polymerization shrinkage was determined using the
"buoyancy method". This method operates according to
the principle of the hydrostatic balance on the basis
of Archimedes principle: The buoyancy which a body
experiences is equal to the weight of the amount of
liquid displaced by it. Thus the buoyancy is equal to
the weight loss which it experiences after immersion in
a liquid.

In distilled water at 4°C, the buoyancy and thus the
weight loss is directly equal to the volume of the body

investigated.
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2-butanone, a solids content of approximately 0.5% by - 24 weight being
set. This dilution was chosen primarily In order to safely exclude
particle-particle interactions. 2. Particle size mood of the microfillers 5

The particle size distribution is determined by means of laser _
diffractometry (type; Coulter LS 130). In this procedure, the proportion by
weight offparticlesanhichehave afcertain sige is/deteimmnetoN shrinkage,

characteristic is 10 the d5q value, which é&?lc%t gthat half 1(1%0%2 ofthe .,

total mi\ss of the particles exceed or fall ow this

meastrémeént d?%é“ﬁé‘ﬁﬂéi%%qs %Err%ﬁ%tcﬁﬁﬂlu‘r@%sﬁéw%ﬁébu% very
dispérsidms: <53, Determimation of theipartiple mumber donleniof thei sh of

aggregates of the pangseale fillers) The dispgrsion %farﬂl%ﬁﬂgsorgﬁ% g) .
blﬂ(ljer Is mvestlgﬁ}gd by means of an electron microscope. In the 2

anaﬁ/gs 0S€ icle% 4re Eotint8a IS Wiich pnz?né(@‘b%ﬁléé%%t?éi beaker
béﬁdéﬂf@wﬁérf%my POl another (egyrdgsited)y4. Pulgmesidatioas then
shrinkage-r251The polynedzation stripkagerwasyletanpiged ¥sing the s of
"Q@@/agg%gféhqﬁi" yi]lla melthod %%erates acco:?ln to the princ £Ie Ofthus

the hydrostatic balance on t the basis of Archimedes ﬁlﬂClﬁlgr‘?h
boBFatSARRIER aBody 80 ¥RSEHenees ¥ Equales Benverght oftiee sample
awsstinsobdiggigedisplaced:by dt. Thusthednoyiey isiegpaktorthenwgighten

lassyphich dtexperiepegs aftey nmersian i, a liquid, 35 In distilled Waterfor
at 4C ghe buoyancy and thus tfte weight Ioss is |rectly equaFto the

vc%lumeolfrfﬁe bao%yyiﬁve%tlgﬂgﬁ mass he sample m; (again
completely immersed in water) and the water temperature

and thus the density of the water p, were determined.
The polymerization shrinkage AV was calculated

according to the following formula:

AV [%] = 100 [Amy ~ (py / p2) Omp] / Amy
In the eqguation: Amy = Mair — M3 and Amy = Mair — Mo
5. Flexural strength

With the aid of a mold made of stainless steel, test
bodies having the dimensions (40 + 2) mm x (2 + 0.1) mm
x (2 £ 0.1) mm were prepared (curing in a Dentacolor XS
light oven: 90 seconds per side). The test bodies were
stored in distilled water for 23 hours at 40°C and then
stored for 1 hour at 23°C. Subsequently, the flexural
strength was measured according to ISO 4049-2000 with
the aid of a universal test machine from Zwick (type Z
010 / TN2A) :

- constant advance rate: 0.8 mm / min

- calculation of the flexural strength (FS) according

to the following formula:

FS [MPal = (3 F 1) / (2 b h?
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- 25 For the measurement of the polymerization shrinkage, i.e. the

volume decrease, in the present cases the sample to be measured in

each case was fixed to a very thin thread and connected firmly to the
balance dish of 5 an electronic analytical balance (Sartorius A200 S). The
dry weight main was measured. A water-filled beaker in which the sample
waseompletgly immetsed was:thenmaddiienally inteoduced into the,e  +est
balance. The magg&%}hgg%ggpﬂs and also the water temperature and
thus 10 the density of the water p1 were determined. The sample was

subsequently cured (difig 8 E<pRCEIpaF Hsaagem fanfp pipred fimes dp an
seconds) and steredwrydor 24 houvs at 28a, The mass of the sample m2
(again completelyimmensgddnyater) and the water temperature 15 and
thus the density of the water P2 were determined. The polymerization
shrinkage 4 Wa%sscaﬁéu.%te(%) ra?cac%?éing% th'éqﬁllo%%tfor%ﬂﬁéﬁ I TRERG = ed
100 [4m1 - (P1 /gy 2]y - 2oflpnthe teepration Amh=maihivmat and ;
Am_2|: maitn hma ;g&lgéur@hﬁgrgﬂih %@ W'gm:he g}%q; agggig} (n;g%%l)g(lre d
stainless steel, te [ Vi e dimensions (40 .2) mm X :

mm x (2 0.1) mm we%e gfeep e??cﬁr}:negmi%eés E:éﬁ Eoidf X& Hightebér= -
90 seconds per side) . The test bodies were stored in distilled water for

28 holrenptr4GE e teenr8Astared for 1 hour at 23C. Subsequently, the
flexural strength was measured according to ISO 4049-2000 with the aid
ogya gﬁive{%al test machine from Zwick (type Z 010/ TN2A): - constant

a \%an‘ce rate: 0.8 [FHhin 35 - BatTIatiBAdt the flexFapimesgh (FSyeel,
aCeorditdgr icthe followingdotmdates {MPah (e 1yh@ bh2: + 0.02 mm

and a diameter of 2 + 0.01 mm were prepared (curing
using an Espe Elipar II halogen lamp: 40 seconds per
side) . The test bodies were stored in distilled water
for 23 hours at 40°C and then stored for 1 hour at
23°C, Subsequently, the compressive strength was
measured with the aid of a universal test machine from
Zwick (type Z 010 / TN2A):

~ constant advance rate: 1.0 mm / min

- calculation of the compressive  strength (Cs)

according to the following formula:
Cs [MPal = F / (m r?)

where Fis the maximum force exerted on the test
body, in Newtons;
r 1s the radius of the test body; in

millimeters.
7. Diametrical tensile strength

With the aid of a mold made of stainless steel,
cylindrical test bodies having a height of 3 + 0.01 mm
and a diameter of 6 + 0.01 mm were prepared (curing in
a Dentacolor XS light oven: 90 seconds per sgside). The

test bodies were stored in distilled water for 23 hours
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- 25 where F is the maximum force exerted on the test body, in Newtons;

1 is the distance between the supports with an accuracy of 0.01 mm, 5 in
millimeters; b is the breadth of the test body measured immediately

before testing; in millimeters; h is the hgight of the test body measured
immediately before testing; in millimeters. 10 6. Compressive strength

With thetdid©f a amold maderof stainlessisteélocylindrical éest bodies 230¢ .

h@%&%@éﬁ@ﬂﬂﬁ?ﬁ_OéﬁéﬂnhﬂéﬁgEkﬂggﬂnmﬁggg%félo%gg%ﬁlr% was
prepared (é:grin%g5|ng4an Espe El]l:far Il halo%\(,ag Ia{r:n‘p: 40 secondsper L7
si§§)‘??’ﬁg test bodies were stored if dishfiéd watsttfor23oursd: 40€
art-then teredfof 1 Réur at 28CvSubséquentyy; thescomipressiveom Zwick
striemgtle wasi2Q measred) with the aid of a universal test machine from

ZV—‘—’iC&@@@% 19 AJM@Q %%rés?tantlgdovance /ate; 1.0 mm / min

calculation of the compressive sfrength (éngx) ac@&l%ing to the following

formTae D8RP E FoA® rd) wheler 98 thetadmben foreeaxerted (DT)

or thected t tpdyein:Newtris] 8@ 1ris; the-rafliusqf the test body; in

millimeters. 7. Diametrical tensile strength 35 With the aid fof aorr(l)cild made
tainless steel, cylindrical test bodies having a height of 3 0.01 mm

ZLZ a diamefer o%gﬁ.]ofm?n fefe K)Fbr%r@éi (curing in a Dentacolor XS

light oven: 90 seconds per side). The

where F is the maximum force exerted on the test
body, in Newtons;
d 1is the diameter of the test body; in
millimeters.
h is the height of the test body; in
millimeters.

8. Barcol hardness

With the aid of a mold made of stainless steel,
cylindrical test bodies having a height of 2.5 + 0.1 mm
and a diameter of 25 + 0.1 mm were prepared (curing in
a Dentacolor XS 1light oven: 180 seconds per side).
Subsequently, the Barcol hardness was measured with the
ald of a Barber-Colman impressor. Here, in each case at
least 5 wvalues distributed on the test body were

measured and the mean value was formed.

9. Polymerization depth

The polymerization depth was determined according to
150 4049-1988. Here, a hollow cylinder having a height
of 10 mm and a diameter of 5 mm was selected asg the
test body mold. The respective sample was exposed for

20 seconds using a Kulzer Translux EC halogen lamp.

10. Water absorption
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test bodies were stored in distilled water for 23 hours - 27 at 40C and
then stored for i hour at 23C. Subsequently, the diametrical tensile
strength was measured according to ADA specification No. 27 of 1977
with the aid of a universal test maching from Zwick 5 (type Z 010/ TN2A):
- constant advance rate: 1.0 mm / min - calculation of the diametrical
tensile strength (DT) according to the following formula: 10 DT [MPa] = 2

Ffiim dupy wehere,Eds, the maximym. forge exerted.on. Q‘S&S%ﬁf@’ﬁ éno 150

N s; d is the diameter of the test body; in 15 millimeters. x
hgié%(t)%fz tﬁgaést sody* it n%ﬂ)l t&rsCY0 8'Bafcdl hardndss With fevame 2
of'& B¢ niddelofSstainfess stael 2eylindricahtestbedies havingearheightls +
ob2.5 o:anmmN@@dhasd@&ei@s%of 255 Odltﬁugn vyd@é%@ée%%aa} (c%g\gﬁg 25The
ape r XS light oven: 180 seconds, per side). Subsequently, ,
B%c%%%%ﬁn\é%s %N%.né? r%%a‘gﬁl%dev@%%o%%%a%o&‘ alégrbse‘?-?f%ﬁ‘ﬁ peach side
impredsie Mer€ GhBackcastHittleases values distributed on the test

body were measured and the mean value was formed. 30 9. _
Polymeyizatign depth The polymerization depth was determined according

to ISO 4049-1988. Here, a hollow cylinder having a height 35 of 10 mm

and a diameter of 5 mm was selected as the test body mold. The
rdSpectviersample was esdposedfone2D secongstisingna Kulzer Jransimedia
E&bhalagem lamer-chQ JVater abseplion 28ccee (cf. A. J. DeGee et

al., J. Dent. Res. 65 (5), 1986, pp. 654-658).

For the preparation of the test bodies, a mold adapted
to the low spots of the sample wheel was used. The
material was introduced into the mold in layers (about
2 mm per layer) and cured for 40 seconds in each case
using an Espe Tri-Light halogen lamp. TImmediately
thereafter, the samples were additionally recured for
90 seconds in a Kuraray CS 110 light oven. The various
material samples were stuck in random arrangement to
the sample wheel of the 3-media abrasion machine. To
guarantee a uniform rounding and surface, the sample
wheel was ground flat in the wet-grinding procedure
(1000 grid). Immediately after preparation, storage was
carried out for at least two weeks at 37°C in distilled

water.

All materials were loaded for four times 50,000 cycles
in the 3-media abrasion wmachine according to the
described procedure (Krdmer 1997). The profilometric
measurement of the abrasion body was carried out by
means of a computer-assisted perthometer C5D (Perthen,
Gottingen). The 3-D data thus obtained were then
analyzed with the aid of the image processing user
interface XPERT for Windows. To this end, the abrasion:

range was accurately defined and output from the
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The water absorption was determined according to ISO 4049-2000. Here,

a hollow cylinder of aluminum having a height of 1.0 0.1 mm and an

internal diameter of 15 5 0.1 mm was selected as the test body mold. The
respective sample was exposed for_180,seconds each side in a

Dentacolor XS light oven. 11. Abrasion 10 The abrasion was determined
usingahle thettiddiof3-médiahabrasion develgped inck986.byReGeeHEf. the
AgdaReCsesteal., J. Dent. Res. 65 (5), 1986, pp. 654-658). 15 For the
preparation of the test bodies, a mold adapted to the low spots of the
sample wheel was used. The material was introduced into the mold in

lalbrs FEERIP 123 per ampeasd creddsrad esonds in each case

using an Espe Tri-Light halogen lamp. Immediately 20 thereafter, the

S es were additionally recuyred.for 90 seconds in a Kuraray CS 110
|i3't%%%%? The %d%ﬁéﬁgt el g&rﬁp%%%&%i%&ékc infihdofyention is
afrangement &5 thesarmpresvhéerefithe 3enedia abrasiortinachidel Tof a
guardntee afunifesmpowrding and surface, the sample 25 wheel was

ground flat in the wet-grinding procedure (1000 grid). Immediately after
preparation, storage was carried out for at least two weeks at 37C in

disti ~38.All materials were loaded for four times 50,000 cycles
iFthes3-metigalgasidn machinelacorrding tomke deseribed preseduradded
(teamer 18d7):The proflometric, nesyrement ofdhe abrasign pody wag.

carrieg[ out by meansBofacom uter-assisted perthometer C5D (Perthen,
Sg‘ﬁo%ngenfﬁ%e F-BdathTAGS Bbtain&Ffiere theh aKafPed viifthewith
aftFéfthelifage provessinguser interface XXRERTE fof7 Windpws £ T dthise t h -

endriiecabirsiopy langensas asowately. defingd and eutput fram dhe - 29
3.3 g of distilled water and 12 mg of methacrylic acid

in 580 g of dichloromethane was likewise sucked into
the vessel. After completion of this operation, the
solvent mixture was distilled off in wvacuo and a white

powder was obtained.

Nanofiller B:

150 g of Aerosil 200 (Degussa AG) were weighed into a
2 1 two-necked flask and treated with about 1000 g of
2-butanone. The initially pasty mass was stirred with a
KPG stirrer until a homogeneous liquid suspension was
formed. 95.55 g of 3-methacryloxypropyltrimethoxysilane
were then added dropwise using a dropping funnel. The
watery suspension was stirred for a total of 48 hours.
Subseqguently, the 2-butanone was slowly stripped off on
a rotary evaporator. After the removal of the solvent,
a white, fluffy, coarsely particulate porous powder

remained, which easily decomposed.

Regin A:

1.97 g of camphorquinone, 3.21 g of 2-ethylhexyl 4-
(dimethylamino)benzoate and 65.8 mg of 2,6-bis-tert-
butyl-4-methylphenol were dissolved in 649.7 g of a 1:1
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abraded volume of the mean height loss underneath the drawn plane. TI.
Examples and comparative examples 5 Without restriction of the
Generality, the invention is illustrated in more detail below with the aid of
a number of examples. 10 Nanofiller AyFirst, 150 a of Aerosil OX 50
(Degussa AG) were added to a reactor vessel and 220 g of
diehlorometharfe weies siueked intd theliedotor viassel inevacuerandwith znd
stiring - Aftermards; g selutign.of 16, 9.0f Bsmeth 15
acryloxypropyltrimethoxysilane (ABCR GmbH & Co. KG), 3.3 g of distilled
water and 12 mg of methacrylic acid in 580 g of dichloromethane was
IREWSBSUEREE THie Itheakssal. Aftel coplétion of this operation, the
solvent mixture was distilled off in vacuo and a white 20 powder was
e ol A A AT et
28utanone. The initially pasty mass was stirred with a KPG stirrer until a
hémogeaéous liqid Buspernsiamwasateshed]l 8558 gefre incorporated
Smethachylosypropylimethexysilane wexs fhep added dropwise sing.a
dko(ﬁplng funnel. The watery suspension was stirred for a toj(aﬁ ot 43
hoars” 30 Subedubnty- e SbunGieRas <idwly Stipped 6ff BARReT, a
rétaAséVaiorabrAfter theedimovar bbthessolyent, £ a vihite, flefi,n having
gear%-’g@ig‘f?f?e rz;mqaagwdsf re@%i@z%ld, w}??hr%q?ﬁwﬁgm%%sf%on
Resin. A: 1. camphorguinone, 3. of 2-ethylhexyl 4-
((irlnegt%agm‘fr?o bégr?%o%%g%pﬁd G%n%acﬁtig- yis-teHE e distribucion of
baBf-4478 | Werel@isSolvedPincbun. 7@ oba Imea80red with the

aid of dynamic light scattering. The problem occurred

T
Ci Ci C

here, Thowever, that wvery large aggregates and/or
agglomerates (having a mean particle size ds, > 1 um)
were present in the resin, which separated before or
during measurement and thus were unable to be
additionally wmeasured. Therefore in figure 1 the
particle size distribution only of the particles of
nanofilled resin B-1 which were able to be measured is

depicted.

Transparency: 56.2%

Volume shrinkage after 24 h: 5.2%

Figure 1 shows the particle size distribution of the
unseparated particles of the nanofilled resin B-1

(dynamic light scattering)

Peak 1:

Mean value = 75.8 nm; breadth = 12.5%; amplitude =
34.5%

Peak 2:

Mean wvalue = 212.7 nm; breadth = 11.1%; amplitude =

65.5%
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mixture of bisphenol A diglycidyl methacrylate and triethylene glyc_ol
dimethacrylate. Volume shrinkage after 24 h: 10.7% Nanofilled resin B-1
(precursor of reference example 2- i): A total of 96.7 g of the nanofiller A
were incorporated in portions into 100:g of resin A in the course of 2 10
hours with the aid of a Dispermat. In this manner, a slightly opaque,
m%@lmhwiscoémmiued@@gﬁm@w@t'acuegreabfeﬁningeeﬂ@g;z%m_fy high
e panafed resin B.1 ought t b magsdted with (g 1ot of dynars” **
t i in B-1.ought to be measured wi e 15 ai

Iﬁ#égﬁ%r%l%é .%%e%r%% egrrﬁ;I %%c?fra}‘e’& "erg, ﬁ&ﬁ&?&%ﬁaﬁé@ IHrge L H0
aggregaes BRdePraggisiRerateshaving avneas périglersized83 >dnly a
grgxwere present indhepesiniwhich separated befgrg-oh HHEIBY of  the

measyrementand.thus were unable to be 20 additionally measured.
Tgeref re in figure 1 the particle size distribution only of the particles of

nandfilfédte8in BAWhith weréSalle fo b8 éasured is depicted. 25
Transparency: 56.2% Volume shrinkage after 24 h: _5.2% Figure 1 sh(_)ws
thesparticlersize distributinn of the unseparated-partisles of the nanofiled
r%s)irg B-1 30 (dynamic Tlight scattering) Peak I Mean vatue—=75:6nm;
breadth 12.5%; amplitude = 34.5% 35 Peak 2: Mean value = 212.7.nm;
bfedety amphifudest= 6535%E 3ha akingiftd éensideration theretativelya t ed
high prepottensofimmacasurable aggregated-aRdOr o yithin one hour

with the aid of a laboratory mixer. In this manner, a

slightly opaque, medium-viscosity, filled resin having
a degree of filling of 49.2% of nanoscale silicon
dioxide was obtained.

In the case of this resin, it was not pogsible to
measure the particle size distribution with the aid of
dynamic light scattering, since at least 80% of the
filler was so strongly aggregated and/or agglomerated
that the corresponding particles were sgo large that

they separated and were thus unable to be measured.

Transparency: 56.4%

Volume shrinkage after 24 h: 5.3%

Nanofilled resin C (precursor of inventive examples) :

Approximately 50 g of the nanofiller B were added to
250 g of a 1:1 mixture of bisphenol A diglycidyl
methacrylate and triethylene glycol dimethacrylate and

incorporated in 90 minutes at 1200 rpm with the aid of

a Dispermat. A further 40 g of the nanofiller B were
then added, and the mixture was dispersed for 1 hour at
1000 rpm and subsequently overnight at 500 rpm. A total
of 225 g of the nanofiller were dispersed in portions
of 30 - 40 g. Subseqguently, 0.16% by weight of camphor-
gquinone, 0.26% by weight of 2-ethylhexyl 4-(dimethyl-
amino)benzoate and 0.005% by weight of 2,6-bis-tert-

REPLACEMENT SHEET (RULE 26)
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agglomerated particles having a particle size d > 1 um, it can be

concluded from the above figure that only a 5 very small proportion of the
particles of the nanofilled resin B-1 has a particle size d < 100 nm.
Nanofilled resin B-2 (precursor of reference example 2- 10 2) : A total of

96.7 g of the nanofiller A were incorporated in portions into 100 g of the
resirt Alwithimenb hoinewith thesaid of adaboratary mixemn I this ManegE cus
anslightly opague, megdium-uvi ity, fille in having 15 a degree of ..
fiIIin% of 49't2% ofgl gsgj g]lrg\ésﬁlﬁ%(?—lrf' diélxi?j\égv%aps o%)rtamsé%?ifnet%g’cagg gfL u
this TEsin, it Was Aot po %

ibie " Tndadlrd e partickrsige dibtribitidn-with of
the7aid of cdyriamiie fight scatteringe sinde at ielst 88%6 obthwei2(:filler was
sms;r:mghst @Q@f@?%@d %ﬁe/orﬁlaa@@m@t%d ﬂ%@tﬁfﬂg Chgtffsp&giﬁ"t'gb 2, no
particles were so large that they separated and were thus unable to be
mgeéa%ﬁ}%adt. l?%n%ﬁaﬁéﬁ%ﬁ%&ﬁl%%vﬁﬁﬁ% SPHinkEGE aft&r=4n: $9uthat
NERofffetTeSiATE (precifdsr BAveMtve exanpies)ripproximateha5e acle
ggm@a:mﬁﬂeﬁ&me@daecé IaO_lLQI?%@Mi?:l%é;%@%%@&%@p@%nsﬁﬁnamic
y crylat iethylene glycol dimethacrylate an
in%))ér%%ra'%a%lé{iE(EE%{l r%%igss%té 1%(%7 1rj}é):reﬁ \;e\%?h'the aid of a Dispermat. A
further 40 g of the nanofiller B were then added, and the mixture was
disparssekfoetdiour ¢ .H300 rpm and subsequent) overnight at 500 rpm.
Atgtal3s cggggg(%@ea@ag@illggwgrze dispersed in portions of 30 - 40
g. Subsequently, 0.16% by weight of camphor- quinone, 0.26% by weigh
of 2--ethylhexyl 4-(dimethyl- amino)benzoate and 0.005% by weight of
2i6-Bistiert- REPISRCEFMENT SHEETI{RULE 26)82 distribution of

nanofilled resin C (dynamic light scattering)

Peak 1:
Mean value = 35.2 nm; breadth = 31.9%; amplitude = 77.2%
Peak 2:

Mean value

1l

159.1 nm; breadth = 17.5%; amplitude = 22.8%

The above figure clearly proves that more than 50% of
the particles of the nanofilled resin C have a particle

gize d < 100 nm.

In the following examples 1 - 4, hybrid composites are
presented which were prepared according to the prior
art (reference examples) or according to the present
invention. It is to be noted that all 5 pastes were

adjusted sensorially to the same consistency.

Example 1 (reference):

6.0 g of Aerosil R 974 (Degussa AG) and 130.7 g of
silanized barium silicate glass having a mean particle
size of 1.0 um were incorporated into 34.1 g of resin

A. Subsequently, the mixture was degassed at about

REPLACEMENT SHEET (RULE 26)
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-butyl-4-methylphenol were dissolved in this homogeneous mixture._ In
this manner, a very transparent., medium-- viscosity, filled resin having a

decree of filling of 47.2% of nanoscale silicon dioxide was obtained. 5 In
contrast to the nanofilled resins B-1.and 3-2, no separation occurred in

the case of this resin, so that in this case it was possible to determine the

parielensize distribationiof &lbparticlesdsy. means bf dynamicelighta solid,
sealtering{(see figue 2). 40 Transpatency;,94.5%, Volume, shrinkage after

24 h: 7.3% Figure 2 shows a particle size distribution of 15 nanofilled

resin C (dynamic light scattering) Peak 1: Mean value = 35.2 nm; breadth
=ATYRE amptituidese 7 712981 Pedk 2: 20 Mean value = 159.1 nm; breadth

= Hp¥%r amplitudas 22:8%eThe above figure clearly proves that more

than 50% of the particles of the nanofilled resin C have a particle size d <
100 nm._25 In the following examples 1 - 4, hybrid composites are
presEitedEwhich weéfe-freparsd according to the prior art (reference
examples) of ascordingiedheprasent snvertion: Itds ia:be netedhthat athsan
pastesware 30;adjusted sengorially 1o the same. p§?£%nc¥tn%)§>arrg%|§a ed
(reference) : 6.0 g of Aerosil R 974 (Degussa AG% and 130.7 g of ‘
sitaiiZed Bariurd siitate fads Mg aFrediFsariclB ~35 siEBDf 19PghE 109
W6 ircorgorateddnto 342k g ebresinlA. Subsdquentlythe mixiate was was
degassebaangut RERLAGEMENT SHEETH(RULE26) 33 2QQ mbar 5

i [ li
f%l;u%bsoéjctlggnne'f}lfjgestlllnethlpsarsn@eram%vrég Sge%’assed at about 200 mbar

for about 60 minutes. In this manner, a solid,

modelable, light-curing paste was obtained.

Composition: see Table 1

Properties: see Table 2

Example 2-2 (reference) :

60.8 g of silanized barium silicate glass having a mean
particle size of 1.0 um were initially incorporated
into 50.0 g of the nanofilled resin B-2. The resulting
paste, however, was slightly too solid and was
therefore additionally diluted with 1.0 g of resin A.
Subsequently, the paste was degassed at about 200 mbar
for about 60 minutes. In this manner, a solid,

modelable, light-curing paste was obtained.

Composition: see Table 1

Properties: gsee Table 2

Example 3 (invention):

105.5 g of silanized barium silicate glass having a
mean particle size of 1.0 um were incorporated into
50.1 g of the nanofilled resin C. Subsequently, the

paste was degassed at about 300 mbar for about

REPLACEMENT SHEET (RULE 26)
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modelable, light-curing paste was obtained. Composition: see Table 1 5
Properties: see Table 2 Example 2-1 (reference): 70.6 g of silanized
barium silicate glass having a mean patrticle size of 1.0 m were initially
incorporated 10 into 50,0 g of the nangfilled resin 3-1. The resulting
paste, however, was so solid and crumbly that it was additionally diluted
with. 10i@grefresinA. cBuksegaenty; the: paste was degassed at abautyh - -
2Q0Q,mhar forabout,6Q miputes, In:this manner, a solid, 15 modelable,
light-curing paste was obtained. Composition: see Table 1 Properties:
see Table 2 20 Example 2-2 (reference): 60.8 g of silanized barium
sificate gtadsi having @em@ak lparticle size of 1.0 gm were initially
incerpasated: into H0:0 g of the panofilled resin B-2. The resulting paste,
however, was slightly too solid and was 25 therefore additionally diluted
with 1.0 g of resin A. Subsequently, the paste was degassed at about 200
mbar for about 60 minutes. In this manner, a solid, modelable,
light=cusing paste wasbtained. 30 Composition: see Table 1 Properties:
S able X e.3 {invention): 103.5 g of silanized barium silicate
g%eég h%vir%é; %5@ %}esa%ﬁﬁpaﬁiplg 2%ze %%T#ﬁr%awe%é 'ncoarﬁéjrat?ea ifto 9 ©F
56176 Bt Hn PRI redin- €S 3tBsaHrHly thE Lpaste was degassediatl e
abouts300mbar Jor mbouteRE PLACEMINEG (SHEETRULEA26) -96Qf the
nmla_t@édl”ﬂ@&%?@ﬂefséé«&!%%u@ﬂgﬁkép'%1%'8“&55&5‘@9 Qgéte&g%%ssed at
oggcl)r{letd. gocjom%%sétw':oné see ;’gole 1 ‘ .

ut 60 minutes. In this manner, a

solid, modelable, light-curing paste was obtained.

Composition: see Table 1

Properties: see Table 2

Table 1: Percentage composition of the hybrid
composites (Exs. 1 - 4)
Ex. 1 Ex. 2-1 Ex. 2-2 Ex. 3 Ex. 4
(refer- (refer- (refer- {(inven- (inven-
ence) ence) ence) tion) tion)
Resin A 20.0% 7.65% 0.9% — —
Nanofilled — 38.3% — ——— —

regin B-1

Nanofilled — — 44 . 7% o —

regin B-2

Nanofilled — - — 32.2% 34.7%
resin C

Aerosil 3.5% —— — —— 3.9%
R 974

Barium 76.5% 54 .05% 54 .4% 67.8% 61.4%
gsilicate k

glass (ds,

= 1.0 um)

REPLACEMENT SHEET (RULE 26)



5 Properties: see Table 2 Example 4 (invention): 6.0 g of Aerosil R 974
(Degussa AG) and 95,6 g of 10 silanized barium silicate glass having a
mean particle size of 1.0 4m were incorporated into 54.1 g of the filled

resin C. Subsequently, the paste was glegassed at about 200 mbar for
s—In-this-manner,_a_solid, modelahle, light-curing paste

apeut-60-minute
was obtained. 15 Camposition:zsee Table 1z:Propetties: see Table 2 Fable,
1} Percentage cgmppsitign of the hybrid 20 composites (Exs. 1 - 4) ExAn.
Ex. 2-1 Ex. 2-2 Bx. 3 Ex. 4 (refer- (refer- |~ &refer- (inven- anven- e cejj1
ehee)-ence)-tion) tiof}“Rbsin A 5980 7.6596256% -- Nahtfilled | re§ifon)
2-Rpvamofiled -- + 42.7% %- resin2 3-2 Nanofilted &3 --13229084.7% resins
G nASK@SL3.500----R 974 Bariym,26.5% 54.05% 54.4% 67.8% 61.4%
S Ilzgate glass (d,, =1.'Jum) | ----- REPLACEMENT SHEET (RULE 26) Er.
"X 2B 2-2- B 3-Ex—4-{refer—{refer-(refer- (inven- (inven- ence)
endelehck} ¢ier) tion)— — — 15.2% 16.4%
B
Aerosil 3.5% — — — 3.9%
R 974
Barium 76.5% 54.1% 54.4% 67.8% 61.4%
silicate
glass (ds,
= 1.0 um)
Table 2: Physical and mechanical properties of
the hybrid composites (Exs. 1 - 4)
Ex. 1 Ex. 2-1 | Ex. 2-2 Ex. 3 EX. 4
(refer- (refer- (refer- (inven- (inven-
ence) ence) ence) tion) tion)
Compressive 409 431 459 513 493
strength
[MPa]
Volume 3.8 4.0 4.4 3.3 3.4
shrinkage
after 24 h
(%]
Abrasion 41 n.d. n.d. n.d. 20
[um]
Flexural 126 131 121 129 125
strength
[MPa]
Diametrical 53 59 58 57 57
tensile

REPLACEMENT SHEET (RULE 26)
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Resin A 20.0% 27 1% 23 6 17.0% 1.8-3_% Nar_ofill.er. -- 18.8% 22.Q A
Nanofiller - -- - 15.2% 16.4% 11 -B Aerosil 3.5% V -- 3.9% R 974 Barium
76.5% 54.1% 54.4% 67.8% 61.4% silicate glass (d,, L 1.0 um) Table 2:

Physical and mechanical properties_ofthe_hybrid composites (E_xs. 1-4)
5 Ex-1-Ex.2-1 Ex. 2-2 Ex.3 Ex. 4 (refer- (refer- (refer- (inven- (inven-

encerencghence) tion) tier) Compressive 409 431 4:59 513 493 strength
[MRabMolume .8 4,0 4A 3.3 3.4 shrinkage after 24 h Abrasion 41 n.d.

n/d. n..d_ 20 {um, J[Flexural-126-131121129-125—strength-fNjPal
Didifietiftal 53 59 58 57857 tensile REPLACEMENT SHEEFYRULE 26Y°
36z=rengels [Mpaj| Bar-col 82182 80 85 /9| hardness

Polymer- = 10 = 10 = 10 = 10 = 10
ization

depth [mm]

Water 29 22 22 20 22
absorption

[pug/mm?]

In the following examples 5 and 6, microfiller
composites are presented which were prepared according
to the prior art (reference example) or according to
the present invention. It is to be noted that the two
pastes were adjusted gensorially to the same

consistency.

Example 5 (reference):

14.0 g of Aerosil R 974 (Degussa AG) and 86.1 g of a
ground chip polymer which contained dodecanediol
dimethacrylate, trimethylolpropane trimethacrylate and
silanized Aerosil OX 50 were incorporated into 40.0 g
of resin A. Subsequently, the paste was degassed at
about 300 mbar for about 45 minutes. In this manner, a

solid, modelable, light-curing paste was obtained.

Composition: see Table 3

Properties: see Table 4

Example 6 (invention):

100.7 g of the ground chip polymer described in ex. 5
were incorporated into 54.0 g of the nanofilled resin
C. Since the resulting paste was too solid, it was
diluted with 12.4 g of the nanofilled resin C.
Subsequently, the paste was degassed at about 200 mbar

REPLACEMENT SHEET (RULE 26)
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Polymer- 10 10 10 10 10 ization depth [mm] Water --- 29 -- 22 ---- 22 20

22 absorption [g/mm3) In the following examples 5 and 6, microfiller
composites are presented which were prepared according to the prior art
(reference example) or according ta 5-4he present invention. It is to be

noted that the two pastes were adjusted sensorially to the same
céngistenbp Exantile Stifeference): 10r14.@ giof AeresirR 974 (Pegusshi d,
Aancs86.4 g ofia;ground chip polymer yhichgontained dodecanediol
dimethacrylate, trimethylolpropane trimethacrylate and silanized Aerosil

OX 50 were incorporated into 40.0 g of resin A. Subsequently, the paste
WekTiRastéaat 1S aBole38@mbar for about 45 minutes. In this manner,
arsolith madeiableckght-curinggpaste was obtained. Composition: see
Table 3 Properties: see Table 4 20 Example 6 (invention) 1.00.7 g of the
ground chip polymer described in ex. 5 were incorporated into 54.0 g of

t ed resin CESHY @ hadesulfrfpRasietwas togdolidt tgvasi@scro-
diluted with 12.4 g of theldanofiledwesin: €« Subsequently,dhe paste was
degassed at about 200 mbar REPLACEMENT SHEET (RULE 26) - 37 -

forabout 60 minutes. I thismanmer; asotid;modetabte; fight-ctuting
paste was obtained. Composition: see [Table 8% Properties: see“Fablé 4
(reference) (invention)
Resin A 28.6% —
Nanofilled resgin C — 39.7%
Aerosil R 974 10.0% —
Org. filler 61.4% £0.3%
(ground prepolymer)
Ex. 5 Ex. 6
(reference) (invention)
Regin A 28.6% 21.0%
Nanofiller B — 18.7%
Aerosil R 974 10.0% -
Org. filler 61.4% 60.3%
(ground prepoclymer)
Table 4: Physical and mechanical properties of
the microfiller composites (Exs. 5 - 6)
Ex. 5 Ex. 6
(reference) (invention)
Compressive strength [MPa] 249 345

REPLACEMENT SHEET (RULE 26)



Table 3: Percentage composition of the micro- -filler composites (Exs, 5 -
6) Ex. 5 X. 6 (reference) (invention) Resin A 28.6% --- Nanofilled resin C
--39.7% Aerosil R 974 10.0% Org. filler 61.4% 60.3% (ground
pre-polymer) 10 Ex. 5 Ex. 6 (reference).(invention) Resin A 28.6% 21.0%
Nanofiller B -- 18.7% _Aerosil R 974 10.0% -- Org. Miler 61.4% 60.3%

(ground:erepatymer)ddeTable & Physical and -meghanical|properties,of
thezrgiclrlofi[llg,-:[ composites (Exs. 5-6) 15 EX5Ex_6 (reference)

24025 - REPL ACEMENT

+5 3 +. +a INMDP o
IVETTUOIT) COIMPressSIive StrenNgin viFa 24 I o4 N LASEIvIENT

(i
SHERTERIEE 26Y Vo ume shri.rkage afY_er 3.64.0 ! 24 h [ o] Abrssion

[U”S'GA{H é%g@”?ﬁ{'g%‘ tensile 36 36 strength [MPa] Barcal hardness 59
62 I5§lymerizaﬁon depﬁ%Frﬁem] al0al0 Water %sorptior [g/mm']3§3 20
Thése Fasiiits sH&R@ that the use of the composition employed according to
the_invention in dental materials

Barcol hardness 59 62
Polymerization depth [mm] = 10 = 10
Water absorption [ug/mm’] 23 20

These results show that the use of the composition

employed according to the invention in dental materials

leads to an increase in the compressive strength, to a

lowering of the polymerization shrinkage and to

improvement of the abrasion resistance.

REPLACEMENT SHEET (RULE 26)
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5 leads to an increase in the compressive strength, to a lowering of the
polymerization shrinkage and to an improvement of the abrasion
resistance. REPLACEMENT SHEET (RULE 26) LLOYD WISE New
patent claims 5 1. A filled and polymerizable dental material,
characterized in that it contains: a) an organic binder, 10 b) a nanoscale
filler which has the following features: atlgast 50% by weight, preferably
at least 15 60% by weight and particularly preferably at least 80% by
weight of the nanoparticles have a particle diameter of less than 200 nm,

preferably less than 150 nm articularl¥1 referably less than 100 nm, 20

at least 20 particle number? c%%&%?y—g—'féfé@@ particle number%,
preferably at least 40 particle number% and particularly preferably at

least 50 particle Tisaber%naf 25¢he pareparticles areaggregated  rori a1,
partlclescﬁg§a@g§g%l élll%lst r%ﬁ\n|§%Ich%ur{:ac:le__r-l L:r}r]odlfled 30c) at

least one inorganic and/or organic filler selected from the group

consisting of a ground filler having a mean particle size between 0.2 um

and 50 um aad aosphwerical Hillerkaving a mean particle size between 35
C.1um and 50 m. 2. The dental material as claimed in claim 1,

characteri%ed in that it con{ains 1t0.99% by
b) 2 nanoscale filler Wwhich has the following

LLOYD WISE

features:

- at least 50% by weight, preferably at least
60% by weight and particularly preferably at
least 80% by weight of the nanoparticles have
a particle diameter of less than éOO nm,
preferably less than 150 nm, particularly
preferably less than 100 nm,

- at least 20 particle number$, preferably at
least 30 particle number$, preferably at
least 40 particle number$% and particularly
preferably at least 50 particle number$, of

the nanoparticles are aggregated particles,

- the nanoscale filler is organically surface-

modified,

c) at least one inorganic and/or organic filler
selected from the group consisting of a
ground filler having a mean particle size
between 0.2 um and 50 um and a spherical
filler having a mean particle size between

0.1 um and 50 um.

2. The dental material as claimed 1in claim 1,

cheracterized in that it contains 1 to 99% by

AMENDED SHEET
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AMENDED SHEET LLOYD WISE _ 40 _. weight, preferably 5 to 90% by

weight and particularly preferably 10 to 80% by weight, of organic binder.  LLOYD WISE

a). 5 3. The dental material as claimeddit-claim 1 or 2, characterized in
that it contains 0.1 to 90% by weight, preferably to 80% byf\li:/eigbr;t i\gd4
articularly preferably 10 to 60%.by weight., of nanoscale filler b). .
EI)'he denta n?a%fgﬁal gg%?a%r%jéaéi% g/ne of claifis 1°60%3, ch¥raciéfizedin and
that it coRtdiits 01l 95% bysiaighi preferablychto 90% by weighitand,  of
particulady preferally A84e 89% by weight, of 15 inorganic and/or organic
filler c). 5. The dental material as claimed in one of claims 1 to 4,
characterized in that it additionally contains pyrogenic and/or 4
wet-preciptfatedSiiiGd 20%cRisior adidstfiéRtiotele viscosity. 61 The or 2,
dental materiad as<tdimed imﬁaim@tchatactasiﬁegimgﬁatpit_ contains@ 4o by
30% by N@gﬁ% pref%ggglyé)rt&% % by Weitgg_t angd.25 p%rtlvculex}vrg/. Ft and
preferably O to 10% by weight of the pyrogenic and/or vyei‘?prempﬁ% ed
silicic a d%f¥&rcéb~{jﬁ§%ﬁr§éntpolf?ﬁﬁ%laééﬁty.lﬁ The détal nfateridgaghc, of
claimed fiore ofdlains 1180 tar 6, characterized in that the organic
binder a) is a compound or a mixture of a number of corr:jp;ounds Whicn
cgntains.free-radical -polymerizable and/or, cationically and/or anionically
p%lyme?ilszégle%?gcﬁgé arr{y or grotps 35 WHIGH Bty Cairfd 6y Meafe 8i&s 1
condensafion, ablditibR ARE7Or ZR%-BaAsefeaictidn. contains 0.1 to 95%

by weight, preferably 1 to 90% by weight and
particularly preferably 10 to 80% by weight, of

inorganic and/or organic filler c).

5. The dental material as claimed in one of claims 1
to 4, characterized in that it additionally
contains pyrogenic and/or wet-precipitated silicic

acids for adjustment of the viscosity.

€. The dental material as claimed in claim 5,
characterized in that it contains 0 to 30% by
weight, preferably 0 to 20% by weight and
particularly preferably 0 to 10% by weight of the
pyrogenic and/or wet-precipitated silicic acids

for adjustment of the viscosity.

7. The dental material as claimed in one of claims 1
to 6, characterized in that the organic binder a)
is a compound or a mixture of a number of
compounds which contains free-radical
polymerizable and/or cationically and/or
anionically polymerizable groups and/or groups
which allow curing by means of a condensation,

addition and/or acid-base reaction.

AMENDED SHEET
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AMENDED SHEET LLOYD WISE -41- 8. The den-gal material as

claimed in one of claims 1 to 7, characterized in that the nanoscale filler ~ LLOYD WISE

Via) is a metal, semimetal or mixed metd--oxide, silicate, nitride, sulfate,
titanate, zirconate, 5 stannate, tungstate or a mixture of thers]e o

c ou 9 ntal material as claimed in claim 8, characterized in
tk?gt']ghe Eg%oscég eetfl gr ﬁaﬁgefbas%ilic%ﬁ dﬁ?xfL e.10. The déiftalmateriards *
claimed in“oné-of EAfHSE ¢ “6&F9 26rarakterizéd in thatthefillerc)dda filler
sphericablfiller guartz pewder, glass paweder, 15>glaasi§@@migd}gy\1deg%hde,
a mixture; of these powders. 1. The dental materjal as claimed in.one e
claims 1 to 9, characterized in that the inorganic and?or o’rganlg fiifer ’
c) is a filRaSHthfifled chip FENMER andRF beddl polyierite, Theldentahese
material @safeiiedsn one of claims to 11, characterized in that the

inorganic and/or 25 organic filler ) is surface-modified and has functional

roups ap its surface which can react chemically with the organic binder
g)& drpha?/f.ehg hié%]egfgi%\ljty fo??t%g%%ﬁ“;{nic Bifider®)?30'28. THe dertapim 8,
material @8%FafTedNh 6PE of 6--dikst 1612, characterded ifthdtdr b) is
additionallyl centainsianindiator or a number of initiators and optionally a
coinitiator or a number of coinitiators. 35 14. The dental material as

claimed in one of claims 1 , . . .
10. The dental material as claimed in one of claims 1

to 9, characterized in that the filler c¢) is a
spherical filler, quartz powder, glass powder,
glass ceramic powder or a mixture of these

powders.

11. The dental material as claimed in one of claims 1
to 9, characterized in that the inorganic and/or
organic filler c¢) is a filled or unfilled chip

polymer and/or bead polymer.

12. The dental material as claimed in one of claims 1
to 11, characterized in that the inorganic and/or
organic filler c¢) i1s surface-modified and has
functional groups on its surface which can react
chemically with the organic binder a) or have a

high affinity for the organic binder a).

13. The dental material as claimed in one of claims 1
to 12, characterized in that it additionally
contains an initiator or a number of initiators
and optionally a coinitiator or a number of

coinitiators.

14. The dental material as claimed in one of claims 1

to 13, characterized in that it is X-ray opague.

AMENDED SHEET
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to 13, characterized in that it is X-ray opaque. AMENDED SHEET LLOYD

WISE -42- 15. The dental material as claimed in one of claims 1 to 14 as a LLOYD WISE

material for prosthetic, preservative and'preventive dentistry such as for
example, as a tooth falling material, stump 5 buildup material, material for
temporary CiGwAS Bhé bridigés: dental censent Ladivesive, aaterial for
artificial teeth, veneer material, sealing material and dental lacquer, 10 16. . |
A process for the production of dental materials, having the steps:a) ~

[y ey

making avaifable’of: 15 aly-an ofganicbindef-a2)an-atleast partallys. o
agglomesatedrand/or aggregated nanascalefiller, :20-a3) an-agent for the: = ump

organic syrface modfication ohthis filler a2), . a4) atleast gne Inorganic ... ..,y .
and/or organic filler selected from the group 25 consisting of 'a ground filler
having a“mear paftfesizé bethveen DG tand 56 6w ‘affd a Sphiéricai~ o
filler having-a ‘mean: partictessize-betweereQ4d=um and50:umz30 b) scaling
carrying Qut an organic, surface-modification.of the filler a2) using the

agent a3); c¢) incorparation of the surface-modified nanoscale 35 filler into

the organic binder until at least 50% by weight, preferably at least 60% by
weight, fartlverqreferablyat |6ast by 80% toycweight, Of thermanoscale fillerz 1 s,
has a paticle ng the steps:

a) making available of:

al) an organic bindsr,
al) an at least partially agglomerated

and/or aggragated nanoscale filler,

a3) an agent Ior the organic surface
mocdification of the filler aZ),
a4 ) at least one inorganic and/or organic

filler selected Lrom the group
conegisting of a ground f£iller having a
mean particle size between 0.2 um and

50 pum and & spherical i

i
13
i
b
)
3
oy
]
ot
~
‘W) -
o
te]
I

mean particle gize bstween 0.1 um and 50

b) carrying out an organic surface modification of
1

@
H
o
2
o
0
iA

1ng the agent al);

C) Incorporation oI The suriace-modified nanocscals
filler 1nto the organic binder until at leass
50% by weight, preierablv at  ls=ast $0% b
welgnt, “urther preferaply at  least 80% oo
welgnt, o©I the nanoscais filler has & particle
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AMENDED SHEET LLOYD WISE -43 diameter of less than 200 nm,

preferably less than 150 nm, particularly preferably less than. 100 nm; 5 LLOYD WISE

d) incorporation of the filler a4) into the4®rganic binder; where the steps
and d) can, be carried out in any desired sequence or simultaneously and

where step b) is,carged gut before %ﬁgﬂult_a%%usfgnto 1%@%5%9@@ less

and/or d). 17. The process as claimed in claim 16, characterized int
the organic dutfdte MAdifithtior B the CHaRdscalMRISERNS CarkRBouE nan
directly in 15 i%e vrganic binder. 18. The process as claimed in claim 16
or 17, characterized in that in step b) additional mechanical energy is
introduce preferablgl by 20 means of a%gi h-speed stirrer, a dissolver, a

ai

et sieler tinShe ofélhims it the

bead miit‘or'a’mixer- .t“f“k?élprog ss a
18, charactériZzgdinth&tithéssrganic binder al) is a 25 compound or a

mixture eftepemberof sospourds whieh contains, freg. carzi”ied out in
radical-p %/);ne(ﬁi d/or _canonically and/or anionically polymerizable
groups a% or %?l?ge%v{;lighegﬁgv{/l%ﬁring%ygfnléné%} B S%%/Er%%s%ﬁgzn,w ere
addition 8h8RrAcid-Base* BOREctOHt 20STRE provess beveldineddn ohe to
of claimshé t@18p characierdizes-indahat the nanoscale filler a2) is a

metal, semimetal or mixed metal oxide, silicate, 35 nitride, sulfate,

titapate, zirconate, stannate, tungstate or a mixture of these compounds.
AMENDE eqERESS as claimed in claim 16, characterized

in that the organic surface modification of the
nanoscale fillers a2) is carried out directly in

the organic binder.

18.  The ©procesgs as claimed in claim 16 or 17,
characterized in that in step b) additional
-mechanical energy is introduced, preferably by
means of a high-speed stirrer, a dissolver, a bead

mill or a mixer.

19. The process as claimed in one of claims 16 to 18,
characterized in that the organic binder al) is a
compound or a mixture of a number of compounds
which contains free radical-polymerizable and/or
cationically and/or anionically polymerizable

groups and/or groups which allow curing by means

of & condensation, addition and/or acid-base
reaction.
20. The process as claimed in one of claims 16 to 19,

characterized in that the nanoscale filler a2) is
a metal, semimetal or mixed metal oxide, silicate,
nitride, sulfate, titanate, zirconate, gstannate,

tungstate or a mixture of these compounds.

AMENDED SHEET
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44 LLOYD WISE 2 21. The process as claimed in claim 20, characterized

in that the nanoscale filler a2) is silicon dioxide. 5 22. The process as LLOYD WISE

claimed in one of claims 16 cc 21, chardéterized in that in the organic
surface modification groups are introduced onto the surface of the

nanoscale,flless 82) which.canrepgl.chemically yif the organic binder,
al) or 10 have a high affinity for the organic binder. 23. The process as -
claimed %ﬁlongl?ﬁ%lain%?% t0'22° Ehdratterizéd Hfthat fe agerit  silicon
employedifor itk organic surface modification is a silane, 1a chlorosilane,
silazane, titanate, zirconate and/or tungstate. 24. The process %s; claimed
in,one of.¢claims 16 to 23, characterized in that the inorganic and/or

onr2g(1%ahic %efilgggﬁ}%g% s%%eﬁgé’}quggqﬁgrt?&ffw@eﬁ, G148 BBwdér, £ 21,
glass cefARISORdErZsich mb&uretdtathese powtldrs. 25 xFheprocessaface

claimed imane of elaims 16 t9-23,25 characterized.ip thatdhe ingrganic 1,
and/or organig filler a4) i§ﬁefirelga%rousnéig§g cky. ml mer an /oré%leiacdh can
polymer. 26. The process as claimed in one o claims f6 téaé ,
characteriZedtin fREHe Rorganit dnd/of BRyarme Silet 64)4s oeganically  or
surface-modified angithes has functidnal gresps pgdtssurfacaawhich can
react chemically with the organic binder al) or have a high affinity for the

- T
oE%”“CQKQegggggggﬁgésg gimed in one of claims 16 to 22,

characterized in that the agent employed for the
organic surface modification is - a silane,
chlorosilane, silazane, titanate, =zirconate and/or

tungstate.

24. The process as claimed in one of claims 16 to 23,
characterized in that the inorganic and/or organic
filler a4) is a spherical filler, quartz powder,
glass powder, glass ceramic powder or a mixture of

these powders.

25. The process as claimed in one of claime 16 to 23,
characterized in that the inorganic and/or organic
filler a4) is a filled or unfilled chip polymer

and/or bead polymer.

26. The process as claimed in one of claims 16 to 25,
characterized in that the inorganic and/or organic
filler a4) is organically surface—modified and
thus has functional groups on its surface which
can react chemically with the organic binder a1l)

or have a high affinity for the organic binder.
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