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p | ntal material and proces
pﬁ%%g%é?%ﬁp%ﬁ%?gof The invention reIates$%é¢25%€§ﬁ%zybzlgs
and polynerizable dental material, and to a process

for the production 15 thereof. Various dent al

materials are used ic, preservative and
preventive dentist4 mumm@ﬁﬁm’ﬂﬂo i ncl ude
"conposi tes", which or nore filling 20

materials in a resin nat¥PX. The fillers inpart the
desi red nechani cal properties to the dental materials;

these include the rh ' processi ng phase and
nmechani cal properti emm mmmmulw dness or abrasion
[ [ St at e

resistance in the cured stafe. has al ready been 25
proposed (WO A-020 92 OZé? t'o i nprove the nmechani cal

properties of dental materials_by addition of
nanbitare, PPLyYBeTizehdendeptall @psegiiad| §88dPrRceRe for

speci fication nenttodashcdee Lo UElesk-dys a very
conplicated plasma torch process (PVS). 30 The
present invention is based on the object of creating
filled and pol yneri zabl e dental materials and also a

prf’r?&?%]nfv%rntti*&gl p&%@g%'so”téh%[ egliqy er&nghﬁpol zable
materi al's can be produced I nexpensively an av
gotrntaekhmatesiagroprndi &9 suckrasesporfaxapee, production
capyesst ve strength and abrasi on resistance. The

i nvention achieves this object by neans of a filled

and pol yneri zabl e dental material which contains: | L

- Warious dental materials are used for prosthetic,

preservative and preventive dentistry. These also
include "composites", which contain one or more f£illing
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 is 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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a) an organic binder, b) a nanoscale filler which has
the followwng 5 features: - at |east 50% by wei ght,
preferably at |east 60% by weight and particularly
preferably at |east 80% by wej ght of the
nanoparticles have 10 a particle dianmeter of |ess than
200 nm preferably less than 150 or 100 nm - at

| east 20 partl cle nun‘E r% preferably at |east 30
particl 8 nBRb8FIFRHFePEPEBEY at | east 40 particle
nunber % and particularly 15 preferably at |east 50

parti ¢t £) NUMOgLdbo 0l ot ey 1ANEPALI gl S, ALe AQOT BBt £Llying

partlcles one 1 norgant ¢ an or organi c
filler sef%@t@@e$ron1the group consisting of a ground
20 filler having a nmean particle size betmeen 0.2 m
and 50 m and a spherical filler having a

particle sizatbefRén T0H Rvaeistihtm P%EGE@B%ESS'it least
accor di ng tostbﬁhebynwﬂgnm d0d a@t%umaedyctpx@feejably at

such a dent ter has th ste

a) - maki ng a\%l%??%l éb f PY3yeipfc ﬁ’ %ghenq’barb‘?%ag%q‘ldaeﬁ have
an at | east @amalaiicyleagg:ll(amtaitxed ofandess agpaegazed nm,
nanoscal e fldﬂyf(__efergygl % @gglqtﬁ@r?{.hfogrlg nic

surface fication o e oraanl C er a a4)
at | east onert ndEG&Ewi cz%n@P6F16’ Fart e Per s er %@Ifééﬁ@éy at

fromthe growgast caosi @tah:ﬁ@c@fa ar@ﬁx@é&@k fi |ﬂﬂféﬁﬁbl@ at

a nean part cl e size betwee a@d

2 pean partigls, sige hetieen 0.2, 0m20d o8 SRA S any
0.1 gm and lﬁtéf)epaﬂplxb) atarkgasty 60t partigbei aumber%, of
surface modifpCatd o Qfticles 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 um 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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the filler a2) using the agent a3); 10 c)

i ncorporation of the surface-nodified nanoscal e
filler into the organic binder until at |least 50%
preferably at |east 60% further. preferably at |east
80% of the nanoscale filler has a particle dianeter

of less than 15 aegsﬂgtlﬁ‘ﬁéﬁagl%ﬂdﬁﬁﬁtbﬁﬁlééohﬁang a
100 nm d) incorporation o ﬁe filler a4) into

organi ¢ bi nder: 20°®RerRPEHECLR o5d 28 la?l'a“’%i?ncé:iwzoe“m and
carried out in ango desi aed &equpheeleahmﬂﬂﬂl@meh&&hng a
and where step b) out bef re or

carrie
simul taneously to F%n %ﬁ%&%;e Sl&Fo %Swei% The chfe and

of the invention P8 gombi nation of an inexpensively

obt ai nabl e nanoscale filler defined in nore detail in
feature b) of claiml1l with a further (mcro)filler

def i ned®i n"CHBFELRSt GPF PR OEFRTHE Surdacemgddfication of

Nanoparti cties £anlée 2 ppasedgbynshggent-ge),; 30

process. In this process, al koxysilanes are hydrolyzed
and the silanols fornmed are condensed relatively

sl owy tb fiverpprdbpant bfl éhe Esssiadenlnodifdeld/ nanoscale

‘primary Wﬂiiéfei %5éﬁy'BQanYEr%fﬂaéf”ﬁﬁéifeat least

di stribution resul €SS IS very expensi
as the part?%ies HE@éeFéb%K pREpar d@36snp| &0y f rigerther

silanes. 4ordfierdbiyie- Ry Ol¥hke PBORAN AlUFON tHe S'ﬂé.ri‘dé?cale

acid is | se.known. Prij pa ticles in_th

range can ‘%J‘r(ﬁy% a5 e?ul?aﬁga"éi/e SEi ré’gctfﬁﬁs than
conditions2@0 nmlameeﬁgrmbyylhesmomb&mrlsmoon 1@0 gem;

part 5 "aggl onerates” or "aggregates” result fromthe
primary_particles. The term aggregates designates

parti cl@s IRFOXPREH io® onerr‘:gleprlﬁwaa]rlﬁlbar@gt\,l edNgce the
associ at ecbwddrii c BEn@®f her by nmeans of strong bonds

such as, for exanple, sinter bridges. Aggl onerates

are particles in 10 which two or nore primary

parhers eshendEBwepsagg) egaidesd) can be carried out in any

desired sequence or simultaneously and where step b) is
carried out before or simultaneously to the steps c)
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 feature c¢) of
claim 1. Naﬁoparticles 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 very uniform size distribution result. The
process 1is very expensive, as the particles have to be

prepared completely from silanes.
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are associated with one another by neans of relatively
weak bonds such as, for exanple, hydrogen bridges or
di pol e-dipole interactions. As a rule, in aggregates
the primary particles are cqonpected to one another 15
superficially, in agglonerates as a rule rather point-

||'Kl@ecof‘ﬂ&ﬁé119ﬁ§o ;ft':f'& ﬂ)r@paf@t@l&?m@ﬁt §i"i{é‘fc,es Hfa  is
The ag regates and/ o

g$arat|vegx smal g
RET 8% K PBR me B MBHYt RETE3616R] ﬁﬁlryhﬁarrﬁra g@nge can
walkleelwys%argenlthajfeﬂehe m{de’mryhepﬁéb.beb.eﬁ i thikals of
w [ an an|c ri x contaknin
§%£+$Ile %lggl%glderﬁég e?hflu fced r mngg%ed. part
5"aml¢mle&m¢©h has "mggrreegatgm"zeldgwﬂatt fsoar ttheg primary
fromeliiler st Wiloh Sanseal & PALORGYAPEL! LOLEY 3 in

| omer at ed and/ or aggr evertheles
po L) ‘aFri“9§eaPré“’é€b{t @larﬁmcéleﬁa@ma\ﬁs@gxgmd with

gg@ﬂ?@nlaiﬁ:ltl“%zop : fﬁéanBr eber %ﬂ:ﬁt}bnc_:} h%‘éﬁd@??%ﬁgﬁt efls OF for
a merated fi e ar e or nlca sur

%Fanalg B§e&& réﬁﬁ% ?n?ﬁ ¥ﬁ@rtlcaes in
orvgiamlm twonder , magg| @msm@trefs mndta@gssgands’ohelagregates
degtd 0¥§gog¥atéaewh@ﬁor&%3§ﬂ@{hé9 }B?C eéhﬁgtoft IAﬂiacatl:;a:t:l.vely

| east 50% b e nanopart
pe3el éoaﬂaneité?h 0fS35 f@%s eﬁﬁaﬁl@@o mrdqeEser hﬁhéﬁes or

a@iﬁ@lé@iﬁbl@e 1@1&%&%&&:1&?@' ahBed i guTer,e ﬂﬁt ddgregates
._The inventign_thus allows the HS
ﬁtékkeper?sﬁwrﬁ aPiTg SHeSer P&Fs FBPReEhE aﬁ%sc%ﬁ“’e another

flsupﬂrﬁumhammmuthnlagglanbmetestdﬁuathaled&ﬂtwer point-
g?ﬁ{é al.8,Ac6eE LAY esastépe angen#fh%n M@a&p sprfaces are

vant ageous propert ed by nanosc
(I1FPHRALF Y nFehkhi cal propertles) According to
the i nvention, the nanoscale filler 5 according to

ture is still tly a re ated, i i mum
{ et SRfhopH A o G4 FRERSRLL 70T  the
tlprxmarynpmrtaggeegarednpmhedﬂyﬁﬂargeMMthhntwheomrimary
r [ apg/lor e
Con s BRch i CReoie AP BERER1GE B Van organic
matrlx chtalnlng such fillers is con51derably

influenced or worsened.

The invention has now recognized that, starting £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 more 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



10 smal|l primary particles, the aggregates can al so
still have a particle dianeter of |ess than 100 nm
frequently, however, such aggregates exceed the
indicated limt of the partigl§ diameter of 100 nm 15
The invention has thus recognized that a parti al

a0y RAAl %Iéo‘?f thogémggC;&gﬁax@g ver&e c?%aééflltlfeﬁ.lers

does not onl y~ 1 nSi gni

advidmt %aeqoéﬁqr@éll@alam@we@ fui | ler and that

the conplicated preparation of nanofl Il ers consisting

20 aonl f mary _parti.cles (for npl e by the .
solS &4010 %ce%%) Egﬁ b PyEDheRSed Wi %ien. rl*—?’%/q’%?%,l%ucﬁlller
5as adogrdgxanpte, fedtwon &i)oxide ohibi n@iirtb.y f hggRegated,
pyrolysi n P rticl 5

By Sk  REATRATRRRR  CBhY, B sy st fibea in
andrdie gt dhkr dbestivwt h!lbymstangaaggeggaeé fpzmmaszles in

(1 hiRar tt'w@”&r e &5 igrg{%f) QP@l ek 249 QPEEQ?fomerates

forces. The cess ac to t e i nvention
ba§ef o‘ﬁo’?’i’f’éc‘:? aIbIYza?Fﬁ?lngh CrRESrechanitéy case of very

10 i neaaar adriommf psaehidDed| | LRres ag@tr@gafaegr Qz%m Calso still

bi t he te bond are el

thg' %gr%ga?gg%ggg%gare énFtI bt keg %u nm;
af t&equgatilycor pbeueven, thesuiq:lhl eraggmatttw paeam:ebelrs the
defihaedakadf eatire ) ok bré%tcilcﬁ'enPlaH%%eg'r %%”'1%0 nm.

surface nodification according to ature
claim 16 causes fresh aggloneration of primary
15 parhiec| ésventdger edrises/agH omee:caiga:slzaéd ertﬁeh@ a partlal

th
or SSPELRELRR. b LA R At RaRY S AP Chamy ot e pRagoriller
Si tiaﬁSz@ntomrexcpmbynedsngnmﬁneamaﬁm Iadn@lmly & fects the
Pr Sﬁ%éﬁgbﬁeohgeﬁo%?ﬁe%u%@cg Hgﬂbfs};gi‘% Hiler . gnd that

|ntLo uces . groups onto the surface o e nanos
fi FRer M iratet pegearakérncof y namofidiersr g%lil%lstlng

20 bl ofley @rf fra:_’y’:ﬁnaary hpﬂbt&f:fté@' t(}fd‘xoreké‘rhﬁlé’rﬁgn'&e sol-gel
bi nder mat eri.al 5cord| ng tot

i n@’éﬂ??%ﬁ) cSﬁPagﬁsglﬁPepﬁﬁgt wWiEB further filler

according to feature c) of
Fillers such as, for example, silicon dioxide obtained
by flame pyrolysis have nanoscale primary particles
25 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
30 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
35 b) of claim 16 causes fresh agglomeration of primary
particles or aggregates/agglomerates after 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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claiml. This can be a ground filler or a spherica
filler (for exanple a spherical filler as described in
10 DE-C 32 47 800) in each case having particle sizes
defined in nore detail. Both spherical and ground
fillers have characteristic particle shapes, which

di bh-aremabied! ¥ Qi?gtaﬁﬁi.cpaéﬁfﬂab?@%&gﬁffg?QMTintroduces

particles according to feature Nanosc rimry .
159p8HPPc P8BS T difha¥er Base nPFat ifamanaseaditapel 1ers which

spheni leala_cfti |dl'%tnfiﬂ'.claﬁl.(2|.®_‘ ddzﬂg% L @héeékgté_ﬁiﬁ) biEM%Ididcrf &ave a
ma i-n_particle. size. e.inyention makes
avé%ggb EfénggxtgPrnﬁ éFigFgﬁﬁPEhﬁlngﬁrPn spite of

I nexpensi ve production, has good nechanica

r r i3 Al 0 ' I .nvent j .
e A R S B A e e
pr8Felfagt =nerByorhenniibierenrgreréinghscorfgatiuye c) of
bi sUgim r1an0$§als§: ddd | B %1][ Q?o&ﬁ&lﬂq_ilteiron@f il | kSherical
according to featur c) of. clai ... Jhe nean prinar _
pa?f;gFE é%?g(ﬁx§Wﬁ§qw$m§85?El?glléﬁIggﬁ &ﬁxﬁ%ﬁQEf & in
t hBEr@vea® i @7 i 80Dpt vieen ehchm aage 8havmng ppatediabkey sizes
be nim. a n artjcul a ref erably
peragohed nihofobg MbERELPRTALEN bierPLel 'A%V grouna
acEdt HPRY t BavRe iche@mcterilsdsca BETtsinlfeaceshamss, which

' 6 I ! -
et pg St S BE) B E, e

39 / _
SO@gWé}ﬁ €And Tt arfy praferanil/ -beNﬁé@ﬁcsgenﬂpﬁlmarY
anpardd0leg/ gcan Thevaanascaligmiflidd erpaepptdyed shape to

ac 'p 0 . j_nv ion. are. preferabl ta .
seﬁ&n%%a?a%_r f}h!igéa .s n%?%c%?@o%u e&g gﬁaltcua{:c%s&hi #’the%l,ffer
sundgfedlytiraparesclezsigenat es, stannates,

tungstates or a m xture of these 5 conmpounds. The

grQup consisting of the sem netals, . whose properties |
(é@b ctAV Pt aBPe APkASe BT ARIE r# cdPntadnditSndialy)which,
| i &n bep iveenof haaexpentheempraldaicaidnt, heia N YuBRE ahdchanical

ir54é5§¥£9g on, silicon, germani um arsenic

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 gsurface area
(according to DIN 66131 or DIN ISO 9277) between 15 m?/g
and 600 m?/g, preferably between 30 m?’/g and 500 m?/g
and particularly preferably between 50 m?/g and
400 m?/g.



antinony, bisnmuth, selenium telluriumand pol onium 10
(cf. Ronpp Chem e Lexi kon [Ronmpp's Chem cal Encycl o-
paedi a], Georg Thieme Verlag, 1990, p. 1711). The
group consisting of the nmetal.s can be found in the
periodic table left of the group consisting of the

semheet al Snogd I BG t ' ro ,

subgr ou ,rre?sé\?as,Fe 15@Fg%?%§ni gegnsﬁ?;dﬁ%cgct %g(l:ggzsl%ind ttche_ the

teﬁﬁyﬁpgé8nweﬁéﬁ Bxrderahitri metadyc. spyimetpe or mixed

mdmentaﬂomkilderse aﬁlﬂmﬁsng raidt;;ﬂafe@,a! s@?f?@é’s?,d ti::t[‘tl':]anates,
st _two__netal s and/or seninetal s together

Wi %%th_ﬁﬁgatcgg stcanﬁl&itﬁ&'n MR EeT GF (ao%?’aét,uge of these

cOorr éspo

5 ni epmgeundse. ) Thee g2ouponbbnedstihy oof atbé hesemimetals,
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hemincal | - ' di ng_ .
Covmbeel propkit (M ORCEEL LAl E ] BoBIRLRKER AR08 rical
di 6RPERCLiIYL G ndheoxpeleveon r tbasemadl oxiielemetaf aniand the

di psheeca2hb, ziRe10¥kde bokridh ,didXi 14y Ceyd ﬁ?ﬂﬁw’arsenic,
aluninumsilicon oxides,_ silicon-zinc oxides, .

si Pt 6W99¥rcoh?ﬁWP5§rde%?le?}Bﬂ'ox?%%%uﬁhﬂmth%m¢ polonium
m Xc6r eRaugh Sheinden Héexkkoer, [RowbpIs gfhdmscamd Encyclo-
t hgi Lxtu i S I _OXi an r.tin

di %i%gg%a(boﬁgér# :I‘?llglé‘g g’t%%%%lgi’ur#glﬁ)l’f ﬁ'e?msqol)b'ar?rﬁﬁn group
suFPagesStsRgorti (ha inekate, char ihem foumdate, theodpemiodic

Zi t£oDat Qe FROIAS SEHE Zroe@N A Shs IRUEST YN tHd GOl Fatal s,
cal ci um,zi rcglnat e, strontium zirconate, barium

zi T tOnatESIEEGR UM TInGet Bt TPt 8T ke - t ShpSEaLe, metals,
mebmeshami demgstrat eactdhdidem.t URGST allee  t3TnStHOREGUMetal

t te bar j tungstate.. In th rocess

a%?%?hg ?{ﬂﬁ%ei nv%yncjf:ni onl,gt hede b%an%cg%ﬁp%t‘?‘?‘?l digre as
aree I nedl [gnediisiedr sicogpocmenedoi avhychbt at nabdast  two
ageesegpd ed/ age QJrer at %_@m&%@%aﬁgsf' I L85Sh8lCh 85:¢f07 the

exanpl e ogenic silicic acids)  1n~an organic

S ST RORA TG AP FIT nBB1 PYi {g*iREm B4 LriRe, etc.) are
surdrdrinedDwitiy drie sarasigedn cometi daTryi on, functional
groups are applied to the surface of the 5

nanoparticles which, on the one hand, are either

cAhg ennhpopoadied drilddsoy pt emplyybduncddanditng 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 zirconate, potassium zirconate, 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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nanoparticles and which, on the other hand, can react
chemcally with the organic binder or have a high
affinity for the organic binder. In the further steps,
10 the dispersion of the nodified nanofillers in the
solvent is used directly or'p@eferably the solvent is

stci pped of,f and _then the dry.nanopowder is .. . .
 nESEBOF St 4TUPRt 85t he O6r GITE L5 n BB IR Drtjdriic acids)
sui}‘laas nmgahiic_atsiod_rve@an aaidsm:rimnimar]ilqd_nmﬁiﬁiiﬂrg:tﬂlqem on
15:ho theupEgall ¢ bhhdehg BY.fipans Qlodlis PLRGed &icson,
surprising the agg oner at es and TP SORe Cases
agfreght esaar rPRheasht | 3PRbIRE ntedthe tvefaaeenet the
thﬂ&p@ﬁ?£§@§1e50?®h2@Fpre?ﬁrﬁﬁhbtagg%§a$%u§%@6%&% either
particul a preferably a as 9. O e
naﬁ%‘ﬁ%ﬁ??é#és I%?fb({eaé)papffi CI%SS%%%Y%erof cend thhf  the
l00anopatioieles, andnpletah, deagghegaitlosr i Ban@t can react

achy j..e. I %.__.nreferabl t least 30%, .

Seopgelatty Sy Bin O Bhlandd SHILARY 8L £EL 8)'nion
atafedmitgofproftheheorgrariopdpinddes anethggriegahed steps,
pagkd Cl @8spdhe: Gh9apEC vRdI fhsalt Ofna{rt@fﬂjfé:faée:?aq'?y the

the _ aggregat ed/ aggl onerated nanofillers Is pre .
SOS‘B]aY‘gﬁ%’edlﬁutu t?éﬁ??ﬁbyv\dotrh Rrefigxplidie, the solvent is
chéorhspédne,ofst | azark, tdhHeanat €hezi r @ppat epatdp@odate is
or ; \u ganjc_acipd_(s s are.describ for
ex%%%ﬁgg?g?%t% g#é@?, ng),%gﬁa%ﬁ San?’&ng%’lrd chi'6ri d&93nie
orsahfger i gedifaeatdionoxzaesalenl deostammnbed out directly
Si{RzEReSorddh PRab L83e 8D zirconates and tungstates
particularly preferably have the general formulae S

(OR) nR4-n, SiClnR4-n, (RrR ' 3-nBi) 2NH, Ti (OR)
nRgy n, n?e’zar(ms)omR4_ﬂh:Bag:j Wﬁd&duﬂé?G-?hsuﬁ@ﬁ'rﬁr@é@d the
n or 3; preferably, nis = 3. e rou
boén%%%on\lﬁ%atf%sé oxygen it T j §8Mas FASthe cﬁ%re-é%te%f are
R pereanenteky rednmmigared fantheorakegtotpat preflesay y50%,
arpaAl fetlalii URe AN BRT 9ol A Vo REE] 180k Yy ap BRLIE y ac
et hyl , progyl or i sopropyl grouB.. e un%tPonaI .

gr R i80%ny Bési ¢ oripRRRARF AL andhage a particle

diameter of less than 100 nm. However, complete

deaggregation is not achieved, i.e. at 1least 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, chlorosilane,
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
siloxanes, chlorosilanes, silazanes, titanates,

zirconates and tungstates particularly preferably have

the general formulae Si(OR")nR4-n, SiClyR4-n,
(RmR’ " 3-mS1)2NH, Ti(OR’)pR4-n, ZTr(OR’)sR4-n and W(OR’)nRe-n,
where m and n is 1, 2 or 3; preferably, n is = 3. The

group R’ bonded via the oxygen isg, just as in the case
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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. Ris
preferably selected such that, it has one or nore
functional groups which can react chemcally with the

°r9§n|QRb‘nde%. 1Qeha da hbggﬁﬁgginikﬁnggiofgf group,

%anl c bj nder. These nctl on groups are a
Fafreain ﬁﬁealgb’év@m G RAXfelrfiul axdivti prefeepbly a

Chtln@thﬁE$ angthypnhy drddgs, mwhi & cansbpkey,se b&roup.  The

ani c surface _nodification, They are

dfo
pr ‘fu%igtébﬂ}a;c?#’&f’e 5 RANaSFSLEEE, 0595%80[99‘]0&1% and is
acdytreat e, borrdeliad:rcyltam ds;.lycm;tl takbyliumepeXird®nium or
OXpuAgEeeN | b o MBlnoRThOBn 20l AL (LENLTY BE S, the
chl or Shat'e osphonate, phospﬁLte th !
al %B?l‘éﬂ’s %nGPBr Iesééﬁélﬁatcélgloéupislffﬁmrbypr%cmﬂ:tgreferabllf

f osabectddt BEcRORhPARNEC hay e dfo%dcr‘ec aEL!.rR:.nCJ.Q;natlhegroups
na ofillers, such s, for fxar‘;p 3 al cohol s,
belhl 6P TRASE of "CBRhORF Y, YAtE rdivedgpRighéinder or

Sth@ﬂUGﬂthﬂg@psaéﬁmﬂptyfoforpﬂﬂﬁibb&géﬁideBSnder These

(outedben). |ofoulliey 2he OIS cfRMADET Un  the

a1 ned ahount §
\A@%‘fem@?@@%ﬂbl y0§9@1rﬂ5% bgcidsght adidd t hehllentdks and

Mﬂy@fl@é@dwﬁ@z@hl AHl - 1i\kéuiLa%eadéﬁﬁﬁi@gg&ua%?%ptdfghnic

of the invent is the organlc nodi ficatlon o
sUT - of T I9PersTHEY) 3% REafenabln; @crylate,

casethddweyatosp R of the:mmwwim@,d for the swflateide,

gl £ : Y onal
AL SLET V53 AR S LA el gl
tlfé:fsetrrrf ac&mgnoy he ﬁgh@fl | lagisl casteake phaté bothidyide,
MgsssHa e COV@'h%%tphl%Qﬁ@eand B}ﬁos hifgeans ?ﬁl@f | 0N G ohol

bond The. sol vént i n whi th ani ¢ sur

m?d?c}/%ﬁ%ﬂcywa?ﬁegﬁaﬁsﬁ | e BePreiitiet formed in the
preedoraid ysarpatar mcﬁnrﬂidaitﬁﬂi vent tHwl panbkgularky such

eyl Febpurhe Raine, 2 FeRraydr GRORAIerie | acid  or

mammqnanﬂanﬂrmﬁmoﬁedthnrnheesubhequent 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
means 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,



di rect organic surface nodification of the nanofillers
in the organic binder to be used for the production of
5 the dental materials is a particularly preferred
procedure. In this case, the gani ¢ binder is the
solvent to be used. For the acceleration of the

or gaRiGongyr f acenyPdi Giceali-n of nibe,panqig 'olblu%ry%. WPatone,
acid cggg%gﬁgadded as a catalyst. In any case,

cat &ty HAEE S1F 181 HRPRFOPYL cPENSEI-y Muttkagwore, the

O.hal%ea!&? c&%aﬂwtgrxﬁﬁfm@smemfueafeﬂsﬁr oltfo &gé ¥a@¥fillers

t I I wat er of.t al.rea esent
2l ﬁ%%r§%|1%$le§uF?a883uSSP &%& the prdadction of

as an adso 0]

5 ag§hegatdemitadgl onerer ball manosi | ler paseiddsdy preferred
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St @Ebb@QuS?HbStﬁﬁcech For c%.%%' st Eﬂget%a{fﬁfﬁ 'bq.gldler is the

furt 15 wat er, E9 also’int
acPa; V@&H ke bgays@d-| Fax ddie tarerleanatrian efethe organic

di sumfagéatnbd&fo:atﬁén @&9'&1@3&@{&&1@1@1@,9%%934&% ldan be
thgdarganlc solveéglr urlnﬁ t he organi_.c surface

affolt Gt %?%hd QuPPhg CBRE mé%qq &dicopnugpnts of
adwateonaprefiergpliynpet wean obalaammdﬂ$4mnmuéﬁrﬁbt§m3sent
Cu§ho@rd3é:rfm|§@og§rr¥h %ﬁcac'l;héj cg %gglgﬁlt % water is

exang means o lrrer
di 8§ Pvenalréa@éfacplfﬁwn%raa mmeadscp:rbastme 28 ct‘-é‘@e afirfaces

t hef usgheof a@@h:é aveky al Bh%r%'t%‘ao USaSOF i/ el Sg LHEC? as a
re er%e §groce partlcu ar |

oraéﬁF EBIngEPSaifiSed 8Fr@§ﬁ¥f?%?ga§ﬂﬂ g%qqn't¢%Fther
orgabéecr, bender alsoaoin uskd deorar sl vendiiltbe aefidanican be
bi ndgrqto be used can be filled directly into 30 the
organi ¢ solvent with the dispersion of the

organically nodified nanofiller. In this case, the .

soinenbrisrst ebppaecaibratiker thize Ryj %‘il r%g“l(Hn e the
i

m xture of organlc bi nder and organi ca fi1ed
nat By T PTer2Lrs o5 dIRFPEEIHST atJéP LFsllf?ofOITQ‘ﬂ?l-‘% solvent
naim):tlﬂlgl; ed:kttentoaigalmt@rsalrfaﬁbe mbat f€tatSon, before and

UG by B GEh o g L1, Lhe e R tle can
rmh%r¢%¥§le@c@@tdUﬁgngothhecuﬁv@mamgnmeﬁh@ﬁsramh%std&n be
gg%f@%:’]?umdf&&edeﬂéﬂﬁiél | e.tgy' SAASCIINY gh%lgh speed

stirrer, a dissolver, a bead mill or a mixer. In the
case of the use of relatively highly viscous solvents,
this is 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. 1In 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 sgsolvent-
containing lacquers based on. the dental materials
according to the invention. Preferably, the organically

modified nanofiller is freed of the solvent and
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- 11 processed further as a dry powder. In this case,
the dry organically nodified nanopowder is then added
to the organic binder and incorporated wth
mechani cal energy input. The,incorporation can be
carried out, for 5 exanple by means of a hi gh-speed

Stbfb@éss@dd'ﬁﬁ@h\éexr ragd #«1 Eer%lrl {:qg!l.l; RAse, the

kneader or a mxer. In the cdase o

r ePBY i \RAGATH Gl Ay vmgééééedsdnm@f%m if peren cadded to
i nth8e sagenDd tHihdi A e@ind 19nusepelathe OFPRRAI Grechanical

bi nd i t h th b|
oxEiska?" sinR: ' BRPeAcreaBpaAEacH: b b GRIOAR R or

f oexahel er ghpi mesusf afe anbdidh -Gatdeah safirndie a dlssolver,
nagogégae&§l ango ppve e, di speksian.

this case, ﬁ %r% g?ré pfoge%éggh%g ?gaé ﬁ%%sg 15
possi bl e excesses and/ or unreacted parts of the

COrpoWhe Usgdel AJf t BRe ONGANI 6£S Urd 1AGE; <FE Ciﬂh&ﬁhwn W scous
noflllers are converted by reaction wt

the pa
su??g BFRE2gERE i 1] oPEERLCHARES Thhi ER®ac@sthert etthgerdirect
r emswedff tde tdlegah:sq:)ebsndéroaseleﬁes@BxPeﬂitﬁﬂHh.B icant heappen

Otl‘?éé p% 'SQ.%H.'ef éggé/i\g t | CLfo:rPf’%}r\{g?%%fé?ged:arts of the
;NQR%QRHlegsﬁﬁefqmetbe walgenias swr faeat madichcesion of
I egied eﬁaﬂbf'ﬂl@@?@ *@:la%no%xcwegsfém@@gé OErHHr eae! ecfj:x.éi?é'llélon

of th% npound us for the aqrganic surface
modt f | @&Floﬁaﬁ? "t ZQrﬁgﬁSFFﬂ1é9§°CQ%%r%rgéh|Ehat these
bipwerilelewl opedeissea CQﬂpﬂUﬂﬂ onn&eabXédrepaﬁtﬁ. of the

h s free radi
Dot CTBAL IS WD SIS PR AbBREigprgon of
3¢l Wﬂ"é’ll@fzjabl%r%]ro@p@ andnvergedupbywhirelaclibow with a
ClHUiG by @B% of n 8o CRRASRIAIQN géﬂr AUILHON ecither

reacti on ﬁ by nmeans of an aCI ase reactil on.
THERBRsH uRER™ EBﬁs.%}tSRﬁrSalqsho%h&iéﬁe qegsegemain in the

sidiisgerdiagedi or trwyga@r@ &ﬁ@ﬁl@@ﬁsli%ed)l ar epbe harmful
strucﬁure and _at

ne function roup, whig
i s bongded to ﬁh.?aﬁg g??d%?%f%rﬁﬁ ﬁ%CEFdﬂqeomés the
Clllﬁengbﬁ/\/lwé_cliﬁlprme@dsaggni_: mehhshofl sarkaetedadiicadl possible
R Vs e | QREPoBNAL Y e AN Barts of the compound used

for the organic surface modification of the
nanofillers.

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 compounds
congist of a phosphazene-based, silicon-based or
organic (carbon-based) parent structure and at 1least
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 means
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pol yneri zation reaction and/or by neans of a
condensati on and/or addition reaction and/ or by neans
- 12 of an acid-base reaction. These functiona
groups are preferably acryl ? _nmethacryl ate,
cyanoacryl ate, acrylami de, nethacrylam de, vinyl,

al byl anepéﬁ(nlcg-eoasé)xﬁt;é@@n.oﬁ' n)i'lhe?%efmn cgrg% %‘rgups are

acid ester, acid chl ori de, at e ate

pHREPRETRR1LY hi oF"CfYéPE@hoI RHPGC T e anat EXFRSAREYLate,
Thecagi 8niasj d e@ttelacr@u@m@ued chdrp:ﬁyple gawp& caned¥kide,
derived, for np from carbox aci g

phEPHBPT ¢ é@fﬁg' ﬁﬁg§6hon?%ln30|&§”6ﬁ sBFf8ni 8SheF gs.acid
10cHber pde ent pabsphétiee cahobehohaltieneaphdepdriched, thiol,

Cy&ié&hoPeQH?(BEC1%%%%a%a%%pgﬁgﬁﬁﬂ§hephgogﬁi&ucghg@ ester

arent s uct ure | gbrrer
pAyfrepréddsahianice TJreuphefitalbest dert ved, oﬁEOtChemqasnple,

paf bk Séahbb‘é:tﬁ??lé S £onsd | ugdisbdnom @l ihadd ¢, ghedionic
a|I£H$tIC roggcllp aromatic and/ or hetero-
ardnet? % PR1C 3P - more functional groups can

contained within the aliphatic, cycloaliphatic,
efﬁéocgg%éﬁt el Grandigh MERE) 8% OGS IR Renea,
- cy¢i}q5 dendx;gxgu)and/on}[hygqybganqbed @Onstruction.
C’ﬂ?é %%Ostru@@ére c%zbe %anomglfg"\" Ollm@'l)c or

R R2- and/ or

m%mel@lc \/\?rfie?LéCt“E‘%eRl Tfrfrorcfaﬁwczpels.r Witge c of  the
r aeh et pteuﬁetabéy ian comsimsitiddit £dodr asubakictivt edyclo-

al%yc% pr ‘ef el‘l‘?%:lleciag 1ulné:u8;ta|l élur%aCLeSé red (HS&I{]Ut él tero-

3@@@1%8%@%&%@@ ordmmcéunt:@lonaéh Bfrerugst can be
fregpadglindd  al wphyadih c Sgﬂgentﬁlﬁ?ﬁa%g%ta'n%@d:?éﬂﬁihatlc,

P rent structure, these ar e er ab y deri‘ve
eterocyclic, aromatic and or heterdaromatic segments,

e.qg.
-0-, -8-, -80-, -80,-, -NR'-, -PRY-, -P(OR')-, -POR?-,
-PO(OR') -, -0-PO(OR')-0-, -CO-,

-CO;-, 0-CO-0-, -COS-, -CS,-, -C=N-, -N=C=N-, -CO(NR?')-,

0-CO-NR*-, -NR!'-CO-NR?-, -8iR'R?- and/or -8iR'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 RY.

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.



35 substituted (e.g. hal ogenated) and unsubstituted

al kyl and al kenyl conpounds, ethers, esters,

carbonat es, urethanes, polyethers, polyesters,

pol ycar bonat es and polyureghgﬁeg. 13 If

cycl oal i phatic segnents are contained in the parent

St ruct , r I er., fram.

Subet Torsd (o ) SR oLk e in, phe pazent
cyElFEHCkHFEs (sUdHE I, farcexampeéerapdlohedareiveadl from

it%u@s@&&h%@ﬁivsqkugspigﬁE§OQ§H%Ee§?a fQPdexaﬁﬁéﬁbstituted
Spl I O- ep ane an - an CyC |1 C ,
oy S lahlsaboeh anth, 3L Hor TR SYSiefonexane and its

5 nodbeiranéyvesdr, caspheanspi faueh atgmaficaneextmpibanespiro-
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di . Lf. het li
conParREEANE) . b W " Do PRl B afofhfbons  (such
pr @Ber abfigr deekaawler om decdbint ut edrnberpane, norcarane,

haboganat edhanAfrHRSUPElAiEUREd aG¥ChadaXbERRS) .
nmor phol i nes and i m nooxadi azi nedi ones. 15 It aromatic

segnents are contained in the parent structure, these
ar efpriedtespddye et | wednkbh@@ Stdsitohntbetiede. fn the parent

hal ) and.,unsubstituted__benzenes (sugh as,.for
exgggﬁgﬁgggﬁzen&hﬁﬁﬁLmn%Fe phBAG ?rgﬁ?Vine Grgved from
bi gnbayirusad fudedgar onhelecgenagedd sysndns @ssehswstuted

foﬁyéléHEkErihggeﬁ%rpﬁbﬁ@hggeandnﬁﬁghgeksaga inediones.
acehapht hene, ant hracene, phenant hrene, nap tﬁacene,

pyrene and chrysene). If heteroaromatic segnents are
cobfai aedmbBithe spamemits 2% & r Widndfinddesen artthe parent

pr derivyed from_substituted . 0. .

P e e D e P B EFabEy” [ fieived  £xom
t hbvbathtutedndolesg. benkalagenstedbenzandi opesesstituted
di an i.benzot hi e ra

in?ggggﬁgé, gsﬁggingé' f%gﬂs, tﬁFg%Mraﬁ%h%%%P%md t?lueée,
qUPRBRPhes aNAd I4® oRRENn P PHERUSS , aenc{ i fuPedcarsmaiichering
cogpetatisor (sach Xtad e ofoa nexbBaeblel coamuds, Pluorene,
whi ch gﬁ east one is Ihguid crystal li ne, Cﬁgvalso be
orTRYERRMERSh 35°EORPHHEREr co TUTIRAASRY y ntRsBaRF AT ene
angédphtbatcena caytgne 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.



and/ or anionically polynerizable groups and/ or groups
which allow curing by neans of a condensation and/or
addi tion reaction and/or by nmeans of an aci d-base
reaction. - 14 A further preterred option is the use
of a fluoride 1ion-releasing Conpound or a m xture of

a AUNbeF: 1y 8%%@%&?@& éﬁtﬁgﬁcqéntﬁga§ﬁﬁpn8fcép fluoride

rel ease fl uori lons, as an organi c binder which
addPti of Fﬁﬁléﬁnt%?ﬁEan@rééfréUi@éKtB§Pyn%fiZth@mber of

andbmpooatc-ll}sonidﬁal wi@%{a@:] 1@%@%5@ !cﬁnpgiéa@réezabfft@oride
groups and/ or_groups. whi ch . all ow curi ng, b; ns of a |
co%éeﬁéa@ﬁoﬁnhnay%snhadFﬁpgﬁr gﬂfﬁ%dﬂy G2 neansalns
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acpyk t cr 1 des, .
opfi8hERa I AT Yhat PR 80 SR ABE (ana /o ozeups which
spRH681Vt RBEARBoRA Eanspiafoct terdengat iomiandl/éx addition
or Feaestensanfi/e¥Cchi/CmeBAL! 8¢t ARESciBLBYEEI Eeaction.
bi sl act ones, cyclic carbonates, cyclic acetals, allyl
15 sul fides, vinylcycl opropanes, organic phosphates,

orfani ¢ pfwsphonat édndergani ¢ phegphtees or methacrylates,

congj i ft n are .panticularly .

prg?g?g%?$8%%bl6§€%ﬁé{ﬁ£9$§§?r?ttWH@“&EnSEQFFFy, Wgtdes,
ex@fprasesdr e mefPilcved thslcarbor@ test, hy | spiroorthoesters,
(Bt Byaciy b sshsddwdrd Mret) eyl At Flo?gétag)[:s)héspr OpYlyelic

(nmeth)acrylate, n-, i- or tert-buty ] acryl at €,

heRYPLLRETRS acr VRIS 2CREROABSSE (WA ASPYRAe, 411yl

ﬁysﬁbﬁbdyi,fﬁEth&&bybab@rob&@b@nny|c&@ﬁﬁﬁkr5aQ¢H&§§ﬁateS,
at e, ro

(%é%%%%%% {a?éggéﬁ%ggk§%fc aggﬁgégégfs 0 ﬁ%%&Fgfyetﬁyf

(neeTgERryiaRe &rf hydh@8fpr opplperedl) aceyeat @articularly

(nBtdferMTy! ictAtydd TGP Gt b DNy (BBLABY22¢EY, some

ate ester, ~succini¢c acid npno(neth)acrylate ester,
rnﬁ%ﬁ??ﬁk%darﬁnm%?%%?%§%c??1%vé ester, glycery
( medti)Elr Ynatd) ad@yglhyesr yée ket ikehy batg1asker .n- or i-

9yl SRl ate, ol yoeryl ol (fethiaorylpte, )

a

Suc
digemt¥pteer yl iy suctnetdt)gcryilate, 2-ethylhexyl (meth)-

acrylate, cyclohexyl (meth)acrylate, isobornyl (meth)-
acrylate, hydroxyethyl (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, bis-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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(et h)acryl oyl oxyethyltrinellitic acid, bis-4,6- or

bi s-2,5-(nmeth)acryl oyl oxyethyltrinellitic acid, 2 35
(((al kyl am no) car bonyl ) oxy)ethyl (neth)acrylate, allyl
(nmeth)acryl ate, butanediol di th)acryl at e,

hexanedi ol di (et h) acryl at e, decanedi ol

di&f@é@ﬂj@?éﬁéat €1 Q&ﬁeca&_eﬂh% )dééﬁf é"crylteg aetlhylene
et hyl ene” gl ycol dy(rreth )acryl ate yl ene gi'yco
di%#‘éf‘ﬁ acryl @t frethhacryidtet hyl endP X/%deY ene glycol

diﬁmﬁ&npwilcgleteéet rgaq,tdwh | ﬁnedlgin&élﬁﬁbacrylate, glycerol
met h) acryl at ene .

dléﬁ%?%%%%¥ |T5?§1§ ) 88 %ﬁ T’% di ( H‘fﬁ@%}f’&?é?papﬁceroltrl'
pr ﬁp@&lylactyrbahéacrylauleoxylam hyl oelrpi,qune tprooxylated
T e LI O BBl hg e AL Bl AN P RLORE D) ey ol
t eft—%{@rzmﬁt}]abwml@te di perﬂ%%ﬁty@hr%h( methexa (meth) -
acs y-¢f £ e bi SEESﬁHEné\ld' knetda)@rer algy18khoxylatied, Lated
and/g/ogroggéXLgiateg EE enoﬁ dlgnEth) rylates ’ 2 2-

dl(met acrylates,
bilsigl-4 3¢1 e laca gt pkyx- hyﬂywqw]pmwﬁhm%ﬂmlpwme

r or r
phosph(r)!ﬁq‘lft&guérll%es\égcsrigft Iafe g:;ls P' QPlgpg SH&” promo-
( erogeleylat e aqidet haatetaet hqﬁacr §D|1§P%§D9§uchAas glvstidyl
eXBRPLE) adry/1 84 i (BLhYkak- 4(n{’éi:‘fg'<':‘~’;)S:(j’,rl~"’s:t:leAse'. di 9% 5a%2 for

15 dlazahexadecane 1,16- dloxydlnethacrylate)
pOTFEERET - urlet hahid matiaG 1 4atids issrdatiddioxa-5, 12-
( nktdg s yhdd esne pal yeadbhorgtiemeaBbb)ygtaykat es,polyester-

( aLes. pal yi m_de
%%ﬁ%r%l g?;“g%hb% %#ﬁ zené o)ityf‘?)sgcryl a&meesthag afrylates’
smmlémﬂfﬁ acr ymgtés acgwﬂwtego vi ngpleahdde n- @reth) -
| é&f¥mﬁtéﬁny| ﬁ&hﬁimlaé 1m@%h E%&PﬂQHEﬁl Vi BHogphazene
er, Iyl Vi ng/ et her, octyl vin .
QT et 7Y, E%Pﬁﬁ@?yl @e&hée&%y pres; ethyl

rrat:h;yyl I&y;[he&t hefi- djnfretxh@&@byayo{rmﬂyleﬂmlow ayl, i- or
et.her

prt—'oeprat‘nebo}J tc}f ngﬁtlg Iegf%%lr'or%%’&ngld%%f Htiﬁﬂf/r QFE&J‘ vinyl
hesdadrasdi otydlohayizl etviaryl oztlzeredi oycdiphenyll &, Hergpoxy-1-
d%@e@ﬁ latﬁé?er cﬁtn@’ 0! YS?% ?h&{}i' WS vinyl
I et Iene g yC I'vinyl et trie ene yco
her, dlmethanolcyclohexyl d1v1ny 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 wvinyl ethers,
polyamide vinyl ethers, polyimide vinyl ethers,
polyurethane wvinyl ethers, phosphazene vinyl ethers and
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di vinyl ether, triethylene glycol nonovinyl ether 30
mono( et h)acrylic acid ester, polyethylene glyco
di vinyl ether, tripropylene glycol divinyl ether,
glyceryl trivinyl ether, pent grythritol tetravinyl
ether, 7,7,9-trinethyl-4,13-diroxo- 3, 14-di oxa-5, 12-

' e 1. XY, ny. r i.sphenol - A

é?\t}%’é@% %E%l %%}xs& a e]é(l}ll réill}géﬂ? lop%%(y at ¢ edglyclc101

b| sbkféhéle @eha cetlagye p@llyegtenGV|dﬂ5ﬂX16161er‘sq2 epoxy-
pohyganbenake vnmsg 3et4herp%x M Ane VAdwa’d herginy -

ers, e vinyl ethers
poFéﬁEégﬁﬁﬁQEV|%§+ "efher&n é%ﬁﬁ%%ﬁé& ApPratRErs epoxy-
andyeldbBexankoxa@nebakyld t e herssichal Ky, gmmﬁleyhmple, 3,4-

et Qg&ggcgtixghggglmeghg;;3%134!éeg R EFLYLRL e JLOENL S0 e |

bubgsane@p@%ycﬁmgﬂxquzladephee, vihgpanediclohedegbycidyl
oxzegﬁér viBrkexakaherers A 'y@&'dﬁ% ,eegélﬁy R SH RPK AWhers

car boxyl ates_(such_as, ftqr “exa
ep% yd%/}’@ oﬁ@}yeﬁ@yﬂ,?pe glycols and of the polypropylene

3, élfz@oxwyclcwi@m@hﬁ@:al nga/drﬁxe) ofigt asaglsehtuted (e.g.
e exanedi_al__di e

QoL el BFRl BPgCPALOEERGCcH SFERICIA niieh o, for

th@xampyethybeﬁehghp&eﬂs amdsgmaﬂuimﬁnyﬁmmpybeephéﬁbl -F),

gl ¥68bscidbgl yeiidih BthAars Qélaé%bSt Ity %l thane tri-

halo epat ed) and unsubstltut |spheno suc as,
§ Kbl eSEBFEphetbl 12t Y EPLpFeRdne C BRtglycidyl ether,
bl mhﬁh@tadﬁener eSOﬂS@lﬁ@}boﬂi@éypl dyI p&lfester epoxides,

t t h tri-
¢ﬁg¥ ?g?e pgﬁe [%P %§ 3y| etW yéﬁ?ﬁ%ﬁ%ﬂnﬂznﬁQﬁ%ﬁdes'
pd@gbp@ML@es epokiy@ss er ﬁmty;mhﬂe godyidedponapel yurethane
epOXbLESe s Po?l‘l%%?g paeepgébﬂfées %R{ci/agHQSXSHgX'Q;&ldes,

pon|n1de epoxi ane  epoxi
phbshiarenes ehekt 8@ sC4f a§ﬁﬁo§&ﬁedé|§%€|t@él§s (such as, for
3 e%c&h Substituted oxet anes A oxatanes. W)aog{etane) ;

i S AT T

t eieraoa@sqzspafé[S] Ehdm@mesu@jbéwtﬁdtédB -1 XD ESanes

gf%%ﬁ’e)g (rjl fe)lj%cgt): gnzi?anghneth Ieg&? Al?'egéla-tr?]ét?hr}éne%e 1,3~
dioxolane); difunctional 6- methylene 1l,4-dithiepanes,
and the reaction products 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, P,05, POCl; or
PCl;.

The mixtures of organic binder and organically modified
nanofiller obtained are distinguished by a high
transparency and a low viscosity. In the case of use as
a dental wmaterial, 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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25 and the reaction products of nucleophilic

(met h)acryl ates such as, for exanple, 2-hydroxyethyl
(meth)acrylate or glyceryl (meth)acrylate esters with
reacti ve phosphoric acid, pboighonlc acid or
phosphinic acid derivatives such as, for exanple,

P2 3 t ,
P08 TEC0roe SO TUBLILS! S, O OBELS, i
ar 81@psthafgiished - By !ﬁn hega -"'{Q anBpaartcyprasdigalowfillers

Vi E.&Oﬁh@)’a fn@athaQ'@S_%l@f sd$e %%t%{éefﬁ cberit A BHErdAl ym is
ho ver not suitabl e for appllcatlons

@O?ﬁ89°H§%¥ ACFRFEINTer iR | Bﬁe SHAENREGe SHRFELPed
r eh]abvael y A ommaeehaailcallgt r ehgtbby be&:ﬁtﬁ’afﬂ[é&i that 1is

ac e.l,.nye st Qne nor. i C
naror A AnE AT el PR AR e BERRtNE SO @ Lower
coﬁ@lxmeﬁgzétlgnouﬁ@rﬂﬂNmﬁs havingaa nmeawpreaed clabrasion
Si zesbetyeen 0.2 gmand 50 ,cam and spherical fillers
havi ng a nean particle si ze between 0. 1 gmand 50 mis
honogeneously i ncorporated into the m xtures descri bed

g ahese. dénﬁ&ﬂemaﬁeffalmeéebyrdbhgiHﬁﬂ that inyention can
[ g essiLve str.engt

e o SRR e AR AR s AR coan I Tiouean be for
am&@m P r eﬁilgwahlce a6dThedeodentigiidyat ar. |ea.l s modelable.
ackordbpgrt o ¢ r‘é’%@t ' anvepf‘vedny r% PFéBlol%ical

consi st enci es; ey can for “‘exanple,
al REPPEHF eS| . eth%deCF%Tbl éoe MoF RV €3 X ATRRNES): caﬁhlhmﬁemplc,

¥eéﬂeﬂtffftﬁmbﬁéheﬁbogl%&' Qﬂﬁ&ﬁftlﬁﬁhﬁhhﬁﬁgcan Be, nigh
0 .4 hixotropic, 15 shear thickening o r
tr#?ﬁﬁ%g HF yh It Pansl cei@ i°P&C %?Icw&%pa&%?ylékntal
t reatenial s nacepréhsgaccmxdltgpt01nhentmventu@n|I§kew1se
Ii#gg@fﬁiepossible. 20 The inorganic and/or organic

I

filler described above is incorporated into the
m xture of organic binder and organically nodified

narted | 1herguhib EBEHaR GHgLney gﬂlllélﬁuaesafb@bed above is
' NG éﬂé%ééghcﬁﬂugf Eggrlégkéﬁge of’ organic binder and
organically modified nanofiller with mechanical energy
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 meaning a filler which with ingress

of water releases ions and can thus lead to a curing of



exanpl e, by nmeans of a high-speed stirrer, a

di ssolver, 25 a bead mll, aroll mll, a kneader or

a mxer. In the process according to the invention,

the surface nodification of {Ee_nanoscale filler is

carried out either before or~simultaneously to the
NERLPRRLA13Gy NhQahDe OGR! GoDliEk. TS ey e oo

(sp arical and/ or’ ground) f can be”i ncorporate

i nf@at:hé\’@rgémléerﬁr ndgie beterd, sfault greopdey t oor the

af peephhgt NBAOSEAl @ mddnd ey - ar§§ dhgsEnopganis @éq{e@rts and
n be.a non- ctive filler,

anic filler. c
re%’é?l Ve EF“?“T‘Pe}Pe%r a Tkt urEamP aet 'heséTt wo typeg of Smith,
fiBilematdrieastL9e ppl| e67Fs78unnlessi ood here as
meaning a filler which with ingress of water releases
ions and-can thus lead to a curing of 18 the materi al
byAgeaas ofinemgaviid- basd/oeactdnganithestilJesact ipmeeferably

| f'&u@fézarﬁowégg f§1a§§an§%ﬁ6eéor éf§dspr55¥gﬁ§é("béwder,
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onponers and | ass™ i ononer cenent
dé&%‘?%eemfiﬁsremle hydrexides gpfihleds and/or unfilled

Bi @]ﬁm;_b/ erpcaJySneJx%f Iolmletéa 4??18d)(d:9981)nf1&3.ean bBRAIHB Gymers,
and/.or _or gani iller era quartz powder, .

gl TREETHT gr fci Jii&Es cae?a &&%F\/q' Ju'?’rﬁt a?’PadB‘V\B%uee's, in DE-C
rnﬁ%ﬁ7&9@r©X|deleturEe@fam@E@e dnmﬂdnajaMk(ﬁMQioyed The
poLy{rer fi ng ikl ead,po
sgéejr?cgll’ldf |He%a§rjs as del;,%:lrr5 % or g?(%ﬂ%%éggﬁ'?meﬁﬁ (Q,f the
32&?%6@6%2@%%@&“@0@@%&@8@% eP§ A% expReyed.binder)

Trtelr@&klu;e arwb@rgxl'ﬁbdml }&ﬂier?edﬁ'@ sas15rrecoagl YFEIB Qfhese
ol yneri z ounds _(us e as_an_Q

bﬂﬁﬂ@? 18 m:%%&éi ?rb(‘—%’d‘tg1 ?ngn68§§ﬁgggr?o and/or
frimorgmsec hbinbleos cdpsbymbed wistikht hasnandfdd | essample,
angl{ Ok z | NOSEAL-C fd i - be lsé“gg] PWardc powder,

exanp quart z' po ass po | ass ceramic
mﬁMﬁQgenﬁ?rOQEnr@%ﬂ“RﬁﬁQkﬂ%ﬁﬁﬁﬁqeu%ﬁlk¢¥¢crécaéﬁds Chip

Chidll AR 9| ¥Ry S odit@ igRidai Bod §¥i88iAEI NEhé hecorresponding
corr.es ondlquggq%¥ rization products. As an
i RSt ganTct & %E FcSfiller, bariumsilicate

As an inorganic and/or organic filler, barium silicate

glasses, strontium silicate glasses, borate
aluminosilicate glasses, phosphate aluminosilicate
glasses, fluorocaluminosilicate glasses, calcium
silicates, zirconium silicates, sodium aluminum
silicates, layer gsilicates, bentonites, zeolites
including molecular sieve, 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



gl asses, strontiumsilicate glasses, borate 25
al um nosilicate gl asses, phosphate alum nosilicate
gl asses, fluoroalum nosilicate glasses, cal cium
silicates, zirconiumsilicates, sodium al um num
silicates, layer silicates, bentonites, zeolites

I Nelihedi nggﬁhec%ﬁﬁdé‘: evd hBeeOXd d?ﬁﬁgng?lggf@?%gyeafrot% the

hydr oxi des .of the alkali netals and t
meCEEER IS R IRLET 1 | FREESc HUBSsdiopfer Srarer pEal preferably
fl Ialoa:lyia&& des@'feltbﬁd:,ryfl(érteQXan'@'y%no'a@:rQEa@e3247§QQyQEmlde,

e D TR AR T T
Sus€tdrran i AviBani c amidlor acidani ester) er ,adimd whicbhoride,

by piea or i cat ion oups

yp @ﬁa@fe Q?Hbg phBRdtEl él?(ﬂseﬁl?‘f?% %ﬁl a]l alcohol

are applied surfacé of ‘can
re&El?* Eﬁerﬁsc%ﬂxagfl%% hglguP?hePé‘leé&ma@ernd?é?e&ﬁ Heeps are
hi ghtabﬁuneﬁy Hyormédes 6EJ@hieC dinpRindsINgBLeady described
tio I grou are rg&gnablﬁ acr%éate
acrylate,’ éhé%cr§P L1CREMPRan the nanofillers
10 rret haépyclaansde vilmybroailyhes epoxuaie,azamﬁss,ne vioghates,

5 , d I d .
R T U PR

anﬁP PrF§8§y8ﬁaP§h§@6&§§s)Preferably t hese groups are
i ntroduced by neans of the conpounds al ready descri bed

h f ifi f th fill 10
(P oanbb AR Y oo EREE oa [vatiatt "1 ardisos pe of an
15 zi ipongensc tamig’s:trat esganigarnfiid laci dehich gasi X-ativl opaque
chhpgi des Qi PRE! iean! ¥ eg).fleéf gcc%rdlng

Sint@
variant_is the use o 5°1'norgani ¢ an ani
fi FPerthRi chRvenkieay éﬁaqﬁéChandm©§ntﬁcotb@tatEuelndental

t heatlent al rrat:@brahngCC%dl '%gle tQﬁ\;@lﬂlrb\f?ntﬂcég] 'é‘n X-ray

such_anpunt ial accor

CHEPREURR | CACRAEALAS X Fay T8Pack 699 ARE0L di A (oF¢ERFably
20 4049120901 o&ngrpart Abliyar29 prébe¥aplyand200% Al.
particularly preferably Z 200% Al .
For the adjustment of the wviscosity of the dental
material according to the invention, pyrogenic or wet-
precipitated silicic acid can optionally additionally
25 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

30 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

35 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.



For the adjustnent of the viscosity of the dental

materi al according to the invention, pyrogenic or wet-
precipitated silicic acid can optionally additionally

25 be incorporated into the dental material according

to the invention. The dental “material according to

the invention can be both a single-conponent materi al

and, a mul ticonponent. 30 naterial, where in the |atter
cad®Tt 12 aStTERe B8f the CsRSeieatemrak e2aePyding to the

conponertion Canr asAdidtdor dhe Conpaseti oF aﬂ@pcfﬁawrs and
to the i \i[ ntion. .The .invention thus al sg rel ates

a klpttlfoor SHroR T O0o% YeRtEPeha ngFnltlators is
SaCGmaﬁex@hlcythencnrpnrabed thmtais kthecamdeamdlai nmaBerial

or : oneats. t t ki.t_.qr.
sy?trggr%%d‘lﬁfg)prgguctl%@n o?%ve npﬁ%ng% al o g ©F
toHﬂ%?%%ﬁﬂﬁﬁl(ﬁﬂqs;Qﬁ#ﬁi%ﬁﬁtQﬁn QW nExingtiseors can be

Coﬁﬁﬂﬂ%ﬁh%dfté@@tﬁ@ﬁmﬂﬂ‘%h@1ébﬁﬁonéﬁ9‘%ﬁHVbr seFarately
subsequent curin For the curi n% dent a
matdy i af YAccOFdi %‘?j’?e’o t ARTPPRGRHE on 1&F i rf?eiri‘ta‘“t]or prtgrial

10 nueizeordfingnittd ather sirarsht iopd | cnal tiyud i Buteat ehelhally,

a_ RUIRRLa9h, L0 BhOLALRLR; Loy P P af erably ifcorpanaled | s ey

into eria acc%fdlngto
He ¥, @fﬁfﬂ/f@at gisdblei nlighkt or endidrcdini reacbioor with the

Cobialll ahal/%rCaRmdRpHedNApad tioget her in one
conmponent and/or separately in two or nore

conponents. The dental material 10 according to the
15 i nréet iion tdat ddeisussb el Réré heanvidey, foheskaably, photo-

LSt cal pdng ) AEOLSLET ARy B0 o
anBFéﬂgaﬁ#@slﬁh@hec qmlS’HJrCEf tte Thetenial abprsbssabtton of

heregaan e, ther wexIRhe ’thph.r.oéﬁb%' E'rEhlatﬁ)ros nrﬁhﬁge AE nm,

chara ter%ied in that they can ring about the curln%
of PFRESRAPEY| aF TBY ab30r p‘%‘F orFf 600 gﬁf“ i Anflheparticularly

20 wapekéaghblyanfeod r 68030 Nt 05 YOO n aﬂ@dieo?t&@rﬁélly by
frg%gggogghto g 0 r110mnand E%rtl cularly 20 prelera 1I:_}L/ e
Amto” K Bpt PBRal PY~ pJors coinitiators.
Preferably, phosphlne oxides, benzoin ethers, benzil
ketals, acetophenones, benzophenones, thioxanthones,
bisimidazoles, metallocenes, fluorones, o«-dicarbonyl
25 compounds, aryldiazonium salts, arylsulfonium salts,
aryliodonium salts, ferrocenium salts,
phenylphosphonium salts or a mixture of these compounds

are employed here.

30 Particularly preferably, diphenyl-2,4,6-trimethyl-
benzoylphosphine oxide, benzoin, benzoin alkyl ethers,
benzil dialkyl ketals, a-hydroxyacetophenone, dialkoxy-
acetophenonesg, a-aminoacetophenones, i-propylthio-
xanthone, camphorquinone, phenylpropanedione, 5,7-

35 diiodo-3-butoxy-6-fluorone, (eta-6-cumene) (eta-5-
cyclopentadienyl) iron hexafluorophosphate, (eta-6-
cumene) (eta-5-cyclopentadienyl)iron tetrafluoroborate,
(eta-6-cumene) (eta-5-cyclopentadienyl)iron hexafluoro-

antimonate, substituted diaryliodonium salts, triaryl-
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additional reaction with one or nore coinitiators.
Pref erably, phosphi ne oxi des, benzoin ethers, benzi
ket al s, acet ophenones, benzophenones, thi oxanthones,
bi si m dazol es, netal |l ocenes,_ fj;uorones, a-dicarbonyl
25 conpounds, aryldlazonlun1salts aryl sul f oni um
Sa'sﬁ.ﬁforﬁrw‘ﬂ | gdopkum,sakt spi fELF OCRYH u?h?%y compounds are
he pho%Phonlun1saIts or a mxture o
ﬁﬁ%& -are enpl oyed here. 30 Particularly
preferably, di phenyl -2, 4, 6-trinethyl - benzoyl phosphi ne
oxide, henzoin aI | _ethers, _benzil dialkyl
ketal s, ?éRJrOQVQ%et% e K%%toﬁ?%mk%§§ curing, tértiary
acéﬂéﬁﬁ@noné@waieﬂnrunm&ﬁmmhenthSphiE@sDpyﬁﬁbrpilodonlum
Xa&bﬁ@&%nd%a”phoE%ﬁb&Qﬂ%hOﬁQ%nylpr%QﬁEﬁghg?ét 5 £18 grenes,

di i ut oxy-6-fluorone,” (éta-6-c¢

cygﬁaﬁgﬁpé&%ﬂ%ﬂ§1¢¢¥Ppméka?P@§P@pﬁ§smﬁn&&d(EDéYGromatlcs

cuaeneﬁ(etmlﬁtﬁyélOﬁﬂﬁta@h@§d|)bb%ﬁohﬁh%afh%ﬂ!Ob?ﬁg?gyably

%% g g chopentadlenyliyron hexaf

sub8tirtat % Var yPF686RPOAYsal t ¥, Nrdigeyhyl-p-
21t0éuhﬂ@naumfﬁNJN}dwakkymamkyxanﬁliﬁﬁ§e CONPRUAEEydroxy -
ar@th?ﬂpFQ¥8Qulé§n |n|tbag9%g gegghotoch%§1 Lhylamlno)

curin tiar "am nes
phB@BﬁPFE@r(ﬁ?ﬁ%M#XkRﬂﬂhﬂﬁecohﬁéphasylbhtyihnrhbees(ar a

xamtheaes, ofl uheeaesompblingEOReS, eﬁp@b?@ﬁbonw

conmpounds, fused pol yaromatics or m xture of these
conpounds are preferably enployed. Partlcularly
prb$eram#¢idﬂdwﬁﬂnEﬂhyérma10tuﬁnﬂﬂﬂﬁﬁrs" can also be

| !
s i Lty o 8
béﬁ%%%fbalbuPYrWﬂﬁﬁﬂ|¢hﬁ@¥@¢¢@mylbﬁtytbemmaé ofereergy  at

M &1 evLr &d tE%&@e&%&E&%ndsiﬁ{e @Hﬁéoy%gnt%%tAs efexrably
initiators )’ |n|t|ators can al so I[.
wht P EH Br |ar1'gc{E uPrﬂ?éll&Jr PREOSE IERe hﬁ@é@am%yand/or

t hergdosie pt | dwcbrfopénewxmdes'ener O\ &b’ - 82 sPyed efsobutyroethyl
aﬁ{ﬁ’rﬁé@)t urg. ot aEBb§ngQESﬁ¥:Xr§aﬁl Elgﬁg,mbler}lozro A Natols or

gahl ¢ peroxi
a mlxture of these compounds are employed. Particularly

preferably, diacyl peroxides such as, for example,
benzoyl 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 1initiators 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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20 organi ¢ hydroperoxi des, a,a'-azobis(isobutyroethyl
ester), a,a' -azobis(isobutyronitrile), benzopinacols
or a mxture of these conpounds are enpl oyed.
Particularly preferably, diagyl peroxides such as,
for exanple, benzoyl peroxidé~or |auroyl peroxide,

Cugﬁ@%la%ﬁd@éqr%%% dgc1BENZQRINACOL, Broensted acids or
2,2 -dlnethylbenzoplnacoﬁ or a mxture of “T'Rese
cofPBRRYEAS! e WErksoy el sade cHdiiltala@ids ng e@rbepium  ion

t edpabakur gudmt efs al i aora ek&ﬁglehm HeRRN SYStEMAdSe  or
usgd.w@bcg consH§ts of one or O nore initiators and

a GO At FETHIERATE i Aord TERFUEG oRF afrhess vapgpounds
Forndeasuoms aofcd el st drage orstadi Idctiyai tiisitidrat, or ppeferably
in - : ni r co S are .

[ nggrkg%rgg?e [ nr%(cag 'pa%%%%f nﬁtealde&r:]?g#b%ncg%ér iéiaﬂ particular
acESMBPHEE0 Phe tiheveBEhorpndhi Gfharerepat iaff | $hes periodic

sepabate f(raroane a0t RYppdr €.gr@uupH )t | COMRARGMds  having
prefer.ab# a tvvo-c%ﬁ1 onent, material is present.

t h&CPHRRLFEL BPUBR PRIOSENSr OF RSl \Paetst gl as, for
ﬁndkamplevgam%&tammaxydesmmhnnm@gmeiaﬁ@LQrw@égan?ﬁoe?sted
y P , i turic.aci er,i vatives, ony
22g{?§fj‘?f§gm es,ggpro |IE tgéc?alg,lelievﬁ]gcoorﬁo o@ﬁ%t e‘g'%é%?dgr a
ormigbwpeupdstibehcrupeusdssarh ewpllsyedar beni umion

donors such as, for exanple, nethyl triflate or
triethyl perchlorate or a m xture of these conpounds 5
anlt[il,'1 Ei‘ea

dEREF iR IR aRCCOFRIRY aFBr $heprigheanibign, any
t ecoOnaeyvahiaes, chabipanebal cefpounds | NMmadtdtadalr and
co h . t roup of . the. periodic
CoEPEHRezathel 1MeHLy BR0 BB U b CER R ined. an
i OP¥REPLG bRhindcivb® ogeds bRupbewoirg ogiestslichmatssrials",
f ofhiléh examRlae@n AMBERT RALY AMTRA YRl éx?c?so W?L%Iﬁaély the
Br oenst ed 3p|ds such as, for exanple, a cqhgls and
Wet RSP RG GPénstinhess Eewpoltocheniondl ¢yudng and
| nirtives ghesd @l af@t &dtde ARG 0cb Onl PEa t B¥ENIFRN, 11 cal
1§n%9nce|vable combi nation of the initiators and

coT i 1Tt B s UYL Cr P RRATADYYR" can al so be contai ned. An

exanple of this is "dual-curing dental materials",

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, tinuvins, 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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whi ch contain both photoinitiators and optionally the
correspondi ng coinitiators for photochem cal curing
and 20 initiators and corresponding coinitiators for
chem cal curing at roon1tegp?5ature For the

adj ustment of specific properfies, the dental

erSfQEb%E.dQE?m di Bgcﬁé)rfgfdérfvgirgffl ngﬁﬁqa?tggéE%?T?l ! Yactive

5 contain tives

r eSHPPERPRES geh%*%ﬂlt?srsonﬁxéxaﬁﬁa@§1§ne nelt ol dine,
bEbQWJ_dh_ﬁQﬁ&anl C S Hf  Or gRRING AN Qh =PI grrentgétﬁécyt/cllnes,

t f I bhstit
o ERLGRSTRBENLEERA hy AT Eh | FRGFIates | and/or
tepplypapS;d@OqMﬂmhﬂdﬁumsIuan&hwissOlvénﬂdeu@dcamays for
i gﬂémg§é Rf%%r lsas?@'p(gl[lgr Fggyl I_]'I’Et al-fps(')rcaven er Zbutanone

o ci zer s-(stER I

poﬁ?@(ﬁyléhby gﬁ9@§B§e)polypropylene gl ycol s,
unsat urated pol yesters, phthal ates, adi pates,
sebacat.es, phosphorjc acid 35 esters, phosphonic acid

?g?sdﬁ Fg §85t2 Lo RACOBSLBASEC | iR ehiVERRGOR can be
subsedncénrlnppastheuhar t Isesse Wl Civeg €l a8 preventive

j [.QNns S, exanp odi um fl uori de,

bt e ek P oR O o1 Sl P RT e PO TR i poe use
fI%&@mﬁbeanmabrbqumeetnan§danﬁpneaﬁnta23veIYUor|des)
bags sk Ci @@Llllq.hgantrﬁapdé)fié:ﬁé |y achige ybg g;?:ﬂc%aterlals,

(such as,_for_exanpl e, chiorhexidine, gy i um
saf?EeThaht ci FPF nsCeTRPFAEY cl FRRENS cPGr AvptRgfreol dental
antéheact €f i chdhast okt desmane D515 pﬂ$ﬁpeﬁﬁﬁikac1al teeth,

I h
IYLBLEL | Ol SO0 gL 2Ol VBB Gy e B OGRLE pecar

eth@¢q%%é$ate) The dental material according to the
i nvention can be 10 used for prosthetic, preservative
an reventive dentistry. Wthout claimto
%ﬁ? etEWEE ihnd susd 1 18Erpted meglepe et obe aid of

r w\t@ﬁ;ﬂﬁ:ﬁyl ‘e&Ib)bdlfrrIé@ltﬂés Jirireg, migrHicdlss, mehdiPement -and
up_nater materi al s for t.e orar%gcromns

buﬁ dt gnd
briHyes PrESN reslsus%ﬂerﬁ%e SARIGIE Fegyently the
arexdmried amdtdomparative examples follow.

I. Measurement and test proceduresg

1. Particle size determination of the nanoscale
fillers

The particle 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

golution and thus cannot be determined.

All samples were investigated as dilute dispersions in
2-butanone, a solids content of approximately 0.5% by



veneer materials, sealing materials and dent al

| acquers. The invention is illustrated below with the
aid of 20 exenplary enbodi nents. First, various
measurenent and test procedures used are expl ai ned,
subsequently the exanples a?n&‘lco'n'par ative exanpl es

foljownd ndGas d . procedures 25 1. : ,
Parti\c% c S7e d;%%n%%?goﬁig&%ﬁ% H%ﬁoggg g% PFiMgFely in
TheReR itd eadicdy teiuda atdwiris Mermamdralied iagranc ions .
30 nmeans of dynamic |ight scattering (3D PCS). The

nmet,ho Il qws t.he determ nation of the proportions by
vveitzgjh%arg:f"cg'aﬁ H@% %Qésoﬁqﬁr’(er}é"%%ﬁ 1 nmup to
5a few mcronmeters. The upper limt of the nmethod is

af erd I at..lLarger_ particles sedinent in t
rreggll?r :ﬁ%ﬁf‘c%% ;E%IZ%t %%Stgrnl&wtrﬁ%l c%\ﬁng{;%ﬁgmlnedheby means
deér riages. dalfif reahinest mer € ypvestoghtted BS UBbUWteIn this
di $RRIEEORS i Nthe?- PHLBHLAEHH ApFOL 0 - -
apElritpxi mately O, 50}?by]§(g4r ?/\I/éi Sgt Ivf}t?ei%rll% srgeﬁf%af%lt'%de.s ‘_”hlc_:h
di PG Pot VERT R eRL BRI Adr ideF auPingcher? t ehaspetgristic is

10 exchedeﬂspaw]t:ajmﬂﬁe- p@lﬁid:l?! lQFHmbatsza_?_LitQ{a% hggl_f ParslisGl €0f the
si od of_t crofillers e particle size ,
di éts}:ggu?rfaosns i%gd &r rﬁaﬁfetdlcl}fsne%%eg%f OFadgll below this
di PiEact gina rpegsypemeouldferties p80iclast Hiss carried out
pr Qﬁeggﬁ_gtetlthBEQQ_% Lo R V‘%’i%%%ﬁ%fio%%r.t' cl es which

have a certain size“is deterihiné characteristic is
10 the d50 val ue, which indicates that half (50% of

IStEB. Detalrmimat ich tde ﬁHétbﬁlfr&ScQéCQ@ﬂ'nb%{r faddediftd OWE the
t hi ' T surement .of _t articles is
ca?égg%bégtes P% glggu 8ROFSAAF flggﬁggus, di sper si ons.

15 3. Determnation of the particle nunber content of

th@heagﬁﬁ%ﬁgfgiéqetgf n%ﬁ&ﬁ%ﬁea%#%leg§ggﬂgc binder is

di spersion-of fi r and organic der
i nYeSEFgagabeBy PireBansf ofn asl eieran oriosregeope n In the

20 th&€nalysis, those particles are counted in which primary
particles are bonded superficially to one another
(aggregated) .

4. Polymerization shrinkage
25
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
30 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.

35 1In distilled water at 4°C, the buoyancy and thus the

weight loss is directly equal to the volume of the body
investigated.



20 analysis, those particles are counted in which

primary particles are bonded superficially to one

anot her (aggregated). 4. Polynerization shrinkage 25

The pol ymeri zati on shrinkage was determ ned using the

"buoyancy nethod". This met hod operates according to

the i pl ydr st c _bal.ance aon .the bas

of ,&.?{:hpﬁréedenge%%gn%?ep heé{’)%o a;lgme\ﬂ%z@ﬁlg%oﬁ réﬁkage’
expeli-enEBS ivobyRl detflrtelﬁ,sewel gint blfletm,’:mLtnt cafses the
|7 Qb 1@ 5 @@%@&sufedﬁhﬂseggﬁ g‘é%léa'&@é 5,808l 19 very

the wei ght Ioss which it experiences after 1 nmersion

i nthdn thredd #8919 ronnagieeEiEilef @ Wee babance dish of

5 buayaneyeatdohbus drhe ytweifht bhosscks qgatﬁ@&:yuﬂmloo s).

f t he bod i nvest i ate -
neasurengat ot %e ¥l YABr A SRS g ﬁ%%@%r f+f1§dth%aker
voliomewhiesh efbe, dample waesenmmﬂfnﬁiyhEmmeaanewam then
bea@ﬁ@%ﬁbﬁ@lﬂ?‘%Hﬂkéﬁﬁﬁﬁ¥a§n£bx%%ﬁ;?§ﬁgﬁgg Eﬁe mass of

Ea and .connected fiIr ance dis
Feda™BHIT %ha??‘fll é&lsobd:i%c‘éa‘%gér terpgsanzge $Hnd thus

10 Thehér )de\ni%llgﬁ}'t d”letfhéN&Saif@ﬁSMr efbre d@é@frﬂ{ﬂécﬁ €0The sample
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beaker e sanpl e was co etely imersed
BB s N S Fotiis et BERe: 1R 4D halogen
Théammss (bhreehetsmapl e4nl aadoatsd thﬁdmaéﬁbred dry for

t egper d us 1 Si t he way 1 .
vvergg t%"f% %gd %F g OH{? mg\%%s é%bsequeﬁ?mf %ur g (again
usFRGPARCESPe 1emre5§|ed| |1rha~{actgeﬁ drghptie twaesr | pempdtature

Seaﬁﬂdﬁhuénﬂhét@éﬁglﬂyyoﬁotheZQaE@Hr§za&e§§Caeg@§mfﬁ§§

he sanpl e nR C I mersed i n water
anah?he R %Wefeﬁéggg?ure gggngﬁaethué Vihe? ﬂ%n5|?%l?ﬁiated
t hacearding2toetbedEodlnivnrad. £dkmupalynmeri zati on
shrinkage AV was cal cul ated according to the
following fornmula: AV 19 = 100 EAnﬂ - (P1/ P2) O]
/ Amt 20 AV [3] = 100 [Amy - (py / p2) Amy] / Am

In the equation: Am; = Maiy - My and Amy = Mair — My
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 [MPa] = (3 F 1) / (2 b h?
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In the equation: Am = mair - nml and Amt = mair - nR
5. Flexural strength 25 Wth the aid of a nold made of
stainless steel, test bodies having the dinensions
(40 2) mmx (2 0.1) mm x (2_ 0.1) nm were prepared
(curing in a Dentacol or XS I? hf oven: 90 seconds per

sid The test .hodi es were tored in distilled
wa g%r?or ES Jﬁourglat R ol 1l ?ﬁ’éﬁescﬁ’ﬁ’%r%% f8 fhe test
hour at 23C Sa@iseqienieytonbe flexural strength was

measur ed agcoigiggetglg?%%%94%ﬁggg% vgggzg4¥§§gééfwléh an

uni versal test machi ne
TN2A): - cons?@REragyafetr@t@l ®M8 nm/ nin 35 -

calcul ation ofntherfisxeeak,; strength (FS) accordlng

to the fol] ow ng for 1)/ (2 b

h2) - 26 et I'—thr%%gaﬁi&% rfaFn f%?%et@ﬁért%dxn peRsured
test body, |ﬁmﬁb@i@ﬁ@ly1besof@etdssiﬁ@pelbemMBEnméhers,

supports mﬁth @é;lﬂgﬁgé oé) Q ennke?tbggody measured

mllinmeters; h of € tés
measur ed |nn%%m%@b$96bﬁfb?@or%st¢ﬁ@lngn nmlmlhbxm¢gers
h is the height of the test body neasured inmediately

before testing; inmllipeters. 10 6. Conpressive
% g?ﬂpéﬁ%ﬁgYﬁésﬁransF a nol d nmade of s?glnless

steel cylindrical test bodies haV|ng a height of 4

O QgtHHWtﬂé aggd égfaqgt%&ofé %n a?ogen |2§% ﬁ%ggarst el,

(curing USTng an par
seephirdperal staey bOﬁh@ﬂnhﬁVﬂMﬁh@shﬂegbtsoﬁrédﬁ .02 mm

di 4| beds yatheter | @ 23 hous Soat w0 re
for 1 ﬁbur at %EC Subseé uen? Fﬂ}@%ﬁ@%ﬁ%&%@g?%g E%urlng

st h ML RE B2 dBREd tﬁailﬁaeau 4301 'a Hhi PeceRds per
t esidenchThe foewt Ewdtks(twepe Ztrhied IAPAYstilled 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 / (n r®)

where F is the maximum force exerted on the test
body, in Newtohs;
r is 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 side). The

test bddies were stored in distilled water for 23 hours



- constant advance rate: 1.0 nmm/ mn - cal cul ation of

the conpressive strength (CS) according to the

followng formula: 25 CS[MPa] = F/ (,t r2) where F

is the maxi num force exerted ?g the test body, in
Newtons; 30 r is the radius of ‘the test body; in

m Lki e iC sil treng 5 h o
thetalol‘hg?CS Znﬁd ﬁgﬁ%{ofgt?§§§|e§§12t f BB u V!é 23°C.
cyisuﬁﬁleiqélﬁpttléfst e e@#ﬁﬁ%ﬁqﬁ@l@lhelfgﬁnsb]fGB storexigpim was

anaeasdm:aaetaefcdﬁdl&g O: H1anm \@@éel@aeaea@ﬁ feur ing éf‘ 1977
a Dené | or X ?ht oven: feconds ger si de)
t edt od? % Refe 2 oF%du?hvﬂF§? | FEFTWafREEEDF f?o“‘ “zwick

5 hodktype Z7018t /4082and t hen stored for 1 hour at 23C.
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SubsggH Ry, 4 gggngiag§E i,cgl ot SI e,strength was

neasure according to speC| t'of No. 27 of 1977
wi th eHeWiad ism eTinther daam@mcnécmmﬂeommmah 5(DT)

(tﬁﬂéoﬁd@ﬁ EOTN%é)folio%@ﬁthBEmﬁﬂ$ance rate: 1.0 mm
mn - calculation of the dianetrical tensile

strength (DT) according to the following formula: 10

DT [ MPa] =D2 EMPa(Te d k) /wWhere k)i s the maxi num force
exerted on the test body, in Newtons; d is the

di aneter of the test body; in 15 mllineters. his

t heh@seght Fofi8 ha& heesmapdoym | fiorael |éxetterd. 20 8he test

Bar col har dneggaWW t hhtheywabdsof a nold made of
stainless steel,” cylindrical test bodjes having a

hei ght of 9.5%50. ¥0Rm ifdetesi arkf erthe 2%esh 1 hady: in
wer e preparedmibhim@gef@.ZS a Dentacolor XS |ight

oven: 180 ﬁeCPQdStBEJ Shgfght of the test Dbody; 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
aid 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
ISO 4049-1988. Here, a hollow cylinder having a height
of 10 mm and a diameter of 5 mm was selected as the
test body mold. The respective sample was exposed for

20 seconds using a Kulzer Translux EC halogen lamp.

10. Water absorption



Subsequent |y, the Barcol hardness was measured with
the aid of a Barber-Colman i npressor. Here, in each
case at least 5 values distributed on the test body
were neasured and the nean valpe was formed. 30 9.
Pol yneri zati on depth The pol yreri zati on depth was
determ ned according to |SO 4049-1988. Here, a holl ow
cyllnder having a height 35 of 10 nmm and a di aneter
f BSmPRESTs g%%‘?%RFJs%ntWéSt edetyoninemd| accplrding to IS0
resnmﬂHZﬁDGﬁHH&ﬁEWBé EdDDéﬁdcﬁpindgg éECQQQ§1H§hnHa§lHQ a

I I I WAt er _absor ption
Ay g%%h-g rlrfZrua @ﬂo i ggg’flei"ﬁFﬁEBaécébﬁ@FE@rt gf 15 &

5| S(D 14049n 20005 HEEE:Eec?aedilm aow théi ndest of banym' RBMY. The

ha f o1 a a nt er nal

di \ailmst ee?:t&;i%lggm@eo]‘ﬂgs Qvés selg(gjfegs sSthenggsfach side
body? PoRENEARO L qre Hfediight swrmsl.e was exposed for 180
seconds each side in a Dentacolor XS |light oven. 11.

1Q The abrasi on was determ ned using the
net%od%gatr Y7&di a abrasion devel oped in 1986 by DeCee

10(cf. A J. DeGee et al., J. Dent. Res. 65 (5), 1986,

5 For ration of the fest
PP Eorl S Iod I RLARE L 20 Bl HEches op 5 peasa
m@@rraﬁa@numelmd gt k9% hasDéGre otuteddi nfo DéBee et
molad .i,nJl.ayene .( @kaut 652 @y, p@fgs'é?‘Y?E) $@q - d for
40 seconds in each case using an r|-L|g
hal ogen |l anp. Immediately 20 thereafter, the sanples

15 weFeraddiet ippreddnatrienmiretl £ne tQ@tS%@i@% Y ancK}t& ak@¥pted
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CS 11 h arpous erl anpl es vvere
Stacic it paedons é?%%negefxe%be LTI SN .

t hBaBegdail a walsr dditere nentd’othgualpé.dt em alayefor fabout

r opnehm peandl e £ ACBN AL R TR S 220 V"Qggénﬁ@s 9 W case

flat. |nthe\/\%ls rindin rocedure (1 d)

| nHEUREt ePP B prTé‘daialﬁ . ' Immediately
thereafter, the. samples were addltlonally 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 machine 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,
Géttingen). 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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carried out for at |least two weeks at 37Cin distilled
water. 30 All materials were | oaded for four tines

50, 000 cycles in the 3-media abrasi on machine
according to the described p%gcedure (Kranmer 1997).
The profilonmetric measurenent”of the abrasion body

;e os f..a,co ter-assis
per?ﬁgﬁé? %qﬁgg(F%r?Eﬁ ﬁ%?qig?qﬁé@n;os%h€Q§%ﬁﬁﬁﬁFh the
t hdsavbtBiaRd-were then analyzed with the aid of the
i mge processing user interface XPERT for Wndows. To
the abrAS|on ranoe was accurately defined
OFF - = abr SdetiBi e of t he nmean
helght | oss underneath the drawn plane Exanples

rative.e Wt hout strl ion of th
CoRAFRTRE BLLKE: BESHR, B2 che " detat it *ﬁ}f— ogrEntith is
detdlisbedbedwiirh toeeai devdid beinber wothexenl esid 16f a
éfengé HiL$ 150 g of Aerosil OX 50 (Degussa
AG) were added ?oég reactor vessel and 220 g of
di chl oronet hane were sucked into the reactor vesse
i NNy¥BsEO1Bad mtth stirring. Aﬁtermards a sol ution of

7.8, F3-peth 1 I t h I

(B tmiel 6 SRSl PO hrsate ERl Marg saadea
ngtof anetedzaton i cesgel and 220 ¢ obfdidddihdoometchtdiame were
wag, LkkeW S SUCkRd 'Péé%tc%?e YESSE] - ﬁﬁte&a&?&p'ﬁaor\uth

of this operation, vent m xture was diSti
of$t+ﬁr3«%&qu§ﬁ@rafw8tle a2@pukden vas dbaihe@f 3-meth-

Na&@fy% dn@hta&p‘}ﬁ@r gmt@tf_ héﬁi]@ﬁl %In%IOO( Z%@.:g U%?@)I—!Atde WB6€ K@),
we ed i wo- necke ask an reate

nobul 006 G5t 115D ST YhotBant dACRERIbe. acid
mass B89 sti pfeddivhlvrzodihste r was Udkéwbse sucked into

h I . f
Swnegteﬁcry o'xﬁg*b-‘gs??f‘?&@f%&ms g%m 8Be22t 908"  the

solvent mixture was dlStllled 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 wag 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.
Subsequently, 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.

" Resin 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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were then added dropw se using a dropping funnel. The
wat ery suspension was stirred for a total of 48 hours.
30 Subsequently, the 2-butanone was slowy stripped
off on a rotary evaporator. 3 ter the renoval of the
solvent, a white, fluffy, codrséely particul ate porous
po re ne h,ea |I . d Q Resj
POYISL usbeTBEnCHy AN OO L1 JSR00R05Ce BRSO ang
(dﬁﬁéﬁﬁ@Véﬁhﬁoyﬁ@ﬁ@éademanba65y8ang of 2,6-bis-tert-
but yl - 4- met hyl phenol were di ssolved in 649 7 g of a
1:1 - 30 gixtg e of bisphenol A dlglycidyl
melt RLEPS| SPEinnade: AEEERyR&nB glYcdF di net hacryl ate.
Vol une shrinkage after 24 h: 10.7% 5 Nanofilled resin
56& ggkf»fr;ogegf?r%fgr%ncevix?@pte‘ e A totmnﬁﬁ
poiiions into 100 g of resin Ain the course of 2 10

hopr Eo%&hth@Gahggo %eSQ'F%{r{Bafll]Té]i tpbcﬁr Akl %oni'ﬁorated

sllghtly Qpaque, di umvi scosity,
4BgPOEFtIOTE |intRy 50049, M cFeRbRodcdne Ehe | conrse of 2

di hsuge washobils ngdd B @albtllsiale%m%*tze IH Sthi BUa@Rer, a
anofilled res 1.0u sured w.th

o)
th%ligﬁggg SF3 amm?é%iﬁnvkﬁ 8?%FYng l%ﬁg pE&SEmhaving
ocaurdegredera, Hovevierg tdfat 4%ery Iafga—lazg@se@BéesSlllcon

an&i@kldéggggngﬁﬂgﬁﬁeﬁha%ﬁ%gF%gg?ﬂ%ﬁ?g*é léiéﬁ%%% Un of

wer e Er esent I n separate
beﬁa?enafwfa& PAg teSdsufiereugitd taubewmeasural eittdh the

beaza addidyroed ¢ Y 1RBAsUrRtht tEhegf Or'ﬁhé Npkb@ded lodderred
rticle size distribution only the particl es of

f
na %??fle OVEYFPH/B- FRAH chVSEY e BFgetoaﬁgrﬁ€5§ﬁF%d gnd/or
depggleder2tedr dhapangncy: mban2Wavaliviie sétzakdge > 1 um)

3{\&?{'? " tx{%gr?g’lgzo/fit’,rgiegﬂree ng'eg:[]r?)’vs wthll%hpaéetﬂa%aetesé ‘fBefore or
during measurement and thus were unable to be
additionally measured. - 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 wvalue = 75.8 nm; breadth = 12.5%; amplitude =
34.5%

Peak 2:

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

65.5%



unseparated particles of the nanofilled resin B-1 30
(dynam c |ight scattering) Peak 1: Mean value = 75.8

nm breadth = 12.5% anplitude = 34.5% 35 Peak 2:

Mean value = 212.7 nm breadth = 11.1% anplitude =

65.5% 31 Taking into conside dtion the rel ativel y

hi ; pord.] of . L aggyr egat ed. apd/ o .
agglrac]){rrlgggt,e Iipéa%g]ti c?éé&gérﬁ%%/%}%féﬁpar el e §H%Qﬁv§£¥ high
gmPTIRCIEA P he c@dcl udedmeasmrald eabovegbirggreethat and/or

onl dmeraite S Bldt R 1QROTHAwihPfa t i C of th
nar?)gfgiql N '@ t as al’Idr;’?l:urr}%él)céiL elg%iﬁéz)lzé%é <é§%% ér11m> : A

| ed, resin B-
Nariof i $37 ?egpﬁcgpéegprfg&ﬂ she opbpERefdguEee X eonly a
'52- veFy2) smdllot @roplor¥hch g 6f thenanghitheled WS the
|_n%%5_‘% rﬂtl%% rle%i%ortl ons into 100 g of the resin A
wi thi.

I'n oné hour "With the aid of a | aboratory m xer.
| nBt-Ri Sagaaneerticlsl isgizel @ epagoe nmedi um vi scosity,
filled resin having 15 a degree of filling of 49.2% of
nanosc Li silicon dioxide was obtained. In the case .
of Napetilded, resin Be noipracunsnn Qb refexencs témample 2-
10 paerbi:cl e size distribution with the aid of dynamc

light ttering, since at |east_80%of the 20 filler
wa‘g,i %8%§ réj%glg% ‘Aot é’gfgttgbe FIRFUr L B/ Frereredineprporated
t hénc@orgdpovedi It pat 09 chesofnertee spesfngr thathin e hour

sepatat ] hys, agHr €%
SR MNP ERE T, Bs, g, s

Transpa
5. %%&B%ﬂ OP8dUSesiPedi yprebsredit v Eakémti wesin having
15 exanpdesyee APPr ®d 1B} Y o0 @90kt hernanQhbblgieB si1icon
vv_e&?m%g(ggdwto ﬁé?Og of a 1:1 m xture of bi sphenol A
di gryciayl 39 f3BFYrate and triethyl ene gl ycol
di ket Hdvy ylcase anfl this resin, it was not possible to
measure the particle size distribution with the aid of

dynamic light scattering, since at least 80% of the
20 filler was so strongly aggregated and/or agglomerated
that the corresponding particles were so large that

they separated and were thus unable to be measured.

Transparency: 56.4%
25 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
30 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
35 of 225 g of the nanofiller were dispersed in portions
of 30 - 40 g. Subsequently, 0.16% by weight of camphor-
quinone, 0.26% by weight of 2-ethylhexyl 4-(dimethyl-
amino)benzoate and 0.005% by weight of 2,6-bis-tert-
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incorporated in 90 mnutes at 1200 rpmw th the aid of
a Dispermat. A further 40 g of the nanofiller B were
then added, and the m xture was di spersed for 1 hour
at 1000 rpm and subsequently _qvernight at 500 rpm A
total 35 of 225 g of the nanofdl I'er were di spersed in

pont j+QRS_ 4 - . .Subsegquent 0.16% b i ght
of k%:t,iat%lhér ?qu%lgfnl&r%}?wg f%%eoy&v\se?%%%{é%fl%- 'é%’ﬁ%l ﬁg peneous
4- (XS - Tanitid)soenanaes, ard 02095%tansps it 0f medium-
2, Griticdiant,- REPLACEVENT  SHERE ARUE 2 {114
bu%&l-%;gﬁggylphen I merendissql ed iﬁg?%F§ O? filling of
hortdgéie I - S 109 dirisle wasy@bfained.
5t r dms pecentastredourtheyi 8e6ELY1e8i Ideed deesp i havians &, no
de foEil]] 47. 2% of nanoscal e silicon
dig%&%g%ﬁé§Qﬂ%%§%%£fdEf?nt%%nFFﬁgto%oﬁﬁﬁ?rﬁﬁﬁﬁqdl%% that
resiingre-sl care BiR, was peoepabiki ao cbstermeihd nthdeparticle
cagq Zof diHS- R iy t Lo thhsC |t was .
poisi bl e lt 0 dlet e,rlmnn:&% hgé%aﬂb%ﬁgiégi zgle |esatl}si.b%¥i %%namlc
of 1dBPtpgrateredngy (gesendistrgyRani c |ight scattering
10(see figure 2). 10 Transparency: 94.5% Vol une
shrlnkage_after w 7-.3%Figure 2 shows a particle
Si;éa&%g FFBSYroﬁﬁo?% 15 nanofilled resin C (dynanic
| i ypilugeashoinkgpePadket: 2ban TaBge = 35.2 nm
breadth = 31.9% anplitude = 77.2% Peak 2: 20 Mean

valye = 159.1 nm breadth = 17.5% anplitude = 22. 8%
ThE1gHEGe f4 guFBC¥P ead y RAW ISl haBiner e dimrisomich  of

15 thaapaftiteasrebihhe napahkibedipasi BcGrRRYENE)
particle size d < 100 nm 25 In"the follow ng
exanples 1 - 4, hybrid conposites are presented which
wePealr épared according to the prior art (reference

eXRERh egd 1L AcLorfi present, inventjon. It .
' Spi O S Hox edcﬁ'ﬁj Hi %%etﬁ‘gg PLeI Re;  AMpTiil8e = 177.23
ea,; :

20 Mean value = 159.1 nm; breadth = 17.5%; amplitude = 22.8%

The above figure cleafly 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
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
30 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

35 size of 1.0 um were incorporated into 34.1 g of resin

A. Subsequently, the mixture was degassed at about
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30 adjusted sensorially to the same consi stency.
Exanple 1 (reference): 6.0 g of Aerosil R 974 (Degussa
AG and 130.7 g of silanized bariumsilicate gl ass
having a mean particle 35 si of 1.0 mwere
incorporated into 34.1 g of resin A Subsequently, the

r S g SRER T (R
26?623%%%&% 2 g? ggouttmg% m nu#ﬁ%ﬁhﬁaﬁqggﬁan(ang&oﬁld
a rs@qiﬂalablmdlelr%tecum@mp@@m ngapasieeaiveed obt ai ned.
Con'p03|t| on: see Table 1 5 Properties: see Table 2

r% %éreferenc %\ 70.6 g of silanized barium
S|q:? %‘P%l § F&%i Psenkan particle size of 1.0 m
Mmpmtiaélyse@cmmbeazed 10 into 50.0 g of the
nanofilled resin B-1. The resulting paste, however,
was so solid and crunbly that it was additionally
diExamplei2hl 10referemceksin A Subsequently, the
paﬁ@esvxgsOﬁlegﬁéﬁszlzaa BReYLn2Q9 19Rak e t;%s@b?l%lﬁg a mean

m nut es rr%nner a solid, 15 abl e,
| iR E Jc%ﬁngﬂﬁa?ste wes+ St n@&reOoh%b"sHHiﬁ iggerporated
Tahtteo 150 Poopertfi agie seendmil =@ réQuEXBmN e TRe? resultlng

ref erenc 60.8 of S|Ian|z ba i cat,e

NAATE . RURYShar (Y o201 FOIAF 190 o EHEPOY, A £ was

i rﬁﬁﬁmm@cﬂyl ntdd 15¢.e@ g withhe l]an@)fl Id edofesmes&rz A.

T seécﬂh p ep [ htly lnind

r?lwas Z%ﬂ%r efé%%e Sg‘g}é‘fx’ganm [y d,;s% ctge%llé wagﬁgﬁ go'o mbar
Q%si APRAUL SERsedUHENERE - t He? pasRES waB2BegEssed ats°ll<i

ahmde]?aﬁ.ﬁ)lémalgﬁﬂ)*cmbntﬁ s te N £Sobddiddd S manner,
a solid, nodelable, light-curing paste was obt ai ned.
30 Conposition: see Table 1 Properties: see Table 2
Elampes ik {dmvesre Fgkld 0. 5 g of silani zed barium

SigdGH A AASSsda & 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: see 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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35 nmean particle size of 1.0 mwere 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) 34, 60 minutes. In this
manner, a solid, nDdeIabIe ?@ht- curing paste was

ob mpos§| bl 1 5 Pro .
oDES! A CATPOSI UL 38 ?%% 86262 gl of st e Lot~
97zurE@gu§§atﬁcwaanqbgslaeg of
silicate glass having a nean particle size of 1.0 m
were incorporated into 54.1 g of the filled resin C
SuS@@HH%hFF?n t BBSpAaPeewds degassed at about 200
nmbRfobert seeut s6@ mhBUees. In this manner, a solid,
nodel abl e, light-curing paste was obtained. 15
Conposition: see Table 1 Properties: see Table 2
Tabl e 1. Percentage conposition of the hybrid 20
Coﬂﬂgﬁbigsﬁ(gfﬁveﬂtloﬁ) 1 Bx. 2-1Bx. 2-2 Bx. 3

4 (refer- (rtefrer- \refer- (i nven- (inven- ence)
en@e? &hcef tArsil o® Redi n(DeEoms ACH5% 01 9R5.6 -g of

hhﬁﬂiahiﬁéd b3§13%33111catergiaibEhévﬂﬁgoﬁ”déﬂﬁ article
Z%-- gﬁu182f%nf 2% 34.77%
re% %€ CO%erbsf| 49 gogTe lncorp?’fé‘%edRJQ’??PBé#l dm T 650, the
54£ 05%84rd8ai67C8%S6bsé%enilycatbeglpast e d&® degassed at
about 200 mbar for about 60 minutes.

solid, modelable,

10 S|Ian|zed bari um

In this manner, a

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)
Regin A 20.0% 7.65% 0.9% — —
Nanofilled - 38.3% — - —
resin B-1
Nanofilled — — 44.7% - —
resin B-2
Nanofilled — — — 32.2% 34.7%
regin C
Aerosil 3.5% — - —_ 3.9%
R 974
Barium 76.5% 54.05% 54.4% 67.8% 61.4%
silicate
glass (ds,
= 1.0.um)

REPLACEMENT SHEET (RULE 26)




1.0 m REPLACEMENT SHEET (RULE 26) - 35 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%
27.1% 23.6% 17.0% 18.3% Nanofiller - 18.8% 22.0%-- -
A Nanofiller -- -- -- 15.2%16.4% B Aerosil 3.5%- --

-- 0 i 7 0 0 0 0
silicate ol ask (B0 1| 0% “Hb| ¢ PAyLi E- Angl - 4
mechani cal pr pperafess Jf(retfmf h/bhede@:omoo@imves—(Ex(s'mven-
1 4) 5 EX. 1 Bheed-1 Exenc%')z =X en%egx \ti(:{'l?f €I~ tion)
(rleTer- (refe (|nven (T NVen-|ernce) _Ernfe) _ence)
ti |28 Bn)ch m%a@ef. ve AY¥o1431| A3 -8%3 1037.8kr engfll§.3%
[h%nof‘i@haﬁe 3.8-4.0 1. 4383 3|4 2:5kEi nkage_after 24
h J[% Abrasipn 41 n.df n.d. n.d. 20 [n) Flexural 126
13+124+329-3P5—strength [.'\/Pa] Diametrlcal 53 59 58
57 Nghofiller - — 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 (dsg
= 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
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tensi |l e REPLACEMENT SHEET (RULE 26) - 36 - strength
[MPa] Barcol 82 82 80 85 79 hardness Polyner- a 10 a
10 a 10 a 10 a 10 ization depth [mMm] Water 29 22 22
20 22 absorption [ug/mB1 In the follow ng exanples

5

exa
i's
senggrk@lly to fhe gane | co §ist_ency8 Exampl e
(reference) : 10 14.0 g |of Aerosi|l %

mer%tPgi @ﬂed according ( to the prior art[(réeference

and 6, mcrofiller conposi & are presented whi ch

accprding tg 5 the priesent inyention. |t
noted hat the [two pasties were adjusted

DeglUssa |AG) 79

andP8591e%F of a ground |chip pol ymer which cont ai ned

dodecanedi ol di net hacr Ml at e, trinethyloloropane

tr gelpﬁgfylate and 10si ljani,zeg Aero%ii% 50 Mere o1,
in‘or orated into 40.0 - of resiin A

bequently,

thelpast¥ was degassed at 15 about 300 mbar for about

45| gepti esom]l n thi s manne solid, nodgl abl e,
l'ipght-curing paste was cbta ed conposifiom._see
TabP%t%yPropertleszggee Tab?g 20 £xanp| e 6° 22
(i heeseirmiPn 100.7 g of [the grou1d chi p ppl ymner

desergpaelin eX. 5 were incorpofated intpo 54.0 g |of

no...nact

t he nanof Tried restm— € —Simece thetestH-t+Rg—paste—was
too solid, it was 25 diluted with 12.4 g of the

namﬁfHdhﬂjrﬁ@lDo&ingSU€§§%b§€E|y55th§nQaSQ§ WaRicrofiller
deggasg Al about 200 nbar

es  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 sensorially 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 gsolid, it was
diluted with 12.4 g of the nanofilled resin C.
Subsequently, the paste was degassed at about 200 mbar
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In this manner, a solid, nodela
paste was obtai ned. Conposition:
Properties: see Table 4 Table ;
conposi tion of the micro- fildér

6) 5. ﬁ@é sol T

- Nanof i resin

LG ot nerhet)

for
bl e,

about 60 m nutes.
l'ight-curing

see Table 3 5

Per cent age
conposi tes (Exs.

ﬁa§$§knoA€é?'6o

5 -
sd?id,

o godeipbée. 61iabk 60uBIAT (BRBEAIWRE cPREFIREG. 10 EX. 5

Ex. 6 (reference) (invention) Resin A 28.6% 21.
Napofill er Aerosil R 974 10.0% - -
fi ?@Po%itﬁ@néos%ng?%}%und prepol ymer) Table 4:

Phpsopatt hed: necebaDalsheé $roperti
conposites (Exs. 5 - 6) 15 Ex.
(i nvention)

es of
5 Ex. 6

0%
Org.

the mcrofiller
(reference)
Conpressive strength [ MPa] 249 345

REFRACEMENT SHEETP¢RUEE-26¢ 38ombobunkoshr piikagéeaf trercro-

3.6 3.0 24 h [AerNDIasi Ohmbd i 645

Aax D agret rgcal

tensile 36 36 stTengtit {VPa]

(ground prepolymer)

Ex. 5 Ex. 6
(reference) (invention)
Resin A 28.6% —
Nanofilled resin C - 39.7%
Aerosil R 974 10.0% —
Org. filler 61.4% 60.3%
(ground prepolymer)
Ex. 5 Ex. 6
(reference) (invention)
| Resin A 28.6% 21.0%
Nanofiller B - 18.7%
Aerosil R 974 10.0% —
OCrg. filler 61.4% 60.3%

Table 4: Physical and mechanical properties of
the microfiller composites (Exs. 5 - 6)
Ex. 5 Ex. 6
(reference) (invention)
Compressive strength [MPa] 249 345
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Bar col ' hardness 59 62 Pol ynerization depth [mm] 10 10
Wat er absorption [g/mB] 23 20 These results show
that the use of the conposition enployed according to
the invention in dental materjials 5 |leads to an
increase in the conpressive"s??eﬁgth to a |owering

f I h K d t
of | VRE-HE, LFLRAECFRRE e REPLACENERR SHEET (RULED

26) 29012085/ 084611 - 39 - PCT/EP2005/ 002196 | Pat ent

cl phBBadioA fLkhed and polynerlzablegq$ntal'naterigb,
5 characterized in that it confains: a) an ofganic

bingggmeg}lgamaag§§§hg filler which Rgs the foll ow;gg

10| feat ures: | east 50% by |wei ght, prefefably at
Iea§?re%@@?b§M%@|ght and parti¢ularly preferpbly at
| e 80% by weight of the nanoparticles have 15 a

paf Baetel dhasehessof | ess than|200 nmg preflrabl ygo
| ess—thanr—350—+rm—partiecubarty-
100thymerazateastdaﬁtpaimmble nunber %o preferabl g ab

o all 200 1 ot 4.0

| east—30partichenunberd_preferably—at—20+east—46

papW@%?é ﬂhﬁ%@?@@%ﬂd[@ﬂfmmdula ly pr@Berany at | east

S0-partrctre nunber %G of —tfe manopartitctes—are

aggregated particles, c) at |east one inorganic and/or

organic filler 25 selected fron1the group consi sting
ound flller h artl i ze

r av e
be?l\%\l%se% F T H Hhd BE gm Eﬁ%& t Tal fFﬁ‘FercWﬁfgtlon
a emphoypadt acterding bet when J.rﬁ’ehtgmnandl Sergral 3fatkrials

Theeglgot b Rt 8 AleA% 21 FBY LBm L:@bg]l%g trength to a

characterized_ in_that it contains

owering of the polymerlzatlon shrlnkage and to an

improvement of the abrasion resistance.
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wei ght, preferably 5 to 90% by wei ght and
particularly preferably 10 to 80% by weight, of 35
organi c binder a). 3. The dental material as clained

I Nyl B L characteriz in that i j

o 1, 20857 0%46%&EPLACENENT SrEeT- (RULE 26 C%E{’?éﬁémzm
preferably 1 to 80% by wei ght and particularly

preferably 10 to 60% by wei ght, of nanoscale filler

b). 5 4. The dental mat &dtdantagsldiggred i n one of

claims 1 to 3, characterized in that it contains 0.1
to_95% by weight, preferably 1 to 90% by wei ght and

patti cufar|5* ed er 380y W@PlFSOIEAYl ki glentadf material,
I nor gancBagagterioeaanncchik! @6 ebntd9nd.. The dental
material as clained in one of clains 1 to 4,
characterized in that the nanoscale filler is

or gani cal | gnsorfavéenbdhnfieed. 15 6. The dent al

material as clained in one of clains 1 to 5,
characterized in that it additionally contains

pyrogenPt andraroaedler eEipient evhithi chas aches following
adj ust ment rehttihesyi scosity. 20 7. The dental nmateri al

as clainmed in claim6, characterized in that it

contains O to 30% by weight, preferably O to 20% by

wei ght and- par fleaskarsgs pbef areakg‘nt 0 poeldélabyy at least

wei ght, of t ecipi tat
silicic aci d(g@ Zghfﬂfor%%1 a%}g Pag 1Fﬁga§h§0(§>§et raply at
The dental r@ast aBOasblz'I wedglti wfordieomariepamnt dclep have

7, characterd Z%ﬁtﬂél@t dilgnanice bhpder ), IS26‘0 nm,
30 conpounds

conpound or a %agg a numher o

whi ch cont ai#s*¥% Jr3éd|]c‘%ﬁs pot3er} Yol @ andparticularly
cationi cal | ypretEcablanl e cethdry pod ymey i zabl e groups

and/ or groups. WQSQEEEAOEEQEEETQ @ﬁ. erf,OEr%ferably at

condensat i on,
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 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 in claim 1,
characterized in that it contains 1 to 99% by
weight, preferably 5 to 90% by weight and
particularly preferably 10 to 80% by weight, of
organic binder a).

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

characterized in that it contains 0.1 to 90% by

REPLACEMENT SHEET (RULE 26)
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addi ti on and/ or aci d-base reaction. 35 9. The dental
material as clainmed in one of clains 1 to 8,
characterized in that the nanoscale filler
REPLACEMENT SHEET ( RULE 26) 41 b) is a netal,
sem nmetal or m xed netal OX|d% “silicate, nitride,

sul f at eyet jhanat ré@éfgﬂlrmwl SE% %#ﬁ d&ﬁ %ate and

arnxture(ﬁ t hese compo
mat er i aP2BEEIEVAPARY IRFASNAR1Y, lehdiactBRki s waighat Of

t he nanpssekeaiél Eeriby by, silicon dioxide. 10 11.
The dental material as clainmed in one of claine 1 to

10, characterized in that the filler c) is a

spheri c@hef dehernl qaae&Zaﬂowdfrclqﬁmé$.p@mdﬁé,ofgba&ims 1
cer am c, poyde e, of S er.s 5.1

The den%glyﬁa%gg&aﬁtgkégga 8 tb%%oﬁg 5P P&Pﬁs% %8 95%
10, chabﬁct%ﬁighﬁL|rpn¢ﬁﬁrahﬂyw dor §ani 80&ndbpr weight and

Organ'Cpiftl@ul&flys]f%gﬂéfaQQQDrlgnﬁ§Ll§gfcqu weight, of

pol yner’, and/ or , bead
mat er i af"AEIXEF el ﬂroﬂ§9%$l%lﬁ}h%e1 Cto 12,
characterized in that the inorganic and/or organic

fidler a ied a d has. function .
groups %% |§§ﬁg%if§§5g%gﬁéh%§u$r%%%%izgncﬁ%ﬁ1eglF aims 1
Wi t h t heC ofgarfhanagtdeari zed oknhabata the ghanbécaley filler

for thei organie: DATEST s@dfadd.ndherdontal material as

clained in one of claine 1 to 13, characterized in

that it additionally 30 contains an initiator or a

nustber THe | dehtal omatardadplaisondldinedl Cih Nbhd abOr cQhiths 1

number ég g?'”'%b%%%%%rlzed in that it additionally
contains pyrogenic and/or wet-precipitated silicic

acids for adjustment of the viscosity.

7. The dental material as claimed in claim &6,
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.

8. The dental material as claimed in one of claims 1
to 7, 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.

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

to 8, characterized in that the nanoscale filler

REPLACEMENT SHEET (RULE 26)
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15. The dental material as clainmed in one of clains 1
35 to 14, characterized in that it is X-ray opaque.
REPLACEMVENT SHEET (RULE 26) - 42 16. The use of the
dental material as clainmed in,one of clains 1 to 15
as a material for prosthetic, ~preservative and

pr ev_ent i:)’e i%e.mai %ﬁétyals,ucge ) eg'%rl & a'Hi' d 25, aﬁ.ooé)[]ide,
filling material, stunp bur up material, nateri al
for tenpotafFter ovhstrifnl beuddese dehinpnabaentzirconate,

adhesi vecanBiee| al digstdd fiekal 4eetf(BRECIof  these
material, sealing material and dental |acquer. 10 17.

A pr 0ceSP I dRe production of dental materials,
havi ng the steps: a) making available of: 15 al) an

or gani cppi nd ) |_east_ partqally,aggl onerat.ed
an%?br Talg%r eg%%ne:g?cnaﬁgggfllg%fi Iafsgr,éjz 1%%31 a%naggr}talm L
for thecrpreierszedada thatl f tbat inemosicallee filler b) is

a2), addipicdeagioRNgeinorganic and/or organic filler
sel ected fromthe group 25 consisting of a ground

filler having a nean particle size between 0.2 m and

501 ym amite adspheli aaketiblemshalidignel iasngabli ¢l@ims 1
size b 0. d..50 3Q.h). carrying.out an .

or gani ?%ﬁ?péce&ﬁ%ﬁecraﬁzleodnw% hr%t ffi?]i“f’ elflgé)erus‘%ngls a
t he age¥Rhemycak) fiklrmpor apuantnf gdwder, glass powder,
surfacegyashi fi edraanescabeaedd fdd 1 e i pioctpe opgani

bi ndere?Jnt'I at feast gO% Sy wel ght , pre?eir‘lagl ylbgt these

| east GHHFS wei ght, further preferably at |east 80%
by REPLACEMENT SHEET (RULE 26) 43

12. The dental material as claimed in one of claims 1
to 10, characterized in that the inorganic and/or
organic filler c) is a filled or unfilled chip
polymer and/or bead polymer.

13. The dental material as claimed in one of claims 1
to 12, characterized in that the inorganic and/or
organic filler <c¢) 1s 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).

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

coinitiators.

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

to 14, characterized in that it is X-ray opaque.

REPLACEMENT SHEET (RULE 26)
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wei ght, of the nanoscale filler has a particle

di anmeter of less than 200 nm preferably less than

150 nm particularly preferably less than 100 nm 5
d) incorporation of the filler a4) into the organic
bi nder; where the steps c) ané d) can be carried out

'nlsanyTﬁgydégiéqu BCQH t "Hﬂgéygéus%¥a%ﬁglmﬁg in one

10 step b) |s carried out ore or sinu néeous
the stefS QLlaRE of &P IS. a‘ﬁh@ phatessads f@lralmstﬁhletlc,

cl ai m 1presbatact ot 206 ﬁr‘évte&%tlvteh%le‘?ftg.%@r%r %Hd‘r@%es for
nndlflcatlon of the 15 nanoscalgﬁﬁlllers

carri ed“58t%d4FrecBy ih  ERREDrg &lBEndé‘}at%alThe stump
processbasldlipi meaiténigl ai makermirall8 forchaempbeskrzetrowns

in that ahg BE?EB R a‘a%ln%l ﬁn%emen% rre%agg;%caelp Faterial for

i ntroduce pre er abl nmeans
stlrrerarélﬁﬂgééﬂverteétbead Wﬂﬂdenn aatiewiral ,20. Sdeel ing

proceSSmageghannsﬁdlae98810§ae§aé95 17 to 19, 25
characterized in that the organic binder al) is a

conpound or a m xture of a nunber of conpounds which
cobVai n3 breeesadifeal -fiod ypeoddabi énadd/ @ental materials,

cati oni onlcally pol ymeri zabl e groups
LY %a€g %t %

and/ or group ow curing by nmeans 30 of a
condensati on, addition and/or aci d-base reaction. 21.

The prQ&ﬁsﬁaH§n§|ébﬂ?ﬂabﬂeogﬁ of claims 17 to 20,
characterized in that the nanoscale filler a2) is 35

a netal, semnetal or m xed netal oxide, silicate,
nitride, salf ate,athi dPgahec Bifgenate, stannate,

tungstate or a m xture of these conpounds.

REPLACEMENT SHEET (RULE 26) 1 - 44 22. The process as
claimed i ®2) ai m#&1, &ftaradeestzedpartially agglomerated

and/or aggregated nanoscale filler,

a3) an agent for the organic surface

modification of the filler a2),

a4) 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 wum and a spherical filler having a
mean particle size between 0.1 um and 50

um;

b) carrying out an organic surface modification of
the filler a2) using the agent a3);

c) incorporation of the surface-modified nanoscale
filler into the organic binder until at least

- 50% by weight, preferably at least 60% by
weight, further preferably at least 80% by

REPLACEMENT SHEET (RULE 26)



in that the nanoscale filler a2) is silicon dioxide.

5 23. The process as clained in one of clains 17 to

22, characterized in that in the organic surface

modi fication groups are introduced onto the surface

of the nanoscale fillers a2) i ch cah reacg .

chem cal | t he, or [ | a ave

hi gh af fi hlwtgyb?lt Jg %?ga?}l?g %ggg flzﬁer #éaspr%cgg‘?lde
as cl ai ned 1ﬁmﬁﬁ§ﬁﬁ0%lb@h% thano 2@0 whar preberalelly less
in that thenagenis®MhhOypdrk9tul e OOUNL W 88 than
nodi ficati Nyl s a silane, 15 chl oroSilane, silazane,
titanate, g PcBfdt e and/ or tungstate. 25. The process

5as cl ai vedinrosperatiohai mef 17che 24illebar agherizesh the

in that th ani. d/or organic 20 filler a4) is
a spherlca?rPgﬁﬁ% %1%83??2 powder, gl ass powder, gl ass

ceram c powder or a mxture of these powders. 26. The
proceSSWﬁérél lﬂ?dStQPQnQﬂOfa &aﬁységﬁtﬁézéarr%gd out in
characterized in that the inorganic and/or or

filler 3BY (X ¥FY| E8IWLNGR 97T e8iBHL papery v and where

10 and/ or beag hOlMﬁEbaﬁE&e&”&hﬂ”K&%ﬁ%@EE&Céfh@?QaﬁQb@QPy to
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of clai 1 2 char cterlzed in that the
|norgan?§ a%&%gr g? gn%é Ier ad4) is organically

surface-nodified and thus has functional groups on

|t§8$UrTﬁ§:§§?d@%s(EH‘éfé?&e&hgﬂlgﬂl %WMJr]éﬁg%%cterized
n

or gani c, bi al or have a E% init
or gani c*Bi REPL AREFANIC SRREFacRUIBCGBication of the

nanoscale fillers a2) is carried out directly in
the organic binder.

19. The process as claimed in claim 17 or 18,
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.

20. The process as claimed in one of claims 17 to 19,
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 a condensation, addition and/or acid-base
reaction.
21. The process as claimed in one of claims 17 to 20,

characterized in that the nanoscale filler a2) is
a metal, semimetal or mixed metal oxide, gilicate,
nitride, sulfate, titanate, zirconate, stannate,
tungstate or a mixture of these compounds.

REPLACEMENT SHEET (RULE 26)
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22.

23.

24,

25.

26.

27.

The process as claimed in claim 21, characterized
in that the nanoscale filler a2) is silicon
dioxide.

The process as claimed in one of claims 17 to 22,
characterized in that in the organic surface
modification groups are introduced onto the
surface of the nanoscale fillers a2) which can
react chemically with the organic binder al) or
have a high affinity for the organic binder.

The process as claimed in one of claims 17 to 23,
characterized in that the agent employed for the
organic surface modification is a silane,
chlorosilane, silazane, titanate, zirconate and/or

tungstate.

The process as claimed in one of claims 17 to 24,
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.

The process as claimed in one of claims 17 to 24,
characterized in that the inorganic and/or organic
filler a4) is a filled or unfilled chip polymer
and/or bead polymer.

The process as claimed in one of claims 17 to 26,
characterized in that the inorganic and/or organic
filler a4) 1is organically surface-modified and
thus has functional groups on its surface which
can react chemically with the organic binder al)

or have a high affinity for the organic binder.
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