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International patent application WO 00/57932 discloses materials for surgical
application that contain what it refers to as nanocomposites. The filler particies can be
treated with organic compounds in order to enhance their dispersibility, to reduce their
propensity to agglomerate or aggregate, and to enhance the uniformity of the
dispersion. Examples of compounds employed for this purpose include organic
compounds such as the monomer of the surgical material under production, citrates or
other compounds. Use may also be made of coupling agents such as organosilanes or
of polymeric materials such as surfactants, an example being sodium dodecy! sulphate,
but also of amphiphilic molecules, i.e. molecules which have a hydrophilic part and a
hydrophobic part. Those specified include nonylphenol ethoxylates; bis(2-ethylhexyl)
sulphosuccinate; hexadecyltrimethylammonium bromide, and phospholipids. The
examples use either uncoated barium sulphate or particles coated with sodium citrate
following precipitation.



exanpl es use either uncoated barium sul phate or

particles coated with sodiumcitrate follow ng

preci pitation. 2 One of the,objects of the present

invention was to specify a finely divided,

deaggl oner at ed barium sul phate which is redi spersible

even after drying especially one which lends itself

ratijo t I [ I .-

obj ée f‘{é ?)P the eres;engerg/ ﬁﬁ%ﬂnﬁgs d%dﬁe%ffg acf}ﬁeﬂ)'dlvnded
deagglqrheratedvibricim Stde!pme Mdnlldwlsmﬁperw@lﬂwaf@d drmmga especially
oneﬂvﬁn%h'l&ndsq%%ﬁ witltto & %&Qtlé@ﬁ%bl@gﬂ?&aw &‘?’tlcuﬂ}%‘-’rﬁec@%s to

er ob are achi eved nmeans t he

PFON#@é\ﬂQQﬂS'0m¢féteé’é2?g'§l’b%l?%9ct%&’htfé‘v Pﬁ?ﬁ%ﬁj!vryﬁﬁ"é“g#m?ﬁéed into

plabt"B’%Bbé ABt underdo ATAgaNRTeratfon. Thed@klg furih@F bbjets a3& zehisved by
rises crystallization inhibitor and a

meav%ﬁghheaﬁ%smbwﬁav%d deaggl oner at ed barium sul phat e
has _an average (primary) particle size of < 0.1 Pm in
Bgﬁ'l qleéggr@rgloprp%age?je%ﬁeu(‘ﬂélgp%%g o?“;}e' m%r‘t@gvﬁ[‘tg an averaé;e (primary)
parpiclefsigeab Dyp |gmi ¢Qmp:ls@es@3:rp$t1aIQ|izatpn IBUIbﬁW) anctg,ﬂgwgmphé’referred
dez&%rérh&rja?e% ErRind g'lﬂﬁﬁ‘at@"h"ag %'azvﬁﬁage? ﬂt@laﬁmpa&&kegkélbf ¥ 0.1 um, in

ose Wth an avera rlmar r? S|ze% (2
pariiglan T 0-Q&a 1o BOTR). Aty wesy 'Fr‘éi?&zprﬁ B0 & 0457umi(ie. 50 nm)
mofepreferabiplséil & 0103 ,ublu(li eNBY nml).SOutbaneagpartinies arehese with sizes

e RO S e i
limppoaftee petiaheparticte sidegh farexagpisd amabt mapyplso be even lower. The
avé?!é@&t)gﬂtl %tél IRQJI bﬁﬁabnséjrbQntl?éeedt%;cé‘rmlﬁé@bPRW(?}qﬁsé)rfdlﬁfactlon

I za resence

memogpewaerferraﬁapwm sytphgis Iéreéfaarﬁtﬁ@ by peegipitatingnPativiprsatrhate in

the&ﬁééé?%'w alds élﬂtétﬁﬂnhﬂﬁ]bitcﬂ if e We@@ﬁf&@f aOﬂlspersant and/or
ersant . The st al lza L on

amount of
Trrefes e pylahate Ao Preeleabasih i PieopR et
dlspérséhtGXI bl e. Per part by weight of barium sul phate it
is possible for there to be up to 2 parts by weight,
preferably up to 1 part by weight, each of
cr y‘s'melampzattafmwstalmﬂtlbntlrdﬂblmf@ndldm@rfmtn the deagglomerated
baﬁﬂ?&?hﬁe@@fﬂbﬁﬁld BR} Radk By v@ﬂg’\t @\‘ 55’@?\5 %UthQfth Qr;%%smte for there

I'n an anount 0% b vve| ght
to benup o2 eea@ 8Y SRt Ry umt%uwsﬁéwe' %tmﬁwsfs‘ﬂ'zatm

inhioier BAd bisprsah® Iﬂﬁiﬁalﬂieﬁﬁ)ﬂﬂﬁhlbﬁorFHrﬂfcﬁﬁ;fﬁi’sahtfai'@ me%G% preferably
the coy

in SAVENE G 1ot (rhaY i eBeh e tppRBrEraiod Bafiim'Sufbhate. The
amagof afries Barham (sumdaemrm'asgntpmpr(elfm’labls flormRd% taB0e4 by weight.
primary particles. The term "deagglonerated” in this
context does not nean that the secondary particles
havl isbewmwn thebiadhe govise ©bitp cemaniionaltrseRaratiqlt harium sulphate

forhd a%;ﬁ?n?e?afé@'(fsgc%ﬂ Rbr‘l’icle%?'rﬁ‘édé)tﬁ‘p of érlmrb%rﬁ&‘@d ThB&erm

sec ry barium sul phate particles are noé F
"degag@n%@tpg'h@rtgls&gngqxgg "r‘f? topgathat the secondary partlc es have been

broken down completely into primary particles which exist in isolation. It means that the
secondary barium suiphate particles are not in the same agglomerated state in which
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agglomerates. The deagglomerated barium sulphate of the invention preferably
contains agglomerates (secondary particles) at least 90% of which have a particle size
of less than 2 um, preferably less than 1 pm. With particular preference at least 90% of
the secondary particles are smaller than 250 nm, with very particular preference
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In the case of monomeric or oligomeric compounds, n is preferably 1 to 5.

A corresponding barium sulphate having an average primary particle size
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Also very useful are polyamino acids, an example being polyaspartic acid.

Also extremely useful are sulphur-substituted carboxylic acids having 1 to 20
carbon atoms (reckoned without the carbon atoms of the COO group) and 1 or more
carboxylic acid radicals, an example being sulphosuccinic acid bis-2-ethylhexyl ester

(dioctyl sulphosuccinate).
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in its presence.

It is usual to use different compounds having crystallization inhibitor action and
dispersing action.
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An example of a dispersant which renders the surface of the barium sulphate
hydrophobic is represented by phosphoric acid derivatives in which one oxygen atom of
the P(O) group is substituted by a C3-C10 alkyl or alkenyl radical and a further oxygen
atom of the P(O) group is substituted by a polyether function. A further acidic oxygen
atom of the P(O) group is able to interact with the barium sulphate surface.
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indeed even undergo further deagglomeration in the course of the application.

In one embodiment the deagglomerated coated barium sulphate is in dry form.
In a further embodiment it is in the form of a suspension in water or in the form of a
suspension in an organic liquid, the organic liquid being able optionally also to contain
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The second version envisages precipitating barium sulphate in the presence of a
crystallization inhibitor and a dispersant.

The first variant is now elucidated in more detail.

Barium sulphate is precipitated by typical methods, such as by reacting barium
chloride or barium hydroxide with alkali metal sulphate or sulphuric acid. In the course
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Another possibility is to carry out a drylngoperatlon by spray drying for

example. The particles formed in such an operation break down again very readily into
the deagglomerated barium sulphate. The barium sulphate of the invention is formed of
very small primary particles, the secondary particles are in a deagglomerated state,
and it is redispersible.

The second variant of the invention envisages carrying out the precipitation, for
example by reacting barium chioride or barium hydroxide with alkali metal sulphate or
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Curable compositions which comprise nanoparticles, especially silica- or
alumina-based nanoparticles, have been known for some time. Reference is made
by way of example to patent applications EP 1 179 575 A 2, WO 00/35599 A,
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Even where the amount of deagglomerated barium sulphate is high and the
solids content is more than 30%, the curable compositions obtained in this process
have very good transport properties and storage stability and can be processed further
to very good effect. For instance, they can be applied very effectively to substrates. The
curable compositions can be employed in any of a very wide variety of fields of
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sul phate of the invention have high gl oss, very good
flow, no stress cracks even at f|In1th|cknesses
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j i Mhesampuntl éhe abqvemegtionas ernstitueats () isthe cyralie compositions
of thé trﬁ/enmrﬁm@PMh@Meé vandvepy witellyesnd isaiisb Guigéd by trat r@buwements of

theg5Es BHEATE, PRERCADGP RGO G5 15 BEots. difargferanly 60% to

99. Q%amﬁiparperttc,ulam?ewtoaQQdQ%rbyIWelgtnt badedrin leachoass on theysolids of
i st Not | t th

thers&ﬁraél%cg'ﬁ%st'&g}%gosfto?%ﬁ@il LS:I Zf ?ggtel vely agglsnst =

hi gh-energy radi ati on, especially X-rays. Furthernore,

t heSlﬂﬁH‘é’rI? %Hea@rh@urﬁmﬁﬁéée' ﬁ’lBélfleQ%ﬁrl@l‘ﬁ s‘ﬂl!pﬂ‘ﬂ?é ﬁé’ndp@rtﬁ:les (N) in
The solids content of

the SHTRRA FATESRIUGH 4 B OGN Brfer Prasd Er F AR by e require-
meRSILS thid ceasetin hahd C'i’hecamstﬁrftus:brdféreblyw @5h% CONPBS imore preferbly

fromra) 5"}1\/ Q'I/o d |Rrp%%{:%%r 0. 65Qmo 6% by weight, based in each case on the
solids of the curable compositions of the invention.

The curable constituents (A) of low molecular mass are preferably epoxy-
functional silanes, as disclosed for example by patent applications EP 1 179 575 A 2,
WO 00/35599 A, WO 99/52964 A, WO 99/54412 A, DE 197 26 829 A 1 or
DE 195 40 623 A 1, especially glycidyloxypropyltrimethoxysilane or glycidyloxypropyl-
triethoxysilane, and/or silanes which contain at least one olefinically unsaturated group,
in particular a vinyl group or a methacrylate or acrylate group, as are known, for
example, from patent applications WO 00/22052 A, WO 99/54412 A,

DE 199 10 876 A 1 or DE 197 19 948 A 1, particularly the monomers (a2) described



t he curabl e conpositions of the invention, may vary
very widely and is guided by the requirements of the
case in hand. The solids co%ent is preferably 20%to
80% nore preferably 30%to~70% and in particular 30%
to 60% by wei ght, based in each case on the curable
beldNposi tion of the invention. The anount of the
abovenenti oned constituents (A) in the curable
conpositions of the invention may |ikew se vary very
Wi diHeyhyeinalysasesbsdiogeindedsdigs phibesetpw melesutag mefss comgounds
r.ef amount is 50%to 99.9%
mafél&oqtlér{b” Z)r%a sed'e Oc&ﬁ?tﬁh%rg%gﬁ) and in particular 70%to
99 9% by wei ght based in each case on the solids of
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t he ambunt of surfa ar
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pro¢dbéeThé Basit SeakioNs bf mas:lpran@bs @angw dlacidbtedtwith reérancecto
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cosplaebt: cul ar 0. 05% to 6% by wei ght, based in each case
on the solids of the curable conpositions of the
i nvention. The curable constituents (A) of |ow
hydrlysd®ul ar nass are preferably epoxy- functional

siiorhaneso as (Hdiggdicsrd R'oH exanpl e by patent
applications EP 1 179 575 A 2, WD 00/35599 A, WO
99/ 52964 A, WD 99/54412 A, DE 197 26 829 A 1 or DE 195
condbn&isnA 1, especially glycidyl oxypropyltri nethoxysi

_Si- b@r € Hy.sfl Y CidM. g,rypr L Qpyl - triethoxysilane, and/ or

anes whi ch contai n°at | east one ol efinically
-Si-PibaRP-Riecr PiddPi-+ RPParticular a vinyl group or a
net hacryl ate or acrylate group, as are known, for
exanp ro atent applicati 0/ 22052 A
wheyg/%ﬁanbe,@nqﬂep I Geruiby 6es ROYWhPT S8RV §7e Tec8an’ é\felcata'ysed
usifpadids; Wades yr fileicenomsrer s (a2) described 13  bel ow
The hydrol ysates and/ or condensates of these |ow

mol ecul ar mass conpounds may additionally be used as
corite cunabie polyA)ers Fhe othigaimers\(4 pc@daiaradlanst com thastve Bunctional

groéﬁ%a 3% ﬁﬁ%ﬁ'&@?bﬂb%qegéf t\?Q qu e b%c&lgﬁaﬂ I@%‘ét\/’{hﬂﬁlqué'ét% functional

oun era as part
grouRs (ae whish- rg@qier the @ @Qfgersmg qg@gnqys ,(/éh@{ria!g}ﬁéhqffnaﬂlmagd/or with

ach?f(g?‘rég@ﬁ?ﬁaék%léét SCd iabRGeubive fﬁﬁcft%hﬁl’@r@ulb@(m ) are known from
ort hosi | at es S r ol
Inte@aﬁ{@@ﬁg%eg&ﬁq ﬁa}:\t'qnywa1 C{/ﬁg&g%égy %Sllng 2% t8é)51|g§ e1I%,[Itne 2 and

padayZlr ey Btospage 22 line 16. Epoxide groups (a1) in particular are used.

The oligomers and polymers (A) are preferably hydrolysates and/or condensates
preparable by hydrolysing and/or condensing oligomers and/or polymers (A) which "
contain epoxide groups (a1) and hydrolysable silane groups (a2).

The oligomers and/or polymers (A) which contain epoxide groups (a1) and
hydrolysable silane groups (a2) may alternatively be used in the form of curable
constituents (A).

The hydrolysates and/or condensates (A) are preparable by condensing
oligomers and/or polymers (A) containing epoxide groups and hydrolysable silane



S(OR)4 + HRO -> (R 0)3Si-OH + R OH condensati on:
-Si-OH+ HOSI- -Si-OSi- + |—|20 -Si-OH+ ROSi-
-Si-OSl- + ROH, where R n be an al kyl group, such
as nmethyl or ethyl. The reac lons are catal ysed using
acids, bases or fluoride ions. The curable polyners
grofaﬂd (aﬁ)lpgalambsj §sA\part ohivhatis ablldcctetsobpel precasssi the basic reactions
uncti ona (aI) and preferably at [ east two and
°fer°?)5Fe[?eSlfI”3?d 55’\{ dast three reactive functional
groups (al) which render the oligoners and pol yners
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é]g e silane groups (a2) may alternatlvely
COFB@'“G'E)@@'XSﬁ‘b lapg gFeups (82k abl e const ituents (A). The
hydr ol ysat es and/ or condensates (A) are preparabl e by

okl and Rz T4 Sttty Fhady/sey e JRadt P 452
comaiafieeat gasesatpeast oof ephsitle igsoupalall pand htlegst ortgsillane group (a2)
hycﬂ | g@rﬁé tthg eh@é 'r&felrrg ét?cﬂ/% Pfgfe%iﬁhe)aﬁgntgﬁstﬁ{ é\;é?éjge at least

e SR

taln on average nore
twoz lran@rﬂﬁujtar ﬁHPéSttth@ﬁ QBOX'CF%@@PB%K%&)@M@&'%?EP@ u’hP’t"%'CU'ar at

Iea%ﬂﬁi@'h%d’ro%ﬁ@llé'sﬂﬁné PR)UBQ {XZ‘)EWﬁes(e%a? B8 tt@niindT@n&/or Nasral
era i ncor porat ed nononer

epq}?‘ﬁet rOUﬁﬁéa1535%9&y9§’é¥sé‘g%a?‘n'apﬁrgr?f{9ﬁd€%)5at es (A) are
pr epar Iabl e in each case from at | east one, especially
one,, ol i

ot DASHEE ahfhoBmei (A KEnidigha FElosabBbiapg groups (a2) may
haap Eomsdtuictiors which e lieegr, thCh @aalsw-sﬂ)essd bt dendsimesic branching or

whmw)ﬁtag Sonﬂt wi fuﬁ?’&né B‘ﬁ{;omé‘rfo‘? gfﬁne‘i’|(Aﬂ6mﬁz§|ﬁm?%drolysable

mer S oners and
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bloglgllilge distribution, and within one oligomer or polymer (A) containing hydrolysable

silane groups (a2) these distributions may be present in combination with one another.

The number-average and mass-average molecular weights and the molecular-
weight polydispersity of the oligomers and polymers (A') may vary widely and are
guided by the requirements of the case in hand. The number-average molecular weight
(determined using gel permeation chromatography with polystyrene as internal
standard) is preferably 800 to 3000, more preferably 1000 to 2500 and in particular
1000 to 2000 daltons. The mass-average molecular weight is preferably 1000 to 8000,
more preferably 1500 to 6500 and in particular 1500 to 6000 daltons. Polydispersity is
preferably < 10, more preferably < 8 and in particular < 5.

The oligomers and polymers (A) containing hydrolysable silane groups (a2) may



contain in each case at |east one epoxide group (al)
and at | east one silane group (a2) hydrolysable in
the sense referred to above Preferably they contain
on average at |east two, E%artlcular at | east
three, epoxi de groups (aII) and at least two, in

corﬁ@frbhpé_lﬂﬁﬁdf tRé pollyﬁhéisbla%@é@lﬂ th@}égt/ﬁr@é blsa/?bee Bidpangiop l2@dps

ese n and/ or | atera

ot e oK Ao Fid Biea e S € Berp BS (62 e ot
reaoleldgmhesslllemdeqsoh ymmesef()nﬁ)atrt@eaalyrto 13glelot/ thecd ppsariviate classes of

polymlﬁlagﬁtr%v\sﬁ of&ﬁ@)rs esnll,%a eﬁ&?’%ﬁrgu%é 8P%3}ﬁér%rbn ﬁ)ogymers

rimeri ranc
(A)sontaiing hychalsvsable @ﬁwnf glonps W&) leire) prafierablyi agighition relymers,
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case’in he nunber - aver%gsT nol ecul ar wei ght
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ersit referab ,
anqawretfren@nﬂdypaefgaa de’ibflarb’HP@'Mb’Gl'%?“Q"B" CYI“H'@ Bweif?ja%m@n cyclic,
alkﬁnﬂlkewlmrﬁkww gr’éQ;!SlfI @saeagnmﬁyl@rdmbbﬁd alsbwnastgn@umd
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epOX|de groups (al) and the hydrol ysabl e sil ane groups

(az), al ¢a°rtpe dﬁafetn?grou§ga1%gas'4 Ms&a@e hh- Lyh;?eefore

abl e eas ate classes
ungubistituted, dwatefm@aumbgrgughawng 1de 1ﬁepre@qﬁ@lyg|to;§(@nd in particular 1

to ‘Eeﬁ%ﬁysa ,Eden gk 'agﬁé'fﬁfllﬁn@rghg&l\é/ WBhethylefk &Q&Féﬁé’thﬂGne

e si | ane groups are preéferably
grojadi ti on pol ymers, espeC|aIIy copol yners of
ol efinically unsaturated nononers. The epoxi de groups
(alﬁhare co cted coyalentl

e |H3Ieﬁ ng W@ag'lcigé%lfﬂ?r 1gﬁaef5@|bl}?ﬁgﬁger(%ntam at least one,
espeoidligione nat 1eysd dilayesabh pastidutardivgtendpink{rgunéonaharpup(G12),

prelférgglgrégleg[e%af%rﬁ trgé’g g B5 cbidi ghn&i of étﬁsrp?ﬁéégpérecéﬁo%ﬂét%

one
thiqdagbaxslate. cagionats, m@mbmaﬁm mphatnkihmh@s@saw Phgsphgnate,

thidgRbpiWnat@ph8bphite, thiophosphite, sulphonate, amide, amine, thioamide,
phosphoramide, thiophosphoramide, phosphonamide, thiophosphonamide,
sulphonamide, imide, hydrazide, urethane, urea, thiourea, carbonyl, thiocarbonyl,

sulphone or sulphoxide groups, especially carboxylate groups.

Examples of suitable substituents are halogen atoms, especially fluorine atoms
and chlorine atoms, nitrile groups, nitro groups or alkoxy groups. The above-described



| east two epoxide groups (al) to be linked to the main
chain via an at least trivalent |inking organic group
(A1l). Preferably one epOXId% group (al) is linked to
the main chain via one dival“ent |inking organic group
(@). The divalent |inking organic groups (Gl )
groQﬁ@f@’( HdY(GaANkA prefirabifanbutiilituted. especi al |y one, at
| east dlvalent in particular divalent, groups (GL 1)
sel ect ed frontthe group consisting of substituted and
unsTHisépdxidecgroups &f19aadprefemblyljsined td tha, mainaheineda aanolup
nhranched fe r
(GH&ﬁm@nh: |nCturrP$/§f X EijEg ngd)}g Ia?e%ra%glcb al%c%gﬂce W|th é\hned
genﬂnuynvmmgﬂoups especi ally al kyl groups, and also
substituted and unsubstituted, preferably
unsubstituted, aryl grou or they consi st thereof.

In particular the dt(tFa1?eﬁth1rbab°>t‘ 1) is an (1)-

unbranched, non-cyclic, unsubstituted, divalent alkyl

Bl e e B B BR Sbie BP oy e

et hyl ene, trimethylene or tetramethyl ene group. The

di val ent |inking org: u ) preferably 11
further contain at ggbﬁ dg(r?g' J%eégeem ally one, at (-
| east divalent, in partl cul ar divalent, |inking

functional group (G 12), preferably sel ected fromthe
group consi sting of ether hi oet her carb | at e
i BisayPar'e Siane GoHR 22 PP IUFRIDR: STBEEm Tey are
prefd?alﬂp Rempteatfeom EgpLpRBh S sting &ff hydhspyzibtensitaee groups (a2) of the
erF q§§p| te,II t hi ophosphite, sul phonate, ani de, am ne,
9ot ﬁ?%g phosphor am de, thi ophosphoram de,
phosphonam de, thi ophosphonam de, sul phonam de,
i mde, hydrazide, uretharggg grea, thiourea, carbonyl, ).
t hi ocarbonyl, sul phone or Sul'phoxi de groups,
especial ly carboxylate groups. Exanpl es of suitable
subntihé gendral RNAURAl PaefialioRf tRsipareakbhy thd waTabis is as
atons and chlorine atons, nitrile groups, nitro
follgW$ups or al koxy groups. The above- descri bed 16
groups (Gl) and (G 1) are preferably unsubstituted
Th epox (e}
S rgﬁa+v%?evr&gy§r% sggle at%%{%o% gé@mf{ydr&k turh'%u
grlean@aEnt rlmﬂey%@lw@t%ttﬂ%a'n accordance with the
m gqg%rn"’lhteggfﬂ%at th'3, prefbtably?3 JandG 11 -) - epoxide Use is
ticular as group of the general fornula I
n ofis 0.erigyr |°52 The hydrol ysabl e sil ane
groups (a2) rray have di fferent structures. They are

with the proviso that m + n = 3.

Examples of suitable monovalent hydrolysable atoms R are hydrogen, fluorine,

chlorine, bromine and iodine.

Examples of suitable monovalent hydrolysable radicals R are hydroxyl groups,

amino groups -NHo and groups of the general formula Ili:
R'-X- (1,

where the variables have the following definition:



preferably selected fromthe group consisting of
hydr ol ysabl e sil ane groups (a2) of the general
formula 11: -SIR R, (11). én the general fornula 11
the definition of the indicéd and the variables is as
follows: R is a nonoval ent hydrol ysabl e atom or
nmonoval ent hydr ol ysabl e group; Rl is a nonoval ent,
non- h dro sabl e a nt.e

X oy dp SREMAG. sigh S PER. paohi) s, Higibeb) Bk, bfrwbey
1, gt thiveagporylicsawid Batstengroup, ihlacarEQMplassi ©@fester group or
sui | en hy re hydrogen,

1 fl uéc;ﬁl%g Oq NR ?gﬁgﬁgwﬁg%gm%n&xaml es of

R suutsabh@nqvgiﬂﬁ\t/arg@mc "agigabl ysabl e radicals R are

hydr oxyl groups, am no groups -NH2 and groups of the

general fornula Il1: where th i, abl
havEe RENIRIGS RF Qﬁﬁ"“d@dfcﬁﬂ R} &ﬁ"tainf °r)@°f‘§'§3'x‘3r I agf g?ﬁ group

(G2 dblebiéd fRdre e @aub@auéustgfgoaflmubtshumamimmubgrtmep, preferably

OX | .
oreREISEELBBHR: o GRRGRE bl BB s, At ppp-vete
preferabljuRon-cy@ice lkyablkpnubangesikiaybatounncpreferatdy alkyl groups, and
aIS(STPu \ﬁﬂ{tgg%n&’bg?lfﬁs@iuﬁé’cﬂé@@%rouggﬁn'Haﬁﬂ:ﬂﬁdr%%uﬁtﬂﬁ% Cunbranched,

contal ns or sists of at |east one group
non(-@@ Jic glkyk@foudsf r om t he group consisting of substituted
and unsubstituted, preferably unsubstituted, branched

and_unbranc ed refe abI ranche c and
nor@feI$Lof s tlaggespgg igye r?rﬁglqseépeg'f'ﬁéggc’\éq'kenyl and
al kynyl groups, preferably al kyl groups, and also

SUkWEEF L'thg(#atﬂgg F&hn“g%lgfnégg&hﬁﬂ gFS{.{ﬁ) (%rﬁkjrﬁ%ﬁrddﬂcf monovalent.

parti eul unsubstitu
aI kyl groups Exanpl es of suitable substltuents are

t h%ggle%otﬁg'frgdggﬁ RO Rainy r@uﬂ fe2)tRdigealp Bt |Iéiast divalent, in
nov
par{igHieicalent 2 %arnkm%as?ateyaﬁoﬁi- F §ihBuporedds et '%rfaa)bcontam

at le&stdhe) &ekially vak edfithe GrouppdGH 2 cddsaribed abdvent , and i s
linked directly to -X-. Furthernore the radi caI R1 may
contain at |east one, especially one, of the groups
( G\ ®henethe radieal Fa"btmmalns at least two groups (G2) at least one of them is at

least divalent, especially divalent, and is linked directly to -X-. This group (G2) linked
directly to -X- is linked to at least one further group (G2). Preferably this group (G2)
linked directly to -X- is linked to the further group (G2) via a group (G12) or to the
further groups (G2) via at least two groups (G12).

The radical R1 is preferably composed of a group (G2). In particular the radical
R1is selected from the group consisting of methyl, ethyl, propyl and butyl.

The hydrolysable silane groups (a2) are selected in particular from the group
consisting of trimethoxysilyl, triethoxysilyl, tripropoxysilyl and tributoxysilyl, in particular
trimethoxysilyl and triethoxysilyl.

The hydrolysabie silane groups (a2) are joined covalently to the main chain or
main chains of the oligomers and polymers (A) preferably by way of the linking organic
groups (G1) described above. In this case one hydrolysable silane group (a2) may be
linked to the main chain via one divalent linking organic group (G1) or at least two



Where the radical Rl contains at |east two groups (&)

at least one of themis at |east divalent, especially

divalent, and is linked di rq%tly to -X-. This group

(XR) I|nked directly to -X-"is linked to at |east one

further group (&). Preferably this group (&) |inked
hyd%ly@ﬁﬂé yildne gréupd @2) imalyexd Iinked etheumainahara pn @ERast trivalent
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aroues [T Tikyes pomedirg thereat TRyt ik RGAmE Hirde (@
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organic group (Gl ). Preferably one hydrolysable
silane group (a2) is linked to the nain chain via one
di val ent |inking orge®lz)-Bbup SiBLR!x Here as wel | the (IV),
nmonoval ent |inking organic groups (G 1) preferably
contain at |east one, especially one, of the
wherg dhe ingicesrandegriablep @z es dﬁf\!r%ﬂde?ﬁove&%cﬂaé‘l'qu preference is

givéh ¥Ak the fOIGWMRG gtdebs r tKY géeRalGeimAa ®dt t hereof . The

di val ent |inking organic groups (A1) preferably

further contain at | east one, especially one, of the
above-descri bed at -CEas0-(-ClHyptH@CHEspeci al |y (IvV1),
divalent, linking functional group (Gl2). The silane

gr oups (a2) are preferably linked to the main chain of
the oligonmers and -G yaErGHLR)SIOGHAs di val ent | i nki ndIV2),
group (Gl 1) and this in turn is linked via a

di val ent |inking functional gr ou&éGlZ) i n accordance
with the general fofRIQ-(GNr)-SIOGH)) - (G 11 + s (V3
RRL n (1V), where the |nd|ces and vari ables are as

defined above. Very I,C a nce is given 't
using the foll ow ngcg(?)oé 3tﬁ{§é§{? formula I'V: %V4)'
-C(O) - O+CH2-) 2-Si (OCH3) 3 (IV1 -C(O - O+CH2+-Si(OCl—I3)3

(1V2), - QO -OrCHae) gy S 4R3iBEH V3 (1v5)
and
-C(0)-0-CH,-SiCH3(OC2Hs)2 (Ive6),
especially (1V4).
The molar ratio of epoxide groups (a1) to hydrolysable silane groups (a2) in the

oligomers and polymers (A') may vary widely. It is preferably 1.5:1 to 1:1.5, more
preferably 1.3:1 to 1:1.3 and in particular 1.1:1 to 1:1.1.



-C(O - O+CH2+-Si (OC2H5) 3 (1V4), -C(O-0O CH2-SI (OC2H5) 3
(1V5) and -C(O -0 CH2- Si CH3(OC2H5) 2 (1V6),

especially (1Vv4). The nol ar 1rgati o of epoxide groups
(all) to hydrolysable silane“groups (a2) in the

ol i goners and polyners (A') may vary wdely. It is
preferably 1.5:1 to 1:1.5, nore preferably 1.3:1 to

pal\/?rg @@&}cuga&@ix?rgcéé ?s,r pogség%s%d]beydt%83;m%}1héacrgllgte e[:J’onmers (A)
Wh'W“’“‘"“‘?H‘C'EWfa“@dwﬂeﬁﬂwn&'r@om)e grhiishiad banciiaterabanst/al terminal

hyo?a?ééyle %vﬁyﬂ@g?sega‘ig'ogﬁw e‘?mlépaﬁ iédlula find lateral and/ or

I'e siilane groups (a2) of the
general fornmula 11: -SiRMR, (I in which the indices
and variables are as defingrgdgve, in an (al):(a2) (n,
molar ratio of 1.5:1 to 1:1.5, preferably 1.3:1 to
1:1.3 and in particular 1.1:1 to 1:1.1. These
in WHIgH thedediyéabrd Oar}talile’sfmb%s(dhﬂ)weofabbm in Bw ¢art)i(@R) molar ratio of

1.Splr OVI ﬂgaw erek@l l ?galnﬁ g?na art|gl¥lgrrﬁ)l1y13 t1e.§1aﬁqﬁié %re

otﬁ’de Ooveé-descri ed ep
(megh)aepdate a;bpolamerssdﬁl Jefehg imyeption( a@)/ldteie@pe@ailsgmmag&ﬁus

hydqa},gg{gg nd/A) cmn?gég nt ain further lateral and/or

m nal groups Is essential that the groups
(a3) neither react with the epoxi de groups (al ) and

si | %ébedﬁgmu%oOMbsawechp%mptgrém (an p@ﬂicﬁsi&n@ggrbdms (a2) the

condensati on es, _of suit ups .ar.e
ol PRA PaVBisEs UORoF 71 catdinfinpet el BRid JemiRffargups
(a3grlbisp=fsseraid{mql theggmups (ad) alejtbaryrabkiywitnthegpouide gueupshi@1) and

e |
snaﬂg%e@fp% (%5 recﬂ pppf?'u\é rg%ﬁgfn%?é%né@%n iah SE)farh)-]q ?(s ?f suitable
grogp® (A% arerﬂegr@egatemsscf(lame aﬂow'tmlﬁ@rw% mtr@ %PUPS alkoxy
gro%é’ﬂ}‘ﬁ}dx?ﬁkﬁgné BRUPL o8 RS ISovR b sBabsdTRbRoVafEnt orgamc radicals
,containin %’y drol ysabl e sil.ane % ou Zﬁ‘? (E

R GRPEREI Sl SIoyRs A8 SRS A e H S2uphTheds Gesuss 183) atlow
the\pa%ﬂuled»f pbfp@&disyoﬂﬂme aligontira ahd pe s rsviy). coﬁha&mog ihgdnohsable

an I ' 0 .
sief By SRl oy M RuR R By Rf B fe oo BB AL Ly Sariea
broadig,in aapadaarahggmtsneay nonomer (al) containing at |east

one, especially one, epoxide group (al) with at |east,

especially one, nononer (a2) contai ning at | east one,

espErs eligopesnand pplvaess Haaptaining hydielysabig fiare grougsyaz) are
pre?QQab(@@ copYyraéibatib® BRb1 (¥ afteore0 Bep atiElyichedmehbmentat)
contgﬁﬁltg act)rl]eeast orrllgrg"spemally one, epoxide group (a1) with at least, especially one,
monomer (a2) containing at least one, especially one, silane group (a2). The
monomers (a2) and (a3) may additionally be copolymerized with at least one monomer

(a3) containing at least one group (a3).

Particular advantages result when the monomers (a1) and (a2) are
copolymerized with one another in an (a1):(a2) molar ratio of 1.5:1 to 1:1.5, preferably
1.3:1 to 1:1.3 and in particular 1.1:1 to 1:1.1. Very particular advantages are obtained if
in this case the above-described molar ratio of epoxide groups (a1) to hydrolysable
silane groups (a2) results in the oligomers and polymers (A').

The monomers (a1), (a2) and (a3) preferably contain at least one, especially
one, olefinically unsaturated group.



(a3) containing at |east one group (a3). Particular
advant ages result when the nononers (al) and (a2) are
copol ynmeri zed with one anothgr in an (al):(a2) nolar
ratio of 1.5:1 to 1:1.5, préferably 1.3:1 to 1:1.3
and in particular 1.1:1 to 1:1.1. Very particular
advantages are obtained if 1in this case the
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eth@d:ry@trrre:rcﬂomtd q:)mhamwSVl(\fl etherThieynestendicgclppéntadiéagd)

noregr%eﬁgr PP(&%&P ﬁ%la fﬂall{%é gbtengﬁ%&u%%'wéﬁ(%ﬁgﬁﬂaalelﬁl ether,

norbeineay| eshes) @ppmn&wthw mmwa&@ﬂergﬁﬁﬂﬁh%r% butenyl ether

gro(lﬁ‘?tdﬂ)dﬁﬁfﬁbblpéﬁ@dleﬁ?lr@@ér}’h@ﬁb@rneﬁ&@é&é}ats%pr&iyné‘ﬁgﬁﬁﬁ)propenyl
Vi nﬁ)d ether, vinyl ester, dic

estofp A reﬁ@lmr bu‘e@& sée\ryqroup% &rﬁ g@methgf:{yyqqg gfou&ata&q)ﬂcrylate

grogpOuRpecidicmetrepamitagramgl et her, norbornenyl ether,
i soprenyl ether, isopropenyl ether allyl ether or
butenyl ether groups, or d icyclo pentad ie nyl
est@ne¢ examplerafien\espesilty suifabepnemgrherc@tl pis, glyaddy meteanyylate.
ester, allyl ester or butenyl ester groups preferably
nethacrylate roups and acrylate roug eci al
net Pae pyaraple eameec'%t@t@}émenwera(ﬁ é'ss avaloxypropy'-
trnnﬁﬂhdx@?ﬂleﬁ\ewm'f@r sc(lé'u)mdérﬁthg Ibmddyémérayh@@m@ ME_EMO b DRgussa,

e suita nononer
or e RG Y Ry Py RRGBoR o R RReS oFPATIT ey oy Blgthorysilane.
soldindesr théraidaraineraBenibyitfaxl Baned KEMDsHY XDeafunsWacker
nmet hacryl oyl oxynet hyl tri et hoxysl | ane or
met hacryl oyl oxymet hyl net hyl di et hoxysi |ane, sold
undexanes bf sui@bleameroraesi(8d) are descrikpdindnterstiensl ateqt

appliatidh ﬁb?@16@ﬁa'ﬁgb§§4 Ghesitd ﬁQ%@ﬁ"ﬂﬂ@@er s (a3) are

descri In [nternational paten appl i cation WO
03/016411, page 24 lines 9 to page 28 line 8. The

ol | pBIgomers dn® pblyfiers (A Park mefergblgpepakivye prepanebtienal
convent i free-radi

maR Ry R PR 8?P°é¥m?fﬁea?%HgFP&’E°’(°dP?’)SQ%Jan’k" (59) g also.
wherkesppropniate, da3)p preferablytie pulkd@jthoyrsefventisiryn selutien. kn particular
in Squtibnout solvent) or in solution, in particular in
ution. The hydrol ysates and/or condensates (A) are
preferably prepared by condensing the above-descri bed

ol i BBV drolySatds Qﬁdlﬁpbdﬁﬂérn§at(aé\XAF&@t;ﬁéﬂé'rélﬂy Bbé@)éﬁd(ﬂ@ﬁ&irﬁiensmg

gr oups referab
thembeveﬂ%?rgbegr%pémeeoﬂ@ﬂé t@ie@t%r’z{'@é‘vdf&w?b'e sitane
gro&pé t4p9) preferalsis at bybl-lreac'l'rhe)nydmwms\mti&fr cbmdérisen@nr exkespéace in
anic or. i noL I C.
a sglrgbejmoceg% ?’& reachP IW& 2 '”3%? ﬁ,lrecseﬁée é\e g)ée?rbr morrganlc acid,
prefeably @andegarnt acm p@'tlcularly formlc acid or acetic acnd The condensation is
conducted at preferably -10 to +80, more preferably 0 to +80 and in particular +10 to

+75°C.

The hydrolysis and/or condensation can be conducted in the presence of
conventional, hydrolysable silanes of low molecular mass, which are different from the
low molecular mass compounds (A), and/or of hydrolysable metal alkoxides, as
described for example in German patent application DE 199 40 857 A 1, of the
surface-modified barium sulphate nanoparticles (N) and/or of nanoparticles different

from these.



conducted at preferably -10 to +80, nore preferably O
to +80 and in particular +10 to +750C. The hydrolysis
and/ or condensation can be qnducted in the presence
of conventional, hydrolysa& e silanes of |ow

nol ecul ar mass, which are different fromthe |ow

nol ecul ar nmass conpounds (Ao and/ or of hydrol ysabl e

patﬂ\l?t @éﬁ%y%agg% owonﬁ%gs%ft g%bc%'r& @XS‘ eﬁggr}ur%eerrrlrr?rs]olution or
dls;idﬁélbﬁ(’ﬁ@*mmldelée eded)&wemmatdupdrm& eomposifiang ofche ;mvehfion. Before
thelﬁyﬂfh ygéﬁegg‘lﬂ ; c‘::drga % fn glﬁgrﬁ Aggthg%\{glﬂﬁgr?theéjare ghﬁerably

5re Condens A

freefduatdedy from ve@emndbcw wganit spkeslison form or el se used
directly as curable conpositions of the invention
Before their further processing to the curabl
corffogatelysiadt isPopsiblei taadre die hEgiysates aw%?%m’leysates (A)

andflerS @hé ?lﬁ rﬁBiteYCcfn’f PURItIWAL ©F tHRNEéNtion lcgApondDbMAsal wiltsat least
sts_i

onecelantb. warmieAkRpBE it ity Bindt e B aelH i ir¥ 2R6ER igands,
as calpsisi Theoosmpduridsevhicty tmti aielate ligeouisdse ofgami cdrspoaindl
havﬁ;&éﬁggsg tﬁﬁﬂ.ﬁ'ﬁﬂ&gﬁ%ﬁueps%ﬁ%ﬁg?e% e ?&Q@Jrﬁfﬁ%an metag%toms or

orm chel ate S
metahicabyEhese fineiopgh@rouns eramsueHy leckPR Hen@rﬁewmrc@ danate

ele@fdnsdb gﬁéiblcatSH%Qmﬁ lar?éfbﬁgleéﬁ'oﬂ Eéh%tptdrg\f&faté'ﬁfét ||nQﬂﬁh|c|ple are

groups which are able coord
all Grapaie @M“"%%fst@eftXR‘?c?tPf@HaPmﬁ\dﬁﬂ ;Sféatei?%vnﬁ% ol ﬁf{yefse'y affect, let
alofd plfétvémﬂerdwwme cwhisﬂhknd@bﬁme cuedbte tormpssitiansnagttiae invention to

forrB:c?{,r%l cgqrnéo%%tlt%ns g? erﬁ,o‘ra‘nc&&é)rﬂ%lgg %?QIS ?Jb?%or'a#htcacglnfpouﬂds are

or anic co
dimsthylgiyhxime ovpcmgommcqntmmnd@amﬂylagjom%@lgpsarpﬂédtand 3, such

as éc?eﬁylg?ét@ﬁ@opétﬁ eéHetc%‘&E#a"t@ | Br fl'irli}‘?er‘aé%‘f@lréf@k{d”lﬁorﬁf)p U?\@mle

cura tions _of the invention to faormc

Lexikop SePtg Bhiemefvariag. Shileat b0, ERHMSI kPGP O /t“am"aum chelate

conflf| &3 i pRRTERRIRES uséLas BhtaRkdy| gl yoxi me or conpounds
contai ni ng carbonyl groups in positions 1 and 3, such

as acetyl acetone or ethyl acetoacetate. For further
det'lahd lsydrelfsates andRonpendeheatee (A)and/ddthe c@abiegcormpasitions of the

mve |o|nar€aey ﬂ%‘iﬁ*g ﬁé‘%&m.ﬁaﬁ%\?m %/o%lvgf%njal cﬁgggtsggdfthe%lrégghml”@of the

epcrz(aieaarysp% suqﬂhes hywmmtaégmawm eAMpBINgs 96 Hn €gmppynds of

am?@g/o ﬁetteE&y@FéEanc‘ﬁ £504TR QR LiYdSin Ofor Ef@nplbnthﬁrﬂobﬁrby an Ellis,
dm xed with conventional cata ﬁ?‘f for

"Chepistey 2kT PRNNSTogY 1€ EPaRbRe#IBS oy MEiKsESity Q) &h‘e
Acafehfls & Brbigssidham conpounds or tin conmpounds of am nes
or heterocycles, such as are described in, for

exanpl e, the book by Bryan Ellis, "Chem stry and
TecTheyl mayaleb bEEumixdRewitimstnveptionat constituesfts Sipédal fasicgating

ma%lrig&i.(ﬁamples of suitable constituents are described in, for example,
International patent application WO 03/016411, page 14 line 9 to page 35 line 31.

The preparation of the curable compositions of the invention has no peculiarities
in terms of method though can instead be carried out with the aid of the apparatus and
techniques described in International patent application WO 03/016411, page 36
lines 13 to 20.

The curable compositions of the invention include conventional organic solvents



Academ ¢ & Professional. They may al so be adm xed with
conventional constituents typical for coating

mat eri al s. Exanpl es of sui tﬁ?l e constituents are
described in, for exanple, nt er nati onal patent
application WD 03/016411, page 14 line 9 to page 35

(cf. IhtBma8dnal Pager egpm:"aabh wocm‘s/mmm ¢ upseajel 35 leRpia@stoti4prsd also,
nvention ecull |t|
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to u#é]?%r{) bQHa Bilfty, 208 &%’bﬁﬁklm BBl dropBRRS, 136
Phbg Rabeiiek RER:

e cura e conpositions o
paﬂlmﬁheloﬁppllf@ﬂg@QFQP@ﬁﬁ?nt| onal organic solvents 22
(cf I nternational patent application WO 03/016411,
e 35 lines 12 to 14) and al so, Brefer wat er

e (P EPERPSH CRIOUAE AU BHRBIPP LS 1 e
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S, CO tent |
et i SRl mareral. b Paghiy et BRE iy Y o startin
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their application properties. The curabl e conpositions
of the invention serve for producing the cured
confesturedaempesitions ofihe investion atedyreterably pigmenigd gnd
unpiiRéhtas c@étﬁ@%@n@%aﬂﬂ%yst@ﬁﬁl c@fﬁ‘iijﬁ ﬁﬁat@ﬁ aéshﬂl néE ingdre dreferably
al so, as sta
warRBET epbe Bl Aeth dlentere cpuieindt Bt RuaPe b TGl Aes: and
selfam.@ps&lnb-sdnaptsowlihn@ns heditslar prederencethecnmgbedm Ptm’@r@fof the
inv n It r i rco i scratch-resistant
érn% 'Jﬂé’ﬁ[@% WAL AR 2 &Eﬁ(é@é % &sgﬁsmﬁg mém%

gs and scratch
cleareeatsmam@et of mmﬂ%cq@at e@lerlabmqlor @ffeﬁﬁ%'ai éxrﬁtemesqﬂe@qnapmpna'

subSlreRE. (ch|neleCr@§b<§ot Iﬂ@#ﬂa@ibﬁ‘ﬂﬁ)at&ﬁ@ Slhc%'tllob! W’@td3ﬂtﬂ|6411 page 41
noul di ngs,  and -sugg{orh n ﬁeet

ImepGamm@r"rm%frqutIP Ith pegg 48 Wﬁ&sﬁotaa@ﬁs%dweme

I nvention are hi ghI y scratch- reS| stant cl earcoats,

e e
congmositns iob teel lnve;njbsthaatr‘@spe(caﬁant|e;s in mrmsrcégrpﬁ;md but is instead

accbﬂ\hﬁétg@:‘ %prrﬁ@gnéjélt Ve R &%ﬁhﬁﬂe%@%&i‘r@%%hlmﬂﬁ tfhdical for

|ne 6 1n conjunction wth page 4
the [curag @Wﬂpsﬁ@@e’fw invpetiae in apRetigf-oduct i on of the cur ed
conpositions of the invention fromthe curable

co ositions of t vent i iarities . in
{ orBeBIc R HOEUBHE Goati BiF® LB BB A A HEd e
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typl or ur . ntion in
Intedﬁ%% LP} atept app? nu\Fl :?E]gbocur gggeg%gg ﬁé‘p?rﬁt erials
of the i nvention are applied to
The curable compositions of the invention can be cured as described in

International patent application WO 03/016411, page 38 line 1 to page 41 line 4.

The curable compositions of the invention provide new cured compositions,
particularly coatings and paint systems, especially clearcoats, mouldings, especially
optical mouldings, and self-supporting sheets which are highly scratch-resistant and
chemically stable. The coatings and paint systems of the invention, especially the
clearcoats, can be produced in particular even in thicknesses > 40 um without stress

cracks occurring.



substrates by nmeans of the conventional techniques and

apparatus described in |International patent
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an acrylate-based adhesive, the adhesive being thereby improved such that the
cohesion was enhanced without the adhesion being altered. In the case of resin-based
adhesives a combination of low viscosity and high hardness was obtained by addition
of modified barium sulphate produced with citric acid-precipitated barium sulphate and
subsequent dispersion by means of a salt of a phosphoric ester with polyether/alkyl
side chains (Disperbyk®102) in special-boiling-point spirit/acetone. Citric acid-
precipitated barium sulphate of this kind, produced with Disperbyk®102 in special-
boiling-point spirit with addition of dioctyl phthalate, produced improved cohesion and
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as starting material for preparing epoxy resins are,
in particular, epichlorohydrin, but also glycidol,
st yosaef ttmﬁiLdes of:gmdxyhexle rlefdmcbdmgsneamdtegia}ec iTtgse composite

cryl ate an r
ma{?e %te'rgﬁon ruc(i_,;‘cI a@% erLtﬁ ﬁ‘lat%‘lea‘cf aﬂd I PFOXEJ%t?yrhe m?trlx material
usedds pm;tormmamlry q@okycﬂszms Mommgahatpﬁatls Orefesabi fprowgie
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al n- exten ancenment " et hod.

mformatlon on these is found in Kirk-Othmer, Encyclopedia of Chemical Technology,
4th edition, vol. 7, pages 1-40. Composite materials with an epoxy matrix can be used
in, for example, aircraft construction, spaceship construction, for satellites, vehicies, in
railway construction, in watercraft construction, for architectural components, flywheels,
and pressure vessels; see, for example, published US patent application
2003/0064228 A1 and EP-A-1 094 087. Another field of application is that of rotors for

wind turbines; see Kunststoffe 11 (2002), 119-124.



Exanpl es of suitable curing agents include

di car boxyli ¢ anhydrides or am ne hardeners. An

el ucidation of principles is_found for exanple in
U | manns Enzykl op6di e der %gchni schen Chem e, 4th
edition, vol. 10, pages 563-580 and in Kirk-O hner,
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50% by weight, more preferably 1 %to 25% by wei ght.

A cured epoxy resin is obtainable by dispersing the
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barlff{ Sulphate is carried out preferably in the hardener, in the epoxy resin before it has been

mixed with hardener, or in both. Mixing of the starting materials, at least one of which contains
the deagglomerated, dispersed barium sulphate, such as mixing of resin and hardener, or
mixing of the component containing barium sulphate with resin or hardener not containing

barium sulphate, produces cured epoxy resin.

The cured epoxy resin can be used to produce a composite material which



useful hardener, for exanple, is one with 50%to 100%
by wei ght of pol yoxyal kyl en- am ne, 0% to 50% by
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t hi’hendxemples whichfafoar ablingte0ddd & itlestEgshsyinvention without

restricting it in its scope.

Examples

Example 1:
Preparation of finely divided barium sulphate as an intermediate by precipitation in the

presence of crystallization inhibitors



wei ght. Dispersant is present preferably in an anount
of 0.5%to 50% by weight. The conposite material can
be used as a construction %eri al, for exanple in
wat ercraft construction, in“wnd turbines, for pipe
construction, for containers, in aircraft

Geﬁé}gﬁé{d&tmmaﬂmtm@tmggl cle construction. The nateri al
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b)

has the advantage that the flexural inpact strength

and breaking extension are enhanced in a desirable
Wa%/outnaefe&ﬁémhenw ch is particularly advantageous in
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| rBYOBIrbM! fn hé voﬁefaeégabn emerumemtrak theBarume thiorde salltion

CHAP BRI O AT e italed b Mgl B 3RSl

2.metgring devite. ¢ aci d and 7.5 g of Mel persO0030) and 50
m of sodium sul phate solution with a concentration
of 0.4 nmol/Il. Stirring was carried out centrally in

t Hénis®)uti on by neans of an Utraturrax stirrer as

d'ﬁrp%')&drgﬁlsﬂéi wWed a23¥dcritdd lnlwotd\ﬁ‘ngfﬂﬁ ﬁ?(wlﬁlelgfd?b\es)éf thrust,
the Utraturrax the barium ch] sol

(ORBBANY K actom hegrar orvER Tk P R T Yig adetn the ital
Dashiafgs ofatie @alhurc acEtsefting. device. b) Unit (V): An
appar at us was used as descrl bed in WO 01/ 92157 in

AA l

k&wcm nic acid SOdI

cnrar‘ensh’uré‘fv\eﬁckii%#mc acid 15 713 | 73 18 0.142

HEDP, Fluka 1-hydroxyethylenediphosphonic acid 216 5.9 63.4 16 0.228

tetrasodium salt

Baypur €X 100/34% iminadisuccinic acid sodium salt in 15 9.6 55.9 22 1.281

laqueous solution

Dispex N40, Ciba neutral sodium salt of a polycarboxylic 3 12.85 | 53.9 28 0.167

acid (polyacrylate), molar weight
approx. 3500 Da, lowest molar weight
of the Dispex series

Citritex 85, Na salt of hydroxycarboxylic acids 15 6.6 53.6 31 0.273

JTungbunzlauer

Ladenburg GmbH

HEDP 1-hydroxyethylenediphosphonic acid 10.8 5.6 53.4 23 0.243
tetrasodium salt

DTPA-P, Fluka diethylenetriaminepentakis (methane- 15 6.97 52.6 17 0.169
phosphonic acid) solution

DTPA diethylenetriaminepentaacetic acid 15 1.3 478 29 0.23

DEVItec PAA polyaspartic acid, Na salt, in aqueous 15 573 | 477 18 0.296

olution
Dispex N40 neutral sodium salt of a polycarboxylic| 15 10.67 | 46.6 19 0.167

acid (polyacrylate), molar weight
approx. 3500 Da, lowest molar weight
of the Dispex series




aqueous sol ution Di spex N4O, Ciba ieutral sodium salt
of a polycarboxylic 3 12.85 53.9 28 0.167 2cid
(pol yacryl ate), nol ar wei ght282pprox. 3500 Da, | owest

nol ar weight f the Dispex eries Citritex 85, No salt
of hvdrnxvcarhnyvlur acids 1RHR_G 53.6-310.273
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EDTA 2 o>9/91‘h % @Jehihrﬁ'neac 375N0 &R 465N 38 0317
agueous 15 MR, 14-Zce ic d 1 ution | O spex N4O

PRGNS Ty e e sw' ybd' OPXE TC old 103367 480 o147

16 |yauy|aLC), roaf - wer gt 0
C'*”%“S’ﬁﬁ‘"bo | YR %ol ar  wei ght -of ?inse Diésﬁ)ex%g'grl 2353 Jg 1%

OA & 1Id I WWE~V M AEDTA
Dispex e NY AT OXY Rty Lohieh Al.eNRALAKAEr  /Piobed 4. 5 34 0.2
0. 317 N, N, Meid (polyey@ited) erolacwethh1 334 /| HV, SKW po |ycor
boxy | ate, égﬁwe\oé@opsloyegm%v@mh*o 147 | G trjonens|/dur e
eitrie aei-d 1' _Pelxsg‘*ﬁs'l 29 1 £OQ Bi-s )\3:\ net 1
DTPEB il sal t ﬁf“ﬁg@g}ygﬁm&wm"e B0 b I | o
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__acid (polyad
HEDPowest ol arf-Hydpe h’{“Y'e'B?'PhPW@"BF%‘bex erj &$°OTRAZ R, 34 0.364

El uka di et hyEEReT T am nepentakis [nethane- 5 11 ’38
433841 HY% 29 0. 1P7lycarboxylate, aqueous 15 6.84 | 302 23 0.152
DTPA-P diethylenetriaminepentakis (methane- 15 1047 | 255 17 0.157
phosphonic acid) solution

Apfelsdure , Merck 2-hydroxy-1,4-dibutanoic acid 15 1047 | 24.2 28 1.031
Polymethacrylsdure 91 ipolymethacrylic acid 5 10.69 | 18.9 40 0.268
Sokalan PA20 polyacrylate 15 6.31 15.7 22 0.251
Dispers 715W Na polyacrylate, aqueous 15 5.99 15.1 19 0.18
Hydropalat N Na polyacrylate 15 6.03 12.5 23 0.168
VP 4334/8L polycarboxylate, aqueous 15 6.38 12.5 24 0.148
Dispers 715W Na polyacrylate, aqueous 15 1082 | 124 19 0.161
Example 2:

Preparation of deaggiomerated barium sulphate

The barium sulphate prepared in Example 1 and containing citric acid as crystallization
inhibitor was dried and subjected to wet grinding in a bead mill with addition of a
dispersant. The dispersant used was a polyether polycarboxylate substituted terminally
on the polyether groups by hydroxy! groups (Melpers type from SKW, molar weight
approximately 20 000, side chain 5800). A further dispersant that was used was a
phosphoric ester having one free hydroxy! group.

The barium sulphate containing citric acid and deagglomerated using the hydroxy-
terminated polyether polycarboxylate proved to be especially useful for application in
epoxy resin. It was found that the deagglomerated product (secondary particle size

< 80 nm) underwent further deagglomeration in the course of processing.
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approxi mately 20 000, side chain 5800). A further
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oneration in the course of processing, . 29
2. 3%@&%58 M/NEBEsaMgts %ﬁf’eSfV'%érﬂiefﬁ'H%ﬂEfPﬁh‘éﬁ"ég %P'Somat Both the
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chl ori de and sodi um sul phate. 3.1. Beaker

Thg?%ggftlln H%?hﬁ Weé%@% 'gbtegﬁ@dj Maéeedg?n %emrrp hatgedeWal ftimary

ers-
particle SIze of apprOX|mate y 10 to 3/ 0 nm; the secondary particle size was situated

within the same range, and so the sulphate could be regarded as largely free of
agglomerates. It was useful as a filler for the preparation of curable compositions and

for epoxy resins.

3.2. Preparation of deagglomerated barium_sulphate on the pilot plant scale

A 30 | vessel was charged with 5 | of a 0.4 M BaCl, solution. 780 g of the Melpers
product were added with stirring (50%, based on maximum amount of BaSO,4 formed:
467 g). To this solution there were added 20 | of demineralized water. Operated within
the vessel was an Ultraturrax, in whose vortex region 51 of a 0.4 M Na,SO, solution
were added via a stainless steel pipe, using a peristaltic pump. The Na,SO, solution
had been admixed with citric acid beforehand (233 g/5 | Na,SO,4 = 50% citric acid,
based on maximum amount of BaSQO, formed). As in the case of the beaker
experiments, both solutions had been rendered alkaline by means of NaOH prior to
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Preparation of deaggl onerated barium sul phate with

hi gher reactant concentrations Exanple 3.2 was
Exampteab:ed. On this occasion 1-nolar solutions were

Prapafslion d®aRafh! diBhate with grinding

6.1. Preparation of chemically dispersed barium sulphate by precipitation in the

presence of crystallization inhibitors and subseguent grinding in the presence of

polymeric dispersants

Starting materials used were barium chloride and sodium sulphate. Barium chloride
solution and sodium sulphate solution were reacted in the presence of citric acid as
crystallization inhibitor, with precipitation of barium sulphate. The precipitated barium



sul phat e obtai ned corresponded to that of Exanple 3.2.
Exanpl e 4: Preparation of a stabilized suspension

cont ai ni ng 16% by wei ght barj,um sul phate An
approximately 1 % aqueous Sl]spensn on (coll oi dal

sol ution) of the deaggl onerated barium sul phate

sul;ﬂta@@%egri'tba and csowa&me iN\/is_Tobrdi&ampr)oB/e?telmlybiam&ylate
a sle Q,.a 0
surgfltSt RemiR) o BshEhe vt o b B oh i pareo0g0) wes

ad@dlastdismarsmteanetdhi@elulpba;tewtaatdetabelomaﬂeﬂurng bpati Wik e,
|sod|—4385r$ﬁfv&a§rretnlaee@g otﬁntrét%h e baFI rtht u?d’ha@é)%ﬁ&ﬁ%é“aﬁgut 7.5%

otary eva a so s cont ent
by Weiankagiiio i Rt 45 v e BLAT B PONOIEE POMCABERte.
stable for nmore than one week at room tenperature and
coul d be used for ) T )
6.2y JPFS n gsing er; Ag vounds and adiffarent cn stallization
corthﬁnbnorng 10% by WEI ght bar| um suI phat e Exanpl e 4
was repeated in the sane way except that concentration
took place only to a level of 10% by wei ght barium
Exasuplpl6at. wasTapeatad Barsinvohlorde waabémageass bynpariim hygdyoxide solution
anot&f ﬁ:gﬁte Q.lmtﬁlcaamdprlr?é?@écﬁgf&fﬁc%fmd)@”y'd}’/m/e%ﬂtmate

. Preparation o per sed
D'SB% ﬁpmspwaﬂ éa l§9d'HF'e?9'¥ﬂ°ﬁé\?‘iebN?'Heﬁsﬁéowp‘f’%%‘eﬁ?ee’ gt amount of
8.5%/bySéeldniti zat i on inhibitors and subsequent grinding in
the presence of golyneric dispersants Starting
rrat erials used were barium chl oride and sodi um
anplel@t e. Bariumchloride solution and sodi um

Pre@g a?Bﬂto?t ddrﬂfg\iipgc;d’t@‘ rtﬁé‘ﬁ%g%hb Ht’%dl Bérﬁ.ﬁﬁeﬁlﬁné’lfe in chemically

ShieE tor
dlsmﬁré@i fmﬂtnatl on of bar| um sul phate. The precipitated
barium 31 sul phate was dri ed and suspended in

i sopropanol,. a et her rbox subst uted
Tha GRARGIITSIesh R ) JOPYLE PR AT T)S I BIINDE St Ot
suspdidgeihtrn3 e nvn Deagdidadratondvspeseavdd. and t he
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isopropanol was renoved by evaporation. The barium
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corrpounds and a different crystallization inhibitor

f@@@émer%t&\ Barldhﬁ§ulbﬁé?t€a§r€€areaaisl dé%bﬁ'b‘@dDifnl El&m3$ 6.2. using citrate
pl aced g/ J“ 3’ roxi d s' H
and the hydroxyl- ubstltute Ipers- type polyether carboxylate was used as
spray-dried powder. This powder proved to be readily redispersible in the epoxy resin
precursors indicated below, and, indeed, further deagglomeration was observed. The
powder was dispersed in accordance with Example 7 in the hardener.

The epoxy resin used was Epilox M730® from Leuna-Harze GmbH. The hardener used
was Epilox M888®, likewise from Leuna-Harze GmbH.

In all of the experiments the cured epoxy resin was composed of 100 parts by weight of
Epilox M730®, 24 parts by weight of Epilox M880® and 31 parts by weight of filler
(when using the barium sulphate of the invention including crystallization inhibitor and
dispersant).

The filler was dispersed in the resin or in the hardener.
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was evacuat a pressure o approxi mately 0.1 bar
absol ut e.

7. The resin/hardener/filler mixture was removed and injected into an evacuated,
closed sheet mould for the formation of a sheet having a thickness of 4 mm.

8. Curing (with supply of heat where appropriate)
9. Demoulding

10. Heat treatment of the test sheet (12 h at 80°C). The samples were sawn to size and
investigated.

In the experiments the resin without addition of filler was identified as sheet 1. Sheet 2
was the resin with addition of 20% of Blanc Fixe Brillant® from Solvay Barium
Strontium GmbH. Brillant has an average particle size of approximately 0.8 pm. This
filler was dispersed directly into the resin. Sheet 3 is a resin in which 20% by weight of
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condi tions of Table 3. Tabl e 3:, Test paraneters,

2. BRANIMPtdst atbdrdahte With DN ER 150 178

The test was carried out on flat rods having a nominal cross-section of 15 x 4 mm?.
The test took place under the boundary conditions of Table 3.

Table 3: Test parameters, bending test

_ Parameter
Ambient temperature °C 23
Relative ambient humidity % 50
Testing speed mm / min. 2.0
Support width mm 64

Table 4: Test results, bending test

EPILOX M730/M880 1 3211 144.18

EPILOX M730/M888 + 20% Brillant 2 3463 99.03
EPILOX M730/M888 with 20% BaSO4 3 3865 105.51
(1870/V71a-ZTS) dispersed mechanically

EPILOX M730/M888 with 20% BaSO, 4 3090 99.81

(1870/V71a-ZTS) dispersed chemically

3. Flexural impact test in accordance with EN ISO 179 (Charpy, unnotched)

The flexural impact test was carried out in the wide-side and narrow-side directions of
stress on a pendulum impact mechanism with a support width of 62 mm.
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The experiments show that the resin filled with nanoscale barium suiphate exhibits
better properties than the material filled with the coarser Brillant product. Particularly
noteworthy is the high flexural impact strength of sheet 4 with nanoscale barium
sulphate containing crystallization inhibitor and dispersant and dispersed in the
hardener beforehand. Indeed, the fiexural impact strength of this material is even
greater than that of the unfilled resin.

Hence not only is the barium sulphate of the invention advantageous from a
performance standpoint but also it is able to impart outstanding properties to the

application products.

Examples relating to the preparation of a clearcoat material

General remarks:

The barium sulphate used was the surface-modified product of Example 3 in 1% by
weight suspension or as a stabilized solution of Example 5.

Example 9:
The preparation of a condensate (A)

A three-necked glass flask equipped with stirrer, reflux condenser, gas inlet and two
feed vessels was charged with 534.63 parts by weight of ethoxypropano! and

59.37 parts by weight of propyl glycol. This initial charge was heated to 133°C with
stirring under nitrogen. Then the first feed, consisting of 380.26 parts by weight of
glycidyl methacrylate and 664.27 parts by weight of methacryloyloxypropyltrimethoxy-
silane, and the second feed, consisting of 169.64 parts by weight of tert-butyl peroxy-
2-ethylhexanoate, 172.64 parts by weight of ethoxypropanol and 19.18 parts by weight
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This gave high-gloss, clear clearcoats 710.1 to 10.3 and C 1, which exhibited very good
levelling and were free from stress cracks and surface defects such as craters. Their
scratch resistance was determined by means of the steel wool scratch test.

The steel wool scratch test was conducted using a hammer in accordance with
DIN 1041 (weight without shaft: 800 g; shaft length: 35 cm). Prior to the test the test
panels were stored at room temperature for 24 hours.

The flat side of the hammer was wrapped with a ply of steel wool and fastened at the
raised sides using Tesakrepp tape. The hammer was placed at right angles onto the
clearcoats. The weighted part of the hammer was guided, without tipping and without
additional physical force, in a track over the surface of the clearcoat.
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a) barium sulphate nanoparticles with a primary particle size of 20 nm, modified with
an addition polymer containing lateral polyoxyethylene groups and carboxylate
groups (Melpers®0030 from SKW)

The results underline the high scratch resistance of clearcoats 10.1 to 10.3. Itis
surprising that the high scratch resistance was obtainable even with very small
amounts of surface-modified barium sulphate nanoparticles (N), of the order of 0.1% to
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Clearcoat materials 11 and C 2 were prepared by concentrating the 1% strength by

weight solution of the surface-modified barium sulphate nanoparticles (N) (cf. Table 1)
under reduced pressure to give a 10% strength by weight solution. The solution was
adjusted to a pH of 6 using 0.5 N acetic acid. Subsequently 10% by weight of a 0.5%
strength ammonia solution were added, resulting in a pH of 9. As a result of this the
concentrated solution was stable on storage for a period of more than 4 weeks at room
temperature. The hydrodynamic volume of the surface-modified barium sulphate
nanoparticles (N) was determined by employing dynamic light scattering (PCS). This
gave a hydrodynamic radius of 24 nm. Taking into account the influence of the surface
modification and of the hydrate shell, the particle size of the actual barium sulphate

nanoparticles was 20 nm.

Clearcoat materials 11 and C 2 were knifecoated onto glass panels and cured thermally
at 140°C for 22 minutes. Thermal curing was carried out using forced-air ovens from
Heraeus.

High-gloss, clear clearcoats 11 and C 2 were obtained which exhibited very good
levelling and were free from stress cracks and surface defects such as craters. Their
scratch resistance was determined by means of the steel wool scratch test and by
means of the relative elastic resilience (Fischerscope), which correlates very well with
the carwash resistance.

The results are likewise found in Table 1. They again underline the fact that the use of
surface-modified barium sulphate nanoparticles (N) even in small amounts leads to a

significant increase in scratch resistance and carwash resistance.
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Tabl e 7: The physical conposition and scratch
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a carbon chain R and n substituents [A(O)OH], in which R is an organic radical which
has hydrophobic and/or hydrophilic moieties, R being a low molecular mass, oligomeric
or polymeric, optionally branched and/or cyclic carbon chain which optionally contains
oxygen, nitrogen, phosphorus or sulphur heteroatoms, and/or being substituted by
radicals which are attached via oxygen, nitrogen, phosphorus or sulphur to the radical
R, and

A being C, P(OH), OP(OH), S(O) or OS(0),

and n being 1 to 10 000, preferably 1 to 5.

6. Deagglomerated barium sulphate according to any one of Claims 1 to 5,
characterized in that the crystallization inhibitor is a carboxylic acid having at least two
carboxylate groups and at least one hydroxyl group, an alkyl sulphate, an
alkylbenzenesulphonate, a polyacrylic acid or an optionally hydroxy-substituted
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the dispersant is a phosphoric diester having a polyether group and a C6-C10 alkenyl!
group as moieties.

12. Deagglomerated barium sulphate according to Claims 9 to 11, characterized
in that the dispersant has groups for coupling to or into polymers.

13. Deagglomerated barium sulphate according to Claim 12, characterized in that
the dispersant which prevents reagglomeration sterically is a polymer which is
substituted by polar groups, such as hydroxyl groups or amino groups, and as a result

thereof the barium sulphate particles are externally hydrophilicized.

14. Deagglomerated barium sulphate according to Claim 13, characterized in that
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19. Deagglomerated barium sulphate according to Claim 1, characterized in that it

is in the form of a suspension in water, in an organic liquid, in a mixture of water and
organic liquid, or as a suspension in a plastics premix, it being possible if desired for
stabilizing additives to be present, preferably acids, particularly carboxylic acids,

especially acetic acid.

20. Deagglomerated barium sulphate in the form of a suspension according to
Claim 19, characterized in that it is present in the suspension in an amount of 0.1% up
to 70% by weight.
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25. Plastics premix, preferably for resin systems, comprising deagglomerated
barium sulphate according to any one of Claims 1 to 21.

26. Use of deagglomerated barium sulphate according to any one of Claims 1 to
21 for producing plastics and adhesives.

27. Plastics and adhesives comprising deagglomerated barium sulphate

according to any one of Claims 1 to 21.

28. Curable compositions comprising at least one curable constituent (A) selected
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any one of Cains 1 to 21 for producing plastics and
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the formula (1) or a salt thereof R[A(OOH N in

which R is an organic radical which has hydrophobic

and/ or hydrophilic noietiBdA(@®OHreferably being a c1 ()

-C20 al kyl group or a C1L -C2 al kyl group which is

substituted by oxygen, nitrogen, phosphorus or sul phur
inwhichi s substituted by radicals which are attached via
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characterized by incorporation by precipitation of
citric acid as crystallization inhibitor.
30. barium sulphate according to Claim 29, characterized by a particle size of

< 30 nm, in particular < 20 nm, with very particular preference < 10 nm.

31. barium sulphate according to Claim 29, characterized by a BET surface area
of at least 30 m2/g, preferably at least 40 m2/g, in particular at least 45 m2/g and very
particularly at least 50 m2/g.

32. barium sulphate according to Claims 29 to 31, characterized by incorporation

by precipitation of citric acid as crystallization inhibitor.



