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W)2007/ 0093238 - 1 - PCT/ EP2006/ 068708 Nanoscal e
super par amagneti c pol y(neth)acryl ate pol ymers
Description 5 The invention relates to hybrid
materials conprising polynmers which envel op

@89869%693%@& paramagneti ¢, _ ferromagnet €z2006/068708
erronmagneti c or paramagnetic pomders to a nethod of

produci ng these materials, and to their use. 10 Prior

art In DE 100 37 883 (Henkel 1% ht - 7Q% b
Nengaeabe ﬁu@ﬁ@aﬂea@%ﬂwﬂ%sr)’%’rié ofe%) R°81Y(ﬁ'§§s

15ba substrate by means of mcrowave radiation. The
substrate used is an adhesive, which sets as a result
BesSEREPHAQPi ng. The heating of the adhesive can al so
be wutilized to soften the adhesive. Interaction

t ticl
RSP 4B I oL B S e B

applyeng awhnchomaneeheplv@@ﬁ@sﬁﬁlﬁer aveeEPHBRIASRetic,
%Q?%é ?nE91§UbS£ ?ff&a@ﬁgtﬂé'Qﬂ:”b%&ﬁﬁ@ﬁﬁ%t&@ Cgbwdlers,

and bonding. DE 102 58 95 Sus Te
d@s@rmbaetéﬂoah ca‘rah@fs,@%u% thege E&#&rﬂ' néﬂgrﬁb‘%??%glr
gEferrite particles (surface-nodified mnth oleic
acid) and PE, PP, EVA and copolyners. The ferrite
particles may al so have been nodified with silanes,
Hyaber agey anmoni um conmpounds  and
saturated/ unsaturated fatty acids and salts of 30
strong inorganic acids. DE 199 24 138 (Henkel)
GescPEbe80an7 a8Bdsi (Benkohbos] t1%n KM t Weiahdscal e70%  bY

Qéﬁ&hE'%% ﬂgéﬁg¥ié%¥%fgﬁﬁié@e§ré gethod nofodteat i thg Reat
m crowaves, where ferromagnetic ﬁ?tth|esThe

by
aresﬁp§ﬁéﬁ§§d bys MeefiTe yCTRYS ane 1 o Shav et
anBskrhadi aiedt Tdheaferdbrmgret,i ovlpart | skes ase areresylt

di d
CFoCtrs Erateser BUE 2RI A & Camsositlon o con also be

utilized to soften the adhesive. Interaction between
particles and polymer is not described.

DE 100 40 325 (Henkel) describes a method involving
applying a microwave-activable primer and a hot-melt
adhesive to substrates and using microwaves to carry
out heating and bonding.

DE 102 58 951 (Sus Tech GmbH) describes an adhesive
sheet comprising a compound of ferrite particles
(surface-modified with oleic acid) and PE, PP, EVA and
copolymers. The ferrite particles may also have been
modified with silanes, quaternary ammonium compounds
and saturated/unsaturated fatty acids and salts of
strong inorganic acids.

DE 199 24 138 (Henkel) describes an adhesive
composition with nanoscale particles.

EP 498 998 describes a method of heating a polymer by
microwaves, where ferromagnetic particles are dispersed
in the polymer matrix and microwaves are irradiated.
The ferromagnetic particles are merely dispersed in the

polymer matrix.

wo 01/28 771 (Loctite) describes a curable composition
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W2007/ 0093238 - 2 - PCT/ EP2006/ 068708 conprising 10%
by wei ght - 40% by weight of particles which can
absorb m crowaves, a curable conmponent, and a curing
agent. The conponents are nerely m xed. WO 03/ 04 2315

Degus scl oses an adhesjve 5 comgsi
&@%393?ﬁ59gh2gnnsets, conﬁ??%fhg a polymgﬁ%ﬁggﬁ?QQEYOB
crosslinker particles, the crosslinker particles

bei ng conposed of fillers, which are ferromagnetic,
&@mprlﬁr_agilgt i10% stpewpaphnagnetit by wedcamagriet Pertandes
crosslinker,units haond em_c t idle
%%?fﬁcF%?.a?ﬁgth FEEr g%?%#%lé%Q%%%ﬂ§$§69¥ﬁ§%g&%£éﬁ&nd 2
suringeagedtti Bde TherPhensF part MEFEsYnEy*SHave a

ﬁ§r8é§6 I h3gtruct upgq, dbg) adhesite AssOCi abhon  adhesive
obt ai ned can be parted, again by heati '

ed | it toa. .
cenpefratipPe hifgker RIS céf qqﬂf%%ﬁ%ﬁﬂéﬁ?ﬁ%f%ﬁl?% a
%Oigmgg?pe?ﬁkgfﬁ sui??ciﬁegobelbhkak t hepaohein Il | the

onds_0Q e er abile qgr fo th .
SHPFELEDHRBYI PP Fi99 ﬁ?ejp%?t FerparBRL ok 1%?%‘? Sgg i CP
descridresnmgratopar t Eeukanegpebpar atSumerIANASRIRES 1 O
%%gg&gg%eegﬁseeﬂﬂg’c@b%%gﬁiﬁgrthﬁﬂf%éhﬁﬂﬁhdeéo teastically

partrculate phase of “Superparanmagnetic, nanoscal e
par tthel &5.11Fe partieles- hAve &lverinmPrdvéidged=y also
gg{ﬁ%%@e&?l l%gﬁgtft%rcé%otcﬂgige@ﬂgteTﬁéomi&I&f 10Q timlend may
st _one m xed netal. ox . th
RevRulaa SPFRIFRBAL iSHWMAH M |J”§‘?alr"f‘ %%&Wea %%%??53@011
gEF?Hn@aﬁpagﬁntbéhiphrceﬂprhge$natheaheat$ng it to a

i fferent i val ent t al ﬁgggg
FEFPﬁE?gHEFaFIg ﬁﬁbﬁ%ﬁ ﬁhf%%ﬂggg%#{ggi at H%gg%qg%eto i
teinpakentreetal L f ikHertohe e M epifaseiraghEE 8 Ap S8 of OF
g%&gthéngig%n'faéfiéthxnﬁxPOb&”eEhéabéﬁrﬂ@B@nmédiaied

( ynerizabl e nmononmer- m xture, a pol yner and
fixtlgrepartPEégérati ons in the formof an adhesive

HROROSHYI B8 306 JURFELd a [daicpant DbjBtte oprépearation

I nvention to provid terial . 35.th : '
W§ﬁ6§05F§5§ﬁpEP &F&ﬁﬁg %%g'$é$fogl%g§%§ﬁ¥3¥ﬂé¥¥in, at

flessimagnet i coart pendargnebhespar tdft| esuperparamagnetic,
nanoscale particles. The particles have a volume-
averaged particle diameter in the range from 2 to
100 nm and contain at least one mixed metal oxide of
the general formula MIIMIIIO4, in which MII stands for a
first metal component which comprises at Ileast two
different, divalent metals, and MIII stands for a
further metal component which comprises at least one
trivalent metal. The coherent phase may be composed of
water, an organic solvent, a polymerizable monomer, a
polymerizable monomer mixture, a polymer and mixtures.

Preparations in the form of an adhesive composition are

preferred.

It is an object of the invention to provide a material
that comprises nanoscale superparamagnetic, ferro-

magnetic, ferrimagnetic or paramagnetic particles.

This object is achieved through the provision of hybrid
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This object is achieved through the provision of

hybrid W2007/ 0093238 - 3 - PCT/ EP2006/ 068708

mat eri al conpri sing nanoscal e super paranmagneti c,
ferromagnetic, ferrimgnetic or paramagnetic particles
%55%I09?%69§é3$ol ymers, in payticular byp@plyti®id)ocs708
acrylates: he object is also achieved by a nethod

of mniemulsion polynerization. This nethod, in

~contrast to the nmethods of conventional enul sion

pekpmerilzat | coDERAbIBS t MENqSCETEr at | BAPBTPRARTESTEC1C!
ELporgapherpart icd e} {sdeldei & Peky MRidamaydiditl espatbecles
object i's achieved by a nmethod 10 .of C aig116. Th?
EBVELOPSA bEY et UBRES by Ohe FERHCUL a5t PXI sBOBY (FGE™) -
abr laeegheLls, 0{ Ey a shell with gradients. The

she .ma ave .al i ke .or diff.erent o .
?gﬁpQE?FF ng.S gﬁﬁﬂtqﬁq%%ﬁﬁgéﬁél T%@%%%ﬁ§%e?lnlemUlSlon
polpeertzeninay Tary (grddidentis) .casRHough the methods
E%Caééggegéi$gg%nﬂ&ﬁéféﬁé&L %Hﬂgﬁ&ﬁﬂfyaﬂﬂﬂﬁl?tE%ables the
erronmagneti c, Terrinagneti ¢ or paramagnetic, .
paEpRehEson t Tt hechsol yeRIe | MPROVERANT fit ePAEELBhebf shell

3%% 1@@% E)b%t‘#ctl%fst.h@r@|dﬂﬁ@ctem@| £f18i dsed by exeflethod
o e 0o BEL horePose! e L, 2ghi g deaLhog,,

SupergEsaNpgnetws, oxf ensoeaghetlils, ferribyagnetsheldr with
aramagneti c_particl t a ee ' '

%Fﬁgl?ﬂgsheaFﬁﬁg ﬁ%ﬁﬁﬁgkeﬁgpacéggg nggggégfgge BiEPérent
colventi aralpoZ5-faorss of erdigy e phefér i Bylymer

ggﬁg%s%i'bﬁdfﬁgyi V8- eNeaui MELh .the hybrid materials

he invention it is™ possible to prepare 1-stage
and 2-stage adhesives. The 2-stage adhesives with the
hykbgnhmatee alerefadihgy 301 Nvent | onamsecabe abl superpara-

Soies R bonl g, otLeet BERLLE Y yoatisL G
bharetghesntviatiucticopafynmh iramergsd imtenecrrr¢hl the
%r)g% F?Ea:ﬁgs Cals sype HRaLaL8d NehiSodEr 1oMagnelhed and it
is therefore possible to achieve the heating of the
adhesive with fewer nanoscale, superparamagnetic,
ferromagnetic, ferrimagnetic or paramagnetic particles
than are needed in the prior art.

The heating may take place by means of convehtional
formg of energy, but preferably by means of inductive
energy.

With the hybrid materials of the invention it is
possible to prepare l-stage and 2-stage adhesives. The
2-stage adhesives with the hybrid material of the
invention are notable for a simple adhesive-bonding
effect (preliminary adhesive bonding, fixing) and an
ultimate adhesive bonding through introduction of high
energy, in one material.

The nanoscale, superparamagnetic, ferromagnetic, ferri-
magnetic or paramagnetic particles are emulsified,
without prior.activation or preliminary coating, in a
system made up of one or more monomers, water and an

inert solvent, where appropriate with the assistance of
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35 magnetic or paramagnetic particles are emulsified,

W t hout prior activation or prelimnary coating, in a
system made up of one or nore nononers, water and an
inert solvent, where appropriate with the assistance

of WD2007/0093238 - 4 - PCT/ EP2006/ 068708 an
wEBI0SITH08P 3838/ or of a hydr dbhobi ¢ agentCT /P e/ 068708
pol ymeri zation is subsequently initiated by the usua
techni ques. The nanoscal e, super paramagneti c,

Larr 1&r Lemrby %ﬂaanq{y&rdﬂh&aﬁ@@geﬁtl Cand the
particles may be enclosed in core/shgﬁ% étrqﬁ}ure

RPLNTRG 761 BT el%hépio§eaflenﬁévy et st gt usual
bkendsqukl .a first step a first shell of the

core/shell system is a ed to th n
b Sy ol e R | AP e Ban pobri
aBpgnkan e @amdmadmﬁtuuﬂganﬂiqﬁkﬁtm&M1hﬁ el pRRGNER 2
stre nongr ar ef bl S
ﬁgﬁﬁfa0?3|aggg%5ﬁ?ﬁ§ ﬁﬁ Sﬁgthgg?;ﬁgggg ﬁﬁklls ot
ge&em&tﬁyOabp@ﬂﬁﬁ@rb?leﬂﬁée rad|cal pol yneri zati on of

%X%urﬁ%@@iéﬁ' 29fipethyherat kacrynat ord Nsigener gy stem
t hese m xtures contain | east 4OW by. wei ght
prefadtdbiSy ato | EASt %%%ymeag?g rﬁﬂlslon poly-
Rat-t izeulian . przaflyar gneehatr | eas1180%rey foehght irbasdéd by
on_the we noner%Erof I

WﬁFﬁ§8?yF§géElPﬁ ggd Aothese m n1g§%$%s for the

preparation of polynethyl met hacryl ates may conpri se

Lbheto(met hlaer vyl atgs whi ¢hy-a¢ 8- 9opp! yMahizabies Wi t hot
bbb

nmet acrylate The "expressi on (neth)acryl ates
N@ﬁéhdéﬁévé§tﬁ§t only nethacryl ate, such as met hyl
met hacryl ate, ethyl nmethacrylate, etc. for exanpl e,

DA PARE, A0 U U s T gl ety Sblrce, b
BQeéﬁradhbalTh@maymﬁnmzasn@ne wiEdelnyinows Theyorising

%hggaph q?%%yl &?rsrn(BEhQ}QErWHQQESﬂM%éHké@féaﬁtaln
at least 40% by weight, preferably at least 60% by
weight and with particular preference at least 80% by
weight, based on the weight of the monomers, of methyl
methacrylate. In addition these mixtures for the
preparation of polymethyl methacrylates may comprise
further (meth)acrylates which are copolymerizable with
methyl methacrylate. The expression (meth)acrylates
here denotes not only methacrylate, such as methyl
methacrylate, ethyl methacrylate, etc., for example,
but also acrylate, such as methyl acrylate, ethyl

acrylate, etc., for example, and additionally mixtures

of both.

These monomers are widely known. They include, among
others, (meth)acrylates which derive from saturated
alcohols, such as methyl acrylate, ethyl (meth) -
acrylate, propyl (meth)acrylate, n-butyl (meth)acrylate,
tert-butyl (meth)acrylate, pentyl (meth)acrylate and

2-ethylhexyl (meth)acrylate, for example; (meth) -

acrylates which derive from unsaturated alcohols, such
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al cohol's, such as nethyl acrylate, ethyl (neth) 35
acrylate, propyl (neth)acrylate, n-butyl
(meth)acrylate, tert-butyl (neth)acrylate, pentyl
(meth)acrylate and . 2-ethyl hexyl (neth)acrylate, for
exanpl e; (nmeth)- acrylates which derive from

Hpsabyraled salscohol s, such W2007/ 0093238T /EB2606/068708
PCT/ EP2006/ 068708 as ol eyl (nmeth)acrylate, 2-propynyl
(meth)acrylate, allyl (neth)acrylate vinyI

th | at f
ggghcgggégniyf %&égqggi% aI620P¥OB£%%§ ?%é%h?gg%ylate,
%Eg&ﬂ)aﬁk%haberyﬂbtéelngngasanbkh yboryflheear fbr5example;
radi.ca eac et
§EE{§-¢ {I‘ﬂﬁ@ rﬁoa Ly OI rresuns ﬁ%églkmﬁg Oh) z#?r%te or
aheylyat e&netsm)oétr:laﬁlatm nytcﬁﬂl@iﬁexybs%#@lﬁ) é@nrw%h% aryl

barnvl CTeL ) Bahy! ehee gl axy! abkubserptbkacrad attQ:S be
ydroxypropyl (neth)acrylate, 4- dlf dr

E@bbltﬁtlyﬂhlt(a@et MEacr P at EOUE- hyldBa/iet hg,ycloa ky
gF?%g%%%%%hg%ﬁfh gagyFB?¥iﬁ&Qﬁyﬁlbﬁek§ﬂacKmbaheacrylate,
Cr at e SUucC a
R
%u@lh ags t ethgdrbxgpafopyﬂur fthe {med dv)y ecrsy) aBe4-dihydroxy-
oxy et h 15 t : '
BRI, (B AR Bl gty ace
N—b&wowmydpanh nopfopyh) ¢aevhyaeryl - B di (meth) -

gﬁ% @%lpho§993no)é§Eth)@@ﬂdﬂﬁgﬂéhioll mehBth)acrylate,
St am do- 2-nret hyl - 2-'propanol ; iglphur contalngng
8 ra-

rf@temla;ﬂratl@ée%uai a<Lt1ew | sat PARAYT et h§HCE metR)
SSP%E%E%Fuﬁﬁﬂrl?CygﬁﬁﬁwbwéﬁyléﬁetE)acvyhgﬂexyethykyethyl
yle e acr t

il ga&EW'aéFé ﬁ??su i Ayt 1§q¥ ?ﬁ¥ QEEQM acrylic
aﬁ?yiatefuchlf@#ﬂEtN)aaF@hmytbx}emhypprgpyéh|@@th)acryl—
pol.yf unc t
FFH%%%hyIggﬂgﬁggaggb?kgg%%hﬁ Q%et%g%E Fgudgési l meth-
aney@wtmm@owzmwelrzomromw&' t heSEéﬁB8§ | -COPFBﬁEmg

ﬁn%"th%@rm@e%at' Of, FRY alsso &@tﬁ!}?é@léht{ﬁi@éthyl (meth) -
unsat ur at ed nononers whi ch ar g} r|z e W th %0
g SeL-

REEMHE tfet hatt FRAapeyanRatAPERY the
CrEidhRe\Hrakas. Sughetbnerefdaites| ude, tanmnganahems;chyl

(meth)acrylate, methylsulphinylmethyl (meth)acrylate,
bis ((meth)acryloyvloxyethyl) sulphide; polyfunctional
(meth)acrylates, such as trimethyloylpropane tri(meth)-

acrylate.

Besides the (meth)acrylates set out above, the composi-
tions for polymerization may also contain further
unsaturated monomers which are copolymerizable with
methyl methacrylate and with the aforementioned

(meth)acrylates. Such monomers include, among others,

l-alkenes, such as hex-l-ene, hept-l-ene; branched
alkenes, such as vinylcyclohexane, 3,3-dimethyl-
l-propene, 3-methyl-1-diisobutylene, 4-methylpent-

l-ene, for example; acrylonitrile; vinyl esters, such
as vinyl acetate; styrene, substituted styrenes having
an alkyl substituent in the side chain, such as

[alpha]-methylstyrene and [alpha] -ethylstyrene, for
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1- al kenes, such as hex-1-ene, hept-I|-ene; branched

al kenes, such as vinyl cycl ohexane, 3, 3-di net hyl -

1- propene, 3-nethyl-I|-diisobutylene, 4-nethylpent 35
1-ene, for exanple; acrylonitrile; vinyl esters, such
as vinyl acetate; styrene, substituted styrenes having

?8F9b5¥bo§g§§gituent in the gide chain,PGIUEPZER6/068708
al pha] - net hyl styrene and [ al pha] - et hyl'styrene, for
w02007/ 0093238 - 6 - PCT/EP2006/068708 exanpl e,

substituted styrenes with an al kyl. subst
PRAGP L Suc FURS tHERHECo IR HE ETd ‘“B’%ﬁﬁ/l %%3( Subsgléugnt
bal egenatad; st yaeneas sxm&yﬂﬁmemm@chhniogtmeehfsstyrene,

di chl orostyrenes, tribronmop t
BeyreRBEEFor BXANPIET het:rocyc%%ca3$%§§EE§Q£§%ﬁy§enes'

ameh16302tyrenbpyr|dtnebremvsnyrpyesdlnéndz ?h?@bromo“

5 Lyin L pyri yl r4dd
5 %rgxﬁgfhy 5. Vlé%ﬁ%é] é%é@%%&kgﬁgérkﬁﬁ.lne compounds,

sunylpaﬁer@mWﬂﬂylﬁ¥ﬁm ‘%@rb%z%ﬂ%y Ly g3 e ar bazBRERY -

% ¥HH¥&?9EQ@EHE9 ju%EEYQJEudiﬂymﬁyﬂﬁﬂlne, 2,3-dimethyl-
et -V|nyI|n1daz N- vi,

L -
R e M T T T
|§ %Eﬁyhﬁﬁkba:zbdbre Nmn_ml@amaoacaﬂoaam ANvinmythubgrole,
acta oxol an [-f ran,
Vi Ny Y }Wﬁ%éo)i\% nyezt K%z legl an&lﬁyllg%{%&ge%}g%gn\eﬁqnymylm
pGrichilaZiohes, vﬂﬁyhnxépwtégladénﬁydro@eﬁaﬂééPVFﬁ911dlnef

%ER%??%r%bﬁXbl d 'ﬁQQEEQXEaEEBQéétaﬁE|eNCv@ﬁyﬂbutyro—

suc as mal eic anhydride, meth el c
éﬁﬁyém,de Havdionad@naret hyYHay & fo?’l@gﬁiaf%mene'
%Ele@h%@;gneSu001ﬁ§1ahyaﬂngnm Hy@ro@eamiﬂeel P0nyl-

I'n general t hese onDno rs are.use t
696-3€8 8§WbbyVﬁEVgﬁFazﬁ &Fer aBl'y OWH Zgénggggglgginyl_
aRdzoliekh patitiyaul amdor etmwb%@bh@@% bymageght , acid

ased _.on the ht _qf no be
§&SVBIta VFsy 2§%C e g%npﬁgggggtog%é§ﬂgggelnd?grgﬁ%malelc
el

anhgsiradei xmaleinifse gotimemeRinilies §ehePa iy

H@I%egte%ugﬁ_gg kR Quh v 1feeechrdi alr ieRdampatears. The
pretferred initrators "include, anong others, the azo

initiators wdely known
In general these comonomers are used in an amount of 0%

to 60% by weight, preferably 0% to 40% by weight and
with particular preference 0% to 20% by weight, based
on the weight of the monomers, it being possible for

the compounds to be used individually or as a mixture.

The polymerization is generally initiated using known
free-radical initiators. The preferred 1initiators
include, among others, the azo initiators widely known
in the art, such as AIBN and 1,1l-azobiscyclohexane-
carbonitrile, water-soluble free-radical initiators,
such as peroxosulphates or hydrogen peroxide, for
example, and also peroxy compounds, such as methyl

ethyl ketone peroxide, acetylacetone peroxide, dilauryl

peroxide, tert-butyl per-2-ethylhexanoate, ketone
peroxide, methyl isobutyl ketone peroxide, cyclohexanone
peroxide, dibenzoyl peroxide, tert-butyl pPeroxy-

benzoate, tert-butyl peroxylsopropyl carbonate,
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30 in the art, such as AIBN and 1, 1-azobi scycl ohexane-
carbonitrile, water-soluble free-radical initiators,
such as peroxosul phates or hydrogen peroxide, for

.exanpl e, and al so peroxy conpounds, such as net hyl

et hyl ketone peroxide, acetyl acetone peroxi de,
%bb@@ﬁyb0§§2@%rOXIde tert-butyl per-2-thykbexedoas 08
etone peroxide, methyl isobutyl ketone peroxide,

cycl ohexanone peroxide, dibenzoyl peroxide

tert-butyl peroxy- benzoate, tert-but
Beﬁo%}iséépleéﬁwlh@w&@@r 20@7/5081%%@1}1?”“6'
%@ytEB%Q /Oﬁ&?@ﬁy 2- ethylhexanoate, tert-butyl peroxy-

b|s 2 et exano perox - di xan _bis-
B2t SoRt eV aR A doded vl T 08 6.

’hexanoate eroxg
3tértSbhmyﬁ@bhpkhexamﬂaﬁe%a@ﬁcunyl petokiges EeItbP§ yl-
tert- yLper , bi s( but 5 -
SES% ? —t,;, ‘é %)Jgi)m ?ﬁ%@leén% &8k %I ¥adoper

rlne I'ohexane, cuny ¥ oper-
@xmde,, ttmt—ﬁuxtwl hy J@@@qa@%c bls(4 ter butylcyclo-

§/ teﬁér%di@é(%@na@@xymn&%{r@sydbﬁarth@ﬂabe more of
ures of two or_ nore of thetggorenentl ned

@@#p@lfﬁ&@“\ﬁinttﬁo&%i SFORNAS JE T < AR TS ofPEhET S
ﬁlﬁ@:ﬁ:@t@@t i egh & o gpotathenti bh edn staatpethndi) Y@I_)tﬂp oungsated

whi ch ¢ se farmfree r C gﬁpounds
S PBPOLBRSY P”E‘ gnt 52 1iReyize, tf%?lmo?l £ gg\% to 10% b
MEIght preferably of 0.1%to 3%by weight, based on

e 0 gent gxt drlodrt of
hed Ie t%&magdlﬁ eLs #redbdscilp o) o

poOSSI rent poly neth rylates whi
&i-OfL&ér ¢@r1@%aH%YeWFﬁgﬁﬁlec®¥%é %%tO% 6 °t 8 £ vy
QR e, @éf%’@'bhorthé'b’ﬁéﬂghebldf agleat moa@meisl can bbis
added to the brid ma erlal ex

CREESHE hi‘rHro’p%oE’é? ngﬁ %: oup (ﬁfae?cle%t Bgﬂz?ﬁteth
B@X@d@&aﬁe&mjdnr@efﬂgtsfbanexammhqyﬁnsmgl@g@gar weight

_ pol¥g$§ %§H%%OH%5aQJ#§;Cogg]§pes Particul ar

ce’I's given yneri zabl e hydrophobes,
since they do not exude in the course of subsequent

%ﬁg%%ho%@“%{éﬂ{s pLef efBNCe-drs BEVEAded to the hybrid
acrylates which derive fro {#uﬂfgﬁx%ﬁl%9h0|%rom
arierng 26--245E1 heBAE, PYAMBEFRg Jﬁti:?én‘

aheohploieddugnd nbLalibfeAEs Pr tetraethylsilanes, oligo-
styrenes, polyesters or hexafluorobenzenes. Particular
preference is given to copolymerizable hydrophobes,

since they do not exude in the course of subsequent

use.
Particular preference is given to (meth)acrylates which
derive from saturated alcohols having 6-24 C atoms, it

being possible for the alcohol residue to be linear or

branched.

Thus, for example, one monomer composition comprises

ethylenically unsaturated monomers of formula (I)

3
N ORE ),

RZ O
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branched. 30 Thus, for exanple, one nmononer

conposition conprises ethylenically unsaturated
nmononers of formula (1) R3)/'Y ORI ~D RzZ O 35

W)2007/ 0093238 - 8 - PCIT/ EP2006/ 068708 in which Ris
hydrogen or methyl, Rl is a linear or branched alkyl
tiadiboal/obaviong 6 to 40 carboh - atons, pr@fLERDI Y6 606708
24 carbon atonms, R2 and R3 independently are hydrogen
or a group of the 5 fornula COOR , where R

represents hydrogen_ or. a near h I

radi c&P WEV}F 956 Fohzfﬁlrcggflbgﬁ ato nvéylir"{?hri{cei ggtg ffhear or
corrpoumdslcwetih hokglchabdiakdohbhviesi dée tan 490 perbon
obt ai n%d mﬁr)%af{@a%l geagtiong LIBit) agryhal €8? and ®’

f umar 8t €8 d/ or thé corresponding aci ds
Wit h 1Ind|¢g>emﬁlanﬁlﬁfat By eal ByRaPgent heTpr édu@if%}@ne?gl | fhe

conpr is§iNg 18 MogdH e Qfn&st ers, sasitf iyl eor a
(et h) acry Iat es with al cohol. resi th se chains 15
ﬁ&Fé‘ ﬂi’; to 40

di ffeﬂmﬁarer@f hPrepesecs A5y hl €8 MoHy

ot her g5-0%8 Akealql (r) 7911 and Oxo Al cohol (r) 7900,

Oxo Al cohol (r) 1100 from Monsanto; Al phanol (r) 79
fromICl; Nafol(r) 1620, Alfol(r) 610 and Alfol (r)

ghe fers@mrcmemunc}EapMJ(UI') Birﬁ)gacrikdaﬁpaﬂmh‘siorﬁﬁbﬁﬁle can

t hy| at VA
gnd ano (% fo 5L % #L% (rI)Ae& Lllnlq n?zﬁg%? %Fn%ziatesl

Augagaaem,l mle@é@%@d{dé@%&h%o@%{ﬁpoww HeRkep with
5@%@*—0@3@11'—' nepotr) albhard ACEE§0| (BPodikct Ugbeeerally

mann. 25 The abovenenti oned eth ni cal |
GREREGFATED IORbIEFES Odn T Tstd F‘ﬁaﬁw Fual TY Foprgiple.

Mingt ) esryilacpeef eringd it Inentss ofluehe weohed ochains

th
N e T

er cent
ofthhe, rm@:@nerlslccvmh ?@1|dar enéul @?ﬁopr@%?@%e X0
%E%%h%q% PyOWe' QPBmOf MEHganto, Alphanol® 79 from ICI;

Nafol® 1620, Alfol® 610 and Alfol® 810 from Condea;
Epal® 610 and Epal® 810 from Ethyl Corporation;
Linevol® 79, Linevol® 911 and Dobanol® 25L from Shell
AG; Lial 125 from Augusta® Milan; Dehydad® and Lorol®
from Henkel KGaA, and Linopol® 7-11 and Acropol® 91

Ugine Kuhlmann.

The abovementioned ethylenically unsaturated monomers
can be used individually or as mixtures. In preferred
embodiments of the method of the invention at least
50 per cent by weight of the monomers, preferably at
least 60 per cent by weight of the monomers, with
particular preference more than 80% by weight of the
monomers, based on the total weight of the ethyleni-

cally unsaturated monomers, are (meth)acrylates.

Preference is given, moreover, to monomer compositions
which contain at least 60 per cent by weight, with
particular preference more than 80% by weight, of
(meth)acrylates having alkyl or heteroalkyl chains that

contain at least 6 carbon atoms, based on the total
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nmononers, based on the total weight of the ethyleni-
cally unsaturated nononers, are (neth)acryl ates.
Preference is given, noreover, to nmonomer conpositions
35 which contain at |east 60 per cent by weight, with

RRLbRSYLAGa0g1 o eree mre Lhan 80% by eh o ol ocaos

that contain at |east 6 carbon atons, based on the
total W2007/0093238 - 9 - PCT/ EP2006/ 068708 wei ght
atithe efhyhenietallynigsdflyr ansd thyadesr §onoBesiSdes
the (nmeth)acrylates preference is also given to

mal eat es and fumarates which addltlonally have long- 5

Bhaildeal ¢oisol (medd) ey 1 alp SVaF VTeLSif| £° | §1FQ grven to
%iéb*ﬂ%@ té’n&'s%ﬁwa%}aobﬁﬁlcﬂmé&ﬂ:ﬁiﬂ)ﬂ@llye%aﬁﬁeorrﬂ_ong—

e group of the alkyl (nmeth)acrylates having 10 to
gbadar B8RORPSNE SSAIRE -10 al cohol group, especial ly
undecyl (neth)acrylate 5- nethylundecyl (et h)

acryl ate, _dodec h). ac

Biet i ac Py a?)éalxlfﬁgdé% t mé%h Sl%&ce r Fgeqyé B8 ¥bnobes

Ghirehhylard dedytiteadt h)framr ylizhee g@wnde@ﬁ theet hplkyl

? %h?g @E@d%%¥$lﬁﬁe L) QSrYﬁﬁt%arﬁ%ﬁadﬁﬁ&&slajl the
ate yl exadecyl neth) a

hépph@écylg(mph) REBAHL 135- | $BFEGHH hep ]iﬂaH%L nylate'

g”ﬁ% ygﬁhﬁké&q 4m§§¥ﬁﬂ$&ﬁ35ﬂéﬂiﬂ%ﬂé@YInﬁmhﬁh acrylate,

acry ethyl octa th
3- m@&bwéewi@s@f&decy me d%%’wyx‘ge ’1“?1) aa”t‘é aé[[eda(ec | (meth) -
é&@sfhht@cr ybaterhpopaddeyl 120 (feehhpacyyhaee, béb@@gﬁlecyl

acr l.ate, cet |
Fg%gy SE %%€%§§§§ﬁateIﬁ%%g%géfYYA@ée hexadecyl
ameyzhaae;cyélawsyl t etZ-metiacdmxadgdet h) aémlﬂa gcrylate,

%@#E& ek th)acr%é@h?écr?&ﬁ@éY' (”Eghlﬁébybﬁyﬁﬁeptadecyl

eny acrylates and/ qr
ABoR POCS Ahor 6o~ £t I G RAF ol | (RECHOP EdIarS:
@Eb%ﬁylgﬁtbﬂ%cme)MﬁﬁﬁhldcﬁyﬂdﬂéﬁlbBe1B0prapyyoouadecyl

ol yne t th
(BBPAPGFS 1oERanp] RS 1S90 Sui T aBTE 43T D s [arcdeY !

aldehydesyauek, as diaranylal dehyde) acicetateehydetyleicosyl
Qm %h?%%&%%%%%? QtQQEy{éQ&%%yl (meth)acrylate, docosyl
(meth)acrylate, eicosyltetratriacontyl (meth)acrylate,
lauryl (meth)acrylates, stearyl (meth)acrylates,
behenyl (meth)acrylates and/or methacrylic esters and

mixtures thereof.

In order to control the molecular weight of the
polymers it is possible to carry out the polymerization
in the presence if desired of regulators. Examples of
suitable regulators include aldehydes such as form-
aldehyde, acetaldehyde, propionaldehyde, n-butyralde-
hyde and isobutyraldehyde, formic acid, ammonium
formate, hydroxylammonium sulphate and hydroxylammonium
phosphate. Additionally it is possible to use
regulators which contain sulphur in organically bonded
form, such as organic compounds containing SH groups,
such as thioglycolacetic acid, mercaptopropionic acid,

mercaptoethanol, mercaptopropanol, mercaptobutanol,
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hyde and i sobutyral dehyde, form c acid, amoni um
formate, hydroxyl ammoni um sul phate and hydr oxyl

ammoni um phosphate. Additionally it is possible to

use 35 regul ators which contain sul phur in organically
bonded form such as organi c conpounds containi ng SH
yoaaps,/ 0083eR 8as t hi ogl ycol &fetic aci d, PCT/EPZOO6}%687O8
nmer capt opr opi oni ¢ aci d, nercaptoethano
nercaptopropanol nercaptobutanol, m02007/0093238 - 10

mer %EP%QQ %@870 QRN LaPL XA d@ﬂ@CYEert dodecyl
tan and fert - odecyl = nercapt an. regq&stor

HEIC§P§@QS|@ﬁa#?9%%&ﬁ?¥%ano1Su§@%§%§¥?(ﬁnh? VAR W
ﬁggzlﬁ%@ydg@%@ﬁwﬁﬁ@ha@h Ibe maatiniofm sulphate.
r as on e nonQners,to b 0
EPe B, oy ERBFATTS T SRS 7 aonE, W o pe
9@&9ﬁe@ﬁzbﬂe|aﬂéﬂm%0ﬂo che paedscalbdy §Uﬁéﬁpdﬁa 0.3% by
ferromagnetic, ferrimgnetic or paramagnetic

tlcles are conposed of a matrix and a donai n.
The partlcles are conposed of nmagnetic netal oxide

demei ns . hayieng di%@fox@f 2hi0 rﬂ&%éﬁﬁlé‘ asuperpara—

non- magneti ¢ netal oxjde matrix or metal dig
maonek 1 CThef eeerRIT et het alfeé‘%ﬂ@é‘%‘&ﬁ&?nsmfra?aﬁémagn“lC
sekectadsf r amd h@oﬂéogé@ubfofa txh@tfiexr bhds a wilehein. The

parti.cul ar preference rou th
Berdsern e@f%&}%%%%ﬁg % 3‘%‘%&% o‘ﬁ%ﬁé‘?g omagne

paktinal | §, diyarseton- mﬁgn%tﬁu> ﬁﬁﬂrnm imoﬁ%tﬁéngméaﬁetlc
fO%eﬁxaqple(ﬁ &Q@rfkllggn rtdes.q{he fanoggedex.  The

rparamagnet’ic, fTerro 20 nagnetlc ferrimgnetic or
pagasEdretietpar pkéfles dpmainsn 1ke P8 rﬁe&fecﬁtﬁ%e}rr OFpEhe

%g?%f)gldgytﬁg ¢epposed, Oﬁﬂltﬁﬁﬁf&ﬁﬁtcﬁﬂla}flﬁﬁéﬁerence from

regate the _ sense of the
ICH@e FEOsHR é’r% %rﬂrqrhr%’élcgﬁmn@?%arpay %r uebhFagnded in
CORRET gathriyl sy padti cba&tlmﬂyor M e 25 aggregapnesic

may j,oin to for agglonerat T al rat
BLALT Seh AR BN TR frscon
dedndietshe ag@eeganesosnadethe §ppﬁﬁp?r9@ﬁ€P@¢é§r i sfefro-

%ener %lalrczirrggérpfﬁégggglc The- aggrsgabedi angiafciaflddeare
1n the form %Ec;owder The powder may be composed of
aggregated primary particles. By aggregated in the
sense of the invention are meant three-dimensional
structures of commerged primary particles. Two or more
aggregates may join to form agglomerates. These agglo-
merates can easily be separated again. In contrast,
breaking down the aggregates into the primary particles
is generally not possible;

The aggregate diameter of the superparamagnetic powder
may preferably be greater than 100 nm and 1less than
1 pum. With preference the aggregates of the super-
paramagnetic, ferromagnetic, ferrimagnetic or paramag-
netic powder may have a diameter at least in omne
spatial direction of not more than 250 nm.

By domains are meant regions within a matrix that are
spatially separate from one another. The domains of the
superparamagnetic, ferromagnetic, ferrimagnetic or

paramagnetic powder have a diameter of between 2 and
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30 may preferably be greater than 100 nmand | ess than

1 m Wth preference the aggregates of the super-
paramagnetic, ferromagnetic, ferrimagnetic or paranmag-
netic powder nmay have a dianeter at |east in one:
spatial direction of not nore than 250 nm 35 By

Hesebngoaseaeant regions-within a mat HOT AHRERO /68708
spatially separate from one another. The donai ns of

the superparamagnetic, ferromagnetic, ferrimgnetic

or paramagnetic powder have a dianeter of between 2

a4l WP2007/ 0093238 - 11 - PCT/ EP2006/ 068708 100 nm

'ﬂa@ defBing fay allso centwiim nom-meEgrettic reggimss which
BRLED po R0 SN DUl Oe! BaLRETROREULE RIAREIAS Cene

n a d| ron 1t is also possible for

pbederto be magnetic domains which by virtue of their

Elzeag8199gn efg'bié SaﬁgépaﬁégggﬂﬁélSﬁbranﬂhébéChto be
duce renmanence. hi s eadS to an ncrease IL.n

m@ggﬁﬁlgpé@mﬁp@s5ﬁﬁ%ﬁ%tbﬁnVﬁﬁﬁﬂa tFBﬁerﬁéze é% not
ekHEBEE' %ﬂp@prBa&agh@td@ﬁnl rR&1d Witirtpaindore t vemdeence.

unber _of superpara- na netlc fer
FEF?lﬁé&ﬁéﬁlct8r ﬁﬁ}aﬁﬂgﬁfeic on;?ﬁggnﬁ%gg%me spgeific

Eaﬁ%rhﬁl?ﬁcOﬁmﬁyhﬂtﬂmdﬂldﬁhe ®MQsentopnvénphon<¥%e these
unber of . super et rr ti -
Q8Pﬁﬁﬁﬁgne?,ccoﬁgég?§%§ nE§IC g%n&?ﬂggﬁg §£se%?p?ﬂpara
mhgnsupenpdhmnﬂyﬁﬁnQ£l¢erﬁ@ﬁﬁgﬁégﬂétlcféF%lH%@%%??%etlc

qbnRananagnelepowders i s spch @5 tcatdaed hewith  the

preparation of the invention.to be heated b
RTREGAEL | ANTLNELSRY r SNt t &7 a??ﬁ%er e ?%ggﬁﬁgic'

darebnRsgabrihe saperpananeghet i or fpar@ma@nﬁagnetd@malns

ferrimgnetic o ar anm

?E?F&Bﬁdedlgonpﬁggely ogn%%%§ ﬁgggggfpgy bgerromagnetlc'

fﬂ@ﬁﬁmasﬁeng0|norgamanamamm$R10F%HQW@@#y3%%rﬁ@§ﬁdeés to
By Ll i ial, dopBERS rfﬁweavc%hu% fyomddieed by

sur Pdce of fan aggregate. 25 The donmmins nmay co
oRensr nﬁreanemagnéiF@esorThﬁlﬁﬁﬁﬁ@P?QHEBﬁé|n§fﬁﬁ§natlng

¢ophai n pref e @kl ¥nd he OXitdRS superparamagnetic, ferro-
magnetic, ferrimagnetic or paramagnetic powder may be
surrounded completely or only partially by the
encompassing inorganic matrix. Partially surrounded
means that individual domains may protrude from the
surface of an aggregate.

The domains may contain one or more metal oxides.

The magnetic domains may contain preferably the oxides
of iron, cobalt, nickel, chromium, europium, yttrium,
samarium or gadolinium. In these domains the metal
oxides may be present in a uniform modification or in
different modifications.

One particularly preferred magnetic domain is diron
oxide 1in the form of gamma-Fep03 (Y-Fez03), Fes30q,
mixtures of gamma-Fe,03; (y-Fez03) and/or FezOj.

The magnetic domains may further be present in the form
of a mixed oxide of at least two metals, with the metal
components iron, cobalt, nickel, tin, zinc, cadmium,
magnesium, manganese, copper, barium, magnesium,

lithium or yttrium.
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of iron, cobalt, nickel, chromum europium yttrium
samari um or gadolinium In these domains the neta

oxi des may be present in a uniformnodification or in
30 different nodifications. One particularly preferred

%96%5&@0@95@%” is iron oxide.in the farmmdf2006/068708
gamma- Fe203 (y- Fe203) , Fe304, m xtures of

gama- Fe203 (y- Fe203) and/or Fe304. The nmgnetic

domai ns may further be present in.the_for 35 aof
Whgedroasnekief M3 EESt HaM AECAITd OV the naaptances

QQHHOG§RJSgéﬁé&hlCﬁbahhlanwukﬁkmozjnanMMachcadﬁﬁUﬁtands
magnesi um anese b
FPEn; T ¢ FCIRCARB00 7 0bBa s br gy ae Teast  two
ngEEEaﬁe6/@ﬁ&aménfﬂmemabﬂetWctuonaeﬁ§rﬁaye one of the
iLtional] su anges | f
Vag Eﬁ I%tmEIChR%% BS ﬂ&ﬁégnégé geﬂfﬁ@ 5 HRE S5 um,

stands ~for a metal conponent
whbehtconprbses spdméast oFwsichpiferent, dival ent

Eﬁﬁ§k§ongﬁ&9 QEef%r%%E%ﬂﬁy%‘ﬁbﬂrﬁhé5mhgﬁéﬁﬂ& Mmtadss to

be manganese, zinc, nagnesi Um

may
badfaimasiechi ket eTRaYt |Sé/f?£qr%r°‘ i oL ggﬁosgsefrbef oﬁg%o%lﬂula
megneki¢ d@BﬁF@ﬁ thepEEunnpoehdref:M&rmﬂny ¥pst enssoeCc-

Lasgeneral Lolmid o Naa;r?ga}/ne'\ébéd:eégﬂéll:@z%i%el whet ge,

- VB are the metal s manganese,
eobektr, nimckglesizime, bezopper, wagrésium Wari undithium,

%Emhﬂﬁl ti %ﬁééfwﬂwl A n%ﬂ@%%h&ﬁhlca|§iﬂﬂmlum,
ronti um ani um  chrom um vana i um niohi um
nbtymdémumVQMQQi@m piggiug podgbdenumg ﬂﬁjglgé and- 9°

XotoY 98, 1Khl5opﬁbtbCQEaénﬁr&fergngelnay be given to

/nFe2M™ Fe2 MhO0. 6Feo, 4Fe204
FR6 L1 FRLaB0RT SIS TR B04. DE 7 5B 1 TOATE Si0k - ARPeas,

ﬁfl\i/ﬁoséﬂvE@LFé% ,or ¥hQ.s38¢rBe2TfHe2. 3404T eMyPe2 08 Zno Mger.s04.
éﬁﬂ 3F62F éhg 1éfég./h28r4[:% 23%%'10 I\{gf_‘e% EMO @’Fﬁégo::, ’

The ¢hoi ce “of
MghdﬂnobFEhaOmon nagd@iudﬂﬂmaﬁeuxoqs not ﬁ@ﬁﬁﬁ@PGFeO804'
pg thtgg Breference may be given to the oxides of

nluﬁl Z|rcon|un1 zinc, alumniu l'ic [
@het i ghoice of the metal ogide o the Ron- mgéﬁgg}c

matrix is not further restricted. Preference may be
given to the oxides of titanium, zirconium, zinc,
aluminium, silicon, cerium or tin.

For the purposes of the invention the metal oxides also
include metal dioxides, such as silicon dioxide, for
example.

In addition it is possible for the matrix and/or the
domains to be in amorphous and/or crystalline form.

The proportion of the magnetic domains in the powder is
not restricted provided that there is spatial separa-
tion of matrix and domains. The fraction of the
magnetic domains in the superparamagnetic, ferro-
magnetic, ferrimagnetic or paramagnetic powder can be
preferably 10% to 100% by weight.

Suitable superparamagnetic powders are described for
example in EP-A-1284485 and also in DE 10317067, hereby
incorporated in their entirety by reference.

The preparation of the invention may preferably have a
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For the purposes of the invention the netal oxides

al so 25 include netal dioxides, such as silicon

di oxi de, for exanple. In addition it is possible for
the matrix and/or the domains to be in anorphous
fBdoer /epysbakl i ne form Thesproporti orp@f/B#EI06/068708
magneti c domains in the powder is 30 not restricted
provi ded that there is spatlal separa- tion of natrlx
and domains. The fracti on of nggnetlc domai ns rom
ﬁﬁéc§&ﬁérﬁé@aﬁ&@ﬁéﬂaEanﬁgpﬁﬁlchaﬁﬂﬁ t Jf%rrlnagﬁgi i ¢

or opar A gees i bypmMi@hu:,arpbefemleI}er ablryanb@%ﬁlmnlogw5°
b ight. 35 rpar

BlsePrbet For TTbiitt o't A A IBAaBe e B e B
40347067 frber 6b\L% tnc@@ﬁobﬂt@@iﬁhttheir entirety by
reference. The preparation of the invention may

preferably have a W2007/ 0093238 - 13 - .
POF/ BR20DSY 0687080 | PECFRGIP ot Vs apstddiedifdfnebF gParation

ﬁ@‘é@%ﬁs‘ N gFdangedhone, 0. 81%:ti0160% byhirighte can be

preferably a range fromO0.05% to 50%b mel t
ﬁNﬁﬁoﬁéF?dpa?Flc%}%YaBn%féﬁ%Wéﬁfﬁ?F‘ ;)F%hge g?ongggigoer

0 th0% byavei ght gas Thecpowtler ncianiriye p@egapédanbmrner
di.fferent _preparation t : sbhicon
@ﬁé&?ﬁ&&aégx 'bE™ &Vapdiat gjat érevat tenﬁg%éture on
ahdofredet ogeltisron wi 1 drdaadusedasnipt §Rehe R gZone
%g@%;gf ?Fp%ﬂyﬂerjéyﬁﬂgéﬁ506§|%YQéykﬁtﬁTgaﬁ, There the

tai ne rom an aqueous iron chlorijde sol%wﬁ_ a% an
hﬁmp§@nééﬁsﬂﬁtomﬂﬁﬁdn1&?%éa%6ﬂ%3\MW&ﬁﬁPﬁ%e er “by

H@ﬁ%%a@&dﬂé@ﬁﬁﬁéﬁl@@stéﬂpﬁﬁaﬁuﬁe hafrogeneds| yeat kedn,

/ I t t, b
SEETEELEERD Lt BB 0 aTELE SATOLRLL 0

pbedeeacitoncgaied amﬂthepaesuedaMV OvRIRr OAr & Yritter
oghed and separated byoeags ofmd bl ‘fﬁﬂ:théfromstéﬁ by

te- gas st'ream urt er step, treat nent c
WEEht@B@&nHEDWmaﬁﬁﬁ@@fmomﬁégéﬁlm&e%}ﬁﬁ%ge%f residues o©

g v\g,'l%'le agd {0 SkEL L1 adheidMear &ré eroyedellr dmdmethe
powder
The table below compiles, by way of example, some

physicochemical data for superparamagnetic powders.

Table 1: Physicochemical values of superparamagnetic
powders
Powder P-1 P-2 P-3 P-4
Matrix/domain S10,/ S10,/ 510,/ Si0,/
Fe,03* Fe,03% Fey,03* Fe,03%,

MnO, MgO**

Domain wt. % |50 85 50 50

fraction

BET surface |m’/g |43 44 146 41

area

Curie °oC 620 620 620 1330

temperature

Saturation am?/kg [29.7 54 .2 17.0 10.8
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The tabl e bel ow conpiles, by way of exanple, sone

physi cochem cal data for superparanmagnetic powders.

Tabl e 1. Physi cochem cal val ues of superparamagnetic

25 powders Powder P-1 P-2 P-3 P-4 Matrix/domain Si02/

§b§§/07$'0@§/32§'802/ Fe203* -Fe@203* Fe203*PEp203*Q0MN 8708
O* Domain w. %50 85 50 50 fraction BET surface

er/g 43 44 146 41 area Curie 0C 620 620 620 330
perature Saturatijon Ant/ k@ 29.7 .

[@@@wmwm . 141- pCT/ EP’%OO%/ 062471 é 1&85?5 gati on

Cal cul ated on Fe203; domai ns contain Fe203 and Fe304;

Fe203 33% by weight 5 The resulfi o
Cabel presinegnrnt, PP BiGraTie, §a0ri < hdgadys £ 2%

parasggnet i c powders are processed further wth a

m ni enul si on pol ymerization process to give the

hybrid materials of the invention. The m ni errul SI

Foky meeswkting sunebPasarprrBEteGr LLTAFDIS O g rri-

ﬁ%gﬁe&h%skn§tﬁ&kéﬁ&gﬂé@?@C@b@d@@ﬁdeﬁxdSpﬁbé@ﬁseﬁdfunther
thé nononers or e non

w8 £ A HELSURBIE L pbaTHBRE RGP £ P ha BrSae: (8 SErS °P
h§bxqasmrt@@da\a15t btfﬂ)t(dﬂ'egﬂmmwnt s and enul sifier

n
g‘;]x ar{alrb])eI%L}I)GSl% ng elrrl a\%&gﬂ tcﬁ:\e dﬂaép%%ﬁ»'r‘%%a f&em as

erse alrd of
épillemti:er by neans of ultrasound, nenbrane,
ragtor/stator system stirrer

In a first step the nanoscale powder is dispersed in
the monomers or the monomer mixture or in water.

b)

In the second step a monomer OX a monomer mixture 1is
dispersed with hydrophobic agents and emulsifier in
water.

c)

In the third step the dispersions from a) and b) are
dispersed with the aid of an emulsifier by means of
ultrasound, membrane, rotor/stator system, stirrer
and/or or high pressure.

d)

The polymerization of the dispersion from c) is

initiated thermally.

The fraction of the superparamagnetic, ferromagnetic,
ferrimagnetic or paramagnetic powders in polymers can

be between 1-99% by weight.

The hybrid materials produced in this way are used
preferably in adhesives. Preference is given to a core
(hybrid material) /shell(s) (polymers) construction.
with preference a first (inner) shell comprises
polymers or polymer mixtures which are gellable at room
temperature in plasticizers or plasticizer-containing

adhesives or epoxy adhesives. At higher temperatures,
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and/ or or high pressure. d) The polynerization of the
di spersion fromc) is 25 initiated thermally. The
fraction of the superparamagnetic, ferromagnetic,
ferrimagnetic or paramagnetic powders in polyners can
nggggy@gg3;3g996by wei ght. 180-The hybreatr Mme2r061&8708
produced In this way are used preferably in

adhesi ves. Preference is given to a core (hybrld

mat eri al )/ shel |l (s) (polyners) constructlon

pPEcereice dHFTRt PPANERF SsheftCTomprides S%r%%?lﬁ%]%ng
Qbapek ¥ABr Witk Utles Whkehiateegel.| s iatuleoom suitable

tenperature in plasticizers or _pl ci.zer i nieng
S9hesiVes BPrgﬁgfyiﬁﬂ%eS|vomeQﬁ f?gﬁefég% g?% u?gg the

W2eayLe093288s- land PGﬁhER@U@GﬁOGS7089fﬁ§ﬁ@éVer vinyl-
L NeSE . RY! ¥”e&%e%%tg{ | o & %ﬁ%if&lé@a&ﬁa%admaes
the pFas i Cizers articu y suitable %

puepese, ar%ummn@ﬁ%r§mﬂﬂ§hfﬁﬁésgﬁﬁub S ERE obi Sagents,
eget hlagrykates and imdazoles, preferably vinyl 5

I mdazoles. There nay al so be aUX|I|ar|es and

~additives present, such as emulsifiers and

hydrgphobiageagent & mhoriexapple.cdmsthecthoye ¢hea outer

[ti-shell t t th hel | or or
ChRLL ubedchParERaEry  pEaEgttbly Hoales o1y
bbépdewhbdbndSW@amhg@Szﬂﬂﬁa§ﬂllihﬁﬁtQﬁm%ﬁ%@ug%mp?ﬁature
EEGEngﬁgtéﬁgh?§H¥%51@%r Q%ﬁﬁpéﬁimﬁyé |§u%ehjﬁb@@llahle

e

hatrix at an el evated erature With
prnef éhencemapr btit e@tshed® |§ @8%8 ed Wpﬁdﬁ%%yl

EF?e@‘%EBﬁ@éyl ahe AUt Biellar ess Wddmpdswd | pifdagolgnethyl

hese adheS|ves are d n a nDt tion,
BETBRATY LabRCEUCE: B o FRn o dGPYeAT o hiel o

chRAesk! Ugdhen easl spafeusedveh1teﬁmwgb@gve 2QorFpgruction,
S?gg?g%ﬁof fﬁ%g%¥d%¥ e g'Wﬁﬁﬁﬂﬁlf&ﬁﬁff I 1481 —vehicle

é presen |nvent|on but are not such as
tonsestckdbnt hadi AreRersaave Lt hechesles¥s di scl osed

The examples given below are given for better illus-
tration of the present invention, but are not such as

to restrict the invention to the features disclosed

herein.
Examples

Implementation of the coat-applying miniemulsion

polymerization
Example 1:

In a glass beaker 7.13 g of methyl methacrylate, 7.13 g
of butyl methacrylate, 0.75 g of 2-dimethylaminoethyl

- methacrylate, 0.6 g of hexadecane and 1.5 g of MagSilica

(Si0,/Fe,0;) are homogenized using an Ultraturrax for
1 minute and then homogenized with ultrasound for
1 minute. In a second glass beaker 5.0 g of Texapon in

15% form (Cognis, Germany) and 80 g of water are mixed
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herein. 25 Exanples |nplenmentation of the
coat - appl yi ng m ni emul si on polynerization 30 Exanple
1: in a glass beaker 7.13 g of nethyl nethacrylate,
7.13 g of butyl nmethacrylate, 0.75 g of 2 -dine

Wgybgﬁy@@ggbgg met hacryl ates 0.6 g of PeExamETEIE/ @6RI708
5 g of MagSilica 35 (Si 2/ Fe203) are honobgeni zed

E5|ng an Utraturrax for 1 n1nute and t hen

onogeni zed wi th ul_trasoun nut e. d.

EYa§gaﬁé§HerT@e0%$¥ﬂ FPe;égfﬁ% %}?%% EQP e

i@ﬁ&ﬂ‘@%}é}lz_le%gdnﬁg/ g hef smioerd ared N bxe de A2 00T 0@@3121380::1 is
- 068708 b S

PﬁErF Eg ti} y Q ggg foghe4 SIQ!'LH&EQQ f rAcgn an

PPEL<g err <% uced into the second
andtﬁheoeonblQédgs@ﬁﬂuartﬁbutxﬂtp%%o%T%%@%Bhﬁﬁ%%O@%% is

Co% gggyﬁr perr{BZthgs $B:@bn | Bkt ';%&cred Olggog Hf round—

eth exanoate IS i ntrodu

Cert butyl oot ot BEAh o 80RE. 1 HEIAECRStion

angeheat ggp?}&xgg&te_ﬂ}e 3pabyrerization tine is
pr oxi ma hour s he UP 200 S tr$ﬁ£ é%h

a
Egécé§%6¥”¥ UHFERERHRT BTHESSSPE Y- dsea TR The T PH
@é@@bwmi‘&%%dha& aheefd:auid ireeroie s A effaeoiw output

ul at ed
PRedaondy SRisEoa e MEREned LT ER) b8 co
12080 680 v%eqﬁeacyordﬁngZﬂokSénoﬁﬂédea(h@ﬁélmum energy
?%Hg'ﬂ:gdstazﬂ’DtodF?gegl?Eml‘lagHeriﬁﬁgt o 188n8HFodEOLhere,

eri ments fective out wa et at 100%
$QnEkéﬁﬁ?e524Dbnd&a@@&ﬁ§ ka8t é%?iﬁ Oﬁé?ﬁ 7Oz the
epbbacryhatecnd. &3 fectakebvlipbutretbac spitate, 1@0&5 g of
2- et hacryl oyl oxyet hyl 20 phosphate, 0.6 g of

hexadecane and 1.5 g of Magsilica (Si02/Fe2(3) are
Basmgeri 2ed using an U traturrax for 1 mnute and
t hen honogeni zed with ultrasound for 1 mnute. In a
second gl ass beaker 1.0 g of Texapon in 15%form

(Gognicd asGebwaipyr dhdtBE Poimeet BPELATKEHES, 7-13 ¢
of butyl methacrylate, 0.45 g of 2 -methacryloyloxyethyl

phosphate, 0.6 g of hexadecane and 1.5 g of MagSilica
(S10,/Fe,0;) are homogenized using an Ultraturrax for
1 minute and then homogenized with wultrasound for
1 minute. In a second glass beaker 1.0 g of Texapon in
15% form (Cognis, ‘Germany) and 80 g of water are mixed
by shaking. The solution from the first glass beaker is
introduced into the second and the combined solution is
ultrasonicated with ice cooling for 7 minutes. As an
initiator, 0.22 g of tert-butyl per-2-ethylhexanoate is
introduced, and the solution is poured into a round-
bottomed flask and heated at 80°C. The polymerization

time is approximately 3 hours.

Example 3:

In a glass beaker 7.49 g of methyl methacrylate, 7.43 g
of butyl methacrylate, 0.09 g of 2-methacryloyloxyethyl
phosphate, 0.6 g of hexadecane and 1.5 g of MagSilica

(Si0,/Fey03) are homogenized using an Ultraturrax for
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25 by shaking. The solution fromthe first glass
beaker is introduced into the second and the conbi ned
solution is wultrasonicated with ice cooling for 7
mnutes. As an initiator, 0.22 g of tert-butyl
RELod 7 ebhR¥khexanoate is iniyoduced, anett hEpxzpiditdEsros
I'S poured 1nto a round 30 bottoned flask and heated at
80C. The polynerlzatlon time is approxinately 3
hours. Exanple 3: 35 In a gl ass beaker
hemhpLtRet RREY vItAaeE ﬁo&svg%—m&e%ut% %t%ﬁ%‘?@?%?’éd for
% Q@ggt@f %n"%l f@é&dﬂ@yéy%&y@t llayhkephgs@h/@t gf Oféxgool in
exadecane an silic
Eéﬁo&@ﬁﬁké§Qﬁﬁﬁﬁgzae{T?q u??axgpo§ ﬁ%2dg§%%g§%§%gm%xed
$¥ shREThER2Q06/ 68708 onl fricwttEheantt 14erg lnwpgeprsed 1s
| tr soun r t I Seond-gl
ngﬁgguge tg fexaﬁ%$%4§1a %ég%gﬁ?(Cbgnlg g%%?%%én)ls
amdraéoglgﬁtwdte%ﬂdvelﬁﬁxé@OO%yﬂ%hé¥th7 HRUEST ut ifsh 21
EE%&%‘ESJ' @Stzzg'ga%sf heakerod sy D pé\ilpdélﬂﬁﬁllhé&mcbdﬂ@ is

second and conbi ned solution Is ult aso i cat ed a-

mptﬁ0ﬁ§éeé®oﬁﬂﬁb £EBE AHitHutds. 1As RAFTS g?or, (o)

Boekohent -l  ped- %e%E@ﬂfEMaBOSCeIThelp©1EmﬁEed§tlon

and the sol ution |sl§pg;gq into a round- bottoned

Ei-BeK 15nPRERICHCEE 80, “THE “pol yneri zation 10 tine

i's apprOX|nater 3 hours. Exanple 4: In a gl ass beaker

%é geof nethyl nmet hacrylate, 7.13 g 15 of butyl
?Wﬁcrylate 0.45 g of 2-nethacryl oyl oxyet hyl

phosphate, 0.6 g of hexadecane and 1.5 g of MagSilica

&ﬁ' QZ/gﬁ%%%ébﬁk%xhgmge@ zsl Ibléttlﬁl%l anethacaylatax 7oi3 g
m nute an en _hono ul n
RENGEEY i) Ak RSO G ase fodart 520 gggg# 90{5%”?/&”1
§Qoé§%ﬁ&@rﬁulgbgplsf Gﬁnnﬁh¥%r&ndaﬁ@ g of gwerfer Maggilica
akin t
glgéﬁé{Fele%% : n?sz%gﬁlgéng%l ?1'1[ %oﬂsgﬁgm élji]eUfl'trr%t glrlT%S{S for

e second and the co |neg
sohtihuce |andulﬁﬁ&$omhﬁmQ§ﬁmmﬁ¢did@l%%olv%ﬁré%?uﬁd or

'H]HH S% an, doidi@tQlash. %gaﬁleStQVKIQMEVTexapon in

ethy exanoate 1s 25 |ntroduced j:and th 3
éér’/utﬁogmu@qﬂm%d Gyt OB B0 § of water are mixe

by shaking. The solution from the first glass beaker is
introduced into the second and the combined solution is
ultrasonicated with ice cooling for 7 minutes. As an
initiator, 0.22 g of tert-butyl per-2-ethylhexanoate is
introduced, and the solution is poured into a round-
bottomed flask and heated at 80°C. The polymerization

time is approximately 3 hours.

Example 5
In a glass beaker 7.5 g of methyl methacrylate, 7.5 ¢

of butyl methacrylate, 0.6 g of hexadecane and 1.5 g of
MagSilica (S10,/Fes03) are homogenized using an
Ultraturrax for 1 minute and then homogenized with
ultrasound for 1 minute. In a second glass beaker 5.0 g
of Texapon in 15% form (Cognis, Germany) and 80 g of
water are mixed by shaking. The solution from the first
glass beaker is introduced into the second and the

combined solution is ultrasonicated with ice cooling
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bottoned fl ask and heated at 80C. The pol yneri zati on
time is approximately 3 hours. Exanple 5 30 In a gl ass
beaker 7.5 g of nethyl nmethacrylate, 7.5 g of butyl
net hacryl ate, 0.6 g of hexadecane and 1.5 g of

%@g§bby@@9§§BQZ/Fe2CB) are hgnogeni zed rSIARPZEV6/068708
traturrax for 1 mnute and then honogeni zed with

ultrasound for 1 minute. In a second gl ass beaker 5.0
35 of Texapon in 15% form ni s nd 8
g@r WAt S es i Red 3y éﬁé%l%ﬁO%The s%?ugl ﬁ??%%9¥1
ﬁ&SQ eﬁ%ﬁﬁghgal&atel Ssi I’i&)ft(ididi@ﬁiél d,ntamd hé'lesese@lwtmm is
e conbined sol ut is u c 80°C.
E’BBFPﬂgl%?O(WIM%%Ottﬂ% e %@%%P%gla/h\ég&ms or 7
ThaubesymAsiaatiinht tamer isOapprgxéfatedy- Bubprrs -
per-2-ethyl hexanoate is introduced, and the solution
is poured into a round-bottoned flask and heated at
BRAGpleThe pol ynerization tine is approxi mately 3

hours. 5 Exanple 6 In a glass beaker 7.13 g of nethyl
nmet hacryl at e,

acryl ate,, O. 75
Qnd?n@tlﬁﬂsaﬂﬁeﬁ@f@trh]g 131(9 H%\%{%Ygt% ey 9.25 o
Bex aslagan em@nﬁaa;r§1gt@f MegSS | & ca £ S G)dirﬁe,@l@_\z)ara;eoethyl

gﬁg ﬁéggﬁrig V\?t RH f)r ag&éé fgﬁd gn 8”5? ﬁQQSlllca

rasou for m nut
$S¢O§1dF@JQ3$S doeak don®geng zEfd Tegapon dh Ui@@?@ftbﬁrﬁﬁax for

d i w r
sha nu%e G%E’lﬁam{:)h N 1?9% éH M ery 2 Mixeehdduly fo

e solution mthe first glass

ﬂnm&nﬁ@@edlmnﬁb %?ﬁp%ém%%ﬂs%nﬁe?ﬁﬁrcénﬂlﬁbd1§a$%§?Q$P in
EL§° Yoras@ugated abihahee goal BDggf of Tratiewtase Msxed

initiator of ter
B@r SP2ELRY-hé; %ﬁn&é@gﬁl@n ferﬁ 9 Liéé/af,lﬁsn% THEL PSRt 1o
i 6 tpednedd Aheoa theumntRhdertdnet: ftemkized sebeetont 1s
The. pol riz t a Xb e ghyes. A
Hgﬁfféso%kb D867 g6 5a5s 10e ég@lp@? ERS006] 0eBa05c" 0 A
iniMybrbd, mét-82i @l ooi)rﬁm‘@mgtyﬂan@%%a%e%wemmate is

introduced, and the solution is poured into a round-

bottomed flask and heated at 80°C. The polymerization

time is approximately 3 hours.



10

15

20

25

30

35

par amagnetic, ferromagnetic, ferrimgnetic or 5
paramagnetic particles envel oped by pol yners. 2.
Hybrid material according to Claim1l, characterized

i n that nanoscal e super paramagnetic, ferro- nagnetic,

&@beqgggggbggor par anmagnet 1g particl espclOERI®6/068708
envel oped by poly(neth)acrylates. 3. Hybrid materi al
according to Caim1, characterized in that the
envel opi ng pol yners possess a single- layer or
FkRAMmSayer construction. 15 4. Hybrid materia

according to Gaim1l, characterized in that the core

COITprIS S .nanosc super par a- mag?;et'ﬁanoscale super-

ferroff¥ghet c, mFEFFF gnet PRPEES anag net ,
partlgbesmégn&thbe grﬁapromaghetﬁenrlt srr2pagnerypri dor

mat er i al according %thkﬁkg‘énv%ﬁ%b%@t%&'é%Qyﬂe&sthat

the cSPE2C6HPri SestRanoscal e super para- -magneti c,
ferromagnetic, ferrimagnetic or paramag- netic

a”' P%%ﬂif FAH‘tEBQaQF aupoehihBecbernbiasi, 25halimel:epeded
y siltfcon oxid 6. Hybrid material accor

d ai miz, cﬁﬁ?écteﬁ?%éacaﬂﬁ t hStPERBAEBT'BIES rlsesferro_
Nanosgakgesuper paddr ingietice, ok ergaragrnetetc),c particles

ferrlna n%hlgﬁg%ﬁ%a%wdgé qu% %& @&%%g es fromthe

group @ enve by S|I|con oxi des.
7. Fybrid mat eri al according to G aim1, characterized

g?e %&P&EﬁeREE%E shell-6omRhESes PakyAENS WAbehctdkized

|np asticlzers or |npast|C|zer-

contanm|ﬁ$QQﬂﬁ%¢v@%VG#OPhngp@%%ygﬁﬁéyﬂﬂﬁfe%? #yBiTge”

mat er ijak,«2CeQr diung it e veraichnk . rekariaet.eri zed
W2007/ 0093238 - 20 - PCT/ EP2006/ 068708 in that the

first shell conprises polyners or polyner bl ends
wh|chHgbreaemated1henpebakdnagemoeclaunwé cebesprarIraged

react ' ons 1{1 tgtgq o %’ ¢l Zeéémcrfélges %rn!o%d@teetr k@berpara-

accor di characterized in tha
poIynnﬂgnemlpheﬂenﬁgmqgngq1qﬂ4£err1magnetlc or paramag—

netic particles from the group of the ferrites.

5. Hybrid material according to Claim 4, characterized
in that the core comprises nanoscale superpara-
magnetic, ferromagnetic, ferrimagnetic or paramag-
netic particles from the group of the ferrites

enveloped by silicon oxides.

6. Hybrid material according to Claim 4, characterized
in that the core comprises nanoscale superpara-
magnetic, ferromagnetic, ferrimagnetic or paramag-
netic particles from the group of the iron oxides

enveloped by silicon oxides.

7. Hybrid material according to Claim 1, characterized
in that the first shell comprises polymers which
are gellable in plasticizers or in plasticizer-

containing adhesives or in epoxy adhesives.

8. Hybrid material according to Claim 1, characterized
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conposed of one or nore nononmers fromthe group of
the (nmeth)acrylates and i mdazoles. 10 10. Hybrid

mat erial according to Claim9, characterized in that
the polyners in the first shell conprise

| bmhgazebg. 11. Hybrid pmterial accodinrg s /Oedimns
%?tha?gcterlzed 15 in that further auxiliaries and

additives are present. 12. Hybrid material according
to Cdaiml, characterized 1in ghat enul.sifiers,and

hydrophobﬁ@aggéﬂﬁg gpgstQOSB@é enFom@glsgﬁbrPalymers or
”Htefp@iyﬁéﬁobgbﬂ@stwhgbalmmleuévaﬁnﬁEﬂemgﬁrauuraremter

the outer shell s is
or  potyher SERERUSP AT G a7 EChOLS 28 G PaRr e T A CRE

matrix at roomtenperature and of polyners or polyner

Lendg, i g t X1 at cgheyat & zed
Fonchtyndie L Biagiv e Sl et

13, charathaBO tbe.z@@lymerﬁatlmhet%%te#l%%%l|S

shel | 5, ?é@é& OQOBH@S%Q' o8 M&%r@‘ Ry tdhydroup of
nethacr ate and V|n [imd Hybrid materia

zol
accoréhﬁg Pt arky 1at eEhﬁPg lm%§a58}F§ed in that the
outer shell or shells is/are conposed of pol ynet hyl

met hacryl a thod o c y j

N cor BYNGET Gpb95bY 006525810 1 R b o0R bearta o
d ai ma MMaurnmmubelmmepelyneri&%tﬁéﬁStlﬁhQW%tﬁﬁpQﬁlse
produgi ng, sa terlals according to Caima1l,

charac%e I'ze at a) the nanoscale 5 powder is
di spersed in the nnnoners or nononer m xtures or in

E@terﬁ B); HORQPBL Sa O 2 8BHLHERg BbXCLaes W tbharacterized
drop ObIC agents,_ enulsifiers_and wag er i

dlspeF§edt 2%t AT ERSher IFhS T 01T a) “aTid a%§i%ﬁgfs are
di spepsegdeand d) subsequently pol ynmerized. 10 18.
Met hod of producing hybrid materials according to

12. Hybrid material according to Claim 1, characterized

in that emulsifiers and hydrophobic agents are

present.

13. Hybrid material according to Claim 1, characterized
in that the outer shell or shells is/are composed
of polymers or polymer blends which are not
gellable in the matrix at room temperature and of
polymers or polymer blends which are gellable in

the matrix at elevated temperature.

14. Hybrid material according to Claim 13, charac-
terized in that the outer shell or shells is/are
composed of mixtures of polymethyl methacrylate

and vinylimidazole.

15. Hybrid material according to Claim 13, charac-
terized in that the outer shell or shells is/are

composed of polymethyl methacrylate.

16. Method of producing hybrid materials according to
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Caim17, characterized in that c), the dispersions

a) and b) are dispersed by neans of ultrasound,
menbrane, high pressure, rotor/stator system 15

and/or stirring. 19. Use of hybrid materials according
1@ 29091 /Mob 3R s adhesi ves. _20120. Use of pbypEP2I006/068708
materials according to aim1l as one-conponent
adhesive. 21. Use of hybrid materials according to

Caiml in an, adhesive matrix as 2-stage adhesive. 25
22. U§dadm Rybvi allﬁléte@PﬂﬁFQnaeegmﬁﬁ@Z? T ai ?nSI2\1/ei n

an epoxy matrix as 2-stage adhesive. 23. Use of

adhesi ve ccordi ng.to.d ai 19t i 3 :
At ondFEpe 3. il PRECRONIT A RRF AL TRERG VU | opoTaing <o
shi pbuilleding,, rahbhraeheciredonsn r udtdton andhepapanoscale

trave%c&%ﬁgnokggxiispersed. in the monomers oOr monomer
mixtures or 1in water, D) monomers OX monomer
mixtures with hydrophobic agents, emulsifiers and
water is dispersed, c) the dispersions from a) and

b) are dispersed and d) subsequently polymerized.

18. Method of producing hybrid materials according to
Claim 17, characterized in that c), the dispersions
a) and b) are dispersed by means of ultrasound,
membrane, high pressure, rotor/stator system

and/or stirring.

19. Use of hybrid materials according to Claim 1 in

adhesives.

20. Use of hybrid materials according to Claim 1 as

‘one-component adhesive.

21. Use of hybrid materials according to Claim 1 in an

adhesive matrix as 2-stage adhesive.

22. Use of hybrid materials according to Claim 21 in

an epoxy matrix as 2-stage adhesive.

23. Use of adhesives according to Claims 19 to 22 in
automotive construction, aircraft construction,
shipbuilding, rail-vehicle construction and space-

travel technology.



