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TRE é@ﬁp%%éﬁ% dFenket b

W)2007/0093238- 1 - PCT/ EP2006/ 068708 Nanoscal e

super par amagneti c pol y(neth)acryl ate polyners

Description 5 The invention relates to hybrid

mat eri-al s conpri sing polyners which envel op nanoscal e,

super par amagnetic, ferromagnetic, ferrimgnetic or

par amagnetic powders, to a nethod of producing these

maoi0al/809a2EB t o their usel 0 Prior B¢T/HEZODE/96B78%

883 (Henkel) 0.1% by weight - 70% by wei ght of

nagnetic particles are used in order to heat 15 a
bsak€e b%ﬂ@%ﬁ%aﬂggﬁéﬁid) WE (matdhpadBflatBh@olymers
strate used is an adhesive, which sets as a result

of the heating. The heating of the adhesive can al so

b®estrrlipgdant 0 soften the adhesive. Interaction

bet ween particles and polyner is not descri bed. 20 DE

100 40 325 (Henkel) d i b d | o
Eﬁlﬁylweéltfﬁog? : %ﬁf%agﬂ?’&abge erllnyg Véégrg)rlls_Lng

ner-and -3 nho
aghbesheest ovsidist eavedonndarsistg ld, cr SWaSERR FaNERCTEY C /
Olftert}sgééﬁgt%d ?899&199%1&51c108r5§3a9c%$1a§;§@§156@m&‘@b|)
descri an adhesive 2 eet_conprising %ngon'go%ﬂglr

't .

oftof @ metEofaPEi BFELUEERS f 5o ol F°ed Wi t R701 & c
agisd). and PE, PP, EVA and copol yners. The ferrite
particles may al so have been nodified wth sil anes,
quat er nary anmoni um conpounds and

s&FHPHt BBFunsaturated fatty acids and salts of 30
strong inorganic acids. DE 199 24

1§§(|'Bﬁ‘kﬁl)d cg%s%rg@be qswgel(-;onppsmellgﬁtvmlh70° by

nanoscal e particles. EP 498 998 descrl bes net had
hegtPhE Spr‘W%‘fl%ypqﬁt&r%\ﬁas\/ W& e PePFgrerﬁ Egt ngt

part sebesrate dispersed 35fi nthh!eo‘p@‘V@/m:_ﬂfadr#@ttrl@*(l andghe

s%fog\é‘@é{fé lgé&i' PL tha%aﬁesIOS f GhionBgaes i §s par tregli2 s
are nere

| spersed._in ¥ge rix. MO }L/ g8be
774 FEBCF??@)“Q}I@% HESt éngu c%é%osswte i oh
W02007£68893238s0 L erPCTHh&EP20065 068709 n¢enpr t 5Py PECYEEY
MBLODL o1 S0 MEORt s Ofnpaddddanaehi ch can absorb
u

rapi e co;/rjponen, o andog?lc rlé]g Ev:.ng

23@514})&@@S&a)1ﬁiicsﬁdmesanadhelslae pFimenpaesict | an hogrmelt
pr ucip gergq%z%% StefOMRd SiNhA ROLYSRIvD ensl apdry

crossfln er es, the crosslinker particles being
ceHposedt btg fémd! &P8diffii ch are ferromagnetic, .
ferrionon@etisl, PR BFchTagnbl) C stqzabaﬁragaret ieghegnye

Crsﬁgglci nlég{lprlslsn.ng ondegon%bq{Hdcalclﬂ 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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10 to the filler particles. The filler particles my
al so have been surface-nodified. The filler particles
may have a core/shell structure. The adhesive
associ ati on obtained can be parted again by heating it
to a tenperature higher than the ceiling tenperature
or to a 15 tenperature sufficient to break the

chigbb6d) obeisg of the thermal Ly | abi | eeqr/@me9067 0681208
surface-nodified filler particles. DE-A-101 63 399

descri bes a nanoparticul ate preparation which has a

coherent a L sper sedobh i I
pSP?PEh?h %ﬁ&sgyorg gggrpa%gnagggbgbgﬁ%a%%ééﬁ?EECQ@§

pehi £bl esn abeortarmilowevRay 2 aCYER R -CARIEGEd 27d @
paLLif ea@érﬁ.{TEt'I@fe |c&mbbﬁeﬁﬂﬂﬂg£ré memne2yt @1260. nm and

conta t me f.th

COPHaPoRaain 00 DRRTATe, TREb PGS Pt ® st
nenmposnmnerﬁomm.md@@nrpm sEBeBOF Lt (GFPrising A
dj, B&%& diyvahent sagt al sxoseihied  stpmnddcfles, a the

furt taI conpanent mhlch CONpLisS I t
tFF9§F% %%t%ﬁrtH%% erent” Eﬁhséan§§ %gl%%%%osgﬂgg?

materfeamomagaﬁtccsofeérﬁmaQ?ﬁﬁﬂcywéﬂﬂf&ﬁ@éaﬁﬁﬁﬁﬁ%%c gr
BaPQﬁX@ﬁ%ﬁﬂ@bl&nHD@QGEélBhKéMYanlﬁspwdmﬁeﬂ a@mically

Cgﬁpggﬁtﬁbﬁlﬁfepa¥ nf %d %éyﬂg a%@1%§g§3h39 also

n obj ect , of
i haeat ibeent osxptrfiﬁ\nai@oallﬁa?érl ghe3sf i hlRr cBﬁ’ﬁF’r%]e%s may

ngposcal esihenRaanaaetiuee . f @heormyretive, association

VERERTRGboSETn. 5 - BT EbadtieT barte Loaring it to 2

n’aémpemmrh:samgm_&mgc shesopel g drifeiitore ox to 2
feLk, ,IQQP&’E@Eé Csuf@iélémgr@i i Br&dk pe@manaet ¢gl photds| e§

gnvglg?ed b 1§°|¥2§{f2 2oR8 arthyl@Eebys&ggaggﬂ%galfled

filler particles.
DE-A-101 63 399 describes a nanoparticulate preparation

which has a coherent phase and, dispersed therein, at
least one particulate phase of superparamagnetic,
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 MIIMIIIOq4, in which MII stands for a
first metal component which comprises at least two
different, divalent metals, and MIII stands for a
further metal component which comprises at least omne
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 paramagnetié particles.

This object is achieved through the provision of hybrid
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5 The object is also achieved by a nethod of

m ni enmul si on pol ynerization. This nethod, in contrast
to the nmethods of conventional emnul sion

pol yneri zati on, enables the preparation of the core
(inorganic particle)/shell (polymer) particles. The
object is achieved by a nethod 10 of Claim 16. The
coed0sano b ¥nvel oped by -ose-shel |, bRAT/HERHOY 068H08
or nore shells, or by a shell with gradients. The

shells may have alike or different polyner

C%EE%%&LiO”Scoﬁ£r$%£Hén oﬂgnéggéiethesﬁﬁéﬁﬁ&¥aﬁ3@netlc,

osition may var radi et&ﬁé 15 Thr ough the encasing

offeFﬁémﬁ%%%Jé‘al e e%{:ﬁ%a@a?r et PE- 2 Gag st ¢

f%hkrlemag@@t ity opopghermgneni coparidwlaes Wt rpCt]l’Ye(meth) -
pQ ¥mfrt érrproved interaction of the particle with the
lcy Fehvel ope is achieved and it ﬁo is_therefore,

pé‘b@l pbéets hehr kiR e WSk PHgaoPethad it dei/e il eA o™
f @oeymeanascalre, Mipenrpahadngnet contfaFy grmdgiet imgthods

f ¢ t Ah < the
| SEP A iendl, PERETRAN bGypActi L6t hagndiees ch

eat | ng t pl a
bprapanstisin Cdﬁ/erﬁhebnzﬂo% f(&pﬁgggﬁl%nepig): cﬁlﬁg/sh 7%
pr 96@{;1@@}))/ ;ka/rﬂe:ﬂ@:s ofrhiendbig bt v ei enecigyaved fly eheethod
DRI UR! £5 ) AR OLobhE LKL Gkl ob3apaSiblbe shell,

pare T a e an St a esli ves
abhesialss vmt htVﬁe OBy BRGTE nﬁltl%H%l BF e B0° ﬁﬁ@%nws%
a@@aﬂ@éx@@é e fiole assiempke mathediave behtikag of f eGifferent

I|mnar adh e bond | 0xnenf anculbitRbe
agﬁegm(\a/eﬁ ?Sﬁlg C#]rsgug |¢r\17??%cfgc§l|h%n);g hi ghee%erg?

i pownes higkt imay, VEEY AgRBStAE) super par anagnetii c,
ferromagnetic, ferri- 35 magnetic or paranegnetic

p?%t icles are e%}}gasgltn edofvvl thout \Rriok act i \é@{ﬂeggagg_

nary coat1 ng, a system made up of one N
nmﬂénﬁmnef%rmm%?e% AP HERENESE G e %’F&H‘é‘gne ic
apRrepéicd eviint htH@caysiest antprofed \IRGOAHBG098288- the

'PCT EP 006/q§87$§ gg%?ﬁ%%ségygioﬁgdigraeﬁléved and it

h{8f ophiobi & agen meri zatiQn is £
subsedeartpyei massdbae btgptﬁ@ha%%l thechifiagdes. of the

TB@h@@D&@C%@thSUQ&JM amegneddade ,f er sopmgretaregnetic,
e REF BRI c o BT aE D S LUt ur e S o erates
shedhsad nesidededs @hep@rmranﬂ ends. In a first. step
arhi $leashall mefy t bexsopehsbeldy sysdmen bs appivieatitoal
tggrggrgfbgng§89§ Ltnbgg Qyéﬁiynb9°h¥ans of inductive
energy .

Wwith 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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(Menbhecs y| atused2- pr opgny| PrefayaRYY| at &4

by netered addition of the nononer stream
Mononer susedar epr ef er abl ym xt ur esof (neth)acryl at es.
15 Pol ynet hyl nethacryl ates are general |y obtai ned by
free-radical polynerization of m xtures conprising
met hyl nethacrylate. In general these m xtures contain
a t 409 wei ght, pref,erably at 288
m@95ﬁ6§é%%é%§ particul ar 6reference}gﬁqﬁgggggzgggby
wei ght, based on the wei ght of the nononers, of nethyl
met hacrylate. In addition these m xtures for the h
pREpATiSAAieE FOCYREL IR FrePHIEPHRRES G Confhi s&Pe
f ubtl brer (Fetiraciy| atpsegdéetilyar entojrciednery zalhe eunireh
Zg ”E%Q [ gethacrylate. The expression (neth)acryl ates
heF&"deAot es not only methacrylate, such as nethyl .
nEhRaceppacale ot HNCTRSCREGIYRELE, BEEEOMATEtELanpPEr -
bkl&gllala§9c ask )ﬁaaia]?nag&lé&hca;@aﬂﬁihyés anetyy ket eel;nlcéblayﬁ in a
acr te . etc. r_exa : addi t urgs
360%??%%$¥% Tﬂ%@%gﬁ%ﬁbngﬁg%ar%%% dg?; E%g%n.g%%%§§ S
i nelywlers amromyplorigsr Blepd®t h) acryl ates which-derive
f ﬁﬁmlasgtiggg; gg%@ gobmf&; Shielt anf netidoradisihkedl e system
et hy th)- acryl at 0 , -
n*ﬁu?ﬁ%g%ﬁgtﬁ?agpﬁlg¥5? ?g}gk%%%yf&?ﬁgt %§%¥§?g§e?01y
peatykatint h) Aey yifarshand sheléphyAdfexiprmed 1in situ by
(etb)agradsaie onf 6F examnmbesmdmeidi)eamacr yl at es whi ch
derive fromunsaturated al cohols, such
W)2007/ 0093238- 5 - PCT/ EP2006/ 068708 as olig

PFgE  of
(L peoembatces . vinyl (meth)acrylate, for exanple
aryl (nmeth)acryl ates, such as benzyl (nmeth)acrylate or
phenyl (nmeth)acrylate, it being possible for the 3ry£
5Pp bihetl | mesdelTyastes o Hee undeRta it e@P6FIPE be™Y
SE‘Péeltai:Féﬁi% up hﬁ&lyﬁr%lﬁi_zbit lmsﬁ ; Qﬁc | mlabimkeé netchyprising
acr es, .such.as 3-viny y ;
P U CRRT T ROrEAY o oA Al T B ey ot o
saich las3- Ak oRy prsiih t nertdierafilat et 31828F hyydroxhy
g@et V| a@e‘?b&@gwkgi@lir hyy£ls Dacyeaidey lat lee;st 81% bsif

neth)acryl ate, 2- r OXYPr.op a

dYEHEt ) -PHEY 1% &1 gﬁ%ﬁ%gsd%{iggﬁkg%gg%%%' 5t Hothy
(methyacrdtat.e, Inetldddciphat 85268 efMhBFUERToNBPS, the
Sﬂ,lf&l)é_sagi%ﬁlr aby ?rﬁal‘wﬁ(fsebi?yht (hrﬁ@d:ﬂ' g)@@rl tlyﬂtafse_,may comprise
vVl nyl oxyet hoxye .h)acryl at e; -
nt Eﬁe%ekﬁﬂ§3@F§Fig%ﬁg%dFléuéﬁpgégﬂggféa@ﬁg with
Ned Saydi metdtleamviepeopyTh¢ meekyressiani deeth)acrylates
Na&u[ et%&begeszawy?)ﬁhptz m\@wy&@{m&@,,l 1shm has methyl
acryl oyl am do- 2- yl - 2- propanol ; sul phurscon
e Hargpliates, %%31111 ag\eg{lﬁﬁgﬁﬁ% nf/allégt' hylfo%ne%%&g%
asuty| atlso 4athiybeyanatobit yes( meeb)akr yicavéate, ethyl

eé%%’ée",h%@ et hyl, (dEBihacr Wt eadikiiesyanat anethyés
(me acrylate, nethylsul phinyl nethyl (meth)acryl ate,
b? % (¢dEt-h) acr yl oyl oxyet hyl ) sul phi de; pol yfuncti onal
(et h)acryl ates, such as trimethyl oyl propane

th iegsnéEt Im) _orgesrsaci[%}_lé at 8 geBesidesmt. Nerdipt M @ciad at &8ong
seteBut above,” the conpost- tlons for pouynerlzatlon
neshedsso dBRER! AC TR HRs 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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unsat urat ed nononers which are copol ynerizable with 30

nmet hyl nethacrylate and with the aforenenti oned

(et h)acryl ates. Such nononers include, anong ot hers,

1- al kenes, such as hex-1-ene, hept-I|-ene; branched

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

1- propene, 3-net hyl - 1-di i sobut yl ene, 4- net hyl pent - 35

1l-ene, for exanple; acrylonitrile; ving esters, ch

asiozionyl/ 0883238 e; styrene,~ Substitut ed %T&ﬁ%%@&éfﬂéé g

an al kyl substituent in the side chain, such as

[ al pha] - met hyl styrene and [ al pha] - et hyl styrene, for

V\@L%Oole99;323ﬁetﬁ) a@:@ﬂ'ﬂaEEQOOGJ-Qﬁ&igﬁykx alipeieh) acrylate,

t t tu Q.

aﬁg o dxé?acyrﬁ g, ", 2N lgéé%/ Dats! UER! B

V|n y st yrene,
ha‘lrwéedateéanst:mwe%ﬁ RGP 23S %@Fﬁ of ety AsRedate or
d Fﬁ@h?ﬁ.os(tnﬁéﬁ:ﬁﬂ‘8§ry1&tt@,r oppsbyliagepoantbiet fabr ohe- a5yl

enes, for e I het er e
ﬁlggiﬁ @fhy?% L FRe, %§3V$%§Q%¥?I%Fﬂght&@nEQUW§§ >

Zsﬂbshytﬁteﬁnytmyrtdlnéous ebRPES 4- VEVRAQRMN ndmeth) -
a%r?ﬁggggyl &ﬁﬂybﬁﬁ|pyfﬁﬁ%&ﬁby?&dﬁk&pﬂflnméhhwacrﬁlate,
V|n i perl vinyl car bazg Vi r

%ngca rB%rzkglaé: V16 CF? 1‘%‘ ﬁ? oxydlallﬁ§/l LG Razal8es,
ZSIIEhh)dS- 131hyr@rqutyp@fa@mle (mﬁ-t\]?ﬁ) ﬁyﬂg%q@ﬂ i Yohedihydroxy-
Zb\/ﬂtg})ﬂ DX&EQ#)Q@Eﬁa% Vi mﬂrﬁzwrxfo&lhfedhﬁe (meth)acrylate,
3-vin rroli Vi N R act :
NP H§FB%¥9¥%RY taﬂ] %E%V¥ a%@ V|nyFF&r di (meth) -
vienylfhtephensuchyi A t hﬂoﬂah’étaf?ﬁ@ﬁﬂ]t hi érﬁ%?ké)sacﬁﬁ(&ate
hl(%é%ﬂ?&é%ﬁgaﬁféély:df 153t:h|é|r32@|leslho!l$ny|$1xcﬂzolaes ardra-

ro vin es.,%iayl an

NQFgguﬁ%T€¥% a0|§“3éﬁlva |ves suc%lh e elox'yethyl
arﬂwdhv derylmtdry| pmidee @iy driBel 1ol fni H%eth Jacrylic
gﬁbmﬂ :Tgls@ic@i‘ deys f of- exadmheshyanehidbppesyl )sugdtmacryl—
i vinyl benze es _
cEfoRBer 21 &geﬁ%ggpﬁﬁS%n°%%5§%?ﬂgfgggiégi%%0ob? “meth
wekght pypaet dr-doing thyt 8-R09PHYO Wei ghEU &R A Caining

pﬁé&hﬁékﬁiaé&@f er gnae 08(9, t 020% by1pweirghterhbasedrenh) -

th £ b f -
I B e v T e

Thelpbbyyeetlndt i on Ksegbh@¢%N1%ﬁq nltlaﬁ%ﬂo%xﬁ9ﬁ50¥ﬁ6%ﬁl
fQﬁ@tg?Qéf?daﬂé“t'ﬁgﬂﬂﬁisdiﬁﬁlﬁyﬁﬁéfmﬁﬂ i dtitarylate,

b ol R G [ P it st

(ﬁeazomwmemmmmtmlomJ@pw (g meth) -
gg radical initiators, such as peroxosul phates or
%gen peroxi de, for exanple and al so peroxy
conpounds such as nethyl ethyl ketone peroxide,
agebyaagetn@eumﬁﬂﬂxudeiadebaaeyl085 PerOxi ddre composi-

%th“t¥£%u§§pﬂmﬁhh&%Q§éﬂn0ﬁh§ ketone.fpesx d€urther

i SO ket one per oxi de cyclo\yﬂexamonqble with
péfléiliﬂ‘éléat?ﬁ bEWRSFRTBer BRI, A5 t CRAPYY et B}

methyl methacrylate and with the aforementioned
(meth)acrylates. Such monomers include, among others,
l-alkenes, such as hek~1—ene, hept-1l-ene; branched
alkenes, such as vinylcyclohexane, 3,3-dimethyl-
1-propene, 3-methyl-1-diisobutylene, 4-methylpent-
l1-ene, for example; acrylonitrile; vinyl esters, such
as vinyl acetate; styrene, substituted styrenes having
an alkyl substituent in the side chain, such as

[alpha]l-methylstyrene and [alpha]-ethylstyrene, for
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benzoat e, tert-butyl peroxyi sopropyl car bonat e,

Wp2007/0093238- 7 - PCT/ EP2006/ 068708

2, 5- bi s(2- et hyl hexanoyl per oxy) - 2, 5- di et hyl hexane,

tert-butyl peroxy-2-ethyl hexanoate, tert-butyl

peroxy3, 5, 5-tri met hyl hexanoate, dicunyl peroxide,

1,1-bis(tert-butyl peroxy)cycl ohexane, 1, 1- bis(tert buty

| - 5 peroxy)-3,3,5-trinethyl cycl ohexane gy

hyidRep@r 0893238 t er t - but y| -h¥droper oxi T/EP 006/068708

bi s(4-tert-butyl cycl ohexyl) peroxydlcarbonate,

m xtures of two or nore of the aforenentioned

gf%@ﬁgmdf %E%tﬁiﬁ:e’iﬂ(ﬁﬂym‘eneandlahsmnakkml esalpftithent
or nti.oned cq a SO

wﬁFc% ﬁ"FPkeﬁfggp%brn1F&%Eg%ggﬁéaégg %Qm e cgkggﬁﬁgé

ah@lggedat$@qu§ﬁvr?n?ﬁransﬁﬁ&ﬂna%ﬁ ﬁpéﬁ@gf

W%h&ﬁ&or@é@i&&ﬁhiy 0k rOb28md o 3%rins webght | ¢ﬁ§ﬂabrgm0-

the wei ht o r 5
pSS¥FBRE® §b %X??%rentgﬁgkp?%g&% ¢ ggggﬁgﬁggtbuigﬁ,
disiatlr faer @xanmlpywd?meecu|3awlwﬂgﬁ¥l%+nﬁ?'n thdet
gggggg lﬁ?ﬂg@ﬁk@lQ242%Mdnaphahympﬁg£®dmeasZMbkhﬂ@&hYbe
ri teri ui tab

cV&B§9ﬂ§%ﬁ Obes V%oﬁ??% ﬁ%%i#% ’of tkgn exg%hqalng'
t@%waeth$$bdznk§; d-wjew lsayParese: pofyBERErEy e’
hqggﬁhﬁg%ﬁpgﬁ%ﬁmﬁsd j%ﬁ?ﬂ?yuLavaﬁﬁifmmeKDMes giNremnyd -

| Z e Q t

|ﬁYFﬁélt%%?%e of &dﬁgeaﬁ : Iﬁge ge¥1H91 rd@&ﬁ@ﬁe,

USE articu

pBefénehoerrsligiiven t¥- Ymmwagtté@ rwhil c‘f%laféh‘l\‘fé’ro‘
f ngm sat ur at e, BdcONRles hawiing16uRdnC at oimyltltiopieng.

_p055|ﬁle for e aIcQthazo sSdug &Olggu%b%ﬁﬁEe@rV1nyl—

bV aR¥hE Hlo%ﬁP%%ug Yor eXanpl e, ~one ononer
cohpesptesn conwwﬁ§§§29@ﬁ§leﬁﬁéhlIFYQﬁgaFH?%W%d vinyl-

maRQuBt ss of Forul @&xd ) isoprenyl ethers; maleic acid
derivatives, such as maleic anhydride, methylmaleic
anhydride, maleimide, methylmaleimide, for example; and

" dienes, such as divinylbenzene, for example.

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 initiators
~include, among others, the azo initiators widely known
in the art, such as AIBN and 1, l-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 peroxyisopropyl carbonate,
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. can

W)2007/ 0093238- 8 - PCT/ EP2006/ 068708 in which Ris
hydrogen or nmethyl, Ris a linear or branched al kyl
radi cal having 6 to 40 carbon atons, preferably 6 to
24 carbon atonms, R2 and R3 independently are hydrogen
or a group of the 5 fo ula -COOR, where R represents
hydrogen or a linear or branched al kyl radical having
6 to 40 carbon atons. The ester conpounds wth

| pingOoRaDA932IDhol resi due dan 10 be OBt Efede4Pe8708
exanpl e by reacting (neth)acrylates, fumarates,

mal eat es and/ or the corresponding acids wth

| ong: gmgw é@ﬁ&%@i&@qb&mwe—mm@@memmg

((:%g?rﬁl) g?_ g tpgg)é WVt %}é}%ﬁﬁﬁg{ %oa% ch @as. fQkyeX %Jgilog‘qyu

resi ues whose ch%_§n3 _

di3f, 5e - tnlm@ﬁgﬂhexﬁii@@éeﬁ at £ CEIEbhoP&r PFdSrde, h§

g( Q%'?A’I%’—bh o1 fdls%lg(yc)lohzgalaeand O(olAtLebhs)Et(e;:;t 190§ -

o Alco r r m

| BPTORHEl o § f€§6@€§V?SV?P?§%T%9an I"(r Ilf%‘ %gm

C@m:ie’la Epatfbl)tﬂohmmwﬂ)e 8 sf Oﬁ?ﬁ tylceyclo-

OQ;b p%&ox Q; LhpBYRhfs) ﬁ@xtlh.tétevef(rt)m9ldr amdre of
ano

f Shel | AG t
mtgnat %Eﬁ?ﬂ%’ﬂj(‘?r;eo d’n}%& 8@ ErY r om %—le r& ]Augi% %(lrS))
Limdepokés ) oF- rmeaMoA@mspbime)d ORI HELSK U] %ﬁ%?st%e

ngmgggﬂggmwgiéHuggﬁthkb@mb@aféﬁmLﬂﬁﬁﬁ:waaﬁedlannonﬁrs
e used individually or as mxtures. In preferred
enbodi nents of the nethod of the invention at |east 5%
paheeentcdmponeiightarsf thed ndnemerBtlyr éferdb| §RaEnt ©
| @agh 6@ PefoLent MpivBtghrefetiBlpDBEME.9% Wid h3B0by

eisHeFs - o0Be8ucin T TerdlY ol ohteopolfphobs. Ofa s

etchyltent calt yisnsstssidiled fronsfer ﬁlfafreé'ent poly (meth) -

(metbhacry! ghesn Rief&F ense ésagdenin mykavdesr teight
nonoirer coq&ﬁiltlons 35 ich contain at |east 60 per

c &t 1By thRi HHONSE (YBEPt reUTar preference nore than
8096by wei ght, of (meth)acrylates having al kyl or

%%/@Efgﬁhg}%’ic chaiiss t hat weont abn Bt keastl Gocahkomybrid

“base he total 2007
BetAEP2000 0808 ST GRIPE 1 N BEy | SR ES TS S FEon
Um&&tUtaﬁpdOﬁDnb@Ethadecdagﬁ,d@gtpﬁ@tbyﬁﬁ*ﬁqﬂﬁﬁylégégo_

P rs%&ﬁ"éﬁgg e bé l?& §9e£é vep h@xgﬂh.@@f&ﬁerﬂzr&lésu nmpattdsular
dittonally have Io(%?slphakgzg hgﬁ éﬁgﬁ@ﬁ@@
BPTR&FT 8RCx il §1VEY st PosSiHs € 6 M GEe
W@u&beaﬁ&e@enkyedotr@mmdheJgrommeoﬁoﬂh%eapﬁyﬁﬂﬁmequent
(gg%h)acrylates having 10 to 30 carbon atonms in the 10

al’cohol group, espeC|aIIy undec acr
5 Paathyr e syt R 46 FRYEE, )éaog‘i E?Qacrﬁyla% <% which
(@%&B%QCEybﬁteatﬁraﬁémyélhnha%H hawem@)écﬁﬂlﬁt@tomsr it
|decyl r t adethyditdicdeeylbe linear or
eﬁﬁ?ag ?@%f@ %é%r%%%cy c(neth)aé}yfate, Sén#gdecyl
(h@ﬁh?b@@ylate hexadecyl 15 ‘
(neth)acrylate 2- nmet hyl hexadecyl (net h) acryl ate,
hept adecy| (et cr pr aggggggeqﬂ
ﬁgPﬁ)a Vi at e %f§ %Q%ut ?Ogggdec é h%ag angges
5eehyymmwecyms@wmya@rwa%erss Cl%é FBPyFolt Adecyl
(meth)acryl ate, octadecyl (neth)acrylate, nonadecyl

BN R ()

RZ2 O
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20 (nmeth)acryl ate, eicosyl (neth)acrylate,
cetyleicosyl (neth)acryl ate, stearyl eicosyl
(et h)acryl ate, docosyl (nmeth)acrylate,
eicosyltetratriacontyl (nmeth)acrylate, |auryl

- (meth)acryl ates, stearyl (neth)acrylates, behenyl
~(meth)acrylates and/or nethacrylic esters and 25

m xtures thereof. In order to control I
WE0gRe7 6903 FB ol yners it 1i € possi bl e %@f‘@%?@?%?gm%
pol ymerization in the presence if desired of
regul ators. Exanples of 30 suitable regul ators include
al dehy geswisitth ras <f dydmbdehyaoe, megdatial éehl,/ﬁiale”1 linear or

propi o , ut ¥gg&@l§fyq%vq& [ sobu; yr4ed debyd»en
form ng%:l %kyam%%lbﬁm or nat e dr%

sul pha'%o%rd W%@Hlé(mﬁ)n‘f%n%%h%‘gﬁoé{ ?&E?dl t ongldl }/1
it is pesspdldertayuserd5 nedugrror orwhichoxwm aion  the
sul phug I n Of 93| Gal | yapgndeg fxoer;mes%ﬁeg agacsgani 6r a

conpounds” cont ai ni hg SH.gr oups,
t hi ogl 9é@¢%e9¥cbéépﬁheﬁela&ﬁf%oﬁl‘%lﬁcaﬁl baydpg © to 40

mer captgepdrantomsrer capt opr opanol , ner capt obut anol ,
W02007/ 0093238- 10 - PCT/ EP2006/ 068708 rer capt ohexanol :
dodecyl nercaptan and tert-dodecyl| rr%{c t.an. A?x

r 8hel 8EDPE FEMRAUNSHS afife 1Pﬁ9a8]a¥’cf?o %%P‘i}sge% t's 6f"
hydr &Zl:bt'_réﬁn%dChfca{S bxdmﬁzenbymzseﬂqmaige (T ) REBYALS ©6F
r equl at or e n rs, = )é@gagzagth
a%gmﬁ/a%o 5% aaslpre er tgg’]% gg 8%{054 §8£ge%§}3 %ﬁ@ The
cdpag-ehaithe faventi éﬂtco?ﬂésnanéi]s"@al &xe ﬁge erally
meghRgti €ind e4r poRgaesi 6f kererangrethcasy ﬁaralﬁ?ﬁgﬁ‘é’tlﬁe

nglggfl ICl e € HQEP03e oﬂ 1@ PRES diePNGRs@0MBhAins

T7e("6sar e "conpose rrt%gnegﬁi met a& gxide,
déwBEms Ravilegohhdi FRSEEr fé‘itti CPHS-Am -3¢ g

n@ehaﬂgnet@@ et edhan® delmataridk Oro netlajohgldxI W, Oxo
ggﬁ pﬁo@agﬁg&l&c ﬂ?ﬁﬂnt@o d%l%ﬁgﬁbmg TRy f*i‘@m ICI;

rom-t of the fegrrites
pﬁlﬂlﬁpéulléﬁopr eﬁéﬁ@hcé%for or@he 241 8lp %fo rF&OF‘r ﬁondea'
O%bees. 61’6heyaﬁ@y a3 snONndetkdm t Behyl corfsirmoshyion;
f grt Lal La]trhe UL RRgRSt i G JTBbEL Xy o 1o Q@Lt h@rcﬁtf Odpell

FEX3 Sili con oxi des. The nangscal.e, L0
safer ri&raérrééﬁetflr@m fRsIuRtad0 e ghet iRePVORF T | AE né[toro
Ok BRI af@monat i echAlt i Gl®s 1dnepbh® the If oarrdofACszmtéi' 91

The r. my be conposed of aggregated prinary
pggﬁgﬁmg‘g’l n¥1aggr egated in the sense of the invention

are meant three-dinensional structures of comrerged
PrhEBIhRAMEhEE 88ea T\e@ heHL efm&&lﬂﬁ aggeegad esd napnpoens

toforma |_oner.at e Te a c
sEPRr BFed! %8 lﬁldlvﬁag ¥Zsi{ %%r gr[IEJtﬁﬁrSé 2f %%%'fle&‘r@@
aggbegatests nobd the ph@#m%/ pér the) e’sn‘f%n%ﬁer%‘} | yeRSE

.pgﬁsbgi’eceﬁgeb§'ggfe§%te &l apeé emonbméhe, preferably at

Slilgg; ar6aon?p Qetcl:gngo%jy 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 compogitions
which contain at least 60 per cent by weight, with
partlcular 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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30 may preferably be greater than 100 nm and | ess than
1 m Wth preference the aggregates of the

‘super - paramagnetic, ferromagnetic, ferrimagnetic or

par amagneti ¢ powder nay have a dianeter at least in
one spatial direction of not nore than 250 nm 35 By
domains are neant regions within a matrix that are
spabbabl yosepsy ate from oneganot her. Ther /duRA0GE068708
t he super paramagnetic, ferromagnetic, ferrinmagnetic or
par amagneti ¢ powder have a di aneter of between 2 and
W2007/0093238- .11 .- D687 100n6hdRs The
d{s’ﬁﬁ,gglg ﬁgyg%\ seot:h c:)Lr? glzégggﬂ%%agneta%%dr gginons whi ch
make no contribution to the nmagnetic properties of the
pewdeles Bhé N(mslditdor latebsSpatsergussiiyd elfsor gilteneto
to be magneti.c donmains whi Y. Ml f ibe SH -
d@aﬁs?tgghiaﬂidt slhnbaeﬁapaersarrvgg%e igér{ﬁa{%n é\/ilhli%ﬂﬁ?‘a%uggﬁg
r eanengécoihli sredsdgdesto an increase in the

vol unme-specific saturation magnetization. The

proportion_of these 10 damai ] oppat.i.so
n&?fbé’\’ayofoguﬁﬁ?%f%n& nett C?g selr]#hoe?mgﬁegl :S% @ obhibes

f ghichageeti c deripadandgeet i EheondFASP hehevERe j §lkyl
| QWethha@esddanceaMAd the 4y esentcairbuentdtomst hien  the
nunbe f ‘'super par anagnet.i fer net |
f@llFPﬁﬁgnetg?‘Jg’ugr par rré:dﬁlég'iyc dg{rml ﬁs 15hgeitehs)§r?try§ﬁte'
t Bemstpel watenyEgntetd) absy Lohagne?iecy ¥ ef S GreY e t6r
paranRgheidgeRAWer hscipiitvastep al ltawdehel (meth) -~
preparati on o e_invention t by af1
AoRRGNAEro. o TEBTEFOIAOTEL | R TGPha gt Sha. The.
damethsacfyldte supansaderugnetmethfaenplatsy nhgrafreyL
f Q{né}:f{‘pglélg&}iegté)’r I- parahRg ﬁ@?_hé}g@@&@hﬁlh may (deecls acrglintded
conpl et e or o rti y the_epconpassi

i HﬁPﬁﬁﬂ?%‘y}mt ri Q@gﬁg?ﬁ: a:F%/tyes’ur r ouﬁdg% rreans§‘lte%gtadecy:L
i idevhilactydoreai nst they tpboty baetademik he(RQHY 2C8Y R8N

ag%‘éﬁ?ﬁ@ctéﬁc?ie d@I@RiLY 8. cPRYa EONt aB i enerapy lootedecyl
met al . oxi des. h

e neti ¢ domai tal
pIBFER ABFYY 19 oxi HEC G on CoBA L2 i ckel o o)
chmemhlayrelatepi umicpsyii uipeshhee T gafoMiLRE-GREY L
I Qm%gﬁisgcﬂgi%élstHgaﬂ%te.@lcogﬂgeﬁﬁy altaeypae«fspntio:r:nsal
uni form nmodj fication or. i iffere i .
ONBCEh It Rttaba Y By ar ey} e Ak PR el Ty ey 19ee;
oxkdeyin tHeetblawoflammm- FeORyA Fe20mth pesgiates.

n})éhg£§§ Regﬁ%% (¥ndrRO3he BREE BF1 ifce 384 erfdheand

magnetic domai ns may further be present in the foLm 35
OPIZCHF KB ERBESPE -of "at | east two nmetals, with the
nmet al conmponents iron, cobalt, nickel, tin, zinc,

cagm Si YA FBNORAES o COPPESr Rdfiigl) of the
nggnegﬁ?ng??{?hi umtor yttri ummo W2007/ 009?123%'ri%§tion

- PEFYERDD 067 068 RYS SFRe SnignERFEY ddhhi Ha® ey
agdi tthengldeyehee stilis Bantesdwoth rclumlgénee al Exerpisa of

M.ILE azgf'é ir.% iaggr%/lelin%tl%ﬁgs I Dy dmt abueRMRENeAbrm-

wh'th*conpri ses  at ast two diffe&eﬁt divalent .o _
metdebydey t lrcgtel 8PEYRR oM oBF-OPREISIYTSal St ¥t ale

nﬁydée %ﬁgaﬁ%@utihfﬁmdew,esi fioymtobaktidcoppemenium
C%gzrfnmggép rhyércolgcyalamonium sulphate and hydroxylammonium
phosphate. aAdditionally 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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Additionally it is possible for the magnetic domains
to be conposed of ternary systens of the general
formula (Mal -x-y MoxFey)Il |l Fe2l1104, where Ma and M,

respec- 10 tively, are the netal s manganese, cobalt,

ni ckel , zinc, copper, magnesium barium yttrium tin,
l'ithium cadm um nagnesium calcium strontium

titani um om um vanadi um ni obi um @@@g@ym;mog
SISV EA 95, y= 0-to 0.95 oD y 1.

Parti cuI ar preference may be given to ZnFe204,

MhFe204, )
M@ r6Ee Bolee20, NhOlBEey 15 Fagagaphen 1FEd 9 0 FnGO9REY
9Qércg§9a§FeAS794g@1@t&|§elﬁo4w possible in addition to
Mh0. 392n0. 27Fe2, 3404, NyFe? hate.
erzm%%eig 3 ihg g§h4ﬁezohzf/dw%f BT 804b
nThe9 rOAREOAOA. r@@ufrhéozéhobeée%f ORh &R MRPOBRT YetBf 2

t Ne1 AR PRgNet d e MY rEX 69, NOtefddeldler 0r.@SBr tot 6d3% by
Preference nay be given to the oxides of titanium
zWeé8RFum zinc, aluninium silicon, ceriumor tin.
For the purposes of the invention the netal oxides

alTﬁg ?fe@sc'dfdetﬂ@t ahvahidrndesshes Ugdnh@scaslid, | caperpara-

di oxi de, for exa di tion .S i
URBSTAEL?x 5RO GPAPTEE U W VBBE 76 Sor phoies e e

apdketcteyst abei nemposed qﬁeapﬁ@EéF¥|éﬁdoP figgain. The
gg%%bgegogﬁénéoﬂnﬁoég@ POWELINnd 5 3Gnatell redidel coedins

ow tatterel spatial. separ 0 i
aﬁ‘éVéIBﬁal%s LFRR FT a8§ 0%2 % OZO %gﬁ}éﬂtllg oonﬂ;?rtr?shléﬁ ©

t hetalipeppadamagaetie, éer rm‘ﬁghet@kox#d@r r iR hEt i c ToP
pﬁé@ﬁ@ﬁﬂsthetgpmgﬁadgaaoﬁglﬁéeﬁayabbyska%ttedlee@mbyhe

35 Suitable super par e
GESEFPLER FOF CXBDLE ED AR A es e E
1e3é7aﬁauphefebwe|xunnrgan§p§d Chey hgry RBfitFHepnged 1o

r %ﬁ?hencgom%bgtgiﬁpaéﬂt | orofaliRg | mientd omaoraynagnetic

era ave W2007/Q093238- h 13
F’Q‘FFE@ZOO%‘?%‘GS?%@ 92 on “5f %upeplﬁpear Sragnet i gilicon

powteesi n arrangeahpernle 01%IPBOH ByAREHE,  TerTo-

Eﬁ@@?&:)’ @.eﬁr@ﬂﬂggﬁé@m 0095%trﬁm5.@9f@byc weibghichesl are

very part| cular preference in a ran A% ¢
ténlﬁ%eb)ﬁ%é‘} p‘?)‘”dﬁ%e S rggareg&algg

dbf_:;beégﬂtecﬁ)r @pammtmyonpareth@l‘l%s F&v ergfpreated silm cGhe
leggl deofar\:}ge 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 less than
1 pm. 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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t Wo2003¢0023R3815 in a knowthay, the rREEHE

evaporated at el evated tenperature and fed together

Wth a carrier gas into the m xing zone of a burner.

10 Additionally, an aerosol, obtained froman aqueous
iron chloride solution, is introduced into the m xing

~zone within the burner by neans of a carrier gas.
There the honobgeneously m xed gas/aerosol m xture

[e0]

burns at an adi abatic conbustion tenperatur Af
LA

and the resultant powder are cooled and separated by
nmeans of a filter fromthe waste-gas stream In a

fgbbhgﬁ step, by treatnent with steam containing

reSIdue waonﬂgyﬁshggcﬂggﬁgégcckggadhngthh

SE 8r%8?§ﬁ% nety ¢

Phykecoohenncaibwéf tof tRey tdita et e
e S e e $8PofcFt

In addition it is also possible for there to be
magnetic domains which by virtue of their size do not
exhibit superparamagnetism, and which induce remanence.
This leads to an increase in the volume-specific
saturation magnetization. The proportion of these
domains in comparison to the number of superpara-
magnetic, ferromagnetic, ferrimagnetic or paramagnetic
domains, however, is low. In accordance with the
present invention the number of superparamagnetic,
ferromagnetic, ferrimagnetic or paramagnetic domains
present in the superparamagnetic, ferromagnetic,
ferrimagnetic or paramagnetic powder is such as to
allow the preparation of the invention to be heated by
means of a magnetic or electromagnetic alternating
field. The domains of the superparamagnetic, ferro-
magnetic, ferrimagnetic or paramagnetic powder may be
surrounded completely or only partially Dby 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,
csamarium 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 iron
oxide in the form of gamma-Fe03 (y-Fez03) , Fes3Oq,
mixtures of gamma-Fe 03 (y-Fez03) and/or FesOs.

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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Matri x/ domain  Si 02/ Fe203* Si 02/ Fe203* Si 02/ Fe202*

Si 02/ Fe202*, MhO MO** Domain fraction w. % 50 85
50 50 BET surface area er/g 43 44 146 41 Curl e
tenperature C

W02007/0093238 - 12 - PCT/EP2006/068708

The magnetic domains may additionally be substances
with the general formula MIIFeOq4, in which MII stands
for a metal component which comprises at least two
different, divalent metals. With preference one of the
divalent metals may be manganese, zinc, magnesium,
cobalt, copper, cadmium or nickel.

Additionally it is possible for the magnetic domains to
be composed of ternary systems of the general formula
(Mal-x-y MbxFey)IIFe,III04, where Ma and Mb, respec-
tively, are the metals manganese, cobalt, nickel, zinc,
copper, magnesium, barium, vttrium, tin, lithium,
cadmium, magnesium, calcium, strontium, titanium,
chromium, vanadium, niobium, molybdenum, with x = 0.05
to 0.95, vy = 0 to 0.95 and x + y = 1.

Particular preference may be given to ZnFe,04, MnFez04,
Mnyg.¢Feo.aFez04,  Mng.sZnpg.sFe204, Zng.1Fe1. 904, Zng.2Fer. 804,
7ng. 3Fe; 70s, Zng.aFe1.604 Or Mng.39Zm9.27F€2.3404, MgFe20s3,
Mg .2Mnp.2Fe1.604, Mg .4Mnig.4Fe1.204, Mga.sMno.eFe0.804,
Mg1.gMnp.gFeo.404. '
The choice of the metal oxide of the non-magnetic
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



25

620 620 620 330 Saturation AnR/kg 29.7 54.2 17.0 10.8
W)2007/ 0093238- 14 - PCT/ EP2006/ 068708 nmgneti zati on
Cal cul ated on Fe203; domai ns contain Fe203 and Fe304;
Fe203 33% by wei ght ’

W02007/0093238 PCT/EP2006/068708

fraction of superparamagnetic powder in a range from
0.01% to 60% by weight, preferably a range from 0.05%
to 50% by weight and with very particular preference in

a range from 0.1% to 10% by weight.

The powder can be prepared via different preparation

methods. For example, a silicon chloride can be

evaporated at elevated temperature "and fed together
with a carrier gas into the mixing zone of a burner.
Additionally, an aerosol, obtained from an aqueous iron

chloride solution, is introduced into the mixing zone

within the burner by means of a carrier gas. There the
gas/aerosol mixture burns at an
After the reaction,

homogeneously mixed
combustion temperature.
the reaction gases and the resultant

adiabatic

in a known way,
powder are cooled and separated by means of a filter
further step, by

residues of

from the waste-gas stream. In a

treatment with steam-containing nitrogen,
hydrochloric acid still adhering are removed from the

powder.
The table below compiles,
physicochemical data for superparamagnetic powders.

by way of example, some

Table 1: Physicochemical wvalues of superparamagnetic
powders
Powder p-1 P-2 P-3 p-4
Matrix/domain S1i0,/ Si0,/ Si0,/ S10./
Fe,0s* Fey03% Fey 05 Fe,03*,

MnO, MgO**

Domain wt. % |50 85 50 50

fraction

BET surface m*/g 43 44 146 41

area

Curie °C 620 620 620 330

temperature

Saturation Am?/kg |29.7 54.2 17.0 10.8
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5 The resulting superparanegnetic, ferromagnetic,ferri-
magnetic or paranmagnetic powders are processed further
with a mniemulsion polynerization process to give the
hybrid naterials of the invention. The m nienulsion
pol ymeri zation can be carried out as 10 follows: a)
In a firststep the nanoscal e powder is_disper 9

t WO2ADMOMEIR2 X t he nonomerl4rixture orPQ?{d%2935_0%§708
15 In the second step a nononmer or a nononer m xture
IS :

magnetization

Calculated on Fe,0;; domains contain Fe;0s and Fe;04; Fe03 33%

by weight

The resulting superparamagnetic, ferromagnetic, ferri-
magnetic or paramagnetic powders are processed further
with a miniemulsion polymerization process to give the
hybrid materials of the invention.

The miniemulsion polymerization can be carried out as
follows:

a)
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 oOr a monomer mixture is
‘dispersed with hydrophobic agents and emulsifier in
water.

c)
Tn 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.

a) |

The polymerization of the dispersion from «¢) 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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di sper sedw t hhydr ophobi cagent sandenul si fierin water.
c) In the third step the dispersions from a)and
b)are 20 dispersed with the aid ofan enul sifier by
meansof

ul trasound, menbrane, rotor/statorsystemstirrer and/or
or high pressure. d)

Thepobyn®vd32ad onof t hedi speksi-onf r ont)FE/Z520RP( P &% 6P
thermally. Thefraction

of t hesuper par amagneti c, ferromagnetic, ferrinmagnetic

‘i{rlagg&@é@gnekhésgomnﬁar@ol yAeESCanintbe betosedinking
reaégg.ngﬁ%ggﬁ'the plasticizers. Particularly suitable
for this purpose are monomers from the group of the
(meth)acrylates and imidazoles, preferably vinyl-
imidazoles. There may also be auxiliaries and additives
present, such as emulsifiers and hydrophobic agents,

for example.

In the case of a multi-shell construction the outer
shell 1is constructed- preferably from a polymer or
polymer blend which is not gellable at room temperature
in the matrix (adhesive, for example) but is gellable
in the matrix at an elevated temperature. With
preference an outer shell is composed of polymethyl
methacrylate or of mixtures with vinylimidazole.

These adhesives are used in automotive construction,
aircraft construction, shipbuilding, rail-vehicle

construction and space-travel technology.

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,/Fey03) 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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30 Thehybri d materi al sproducedi nt hi sway ar eused
preferably in adhesives.Preference is given to a core
(hybridmaterial)/shell(s)(polymers)construction. '
Wt hpreferenceafirst(inner)shellconprises 35 polyners
or. polymer mxtures which are gellable at room

“tenperatureinpl asti ci zersorgl asticizer-containin

atin@onv 8032 poxy adhesi ves® At hi gherPcf'l"e/r%’@rozgt6 8é§708
W2007/ 0093238- 15 - PCT1EP20061068708 nor eover, these
pol ymers enter into crosslinking reactions wt h t he
Pbaskhekzes s. THRArdd it iam ¥roni thabl Bifor dhiss heapeseis

ar.e f t h
P BAIOREES St QPDy or s oy CRmfias Sienals

abdorbeomisdigdar vish aﬁ&%d%ﬂ%%s et it o5
eﬁHH%hét@fs @nch deiﬂﬂﬂﬂﬂﬁ4buag&nb5r 1 ostlexldangla@oakn is

he ca hel
SHEFFO ’éc% ns?ﬁc%@gspse é:rgg ISt rgf%%g%épgfn@ytgr rbing-

pbbyhemed| Ehaskhhpol beaket §&l I8er°|Ce Eliet s déafrﬁymerlzatlon
t%%@f@&%ﬁpfd&ﬁrﬁ%@tleoﬁﬁglhe&ve for exanple) but

e e
pmbyHQWhymsed in the experiments has an effective output
of 150 W, which can be regulated steplessly from 20% to
100%, a fregquency of 24 kHz and a maximum energy
density of 12 to 600 W/cm? according to Sonotrode (here,
'Sonotrode S14D, diameter 14 mm, length 100 mm). For the

experiments the effective output was set at 100%.

Example 2:

In a glass beaker 7.43 g of methyl methacrylate, 7.13 g
of butyl methacrylate, 0.45 g of Z—methacryloyloxyéthyl
phosphate, 0.6 g of hexadecane and 1.5 g of MagSilica
(Si0,/Fey0;) are homogenized using an Ultraturrax for
1 minute and then homogenized with ultrasound 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—methacryloquxyethyl
phosphate, 0.6 g of hexadecane and 1.5 g of MagSilica

(Si0,/Fe,03) are homogenized using an Ultraturrax for
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15 met hacrylate or of m xtures with vinylimdazol e.
These adhesives are used in autonotive construction
aircraftconstruction, shipbuilding,rail-vehicle ’
construction and space-travel technology. 20 The
exanpl es given below are given for better iIIustration
of the present invention, but are not such as
r gkoioay obhe23Mvent i on t o-the featuresPQﬁéﬁﬂ28§é6068708
herein. 25 Exanples |nplenmentation of the
coat appl yi ng m ni enul si on pol yneri zati on 30 Exanpl e
13 |Andegdl a§§dbe@ﬂf&[ Zmlx%g@n@fzeaet hythrreliharar%dualﬁe for
7.13 g of butyl netha §ﬁ¥#ate 0472 T
ZldpﬁEPﬁﬁlaﬁFnBe?ﬁﬁ?n Fate %5% SF h§§§§8§aﬁn
angsl.ftore dtobhiySi | feemBE )( ﬁf@/%’ﬂ)af éﬁaeteﬁoﬁﬁ&emlﬁg
Ui#ng}ﬁagrlggg{]ﬁﬁéﬂé%t&% ErBionuhe apgdst @Iaslmrhm@&mrzed
S40OBR  Toxkpdh T SATPOY APECOa SO R 80
quﬁ:rwabﬁltcan:eed v eldl 1\:562&@3??’10@932@82 16mmutes As an
-PgI ?996/g6§§Q§(§y 1$hakingy1 Thers ot stiamddaamathe is

|rst ass beake d d
{ HELEBRBERRA SO U5 S0 U CHacth| RETEH viTro | Bq Foud-

C‘b@titﬂ@eﬁOElésm autleheafsdamti rd9Gt gthe yprgration

gebggygpﬁ§ 1 2i8lhy! Bexanpate is 5 introduced, and
the sol ut i I's poured into a round-bottoned flask and

heated at 80C. The polynerization time is
appeayieatel y 3 hours. The UP 200 S ul trasound
processor (Dr. Hi el scher GrbH, Teltomb used in the

experiments has an effectlve 0
c3R Bedtaghl Bedtrsteflle S FF%%& Eh %fﬁﬁg%e 50
f bEqUeReY métﬁéctyiauauj0a4ﬁamlWﬁnﬂemétb?c Besoyvethy?

ne ~nagc
S%QBH%%E : grﬁ %f Gkngﬁeg{%dégaﬁ%a@aa @her g, o$onaigmide ca
t

oAPs DS { REo BRI L6 P Tae Bl 5o To0HE 16°7

Exasphet2: 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
ultrasonlcated with ice coollng 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 g

of butyl methacrylate, 0.6 g of hexadecane and 1.5 g of
MagSilica (Si05/Fey03) 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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In a glass beaker 7.43 g of nethyl nethacrylate, 7.13
g of butyl nethacrylate, 0.45 g of

2- met hacryl oyl oxyet hyl 20 phosphate, 0.6 g of
hexadecane and 1.5 g of MagSilica (Si 02/ Pe203) are
honogeni zed using an Utraturrax for 1 mnute and then
honmogeni zed with ultrasound for 1 mnute. In a nd
gliassoneakes238 0 g of Texapbh 1in 1596f39@ﬁ§@§98ﬁ/968708
Gernmany) and 80 g of water are m xed 25 by shaki ng.

The solution fromthe first glass beaker is introduced
| REQ Hﬁ%u%%&esd aRrd &rlﬂelﬁﬂﬂbéﬂﬁﬂ SOl B2i@noiEs tert-butyl

ultra onlc MAth ice ¢cQ r ny
| RPET AT A ejcfn@ of tlgrtmgu y Cép(gr %ﬁ% %Z’%}jﬁ%%%gcs

|§ounbdodHCQda andnd Heoswingd & &§atftlo
fied 50 BPndOt AR fchas_klgrwb;kﬁat &@t@ﬂyS@Gloﬁ'm

ynerization time is approxi mately 3 hours. Exanple
3 35 In a glass beaker 7.49 g of nmethyl nethacryl ate,
7E43mglefe butyl met hacrylate, 0.09 g of
2-nmet hacryl oyl oxyet hyl phosphate, 0.6 g of hexadecane

087ng GHEEF (PR dh PoP V03007 DU T T 8

- Eﬂ/kﬁ?zzao&ﬁélﬁ&m&latm nt-g5aad ehed-AFRGRRIFEROREPHL
;; §r 016 nHEeheiéfBe%a&%C@ﬂd gla@ dfeakeisitiba
(0] exa on I

n 15% form, gnl g
vvé?é?l’/greé i x88%b °§‘}?§I?Pﬁé Tﬁlglhgl ﬁnx rom tlﬁ'& 6%
f&rmingt@ssmbbakﬂﬁﬁlsh©mpgﬁn©a©@edw1?h(3%%ﬁ?@?@&&ﬁd 284

the g 8@@% neﬂ'l sol yd i oy 'g;?'légst RSQeC 3t. €d gWotth Teg@pon  in
COO m nut es. an i.nitijat Or

f
é?% GBWI (5%$n323'etcﬁ§/’1"?‘?é’>?’3n G&Ce 8% mtro%ucedgrg gllxed
Sbifuthammg pﬂwwhumnonafremnah@oﬁmcglﬁ%skeahar is

h%ﬁ&fgd@é?éqgth%eo%leﬁgﬁﬁl Za4 | @He 18orinbivRed Ssolut:kLon is
appr oxi mat e r ea

7u gr@s%qlci?é:tq%”w% hég? |C§f3 1n9 ff’ %%ngiscbe@ KL an
nmehbataydat 6. 2. 45 of dcferz heti’iécp?ro%%&yé{lmanoate is
gﬁgg%&g 5 30 5,8 Eheh%qqggaﬁe l@ndp&u@czlgtmtdvagstcbuna-

e are ho eni u a

LoRF AR aniPEheRRoEaERT 2 a WOLH al Tradsatd Fara 2o
Mt Dé ei s laprsdaandlyl asisobeaker 5.0 g of Texapon in
20 15% font' (Cognis, Gernmany) and 80 g of water are

‘m xed by shaking. The solution fromthe first glass

beaker is introduced into the second and the conbi ned
solution is ultrasonicated with ice cooling for 7
mnutes. As an initiator, 0.22 g of tert-butyl

per - 2- et hyl hexanoate is 25 introduced, and the
solution is poured into a round-bottonmed flask and
heated at 80C. The polynerization tine is
approximately 3 hours. Exanple 5 30 In a gl ass beaker
7.5 g of methyl nethacrylate, 7.5 g of butyl

nmet hacryl ate, 0.6 g of hexadecane and 1.5 g of

MagSi lica (Si 02/ Fe203) are honopgeni zed usi ng an
Utraturrax for 1 mnute and then honobgeni zed with
ultrasound for 1 minute. In a second gl ass beaker 5.0
g 35 of Texapon in 15% form (Cognis, Gernmany) and 80 ¢
of water are m xed by shaking. The solution fromthe
first glass beaker is introduced into the second and
t he combi ned solution is ultrasonicated with ice
cooling W2007/0093238- 18 - PCT/ EP2006/ 068708 for 7
mnutes. As an initiator, 0.22 g of tert-butyl

per - 2- et hyl hexanoate is introduced, and the sol ution
is poured into a round-bottomed flask and heated at
80C. The polynerization time is approximately 3 hours.



5 Exanple 6 In a gl ass beaker 7.13 g of nethyl

nmet hacrylate, 7.13 g of butyl nethacrylate, 0.75 g of

2-di met hyl am noet hyl 10 met hacrylate, 0.6 g of

hexadecane and 1.5 g of MagSilica (8i 02/ Fe203) are

honogeni zed using an Utraturrax for 1 mnute and then

honogeni zed with ultrasound for 1 mnute. In a second

gl ass beaker 5.0 g of Texapon in 15% form (Cogni s,

Germany) and 80 g of water are m xed 15 by shaki ng.

The solution fromthe first glass beaker is introduced
°into the second and the contt9ned solution is
ultrasonicated with ice cooling for 7 mnutes. As an
initiator, 0.22 g of tert-butyl per-2-ethyl hexanoate
-8#it r oduced, and the solution is poured into a
round- 20 bottonmed flask and heated at 80C. The
pol ynmeri zation time is approximately 3 hours. -19-

19 aifs 1. AYHYY dmat @3 CSpri si AGRRAGSEAFe nanoscale
sSHPEpRALAIRONELd C, T efd OnRaneldiG e, f erricaRgRRLbRefic  or
paramagnetic particles in a core envel oped by at | east
pehnemsdiedticopd Fhgckesuit azecofe t ¢rrvebrred whierat nlegst one
t . Shell rLs | e 0 l.
ShEEE BRE ior SSRaReE: O SCSoratsy o i st one
spel ynesmpsi oo y(tretdysacrofcatelyherwherein at 3.  core

The hybrid material according to Claimis envel oped by

one shell. 1, wherein the 4. The hybrid materi al
2accorgé ngybpi & abBerial according to Claim 1, wherein at

(o

least one polymer is poly(meth)acrylate.

3. The hybrid material according to Claim 1, wherein the

core is enveloped by one shell.

4. The hybrid material according to Claim 1, wherein the
core comprises nanoscale superparamagnetic, ferromagnetic,
ferrimagnetic or paramagnetic particles from the group of

the ferrites.

5. The hybrid material according to Claim 4, wherein the
core comprises nanoscale superparamagnetic, ferromagnetic,
ferrimagnetic or paramagnetic particles from the group of

the ferrites coated by silicon oxides.

6 The hybrid material according to Claim 4, wherein the
core comprises nanoscale superparamagnetic, ferromagnetic,
ferrimagnetic or paramagnetic particles from the group of

the iron oxides coated by silicon oxides.



1, wherein the core conprises
nanoscal esuper paranagneti c, ferronagneti c,
ferrimagnetic or paranmagnetic particles fromthe group
of the ferrites. 5. The hybrid material according to
Claim4, wherein the core conprises nanoscal e
super par amagnetic, ferromagnetic, ferrimgnetic or
par amagnetic particles fromthe group of the ferrites
coated by silicon oxides. 6The hybrid materi al
according to Claim4, wherein the core conprises

o nanoscal e super paramagneti€20ferronmagneti c,
ferrimagnetic or paranmagnetic particles fromthe group

of the iron oxides coated by sj.licon oxjdes.. -20- 7.
Tithe Hor PBRE eFPLE LAt bortiong 090 1S Tidr efifegein 2
fiigst shell compdises atatl eashs@necpel ypeIyMbBr ChwlhBch  is
gellable in plasticizers or in plasticizer-containing .
gabheRlvesitr PheehbkiZzathesPiesi? 8PLFABLIAYBRFGcontalning

admteriad @pqg{ﬁﬁy%J(gdgé@i@b%h wherein a first shell

conprises at | east "one polynmer which at an el evated
tenperature enters into crosslinking reactions with

pl ast Ci . . yhr | ri di, ng .
o ST RihEta, Ros PRl LR 3l SRR Fhas hRresn o
firsst shkell d¢enpomessedtofleatst eas¢ @éymemomdrich at an

CFEASPAS S BRmAS SUB. 0Dl 1400 0L (TR BEI MBS o

widign &t whiefaign at | east one pol ynmerin
thefirstshell conprises vinylimdazol e.

9. The hybrid material according to Claim 1, wherein at
least one polymer in [[the]] a first shell is composed of
at least one monomer selected from the group consisting of

{(meth)acrylate and imidazole.

10. The hybrid material according to Claim 9, wherein at
least one polymer in the first shell comprises

vinylimidazole.

11. The hybrid material according to Claim 1, further

comprising auxiliaries and additives.

12. The hybrid material according to Claim 1, further

comprising emulsifiers and hydrophobic agents.

13. The hybrid material according to Claim 1, wherein an
outer shell or at least one other shell is composed of at

least one polymer which is not gellable in a matrix at



11. The hybrid material according to Claim1, further
conprising auxiliaries and additives. 12. The hybrid
mat erial according to Claim1, further conprising

ermul sifiers and hydrophobic agents. 13. The hybrid
materi al according to Claim1, wherein an outer shel

or at | east one other shell is conposed of at | east
one polynmer which is not gellable in a matrix at - 21
- roomtenperature and of at |east one pol ynmer which
[[are]] is gellable in the matrix at an el evated
tenperature. 14. The hybrid-gaterial according to
Claim 13, wherein the outer shell or the at |east one
ot her shell is conposed of at |east one polyner

COIRT | 13RS T Rt @inel of st Iiy:lasrtrebhacppllgmeramdlch [[are]]

Vi ol; hybrid materi al
acégscgjr nl:lr?lgﬁt{eo gl ﬁ?]?%eareiannt ee%tb}tegr CERBPT2 0TS he
at | east one other shel | conprises pol ynet hyl
gﬁtha%r Ia%gé (%6 The, hybrid material accordin

ai m % PARSEL? %§08ﬁ9éP8pé&’b91ﬁﬂTtﬁgke wherein
$h@||©uter shell or the at 1least one other shell is
composed of at least one polymer comprising a mixture of

methyl methacrylate and vinylimidazole monomers.

15. The hybrid material according to Claim 13, wherein
the outer shell or the at least one other shell comprises

polymethyl methacrylate.

16. The hybrid material according to Claim 1, wherein the

core is enveloped by multiple shells.



