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Description The invention relates to a nmethod of
adfesiOVér §°boliding  a variety of material SSGHATR2RPBI9%P707

mat erials conprising nanoscal e, superparamagneti c,

f afdeHmPneld s c, béﬁﬁ{ﬁglom£999§£l§ OBEpaﬁaﬁgggﬁhhgon using
powders envel oped or in part not envel oped

pAAREETYScr y| at BePeERFTEBAFREFIC use. pp#wdmeghﬂafgylate
| pdAymd¥s 37 883 (Henkel) 0.1% by weight - 70% by

wei ght of nmagnetic particles are used in order to heat

a substrate by means of mcrowave radiation. The
sWestaritpee dcged i s an adhesive, which sets as a result

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

be 20 utilized to soften the adhesive. Interaction -

bé&thee amveydritare | el arel pod yaeretkodotv f dedbesbedlyDBonding

1Q0 v%qugéy (J'Fr}@ée);rf@fg rx!vpgfieﬁyﬂ?i@°ﬂa‘:§¥95¥‘sngomprl51ng

appl ying a m crowave- activa Fimer an ot -
a&ﬁéﬂ%ﬂ?%%)su%%P?ﬁP@§a§ﬁ§n@§Fﬁg|ﬂﬁﬁ%ﬁ@ﬂ%&ﬁ@?ﬂ%arrierrl“

éﬁg@ﬂkﬁﬂﬁﬁtéﬁgpéﬂamﬁgﬁ@kﬁ@ ﬂ%ﬁ?éﬁ%58n9510b5@5cﬁecﬂn part
an esl| v snhe co ri
O ST G i B 1 e O R AT JReE e

oleic aC|d) and PE, PP, EVA and copolyners The

f eLdsite particles may al so have been 30 nodified with
Si anes qguat er nary anmmoni um conpounds and
saturated/unsaturated fatty acids and salts of strong

| ROr gpRi § pachesggBE 1ﬁ8n%é1}38o(tbnﬁ§}) gfﬁibes @%° by

adhesive - conpositjon with nanoscal e parti|
AYE1958 Rfs AFFIRRCEC nRERBHC bEShEEE hl@eé? pél y?ﬁ‘é‘?elbyto “heat
npcr@mamﬁaatmhe&grfemkﬁﬂagnﬁilcmp@féW@¢@s 8k@iation. The
?%ﬁgﬁ%%% § use&m330| adﬂggfég,anglc ng sv%ﬁsaéeresult
of the heating. The heating of the adhesive can also be
utilized to soften the adhesive. Interaction between
A 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.
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WD 2007/ 093237 - 2 - PCT/ EP2006/ 068707 The

ferromagnetic particles are nerely dispersed in the

polymer matrix. WD 01/28 771 (Loctite) describes a

curabl e conposition conprising 10% by wei ght 40% by

w037 032437 cl es 5 which 2an absorb mi{HREFELS/ @68707

curabl e conponent, and a curing agent. The conponents

g BHE PEFebiadheerte YI-03404s 2318 LiPegussal sgbsckases the

an hesi ve .~ conposition for producing thernosets,
Y& g et T 3961 ymer bl end and crosslinker particles,

t hveo 101 £2®sE11 nkeocpate) clieschebrg conpasedlef composition

fi iC 0aefe gne ferrl magnet i.c .

SUBESnet 028 e inagnap e Bserf nkaF tictes

urvvhlsclbocrmedabﬁrem dai ¢Jyowa*oe$ heaf cureblpacbmpbesntTh end a

fi I e Vi -trodi fi ed.

T T GO BTt T ol oe R A e & et e T

st ins adhd®egEsggdoci afi 8alovdsai nedl canaphesive

?ﬁfdnﬁgah@%dl} byfcﬁfatpfkﬁldlthéﬂ@ at%é?xﬂ@@é@& ur ec?ingk?r@l’smg a

a e cei enperature or to . a eratu

SHTIETTNt 1B BTdak PRE chEmaBi L Bomts of DAt hecLes, the

thﬁd’d'mi]ljm]ieablﬂ)&tgi@ll@% bbihbe ceuidoarer noftli ffLHiergo which

fllé Sétlc _%elg%ngs %% descélggs famagnetic or

nanopar |cu te pr eépara atio SRS Toher Bt

plm@metdiospeméd o:msehlmk%n uheast lmrre:led chemically
p%@'éﬂgak§lpgfsﬁa9ﬁléﬂggrp%%% qﬂéf: af%{E§§§lﬁay also

particles. particles have 5 aver age

partie| @eeparﬁé%@fra%—mcrfélﬁme leh@m PLEBET 1B HMERE May

CQféal\ﬂi naatcdr%a%‘htele it xedowed al Texl dedsidhesgenenakion
IMI1104, in which M1 .stands Ihor a fll‘%t fo

for
Il B P e A 1 S R SR
ditfebgrearatt,urch Valogrdr netaal sshandeM 1hg standsrfonra 80 to a

Furd 'E%‘rae' %&f‘&h £aL . Wai, Crbxcoe{ﬁ’rkﬁss 3o nll%%ﬁt 19%&% of
triv met a & Coherent phase may be i
weither | thﬁrﬁlﬁéém clgbiventgreupsl yafer ithabl euwéncﬁemodafled

PNk zahlg Jfeomer mi xture, a pol yner and m xtures.

DE-A-101 63 399 describes a nanoparticulate preparation

a

which has a coherent phase and, dispersed therein, at
least one particulate phase o©¢f 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 MIIMIIIOs, 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 one
trivalent metal. The coherent phase may'be composed of
water, an organic solvent, a polyﬁerizable monomer, a
polymerizable monomer mixture, a polymer and mixtures.
Preparations in the form of an adhesive composition are
preferred.

DE10116721 (BMW) describes two—component adhegives for
use in bodywork construction, in particular for sealing

a flange seam. This adhesive reacts in two stages, the
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Preparations in the formof an adhesive conposition

are 35 preferred. DE10116721 (BMWN descri bes

t wo- conponent adhesives for use in bodywork

constructlon in particular for sealing a fla

set 2 ORi/9%3dRksi ve reacts in3two stages, ?@E/E§é006/068707
2007/ 093237 - 3 - PCT/ EP2006/ 068707 first reaction

}ak%ﬁgtpfé@@tiﬁngtaheaEC@%ab%oﬁﬁo@pQﬂﬁﬁﬁlcd}%ﬂﬁdiﬁbwﬁonent
eadi n r oduct ich is firmt an

r esT et %%Iﬁép d©6f % fﬁ@dPéﬁttwgﬁCHprﬁiegd§“‘ to the

robum¢hnpenéturesmstaﬁtbegegtl@ahh&ﬁln@ffS H&&td ngreaction
e _i.nd hr ough. |

R A b e B B9 i

t Heepiiny ng tkas E@1P$86642n@8pkayeﬂ§scrPbes through IR

t Wos gAPORENt 18)St 888ond eal Ul Rgy Ask i giponent, and 5 o
a curing conponent 10, whose partial curing takes

pl &ee"$ ot *%AnHE e R A BEHALNY rad®Ati on i n order to

| prm}yl Teg 6 ez desigiedh jear a;éscﬁb@egt heedde brapeth &abi | idstems

st em passes throu two_unal j ke curin
PR HS " ahe et Pt dperitton Siei fig SUFUEL CgPOnent,
vah¢s¢wpaEedala¢urmng1tahpsranace Ibrbetcwepi catthreasth UV .
Oﬂfa&z?é&{bff‘”dlﬁt beast one C%%cﬁgirdé' ggeENt %F‘Lge&he Srly

bei ng present at least one f crosslin
systeendtHat aedodsiniken byl HeansThe @y shan ngasses through

Op&FAt ke 4R |Eu&§n@n QﬁbﬁﬁElgﬁstheoﬁ@VQﬂﬂfbet‘%peratlon
provi de a net hod adhesi vel y baond |nE di fferent
0

MRSl & B?%FEF%I yﬂ}alcl% WBLECEGE Smethod O ahi SeBBREGture
i beashicavedtt hteagb amet hediaf athesitvelyras25 handichging

mnth bri_d naterlal ri si Nng_nanosca

rgéranagne ?%refé? gﬁ%gﬁﬁ?g%n f&tti hﬁaﬁgti%n?w further
paﬂ‘rarm@rﬁetkmqmrﬂy@i@s erhed] opetbaml ipdis/ mems, neantyy of  a
nqgﬂﬁ dmterials conprising mxtures of
enve opeéﬂgnéiunenveloped nanoscal e super par amagneti c,
30 ferromagnetic, ferrimagnetic or paramagnetic
paft iid &h object of the invention to provide a method of

adhesively bonding different materials, preferably' a

two-stage method.

This object is achieved through a method of adhesively
bonding with hybrid material comprising nanoscale
superparamagnetic, ferromagnetic, ferrimagnetic or
paramagnetic particles enveloped by polymers, .or by
means of hybrid materials comprising mixtures of
enveloped and unenveloped nanoscale superparamagnetic,
ferromagnetic, ferrimagnetic or paramagnetic particles,
the hybrid material being present in an adhesive
matrix. The particles are enveloped preferably using

poly{meth)acrylates.

Through the use of encased nanoscale, superpara-
magnetic, ferromagnetic, ferrimagnetic or paramagnetic
particles with the polymer, improved interaction of the

particle with the polymer envelope is achieved, and it
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the hybrid material being present in an adhesive
matri x. The particles are envel oped preferably using
pol y(nmet h)acryl ates. 35 Through the use of encased

nanoscal e, superpara- nagnetic, ferromagnetic,
f &FF i3FgREPF > br par amagnet rcd particl es WPET/ §ERQ06/068707

pol ynmer, inproved interaction of the particle with

t hies patheiRIr evepep8ibscacid e¥edi ca8d the WReating of the
200#093237 - 4.~ PCT/ EP2006/ 068707 is therefore
pOSSIEF e S0 ACHieve TEHE he AT HE T The SHRTERAFETRGPLLic,

f efier roreenpseal @, §@m&nmaga&agnekn£ patensonaghet particles
fe{éwgt%§e§édpﬂa@ n@tt rt| cles than are

nee Fior art ?%e adhesi ves of the
|mhﬁhubhec@ﬂhesmvgﬁhyﬁrmhe mmvgncﬂqnlcomsrpassngWbrld

t G SPA £ 21§t qgg,e dﬁggg%y St g %]{ee ope HB& Ne@hesives

realize a SI esi ve- I mnary
adﬂ@s%elrbowa@ n’@atﬁﬁeﬁﬁg)feaﬁélzeulﬁt ﬁﬁfarpéea S\?Léfe bonding

?Cém%étg:ithl(pygmlfnﬁllfqlé@9ucltald@1%s@fvehl %%ri&lt@er 0%ixTh8) = and
| Sta | secoQna, st a
e Dy L D o o

i fueFgyon Eie ﬁxeéerabhgeeﬂbeddpﬂysmtalthehep@kyond stage
f._an Si v I adhesi v
:Tﬁro uc%caﬁ ?%gh%r%q%%. @he qgﬁgg ate 1a s g% the

1on O e ener |ndu rve 1
eﬂé?\g%ptlmrbmspméemblmdﬁe@e@@e@tages thy eprkyemeftrix

the fagh thatokd a ddusdiwtagerhhe pgposcal Gnesives  the
superparanagnetlc ferromagnetic, ferrimagnetic or

paArERGEE i har Pl 1 enERSEEYY nveMF RIZPBY pépguctive

NMesrargyndesgaigedsi Ble and l&@ml@%laﬂé QY e | %1F?ﬁyreﬁe of
as a resu

h bondi d .d

Ao on BPSFurtiibr Befby=tt ng Aiel FAR| ngegpecale.
tm@paﬂmaqamagnéb¢cxheﬁﬂanmMQmammES|védmmmmaqmeplc - or
t %%m%?ﬂg%%c 2 a&&l sbeegﬁégggg t{ﬁ@ ﬂéi&%Lyo§§Jbbgly—

tg carry out Cstandi ng adhesrve bondr
MERSETS alynﬂ@ngw aigeldemng, |n@@§t|h@m¢eheaﬂébwe preliminary

| RdpElsiVR epshaynbS WSRH in a 2nd step, as a result of
introduction of further energy, the crosslinking of the
epoxy matrix, the ultimate adhesive bonding, takes

place.

It has been found that it is possible to carry out
outstanding adhesive bonding of materials which are not
inductively heatable. Inductive energy is used
specifically to heat the adhesive and hence to cause
its pregelling and/or curing. In the first step
(pregelling) the introduction of energy, preferably
‘inductive energy, 1s used to bring about incipient
swelling or dissolution of the polymers which encase
the nanoscale, superparamagnetic, ferromagnetic, ferri-
magnetic or paramagnetic particles. In conjunction with
plasticizers present in the surrounding matrix, a paste
is formed which has a rubber-elastic behaviour like
that of a gel. Pregelling takes place at temperatures

between 50°C and 100°C. The pregelled adhesive produces
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specifically to heat the adhesive and hence to cause

its pregelling and/or curing. In the first step 30

(pregelling) the introduction of energy, preferably

i nductive energ is used to bring about incipient
sol

sWEP 1999y /8P 3 ¢ ution of thé polyners whPel ERE4§6068707

t he nanoscal e, superparamagnetic, ferromagnetic,
f ear bonGB@Tet d€f o c Pahanagaet s PRItdwLEreSthd nmaterlals to

ctio h 35 Iast|C|zers resent int
Cﬂ?%oﬁﬂa%iﬁé ﬁ‘ﬁlﬁ‘ﬁﬁfcve Ypadte™ i & f orhedSWAPEN ﬁgﬁr&forer a
ru@b@@ugtawhuchbahavfmnm ldkethé habuaeh aargel resists being
Zﬁg&%%%%?g%%afgsgg @ﬁSEQ %Snggr%turesedbe%%&e%x%%%le, in

e pr esive p
2007¢ 093ITotide - IP@TSEPR008N068370Bubgchurd tofcuring step,

sufEhShent qualdity b%tfmegn@syﬂatﬂi?iasté& te:%o%gﬂ%%ng

adhesively. Evén at this stage, therefore, a pro
Whi R3OS r Mg Ghe PEGERCENd EBSI stslbidaie wasiegrated

OL&ﬁattériHPdU§%§ite1ﬂS l S‘hieeqlddxa_gmg f ogtefganpaﬁesl t”p@aEEe at
aut onoti ve industr n subsequent curing step,
réﬁ3%§§§ﬁﬁﬁﬁi/Q# %%% %y§$§ tiates crosslinking

reacti ons which produce the ultimte. integrated

[ e ur.in t takes Iace .

erger B il oF  10R Sty T ReasrRgTorote bonded is
rnnnﬂéqﬂsaqrxxaQmW&%ta@lyhﬁnnn@ua»ssuqhnesesbarﬁlstortlon
Unyant gd 9{[&%&'[%!13 ﬁH@i}w@ﬂ{t %n@oﬂé}ftts' OnanOfa t:h@sult of

naterlal & ywor k conponents) as a result o
ddts ngea 6P9exaﬁ%Fee%%ﬁ?%%eré@%?etbﬁr§§@¥%edXE1§V01ded

Nbﬂﬁﬂ&ﬁﬁﬂ%ltltsjﬁﬁ @ﬂug%ﬁr@bs?ﬂﬁﬁﬁspbgﬁleeCaifYC&ﬂﬁy out
Sl ve n I.nduct i ve eata terjal

- it P E L g N AR CREE
I a@ycares  teare beeaet | vat ecbm t Heut thavi ngvéw aarirgk oatihesive

UALARSS s SGYET B QLI Of: N8, [REH Al (000820 oue

ch "wou kemnse |ns
digimadserryThe sy of hedtinvel 9Lt htkk adhesiriel to be

| aypied,i swiesiH aRlRilid) R cCuk@eMien therenatences of

valryln
dfété%tion. The use of relatively thick adhesive layers

is desirable 1in particular when there are varying
dimensional tolerances. Insufficient gelling or
instances of  overheating with resinified oils,
difficult to remove, have been the consequence in the

case of the conventional adhesive-bonding techniqgues.

The adhesives of the invention can be activated
directly by means of inductive energy. As a consequence
it is possible to bond all conceivable combinations of
materials, since the heatability of the material to be
bonded has no effect. It is possible to bond
inductively' heatable materials to one another or to
materials which are not inductively heatable, or else
to bond materials which are not inductively heatable to

one another.
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~directly by neans of inductive energy. As a

com@queﬁaao%@aiﬂe S pwﬁsabﬂ;ara@a@laaglall C%Q@om@n%tlc,
i nati ons of materi a si.nce the heatabilit

STt E 1o BE %ﬁﬁ@@nﬁéslcnop%ﬁje@tes |#XFs© %“1 sified
pos:sttl’nblett whend acrdwetiivel yokeapabteatbheriial s & 0 system
t or_to materials which are ot i nd ctlvel
he5¥§§f Ql ot &lse 35 gmrﬁbn haterral 8 %hitch® a?e not thert
|nﬁmbv¢w@JyWheatamm@ Besisnenasot ieere WBPROOPL0932370f an
emJ¥§¥§£290Q5Q9§7 7 i?h%_”%EQﬁ&%! bic " agent, and the
super par anagnet i c, erronagnetlc errimagnetic or
DAY BRIt 30 k52t t | £ esSWPRCGWENE[Yi edniGiehedt peisg the

acijyedd 0N RErREEsoat itk | MAnSY8LEE) CRIPErPhRGnRbRetic,
or.nore nononers, water and an inert 5 solvent, with

t HE TR mE?EraIBf:FBEFFSt ETof PRRAIRFRF T ¢ | Bprticles
anﬂﬁonmmfswrfthagmm&mCaageﬁé/saedltbenspehyﬁEbnzatthnone
u nt ed usin pi.¢ca
Thersnngnos Se‘rf ilysuper rr%rgjse?g ﬁw(r—:')r‘lojror%gne E‘%e cores
femﬂlmagn@nw@l@pe@awaﬁdgnenecqhﬂhhcl@s @Qseamﬂﬂh two or
S%Jx@@i’?@llé" %f%ﬁéﬁhg' éh&@FSMEﬁtP g%h ON@heOkhells

nmore shell's of polynmers or Re cores
neRP-Yh 18Ry el iR P v Thi berees ePPlY@?reP§@P@F%HlP% oPr the
My ekl | Scotbodithoa shekl, W thaggadi eptishinlhea  shell
sheIIs Qﬁ% have i ke or different polynmer -

Q or the 15 pol yner conposition may change
Mﬁthln a shel | (gradients) In a first step, by neans

o& ﬁlhlGﬂUL@Hp rlzaé on, a_ rst %helh+ﬁgekﬂ§sion

corel sfel | Sys %%gfs app i ed % he Gore

f mqhzvétﬁrsm@ulsv,n vwﬁer tinppr speildt f aflee f opnedshalsi system
by Seteredeadditi ophOf core. The further shells, where
appropriate, are formed in situ by metered addition of

the monomer stream.
Monomers used are mixtures of (meth)acryvlates.

Polymethyl methaérylates are generally obtainéd by
free-radical polymerization of mixtures comprising
methyl methacrylate. In general these mixtures contain
at least 40% Dby 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, ethyi
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-rm_o sarevvlde

the nonomer stream Mbnoners used are nixtures of
(nmeth)acrylates. 25 Polynethyl nethacrylates are ,
general ly obtained by free-radical polynerization of

m xt ur es congrl sing nethyl nethacrylate. In general
t HES e MWW O8P€37 contain  at Fedst 40% by weP@MEP2006/068707
preferably at |east 60% by 30 weight and with

pas¢iguhas, peeter ence alxdgasd, 89r{ab>§dd%hghbupa%a%ures

on i ght of the nononers, of nethyl
%Q%?E/mﬁate I'n addition these mxtures for the

pr eparati on of polynethyl nethacrylates may conprise
f net h acryl at es_.whi.ch are cop neriza Wi th
Ufﬁg%?%y ‘et hacrytate™ Vﬁgé Yexpredd; ogtlh{e%t Jn?%@rlg?at &dnong
hevehelenot eénetdl) arwlamsthaorlyl &t e, desticke as et hyaturated
ﬁﬁf Hylate, eé@éﬁll met hacryl ﬁ%%PyieLt ., ac%l%%&%”p' € ethyl

SO acr | at e, such as net acryl ate; ethyl WO
20@@@9@% ate. P@P@zo@r@mmlaaze,ylmbutﬁc (meth) -

f fcoxeampd e, andtégg%u@pﬁl I y m ?%Je‘éh‘?%cr?ﬁ.a@@th 5Th%%%tyl

I NC , . aibng

|
?Wm%%ry%%?es%ﬁmilﬁéﬁwe (RGiraacavapes. for
wexﬂmnre SMﬁhtBSaﬁE%h&teﬁ%Mﬂﬁﬁ&%déﬁi?é ff&ﬁ;%hsaturated
Yl t rYl ate n-but t -
P o TR Bk her eSS e, 2-propynyl
(nfémett)la)cﬂrqm@téetea,nd 2- et hiyhexyl (meth)acry[Lat:e,, for 1Gnyl
XG0 a L RLDACT Y lat%% Mﬁiﬁh {/;LVGemtercgﬁaeggagleg@t educh
al cohol S, such as ? )
(Pt hPRREY I at @etdy) |a5ﬂrY(1+?étt6h)<aér )ﬂhaﬂné/l VKIﬁ?*Fh acrylate, it
(BRI AG Y alisle TS e@@@éfpéﬁyl arybiEget h).ﬁc E¥kAt @8se to be

such .as ben%i igmsti%? C e or yl

ORI T bR s el Y wot e afgpr times;

r adicclalesl iyl edokthaseryabhes,unsubst idaut edvanhytlevia@ ohexyl

S t.t th%/ to f cloa%kl ;

('ﬁr@feh%h&%ry %pt su}% %i ?f.’“ﬁtﬁz e%yl’ hydroxylalkyl

( ﬁ@ﬁ%@qﬂy‘eﬂtaé:,esoor nytuchmet I’cﬁ)&acr ﬁl—@w@rOhW@wllal kylhheth) -
acrylate, 3,4-dihydroxybutyl (meth)acrylate, 2-hydroxy-
ethyl (meth)acrylate, 2-hydroxypropyl (meth)acrylate;
glycol  di(meth)acrylates, such as 1,4-butanediol
(meth)acrylate, (meth)acrylates of ether alcohols, such

as tetrahydrofurfuryl (meth)acrylate, vinyloxyethoxy—

ethyl (meth)acrylate; amides and nitriles of
(meth)acrylic acid, such as N- (3-dimethylamino-
propyl)(meth)acrylamide, N- (diethylphosphono) (meth) -
acrylamide, l-methacryloylamido-2-methyl-2-propanol;
sulphur-containing methacrylates, such as ethyl-
sulphinylethyl (meth)acrylate, 4-thiocyanatobutyl
(meth)acrylate, ethylsulphonylethyl (meth)acrylate,

thiocyanatomethyl (meth)acrylate, methylsulphinylmethyl
(meth)acrylate, bis((meth)acryloyloxyethyl)‘ sulphide;
polyfunctional (meth)acrylates, such as trimethyloyl-

propane tri(meth)acrylate.

Besides = the (meth)acrylates set out above, the

compogitions for polymerization may - also contain
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(et h)acryl ates, such as 3-hydroxypropyl (neth) 20

acryl ate, 3, 4-di hydroxybutyl (nmeth)acryl ate,

2- hydroxy- ethyl (neth)acryl ate, 2-hydroxypropyl
(nmeth)acrylate; glycol di(neth)acrylates, such as

1,90 FP0IHEaR B8 7 (met h) acryl at & —( et h) acr yP@Té%PZ@p6/O68707
et her al cohols, such as tetrahydrofurfuryl

(r@ﬁfﬁﬁ@fYhﬁgﬁtufbﬁéboﬁiﬁkﬁgﬁﬁ;zﬁhféﬂybre copolymerlzable
(meth)acryl ate; amdes and nitriles of (meth)acrylic

ac"i”dt Sm‘eri]:hgg. hplteighapﬁl\ég_ﬁ{jparﬁ% with the aforementioned
pr opyth (aet ) acey| asude, hbfehet Byliphasphonoyfeelhlothers,

il I am de
ié%ﬁ%é???oyl%ﬁ?%o isnepﬁ§r ZeBFOpaﬁﬁpt l-ene; branched
StﬁldeGSDnt aiuwchng aet hatnylayedphsueheas &t 1B¥YdingGhyl-1-

(et e P TR SR i e g e

Hi ¢ yerraitiohet h?Cth@Ilh}'ael?baVényl estors, such as winyl

"“ﬁéﬁ@é%@PhbBykgﬁéhY%ub@%EE%kéanéﬁ &hes hav1n an alkyl

bi s( (et h)acryl oyl oxyet hyl)_sul phl e; pol func i onal
(P B yAmat es? suE%easst iJGret FRA-BYI - §BC%r oﬁéne [alpha] -

t rme(ﬂm;m@efewl@t eandBesj ﬂgﬁlat Jheet(ﬂﬂél—)ﬁféryé at eS8 etex@lﬂple
abo e

t
N 1 W5 2007705257 iR BerFaRiOoq BoBAD et on the
flm'trtmr ussatur aked noiwyktslwhneh aared copoematénilzalirene,

({% ecﬁmt I%% kl tSe angu%t h %ge ?r{co% %‘?}t.[lo ?}enes,

at es. mononmer s i ncl’'ude, anmong ot he
SW%}% he%ﬂ%ﬂoﬂf@meﬂe%ne arist andieddrabromo-
als&q&% ssucffo%sl éf{ﬁ%b@%cljo{l‘@%(éﬁﬁcyélg’c ?Hmlerwwlt dlompounds,
pr n -1 -di i sobu ene me ent -1 - ene
(ﬁlPCj;(aﬁﬁ ege‘é?:%%%ﬁ?ﬁiﬂ“% \ﬁ AR ? ch 2g&ethyl-5-
wmyiylmnﬁtcaitree styeene] - subshynpyeﬂdshw erzes3—la3avne?ng1y1 5-
%3 sbstltuerlné1 nth he . f in 9
[alp yﬁ)l et iyl styrénsran ?alnﬁha] ejtﬁrlr\{/ %{’@?Iéjn% For
emrmle:armﬁbslte,t uBeder:em@azwleh abh-alkylcarbazole, 1-
WUEHa Q0 d he %'H&th?ﬂcf 9§n%i9%h&8&8?@9 a”%—vinyL
p rret hyJ] styrene, hal ogenated st ,
nﬁﬁg@ﬁﬂdﬁkgﬁyre%églnylpyrrolldone, N- v1nylpyrrolld1ne 3-

vinylpyrrolidine, N-vinylcaprolactam,. N-vinylbutyro-
lactam, vinyloxolane, vinylfuran, vinylthiophene,
vinylthiolane, vinylthiazoles and hydrogenated
vinylthiazoles, vinyloxazoles and hydrogenated

vinyloxazoles; vinyl and 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
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di chl orostyrenes, tribronostyrenes and tetrabrono 15
styrenes, for exanple; heterocyclic vinyl conpounds,

such as 2-vinyl pyridine, 3-vinylpyridine, 2-nethyl-

vi nyl pyridi ne, 3-ethyl-4-vinyl pyridine,

2,8 diORer RGP 2BL V|nylpyr|d|ne9 V|nylpyr|n18¢%éEP2006/068707
vi nyl pi peridine, 9- vinylcarbazole, 3-vinylcarbazole,

4- Vﬁ@Y&&@Tb§58ﬁ§ o%h%QsV|Qﬁkin&g§29£§tlators Wldely known
2-methyl -1 -vinylimdazol e, Nvinyl- pyrrolidon

2- VQn§1 r?BFrddﬁ€3 Nﬁﬁin§ﬂ y}r%mﬁdﬂné ngblscyclohexane—

vncfa&mymmﬁmne whlt#i-Rybtaplel act-arm- riMicayl bLhIertQators,
vi nyl oxol ane uran, . vi.nyl t hi ophene

VTN 7 ARt AP LRPATEF co Plna TR SEn Aty Sy de,  for
viewdihi@zolees], \eilmd opgzokgs anmpbyddegenane? iﬁ (?ethyl
HeT Al AT ePii AR LRRRLERE BRSO ¢ ity

arvsreRF e mal eent deptimdt hypml—éu—mt@ylhﬁ@an@ﬁémale ketone

%%rékfﬁ@s Suﬁgtﬂ§ld'V”B@$EHEﬁPe fﬁét%ﬁ@”p|epé¥%x1de,
I n general these conmononers_are used in an anmount of

O%YQJ&W%W%PsﬁPXléﬁef EHIRRZ V% t B0 B - wei it Putyl
al’}gﬁerd&tﬁﬂbrpﬁﬁﬂ@,lﬂ af et e et EN C © 0%6:40 P &y Wei@ibhonate,

o i S R e R O e s e P e

orteﬁxibunyﬂtuperoxih@ —pahyhbezatiate | stgehebatiy peroxy-

preferrg%fln|t|é?%%%gﬁléégg7;8g%%%%whniti5&95§idghe 1,1-

ERxoUB/ BB 9HE) tdel okpirRe ot herls, 1 tHe Ry t-butyl-
l%éﬂ&&ﬁf% W del 3 KRV 1 Efc I HigeBdde , SUCBUAS 1Al B aibper-

1, azoblscyclohexane- car nltrlle wat er - sol ybl e

fr%?ieldreadl cal H&H %3t of ul phat®s® (gy-tert-

hyﬂnq@m@qmﬂhmwﬁm ﬁétoﬁyﬁxaﬁﬁbenaaﬁd aﬁ&&qnﬁmxyf two or
oundg ket one

er oxi
ace e?aceton% 8e9§?%f|p%?szné§mp?ﬁﬁ xﬁ'gerCB ePF GH]APST
peﬂuﬂ @lﬁqlmexanoaSeofkeﬂaﬂeafpeemahdecnﬁéthpmpounds with

d‘et QBﬁpgﬁh%' de, 1&¥C' ghgxanang. peroxi @8yy  free
d| enzoy per oxTde, tert-
radicals.

These compounds are used frequently in an amount of
0.01% to 10% by weight, preferably of 0.1% to 3% by
weight, based on the weight of the monomers. In this
context it  is possible to use different
poly (meth)acrylates which differ for example in

molecular weight or in the monomer composition.

Hydrophobic agents as well can be added to the hybrid
material. Suitable examples include hydrophobes from
the group of the hexadecanes,‘ tetraethylsilanes,
oligostyrenes, 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 (méth)acrylates which

derive from saturated alcohols having 6-24 C atoms, it
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10 peroxybenzoate, tert-butyl peroxyi sopropyl
car bonat e, '
2, 5- bi s(2- et hyl hexanoyl per oxy) - 2, 5- di et hyl hexane,
tert-butyl r oxy- 2- et hyl hexanoate, tert-butyl eroxg
3,'% 25?13{7{991&}7y| hexanoat e, dildumyl per oxi dGT/EF2006/068707
bi s(tert-butyl peroxy)cycl ohexane, 1, 1-bis(tert-butyl
15 PBPXYd s $i151 &- Ebkmehhylgyveohexans e dinyd Bydngpekr or
oxi de, tert-butyl hydroperoxide, bis(4-tert-
knh%@%ﬁ%?%hexyl) per oxydi carbonate, m xtures of two or
nnre of the aforenenti oned conpounds wi th one anot her,

al so_m xtures of the aforenentioned conmpounds w
2 st at&d ?ﬁ%%ﬁ%s \ﬂﬂechm%ﬁm?ifke%?%%osr{o?%ﬁ?r&é’mprlses
r aekilnal eni cHielse wospourased meonsesd raeiudmtriyla n( En
anount of 0.01%to 10% by weight, preferably of 0.1%
to 3% by 25 j ght, based on the wei ght of the
nononmers. I n tAFs context it is possible to use
di f f er entR9yol tIpREryl ates which differ for
exanple in | eclil ar wei ght or in the nononer (),
composi tion. ﬁ dr ophobi ¢ agents as well can be
added to theR ybr¥d material. Suitable exanples
i ncl ude hydrophobes from the group of the

hexadecane tetraet hyl sil anes ol i gost yre es '
'polyesf%}s$%+ %aﬁﬁh&?ﬁ%@ﬁ%?ﬁegr g?i is a linear

preferennebranghuénaﬂdqdopnaﬁnealz@bheraﬁ ﬁydkﬂph@beaxbon

since they,do ﬁéf&%éé'ksg%cﬁ the 2040“&%?]08{. ng?ﬁ?%??;iemand R®

use. Particul pre e I's given ates
whi ch idelapeadarsrhs ataneat e dagstiol $thawd ngreugs @f  the

at ons, Adrr\¥920073O9323fhardOr~ P E@Qﬁg@f& dgen or a

bei ng possi bl e for the alcohol residue to b near or

br anchedRePusOT f & 3RS e2libvie Ao coRPORFt ifonto 40

conpri sesbcn efdwlseni cal |y unsaturated nononers of

formula (1) R3 ORL
The ester compounds with long-chain alcohol residue can
be obtained for example by reacting (meth)acrylates,
fumarates, maleates and/or the corresponding acids with
long-chain fatty alcohols, the ©product generally
cbmprising a mixture of esters, such as, for example,
(meth)acrylates with alcohol residues whose chains
differ in length; These fatty alcohols include, among
others, Oxo Alcohol® 7911 and Oxo Alcohol® 7900, Oxo
Alcohol® 1100 from Monsanto; 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®i7—ll and Acropol® 91

Ugine Kuhlmann.

The abovementioned ethylenically wunsaturated 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 thé monomers, preferably at least



10

15

20

25

30

35

R2 in which Ris hydrogen or nethyl, RL is a |inear
10 or branched al kyl radical having 6 to 40 carbon
atons, preferably 6 to 24 carbon atons, R2 and R3

[ ndependentlié are hydrogen or a group of the fornula

- (OROO7 et represents Myidrogen or a PAT/FE8P06f 068707
branched al kyl radical having 6 to 40 15 carbon

at ed hgegst ggf %H@%l&ndﬁf wid ﬂn@ﬂ&m@P@' nw@kﬁomlrtlcular
r

eS| e can I ned faqor exanple by reacting
i Bore bt afhE Al R naF ortigmonomers,

Cdﬁﬁﬁﬁrondnngta@IdStd%dh 2eclghg- clad n fladt y eghoOkolisally

the r.oduct gener al conprij si a n1xture of esters,
IS AMEl IR0 eDs, S RS e O oot
reS|dues whose chains differ in |ength. These fatty

B o R R cohf%l?@gy L Ehmpatheions

MRSt 0COALFBRANGLY r LepS T r b |G CcRafto weeizht, with

A a&l&r&ul@;&o mf@ﬁ‘é}k(é) ok frt@fanCO@@%a byEPaklbht, of

610 an al_(r) 0 from Ethy oration
(# YAgtas #@Ydlrtgr)a@iiil ant %Eﬁﬁ%ﬂ]ﬁl 26Pagpgmthat

Shﬁiﬂta:u%G, ati dleskd5 &r aaAgustaohkl amadehydad(the adradtal
Lorol ) fron1kb keI K A and L|n 7-11 an
ARSI A o1 BT SR el
etipdidisiscdltley Gwesst Lﬁcaise]datmmcmeeﬁer@me bes ugskdo given to
i ndi | | r ; p _

w%fﬂa@%% Xn? iﬁh&?é%umj z l%ﬁé égéfﬁiggal have 18ng

enbodi nent s o I nvention at | east
p&fedenelsphndi gifsisfiashe nononers, preferably at

| east MD 2007/093237 - 11 - PCT/ EP2006/ 068707 60 per
ght of the .nonomers, w.th particula
p%é(f ef ?%al{llﬂg §0% b§ WAGHEIE Fhe %oh@%,‘mh@bes

baﬁﬂdhondﬂﬁetdéﬂhvﬁélgﬁ&dﬁ t&heetbybeplcmﬂ)/the alkyl
ﬁ% %E%glg%%%nEEQVlg ej&ﬂe%h)@§6y£ on. atoms in the

nce I'S dglve eover, tO nDnoner conposi itions
alcohol group, espe01ally undecyl (meth)acrylate, 5-

methylundecyl (meth)acrylate, dodecyl (meth)acrylate,
2-methyldodecyl (meth)acrylate, trideéyl (meth) -
acrylate, b-methyltridecyl (meth)acrylate, tetradecyl
(meth)acrylate, pentadecyl (meth)acrylate, ‘hexadecyl
(meth)acrylate, 2-methylhexadecyl (meth)acrylate,
heptadecyl (meth)acrylate, 5-isopropylheptadecyl -
(meth)acrylate, d-tert-butyloctadecyl (meth)acrylate,
5-ethyloctadecyl (meth)acrylate, 3-igsopropyloctadecyl
“{meth)acrylate, octadecyl (meth)acrylate, nonadecyl
{meth)acrylate, eilcosyl (meth)acrylate, cetyleicosyl
(meth)acrylate, stearyleicosyl (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
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whi ch contain at | east 60 per cent by weight, with
particul ar preference nore than 80% by wei ght, of
(et h)acryl ates having al kyl or heteroal kyl chains

that 10 contain at |east 6 carbon atons, based on the
t Jta200VEP g3 Tof the et hyl enildaldy unsat urRiTggr2006/068707
nmononers. Besides the (neth)acrylates preference is

alj%tgib@l” t%emf@:% arh(.llmf:yunrcl%a:1 elé‘el&héh $8es fgch as

111 an ave ong- n al conqQ ues.

7 S Bt e {5 rand oRpd s HHiekes  A-Dhtyz-

\A/ra]aiewdae daﬁﬂdveﬂséb@ﬁytmdghgda of féheial kdid, ammonium

l.a 10 to_ 3

RLHARY SR A i O oS 2ol BT b i B

rr&:thgﬂplma:yl @deinh}a@a)llla’te itodety!| (uretdilalor yl dtce, use

acr ylzl aA 5- %héﬁépég%%fﬁ %hqph%%gc?lyeff Z\Jtnéégﬁie?%%\%ﬂ%cbonded
1H) acPYFhat es p?é’rﬁaertnétycom@tlﬁﬁac ﬂﬂnétaénlﬁ)@xa‘iﬁécy’lroupsl

( r&idﬁ ags yltﬁ&@gl%cﬁ@hﬁé‘:ﬂ@x%@?&y' haBEAY BEH YL SnidDacia,
acryl ate - @ | hept adecyl

hept adec (et

ﬁgell g lz. terI{‘e-“bCEﬂ”%%EJE (neF‘ﬁ?SéP;FPEPEanOl
Smﬁﬁ@ﬂphﬂhﬂkamdl(rﬁﬁdaéﬁybﬂaMﬁgcﬁptﬁ@pr@ﬂﬁlchaﬂedbﬁecyl
met h | at.e, oct th)acr nona

gmeetr aéate BT To u ?é/{ ?E)a r o*lctSl cet rl‘e‘?%%%%fon to
S@S(QTesh}asr yfat bydsaeamyl elwgsybs( fratdy)eacinyl et egulphate.

?%%Syémoiﬂ'@é hy ac ﬂébﬁtlgtzﬁj C‘%’:‘é/ééft &AL "th@CWrTers to be

h)acrylate, |aur ates st ear
( RerpyeETAcst egire b(é%le*ﬁ?l 5°r?retﬂ¥)eély<¥ otFO 0.3% by
metehaenyl i c esters and m xtures thereof 35 I n order
to control the nolecul ar weight of the polynmers it is
possible to carry out the polynerization in the
prasence-afegesi o£d Of:hEegU|laI*\KHI‘SZ.lCEXaer|'ﬂ$eOf Wénoscale,

2g%§| %%%% #%] PCT/E %90 g'g% Su'%%?rlmagnetlc or

ors | € 'al de
paramagnetlc partlcles, are composed of a matrix and a

domain. The particles are composed of magnetic metal

oxide domains having a diameter of 2 to 100 nm in a‘
non-magnetic metal @ oxide matrix or metal dioxide
matrix. The magnetic metal oxide domains may be
selected from the group of the ferrites, with
particular preference from the group of the iron
oxides. They may be surrounded in turn, completely or
partially, by a non-magnetic matrix, from the group for
example of - the gilicon oxides. The nanoscale,

superparamagnetic, ferromagnetic, ferrimagnetic or
paramagnetic particles are in the form of powder. 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 Jjoin to form
agglomerates. These agglomerates can easily be

separated again. In contrast, breaking down the

aggregates into the primary particles is generally not

possible.



l'i formal dehyde, acetal dehyde, propi onal dehyde,

n- butyr- al dehyde and i sobutyral dehyde, formc acid,
ammoni um formate, hydroxyl amoni um sul phate and

hydr oxyl ammoni um 5 phosphate. Additionally it is

po¥QiHl% /083438 regul at or s whi ch contai n BEF 20064068707
organically bonded form such as organi c conpounds
cont ai ni ng SE groups, such, as thioglycol acetic acid,
mer.capt opr opi oni c,.aci d, nercapt oet hanol , ,
metiGpPEPF6aan6l SiRgeEEst dblut %&3@ SUPGTRBLEEPEBRERSnFOWAeT
dadee y lpreefeaaiptian Bad gbll@’att:éif)deﬁﬁh T®0 capt amd Afess fthan
regul ators _it, is possible in addition to use salts o
hy%r%gine @h%% asBﬁ§§?ﬁ?FﬁFun1gg?phaﬁggre?ﬁzegwou s the
of supgupat@araohpased, on fderomampmerisct o beerrimagnetic  or

. Egﬁgf@ﬁi§£g%%€n§%8%%£g?§%%h8§8fgr??%ﬁ?QFES%%t%e%S%%H one
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wei g ' ( e 1 nven e nanoscal e,
s upRA pat bRt t Eon fof repagher e cthder?d fragnet i ¢ or
paspnagngths Rail ikdas AL§1608PQsed il A MRLFIX apdraare
20 dong%ﬂ The particles are conposed of magnetic
TR C L Bl e TR 1S REOMNGRG anakBesr oke2depaipg e the
i Nswdp e MeH-arRgned § o et aﬁe@dmbegrr@%irdx orfdvetialaglicaxide or
matrix._ The gneti.c tal oxide domains e
B RE T o CREVGFBUOF® t e TP, Ofy Hf igen 2 and
par®G cuhar preference fromthe group of the iron
oxi des. They may be surrounded in turn, conpletely or
partially, by a non-magnetic matrix, fromthe group .
f GFhe EIPIES oraY helse | FeBhadRi Bes-mIABeAARogeaiens which
suRefPa@NBENeti But i Bhr @ERANRL irfagder{d MBENSLL €185 3@ the

par a netic particles are in the formof powder. The
péﬁﬂgﬁgﬁay be conmposed of aggregated primary

pant i ddebltidly aggr eégat ed don tdesssense dfort hehere to be
[ ' a t_.three-di nensi onal ructures of

cgﬁﬁg%%gg:p$$ﬁgﬁég gg%Fﬁcﬁ)s.vﬁﬁ%y%roﬁvrimﬁﬁgﬁ%ﬁgfego not
mexidiit tsuderra 38nagyg tohenat @sd Thesk agdhoperatesence.

gg%%?ﬁgﬂeya@ SepaLRt ed,agalne | pycophpast,,1Breaking; £

saturation magnetization. The proportion of these
domains in comparison to - the number of
superparamagnetic, 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, ferromagnetic, ferrimagnetic or
paramagnetic powder may be surrounded completely ozr
only partially by the encompassing matrix. Partially
surrounded means that individual domains may protrude

from the surface of an aggregate.

The domains may contain one or more metal oxides.
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‘aggregates into the primary particles is generally not

possi bl e. WD 2007/093237 - 13 - PCT/ EP2006/ 068707 The
aggregat e di ameter of the superparamagneti c powder

ma referably be greater than 100 nmand less than 1
n’%o qor?/ﬁ?éf?é?ence the aggrebates of the BCT/EP2006/068707
super par amagnetic, ferromagnetic, ferrimgnetic or

parnga@aghbeleomairm Mecenea@mﬁ%fe&abe@stw@ oxides
i i not nore, than 250 nm B

one_ spatial direction

doRhi A< %re ‘Frg%%ftf eGiowEwi t FIHTOL Wl r PREPRAT ar éfttrlum'

spadmnatiymsepar atzeldIriamwne amot hhéseTheoﬁaﬁTﬁlsnStlﬁ)é metal

th S r par c, f errg net . .
gm(r}i%sne c%e%r a%%%%{énefll & povie %d%lf?i ghapBr 0T IR
fdbﬁf%%mtzrna@dflg_@@mns The dorral ns may al so contain

nogdagneti Lok 29l RS ﬁé\f‘éf%‘z %é % Orﬁérg%ﬁg' 0L tQ on

the magnetic properties o ion it
i s°%14® pbssi bhe f dpritherad tcgaé‘énaM@etl ¢vdoRadshs  FesOs,

Whih Chebye ¥ i 6t Ugathal Beld, SiZBefn)nahqa /exhidib, .

~super paramagneti sm and which i nduce remanence. 20

This leads to an increase in the vol une-specific
sdthus atd@me trhg nébind fh ks OmayTlﬁarph@pObbi o elentthese the form

dommi ns_jn_co LS he nunber _of
SRR SOTERILRY L8 WORRVINR! gt it o motad
paramEyret e deoai, nSCOh@UL\/E\/emlcrlse]l,owtlhn azto¢ daneeimium,

25 Wi-tds e pr %aﬂé‘é’@nt' %ﬁﬁ@r nunber, Qfn, méargnesium,

super par amagnet i ¢ ferromagnetl ferrl magnet
paridribighetdic olrat 8- present in t he super par armgneti c,

f eﬂ%{é)ﬁﬁ@@@iét%c f ebkiaRgneihe oad@ﬁﬁmmgﬂ qo@omgfsaa&ces
cudypeehe Bl owtne prepar suton of the nvenli gnto .
alfteer nat i mgtéiel comddreedonmarnsciof coheriseser aar aast two
n%ﬂﬁ&é}l@, f&[&&f&g@eme%alfsefr r‘/\;irﬁignpe}éferoénce 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-vy MbxFey) ITFe;IT1I0,, V where Ma and Mb,
respectively, are the metals Iﬁanganese, cobalt, nickel,
zinc, copper, magnesium, barium, yttrium, tin, lithium,
cadmium, magnesium, calcium, ‘strontium, titanium,
chromium, wvanadium, niobium, molybdenum, with x = 0.05
to 0.95, y = 0 to 0.95 and x + v < 1.

Particular preference may be given to ZnFe;0., MnFe,O4,
Mno.sFeo.4aFez04,  Mng.sZng.sFez0q4, Zng.1Fe; 904, Zng.2Fe; . g0q,
Zno.3Fe; 704, Zng.4Fe; 604 oOr Mnp.39Zno.z27Fe€2.3404, MgFej0s,
Mgy .2Mng.oFe; 604, Mgi.4Mng.4Fe; 204, Mgi.eMno.eFeo. 04,
Mg .gMng.gFeq.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.
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protrude fromthe surface of an aggregate. The
doti P Ay 3¢dht ai n one or nok® tretal oxi deST/BRB006/068707
2007/ 093237 - 14 - PCT/ EP2006/ 068707 The magnetic

dongy- n§hgﬂﬁuf§?8£§b Nopr eher abk¥nthenoxhdesierdll idx@es also
copalt, _nick chrom um europium yttrium _samarium

orl@%%j%qi?nma | it Preseetomaysst t A r?étléiconoxii?ﬁl@§lﬁ%y for
beepsigseat in a uni formnodification or

fer t. nodi fi.cations. articul arl referr
T er Rt BaRE: i ate s s o ¢ Kbe a%(ar}f%fx bh&Jor the
gadhoree Fe? 030 (ye Fe2()orplredfdandoxterestailine form.
gamma- Fe203 (y- Fe203) and/or Fe304. 10 The nagnetic

domai ns may further be present in the form of a m xed
oXTe pfoRertiartof weheerapsetiit Hompéngetial the powder is

Cm@nerﬂe%,ﬂﬁl%e§0bﬁkbv1@e@(el ehbkN, ZhB8Ee cadim UBpatial
magnesi um mnman anese bar|un] mag neS|U

| I SFRAFA GYON L PEi RETLS THE nGReLTE - dGWE ni- dRiion Oof the

adehdremnad |y b&oﬁabﬁkanCeSan\ﬂthth@e ge@@'p@rﬂaﬁfdﬂﬂélgaletlc,
Fe2d4 MT stands for a netal

C nponent
W CTABITEE arettmiofiic o fr efenpoopriaropprder can
metealsre ¥ tdblyr f & enc el @ife lof wdeghidi val ent netal s
may be nanganese, zinc, nagnesium 20 cobalt, copper,
cadm um or nickel . Additionall y it is possible for the
e HeA kL /10 FRIPEE PEE ANBENEdHS0s PAWEETSer#iae y ASateihedf for

t hee &,rainf@pmﬂfgsu\@%, Xn¥ MpxEey)l bEez2bbh@bc7hels eby

spectively, are the net al s manganese,
colﬁ%iﬁrpc?ﬁac%éf I ghaite SRy MagrieSifRC Dari um
yt'lthre me;bamtim hoﬂnthecadmedmldmmiplﬁef@:adabwrmave a
tltanlu chromu vanadi um . ni obi u

abatenum i CHBEEPAy PO © 95CWgeL (1% 0. BEhgR From
X O+ Ol% 4o 60°P@M |vmnl§ehtprpfretfenablnaya bengeefrpm 0.05%

Znfp 20, ]c%hl:v?gl%t and with very particular preference in
a range from 0.1% to 10% by weight.

The superparamagnetic, ferromagnetic, ferrimagnetic or
paramagnetic powders are processed further with a
miniemulsion polymerization process to give the hybrid:
materials of the inverition.

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 or a monomer mixture is

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
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MhO0. 6Feo. 4Fe204, Mo. 5Zno. 5Fe204, Zno. 1Fel. 904,

Zno. 2Fel. 304,  Zn0. 3Fel. 704, ZnO. 4Fel. 604 or Nho.

39Zn0. 27Fe2. 3404, MgFe203, Mgt.2Mn10. 2Fel. 604 , Myt

4NVn0. 4Fel. 204 , Mgt .6F0. 6Feo .804 , Myl.8MO.
8FEY. X494 /883%hé choice of thel@etal oxi de BETAHR2006/068707
non-magnetic matrix is not further restricted.

Pref er 286en8BY rRebrGinen +orbhesoxtdes Rfsddt ankdMrrer or
zirconium zinc, alunlnlun1 silicon, céeriumor tin.

VG SHB#BY3F8TS: 15 - PCT/ EP2006/ 068707 For the
puﬂposes of the invention the netal oxides also

Iude gﬁtal dIO .. des, %ucq: $ i.con d|oxhg for .
exanplep HmSEaZF 5h%i t O Si bTeSFOrSTHe nif P 18
andioridthed Bheomalhg.to be i n anor phous and/ or
crystalline form The proportion of the nagnetic
domains in the powder is not restricted provided that
t et ifxaspdonal of sépar atvparpframeeiktand dormiarsonetic,
Theef ¥ aed 90 08 bhe JO-dmanetd & depRliRssi Nd Ngolymers can

syper arana netic, . ferromagnetic, ferrinmagnetic or

% bovdiero®arei®t preferably 10%to 100% by
wei ght . SU|tabIe superparanagnetlc powders are .
described _for 15 ex - 1284485 and Iso LN
D&%Sl?ffg?plﬁgr eb%/lvgg Pﬁg‘roﬁﬁ ePTR t HaF ent Poty A5Fter
r eflersricea tdre ef epae apresenft fheennventi bntmaye not such
pra%f e&@bkx bayeeapir ack) eLpar c
powd in S a range from 6ggi$é%§H%Og§%y§%g?ﬂggg disclosed
pﬁéﬂéﬁébly a range fromO0.05% 20 to 50% by wei ght and
with very particular preference in a range fromO0.1%

t Q. _10%.by wei ght. The superparamagneti c,
f%ﬁ?ﬂﬁgﬁ%etjc, ferrimagnetic or paramagnetic powders
are processed further mﬁth a 25 ninienulsion

p%I ner n roces ive the br| %e ials
%%1 énves% The ﬁPﬁﬁeﬁhIS|on pd?v%%?% A |%h cdi "
be.nmrruae’d: @ﬂraa@tef:olﬂqmg:he properties of adhesives.

A conventional adhesive (Betamate 1020, Dow,

Switzerland) was slowly heated from room temperature to
93°C and cooled back down to room temperature. This
corresponds to the temperature profile for pregelling
in the case of 2-stage adhesives. The energy was
introduced by conventional electrical heating power, as
a result of the specific apparatus. The viscosity at
35°C and 65°C are investigated (Example C).

For an identical investigative series, this adhesive
material is admixed with the nanoscale
superparamagnetic, ferromagnetic, ferrimagnetic or
paramagnetic particles of the invention, enveloped by
poly(meth)acrylates, in an amount of 12% by weight.
Here again the viscosity is investigated at 35°C and
65°C (Example Il).

In a further experimental series less thixotropic agent
and again 12% by weight of the nanoscale
superparamagnetic, ferromagnetic, @ ferrimagnetic or

paramagnetic particles of the invention, enveloped ‘by
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a) 30 In a first step the nanoscal e powder is
di spersed in the nononers or the nononer m xture or

in water. b) In the second step a nononer or a
nmononmer m xture is dispersed with hydrophobic agents

af® e’ éP¥3+¥’ in 35 water- ) - In the t MY ESREPET HeB707

di spersions froma) and b) are dispersed with the aid

ofpsn, @mdisidd 1atWesUeaW/\$er€g WRRQD7IQP323 L - LBventional

P EP2006/ 068 07 ultrasound, nenbr ane rotor/stator
NGRLR i rr et BBFAMREGH pré'sds?LPr d)DPo%he  Switzerland)
Bsterip Zzation, of the di spersion from c) is 5

|n|t|ated thernally. The fraction of the

SHBAerpAarammanat Lo ferromaonetic farrln‘nnnaflh or
uP\zl Pul ulluyl'\tl \J’ T T Ut uull\tll \J’ v

par amagneti ¢ pojwd¥iscbripgl yressccan besbetwegnat- 889¢C

hy wei ght. 10 The exanp ven beljow are giyen_ for
hetter il ustration——of Hf% Sg%resenl Hv-eRt uﬂ.“?/ uufl. at-e

not such as to| reBefEpce thHe Ahventiljon Befate f eatNfesr
di scl osed here nhe]a'ilgféa”ﬂﬁea@ﬁg haﬁ%ﬁt&ﬂgv' ‘>Cﬂ§él&¥ng

NS | IIVBblI gdl e, dS dIl I'TPuUl tant ar-amet-et I o1 - TTIT

pEgerlies of afdhesidfds. 20 A €6@ventiona5 adhesi ve 45

tee 1020, | Dow7505wi t zer l1ang) s shawl y heategyp
fromroom tenperature to  93C and cgoted back dowr to

nEAEd®pdrlat ure TRIYXY  conrededds to t D t enper at 38@

profile for pregelling in the case of 2-stage

chesiyee. oF0g ShET LS 20 INTSHCIBY oy (o) the
viscosities before heatlng and after heating are wvery
close to one another. With the addition of nanoscale
superparamagnetic, ferromagnetic, ferrimagnetic or
paramagnetic particles of the invention enveloped by
poly (meth)acrylates there is a significant increase in
the viscosities. If thixotropic agents are omitted (I2)
the initial wviscosity is still relatively low, but
remains at a far higher level after heating. In the
case of the use of thixotropic agent and nanoscale
superparamagnetic, ferromagnetic, ferrimagnetic or
paramagnetic particles of the invention enveloped by
poly{(meth)acrylates (I1l) the viscosities before heating
and after heating are well above the viscosities of
conventional adhesives.

Both at 35°C and at . 65°C an improved preliminary
adhesive bonding is achieved as a result of higher

viscosities.
Bonding by means of supply of inductive energy

12% by weight of hybrid materials are incorporated into
a conventional epoxy adhesive matrix. A bead of
adhesive comprising this mixture, with a width of 1 cm
and a height of 0.5 cm, was applied to an inductively

non-heatable material. To introduce inductive energy a



a result of the specific apparatus. The viscosity at

35C and 65C are investigated (Exanple C) . For an

identical investigative series, this adhesive

material is adm xed with the nanoscale 30
super{dt’ditdgaéti c, ferromagnetBc; ferrimaghet{®P2§06/068707
paramagnetic particles of the invention, envel oped by

Dotﬂﬁﬁéhs)z@ﬁﬁw aL0$: nran cBFBUNt 1of 12%dWel gght with a
Her e ajn the visc OSI%y S |nvest|gated at 35

65%616 %Fr‘bFe 1)Evess oh 8TPUMEREP &Xddt i Heit aP séﬁ%@ower
| ebs théxdtr ophe ageht snad @g@l Nod@8t byvaei gitte ofbdd® of

napescal e rpar etic, magnet i
fé?@?nagnetlcgg ga%gaﬂgFlc % g 8%b533%'tﬁe speed  of
[ n11e215|IUIn/Senil?héopempbyaW2092b593%3%7a-s titasured using a
P 0 8 t | d

e Soaventt onal ~INRehery (AFLK, T prafiglic el iarry
swfrl% zEPPamPRd (Exanphesivg. Vicsows tyoasildbe Wosebomt ythat

attl@@@adﬁ@él%]a [Rr1dl pBehghechf telonBefpie Abtepoc within
gﬁgeatln heating heating Exanple C 300 400 45

178375 78H %L&‘é‘é)cﬁb‘oew@er@fanpl e 12 350 1050
50 380 5 In the case of the conventional adhesives
(O the VISCOSItIeS bef ore heating and after heating
are very close to one another. Wth the addition of
nanoscal e superparanagnetic, ferromagnetic,
ferrimagnetic or 10 paramagnetic particles of the
i nvention envel oped by poly(neth)acrylates there is a
significant increase in the viscosities. If
t hi xotropic agents are omtted (12) the initia
viscosity is still relatively |ow, but
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remains at a far higher level after heating. In the

15 case of the use of thixotropic agent and nanoscal e
super par amagnetic, ferromagnetic, ferrimagnetic or

par amagnetic particles of the invention envel oped by
pdT CRET N2+l ates (11) the Miscosities bEIQFEE2006/068707
heating and after heating are well above the

Vicrsad i es of 20 conventional adhesives. Both at 35C
and at 65C an inproved prelimnary adhesive bonding

is achieved as a result of higher viscosities. 25

Bandi nrdnesieans cafmmstiping ohantdueilieve sepergpprbzighytic,
weightt%fr~ gﬂﬁégggeria.g are ig&gr or at ed int%arrlzal.n e
conventiona oxy ddhest Ve  MATTiIX T A bedf of Paramagnetic
adhesi werdrprassigmyre Tnwedrilxt wely (naeth e andidtes. 1 cm

30 and a height of 0.5 cm was applied to an

i nductively.  non-heatable material. To introduce

i Ftuct AR CEH8Te A MR RDD 7199323 Ym. 11 gomprising nanoscale
PCT/EP%Q@Q&@Q@%@%gﬂéﬂfﬁﬁ'@@#ﬁ&m&dﬁé@g@[ @@kkiﬁégﬁetic or
| smaning) with a,cgenerator of type _of STS M260S_w th
100% oPHREIGFETC | PAdSE L fhe LFHL RS uhYonPe1lg8RtN) -
t he beadrgflatadhesi wgid at aadicsicanee of shpempam@magnetic,
Speed 5 1 .25 s. The tenperature profile_was :
roasur SFTCSTRETE i br o SR AT et fF whPEREgRetic
ar r angedréentleal Inpt ienvdiedsshdy foaldhest tie.adty Meses .
possi ble to show that the adhesive could be heated
from25C to 90C wthin 20 s by nmeans of inductive

erfer gy AMNOS20G7 AOTI2EANg 10 -C EP200BPDBE8 Y nanoscale
a ai”BshpeQQQ%QMébﬁéﬁﬂﬁﬂSfé&kdﬁﬁgﬁéﬁﬂé{ ferrimagnetic or
super paramagnetic, ferraq netic, ferri ma%netlc or

par ama§REFTEIS B34 t PETds Seimfel 6p8GHyped Py poly(meth)-
pol y( mech)derysat esan?Z. Adhesbweadecor dengetrpathabmnttic,
conpri s le s netic, .
For oG e oo e SR ) GrmgRb | cParamagnetic
parti chextémeisopeet bynpelypaet By poly(meth)acrylates in

an epoxy resin matrix.

4. Method of adhesively bonding materials with

adhesives according to Claims 1 to 3.

5. Method according to Claim 4, characterized in that
in a first step the adhesive is pregelled by means
of inductive energy through temperature increase
and in a second step the adhesive is cured through

a further temperature increase.

6. Method according to Claim 5, characterized in that
the pregelling takes place at temperatures of
50-100°C.

7.  Method according to Claim 5, characterized in that
the curing takes place at temperatures of
. 140-200°cC. '



10 acryl ates and nanoscal e super paramagneti c,
ferromagnetic, ferrinmagnetic or paranagnetic

particles not envel oped by pol y(meth)acryl ates. 3.
Adhesi ve according to Caim1l conprising nanoscale 15
superit/difdgneti c, ferromagnet@c; ferri maghet{&P2906/068707
par amagnetic particles envel oped by poly(neth)-

acgyl atgseandrnappscahersdper pacamBdnet i Go claim 4 for
ferronaggﬁtlc, err%nagnetlc or Egranagnetlc

parti cl 8S0RBtVenVel BpRA1BY pORyERREAFacY! afds iFaskp one
an epoxyatesial metht ¢ . cdnndet bodhedtadhestvet yvbondi ng
materials with adhesives according to Clainms 1 to 3.

25 5. Method according to Caim4, characterized in

5 that iWsa fPEst theep mdidcadhesiamrdsngr egel | €Edabhyy 4 in
means Q&tc‘)xﬂ&ityf\tféVecgﬂgEgMCEMDHUQhatig'&%rﬁt W®nstruction,
increase  and 1n a second step the adhesive is cured

t hr oughshaPP k1 RErg ¢ enpetavakRecliaceeassrughion machspace-
accor di pgate1 Gaimndiogharacterized in that the

- pregelling takes place at tenperatures of 50-100C 35

7. Method according to Claimb5, characterized in that

the curing takes place at tenperatures of 140-200C.

WD 2007/ 093237 - 20 - PCT/ EP2006/ 068707 8. Use of the

nmet hod according to Caim4 for adhesively bondi ng
materials to at | east one material which cannot be
heated inductively. 5 9. Use of the nmethod according

to Cdaim4 in autonotive construction, aircraft
construction, shipbuilding, rail-vehicle construction
and space- travel technol ogy. :



