;  e3e | d6Tp’ WD 02/31060 PCT/EPA /11127 Conposite particles -1
. MuU~y~uoU~UU~5 esent invention concerns conposite par iy h£ h
repr esent su&?gﬂfliﬁa}{l y inproved nodifications of inorgani ctpgﬁhﬁglr/gg%fc
pi gmrents and whi ch, depending on 5 the pi.gnent material, act as absorbers
fQr visible and/or infrared Iight and can therefore be used as
col our-inparting a?ents .and/or as infrared (IR |ight absorber#""mmumu” MI!’,
rise to a ne§iangpasite paxtiddes n t he natrix. The conposite particles accor
te the invention can be used in media in which a 10 high transpareff®&®*in
other words |ow haze, is inportant, such as e.g. in clear varnishes,
pai nts, pl astyheSprefnt Hivedfios @BhEMS cOMPEsife! PARiE10E WhidTR képrésehs subkh@Kalk@n
al so be used to adjust colour tones in non-transparent nedia, however. It
i s known t hatmptored modifpdatippoeianiganisi agdengania pigmeniseand yauch, Wependlingoen ent
systens .15 shoul d be bel ow.10 nm o onl few 10s of nm.i rder not to
give rise tpt Bﬁn?‘?%épatﬁ%%le.acba%éhsqrﬁggrgbé’ﬁé ISI? q.rowgﬁarﬁﬁeﬁg@c?‘?‘céarf ndex,
this limt ishgebrebe BRI HIoUrahParingaigbhts|8d ok 48 Snfrdted (IR)ARHE ab¥orirPani c
pi gnents, but here too excessively |large pignents lead to haze. In
addi ti on, theségbwulsk ipanegligitds hazcahdhe wawixn as "nanoparticl es" nust be
very well dispersed in the matrix and stabilised, since an aggl oneration of
20 these particles, in other words the fornmation of secondary particles,
agai n | eads fchBapodRdpitieda@biding & MeGHARESN icBn B8 SsH in thB&ia Gh SAEANT age
of the known technical solutions to this problemis the tine and cost
i nvol vé@ i n ihighotrpuspatenpy inhetheavopds tlow | lege, ist onpdreanhyesuch xasi gt fire clear
necessary 25 degree of dispersion. The particles, ich ar ner al |
present in tH& %‘F?ﬂp&fmi)é\fég%g SB%%"L‘*@E?‘QP& E%jt ?F@&Pt?r&?ﬁ'%t?’@ﬁg?“/@g%hear
forces (e.g. oAb 120801 &h nbR-tRh&Aert BddDen Lnerates that are
pr esent intobgﬁltszﬁﬂg%r{gguoni)ts@% at nt e s%%t tﬂ:ad?}l1 ng’o?‘gﬁL ght by these units
and hence al so the haze of the matrix (e.g. surface coating binder) becones

negligi bl e. Breakin oner.ated nanoparticles intq isol ated
grtg It is ow% tlﬁp t?l%gsgze of inorganic pigments that are usedc{n transparent systems

15 should be below 10 nm or only a few 10s of nm in order not to give rise to additional
haze. Given their generally lower refractive index, this limit is set at somewhat larger
particle sizes in the case of organic pigments, but here too excessively large pigments
lead to haze. In addition, these small particles — also known as “nanoparticles” —
must be very well dispersed in the matrix and stabilised, since an agglomeration of

20 these particles, in other words the formation of secondary particles, again leads to

haze and often also to a change in colour.

The disadvantage of the known technical solutions to this problem is the time and
cost involved in incorporating the nanoparticles into the matrix in the necessary
25 degree of dispersion. The particles, which are generally present in the form of
powders or pastes, are subjected to intensive shear forces (e.g. by grinding) in order
to break up the agglomerates that are present into such small units that the scattering
of light by these units and hence also the haze of the matrix (e.g. surface coating
binder) becomes negligible. Breaking up agglomerated nanoparticles into isolated
30 primary particles generally requires a substantially greater effort than is the case with
agglomerates consisting of larger primary particles (> 100 nm), for example.

However, since the practically complete deagglomeration of the nanoparticles is
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30 primary particles generally requires a substantially greater effort than
vis the case wth | omerates consisting of larger primry j > 100
nm, for exallﬁl)(?%z./381 ver, since the practically conplete dggggl)glr@rﬁé{i on
of the nanoparticles is Y ' WD 02/ 31060 PCT/EPOL/ 11127 -2 absolutely
essential for a transparent coloration, the poor dispersibility of
conventional, transparent pignents becones a very substantial disadvantage
for their use. 5 The distribution of UV-absorbing inorganic particles in or
orR dielectric particles nmeasuring around 300 nmin size, which in turn are
incorporated into the matri x as supports, to ensure the transparency of the

epor ted (vorilosf e B8, £ PARRhRaf, Guiath &y JRE HisBreadify (5E7

particl es ar @ohwntieshll @arfsEQ‘éﬂtrpigﬁl@ﬁlt@ Befgndsta vdi§ stiistanitinl diseiastagh fokQhdihat
the refractive index of the conpound particle consisting of dielectric

particle andugé.gnent differs only marginally fromthe refractive index of
the surrounding matrix, thereby nmaxim sing transm ssion in the entire
visible part of the light spectrum This publication discloses only

UV- absogbi ng 1o dikteibeSors € UAabsorBing inbibaic gdiitled @VRY & ditlgtrRbpatitiey e
here was to obtain as high an optical transm ssion as possible 15 in the
wavel engt h r amgsuriigpareurdkd30G nm Wnhdizsh whaghyint tabyl gredredrpetateddntlodhe athtig ghrent s
and sol ar IR absorbers. t attenpts i nprove t r.ansparency an

i ncor por abi | iStEP2 "toreé‘ﬁ'é%/gﬁeem’ns{??rﬁ”r‘éyn?étg?g}a &t Wﬁﬁ’é{}& ‘i%lﬁ?i’?%f’ﬂgt@%‘?“q? he
pi gnents. Fofrd RRAABsmbticsMBSs bR&RALp&EEI (VD FD0gwI5). MM S sl SHaraiin | 1ty
of fine haematite particles could be achieved by neans of an organic (JP-A
07 126 018) ¢he larger djalectric(RpRiclesCBe 0@ <@l2i9 chosenacoerdingdd thhmaprixgnssdtsyclor

coating,.of the pi nt.particle. surface., By.inprovi.n e.c atjhility
et weer Ot he dit Theregagi BBCo G omBSid pR B PR B oL ARG R e Y v e
forces betweend & ddfrgeeAL Iﬂﬁirglﬂaﬂty%m teerefhétRetind SO the dufrSindiSRBH] ON
can be somewhat 25 reduceal. Neverthel ess, all of these proposed approaches
still requir¢haeemygxindsiog traosmidsispar theentitkovisibteopaal ofithe light spactyumpalhis cl e
size in order tQ achieve a trans ent, .intensive cqgloration. In fact, in
t he secondar yub}l@élpﬁe isclgges; pp gﬁf—a‘ésorm%e&%%espé}la} ASe& 8w 12 %ﬁr%ﬂést

other thi ngs pogleliC9Re GbiRhiehetERadtobtiY a9 Bbh anBpibsfranbaReioh a8 Bo&ibl
greater than hfg}‘%lélg g?qg)rjegtgl yedee?reé’ to ﬁ)g u%r eagsgna%ﬁre ecausél ?ﬂe eV\AD
02/ 31066 PCT/ikB@Iwadveléhigth range above 400 nm, which inevitably excludes coloured pigments

and solar IR absorbers.

Most attempts to improve the transparency and incorporability of transparent
pigments target the dispersibility of the pigments. For instance, it was reported that
20 an improved dispersibility of fine haematite particles could be achieved by means of
an organic (JP-A 07 126 018) or inorganic (JP-A 05 208 829) treatment of the
pigments or coating of the pigment particle surface. By improving the compatibility
between the particle surfaces and the matrix or by shielding the adhesive forces
between the pigment particles, the effort required for dispersion can be somewhat
25 reduced. Nevertheless, all of these proposed approaches still require a very laborious
dispersion down to almost primary particle size in order to achieve a transparent,
intensive coloration. In fact, in the secondary treatment of iron oxide haematite
particles with, amongst other things, silicon dioxide (EP-A 0 997 500), a SiO,

proportion of greater than 20% is expressly deemed to be unreasonable because the



-3 two desired effects of ageing resistance and inproved dispersibility are
ral ready achieved with significantly |ess secondary treatnen% q&#@b,gé The
production o?wgﬁﬁﬂ8w{ed particles, which can al so be col our & orted
in 5 connection with their use as heterogeneous catal ysts (fatal. Today
(1997), 34, 281 305). Iron oxide haenmatite applied to silicon dioxide for
use as a heterogeneous catalyst is also described (React. Kinet. fatal.
Lett. (1999), 66, 183-188). There is no-ention of a possible use as a

t ransparent pignent, however, and the transfer of catalyst properties to
opti cal pignent properties in a polymer or paint matrix is in no 10 way

obvi ous. rde m. ner al th|V|e het Lcal |l a
pressed cake ol etsl(g?'ld 8&6%&&8 %ta?ge[ug é%mstancg he 1m&r89$fe%ﬂpglgﬁﬁnlﬁt9n%raiqﬁ%e8§i on
was i ncor por gatgevddiyith ﬁgﬁﬂﬁlchﬁmegb R¥driRntireiRRESi RateidiP- A 0 947 564) .
However, the objective of this work was a conposite in 15 which the

partlcle si ze of the iron oxide preferably has a value of between 0.1 and 1

Vim This re tednt transpar.ent cpl

i mredi at el y %PB Otr}hsélpB%‘? oﬁa‘i‘ P § lcﬁnc"“flha aﬁ? Cgl%gregcés[ ﬁ??‘é‘ad &1 our .
These psgﬁenfcenﬂ&ubﬂ withethefr @€ ad Betertiohdodbcatalyals (CARLITARFRAIEN] 34 gL at i on
of organic matrices. 20 The object underlying the present invention was

t herefore to3pﬁb\quneosqdednaamlagrtenmlﬁd dd siliqghl cjaomdarfgpalsem acheiprogenceus

ticl whi ch, ab bl / hibit th
Sf‘éahiaﬁfage'g&m‘é‘uﬁ%ﬁsq deritsrBRact, Finel. Saldis 4 ol afomta 8 o
I'ight that %e%%ﬂrofrfgbeimemsé 1289 ﬁ‘ﬁhsﬁhfeﬁ?fng?deﬁ? RfwdvBe i sthBitdahbfér bimi t,

i.e. in the wavel engt h range between approx 00 'nm and approx. 2500 nm 25
Thi's obj ect icstahstprepertiestcaptitahpigment mepemvsenta pm’lyimyr sugdintcoatpiass ireno
particl 85 whi ch % ntain i norgani c and/ or organi c pignent particles having a
pri mar yOpar t MAYOP¥IHE of 1 nmto 100 nm preferably between 1 nmand 50 nm
whi ch adhere to solid inorganic or organic col ourless support particles
having a primary particle size of 30 1 nmto 200 nm whereby either the

pi gnent pri médn yrdeatd adjhst s naineraf uhisteaisteadh,| synthetically, a pre¥¥0d@2k840i6en oxide

PCT/ EPO1/ 11127 - oner ted vm t her. pi gment ty particl

mor eover ar epﬁ’élr‘i’e‘?sdg%‘e 11“? erela @Pg’éhcété?r{)&’%ﬁ 160 %%?H%/ %@aﬁﬁléff?nf‘ﬁ?ﬁig%ne
anot her, t i mary
particles arg1 n%ﬁﬁle@@e%g)tnﬂ?o%%r%%g?era gagﬁg I"er tﬂgﬁg%%b&ﬂ?&ﬁte t hese
are thds posiwhichér mirticle s2etafithe tfonioxide freftrsblyphaea valmodvetveseatheand Sai d

m ni nrum di st ance shoul d eneraII be at |east one quarter of the dianeter
of the parti dIH8. dhisafrghlerengt & % rAesPrEnCployient TRBFbrsahds dnardiaRly ow to

SUCh. par ti .Cl gﬁe%r?jﬁ;tloqg? 851@01\/ El&il% & ﬁ'@%ﬁ a, s@gtlié%c?goll)hrg l:Hhes é ets ]?8 cg t hat

conmbining in ment partic aving a prinmary par si ze of
1 nmto 100 nerefordbeaursujgde forchagasparent aloratgen oft&gatlemaﬁ‘ices.em conducti ng
oxi de, metal oxide or polyner particles having a primary particle size of 1
nmto 10 Vim preferably 2 nmto 500 nm is advantageous. To avoid haze,
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aggl onerati 0ﬁn@ﬁﬁémﬂgﬁlyo‘twwparEntmo@r@&tepﬂ‘hcles which a‘t;sorb visible and/or 1nfrared
light and do not exhibit the disadvantages known in the prior art. Infrared (IR) light
refers here to light that in solar radiation lies on either side of the visibility limit, i.e.
in the wavelength range between approx. 700 nm and approx. 2500 nm.
25
This object is achieved according to the invention by such composite particles which
contain inorganic and/or organic pigment particles having a primary particle size of
1 nm to 100 nm, preferably between 1 nm and 50 nm, which adhere to solid

inorganic or organic colourless support particles having a primary particle size of

30 1 nm to 200 nm, whereby either the pigment primary particles are substantially not



15 up to a few ~min size does not |ead to haze in the matrix and hence can
be tolerated, The termmatrix refers here to a dielectric ”?g%ﬂfﬁl/l h as
e.g. a cl ear WAPHT1HP pai nt, plastic, glass or a coating material. re and
bel ow, primary particle size is defined as corresponding to the di aneter of
a_sphere of the sane volune. 20 It was al so found that encapsul ating

i ndi vidual pignment particles having a primary particle size of 1 nmto 100
nmw th other primary particles or encapsid ating particles consisting of
sem conducti ng oxi des, netal oxides or polyners having a total coating
thickness of 1 nmto 10 pmis advantageous. To avoid haze, these pignents

encapsul at ed bR AL Wi lHer| A8mERIiMEnL BlkickS I RREGS AU NERGEIP! P! €

25 dispersionggn a nmatri X, sl nce®a noderateraggl oneration o

encapsul at ed ppiiflomi & aertdid thihiduinedisthsder fidth ofe ShatBerd o gnyigldneastes thahaze
in the matrix and hence can be tolerated. The termmatrix refers here to a
di el ectric mmayrbalformedhamengethgse pigment privearyipetiiclesaaratsmaentiancl 00gh@ss or
a coating materd al. 2/ 31060 PCI/EPO /11127 -.5 The su rt particles
or “shel 15 ar dabHemAGh D an end tesnate BEE PauondCuntBREH plifhu
optical ky acigisyfcPifieBhe GRGBS: SWA @himBASHE@nsPsHoRlPgdrRydlk/SatQéast one
nanonmeters in size, in order to decouple them el ectromagneti cal I%/. When
decoupl ed i nquiniter ofidlye diemetsr afithgpgitivhasraitagglamstatesh dhe tesmarigmpetrrefers kese or
encapsul at ed ticles gives rise to no .5 substantial Bi ht scattering. A
further condiagﬁ?hﬁlo%t? SP%UW&@S%?‘%‘?PSS% YiFg tang@éf‘%fé?% glﬂy t he supported or
encapsul ated pignents is that the material fromwhich the support or shell
is made displays a simlar refractive index to the surrounding matrix. In
nmost mat eri allt wasrifoundt thaneonitshingandisidupbpigment paréitles davingiagpremarytagicdeppor t
material should in fact display an even |lower apd in a few.cases somewhat
 gher 10ef r agtze o | 4 Al & PR osanane g saelotndtates ff SmicanBictE b
average refragtieV &edidfddd 8F poiies PRI GivR £PRARRMbAER BIHFP M o ONIY
slightly di ff%erdee’nt elftrom t he Pe?‘rﬂrlgc??l\?le I ndéx gof Bt he%}égr rloundi ng mat ri(>)<,

t her eby f urt HOrumj preferablng nim phi00sias s @dvagagedhe Toravent ham, thhsr ehqrosite

provi des conposjte particles containing inorganic and/or 1 S organic

i grent par ¢ PATHSLSSIARDFSPER! PRSP BTPRS AR AL TEY Sparee pid AeTRSITPIa o0
nm pref er ablyyc BRINERN rhaftiR, e 30Ut ABmBANGH Bf iRsS Qlipdr AQHERELE OF
or gani ¢ col ourﬁpess suppo?t ;’)art?cl e(gﬁh%%% a primary Bartﬂipgl elngrihze of on
aver agdsl nmupao 2@8wnm ircéiz¢ dadserot kad to hazehiathe thatrigi apddehcepranbanylemdad | cl es

are not substantially agglonerated wi.th other pignent primary particles and
are gener al | Y h§dem MgBgresars Bersdo adigleqtric maffrial s a8 e 8€ 159 ¥amishePdMot her |
wher eby this g 0 I 1 L8 e;oll of

t he pi gnent 5’?45%?@g%a0?ﬁ %:qaggg?%ﬁéeﬂll'n%%%ﬁn gn%%aoﬁg’g; pr &?Bret%i‘éc%?rép%srq% Eﬂgéd
particl es comnbaomespgnding rethe dpandteradfasphereiofitheaamawelmye prinmary particle
size of 1 nmto 100 nm preferably 1 nmto 50 nm which 25 are encapsul at ed
with other primary particles, also known as encapsul ating particles, or

the sharl snauld: SE8.Pufd o) SRGISE0% W RRaMIEiER A IRAOTh AT, BBERAFS ©

pi gnent pri npagtickagizeé 6f BBm to 100 nm with other primary particles or encapsulating particles

consisting of semiconducting oxides, metal oxides or polymers having a total coating
thickness of 1 nm to 10 pm is advantageous. To avoid haze, these pigments
encapsulated with other particles require only very coarse and hence simple
25 dispersion in a matrix, since a moderate agglomeration of these encapsulated
pigments of up to a few um in size does not lead to haze in the matrix and hence can
be tolerated. The term matrix refers here to a dielectric material such as e.g. a clear

varnish, paint, plastic, glass or a coating material.



, . , WD 02/31060 PCT/EPOL/ 11127 -6The invention also provides conposite
sparticles contalni aggl onerates of inorganic and/ or organi J
iyt serfgSfs

particles havY verage primary particle size of 1 nmt

preferably between 1 nmand 50 nm Said aggl onerates adhere to solid

i norgani c or organic colourless support particles having an average primary
particle 5 size of 1 nmto 200 nmand are characterised in that on average
they are snmaller than 100 nm preferably5imaller than 50 nm and are
general ly positioned at a certain m ninum di stance from one anot her,
whereby this distance should generally be one quarter of the dianeter of

e g O a3 S Rl IO oRh S e AN B3 RRRR 4o PRI e

containing a i norgani c an anic p

having a pri @ﬁ&algaarcﬁ'v@b%@hmr@i wiiclevedsagupl toriTetvoteADSF mabmpresy iarsede] v
between 1 nmand 50 nm Said aggl onerates are on average snaller than 100
nm pref er abliy osienld égcovplarih@n clesiromagneticdlye Yékapsdacarmed i this ways gVemanr
particul ate, i norganic Qrgani ¢ coatin wher eby .t he.t.otal caoating

Dhi ckness. 15288 OTRE SR o7l e BBRE BaPFges Pt cHEPEIgd RATTIER, B i 0 M0ret or
of the aggl orppsdrial lidktQcittyiB! AGUrtdreondikieN fstahe FRAUPIRSH ¢18igh@kdatteHiBSbRs
descri bed above but contai ning conbinati ons of various types of pignent

particles, sutippeopporsed or encapsubied) igmenis apihal the imagerpd froncwhish thxosuppert or
i t] ddj t.j onal | i des_ t iy i d/

tranapar ont . REILBOBRds ABPEYSE Sy IR ShaGrie b kDRI haBB IS mest
particles, WhhGhiAr@nibHeROR rbefv@e@nidaggo@ o8 |sBAIl aH@ ikt (Be GupiRt YRR .

acrylic, alkyd resin, chlorinated rubber, epoxy resin, acrylic resin, oil,
ni trocel | ul osboulddh fass tlisplay poleyen Evesaed Xba Yew nissh e somswhas| Highes refoactiveiat i on

The | it i onSRiGRe SHEITPUBABE L : PLAL SIS 19 ' Rettolrat Ay for e 7%

transparent |Rahsaa: @Hcdﬁ@%lg{eg?:ig?n&f? RSy isRghtBf diffeRthafbinGhé fefBictive index

pol ycar bonat e, ‘pol yam de, et hyl ene, polypropyl ene, pol ynethacryl ate,

pol ynmet hyl nef Hecuyloatding mafrix, tMee)2fugheac0inBqisigRght $dai@ring.pol yur et hane,
pol yet hyl ene terephthal ate, polystyrene, styrene acrylonitrile) or glass,
into which the conposite particles according to the invention are

i ncor porat €d-The invention therefore provides composite particles containing inorganic and/or
15 organic pigment particles having an average primary particle size of 1 nm to 100 nm,
preferably between 1 nm and 50 nm, which adhere to solid inorganic or organic

colourless support particles having a primary particle size of on average 1 nm to

200 nm, characterised in that the pigment primary particles are not substantially

agglomerated with other pigment primary particles and are generally positioned at a

20 certain minimum distance from one another, whereby this distance should generally

be one quarter of the diameter of the pigment primary particles.

The invention also provides composite particles containing pigment particles having
an average primary particle size of 1 nm to 100 nm, preferably 1 nm to 50 nm, which

25 are encapsulated with other primary particles, also known as encapsulating particles,
or with a solid inorganic or organic coating, whereby the coating thickness of the
shell should generally be at least one eighth of the diameter of the pigment primary
particles.



The terminorgani c pignents covers netals such as e.g. Cu, Ag, Au, Pt, Pd,
Co or 5 alloys t hese el enments, sem conductors such as e. I 11
oxi des, nit r?(‘é%gg,/:’lﬂﬁoosphi des and sul fides of nmetals and semgggz?gﬁgplg%g
together with other materials such as e.g. alum nates, particularly iron

oxi des and iron oxide hydroxi des, chrom um oxides, cadm um sul fide, cadm um
sel eni de, cadm um sul f osel eni de, bisnmuth vanadate, chromate pignents,
ultramarine pignments, iron-blue pignentsé@nd 10 m xed phase pignents, e.qg.
doped rutile pignents. The terminorganic pignents al so covers doped
materials such as e.g. tin-doped indium oxide, alum niumdoped zinc oxide,

ant i nony- dop tin oxid fluorine- ed ] I r -do i].1con
oxi de. 15 WMat i"é‘fegg?lﬁg S0 PrYIdssicP %ﬂ%?eaéjml& &r%gsr g%l}la?@ng?%ﬁ%éat%n&g%oggéfdéance
with the i nveR§lPBraanR @Fﬁ@nﬂ pHfi@adhavifBhe hvethde %&ﬂﬁ&@ paktyé size lodilltring €0 ( host
material) is doped wth foreign ions such that the material fluoresces.
These i ncl udd0p mmapreferailnrbeteennhmnar pad $0ama. Heid caagiglomesates gdhere fiasokd e
used as so-called.ghos hors in {Iuorescent.jcr ens or | anmps_and suchlas are
cited in U | N&NR™Y Eﬁ8€%ﬁ’f’8p%°&‘?‘5 5% SYRRGHIRAHATS CVATR & PYFTa8R IEVR RIES © 6" h
editiong 1999ikl#atdR i S0BmeAdYre SHMRRISRTse@ M that 86lavedra¥ tAeP S RinaltBt @Ak al S:
1. Inorganic Phosphors”. Materials that are suitable as inorganic pignment

i n accor dancdOQinmh, pieéerably entallon thaneYlefiay @nd raed gererallyc hosrigenedi atl a cegtain ype

XY: A, whereby X i .cat | f | epent ' | a,
I L R g ) R e
of the peri odigr&¥otitRMiarketey of fic@flBRleraesP0l yat om ¢ anion from one or nore

el enents) from main groups 3a, 4a, b5a, from subgroups 3b, 4b, 5b, 6b, 7b
and/or 8b and el enments) frommai n groups 6a and/or 7 or a nopnoatom c anion

frommin greup.5 a,. 6a or 7a of the periodic systemand A is the doping
e or 40 conaTGnYRHoR Sk PETGAEORPORE A6t SO RB BB ORI S aorgae

| ant hani des f {0 ; : , M,
ng, 30 G Acndiop ordEyR RS daR TR iR A REAOGL O ofrage Fam 6
concent r at i orl06fnmopiefigyably \WENVO&N3 1 MEO aRRCHOERA Sdid14¥glomgeratentasy balaverage he
host lattice is_between 10-s | % .and 50 | % preferably between Q.01 nol %
Bnd 30" ol o6 SHRIET ERal00 sy Bredrrany paben R 59 Brnande et ulgrdo v E b 1
the materi al : - filL 10 i It i : l.eni.des, 5
sul f osel eni dg@#@%ﬁgé’t{t;ﬁ%a%é@?%%ﬁbt a?lgdsr,gﬁg%?nﬁﬁigt @E&S%Fﬁ}k) {éig égagﬁgﬁtglgtﬁgug g

ger mandtses, pifdspdhall esgeneadllyphkagivat efphtioxd the dianstaef tieegglonmradat es,

ni obates, tantal ates, sulfates, wolframtes, nolybdates, alkali halides and
ot her halides or nitrides are preferably used as host materials for the

fl uorescent phan rilc ; I . ! S . t her
W th the cor Fignauen RR B bRSock LB GR, BiricRe 5 dBRIBEY ooty BRSERLAREL
where B = hosbmbdagibhsll ofarndridus= tgmei of) pigmerti phiticleks) Isupport Nearticlés a@ddor T ;
Csl:Na; LiF:My; LiF:. M, Ti; LiF M, Na; KMJF3: \n; Al z03: Eu; BaFCl : Eu;

Ba. FCl : Sm B&RePSHtingpadrlssspro, s: Sm BaYzFB: A (A = Pr, Tm Er, Ce);

BaSi ZGs)Pb; BaMyZA1~60z~: Eu; BaMyAl 14023: Eu; BaMyAl, 0O Eu; 15 BaMyA1203: Eu;
Ba2PZO~:Ti; (Ba, Zn, My) 3Si ZO~: Pb; Ce( M, Ba) Al~, 0~9; Ceo 6sTho. 3sMgAl> >

0, 9: Ce, Th: MiWe-inv&itnCGrldftlonalifp psvides thdnSpdrent delyir-Gaparfiiy: ahidior Myhspatent Ce) ;
(M, Ca) S: Eu; MgSi G3; Wn; 3, SMyO-0. SMF2~Ge2: Mh; MgWO4: Sm MgWO4: Pb;
6MyO-As20s: MIR-3o30rbNtg) Eating; Metgkialse Fasmisting : ofziesreupamite passdrpawiish e

ZnQ Zn; ZnQ %‘HCO%{)OI’Q‘%H i%%sgpgée}rzﬁm;sh %Q%E '%‘ofyg%tgr, acrylic, alkyd resin, chlorinated
rubber, epoxy resin, acrylic resin, oil, nitrocellulose, polyester, polyurethane

25 varnishes as well as combination varnishes based on cellulose nitrates and alkyd

resins), plastic or glass.

The invention additionally provides transparently coloured and/or transparent IR-
absorbing materials consisting of a plastic (e.g. polycarbonate, polyamide,

30 polyethylene, polypropylene, polymethacrylate, polymethyl methacrylate,



20 Ag, A, Cu); (Zn Cd)S:A (A =Cu, A, Ag, N); CdB04: \n; CaFZ: Wn;
WCaF2:rDy; CaS A A = |lanthanides, Bi); (Ca, Sr)S:Bi; CawWwXA: Pb; :

CaSOt: A (A = AO2398 hani des):  3Ca3( P04) Z~Ca(F, O ) Z: Sb, M': &}%?’mﬁ*b-
Ca2A1zSi 20~: Ce; (Ca,My)Si 03:Ce; (Ca,Mg)Si03:Ti; 2Sr0O-6(Bz03)~SrF2: Eu;

3Sr 3( P04) Z~CaCI 2: Eu; A3(P04)2~ACl12:Eu (A = Sr, Ca, Ba); (Sr,M)ZPzO-: Eu;
(Sr,My)3(P04)Z:Sn; SrS:Ce; 25 SrS:SmCe; SrS:Sm SrS: Eu; SrS: Eu, Sm

SrS: Cu, Ag; SrzZPzOr: Sn; Sr2P20~: Eu; Sr4AXIA0zs: Eu; SrGazS4: A (A =

| ant hani des, Pb); SrGazS4: Pb; Sr3GdzSi 6018: Pb, Mh; YF3: Yb, Er; YF3:Ln (Ln =
| ant hani des); YLi F4:Ln (Ln = | ant hani des) Y3Al1sA 2:Ln (Ln - | ant hani des);

1"V anthant qedp Rt TORRRYIER: st a4 B Repn ek Bl )

YV04: A (A = |11§’t8t\ﬂﬁéﬂ ﬁ‘l@%omlpﬂélte p\éﬁ'ﬂ?oléé)&éoﬁﬂl otN@nQ@ﬁt&hQﬁQnB@FﬁoEi?@l/ 11127 -9
YTa04: Nb; YAL03:A (A =Pr, Tm Er, Ce); Y :Yb, Er; LnPO4:Ce, Tb (Ln =

| ant hani des or m xtures of | ant hanl des); LuV04 Eu GdV04: Eu; Gd202S: Th;

GdwvgB50~0: Ce, LaOBr: Th:; La20 S Tb L YbZF - Yb, E
Nagm Yb. Er TTR&E%’%P‘{F%"‘“E‘F i %ﬁ‘?f %‘5’?&%% %"Ethdglﬁ %;y S GON: A
(A = Prg Eu, aﬁﬁ{s Eﬂhesg'e‘ﬂ&@é@é%enﬁédﬂgggtofwsu%ﬁasl-é b@r?‘aﬁ[ allLdxGdeA) 'ﬁﬁn@%
L|SrAIF6Ce LituF4:A (A= Pr, Tm Er, Ce); : M, Si Ox: Er,

(0<_x<_2). Squhbaﬂildrsemdmplfelss of mwa!isaandalsemlcmdut:ﬂoa mg@pmr Msthcmh@frmaplsal'a ating
particles inclyde 10 such oxides i des, )
seni conduct orsgtihsasv\ﬁigr 4mgnafes, a%amﬁ“ff’é@. I“ioga% e%ra“gollrf)’ﬂe% \?\#P(dé?f“g?s

substanti al | htdnWNAPRKRRE, Lairkillth “hEide] Gadhiat rseﬂenrden%dmﬂ}m shEbdBIHMIMe
concentration relates to the proportion of pi gment volume in the 15 total

vol ume of t héiswithdapiiage chiontatepigorpssuliramgent pignests, the-blust pigmonts and | s

t he vol urre of th rrent | us that of. the su t material, excluding any
voi ds il the %ﬁ‘gBE?sgé"gm %%@P@?‘?B’&‘l%?ﬂw&e& FROML iRpREaNic D é%?‘lﬁ?r%lﬁgs are

present | 0. 8 0N Wpéd nfPRRENIA"L ¥k Un-doplt iiBA6:20¢] el GoplOAR f“ s at

1 %to 40%relative'to t pi gnment/ ppor conposite. 'I'n a part

preferred enmmmntlmbﬁwdaﬁédahhlcﬁudn dhenhs-dape&l finesedd of mesal\dopedreilicon
concentration of 10%to 50% and netallic pignents at 5% to 20% relative to
t he pi gnent/s%tﬂ?ort conposite. 25 In a preferred enbodi nent non-netallic
pigments are present in a volune concentration of 1 %to 60%and netallic
pignents at 1 %to 40%relative to the encapsul ati ng pignment conposite. In
a partilsul ar IMatprigi ehat ect swithbld iasirrgandnpigtrehisiic agiogdeant svithrtke vest@ntaren a

vol une concentration of 10%to 50% and netallic pignments %to 20%
relative to tah% WREEpKUMALEriAly Whoswrystal dathies lhast rraagenalm @wg Boforeigp

ions such that the material fluoresces. These include in particular all materials and
material classes that are used as so-called phosphors in fluorescent screens or lamps
and such as are cited in Ullmann’s Encyclopedia of Industrial Chemistry, WILEY-
20 VCH, 6 edition, 1999 Electronic Release, chapter entitled “Luminescent Materials:
1. Inorganic Phosphors”. Materials that are suitable as inorganic pigment in
accordance with the invention therefore include such materials of type XY:A,
whereby X is a cation from one or more elements from main groups la, 2a, 3a, 4a,
from subgroups 2b, 3b, 4b, 5b, 6b, 7b or from the lanthanides of the periodic system,
25 Y is either a polyatomic anion from one or more element(s) from main groups 3a, 4a,
5a, from subgroups 3b, 4b, 5b, 6b, 7b and/or 8b and element(s) from main groups 6a
and/or 7 or a monoatomic anion from main group 5a, 6a or 7a of the periodic system
and A is the doping material consisting of anions from one or more elements from
the lanthanides and/or elements from main groups 1a, 2a and/or Al, Cr, T1, Mn, Ag,
30 Cu, As, Nb, Nd, Ni, Ti, In, Sb, Ga, Si, Pb, Bi, Zn, Co. The concentration of doping



PCT/ EPOL/ 11127 In a further preferred enbodi nent the support particles or

 t he .encapsul %éq:)ﬁ?%lragéjeri al have a real refractive index of %‘actr\/ifﬁ?/n]u? and
| e, ftor

1.9in the v ectral range. The use of silicon dioxi exanpl e,
as support material or encapsulating material is particularly advantageous.
5.In the ideal case the refractive index of the conposite consisting of
pi gment and support particles is the sane as that of the matrix into which
the conposite particles are incorporated &or the purposes of coloration. In
this particularly preferred enbodi ment the volunme concentration of the
pi gnent relative to the pignent/support 10 conposite approxinmates to a

Grol e * Mgt (RO RO 3 QLT S| TR TR ST TRIE e ey bR

pi gment el atg.embs bh® 3@ hdIBNpArEeiRgy breCaitlo Setwen NTBmbS, biie20 glot%Act i ve
I ndex of the matrix into which the conposite is incorporated, Nn is the

refractive index of the support material and Np, is the refractive index of

t he pi gnment. ractive. inde ef er re in tq r .
conponent . 235 ﬁé%e@’eer fnﬁté{gaqreei?ﬁrﬁagfifﬁ/lé)p?%ﬁ%eijetxglgﬁl %ﬁ Eé’%lggc sbsslumeh%%agé}%ﬁ"fl Fer
slightly, prelEsandddy dx9suTHES, t httes) 3ludithitss, bailg#Rst Nalicadds, t fimanates,
surrounding matrix. In a further preferred enbodinent the perm ssible

aggl oner at es pbpsphates2 hadapbpsphiatesi grxides, cassquotsst &vapadapdsg neinbatess ctaptaldtes, i ng
ticl i t | | t 5 ] ticularl f l [
Phan 10 pm  AEGHeRapoilAg gy aplsapeal talifis.pid e $afic) & Avideache, o

avoi d specks ﬂré‘l@f‘abﬁf@se&iﬁilllékternhfériﬁlfaQ'pﬂﬁ{é%cﬁé@etﬁ'}ﬂ%&@nt%ﬁwl&. ExhQpReQnAeous
per cei ved colour or infrared absorption. WO 0Z/31060 -11 PCT/ EPOL/ 11127

In a further thessinblegale plasws negetherhwitb ot ositespandingo doprogl fareedisted hedams of
I norgani.c or

di sper Sibi | i 4315%?1“48?@%% ‘%W%fte ﬁ%ﬁ%%&ﬁ%‘f@gﬁ? és%%ﬁﬁggﬁ‘%% 'thgtzl 22860
Lil:Eu; Nal:Tl; CsL.TI; CsI:Na; LiF:Mg; LiF:Mg,Ti; LiF:MgNa; KMgF;:Mn;
Al,Os5:Eu; BaFCl:Eu; BaFCl:Sm; BaFBr:Eu; BaFCl, sBrgs:Sm; BaY;Fs:A (A = Pr,
Tm, Er, Ce); BaSi,Os5:Pb; BaMg,Al;0,7:Eu; BaMgAl;40,3:Eu; BaMgAl,(0;7:Eu;

15 BaMgAl,O;:Eu; Ba,P,0-:Ti; (Ba,Zn,Mg)3S1,07:Pb; Ce(Mg,Ba)Al;;0y;
Ceo65Tbo.3sMgAl11019:Ce, Tb: MgAl;;049:Ce, Tb; MgF,:Mn; MgS:Eu; MgS:Ce;
MgS:Sm; MgS:(Sm,Ce); (Mg,Ca)S:Eu; MgSiO;3:Mn; 3.5Mg0-0.5MgF;-GeO;,:Mn;
MgWQO4:Sm; MgWO4:Pb; 6Mg0O-As;Os:Mn;  (Zn,Mg)F,:Mn;  (ZnsBe)SO4:Mn,;
ZnySi04:Mn; Zn,Si0O4:Mn,As; ZnO:Zn; Zn0:Zn,Si,Ga; Zn3(PO4)2:Mn; ZnS:A (A =

20 Ag, Al, Cu); (Zn,Cd)S:A (A = Cu, Al, Ag, Ni); CdBO4:Mn; CaF,:Mn; CaF,:Dy;
CaS:A A = lanthanides, Bi); (Ca,Sr)S:Bi; CaWQO4:Pb; CaWO4:Sm; CaSO4:A (A =
Mn, lanthanides); 3Ca3(PO4),-Ca(F,Cl1);:Sb,M;; CaSiO3:Mn,Pb; Ca,Al;Si;07:Ce;
(Ca,Mg)Si03:Ce; (Ca,Mg)SiO;:Ti; 2SrO-6(B,03)-SrF;:Eu;  3Sr3(PO4),-CaCly:Eu,
A3(POy)2 ACLy:Eu (A = Sr, Ca, Ba); (Sr,Mg),P,07:Eu; (Sr,Mg)3;(PO4),:Sn; SrS:Ce;

25 SrS:Sm,Ce; SrS:Sm; SrS:Eu; SrS:Eu,Sm; SrS:Cu,Ag; Sr;P,07:Sn; Sr,P,07:Eu;
Sr4Al14025:Eu; SrGasSq:A (A = lanthanides, Pb); SrGa;S,4:Pb; Sr;Gd,SisO;5:Pb,Mn;
YF;:Yb,Er; YF3:Ln (Ln = lanthanides); YLiF4:Ln (Ln = lanthanides); Y3Al;0,:Ln
(Ln = lanthanides); YAIl3(BO4)3:Nd,Yb; (Y,Ga)BOs:Eu; (Y,Gd)BOj:Eu;
Y,Al3Ga;015:Tb; Y,SiOs:Ln (Ln = lanthanides); Y;0s;:Ln (Ln = lanthanides);

30 Y;0,S:Ln (Ln = lanthanides); YVO4:A (A = lanthanides, In); Y(P,V)O4:Eu;



-12 Exanpl es: Exanple 1 PCT/EPA /11127 5 In order to denonstrate the

-advant ageous f the conposite particles according to j i on,

i ron oxide navﬁéég{ﬁofégl es (haematite) of around 10 nmin si zmﬂiog/xﬁ%d
been applied to silicon dioxide particles, were used. This particle size
was determ ned by neans of el ectron mcroscopi c exam nations. 10 Production
of the support pignents: To prepare an iron oxide sol, 2.7 g iron(lIll)
chloride (Fed 3 ~ 6H20) were dissolved i##50 ml distilled water. A further
velume of 450 ml distilled water was heated to boiling and the fresh
iron(l1l) chloride solution was added dropwi se (less than 2 m/mn) at
boi I'i ng poi ntyw e 1hnhensi v th LT DGl ALt O ) iled
for 15 a furt%ié&rd“tl}gy’m&r%?é? g%d ?%lzri r{é’ogﬂeg?)’ gﬁ%ﬁ f@ré{}én\gﬁ)gfé%}?gégﬁl 1)

oxi de in the [hakimddst &r Chyghiks HOrlandasidés)y Mady ONELHeGAWOLEY; 1©d,@peiTh; t hese
iron oxide particles to silicon dioxi dekgﬁggorts, 200 ml distilled water

wer e neasur e@BIeBxhd Ce. b g skaQBwRb:di o st i diasNdseeiosi Ba¥bds:Eu;
Degussa, DE) i t kD Q. Lopr ) isp o] ate,
the pr odi sper SRR, UEOE YR ER SNEEH P BET S Bl N RS G o)
The iro3 oxi d®,69DyaaN:Ae(r adUg R, Br MTen)s IBilGQO, 4ildNbde:Nd, BREL LW By, t h
stirring, sodium hydroxide solution added until a pH value of 3.5 was

obt ai ned’ and LiGeAHRsia LA e CediEBFsA (AT PRI, Sl aB:OThén, S50 Brdds
separ at ed offoby gggtri fuging and then dried at 80C in a vacuum oven for
sever al houré. =75>Tésting the col our properties of the conposite particles:
A paint filmwas produced in the follow ng way. The base pai nt consisted of
a mxture of 3500.0 g of the alkyd resin Al kydal F 48 (55% dry residue in
38: 7 white spuitable: exayipéaseqf Bateanls AGy tIREFYpp8BS .00 epcasiilating pasjwhdshiaclide),

acet atd? 2”%%21 e N heﬁ%ifiéh[‘or@gé b c@Rals pabOo Rt eBcey '&;eﬂh%si Sér i on.
A 100 i ; q : P =13
e used as. & BT SdRasy or oo’ S s, SPREERS e I RpIE T

were used. 4Gpértgl cfhge.he above base paint m xture (approx. 48%dry
residue), the drying agents, 0.38 g Ccta-Soligen lead with 24% Pb; 0.10 g
Octa- Sol igen cobalt with 6% Co (all Borchers GrbH, Monheim DE) and a
quantity of eguNes) i r g L ndi L. - m
wi de- neck gl ass glgftl :VI%}ELR@% %%I%hﬁézgiﬁhﬁ%aﬁ%ﬁ% gh%:%ﬁ(z)é)rrrlt?@atgf g%ﬁ—lgﬁ gﬁglgir?%t]lgt]t fe]Q

corr esdéndi ngotabvdlunte. 86 thelsalid phasecoftthe cdmpogite prtivles Tt tatall ivehwatk isTthe

m xture was then di spersed for 3 hours. The drying agents were added

i medi ately B Ltweeotsjﬁ@ﬁég@%mluwatrﬁéthemupwaﬂsa&aa&éacblém&@yvm@ injthe er ed
t hrough di sp%@ggtécr eens having a nesh width of approx. 280 ~,m To
assess the pignents the dispersed paints were spread onto black and white
tiles (opal glass tiles) using a coating roller system (gap hei ght as
required). Drying tqok place for one day at roomtenperature and then 1 h
at 65C i n t hdldpyPieéerEsde smbprlimens enoremicidic igmeye citea PISPE iechrWdEmen t he
ul Lravigpl et aBflechBalldid P18, 30ERYL Shd WMIRe pAHES DR 4fuIRIRR GARE. L e
advant ageous properties of the above pain sed on e conposite particles
accor di ng t o pigreeritisuppuri @ompdie. fingurpasicatwly pletercidl Embedinehi ach-angsliby t he

coats of paint on the black and white substrate as a function of the 20
wavel engt h. Ppigments are present in a volume concentration of 10% to 50% and metallic pigments

at 5% to 20% relative to the pigment/support composite.

25 In a preferred embodiment non-metallic pigments are present in a volume
concentration of 1% to 60% and metallic pigments at 1% to 40% relative to the
encapsulating pigment composite. In a particularly preferred embodiment non-
metallic pigments are present in a volume concentration of 10% to 50% and metallic
pigments at 5% to 20% relative to the encapsulating pigment composite.

30



The refl ectance by this paint on the black substrate (Fig. 1) is al nost

i ndependent qf the wavel ength and varies only between 0.6% and 8% in the
range between W93 and 800 nm On the white substrate (Fi gPCTﬁPOt”HH”
refl ectance rises frombelow 1 %at a 25 wavel ength of 400 nmto over 75%
at 760 nm This denonstrates the | ow scattering power and hi gh absorption
capacity of the paint containing the conposite particles according to the
i nvention. The conposite consisting of supported pignment is in a poorly
di.spersed state in this 30 paint film El ectron m crographs (Fig. 3) show
the presence of aggl onerates in t he WO 02/ 31060 PCT/ EPOl/ 11127 -14 size
range of up t.Q r al o Aeli=t n t he f ort

such aggl omarIBt eémﬁ?{e%fn ?i)?n} a“‘i‘% *%?S“BR%‘@ 1§1§Bels ?%Sélga(glggﬁ%ge réﬁtll ve
exanpl e) . ThenagewasilaeRadiive Rl NMREV&Al 103 and 1 9tilghS uiam st @ trheeven
in a poor 5 dispersion state is illustrated by Cl ELAB val ues neasured using
a Perkin El mese lodsiigan gmmdmlfolr exampde, assupparhilaterial or encapsulating material is

par amet er Haemat i t i supported on Aerosil L*65a*38b*72x0. 55y0. 41
Exampl e 2 10 Haﬁ“%&adg'a%t A&Nstrate the advant ageous effect of the
conposi tse particles according to the invention, iron oxide nanoparticles
(haematite) of around 10 nmin size, which had been applied to silicon

di oxi de partiloltbs idwércesmﬁectefrﬁtivs ipelc)t jof Itlke sorppositescombisting of lp'%mmt endi ned

by neans of el ectron cro copic e tlons .15 Pro ion of th
oumoattes TRUDPG RATIERES e SBE o At G et 0 WhShIE ¢ e hadisienp) o
1. To apply thesi@cdhoatdaxicsie qpa gh Hfols&S o Occibiati6® N Il 183K Pﬁ}lgﬁ!gﬂgr%r?fegego m

distilled water 20 were nmeasured out and a dispersion o
di spersi on ofenﬁaddlmcm thié woduohe cpacrdntralwso(tme\p@ndnt 3o a0o (tBayigmeABupport

LeverKk incorporated. The iron oxide h the
silico d| OX|°(? PAFLSH APRTRHAEE HOS R | Y@F%dﬁatsﬁﬁ H?t@&“@a g gP &?]ﬁ)‘ﬁ“&&ded
until a pH vahygeRhticdi RIMRRsIAPL @i ned and the mxture stirred

Cvol ~ (Nma - Ntr)/ (Npl - Ntr)

15 C.a is the volume concentration of the pigment relative to the pigment/support
composite, Ny, is the refractive index of the matrix into which the composite is
incorporated, Ny is the refractive index of the support material and Np, is the

refractive index of the pigment. Refractive index refers here in each case to the real

component.
20
However, the refractive index of the composite may differ slightly, preferably by no
more than 0.3 units, from that of the surrounding matrix.
In a further preferred embodiment the permissible agglomerates of the
25 support/pigment composite or pigment/encapsulating particle composite are smaller

than 50 pm, particularly preferably smaller than 10 um, most particularly preferably
smaller than 2 um, in order to avoid specks that are visible to the naked eye and to

ensure a homogeneous perceived colour or infrared absorption.



WO 02/ 31060 -15 PCT/EPOL/ 11127 for a further 5 mnutes. The solid was
'separat ed by i fyging and then dried at 80C in a vacuum oven. The
col our pr oper‘?’?’@yﬂo@sﬂt he pignment were tested as al ready desch§ HERP1{14127
exanple 1. 5 Figures 4 and 5 denonstrate the advantageous properties of the
above paint based on the conposite particle according to the invention. The
figures show the diffuse reflectance by the coats of paint on the black and
white substrate as a function of the wavedllength. 10 The reflectance by this
pai nt on the black substrate (Fig. 4) is independent of the wavel ength and
is below 1l %in the range between 400 nm and 800 nm On the white substrate

(Fig. 5) the gefl i fr owl %at a vel t.h, of 400 nmto
over 75% at 0Zl n@]ﬁhﬁﬁgssgyé%geﬁlsbtofi lgjf'rgenls?et%l F.\é&PB%?vSlf%é&f‘ e |H’é’ﬁﬁ%\$¥e}?y AFRiYh
absor ption 15n6@pAicior br@ihid feoRiyiredtmsscht tit GRABOSLEILHABHE BdpRSIHRRAF Ni Ng
supported iron oxide pignment. The conposite particles containing thé
supported pi gheRempgsiteiin the masK(iyingreprd: sed state in this paint film

El ectron m crographs (Fig. 6) show the presence of 20 agglonerates in the
size range of up to several mcroneters. In the case of unsupported

pi gment ,5 such aggl onmerates inevitably | ead to an undesirable haze (see
conparati ve exanple). The advant ageous perceived col our of the supported
pignents is illustrated by 25 Cl ELAB val ues neasured using a Perkin El nmer
Lanbda 900 colorinmeter (see table). WO 02/ 31060 -16 PCT/EPA /11127 Cl ELAB
par anmet er Hoemati te pi gnment, supported on Levasil L*58a*39b*76x0. 56y0. 42



Exanple 3 5 40 g of the cationically adjusted silicon oxide dispersion
Levasi| 200S (Bayer AG DE) were neasured out. 75 g of a dispersi

pi gnent nano ?%‘1 08% Bayscri pt Magenta VPSP 20015 (Bayer K% /Elﬂ(:”q/b?{h a
pi gnent content of 4 wt.% were rapidly added with stirring. The solid was
then filtered off, washed and dried at 80C. The magenta-silicon dioxide
conposite powder thus obtained then underwent dry 10 grinding. A

Pul verisette 2 (Fritsch GrbH, |dar-Cbersfl2in, DE) was used. The m |
operates on the principle of a nortar mll. The grinding unit, nortar and
pestle are made fromagate. The pestle is |oaded with the maxi mum pressure
by shifting tl{u we ht on the lever arm The weight and | ever armare

seal ed flush“*fi¥P g‘geed of the nortar was 70 rpm (at a supply frequency of
SO Hz). The internal dianmeter of the 15 nortar is 150 mm The dianeter of
the pestle is 70 nm The plastic stripper was adj usted according to the
manuf act ur er 'Exampe lucti ons in such a way that the material to be ground
was pushed under the pestle by the wall. 2.0 g of pignment were weighed in.
The grinding period was 30 minutes. 20 Testing the col our properties of the
conposi e parg bfdeg$o déns@tme fhis labv aMAsz Bl OeRe Af tHe dolifobi®d pavitied amychn he
base paint consisted of a mxture of 3500.0 g al kyd resin A kydal (55%
dry residue itoti@8nventiont wows pkide maxopagindes (Bagnatit @@ apind 138@N (n glzs,oﬁlhdelmt
napht ha 100, g 8 ﬁ Z-E anone oxi.ne, 102/31060 PC%%EPO 11127 -17 55
wt. % in whit &4 ieefappld tegilicoy ilowéﬂn%{fc %% PYOBy5Chc 1St RATUEF 7% 888n was
performed 'nd@temidedr@y%eaﬁméleaf&nnﬁa%éplebﬁﬁﬁﬁ%ynsm Il (Retsch GrnbH &
Co. KG Haan DE)) hé sequence of novenment of the m |l can be described as
follows: up to four grlndlng vessels (planets) rotate around a common
central poin %? us of 5 the orbit to the centre of the grinding
vessel 40 s atﬂpﬁ? t10119 %S“ERH T} pigmentsh revol ution around t he central p0| nt

(sun) the grl | t

di rection appr i%g(éﬁ?&@g&%rsgﬂg %ﬁ @ )téh(? ver(tlbl czil Oga'eﬁikgssgwe%g of
the mll is 290mi phstilltd \azga;tet\liaxhlha Wwilurde ﬂflﬁomﬂﬂ alﬁuﬂﬂlSﬂ) veqgad @ab&hb&t&d@é d =
10 mm were used. 100.0 of the above base paint m xture (approx. 48%dry

10 residue), boHigdamd Hgy fregniren(@) ohlogdosphitian|wagetrded romyise (asdlmm, 2 0. 25
g Gota Sol | g%‘l/t%ﬂ@%t Bofﬁ'hé poﬁl Wi \;eRpirng{% g ﬁ?ﬁ@hﬂ@&m&{ w%e?gg%

guantity of conpo es were e grinding uni

agat e dsi ndi ng firetgesel ) rﬁlumiestdiﬂt tiRnCcesutent Natdpaniclds 60nRadll eoxidd tih ches
corresponding to 13 w.%relative to the dry _lpal nt was established. The
entire m xtur ematstetcm@ﬁalémpéﬁesf@am%m the weterslo anpdy tiwseiirgn axidagariicieser e

il tered thr olgeidieysE SuierEinlapdR ek ekl AERYRRF R UE 512 ESia vt
To assess t heal&aaé)gﬁtl&l%s méﬁoslﬁ 260, ThpusiaS DE)) ARHeRed tHerdhfd Sn DRAR A iripio9e @ NON
the dispersion state, the predispersion was treated with an ultrasonic wand (200 W, 5
20 min). The iron oxide sol was then added to the silicon dioxide dispersion with
stirring, sodium hydroxide solution added until a pH value of 3.5 was obtained and

the mixture stirred for a further 5 minutes. The solid was separated off by

centrifuging and then dried at 80°C in a vacuum oven for several hours.

25 Testing the colour properties of the composite particles:
A paint film was produced in the following way. The base paint consisted of a
mixture of 3500.0 g of the alkyd resin Alkydal® F 48 (55% dry residue in 38:7 white
spirit : xylene; Bayer AG, DE), 385.0 g solvent naphtha 100, 28.8 g 2-butanone
oxime, 55 % in white spirit and 96.3 g ethyl glycol acetate. A shaker (Olbrich paint

30 mixer rm 5000) was used for dispersion. A 100 ml wide-neck glass bottle (round)



absorbent black and white card (wet filmthickness =120 Vim using a

»«coating roll Q{,?ﬁgﬁitem The painted card (coating) was thq;q],l%ljomufz?r at
e

| east 12 h at nperature. Figures 7 and 8 denonstrate 't

advant ageous properties of the above paint based on the conposite particles
according to the invention. The diffuse reflectance by the 25 coats of
paint on the black and white substrate is shown as a function of the

wavel ength. The refl ectance by this paintl3en the bl ack substrate (Fig. 7)
is slightly dependent on the wavel ength and is below 3.2%in the range

bet ween 400 nm and 800 nm On the 30 white substrate (Fig. 8) the

refl ectance rj 190 V f

PCT/ EPOL/ 1112*5"35?“%5“ %Wf‘%ﬁ%#r@o@é °€§X¥?§$hﬁ%wnmqa6n‘é‘m\é%§?‘@§g>9 %% nm

These resul t stocdegoNfer oee bl Padw iBikAlre earﬁpr@ mevcemyaaddﬁu)gﬁhe dbging pgents)

capacity of the hlé transparent paint based on the comp 05|te)oarti cl es
e

consi sting of0. 33&13 lignnglssd witheldenfhs gﬂg,&ﬁgtaé‘@hg{@ﬁ@ba@ with 60 GAPMr ent |

yel l ow iron t e BET
Lirtace arca SO OB MumemcoR) SREF YuREY b b Relhidicl AR 5o
accordi ig to th&erifdih®un (10 iﬁEmﬁd@n&QBgl&B%ottlé'ﬁrﬁma) bivh tB&%) cdmtentratlon of
precipitation with sodi um hydroxide solution in the presence of glycolic

aci d fol | owedappaiitei chaeispmadimg o i wt. %Wéatlﬁﬁq%h@ dya paimf [wasrestebbisiied. Thghed
free fromsalts,and t ter K th deni neral d_water .to
26°5 g Peoormiviifh vt JBon ishied BA 3 e ViR VbR SEES VR MGEImREOLY | o
sol, approx. p3@réMishersion2 (commercial product from Bayer AG DE) was
diluted with demineral i sed water to 31.5 g Si02/1. The dispersion had a pH
value of 10.3. 20 100 m dem neralised water were placed in a beaker and 15

Nero.added oi it EON SRR ReAlY g Bnptsdr hipER Gfiner e Sraitn i REteRA or

two hose punBgidM bNagrbx.M1800umATh Qlssess 'tHer}bl@ﬁleﬁ@rth@dfsﬁét%gtﬁﬁalﬁg WerduhRad t he
pH value was 6.4 25 The conposite was filtered off throug nbr ane

filter (pore igblack a6d pinjte dites (ppslrgiebs tilesh udivgiarmonting sdigr system (gapthicight he
conductivity of the trate <.100 pS/cm After d in t C
deaggl oner at iBACGHI® Q; m to?ﬁmﬁﬁci@fgpﬁlﬁ% at rggmdelaper& @‘?ﬂt%ﬁ? 13}#“%33@&

were obt ai ”e%%é lrydn 2%:8981!" Iﬁﬁﬂgeeﬂztﬂe%n&s%r%ct‘f‘ﬁ wé}é’?éc@fd'%ll M8 hPWIaGRRX and
titration. 31060 PCT/EPA /11127 -19 The col our properties of the

conposiltse par\mlbleespecttmhsangcoduced were tested as

Figures 1 and 2 demonstrate the advantageous properties of the above paint based on
the composite particles according to the invention. The figures show the diffuse
reflectance by the coats of paint on the black and white substrate as a function of the

20 wavelength.

The reflectance by this paint on the black substrate (Fig. 1) is almost independent of
the wavelength and varies only between 0.6% and 1.8% in the range between 400 nm
and 800 nm. On the white substrate (Fig. 2) the reflectance rises from below 1% at a
25 wavelength of 400 nm to over 75% at 760 nm. This demonstrates the low scattering
power and high absorption capacity of the paint containing the composite particles

according to the invention.

The composite consisting of supported pigment is in a poorly dispersed state in this

30 paint film. Electron micrographs (Fig. 3) show the presence of agglomerates in the



described in exanple 3, with the exceptions that this tine the dispersion
speriod in th Loh-speed planetary mll was only 60 m nutes unt
wei ghed in mggpgﬁggéﬁ such that the pignmentation | evel was &?&g@Qﬁj@FD
relative to the sumof 5 FeOOH + paint. Figures 9 and 10 denonstrate the
advant ageous properties of the above paint based on the conposite particles
according to the invention. The figures show the diffuse reflectance by the
coats of paint on the black and white sub%trate as a function of the 10
wavel ength. The reflectance by this paint on the black substrate (Fig. 9)
is slightly dependent on the wavel ength and is below 2.5%in the range

bet ween 400 8 j (El 3 f tance
rises from ag%%g%el&&ﬂgtg %C%V\%E/telﬁ Ce}rqg{ehe?%ﬁ*f ?@é 5%860% n@fS ‘%’pé’%%ér‘ 8%}&%%??750
nm These r eapflbmethdiingtifablydedd® dnQitdesiablctiaze (sep ov@paratice Hiaglpl@bsor pti on
capacity of the highly transparent paint based on the conposite particles
contai ni ng supported iron oxide (goethite) pignents. The advant ageous

o oLV Sont U BCRRIAL PN B8 Sipbb AL OTE Cires

val ues neasured using®a er (see

Cl ELAB par anmdisperfsivpt thfeis billgstenéd berCIEDAE ahkes Widaburk@\idfiigl a Perkin Elmer
particl esL*67a*23b*76x0. 51y0. 44 WD 02/ 31060 -20 Exanple 5 PCT/ EPOL/ 11127
An aqueous dilapbea P8k celprimgiesfeetibde)es of tin- doped i ndi um oxide (ITO
(Nanogat e GrbH, Saarbriicken, DE) contains 20 w.% | TO di spersed in
ethanol. 4 g of the 5 pyrogenic silicon oxide Aerosil 200 (Degussa AG DE)

vere dispersed in 100 CHEalgB pabameted 97 T NAalnb&idipipmest,on added with
vigorous stirring. The solid was separated by centrifuging and then dried
at 80C in a vacuum oven over several hourssufjpertédion diekosion dj oxi de
conposi te powder thus—ebtarned-then—unglerwent—dry—grrdi-rg—FHhe
Pul verisette 2 mlIl| described”in exanplle 3 was us under the
a* 38
b* 72
X 0.55
y 0.41
Example 2
10

In order to demonstrate the advantageous effect of the composite particles according
to the invention, iron oxide nanoparticles (haematite) of around 10 nm in size, which
had been applied to silicon dioxide particles, were used. This particle size was able to

be determined by means of electron microscopic examinations.

15

Production of the composite:

The iron oxide dispersion was produced as described in example 1.

To apply these iron oxide particles to silicon dioxide supports, 190 ml distilled water
20 were measured out and a dispersion of 10.7 g of a dispersion of silicon dioxide

particles (Levasil® 300/30 (Bayer AG, Leverkusen, DE)) incorporated. The iron
oxide sol was then added to the silicon dioxide dispersion with stirring, sodium

hydroxide solution added until a pH value of 3.5 was obtained and the mixture stirred



10 condi ti ons therein described. Testing the colour properties of the

*pi gment : was produced in the follow ng way: t
consi sted of %8:%/%% e of 3500.0 g al kyd resin Al kydal F 48%‘%@({%{2?
residue in 38:7 white spirit: 15 xylene; Bayer AG DE), 28.7 g 2-butanone
oxime, 55 wt.% in white spirit, 47.8 g Ccta Solingen cal cium4 basic
(Borchers GrbH, Monheim DE), 8.1 g Octa Solingen cobalt 6 B (Borchers
GrtbH, Monheim DE), 32.0 g Octa Solingenlii-rconium 6 (Borchers GibH,
Monheim DE) and 57.7 g n-butyl glycolate. 20 An automatic mnuller as
described in DIN EN |1 SO 8780-5 (April 1995) was used to incorporate the

conposite par I (WhLs , "%r@{gi
Ludwi gshaf en t&IDE)fﬁﬁhléh g?‘;”gg P@{gr% lgtggdlé%@rb}dvges&g%%iz telﬁgidgg a(t)f t he
| ower pl at e BaSCapprvaoun’dvenpm The force between the plates was adjusted

to approx. 0.5 kN by suspending a 2.5 kg | oadi ng wei ght fromthe | oading
clip. 300 ng of 25 conposite particles and 2.00 g of paint were dispersed

053 31 19l e Shads RIS P LB ek NS TS IR ASRELTHRE LRy EN 15O

8780-5 (April Ion er was o
qui ckl yscol l ected on the | ower pl ate out5| de the centre point. A further

2.00 g of paint were then added and the plate closed up. After two stages
of 50 revol uthigHes ¢aeh Sﬁemnﬁ@t«v deﬁgit@&qogﬁpmph@leppéﬁ@r@p%namh@ass@on

finished. Th aint f. C |cI I|e

non- absor benﬁhg %pw %R%‘gﬁw 5%%)%!56&7 iﬁ‘%?}fo%l V%Elr 1°Te cagi ity ng a
fil m spreaderefiaeinct blihd EdatkoBssnton tRE bRk and kxmueauusﬁt@cb &od fintesapdf thg) was
then dried for 12 h at roomtenperature. Diffuse reflectance spectra were

recorded in twavelengthavi ol et, visible and near infrared spectral range. 5
Fi gur ea 11 and 12 dermnstrate t he advant ageous properties of the above
pai nt zQsed on the conposite particles according to the invention. The

figures showercidthptzeny &fid 9sﬁlaeﬁethms1atcta%usaaa&§ 51% PRishindesentifie 41l gk and
white substrate as a function of the wavel ength. 10 The reflectance of

| i ght by t hi svgyalengthamdtibbelowali 11$ﬂ1¢§am&l@t\(/ﬁng4001® and 860 mms Onithelwpsadent
f th I t.h % t t 80

@ the whi te SaBSKT e e retesfiniee Bsosormb e dne Lo sl Sy T RbBhAT g fo

wavel engt h ofo8p85%m: 7920 ARYTREs RmMERYEIHENEE v bcalBRRy potver BAl higEIRODLbAL €S

t he
15 capacity of the paint based on composite particles containing supported iron oxide

pigment.

The composite particles containing the supported pigment are in a poorly dispersed
state in this paint film. Electron micrographs (Fig. 6) show the presence of
20 agglomerates in the size range of up to several micrometers. In the case of
unsupported pigment, such agglomerates inevitably lead to an undesirable haze (see

comparative example).

The advantageous perceived colour of the supported pigments is illustrated by

25 CIELAB values measured using a Perkin Elmer Lambda 900 colorimeter (see table).



15 I ow scattering power and high infrared absorption capacity of the highly
t ranspar ent palnt based on the conposite particles containi d
indiumtin oXtQ8¥ %&%nple 6 20 Conposite particles COﬂSIStIE%T§#QPEQ%$
oxi de-silicon dioxide conposite were produced as described in exanple 2.
The powder thus obtained then underwent dry grinding. The Pul verisette 2
mll described in exanple 3 was used under the conditions therein
described. 25 A plastic sheet col oured wilb6h the conposite particles was
t hen produced. An additive-free, unstabilised pol ycarbonate (Mkrolon 2808
from Bayer AG Leverkusen) with an average nol ecul ar wei ght of approx.
28,000 (MW by GPC), solution viscosity: rl = 1.28 (5 g/1 nethyl ene
chl oride) was used as the plastic. 1 g of conposite particles was added to
199 g of pol ycarbonatie GIENABSarhmefird¢’ t OHABMAtife dﬁgﬁﬁnp 5 w.%mxture.
This was placed in a conpounder (Brabender conpounde Y WO 02/ 31060
PCT/ EPQ / 11127 - 22clonpounded for 10 1 n aupﬁw@lan@eaasbeed of 30 rpm
The subsequently cool ed—raterpt—was—tHen—relted—g—aheated—press (Weber,
nodel PW20) at 250C|for 7 m™t and then press nDuP ed into snmpll sheets (90
mmx 60 nm x 2 m) under a prgesure of (200 KN Tnzghi's way po| ycarbonate
sheets were obtained containing 0.5 5 wt. % of conposite particgles
consi sting of approx.| 20 wt. %%haenatite and approX6 80 wt.% s||icon oxide.
This ratio of the con ite and-silicon—oxide s pptimsed
according to the reI#tionshipXC,,' ~ (Nna - Ntt)ﬂ{ﬂ% - NN) cjted in the
description for incorporation_into potycarbomate: 0 his—sanpte]| i s designated
bel ow as sanple (a). 10 The tPistinulug val ue (according to CELAB with
il lum nant D65, 10 observer) and haze (according to ASTM D 1003) of the
pol ycar bonat e sheet were neasured in order to assess col our and
transparency Evampled val ue of 9% was obtained. The tristimulus value is: L*
= 56.2; a* = 28.7; b* = 63.3. 15 For conparative purposes conposite
particles were produced in the sane way as in exanple 2, wherein the ratios
by wei ght of Hpmetdaumc&n}l Adgesgecml% beide d(s?lrsﬁ)‘i’ﬂ[é%sﬂ%@o()@g Qyer REG;, W -
(c) approx. 33 %1 67 wW. appr ox Yol 90 wt Thesé
conposite parliblE)cJ;ve& wedsarddnan. Vm(gwf]@odap@dlonrtifq)lgthtpmhypmaesqef;@smpt% t he
met hod described earlier in this exanple. To ensure that the

col our - i npar tYIpgenka PSP zwléoéﬁaé!ﬂlt A|Cs REhtthnaigment eanignt of 4t iwsrei n

each pol ycarh e 0 i o

pol ycar bonat ege\lgfsy a@@? alt;‘f;lrs(t)lxibljl.h %g \%\flr}tﬂg%th%gg@{egf% w&a‘@)‘%‘ﬁg %9 <
approx. | wt . %he2maddia-£iticd0\#ioxidd esitpdsite iRwRlep i MQinEd)l’thdnh@def'\i/é{ti | us
val ue (according to CIELAB with illum nant D65, 10 observer, Perkin Elner,
Lambda 1900) eguddingz & Pulyensetie n@ (thSABﬂWU{J@@QPbéﬂ‘S@mé)%b‘f"%meﬁoﬁh@ milheet :

WO 02/:31060 _op%%tespc%r {h%%cr)iln/c%) d5f a8 ar ShiCHRL! gtrl%dﬁl%n&neftntmo and %est C are

made from agate. The pestle is loaded with the maximum pressure by shifting the
weight on the lever arm. The weight and lever arm are sealed flush. The speed of the
mortar was 70 rpm (at a supply frequency of 50 Hz). The internal diameter of the
15 mortar is 150 mm. The diameter of the pestle is 70 mm. The plastic stripper was
adjusted according to the manufacturer’s instructions in such a way that the material
to be ground was pushed under the pestle by the wall. 2.0 g of pigment were weighed

in. The grinding period was 30 minutes.

20 Testing the colour properties of the composite particles:
A paint film was produced in the following way: the base paint consisted of a
mixture of 3500.0 g alkyd resin Alkydal® F 48 (55% dry residue in 38:7 white spirit :
xylene; Bayer AG, DE), 385.0 g solvent naphtha 100, 28.8 g 2-butanone oxime,



pi gment (% Support pignment in polycarbonate (W .% Haze

(9% L*a*b* aZO%&@ﬁ’?émt%iS. 256. 1b500. 27065. 919. 044. 9¢c330. 34365. %ﬁz??ﬂ%01 07

357. 028. 763. bl e shows that the scattering effect is

sanple (a), in which the relative ratio of haematite to silicon oxide in
the conposite particles is optinumfor 5 the polycarbonate matrix materi al
according to the above mat hematical relationship. Exanple 7 An aqueous

di spersi on of nanoparticles of tin-dopedli’rdi um oxide (I TO (Nanogate 10
GtbH, Saarbriicken, DE) contains 20 wt.% | TO di spersed in ethanol. 4 g of
the pyrogenic silicon oxide Aerosil 200 (Degussa AG DE) were dispersed in

100 g vater and 2 g QT QI GPeSh gl fddes MAN MLOOT His,cE54T g The

solid was separa y centrifuging ard t in vacuum oven

over several fefdffied ThebalT BB i(PVCH Righi PrédiplaoQBRQHill @ pRWIRhbHE R Ec0RIGI Ned
then underwent dry 15 grinding. The Pulverisette 2 mll described in
exanpl e 3 wasHaﬁ@eIéE)JnBla,ﬂrseah@rlce@nﬁmqVﬁmnst afithe wiilh caiebedesprbed 95 fpllews:ivp teheet

taining t pesi t tjcl d in thi t duced.

A aqdi ¢ 1 ve. NPUGERATSS YEPR BRSSP R B & mmbd 8T i i o 50

AG Leverkusafg otbit Nodthe eRkr206F TR g?f%diag Wl tis ApprARPNSXem 2HPRE LavMV by
g

GPC), solution viscosity: rl = 1.28 1 methyl ene chloride) was used as
t he pl astic. r8vglugomaroypdles pandrapaeini €dvay theegrndingl sessels (paets) gdditionally

I b t in. .1 bt ai 1.6 wt .. % m xt .. Thi
D ared ina comsbihEBrpE SRt i 05 Srdsarobba e Yisedl . 12
conpounder) apdedonpeuad 250 rph0 %@hgat@baﬁ’@@ﬁ and AnSARESH MatBPallsind Ihe

subsequently cooled material was then nelted in a heated press (Wber,
model PW 20) &t n@s0@&rE arsed. b0 g obf tthe mbpye basenpaihti edxiune Gappmert. | 48kedrys (90

mm x 60 mMm x 2, nder.a pressyre of 20 N. In.this y. po ar honat e
sheet s Were Jﬁflg'}l%egl%gm ggeﬁfsn@'% ] %t?&oﬁgerblﬁﬁﬂo‘gﬁtk 8\‘,‘\@6‘3?& b&gsg cta- .
consi sting ofg ek VsbaeQvith 6% CEABRENSPREABH, Rortfeint® BIE) 8% Qtiafey ofhi s
ratio of the contents of ITO and silicon oxide 1s optimSed accordihg to

t he rel ati onsdoimpoSite particlebiveere aflihdd/ (oNpe grintlimg)urgti 286 mhagae goeding ivpdsen f or

i ncorporation into polycarbonate. 10 The transm ssion and_haz ccordi ng
Lo ASTM D 10085 Bt BRENGBIGSH DEsomuDs Buticlis FOrRBaSUPed 1 "o HEANG s suss

transparency 3o é%iﬁ%&%&ﬁ%ébﬁ%e‘&?@ﬁ% Edt¥re nﬁxﬂa?@@agftygﬁ ‘a_irsﬁérsé@%?rmu?@%is ned.

The transm ssion“of the sheet 1s showm in Figure transm ssion rises
fromthe U rdange, agedaciers gddedamnidifiately tefovadédpersginh Thé folBpdisperseiipdints| s at

1200 nmto bel ow % 5% Thi s denonstrates the high transparency of the
were filtered through disposable screens having a mesh width of approx.”400 pm.

To assess the composite particles the dispersed paint was spread onto a non-
absorbent black and white card (wet film thickness = 120 um) using a coating roller
20 system. The painted card (coating) was then dried for at least 12 h at room

temperature.

Figures 7 and 8 demonstrate the advantageous properties of the above paint based on
the composite particles according to the invention. The diffuse reflectance by the
25 coats of paint on the black and white substrate is shown as a function of the

wavelength,

The reflectance by this paint on the black substrate (Fig. 7) is slightly dependent on
the wavelength and is below 3.2% in the range between 400 nm and 800 nm. On the

30 white substrate (Fig. 8) the reflectance rises from approx. 1% at a wavelength of



15 pol ycarbonate sheet in the visible spectral range and the high
absorption c J in the near IR range. A sheet of this ty i ef ore
sui tabl e forq)g@@kg\éwg thermal insulation sheet. Exanple 8 Zﬁ%@léﬁ%
iron(ll) oxal ate dihydrate were dissolved in 29.3 g water. 4 g Aerosil 200
(Degussa-Huls AG DE) were neasured out and the iron oxal ate sol ution
added. The solid was dried for 12 h at 100C and then heated in air for 10 h
at 500C, |eading to deconposition of thel8ron oxalate and formation of iron
oxi de particles. The iron 25 oxide-silicon dioxide conposite powder thus
obt ai ned then underwent dry grinding. The Pulverisette 2 mll described in
exanple 3 wa n h ondisb k0, r.el SGrifagd, T I

o oper 1 o5 o SORD gaet oA REUpl iE b loR S0FSGL 1738 nen ek s
02/ 31060 - 25 dRebnkirktd /thd 187 schigiingSpdwderaaid High cbeerpeibh abpadityeofaghe diglidgeous
properties of the above paint based on the conposite particles according to
t he i nvent i orfranyppserti paiftckased oy the sompesitesparticles eensighing of \supprrtedoerganief

pai nt on the b ack e}nderwni te substrate as a function of the wavel ength. 5
The refl ect an[g%geﬂfqﬁlins paint on the black substrate (Fig. 14) shows only a
sl i ght dependence on the wavel ength and is below 14%in the range between
400 nm and 800 nm On the white substrate (Fig. 15) the reflectance rises
from bel ow 2%xampledavel ength of 400 nmto over 75% at 720 nm This
denonstrates the | ow scattering 10 power and hi gh absorption capacity of
the transparent paint based on the supported iron oxide pignent. Exanple 9
15 For conparA spmhspirbit, yeBow ORGP DkidR PidhRhN &f thy olFeOOH RodIRhGOPRAIOE the
syst em produced by deconposition of iron oxalate in the presence of silicon
di oxi de part ispeeific BET sudacecsrealef sprox.oli Odind/gi was- produceidnirery FeS0i dolagisn

e T I T T O T
|'S QEsSCri bed dof; uglg%h'o ffeAlotlton( 7 thgqﬁ‘%éﬁee & gi':y@?ﬂcs E?i@'fofl?@\tv&?%?gxidfglaga

Musi nu, G Picca . Sangr egori o, Span St anger,
Chem Mater. Wi#t9@ir. ThQe pi@hent was/filjered @if, wdshed éreadroah\sditehmd Wer Blteh sakeol ved

in 18.4 g water. 20,8 g tetraethoxysilane (TEQS re dissolved in 17.7 ¢
et hanol . The ﬁﬁtifwﬁh Pmineruled paier on2bas OB, T trsberstonches 2l yen

added with st(;fr3r_%_ng. After one hour of stirring the pH value was 0.9. The
transparent, yellow sol was poured into a plastic beaker and stored in air
for 9 dd&dys. The solid gel thus formed was then dried successively for two
days at 60C, two ,ija s at 80C and then tovvo,daz/s at 100C. The_sanple was then
cal ci ned overkfivgH 3§9 syigp GOl PRAEIEr Q) W7o &1y (commercial product from Bayer AG,

DE) was diluted with demineralised water to 31.5 g SiO»/1. The dispersion had a pH
value of 10.3.

20 100 ml demineralised water were placed in a beaker and 15 g each of FeOOH and
SiO; in the form of the specified diluted dispersions were added simultaneously
within one hour at room temperature by means of two hose pumps with stirring.

After stirring for a further 30 minutes the pH value was 6.4

25 The composite was filtered off through a membrane filter (pore size 0.45 um) and
washed with demineralised water until the conductivity of the filtrate was < 100
uS/cm. After drying at 75°C and deagglomeration in a powder mill (Starmix), 21 g of
a light brown powder were obtained with a FEOOH content of 63.5 wt.% determined
by redox titration.

30



30 r . WD 02/31060 PCT/ EPQOL/ 11127 -26 The iron oxide-silicon dioxide

~conposite th%§039&ﬁ%@ed t hen underwent dry grinding. The PUH%%%&%%&hS72
m |l described In“exanple 3 was used under the conditions therern
described. The grinding period in this case too was 30 mnutes. S The

col our properties of the conposite particles were tested as described in
exanple 3. Figures 16 and 17 denonstrate the advantageous properties of the
above paint based on the conposite partirdPes according to the invention.
The figures show the diffuse 10 refl ectance by the coats of paint on the

bl ack and white substrate as a function of the wavel ength. The refl ectance
by this pain n . SU a ;. i I f the
wavel engt h aﬁggighggig&ﬁ%ﬁ&%&?ﬁh%%é&?éﬁg% %ﬁgﬁ%ﬁh Ogﬂﬁﬁ$gﬁgﬁﬁgggﬁ%¥a t he
15 white subsiesaibed (iregampld B, Witk theedxcestions cleat this @meflthedispeabionpdAdd it tha
wavel ength of 400 nmto over 90% at 800 nm This denonstrates the |ow
scattering pdugsihesd Mangtaryyaidl pes onle apavinuesomd: e HPQHItyweiehads pamant
pai nt based q e Lie j i Bd,N i r i

P gment 20 CmsAr e TRRE e pRRleh oA b " PrOUBP RUARR, o R} 97
conposi tse parge0es marording to the invention, a paint based on iron oxide
pi gment was produced in the sane way as in exanple 1 and 2, although

wi t hout applying the pignent particles to support 25 particles. The iron

oxi de di sper si.on s _pr.aduced as scribed in exanple 4. By incorpprating
he. nsuppor FaaE gre OSSR JEF R Re B BeCors oot RRRRRE
on the composite particles according to the invention. The figures show the diffuse
reflectance by the coats of paint on the black and white substrate as a function of the

10 wavelength.

The reflectance by this paint on the black substrate (Fig. 9) is slightly dependent on
the wavelength and is below 2.5% in the range between 400 nm and 800 nm. On the
white substrate (Fig. 10) the reflectance rises from approx. 1% at a wavelength of
15 400 nm to approx. 77% at 750 nm. These results demonstrate the low scattering
power and high absorption capacity of the highly transparent paint based on the

composite particles containing supported iron oxide (goethite) pigments.

The advantageous perceived colour of the composite particles is illustrated by

20 CIELAB values measured using a Perkin Elmer Lambda 900 colorimeter (see table).

CIELAB parameter | Goethite pigment, encapsulated

with Levasil particles

L* 67
a* 23

b* 76
X 0.51

y 0.4




30 dull colour tone was obtained. Figures 18 and 19 illustrate the

refl ectance It WO 02/ 31060 PCT/ EPA /11127 -27 fil )] ype
on a bl ack a%o%ﬁﬁgysubst rate respectively. These maasurerrlreilrl(ﬁ%%:ﬂl?rl)\}glszf7

which are illustrated for conparative purposes, denonstrate a higher

refl ectance by the paint on the black substrate (Fig. 18) due to the

I ncreased scattering effect of the aggl onerated pignents. By contrast, the
refl ectance by the S paint on the white-20bstrate is perceptibly | ower,
equating to a duller colour tone (Fig. 19). The neasurenent curves verify
the clear advantage in terns of colour properties for the paint containing
t he conposite¥§#ggﬂigles according to the invention. The follow ng table
conpares the B>val ues neasured with a Perkin El mer Lanbda 900
colorinmeter. 10 Cl ELAB paranet er Unsupported iron oxi de haematitelron oxide
haematite supported on Aerosil_ 200lron oxide haenatite supported on Levasi
300/ 30L* soassgaamssdkﬁpssmm’mm@swéeyd%gbmdw gzide (WO ANBoLES - 28
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i norgani c or "organic colourless support particles having a primary particle
si ze of on awestergendl 5rgnof ¢he2 U0 rhspershar addedr wih drigaroushstirringeThé golixhtwas

primary particles are substanti al not . aggl rated with ot her pignent

particles ancfeg?rétegLPB's‘f {ugmgya‘ldoﬁﬂefli%}?adga% Pef tVQFW%OHFWgF%FEﬁluce

from one anotfyffs. The ITO-silicon dioxide composite powder thus obtained then underwent dry
grinding. The Pulverisette® 2 mill described in example 3 was used under the

10 conditions therein described.

Testing the colour properties of the pigment:

A paint film was produced in the following way: the base paint consisted of a

mixture of 3500.0 g alkyd resin Alkydal® F 48 (55% dry residue in 38:7 white spirit:
15 xylene; Bayer AG, DE), 28.7 g 2-butanone oxime, 55 wt.% in white spirit, 47.8 g

Octa Solingen calcium 4 basic (Borchers GmbH, Monheim, DE), 8.1 g Octa Solingen

cobalt 6 B (Borchers GmbH, Monheim, DE), 32.0 g Octa Solingen zirconium 6

(Borchers GmbH, Monheim, DE) and 57.7 g n-butyl glycolate.

20 An automatic muller as described in DIN EN ISO 8780-5 (April 1995) was used to
incorporate the composite particles into the paint. (JEL 25/53, J. Engelsmann AG,
Ludwigshafen, DE). The effective plate diameter was 24 cm. The speed of the lower
plate was approx. 75 rpm. The force between the plates was adjusted to approx.
0.5 kN by suspending a 2.5 kg loading weight from the loading clip. 300 mg of

25 composite particles and 2.00 g of paint were dispersed in a single stage of 100
revolutions by the method described in DIN EN ISO 8780-5 (April 1995), section
8.1. The muller was opened and the paint quickly collected on the lower plate outside
the centre point. A further 2.00 g of paint were then added and the plate closed up.
After two stages of 50 revolutions each with no loading weight the preparation was

30 finished. The paint filled with composite particles was applied to a non-absorbent



10 whereby this distance should generally be at | east one quarter of the

di aneter of tVOSOQ/g{o%Cl es. 2. Conposite particles containi n%dfﬂo?ﬁﬂz?
and/ or organi c pighent particles having a prinmary particle size of on

average 1 nmto 100 nm preferably 15 between 1 nmand 50 nm which are
encapsul ated wth a particulate or solid, inorganic or organic coating,
wher eby the coating thickness of the shell is generally at | east one eighth
of the dianeter of the pignment primary paidticles. 3. Conposite particles
cont ai ni ng aggl onerates of inorganic and/or organic 20 pignent particles
having a primary particle size of on average 1 nmto 100 nm preferably

b 1 d ; _t No!
etveen 11 unyadan0 gl RPGERY 4 RS SpRAGLPIRHRD dAkRke 1 BoRlhIThe

i norgani ¢ or organic co ess-support partrec a pri

size of on avaimge chrdiedatingDGvasnthes hddiqcfar i18ell dtnrdobatterhperatagyg| Diféisat es
of pignment particles are substantially smaller than 100 nm 25 preferably
smal | er t han Tsteqiace sRertna, werg derordad i) the ultrayiglatavisibleanddiepningrarad spaeiral

di st ance fro%g e anot her, whereby this distance is generally one quarter
of the dianeter®of the agglonerates. 4. Conposite particles containing
aggl onersat es of inorganic and/ or organic 30 pignent particles having a
primary particle size of on average 1 nmto WO 02/ 31060 PCT/ EPOL/ 11127
-29 100 nm prigires dblapd B Wamenstiate theaadyamagaons prapertied pf thecahove gainbhesedt es

are on average smaller .than.100 nm and. are encapsulat with a partd.cul ate
or Csoli a1 nay i conpsi Bt BB ARg 1€ e ERERRRL I flpis ey BELRGH,
coating thi ckegédart bylth 68 oOprintInOit Blaek ahdeviiedBitiie 4 a fuStion of the

aggl onerates. 5 5. Conposite material characterised in that it contains

conbi nat i ons Wivelawgtosi te particles according to claims 1 to 4 consisting
of varist i norgani c and organic types of pignment particles having a
primary ‘particle size of on average 1 nmto 100 nm 10 6. Conposite

material charpgt fifles@fcd Bf UiRAE biytthROpdiAl B8 tEOHRicRadubeRe QFig. 11) is almost
independent of the wavelength and is below 3% in the range between 400 nm and

800 nm. On the white substrate (Fig. 12) the reflectance falls from 90% at a

wavelength of 650 nm to 10% at a wavelength of 1800 nm. This demonstrates the

15 low scattering power and high infrared absorption capacity of the highly transparent

paint based on the composite particles containing supported indium tin oxide.
Example 6

20 Composite particles consisting of iron oxide-silicon dioxide composite were
produced as described in example 2. The powder thus obtained then underwent dry
grinding. The Pulverisette® 2 mill described in example 3 was used under the

conditions therein described.

25 A plastic sheet coloured with the composite particles was then produced. An
additive-free, unstabilised polycarbonate (Makrolon® 2808 from Bayer AG,
Leverkusen) with an average molecular weight of approx. 28,000 (My, by GPC),
solution viscosity: 1 = 1.28 (5 g/l methylene chloride) was used as the plastic. 1 g of
composite particles was added to 199 g of polycarbonate granules in order to obtain a

30 0.5 wt.% mixture. This was placed in a compounder (Brabender compounder) and



conposite particles according to clains 1 and 3 consisting of various

‘i norgani c or organic, colourless types of support particle i avi ng
a primary par‘Y g?@(’g? ze of on average 1 nmto 200 nm 15 7. %ﬁ#&?ﬂf‘ép

material characterised in that it contains conbinations of conposite
particles according to clains 2 and 4 consisting of various inorganic or
organic, colourless materials for the encapsulating particles. 20 8.
Conposite material according to clains 1226 7, characterised in that it
contains inorganic pignments fromthe group of oxides, nitrides, phosphides
and sul fides of nmetals and sem conductors, alum nates, iron oxides and iron
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infrared range, 30 /31060 PCT/EPO1/11127 -30 10. . Conposi.t.e. rial
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according to clains 1 to 10, characterised in that the 5 support or
encapsul at i ngvtPat sli¢al exidav@his radial ofr ther comtdnse of hdematitt dndt sibeom oxidednd 1.9
in the visible spectral range. 12, Use .of .the conposite material according
to claims 1 aPUEBSSHORCPInGH HiSsBIAPREHR ST Gen CoNOYGDT oriValciiedgh the
absor pti on, terd i hat: (AR L . RSkt e
material is :Hr%g% pltgrﬁaf? i@gﬂlggréél%?té?g?g%tbf%golhgtg'e;i:ﬁltg ﬁé@pﬁm ? gsrlé&g%/dcl?ess%% han
0.3 units froeampkak).of the conposite material. 13. Surface coatings

contai ning conposite material according to clains 1 to 11. 15 14. Plastics
contai ni¥ng conposite material according to clains 1 to 11. 15. Substrates

A e mou TR AR TES Bl IR i DR A S RAT s ans
. AUF . Ay U. Ay A rabS (ackoiing Ay USTAY@® . IB0S) Af {1 pdlycarBbiiald Bheey Were measured in
order to assess colour and transparency. A haze value of 9% was obtained. The
tristimulus value is: L* = 56.2; a* = 28.7; b* = 63.3.
15
For comparative purposes composite particles were produced in the same way as in
example 2, wherein the ratios by weight of haematite to silicon oxide were (b)
approx. 50 wt.% / 50 wt.%, (c) approx. 33 wt.% / 67 wt.% and (d) approx. 10 wt.% /
90 wt.%. These composite particles were then incorporated into the polycarbonate by
20 the method described earlier in this example. To ensure that the colour-imparting
haematite content is contained in a similar quantity in each polycarbonate sample, the
content of support pigment in the polycarbonate was (b) approx. 0.2 wt.%, (c)
approx. 0.3 wt.% and (d) approx.1 wt.%.

25 The following results were obtained for the tristimulus value (according to CIELAB
with illuminant D65, 10° observer, Perkin Elmer, Lambda 900) and haze (according
to ASTM D 1003) of the polycarbonate sheet:
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A plastic sheet containing the composite particles produced in this way was then
produced. An additive-free, unstabilised polycarbonate (Makrolon® 2808 from Bayer
20 AG, Leverkusen) with an average molecular weight of approx. 28,000 (M,, by GPC),
solution viscosity: 1 = 1.28 (5 g/l methylene chloride) was used as the plastic. 3.2 g
of composite particles were added to 196.8 g of polycarbonate granules in order to

obtain a 1.6 wt.% mixture. This was placed in a compounder (Brabender
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KaLL] I\/h%/hl\/prT el\g(arrrlgr%s;llolnla%g%q%zé )(accordlng to ASTM D 1003) of the polycarbonate sheet
were measured in order to assess transparency and IR absorption capacity. A haze
value of 10% was obtained. The transmission of the sheet is shown in Figure 13. The
transmission rises from the UV range, reaching over 70% at a wavelength of 630 nm
and falls at 1200 nm to below 3.5%. This demonstrates the high transparency of the

15 polycarbonate sheet in the visible spectral range and the high absorption capacity in

the near IR range. A sheet of this type is therefore suitable for use as a thermal

insulation sheet.

Example 8
20
2.25 g iron(Il) oxalate dihydrate were dissolved in 29.3 g water. 4 g Aerosil® 200
(Degussa-Hiills AG, DE) were measured out and the iron oxalate solution added. The
solid was dried for 12 h at 100°C and then heated in air for 10 h at 500°C, leading to
decomposition of the iron oxalate and formation of iron oxide particles. The iron
25 oxide-silicon dioxide composite powder thus obtained then underwent dry grinding.
The Pulverisette® 2 mill described in example 3 was used under the conditions

therein described.

The colour properties of the pigment were tested as described in example 5.

30
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5
The reflectance by this paint on the black substrate (Fig. 14) shows only a slight
dependence on the wavelength and is below 14% in the range between 400 nm and
800 nm. On the white substrate (Fig. 15) the reflectance rises from below 2% at a
wavelength of 400 nm to over 75% at 720 nm. This demonstrates the low scattering
10 power and high absorption capacity of the transparent paint based on the supported

iron oxide pigment.
Example 9

15 For comparison with the composite obtained by mixing dispersions or the system
produced by decomposition of iron oxalate in the presence of silicon dioxide
particles, an iron oxide/silicon dioxide-containing solid was produced by means of
sol-gel methods, in the synthesis of which both substances are formed by reaction
from precursors.

20
The production method is described in the literature (G. Concas, G. Ennas, D.
Gatteschi, A. Musinu, G. Piccaluga, C. Sangregorio, G. Spano, J. L. Stanger, D.
Zedda, Chem. Mater. 1998, 10, 495). 5.7 g iron nitrate nonahydrate were dissolved in
18.4 g water. 20.8 g tetraethoxysilane (TEOS) were dissolved in 17.7 g ethanol. The

25 iron nitrate solution was set out and the TEOS solution added with stirring. After one
hour of stirring the pH value was 0.9. The transparent, yellow sol was poured into a
plastic beaker and stored in air for 9 days. The solid gel thus formed was then dried
successively for two days at 60°C, two days at 80°C and then two days at 100°C. The
sample was then calcined overnight at 800°C (tempered in air).

30
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The iron oxide-silicon dioxide composite thus obtained then underwent dry grinding.
The Pulverisette® 2 mill described in example 3 was used under the conditions

therein described. The grinding period in this case too was 30 minutes.

5 The colour properties of the composite particles were tested as described in

example 3.

Figures 16 and 17 demonstrate the advantageous properties of the above paint based
on the composite particles according to the invention. The figures show the diffuse
10 reflectance by the coats of paint on the black and white substrate as a function of the

wavelength.

The reflectance by this paint on the black substrate (Fig. 16) is almost independent of
the wavelength and is below 2.5% in the range between 400 nm and 800 nm. On the
15 white substrate (Fig. 17) the reflectance rises from below 10% at a wavelength of
400 nm to over 90% at 800 nm. This demonstrates the low scattering power and high
absorption capacity of the highly transparent paint based on the composite particles

containing supported iron oxide pigment.
20 Comparative example:
To demonstrate the effectiveness of the composite particles according to the
invention, a paint based on iron oxide pigment was produced in the same way as in
example 1 and 2, although without applying the pigment particles to support
25 particles.

The iron oxide dispersion was produced as described in example 1.

By incorporating the unsupported pigment into the paint in this way, a hazy film and

30 dull colour tone was obtained. Figures 18 and 19 illustrate the reflectance by a paint
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5 paint on the white substrate is perceptibly lower, equating to a duller colour tone

(Fig. 19). The measurement curves verify the clear advantage in terms of colour

properties for the paint containing the composite particles according to the invention.

The following table compares the CIELAB values measured with a Perkin Elmer

Lambda 900 colorimeter.

10
CIELAB Unsupported iron Iron oxide Iron oxide
parameter oxide haematite haematite haematite
supported on supported on
Aerosil® 200 Levasil® 300/30
L* 50 65 58
a* 37 38 39
b* 53 72 76
X 0.54 0.55 0.56
y 0.39 0.41 0.42
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1. Composite particles containing inorganic and/or organic pigment particles
having a primary particle size of on average 1 nm to 100 nm, preferably
5 between 1 nm and 50 nm, which adhere to solid inorganic or organic
colourless support particles having a primary particle size of on average 1 nm
to 200 nm, characterised in that the pigment primary particles are
substantially not agglomerated with other pigment particles and are
substantially positioned at a certain minimum distance from one another,
10 whereby this distance should generally be at least one quarter of the diameter

of the particles.

2. Composite particles containing inorganic and/or organic pigment particles

having a primary particle size of on average 1 nm to 100 nm, preferably

15 between 1 nm and 50 nm, which are encapsulated with a particulate or solid,
inorganic or organic coating, whereby the coating thickness of the shell is

generally at least one eighth of the diameter of the pigment primary particles.

3. Composite particles containing agglomerates of inorganic and/or organic

20 pigment particles having a primary particle size of on average 1 nm to
100 nm, preferably between 1 nm and 50 nm, whereby these agglomerates

adhere to solid inorganic or organic colourless support particles having a

primary particle size of on average 1 nm to 200 nm, characterised in that the

agglomerates of pigment particles are substantially smaller than 100 nm,

25 preferably smaller than 50 nm, and are generally positioned at a certain
minimum distance from one another, whereby this distance is generally one

quarter of the diameter of the agglomerates.

4, Composite particles containing agglomerates of inorganic and/or organic

30 pigment particles having a primary particle size of on average 1 nm to
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10.  Composite material according to claims 1 to 7, characterised in that it

contains inorganic pigments from the group of doped materials.
11.  Composite material according to claims 1 to 10, characterised in that the
5 support or encapsulating materials have a real refractive index of between 1.3
and 1.9 in the visible spectral range.
12.  Use of the composite material according to claims 1 to 10 for the purpose of
transparent coloration or light absorption, characterised in that the matrix into
10 which the composite material is incorporated has a refractive index that
differs by less than 0.3 units from that of the composite material.
13. Surface coatings containing composite material according to claims 1 to 11,

15 14.  Plastics containing composite material according to claims 1 to 11.

15. Substrates coated with coatings according to claim 13.



