HUO000030876T2
-x 9 HU (11) Lajstromszam: E 030 876 13 T2
e Nemaot Hivatal
EUROPAI SZABADALOM
SZOVEGENEK FORDITASA
(21) Magyar tigyszam: E 11 729948 (51)Int.Cl.  CO9D 5/00 (2006.01)

(22) A bejelentés napja: 2011. 06. 22.
(86) A nemzetkdzi (PCT) bejelentési szam:

(96) Az eurdpai bejelentés bejelentési szama: PCT/EP 11/060466
EP 20110729948 (87) A nemzetkdzi kdzzétételi szam:

(97) Az eurdpai bejelentés kdzzétételi adatai: WO 11161173
EP 2585542 A1 2011. 12. 29.

(97) Az eurdpai szabadalom megadasénak meghirdetési adatai:
EP 2585542 B1 2016. 08. 10.

(30) Elsébbségi adatok: (73) Jogosult(ak):
102010024559 2010. 06. 22. DE Clariant International Ltd., 4132 Muttenz (CH)

(72) Feltalalo(k):

SOHLING, Ulrich, 85356 Freising (DE) (74) Képvisel6:
KROHNKE, Christoph, 81377 Miinchen (DE) Advopatent Szabadalmi és Védjegy Iroda,
THIE, Gordon, 45527 Hattingen (DE) Budapest

KUHN, Hubert, 42697 Solingen (DE)

(54) Eljaras hidroféb feliiletek elallitasara

Az eurdpai szabadalom ellen, megadasanak az Eurdpai Szabadalmi K6zlonyben valé meghirdetésétél szamitott kilenc hénapon bellil,
felszélalast lehet benyujtani az Eurépai Szabadalmi Hivatalnal. (Eurépai Szabadalmi Egyezmény 99. cikk(1))

A forditast a szabadalmas az 1995. évi XXXIII. térvény 84/H. §-a szerint nyujtotta be. A forditas tartalmi helyességét a Szellemi Tulajdon
Nemzeti Hivatala nem vizsgalta.




LA

e
e )
R Ny

g
NN
s

METHOD FOR PRODUCING HYDBROPHORBIC SURFAUEY

3

The invertion rolates 1 & method for produsing hydrophiobie surfaces snd alsn fo g

hydeophiobio surface obtainable by the method of the invention,
There are g wids varioty of applivations in ndustey andfor everyday life where Rt is
desirable to provide extremaly E},;‘ec};fagﬁmbi{: andfor soibsejesting properties to

<

surfaces of any Kind, Swrfee properties are here dotermined using partionlarly the

2

Z

meagurement of the contact anple of a waler &mp ot on the surface, as desoribed
for exvnple tn Plvaical Chemistey of Surfaces, Chapter X, AW, Adamson, AR,
{xast, Johnt Wiley & Song, lng, 1997

Nurfaces are teomed hydroghilic when the contaot angle is < ¥, while surfaoes
Eﬁswim; g coagact angle > 90% are termed 31}-‘&&0;}&{}%&@. A vontact angle of 1869
denotes perfodt unsvetiability, whereas 8 contact angle of §° denotey complete

wetting, However, neither Hiniting case oceurs in natvre, The relationship between

the contact angle o and the tnterfacial tensiony between water and a@lr (ol solid
hodies sl water {my) and alsn solid bodies and air {ouy} i desortbed by Young's

eqution:

S ~ Tgy » Ty ¥ S0OBY

The lowsr the interfacial torsion ogv, the preater the unwetiability of the swrfice,

Considering the stmplest case of a planar, o, smonth surfsce, then the contact
angle of the water droplet on the surface s determined by the selection of the

N

muaterial {see Adanson, p 3681 I for example, the contagt angle on paraffin {5
ave

measured, sontset valuss of 1100 are typleally found. Polyethylene exdibite o 13
contact angle with respect 0 walse.

Even more pronounced by dmgﬁwbm properiies are encountersd on switching o
perfinodnated compounds, FIT g\oixte&mﬁmmcthykn@ is found to have 8
water confact angle of 1127, Al mugh purfluorinated compounds wre smployed i
industry, including for nstancs toxiile treattnent, o hydeophobicize surfaces,
Hsndvantages are firstly the high costs, secondly the oftentimes poor provessability
and thirdly the covirenneastal Incompatibility of the starting components, which

can also ol up o the westewater and in langdfills,
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Stil higher contact angles (21107} are atisinable by omploving & microstoactured,
hydrophobie sarface. Superhydrophobicity is then said to be concernad. Systems of
this type ave Tound In natue o the leaves of the lotus plant for example. The term
“lotus effect” has accordingly bevorne sxtablished for & contget angle o of ahowt
1309 or mors. This effect &5 vaused in the Totos plavd by the presence on the leat
spfsce of rods ~ known ax papillas < 10 to 20 g high and 10 to 15 pm apart In
addition to secroted waxes. (wing to the microstracturg, water is no longer able o
gol into the interstitiad spaces of ’{i‘}% feaf surface, dramatically reducing the contedt
arsa betwesn the water and the surface. Only shout 2-3% of the droplet surface i3
in comtact with the plant surfice, the latter displaying extremely low wettability as
a result. T extreme cases, the cootect ares obtained may oven be just 8.6% or
thereaboms, Owing to this mintmal adheronpe botwoen leal sucthos and water
droplet, the water is eastly able to head off| carrying with 1t and removing particles
of soil on the leaf swrface, which Hkewise have but a small contact aren. This
phenomenon s therefore also referred o as a so-called selfcleaning surface. In
piami‘s. the bensfit of this effent resides n the plamt boing protected fram
colonization by mivroorganisms, pathopens and germs, o fungsl traces, o the
*\‘sm'wt} of algae. Sinvlar sufacss are iiscs found in animals, for example butterfiiss
sud dragontles, in places unreachalde with their legs for cleaning,

Following the detatled elucidation of the so-called lotus effect, there have been

many studiss also using sriificial systems 1o ostablish a superhydrophobic surface
and deploy same for techuical applivations. A self-cleaning paint for gpplication o
butlding exteriors is thus commercially available under the iradename of Lotusan®,
An up to date review of superhydropholde surfaces is found in R. Frenzel ¢t al,
Ultrabydrophobe  Oberfllichen durch gezighiey Srenetiichendesign
[Ultrahydrophobie Surfaces via Precise Interfacial Design], Chemie Ingeniewr
Tochustk 2010, 82 No. 3, 297308 Most of the systems disclosed o duge consist of
a combination of hydrophobic pamticles with a mattix ooued of g hydrophobic
polvimer or compound. This constuction s sald o enable the modification of @
multipheity  of  swinces with  one  coating  formulation.  Allernatively,

supsrhydrophobic surfaces are also obtainable on specific substrates by fissi
pstablishing the desired roughness required for the later attainment of
84 p Mdmnim“sm voamt then mgzdv hydrophobicizing the surfaes b} means of &
;}zm:-'s_atmsgiv -c:ss‘;a‘ﬁi;g hod surfaos :om}'xm :8, In ’i;?l{? gxfreme oase, am‘face s:{}s;ﬁngs
with monolayers of hydrophobic compounds are sufficient here. Examples of such

superhydrophobic  surfaces where 8 custon-isilored  swrface roughness is
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establishad e st srs'ep and hedrophobic conting i caried out in & subseguent
stop are swfaces of anox {E aluminiom costed with alkyt phosphonatey, awd
alsn  modiffed p w«m&o-”h PTFE swisces {see also B Frenzsl et sl
Ultravdrophobe Obherfldchen dureh genigltes Grenzifldchondesign
[Uhirahydrophobie Sweinces via Precise derfacial Dedgnl Chenle Ingendow

Tochnik 2010, €2 Na 3, 397308

The WG 96074123 patent to Wilhelm Barthlont deswribes selfioleandng surthons of
abieets and alze methods of making same. Seif- i aning surfaces sre protected of

o

obiocts displaying an antificially produced surface structure comprising elevations
and depressions whereln the elovations are spaced from 5228 (e apart and are

3-100 pm high, AL least the clovations, i pot the ontive system, comsist of
;;yér{}gshsbm p{}iynzmr or dheably hydrophobicized materiale, and the slevations ave
not detachable by means of water or by means of waler comprising detergents.
This paiest to Withelm Bashiott, the discoversy of the selfcleaning effect of
superhydrophobic micro- and nanostrucinred swelsces, iy the gt to refer o e
fotus effect and ko olaim o any superhydeophoble surfaces esteldished by a

ndcrestruciuesd systen,

The EF (933388 patent desortbes suuetweed swefaces having hydrophohic
propertiss, The surfyces sccording to the tnvention display large edge angles wath
waler, are svarcely wetted by water and therefore have a selfcleaning effect
Methods of producing the structared sorfaces and uwsing sae Ruether form part of
the subjeci-matter of this nvention. The claims speaify cortain aspest ratioy, e
the ratio of structure width to structure beight. More particolarly, structured
surfaces are claimed in Clan 1 as being characterized in that they display
plevations having sn average height of 30 nm-10 g and an average spacing of
Spm-10 pm oand alse surface enmergivs of 1020 il for the wnstiractursd
material,. This invention more @ari‘wuiaﬁy desoribes microstructured polymers
which  are oblsined wia ¢ casting provess and therely  acquire el

microstrasturing. They are hydrophobicized in a svcond step.

The OH 268258 patent describes @ method whereln structured susfaces ae ereated
hy application of powi sy, such ay kaolin, wie, elay or siliva gel The powders are
fixed on the surface by olls or resing based on organosilicon componnds, Using
other materials such as waxes or polvethylene or polypropylens, which might ssrve
&5 @ musteix for the sollrejecting particles and the mivrostructured systoms, arsg ned

deseribed hess,
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The EF 0839747 patont desortbiss a method of oreating & seltcleaning property by
surfaces whicly inchide specifically those of woof dlex. The curthce deplays
hydrophoble slevations 32200 am high in distributed form. To vresle these
clevations, a surfwe kv wotted with ¢ dispersion of powdered partivles of inert
material n a siloxane solotion and the dloxane Ik subseguently hardened. The

powdersd pacticles preforably represent a covamic waterial,

The WO Q058410 prrent deseribos a misthod of producing selfclogning detachable
surfaces displaving elevations and depressions, the clevations being spaced $u1-
04 o apart aod 01100 wn lgh These surfioey sre Rornoed by applving a
solution, disporsion or emulsion cpmprising & hydrophebic material wisich on
gvaporation of the solvent seifaszembles o 8 selfcleamng surface and then
drying, The appliad material is detorpent detachable,

The D 1072008 032404 Al gffenleguagssshrifl v the name of Ooldsehmidt
{rmbH deseribes a method of ;'«msi acing detachalde blostatic sheetitke contings on
dilferent objects whereln hydraphobic particles are applied  the surface of the
abisets in the coating stop to theveby create an the sweface of the objeots & swface
structure comprising clevations. The laver consisis of hwdrophobie panticles
smbedded o o volatile siloxane optionally compesing @ silicone wax dissolved
therein, The starting formudation Is applied o the surfaces i the fonm of a
suspenston. The next step ia  remove the velatle siloxane, For lostange, @

stloxane wax having & molecular weight of 13 000 gimol and 2 recrystallization

¥

point af < 570 ix dissolved ity decamethyloyvolopomasiioxas. & hydrophobicized

3 - % 2 b 3 bt Read R AR § RE F& Sl oy - AR .
pyrogencus silica having o BET surfaee avea of 220 m'/p (Asrosil” R 812 ¥ from

5

Bvontk Degussg) 18 snbseguently admixed under infensive agitation, These

50
formulations are spraved omto solid surfaces, and the formuation of microbial

impurities 13 tracksd as a function of time, a distinetly lower colonization with
mcroorganisos being found for the coaling adduced in this petent.

W 2009040596 disclaes 8 Hpeld somposttion for cleantng hard surfgees which
by way of constifuenis compwises an 8t Izast partly agueous vehicle, poe or more

surfhotants and an effective amount of 8 csrtain compowad conforming to formmda

Lt

¢
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There is fuether desoribed o liguid composition for coating substrates with a
hvdrophobic film that by way of constituents comprises 8 liguid velicle and an
offoctive amwunt of the cempound of fornanda L A hydrophebie coating ﬁim
comprising a compound of formala 1 for at least paotially coating & substrate

finally also disclosed, Insofar as 2 Houid composition for cleaning hard surfaces is
concerned, “inorgamic particles™ are disclosed as further constifuents, Suitable
inorganie partigles are selsoed from the sa;»:mp of phosphates, oxides, silicates,

carbongtes, hydroxides and mbdores thereafl

WO 005071023 relatex to 3 waterbome coating composition compeising, in
addition to an organic binder, & “stain blocking agent™, which comprises ol leant
one type of inorganic mzwmmeiﬁ having a layvered structure and 8 ervstalling
stracture having p@mnveiy chargad lavers. ihe nanoparticles reforred 6 are
preferably selected from anlonie clays and salis of layered double hydroxides. A
method of coating speafie s.au.bsiram;s whergln the composifion desuribed iy

szm;;sia?ﬁd s also disclosed. Cationie olays may additionally alse be used therein ag

20 wike of g metal sali of & fatly acld, Nki & base nan wnonnt of T 130% of'the
munber of carboxy! sroups in the resin. The composition may further compriss
allow or some other cationically charged mimeral such as hydmisleiie in an

amncunt between 10 to 45 withe ‘t'};-’ised ot the metal salt of the fatty aoid. A substate

coated with the composition deseribed i finally also diselosed.

While & whols seriss of foomulations o produce soil-repellent, hydrophobic and
supethydrophobie poatings are already koown, there contipues to be a need for
improvement.

Improvemenis are ngeded patioularly with regard o the environmental
compatibility of the costings, i also with regard o a simplification of the
groduction methed and finally with regard to the dwability of adherence o very
different substrates. Foo instance, the formulation based on silicons and
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hvdrophoble silica particles hes the disadvantage that such hydrophoble silies
particles obtained by flame prrobysis ave sphevical and thevefore but minimally
scdberent to planar substrates, Coatings of s type are removed gven by relatively
miivimal mechanical stress, AL the same Hme, costings wlilizing silicones are not
unceneerning  bealthwise and henge aleo under envirommemal aspects. Une
example theveo!f s deseribed in SAdhesion and friction studies of stlicon surfaces
processed wsing 8 sltroputiple-based method”, anthors Yilet Jlang and Svivam

Sundararajan, Tribology Letisrs, Vol 23, No, 'E,Ks;i}*' 20408,

it has pow been found that, stepisingly, lavered double hydroxides sre very uselud
in the meewfboture of hydrophebie and supsehydrophoehie, Lo, soilrgjecting,
coatings. Layerad double hedrexides are typieally eoploved in 8 technieally

complotely different ficld, namely as absorbenis in the processing of PV

et

e presunt Invention by a first aspect secordingly provides 8 method for producing

# hyvdrophobic surfacs, said method vomprising the steps off

preparing g composiion comprising at least one lavered double hydroxide,

ES

and
applving the compositionio ¢ surfuce,

wherein the o least ong laveed double hydroade 8 provided av least one
hydropholde coating, sud whereln the hydrophobie surfies has @ conlsct angle of
100 1o 175°,

The composition comprising the at least one layered double hydroxide preferably
coyuises, I the context of the present invention, 8 dispersion, a mattix, in

particular & polymeric matrix or 8 mairix comprising & wax, or & varnish,

fosedar g3 he composition SonyHises R x;%i&gtsersiém, prefored dispersiony in the
corgext of the present invendion comprise winler, aleohols {proforsbly othanady,
Kelones such & acetone and mixtures ithermﬁi Besides these it is alse possible fo
use other solvents, $or oxample aliphatic and womatic solvents, and also sobvem
mixtures, These should be gasy to volntilize, An example theree! 13 Boddard

,.

Solvent (white spirit) Likewise poasible are supercritical carbon dioxide and

gnvirpnmentally :;3mpat§§ts§e tonie Hautda,
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The preference overall & for solvents having mwlling potuls of not wore than
190°C, prefevably not more than §5%C, more preforably sot ware than 80°C, vet
move preferably not more thay 80°C, vet siill more preferably not more than ={3"(‘
vet stll even wowe preforably not more than 65°C and nmost preferably not more

QETN
}\

than &0

Insofar as the composition comprises a polymeric matriy, the present Lvvention
provides that the polymer i ;I\Y?‘d?}‘ci?‘-‘i\’ sedected from the group consisting of
thermoptastic polymers such a polvolefing, prefiesbdy from pelar thermoplastic
polvmers sach as, fr oxaple, aorvlic estersiyrenc-acrviontivile  {(ABA),
aorvionitrife-butadione-styrene {ARS), cassin plastios, vellnlose agstate, liguid

; %

Lo high fmpapt polystyrene (HIPS)Y, cellulose hydeate,

5

crysigl polvmsrs (LCPs
cellulose  nitate,  oveloolelin copolymery (CO0),  perBluorcatkoxvalkang,
polyamiides  (PA), polyesters such a3 polyvethylene  terephthalate (PR
polvbuiviene ferephthalate (PBTL polymethyviens terephthadate, polyearbonate
{(PCY polvetber blogk amide (PERA), polvethecimide (PED, polvether ketono
{PEK, PEEK ) polyether sulphone (PES), polyhvdroxybutyrate (PHR), polyimide
{PIy, polvlactide (PLAY  polymethacrvhmethylimide  (PMMIL  polymethyd
methaoryvinte (PMMAG, paiyx}xymmhy}f W {PUMY, polyvacetal, polyphenylene ether
(PP, polvphenviene  sulphide (PPN polyphthelamide,  polystvrens(s),

o(PVAc) polyvinyl  chlonidels} ¥V,

£

polysulphone,  polyvinyl  acsa
pabevinviidene flueride, styreneeacovionitrile (8AN), thermoplastic starel or
thermoplastie  polyursthane (TPU, TRE)L Proforence i3 mim"ifo given o

sopelymers comprising comonomer unity of the thevmoplaxtic ;wi\; s reciied

Particular preference is given to oligomers andfor low melecular weight fractions
of the thermoplastic polvmers recited, which in addition to g comparatively low
moleeutar weight (M, = 1000-20 000, proforably 1300-15 000, most preforably
2000-12 D00Y also have comparatively low melting ranges andior soflsning
temperatures andfor deipping ranges. These oelude polvethylene waxes such as,
for exsmple, the convpercislly available Lowar A (frow BASE) (meling
range/DSC 10110070 (DIN 31007; ASTM I 341RYy dripping range/Ubelohde
0711450 (DIN SIRGL ARTM D-3954) wnd also the polvethviene {PE} and
polypropylene (PP waxes of the Licocens range {(from Clatiant) having melling
ranges - according o type ~ fow 70 o 140°C and dripping ranges from 73°C
1435, Also sultable, however, are fully and parfially oxidized waxes and also
wixtures of esters of ong-chadn carboxylio acids sueh as producis of natural engin,

for instanee those Xoown by the name of montan wiakes.
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Embt:é(}is};s; may finally also be effoctsd foto appropriate nermediates. To this
end, the lavered double hvdvoxides wo importsd in precupsors, for sxample
MIONOINELs whiszh are polvmerized oo the carvier via thermal or photochenuieal

nitiation,

Tsofar as the composition comprises 8 wax-contgining matdx, the prosent
invention provides that the way is preferably selscted from the group consisting of
fully oxidized, pactially oxidived or cpoxidized paraffin waxes, monan wanes,

carmaha was, Em&swax, anvicde wares and mixiures theveof

it i3 aimilaely possible for fatty acids, long-chain ketones, sldehydes and anuides
and also longechain hydrocabons (mwore than 12 cerbon atoms) having &
gombinntion of the reciied poley finctions and also muixtures thereol o constitute
suttable muatrices for the purposes of the present tnvention, Likewise possible are
sorbitan fatty achd esters suely us, for example, sorbitan tristearate {comumercially
available under the sradenanie “Span &8,

Clabm iz Barther 8l W mixtuees of the recited thermoplastio padymers including of
any polvolefine with wakes including nonfinctionalized paraffin waxes andiew
longechain hydrocarbons, The wax content is conymonly between | and 25 wils,

proforsbly betwoon 2 and 15 wit, move preforably hotween 3 and 10 wth

The composition for the pur-s { the present invention may also conprise 8
varaish, The tors “vamdsh™ is for the muposss of the present invention © be
siderstond a8 mesning any composition comprising 8t least one pigmend and &t
feast one solvers, Preforred varnishes further comprise at Teast one bhinder, st least

gae Hiller anddor gt least ane addisive,

Preferred lavered double hydeonides for the prposss of the present dnvention aee
preferably selected from the group comnsisting of the class of hydeotalons
componnds, fmaofar as the layered double hydroxide comprises a hydrotaleite, this
hydrotalelte s proforably  ccledted  fom  the  group  consisting  of

IMpAHOH R PHOSCO 0 01 (where x=2, x=3) sweh as  hydrotalelte,

mamasseite, M Fe(OM hoa ST nH 0T (where 23 such as pyrosurite,
sidrgrendte, Mg OO PHOSCR*nth Q] (where x=3) such as stichtite,

barbertonite,  MpMo{OHhe FIOSCOM 0] (whore =) sweh s
dessantelsite, [MadelOHna O 2H0] (where x=3) such as melxenite and
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PRLAKON b O SCOHOHMHOT such as takovite, It I8 also possible in the

sontext of § ¢ prosent tnvention fo smploy mixtures of two or more layered dowble

hydroxides, proforably mivtes of two or move hydrotaloies. Partonlar preference

t the context of the preseayt invemtion iy given {0 bydrodaloites, whicht may in
principle compeise natural or synthetie hydrotalettes or else compounds haviag 8
hydrotaloitersimilar structire and tailxtures thereel, These ave more preforably
Gfi§‘3'§}§{}}-’t§d in & composition comprising T15% Al 10-28% Mg and optionaily §-
15% n, while shoslnlumemagnesium hydroxyoacbonate compreising #-12% Al
and  20:34%% Mg and  alse  shominionemagneshun-zine  hydroxyearbonate
comprising 8<13% Al 13186 Mg and 213% So owe pasticularly preferable.
These particularly preforable hydeotalottes wre also marketed by Sid-Chemte AG
unsder the tradenames SSORBACIDY 9117 and “SORBACID® v447 respactively.

& lavered double hvdroxide very usefid for the methad of the ;:msczt invention 1§
further -*'Em‘a‘c.teri? able via & BET swface ares of loss than 20 m¥g, preforably fess

than 15 o .«&:\ mcre preferably less than 12 vy and most preferably less than 10
wife. & very wefal lavered double hydroxide for the wathod of the present

S

ivention futher preferably has a pH of 3510, preferably of 7 o 93, I a 3%
suspension of sthaned, A very useful layered double hydroxide for the mothed of

x

e prosent invention likewise preferably has a1 moisture content of Q.08 0 D78,

ny

oreforably 025  0.55% and most preforably of 805%, Laversd double yvdroaxides
usefid for the method of the present invention further preferably have u particle
size distribution of D30 881 pm 0 T pm, proferably 8.1 pm to 1.8 pum and mest

preforably 075 pmte 1w and DOG 1 a1 20 pmy, gr&i&;‘aﬁﬁv 28 pre 18 un
ancd rrost preferably of 3w to 10 gan, a3 weasured by dynande Hght seattering,

The lavered double hydroxides employed i the method of the present invention
preferably comprise particles having o peimary structre iy the form of & platelet
structore. The terms “platelet structurs” and “platelst-shaped structie™ are wed
intere mng&abivu the vontext of the presat nventia

When the laversd double hydrogides smploved in the oethod of the present

<

invention are in the form of 8 “platelet structure”, the composition will adhere
particutarly waell 1o the surface to be coated. Moreover, the coating oiiained will be
of particudar dobility and long-tenm stability.

The term “platelst steucture”™ 15 do by understoad in the comext of the present

jnvention as wmeaning soy three-dimensionsl structure where the fisst dinsmaion
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avd poasildy the second dimension caeh smount 1o & multiple of the thivd
dimenston. Applying this definition o the structre of a cubold, the cubuid woudd
have a platelet stucture in secordanee with the present havention when the ength
amous fo 8 multiple of the teight and the widih of the cubold 3 betwesn the

hoight and the longih and the widdh is not more than the length of the cubotd

Layered double hydroxides prefirved for the purposss of the present invention,
which have a platelet structure, are uot iimita:m,, however, 1o 8 cuboid shape or a
cuboid-stmilar shape, On the contrary, any threo-dimensional structure may be
concermed provided it satisfieg the sﬁbws;*.»sspeﬁiﬁeé Proviss, munely that one of two
dimensions are sach 3 multiple of the thind dimension, Where the three-
dimensienal strueture I8 2 structwrs that does not permil sxast mewsurement of
longth, widih :;mﬁ height, the respective avorage length, width and height must e
used, Where the thres-dimensional structore iy g sirsotyre withogt & defined length
or width - laldet-shaped structures for exsple « then the “platelet stracturg”™
griterion s hkowise satisfied for the pm'p{asm of the present invention when the
average dizmeter of the plane formed by g first and second dimension amounts o
muitigle of the beight of the threedbmensional structure. In principle, this _;:}i.aae
formed by the frst and second dimensions way have any desired contour, Nor for
the purposes of the present tnvention need thiz plane be solely defined by twe ares
i space; on the contrary, 1 is Bkewise possible Bor this plase 1 be defined by theee
OF MOore Sy I apwes and to comprize 8 singly ov multiply wndulating strocture
with and without concave andfor correey portions,

The “platelet structure”™ eritevion of the present {nvention iy Hiewise satisfied by
any three-dimensional structure which « provided it s imporisd into & cubold
structure such that every side of the cuboid tounches the structure at a single point ~

satigfies the following definition;

The length L {comesponds to the longest luteral length) of the vesuliing cuboid
st not be less than twe Hmes the helght H (oorresponds to the shortest {ateryd
length) of the resulting cubotd, preferably 18 two to one thousand thwes, more

preferably fon to one hundred times,

The plateletshaped structiees of the prosent invention wre preferably stroctures
thatl are completely Gled ewt by the layered double hydroxide. In futher
subodiments, however, the platelet-shaped structures of the present invention may

alse be interrupted by porgs or hole-type stroctures having dimensions < L pm In
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prinviple, however, the present vestion requites that the three-dimensional
pis‘:ﬁeiaiwsimgs:zi structure be filled cul gt least 30 vol% by the double layverad

varoxide, preferably 30 volds, more proforably 58 volls, yvob more preferably 60
\’Gi%, yet still more proforably 73 vol%, vet still even more preferably 90 vol¥h

ansd mest proforably 99 to 100 voi¥s,

Hramples of platelet-shaped sirsctures n accordance with the prosent vention we
structures n seale, shell, leall tublet oy file form or elve shractures in the form of
corpflakes. Preference iy given §3§.'<1te.§s3t shapey that are heomgonal andior

rounded-off hexagonal,

Iy ¢ne preferved embodiment, the length L or the average diameter 13 of the plane
f{}i*me{i by the fiest and cecond dimensions armounis io from five (o thirty Hmes the

ght H. Preforred mossuroments are subject 1o the following slic
Loy H from M1 to 31
Preferved platelet megsurements are in the range of
LorD=0lwifpmand H=001 o 1

The lavered doulde hvdroxides emploved in the method of the present fvvention
may furher - oven hefore application o the swfice - be combined imlo 2
secondary strueture o the form of agplomernies or olse wacks of privary structurs
particles Pplatelet structure™) It is poasitde in iy connection for all the lavered
double hydroxides to be applind 1o gheady be combined inte agglomerates andior
stacks oven belfore application to the surface, bul preferably loss thag ¥3%, more
preforably less than S0%, yet more proforably loss than 65%, wol still mwore
preferably toss than 30% and most preferably less than 33%.

frr & further prefirred embodiment, the composition prepared in the method of the
present invertion further comprises a hydrapholde selution. Freferred hiydrophebie
solutions for the purposes of the preseit invention shiall be selected from the group
comisting {}f sotutions corprising sue or more than one thermoplastic polymer,
fatty suid, susfatant, natural Hpld such as phospholipdd, we, preferably long
chainn phosphonate o long-chain HO-, aldehyide- o amine-fwnctionslized
E}} drocarbon or fonctipnalized  hydrophobie stlaneg, or mixtures theree!l as

wdrophebic  constitpent and  water andéor an  aloohd, proferably  ethanol,
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supereritical cachon diogide andior lonte Hagudds e zolvent, Rullable qurfactants are

specifically apdowie swefictants, oo alleyl suiphates, alkyl phosphates, alloy

phesphanaigs or other sulphates. It I allewmatively alse possible o omplay

wdxGives of andonde and pontonte swihctanis.

Alsp mgtable ars, Hually, yvdvophelic polymers, for sxample soryiate polymers
having alkyl side chains,

In the embodiment according to the invention, the lavered double hydroxides are
peovided a single or muliipls hydvophobic coating. The coating in & particelarly
preferred embodinment of the present invention comprises ong or more than ong
thermoplastic polymer, fatty acld, swrfsctant, wax, preferably oxidized pamifin
wax, montan wax andéor amide wax, longechain phosphonate, long-chain Hi,
aldehydes or smine-functionalived hydrocarhen, longchain ketone, long-chain
aldehyde andfor long-chaln amide or functionalized stlane, o mixtwess thereef
whergin in the wase of & muliiple costing sach layer may compriss differsm
hydrophebic constituents and # i likewise possible that ene laver somprises 3
single hydrophobis constituont, whereas g second {or third ete)) layer somprises
twve or mere hydrophobin constitnents. Suttable surfaciants sre specifically awonde
swrbactants, e iyl sulphates, aliod phosphates, adbyl phosphonates and sther
sulphates. I8 i alternatively alss possible to smploy mixtures of antonie and
nonionive surfactants, Alsp suitable ave, fually, hydrophobic polymars, for sxapple

acrylate polymers having alkyl side chains

The hydrophobic coating may be applied o the lavered double hydroxides in any
manner known o be suitable by @ pewson skilled i the wt Preforably, the
hydrophobic coating is applied 1o the layered double hydrexides by these being
ground together with ene or rawe hydrephobic constituends, for sxample fatty acid,
wax, preferably sn oxidized poraffin wax, montan wax sndior an amide wax, ¢

phosphonate or a swrfactant, or being conted In micronized form.

s therefore in pringiple posable for the purposes of the present svventdion
import the lavered doubls hyidvoxides e the composition when they sre already
in & hydrophobiccoated form,

However, the lavered doubls hydrokides may also be jmported inde the
composition without wy hedrophobie couting. When the composition in 2

preforred embodiment still contains a bydrophobie solation, 1 i¢ pacticulardy
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prefevable for the layered double hydroxides 1o be provided a hydrophoble vosting
by the hydrophobls constiteents of the hydrophoble sohaion. When previowsly
hydrophoble-coated lavered double hydrexides are cmploved, B s pationtarly
advantageous to provide these a fwther hydrophobic layer theouph the
simultaneous enplopment of a hydrophobic selntion in the gowrse of the step

preparing the composition.

The method of the present invention preforably comprises the composition as more
varticularly defined above being spplied o & solid surface by spraving, dipping,
blade coating, melling, sublimation or spincoating. In principle, however, the

cernposition may be applied t the solid swrfhes tn any manmer koown to be

suitable by a person skitled i the art

The solid sarface may compuise any matertal known to be switable by a8 parson
skilled in the ar, i the method of the present fnvention iy very wsefil for surfices
masde of glass, wood, metal, plastie, coramie o a mineral swince for example in

the formy of builiding nstde or puiside surfaces.

The tenperature at which the composition is applied in the present fnvention is

X

;‘ade;a& ¥ 813000, more pfexm’n H-120°C, yvet more preferably 15-100%0, vet

I a futher aspect, the present invention provides o hydrophobic surface
coniprising ot least one lavered double hydroxide, wherein the at lvast one lavered
deuble hvdroxide is provided & least one hydrophobic couting, and wheesiy the
hydeopholde surface has ¢ contact angle of 100 o 178%

The hydrophoble stefuce of the present invention prefersbly comprises a layvered
double hydroxide as defined above for the method of the present inveution, mote
preferably al lsst one layemd donble hydroxide comprising at least one

hydrotaloite, pattionlarly preforeice being given to hydestalciies as defined above,

In o profeveed smbodiment, the at least one layered double hydroxide s provided w
least one hydrophobic costing comprising one or moeve than ong thermaoplastic
polymer, fatty acld, cwlsctant, wan, preforably oxidized paaffin war, montan
wax, sarmauba way, beoswex, anide way, long-chain phosphangte or longechain

HO-, aldehydes or aming-functionslized hydrocarbou or mixtwees thersoll In
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parfioularly preferred embodimenty, the coating iy 8 conting formed as defined
abwrva,

in g further proferrsd embodiment, the lavered doubls hydroxide s present on the
solid surface i particles having a primary siruemee in the fonn of 8 platelst

structure, the terms “platelst structom” being comstroed a8 defined above,

It a particulacly prefecred embodiment, the platelets have messuramerdts of L

andfor D= St 18 pmoand H =001 to L3 am.

I & Rarther prefered ebodinent, the laversd double hydroxide s present on the

solid surfaes in the furm of 8 secondary structure in the form of agglomerates

andior stacks of pruvary particles,

In a further patticularly proferrsd embodiment, the hydrophobic surfuce
sontaet angle of 14040 160° and most preferably a contact angle of 150°

The term “vontast angle™ of Howids on swefaces a9 it is sho being used i the

comtext of the present imvention is deseribed for example in Physivsl {‘ henntistry of
Surfaces, Chapter X, AW, Adarsson, AP, Gast, fohn Wiley & Sons, Ing, 1997, A
wethod of mensuring the comant angle as used in the content of the present

tvantion is deseribed hersinbelow,

fu o further agpect, the prosent inventivn provides a hydrophobio surface obtained

L.

by the mothod of the invention and g5 more particularly defined hevelnabove.

Methods

Particle size dotern

A Mastersizer 2000 from Malvern Instumments Lid, UK was onployed in
avcordance with thy wanedohrer'y Instructions. The measnrements were carie

ont iy othano! having o hydrotaleite content of 3 wi% to determine the vahues (such
ss the average paticle size D50 whdeh are based on the sama‘}}e volume, To
completely disperse the samples, the digpersion of the hydrotalelte in ethanol wag

additionally u_Etz‘agfsﬁimtmﬁ for 5 min before measuremesnt,
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The DR value indicates the valus at which 30%% of the partivles v the sample
measured have a smadler or equel particls dismeter, Correspondingly, the D100
value, the SO value and the DIO wvalue each bulivate the value @t whish
respectively 10094, 3096 and 10% of the particles in the weasured savaple have a

smatier or equal particle dameter.

Pletermy

pob halk weighy

& graduated oviinder oot off at the 108 mi mark v welghed. The instest sample is
then powder-Tunneted vto the graduated evlinder in one fell swoop so asto forma
cone of repose above the dm of the graduated ovlinder. The cong of repose i8
smpothed off with o ruler dragged soross the opening of the gradusted ovlinder,
and the flled graduated oyvlinder is reweighed. The difference comesponds to the
talk weight,

Water coment:

The water coutent of the preducts at 12070 was Solernsined by using the DINASO
TR methoed.

Messurement of contast anales

Contant angly was preaswred for the different costings obisined by wing a Krlss
DSA 100 contact sngle moter from Kriiss, Hanthorg, The basis for determining the
confact angle is the ploture of the droplet on the sarthoe of @ planar solid body.
First o cannuls L8 pun o dlameter ts used to place & water droplet onde the desired
surface, The eircle ftting method of Drop Xhape Analysis 1.8 software can be osed
to determine the contact angle resulling from applying  baseline between the
surface and the drop contour,

Hlemeata anadesiyg

<

This analysts is based on dotal digestion of the lavered double hydroxide andior of
the comesponding product in hedrochlonie acid, After dizsolntion of the solids,
specific wmethods of analysis, for oxampde ICP, are wed o analyee and guantily

individual components.

Dstermingtion of il
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The pH value 18 determined with a pH roeter In an agquonus’ethanclio suspension. &
1 mixture of water and othanol (95%%) s prepared for this papose. & SQg
guantity of the watorcthano! miktore 18 weighed out acourately to $.1 g i vessel,
5 A1 g guantity of layered double hydroxide is weighed out acoursiely to T mg and
then tanaforred goantitatively inte the glass beaker containing the ethanobwater
mixturs, This s followed by 5 min of stiring befre the pH s read off on the

instrzmwﬁ.

18 The hydrotaloites hereinbelow were used as starting material, the commercial
soutce belng veported In each case although the prepasstion of corresponding

faversd doulde hydroxides is also roadily possible by wethods familiar to o person

skillad in the art {xee above)

Surfes aron was determined gstag ¢ fully awtomatie nitrogen poresimeter of the
ASAP 2010 type from Micromeritics,

20 The sample s covled down to the tempessture of Hawdd sitvogen o a high vacuom,
Nitrogen is subseguently wmetersd continuously into the sample chambers, The
adsorbed aowount of gas s caplired as & funetion of pressure and used o detormine

X

an adsorpiion isotherm ot constant femperatwre, In 8 degassing procedure, the

>

anabviteal gas is incrementally remeved and & desorption tsatherm recorded.

‘.I,

The hydrotaleites smploved are the Std-Chemie materials Sorbacid® 911 aud

Sorbacid® 944, Their chamcieristic data ave shown in the tahle which followas,
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Table 11 Properties of hvdrotaleites used

Rorhaond” 81

Sorbacid® 944

Type

M g“\&xi
hvdroxvesrhonats

Mg-Aldn

hydrogvearbonale

Chemical analysis

Al

§-13%%

20 24%

13-18%

}«i@istmﬁ content {i{}:?.@il, 2,

BET swrface ares

Particle size  distebution

{volomelrie}
D50

HEG Y

1w

S0 pm

<1 pm

10 pm

=

SEM micss

REAY

The hydrophobic surfaces obisined are sputter coated fo propare the samples for
ting electron migvographs. Specifically, @ sputter conter (EMITECH K 85831

is

used to apply an &9 gold and 2086 palladium coating to the surtace at & cwrent

strength of 15 ma and 0153 mbar in the sourse of |

13 nmimitn,

5 min at & costing vate of
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The hydrophobic swefaces thus prepared ave mcasursd i an ESEM Quanta 400

FEG SEM instrament, *
Spotier conter: EMITECH K 356, from Bovtech, England
Separation betwsen ehieet table and target 35 mm
Sputtering time: 1.3 mip
IRk Current strengthe 13 mA at 818 mbar
Coat thickness (depositiond ea 13 vy
Target: gold/patladinn 80209
...... ESEM Quanta 400 FRG: from FEL Caschia
Schotty enstter cathode system
20 Everhart-Thornley detector

Senvconducior back scattered dlectron detector

Resolptione 2.0 mo at 30 ke¥

Magrufication: up o1 400 (00X

Ficures and examples

10 The wmethod of the mvention will wow be wore partioddarly described with
reforonce to the described figures and examples. It must be smphasized here that
both the fgores and the exwoples are merely tHusirative and shall not restrict the
ssope of the invention in any way,

35 Fig. 1 shows a scenuing eloctron micrograph of an fnventive costed surface

comnprising the product Rorbacid 944,
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shows g scanning elechon micrograph o an lpventive coated surface

o
ot

£ 201
4

comprising the praduct Sorbacid 81 L

75

Fig. 3 shows g scanning electron wivrograph of an loventtve coated surfisce

cotnprising the produst Sorbacid #44,

o

Fig. 4 shows a scanning elechron mioropraph of an invenlive coated swrlsce

comprising the prodact Sorbacid R1 L

Fig. 3 shows g schematic depiction of an inventive layvered douhie hydroxide
primary particle i platelet stracture introduced into & cubedd. Figure §

serves fo elantly the definttion of the torm “platelet structure™,
Example |

NN R o < g R o FOTEYE L ° N 3 .
! g of Sorbacid™ 911 and also Sotbactd™ 844 (Sid-Chanie AQ, Meosburg) were
in gach case weighed info ¥ g of acetone (Carl Roth acetone > 98.5% for syntheais)

o

and suspendedidispersed with

1 %

g magnetic stichay for 3 minutes and {z\;‘piaed 08
microscope shide {standard microscope slide from Roth) The dispersion was
applizd to the microseope slide such that the swfaee was homogeneously cpvered
by the suspension. The subsequent drying took place for 135 wmin gt 20°C in the
alrstream of a foboratory fume cupboard, The scetons svaporated o leave a turhid,
white coating. The measnrements of the contact angle see reported in Table 1. For
comparison, Tegotop™ 210 was costed onto the glass micrascope slide (drving time
abont 4 hat 7000 Tegotop® 210 is o system cousisting of & silicone polymer and
a hydrophobic silica. For compurison, contact angle messwremsaty  were
addilionally carmed put with untreated glass mivroscope slides and also with glass
micrescape shides coated with stearic acld fromy a 209 stearie acld othanel

solution,

Table 1t Contact angle particulars

Coating sysiem Contaet angle 9]
Sorbacid” 911 150°

Sorbacid™ 944 1460




o
1 sgmo;&* 18

stearie ackd &4°
wittreated wdcroscope \hdg 42°

{comparative mensgrement)

The data contlom a universal usability of nventive hydrophobic layered double
hydroxides on solid safaces, and show that thess are very wseful for production of

sotl-repeiient contings of high contact angle,

What the scanning clectron micrographis which are shown i the figurss show in
respevt of the coatings {88 struchured cccupaney o the glass slides by hydrotaleite
particles wherein the distances between the clevationy i dmilar to the wverags
wighh ol the clovations. This v g pincipal condition for cstablishing
10 superhydrophobic surfaees (sser R, Fiirstner, W, Barthioft, €. Nichuis, P. Walzel,
Wetting aond ?ﬁt‘nii‘w{;;_ie&mng Propartiey of Artificlal Supethydrophoble Surfsces,
Langmuir 2005, 21, 956861 The high contact snples measwred ave thus in

harmony wiﬁ‘i the stracture of the coatings.

L5
In @ 250 mi glass beaker, 21.5 g of Sorbacid™ 911, 7.1 g of colowred varaish (ORI
CLASSIC am\i ~hased coloursd varnish - water ti?.imm:*si“} and 337 g of
Soddard Solvent (Acrs Orga% Hes) were heated at ¥0°C and homogenized by
20 stivmimg. Then, 337 g of water at 80°C were adimbxed followed by further stiming o

form & hemogsneons susgseng&m. After cooling, the suspension was applied 1o
surfaces. The drving at 2000 o the atrstream of g labowatory fume cupboard took 3
hours because of the high-bedling Stoddurd Solvent. After dryving, 8 mechanically
strong, hydrophobie sueface was obtatoed. It bad & 143° contsct angle with water,

35 The surlace conted with the sorviic vamish only merely had a contast angle of 84°,
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Eljdrds hidrofoh folitletek ol8allitass

Seabadalut igdnypontok

 hidrotdh folitlet eltallivicden, mely olideds magdban foglalia a kvetkerd

- legaldbb epy réleges kettds hidroxid elbailitisg, &5

o

i

~ & Réaxitmdny felbhorddse egy Rlilews,

ot

abol @ logaldhh egy rétepes kettde hidroxid logalabb sgy Hdroidb bevenattal van cliftvg,

=

o)

& ahl o hidrofoh felttlet kontakitaedee 101730,

JoAz 1 igdnypont szorintl eljards, shol ¢ késrfandny tantelmag egy diseperaitt, sgy

miatrixot, kinelebbrdl egy polimer matrixot vagy egy olyan matrixot, amedy tartalmax

sy viasst, vagy ey lakkot

<7

3A 2 igdnypont seerintl oljded

cahol a daspersid tavialmae egy diseperzidt, amely
twrtabmar vizst, alioholt, ketonokat, aliffs & sromas olddssorcket €s apok elopyell, ssws

porkrittkus sedn~dioxidat, lfonos folvadékokat &v azok elogyeit.

4, A 2. ipdnypont szerintl elidrds, shol & mairix tutelnmar egy polimer nrddrivol
amely 8 termoplasetius polimersk kGebl kivalaastott legaldbb egy poliment tartalmas,
vagy sgy obyan matrbyot, mnaly & telessn oxidaly, zmsis&gmm‘ oxiddlt vagy nem oxiddh
paraffin viassok, momdanviaseok, ssudviaszok, kernsubavissenk, mdhviaseok, illetve

erek keverdket kot kivalaszion legaldhb epy vinsst tartalmay

Az elded igduyponiok harmelyike szerut eljdris, ghol 2 logalabb egy rétoges ket

183 hidroxid tartalmaz legalabb sy hidrotaleitot,

&, Az S, igdnypond szenint ol <z§.°:§25,2 shol a legalabh spy hideotalelt 8 kévetkesdhk k-
=41 van Kivflazebva: shunipmeagadzinnhideoxikarbonat, amely 032 %% Abo & 206
24 Yo Mg-ot trtines, valaming dlominiunemsgadsiunecink-hidroxileabongt, anmely &

3% Aba, TR % Mpeot 88 13 % Jneot tartalmas



CAz elded igtnvpontok biemedvike szerintl oljdnds, ahol a legaldbb opy rdteges kst

tids hidvondd lumenke stroktindit partikulwnok formdidban van jelen.

NN igén}f';m}\: seoringl olideds, ahol & lemeahdl mdrete a Rbvethead hossatisdg

(Ly vagy Atonéed {0 = 0,118 w8 nuyasdg (M= 0,011 po

%

9. &z olded igdnypontok birmelyike szerintl eljdfeds, shol o késpimudny tartalmas

tovibha spy hideoféh oldatot

1L A 9, ipdnypont serintl elideds, ahol a hidrofdb oldat a1 kivetkerdk kil sgyet
vigy Whbet tetabies tevmoplasetikus polimer, ssirsay, Rltletaktly snyag, ermderetes
{ipid, pétddud fossfoliptd, vigse, bosant Bned foszfondt vagy hosszd Koot HO-, sldelud-
vagy amin funkeids vioportol tantalinged sedunhidrogen, vagy funkeids esaportot hodos

#0 hideolob seildn 85 grek keverdhst,

11 Az oléed igdnypontek blomelvile svorintl eljdrds, abol » hidrefh bovonat tar
tshmar egy olyvan bovonalot, amely arishnas tormoplasstikus polimert, ssivsavat, foli-
lotaktlv amvaget, formdeectes Hpidel, példant fosafolipidet, viaset, hosast s
foanforttot vagy boaszi Bnod HO., aldehids vagy amin funkeids cxoporiot tartalmazs

sednhidrogdnt vagy evsk Reverdketl,

12, Az elfad igdnypontok birmelyvike seeriofl olidrds, abol o Meelimény porlagatase
sal, moriidssel, olvasetdssal, contrifiigiho-bovondssal, ssubbirofldssal van felbordva a &l

fatre,

3, A olded lgdnvpontol bimlvike szerintt eligrgs, alnd o kdssiumény 85130 °C

hdmdrsdklsten vau Blhordva s Bltletre,

4 Az olbed ipdnypontok birmelvike szerintl elidrds, abol o felithy tartalmar ey

Hvegfolilatet, fdmieltistel, mbanyagihiaten, fafolitlatet, kordomatelilotst, dsvinyiclitie-

tot, példdud, egy Spitlet belsd vagy hilsd foliletel formajdban.

E8, Hideofol felitler, amedy tartalnae lopalibb opy réleges kelids hidroxidet, shol 8
lfogaldbb epy riteges ketids hidroxid lopaldhb ogy hidrofdb bevonatial van sllatva, &

shob a hideo ol fRillet kovlakisedge 1001757,
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géuypont szerintl hideofoh feldlet, dhol o lopalabl egy rétopes ketits hids

yn ¥

16 ALS

soncid tartahmae epadabb ey hidronkeitot,

12, A 1S, vagy 16, igénypont sweovindl bidrofob feltfey, bl @ logalabl gy witege
ketifs hidroxid fogaldbb sgy bovonaual rendelkesik, amely bovonat & kovetkeadk kot
gryet vagy Wibbet trtalmas: termoplagstiue polimer, ssirsav, felithetaletly anyag, viasz,
hossal Bued fosefonat vagy hossed Moot HO, gldeldds vagy amin fuokeids csoportot

tartalmane széuhidropdn vagy exek keverdket

18 A 1517 igdnypentok bhrmelyvike szerintt hideofob foliilet, ahol a legalabb egy

réteges kettds hidronid lomerkés szerkezetit.

7

180 A 18 ipdnypont szeviatt Midofd

z

b folitlet, abol a lomezkek mdrete o kévetkez

hossedsdg (L) defvagy Stmded (01 = 5158 g, &8 nagassdg (= 0,00-1.8 pmy

20, A 15, pdnypont seorinti hidrofdh felitles, ahol ¢ hidroféh felfilet kontakisalige
G- 1800,

31, Hidvofoh felilet, amely a2 114, igdnypontol birmelyike seorinl elidrdeaal eyt

slivilitea,
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