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Layer for use in a donestic appliance The present

invention relates to a layer for use in a donestic
wa@ppsiigtse based on a sol -gel precursor. Furt hECTB2695/051579

the present invention relates to a heating el ement at

| east conprising an insulating |ayer and a resistive

| ayer, in which at | east one of said | ayers conprises

a sol -gel based | ayer according to the invention. The

present invention also relates to a donestic appliance

with a surface | ayer conprising the sol-gel based

| ayer accor di nQajed fdrfuge Praedomindstic Aptediahéeon. The | ayer

according to the present invention should -be suitable

for both high and | ow voltage applications. The | ayers

di scl osed are very suitable for insulating, resistive,

?Eg Sgﬁ?’? aqt I;)r\és(efn# 1n¥eer{t%ng§at8$%r%dlr %/‘erlfgrolﬁg 1%% ﬁgrﬁgsjhlgl hﬁlhange based
onfGobgel Peosisdi. Earthermatt, Wegnddpntaneentien relatescto alIﬁatﬁﬂg&:lement at least

nanufacturl of flat heat.ing elene ﬂﬁﬁ f ?ulqﬁj %land
copprtLE T W P verpnd a gesiHve By sy Wiigh ablpasf anepfsaid layers
coﬂ@ﬁéés QQoI0gk1 Baset et AdcBrdingib alye lﬁ@@ﬁlbﬁgruespr@seﬁtqm&ommo relates

for the application of these |ayers espeC|a ég
to ¢ Hempstis appitanagy With g sprfacslaysr ﬁmpreﬁézgothgﬁq w8l pased @rsaccordmg to
LRY is very conmon. However, in order to

1h%%% @gghgﬁth|ckness of the layer accurately, it is

desi r abl Ehe loyarsecarding tathe preatré inventiori gkl beFhitabix fos both high

vent rovi. de ayer. use in -
only BN PR S PR iAo PG s b T b Satipergpistive
and) decdprdive € ef3)in mﬁd&@rirqnﬁ | egpeciatly andhe conprollsd formation of steam, for
anosi | ane conp ch a sol -gel based layer can

whigh i geovies dgpsiisrd) 5%@%{8 reaBfielict i ve | ayer of a

heat i ng Bl REBAIUMENTBY ofFRE BEAh b CRRHIsPRSESIngMAnd conducting layers

preferred substrate for application of the layer
baged varsal-gry magerialseare srpbiad po A spbstrate UYRIANPAALIRE IsECogpepEay for the

| | fi

oot S 1 ffrs, Spk I R A hhPin ol ARTREWE i purposes
spm@ lceafink ihese dothaperHipyever amerdef tosonted thqthicknéss of the feyer
ac %§¥1§ Hdl? 9, t9 %E%: res qamhpvgptlon I's obtained

?? o BRI Ry prepo Viveri 2ed ol - gel precursor.

By usi nng;ﬁbse@omemon@tmﬂep aépet formsd m&cﬁcﬁmﬂsﬁ@ﬁipliance that is

pr.ecur sor the anmou of shrjnking of the sol .
baif’flé’é‘d’rsg y8el PEERESS 41 rg‘o‘i*} fb% ali’Pé’&gE’ gf&?fﬁ%“i‘% Eiga?Bflﬁg‘E‘B‘iﬁ?éF‘%d
orgafodilafe S6i8pdRARd BSURRRAS60E Biked BfBidcan B8 uBEERMN AR AL dnd

sol -gel precursor. The reduced anmount of shri nking

copdictie lgyarieé 2 heatingrelameat eiclonfiesptive perppsesr A mraferged substrate for

r
ap#lg:t%g{)c}'l Qfﬁ a?gxaal?:%r}{hnghf tﬂr?eq%{\%%%& 1S %}@%ﬁgﬁ‘rﬁ p\?glgld &:%noﬁesanodlzed prior
to thorippdsg@nsd Weriasulating layer to ensure good adhesion.

In order to provide a sol-gel based layer by means of screen-printing, the layer
according to the present invention is obtained from a concentrated prepolymerized sol-gel
precursor.

By using such concentrated prepolymerized sol-gel precursor the amount of
shrinking of the sol-gel precursor composition is reduced considerably compared to the use
on a non-concentrated non-prepolymerized sol-gel precursor. The reduced amount of
shrinking permits the use of the accurate screen-printing technique to apply the layer to a

substrate.
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different conpositions. In order to clearly define the

conpositions, they are defined as nonosubstituted
woer@ano®sé anes, (Si-Ox-Ry)n with y=l and n>l tPEr/IB805/051579

be derived fromsol gel precursors or are commercially

avai |l abl e under tradenarres suc?h as Silres (Wacker,

SllresIO Far ther b i R is preferabl

> ot iyl Tegr et R0 biRsipmerd Sheech breciuners Bipris Sevelal
difreidl dakHpbsifi®ishl or@éras B&aﬂﬂﬁ&ﬁiﬂe@h&@ QisiBhs, Ry a80@Fined as mono-

thermal stabilit amounts (<10% of co onents

.S
subiititieq prearQsHpES: ( éi -Br e |W1@3<Ymnd\ﬁl> { fhayyean fafrrdeywed fpm sol gel
pr&%ksog(or%e SReRercitlly BvaifaBic un@&%a@:naﬁ{ég stth a!g%lll[:% (Wacker,

ferent organi c groups, can pr esent
Sﬂmsg 50oEor gané thermalstabHiy &ri @tﬁf@dﬂm dinveginAl or ¢ hlenyl group. In the
ol ze cun eask .conpf.i
pré:)sr Igc%nogél 1um dm%_p;rl L#(g,lps Fl)lgxee tldsbgl%flos%% f(Lrl %,(])od th ITEI sta%%sty hall
amb@hisrfkt 0%)1&” canmpotikintsofitls the |cninpgseuort (ISE-O@-IT@)JWith (yf=2 sowem

RS SIS W T T T NN N

thoshatsagirous enbodi nent of the present invention the

| ayer fornms an insulating | ayer of a heating el enent.

- I'n” gener B2 preferedebediment theypsenohinessirpt sodws! ragyirsor at least
Hg:éslaﬁl’(l) Bﬁlﬁﬁé&i 1864 P%18egubstrate, nanely an
ectrica y I Nsu ing layer and an electrically

c ondu ct i Ineorﬂfaye delindin éaeeilnmmt ¢f<>‘at1hlsagc,dh©l aroountef balyent piesent is

lesslﬁharrjl rvrv%p%ry%p e@orlg%%éflelﬁl gehm tqgﬁ“??‘gﬁ%g solﬁ{% is 15-25%.
resisti VH1 dnayesntagesusrahbodamen OEM@Tesmthﬂveatlbmﬂﬁﬂa}thﬂrms an
Eﬁﬁlg iﬂancef whi chlacts as a contact layer. Heat is

ingylating lyereliheptiRasINgtn el ectric current through the

resi stive deayela (ﬂ_Ek)QleEﬂéf]%teﬁﬂcdﬁﬁpﬂsE‘setvdorlﬁh'étﬁ)hhlﬂgyérﬁé@'hed ona
is to isolate the heatgenerating resistive el enent

subpstigie, navecly abelestecadly pilatmedexer ped o glectiqally serdustiyplager. The

| I
oL R s 1 A2 A A RS0 My o
layienwith athlgierroc registaneq, drel resistave ddiec as imsHes a dayer Wcth a lower ohmic
resmt né:%nvrgnhlcéhr %crtrse earcglzpabglg eruﬁ‘;ag & ge'geragfl%g%%sss?ngnu 1 eileé:tréc cSu¥rent
thrbtigH thakeshead lapg. ’@heefmaﬂicm «fahe @ellatirgygyer isto ciéorltﬁs e heatp

BUFI TP B PGl RS R B S TSRS RiFeaTle from the

oufdidec! osed in W02/ 072495. To make such thick sol-gel

| ayers, the shrinkage in the drﬁl ng and curing step
has to blsHptifigipyesgior heatingsleanesksiarg wiptively tiiek sgmpaged to low

vol@%e 1n§ﬁthWH fY, cﬁgmf:f&%b@llcﬁ%ng ké‘é‘e ﬁﬁﬁﬂsﬁ%@@@S'& 4t6@'0 Q@é* where a

s to t e SO
thlckness up to only a few micrometers is requlred For insulating layers in flat heating

elements sol-gel layer thicknesses up to about 50 pm are disclosed in e.g. W002/085072,
while layer thicknesses between 150 and 500 pm are disclosed in W002/072495. To make
such thick sol-gel layers, the shrinkage in the drying and curing step has to be minimized. To
those skilled in the art a well-known way of reducing the shrinkage is to add particles to the
sol gel system.

In a preferred embodiment the layer thickness of the insulating layer is in the
range of 25 10100 pm, preferably 35 to 80 pm. With this relatively small layer thickness for

an insulating layer of a heating element, for instance compared to those disclosed in



10

15

20

25

30

In a preferred enbodi nent the |ayer thickness of the

insulating layer is in the range of 25 to0l00 nm
w@e@baraabdy 35 to 80 mm Wth this relatively BOHIB2005/051579

| ayer thickness for an insulating |layer of a heating

el ement, for instance conpared to those disclosed

7 495 the te era ur.e over .t he
WO 24 e R mstotie TR e T ALoR s HPEd: Thig pllows the
trat:E fﬂi’@feﬁiﬂ!&é €0 bOfR e bR it ¥ S(b ﬁnw ihdatidg 38 efPot A Spdciicl Righ power
er .For a%ﬂ$e0|fjc hi g ower density app Ilcatlgn
de’éﬁl yeoPYgetiap hich éfauae%%ﬁarlﬁa faog gnneEate PAZWE 2

coeéuc%@f;ackqeﬁsé}%&t df*b‘ﬁgﬁ $2706K léeamee’dabu It &Fm%' ¥or §§ fRGating

I's required he contrary, for an in atihg layer
layten Hidkmess 300 300a mvkaemm@kretté $PeGwauld bofeq@ed: whaeH ld beyond
théot%em%(ﬂ Hﬂtaﬂl? %’ ;'irﬁgr{lﬁ%%aﬁse%xo ﬁ) flﬂg)’lgauﬁgcg % r?n {rt %c and poses
md.ré amietramds cpahamahmpensmn thetaanveiyshmn et hlamnad) pexhigRsihaating
0 Relatlvgg% LHin, i..e.. aPoutEEg mm t h " i nsul at i . :
aYeLy AP O RTOYAP MR iRl i IRPYRHE CFSﬁ%tEﬁ Iymopworous Higymsulating
1a;@fsecoeﬁﬁﬁﬁ1tgltﬁé iayer%@éb*r&lﬁg R ihe proiéht ieitic 4r8 o HA¥E Tt they have a
conp r|S|n éir accordlng to the present
dlqlwwttreaa &f@b% 1kk¥emhat they have a dielectric
str engt Mgl pRBANnydRRn s TRo rififes Y £6ERhe bRUERL: Rst comprising
thus alsor ates to a at1 ng enent a east
an @lm‘pmals}.y mgulamglhyartand alabllea}trlcaﬂsmoaduqﬁge laygre wheneth therelectrically
1n5é1b z 10g a[yg fqnilfpn%gnd ag(%r a\égorflmé the reselﬁ S}lévengorr aas dée,closed in the
abeacording to the present |nvent|on as dlsclosed in the
resent invention relates to a [

b T
ol gﬁgm 95%5 TERED} WVERLEE TelpteS [ 4 Rretig elemget %{B Sln‘g ofan

insul=@i}; Piyer RAde/fitih b?eeﬁblﬂh&%éﬂ PRIcBrsoMtivERh 6a b ®ncentrated to make
concentrated to nmake them suitable for (screen-)

thesp puitablegonferepns Lipranting 9f ingyleting layers phflatthsaiingrriements.
el enent s 4 304, %’3 %ﬁ éétncta 5 llg{lﬁﬁ}l% 1ar(781 do¥npti g@sq{oﬁtcbﬂ&ctwe
n-con

| ayer conpris uctive part raction
padiclesai d non- conductlve partlcles preferably have a

flake-1i kefracng el?S&l IbO'Il co d omst%p%lggl%g] Sfe?erab? have aof%kg like shape

m cronet ers, pr era cro ers
andraengpst eﬁrﬁérﬁh)ln)bf br Sﬂmnﬁcxﬁﬁlemr@ prefErhisy Stom e Semicrometers, and more

fl ik on conduc ve rt.jcles are based.
Pf%??ig@hfr%? éBuI‘&FTQH%’% fgg? E‘k% 3%F%ld“ﬁivéé’a“’6fes 8?%‘3?56‘1 on
oxRIheteriSly sl AGS - faPehabipRd nﬁéac 8r Shy, Ghd@¥%r Rafabd-Glo@FicWntiba & clay
coati ng of titani um |0X|de, al um num oxi de and/ or

pagicles Fom adtogbingiel tltalrwen fioxide, tlprinumnedds and/e shicamdioxide. The
0 54 9k R AR L PAAESI gy o
HMQﬂﬁﬁw&mhmm@peﬁaﬂﬂbnyo9&h¢vehemtr|caIIy i nsul ati ng

layer Co%%eirgb%i t eneI:IS 1caﬂ9 Imshla%gg a(})fgrd éjo(r:rtlplrl\éees Jr)nso%rlo;%lc Son-
conductive particles.

An advantage of such anisotropic particles (e.g. mica and iriodin 123) is that
their presence prevents the formation of cracks in the electrically insulating layer after
frequent heating up and cooling down of the heating element.

In a further preferred embodiment of the present invention, the layer according

to the present invention forms an electrically conductive layer of a heating element.
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An advant age of such anisotropic particles (e.g. mca
and iriodin 123) is that their presence prevents the
wo orosatiosn of cracks in the electrically insul BECT/IBRO05/051579
| ayer after frequent heating up and cooling down of
the heating elenment. In a furtdher preferred enbodi nent

of the present .invention, the |layer a r.din o the
present LRRASHEIVIACE Pﬁﬁheé’FFS%trté%‘tePP%‘éWic’Vgé%%Rﬂ’g‘é‘% oy the nsulating

layef¥ebltesQb adayf AlaliOFoR s%ﬂEé’l'br ﬂéﬁao‘lﬁlﬁérﬁzteﬂ V&1-del prekur®rs, Wifch are

lpresent i nvention which is appli'ed on the i nsul ati'ng
filled yuith copdugtive pargclgs ingpydsr thekfanfarcendussve laer. or

pre- pol VB r ' .

With cond ué(; ftnléggwgg%l?tgﬂoeéﬂeﬁﬁﬁ%égéém a%isg{a(%ﬁ% nlﬁ g{e' alb%@eq wherein

thece:lamﬂmaﬂlwenduayee' laydilvemiprises atlayen acoek dinge® th@prasdm& aivempn.

el ement as disclosed i.n th ove, ., wher.ei

ol eotri ofha et aRbodibebnfe PR Rany EHetiRie IRy comprises
coRGREVEdigbrisomi-bendpEesgatticled VR dlIcH.a dufhbar of i@éigdtingarticles in a

enbodi nent, the electrically conductive |ayer

quens iy pf &dQ %:BY]&?}EWFve and/ or seni-conductive particles,

as vell ag. Rgi %;er(ﬁ{ th'e%?éférf’etd' dihoRfhdnt §l Bstlel fbrfsol gel or pre-
quantity of 0-2 volune. The resistive layer in

pomup¢cb50é1gplede@m®w prrémbly Sllpchwéh feprrincting pagti¢lesoyuch as graphite or
mlpgr%ﬁ 1 on Bét%c?ﬁarﬁa %Slla ﬁlgt?rg%tﬁ% Bgrﬁcla%ﬁ%‘?etrfggé 01%{11 {Sﬂelrés?s(?ance of the
priated ﬂagiteﬁbarﬁmasb'em aphsitédaiahﬁ PeB;lcladljzeﬁsatrB popitrhidy bdDWI 16 mn and

qu fra nth resis nt ed
faf e e i e oo o Lo D EreB s ) g gereen-printing
steprc@ﬁsmbgeyﬂ{aﬁllowml@ypmmd uhd. ake and sphere shaped
particles are preferred. Layer thicknesses in a sin

| e
scr een- ptihiyHg aad ébﬂrega%hnaléagp &71yRs rednced thrgughgn addlodal”

co ééﬁfx&t?dnl Nepty é%ora—tﬂﬁl gerﬁs%c@E‘}dm‘ééﬁs' d'fglls%hﬁtﬁd?lk(ﬁg%yﬁl%@zed and
e reduce hrough an additi onal concentration step by

pagiallp omdten@tﬁd (pmpqlmtrmd)ewbgelrsehmgn dfuchiip spndentatioptepican be
r | )
pex?’glg%e%pfg.ll $hé so"ilg%) F‘slo% r ifs Ispance Qf?e%}ggm]}]ethoxysﬂane used for
me:mﬂxeﬁhrsaas idsnlosddeip ’LISM}GEIEZS}ﬁ)emﬂ donmwtnfnummpmposdé agydsclosed in
U%‘Z@E{%@O for instance, nethyltrimethoxysilane used
ectric films as disclosed in US 4,670,299 and

for al unteamnePrRERPkERY a5thd llaey@f Qﬁ@gaﬂtlﬂulbf%l Bdv3BhgdB2if the
To further reduceﬂgorosm in the

sobggl Matstipbie /2 Havd phasgeptilali soheRis %4130@%?(1 %tnérsflileacirymg and

cuhffgr ﬁﬁﬂs‘ B ﬁemg% eﬂﬂ§ bl thehlo1BlaY §RIght SdEHEBAL A8 Hcture of the
g the dryi curing steps.” The neltin

Pr@gpiemdtszedﬁot - nm@ﬂr@buﬁsahsmﬁ@fﬁr MR Srin Uscdi6'8:099. If the sol-gel

R B PR S0 S PGt

ha{mtn&nmall rssmlae stird¥s tdaeltmg froendrging ted mhrmgs ol vent can
[ ate andla ers. that ar

easily eyap d hgve .
i ol NB e BBt i it epg Axgposion (CTE)
of tHé'dePébited and cured layer should match that of the substrate. Preferred substrates for

flat heating elements have a fairly low CTE, with aluminum substrates being the highest with
about 25 ppm/K. Although CTE values of the layers may depend on the curing conditions,
the most convenient way to control the CTE of the coating is to incorporate additional
components, such as ceramic powders to the sol-gel resin.

Ceramic powders such as alumina, silica, boron nitride, silicon carbide and

others have a low CTE, generally below 10 ppm/K. These materials can advantageously be
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An additional requirement is that the coefficient of
thermal expansion (CTE) of the deposited and cured

wo 2008n1boOUl d mat ch that of the substrate. PreP@&r/mB2dos5/051579
substrates for flat heating elenents have a fairly | ow
CTE, with al um num substrates5being the highest with

about 25 ppm K. Al t hough CT ues. of the | aye
mlvép@tﬁah%waﬁ%c%mqsﬁ@néwémq tBia?LFEttﬂ VRIS GPBAVE S AL O the
subdfdte I the OPAER] arb it 6 tRe @braltehabiRAS Fill& Wuld @epend on the CTE of the

I ncor porate additional conponents, such as ceramc

suq@um@icsqugr titie sensrallydp theagngs.of ct@?/@m@%dmm%wge g by cyed
U I

coa%tn% rf'nralﬁ% ‘3\8/1]16 0 tﬁ? g%pc%_?g\fkdﬂ&{l%{hg ﬁT}}ES%fI tP% gv&iilgg fgfnﬁ%h@aﬁﬂn in a flat
heatattles paaticdesoanst aliv dnirsgletos ind Hveriexisen. fﬂh@sltahe ambazq Qfghe
PSP P Pt ST S R e e
int&RERBAainP 8fiinessapprbkigiatelysitithe i RPEMGnRIMer) HEhe(Chbicobf pditicles

substrate. However, it is general {y i.n the ran

with@dhghorsBersgaHip, dhouak nptessentalcgandingdyge le crp l%faviqn%
ColfBi ﬁheplgeflﬁgﬁ)aﬁlcl NG R, $oREri&aT Bn&fcat Hﬁk@ @@Eé@l@y usfeﬁﬂ

app Icat1on l'at heater the particles nust
composutmalﬁms Wgnlamtdwh@bl@w estasienennirorpeC TR e using Pﬁ“fezsélaped

palglcle alﬁe Ll éllm%ssh%{ g pgqucleg rcMﬁ%eallmcaE?é‘}ﬁgtg f Peég%tlﬁelets c%ated with

e Si'z€ sho e si i'can
andthﬁreadﬁﬁhmeﬁhalng t hi ckness (appr oxi matel y 5 tinmes |ess
or smal | The ¢ e of particles .w
aspect r elﬁyerﬁF“t"ﬁ H%??thﬁf’reg EWF]Ftéﬂn lsgﬁlﬁvﬁlé’lsﬁg%‘%é 4 e

instiRBng rasive and ERARINCY lay&R MDiathdY iloh&lespeciake fcﬁahd ¢ontroled
wi th nearly spherical ones can nake esp %éigl y s eﬂ‘ul
forggtigoel wgagh §or NHER High RO eSS bl glogplly, ¢
cor?l SiioRk afdf lsgl;}gq; 82001 T Id@ﬁl@st@’!@ﬁ%c&aﬁl@e' Halr@Byers, hair
one. Such pldte shaped particles can be m ca
stytﬁlrsts@hraers ami stmm alepheas, ghument ¢leanersd hegtadhirqing bpapds, facial

\'A t [ t

oS P Sl U OO kel o

fryélesmébtdo\tbera rs;tbndiemr}ﬂ)t-plae:sj ley-pots, grills| spanelheatars, ovagtle irons,
ecially for_the controlled formati on of steam for

tOW Schvas @%W Sﬁﬂ?wgsﬂgﬁu es are required. Additionally,

the conpRsid 580367 £heukis@ Bt iadetiedth prefalyradrized sol-gel
donesti ¢ appllances like hair dryers, hair

presuisenitey disdergd skhegiferpidmstsverg kel i the rag @?i% eiRi3sg °C for 1
to I 5&]{}5 @(a?lgfé% dRow fiR€indle I&Eﬁfg"@&ﬁemi‘ﬁ% ahR%o F&fe@ﬁ&%ﬁl& Qehsities of

ers r sy stemirons and cl eaners, f ee mak ers,
20 ¥élep’ flathe, examp@s showri mebypbeny, silivoay relsmz‘?éassmed as binder material

forﬁﬁ%ﬁgt{e g%g?r% ﬁéé&ﬁ%\/ Ehregi fnle an 08 (ﬁéﬁwb For tﬂ? Js{ﬂg‘ung layer,

S Or wa ers.
ahﬁnﬁaZéhd&ﬂ&aavdﬁemeﬂ rag) fillbranaeral, nmlcheeafs rfmth@ ree}spwd \apeerrai migthre of

sol| - pre ors i's g,scl sed. . The different. |ayers
e A R K s iy L fong BB o e SIBRE o GPer

hours. En%mlss%ﬁt Bbsntioh PAdpotdd @Feush @k keI eE hRE®BErShaddde

abl e to generate power densities of
concentrated pre-polymerized binder as the major coating component for the insulating layer.
The binder is based on sol-gel precursors that form heat-resistant polymers. These include
tetraethylorthosilicate and methyltri(m)ethoxysilane. These precursors can be reacted with
water in the presence of an acid or a base catalyst to form reactive silanol groups. The silanol

groups can then react with each other to provide oligomeric and polymeric binder materials.

These condensation reactions may be accelerated by acids and by strong bases. The
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20 Wcn2. In the exanpl es shown a nethyl phenyl

silicone resin was used as binder naterial for the
walpdoset®nd | ayers (insulating, resistive and cPCHIB2003/051579

| ayers). For the insulating |ayer, alumna and silica

wer e used as filler material, 6whereas for t he

reS|st|v er..a mxture of ite a car
DregRROR cabe TR AL 0 Bt A BB o Dy SELBT Ryt to form
a carpdlﬁhaamteﬂia@v@y esiMerdiflyeivhilable pilPROS®EsddR theBstaf components
sol - @r ecur sor - based concentrated pre-polynerized
Cafbb%‘éﬁf@:% epf?éeq&ﬁ?@?g%@gt Mg corrponen:jd for t ?e gj
i nsul ati had Shatdrs] Bask
A precur SOE%I% ﬁé er }T&i ggtal-l r Ogagllg ZIE ant péfglr?gisn i 1tgl;lglsolvent
ppruplna’@so entp aletall'gwlhg 1 dtlaertalg etongs, ethers and aromatic solvents
CoP%de nlgt&{) u()ﬂ%}? ﬁéXt%o&l@l@ﬁaendgiihggrgar]b@é&g@E %%@tz%d&%ﬂ oge%gs solvents are
ketoasse s@afaahmﬂiyldﬂ@llfmm mﬂ@hmbetyﬁ{ekmapinsgbmy]ﬂmtonér el others.

et o8t End AP o0y YR B ko Rpa s such s

dleTméﬁerCt@fﬂgi@aﬁﬁaﬂaﬁ@aﬁdeaﬁém Bd¥SheBR%d bava;t@fdr ﬂ{eeﬁo@ﬁné?)but they are
aci ds and by stron bases. Th%grecursors can be used

gemqasdmlgmaﬂwntablefa@ RoRe [ s gicl Apmagion phexplasiie pgeoxides.
GO PRtk TR AL N8 B8 s 7 g oty
butthapenétisve awebadleakb dffeats. Fhescpregpeinting apphehtans @rlnlghmehng

poBl i TBEHET BB P S b PR AL h Db
screé) @or aaisg;mbmbrﬁsobhﬁﬁlmnﬁﬁ ané dliebstytiecbna menrafouad sdﬂquﬂat S.
Consi der i ng sol ilit solvent

¥ ammmb THSOLRS Pirpab mst e HedgabAed Sy sh Aapragprate filler particles

an& 8 URP&Sion SALHe REmEEEWAIBhLIIN KGR Espeed dispersing. The dispersion can
met hyl i sobut yl ket one, diisobutyl ketone and ot hers.

be np bty fondhewopiine appheions o thd amewnt gad hipe of wdvep prnsbe varied
th .
oSSBT S BRI U S ML i
ap}blhrathmsl. iy wes fomd thah exe- Imhenge n@rt'ahilng shﬁﬁgh:hyarﬂmmmﬁﬁlﬂee and solvent
co‘glgﬁgﬁ egigdgrectgx, Wﬁg u lc'lahcg g I\llaeL 051t CI:IH)% ﬁcggen erneéi le 50% alumlna
withr0l5 Kinla@erage e 20%qae-polyurn sl 15(% sdlhentp G‘hmﬁﬂidvbmlhgdoheys no
end to have severe health effects
adélaf%la% 9 P? Bz Oﬁpwbv%ﬁepa@gaonﬁrsgqffcwwtwg tFygpgture, might lead
to PRLMBIYS theSlaN@CRER &Y, it Qesibd) HRE vASobifyEcMmEinalifld \ifllflf-‘rheolo gical
coati'ng conposition on the printing screen. For th

adgitivenyhat sstompriible it thnertasrsebsufsyhdditiome! this feeofogy mpdlﬁer can
I
AR T8 M S AR AU B, o
seeping theuglothesdetry piiatitlg meshl T Inage additfiveg lalse pesyent the settllng of filler
31’ E:g)er Si n% The dispersion can be used directly for
PGS UBA '8 %ppl i cati ons or the anpunt and type of

sol vent I:Iwboh@obiﬁbnme@m tael gtetenm ﬁlV@fltl(ﬁlOJ ptelpb@nﬁflzéﬂysol-gel
distilling out sone sol ven

T DO PRy Dt A oy Rl isthexeilgpe (Homo and co-
pog'h‘% 82 %HJW&?m@&Q&@'tﬁHﬂQI s'iébﬁlﬁt&%ﬁ?ire@%ﬁ'?ﬁeﬂ%fl phédyt Slicone resins

vent coul d be used difect hout "addi t'i onal
shawsinahé exampiagiof USaT, $22:6 76f blrth@mmk:@ obdumiauthi phenyl group of the

methyl phenyl silicone is split up at temperatures below 200 °C in air, whereas without the
presence of alumina, the material remains thermally stable up to at least 400 °C in air.

Therefore, insulating layers made from pre-polymerized sol-gel materials which include
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with 0.5 mm average size, 25% pre-polynmer and 25%

solvent). This is advantageous as no additive has to
wheoobarseed out, which, depending on its deconpP&SI/IB2065/051579

tenperature, m ght Iead to porosity of the |ayer.

However, if desired, the V|scd%|ty can be nodified

wi t.h.rheol.ogical a e co at i
R S 2B R gt SRR bt Hlessto rom
WaEkeh) Wit alGathal MGFQAE® aheratseC@Bistiye Rbistao¥ (foﬂ%afedrvﬁﬂﬁiethyl

and can t hus, prevent the coaﬁmﬂg conposi tion
phepd 5iltegne prserligrnleting laxsrewib g fesh. These

addi ti veg, ab$RaRbaY I on HE a6t bF Rvad sifduld l?é'dke t low to minimize

particles upon storage. The conpositions use n 1 he
thppasseiin Typioa veluonare 1p126%paidyhenhound ofssilvaye showkd mat |ea¢esd 40%
fof/n\%%a%giﬂtr i bg{?@th%%io&ug o%eél{) (EI%Q 8&&1 ds %&l? ce%'naqso be SIsreparedh However,
thaza compositass datdie ibaappliidab hbi-mylt cmmngx, egdnwlltytat ﬁéﬁiphi;&l‘ures above
10§anyl silicone resins shown in the exanples of US

22,675. In the presence of alum na, the phenyl
g roup of Thégoaties RrhuRBeR B thedd ih6i0n mﬁ'l@eﬁ#ﬂah%e Bpdifted by many
eratures below 200 OC in air, ereas w thout the

mf‘ﬁ dpdading spspsig, APpmen eirseaing and pwreirihsscrorarmating The
deﬁ&s@t@{i Eodtig thQs RlbeldBaS bt a%&g%tu'r@bé}b\{f 'them?ﬁr%f nﬁ of the apphed

I NSU atln aers made f re- neri z
solvantdp jawdid thdfpnmtlon of bafeitlest Sld@@wnﬁy,tlm itd be:ﬁntmleékyctured ata

tor b s ApGE b E IO R PRl SR8 e oPual &5

Préfeiablylib8vé 00 °5) BReR- R iadriidllivhéh psrehd 3oatiddan ¥kcess of 100 pm
silicone_based |nsulat|ng layers with alumna fillers.

cap Re pregared Ry fherdisclosebme®adt he” anount of sol vent shoul d

be kept 1,pwg 51892 B4k ok Bl uR UrRstrdtdre of ¥ b5 V@isl{ﬁéd
are 15-25% and the ampunt of sol vent should not exceed

 40% f or Brthepresgnt inventinn, epig températiees aBoteAORL"Ct preferable above
42698PRE h%edqgrsth Aldul uggo]bg&ap pel%p ﬁ{%ﬁ%url%@:ég{apn%sg gaf’clﬁﬁeécfs: complete

conpositions ave
cutipgceslehsptian, theesfprer dringabe adive @sclfGach ﬂ']mting aleiegt at high power
formyl a |ns latin ers be :
R G AR T B S S R T OO
nu@panuﬁeﬁkkmgnﬁﬂ&@espec|aIIy screen-printing. The
dep05|ted coatin be dried at a tenperature

bel ow t hEh&FIptiYe rﬁslé theé*r:atmeelm {nethe BYSpapé HiveRtipn can be made
froRY Qi1 ¢el q%% WE@HGQ&ItH&hQ)H@%&? or %%%%d ol- tgbfépr@nﬁﬁsors (e.g.

to be thermall cured at "a tenp ture above
Silras6 EhdElee félﬁﬁpmaMIal ksmrftfélﬁ’ple!raanmleesaﬁ@htm oxidatinispetmascilver, silver

all e}Zsé 5(91&1 plFtlm%ine ! Ql?ad}ltm‘fflgloéln HL}%QI rP%giclegcggtléd Wltﬁ?l? %@tlon resistant

por ous s i n excess

metanlidied mo&plélﬂmabohxylctﬂMpml@led m;sé darntet fiedkels, splerddSr irregular
g,ﬁzz 675 a maxi mum cure tenperature of about 325 0C

P sed. In the present invention, curing tenperatures

above 400, O€s5,8p7, 6724 abliGre®@MBhite and carbon black was used as filler
material and a methyl phenyl silicone resin was used as binder material. The resistive track
prepared in this way is less thermally stable than the resistive track used in this invention
(with silver as conductive filler material).
The heater described in the present invention can be operated at much higher
power densities (up to 100 W/cm®) compared to the heater from US 5,822,675 (max. 20
W/em?).
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420 0C, are used for the insulating |ayer. These high
curing tenperatures, facilitate conplete
weesngiosondensat i on, therefore, during the acP¢TwEB206#051579
of such a heating el enent at high power densities
(exceeding 20 Wcn®2), no post-&uring of the resistive
track can take place (which may | ead to crack
formation). The resistive track of the heating el enent
in the present invention can be made from sol - ge
(e.g. MIES, nethyltrlethoxy3|lane) or pre-polynerized
sol - gel EP%HWP@%S fusthgr illaftrateddp the follqwimg rxamples.
material is preferably a netal resistant to oxidation
such as silver, silver alloys, gold, platinum
pal | adi um or any nmetal particles coated with the
E&%ﬁ qtion resistant netals |listed above. The
uctive particles used can be flakes, spheres or
i rregul aA qoamhdrmblda_ssavallﬁbl&ﬁreﬁo@ﬁﬁr,@Re%lmm%ckﬁr, based on

MEBR BRI GinssT ol P fo Ravere it iin e o B sl Db hpGlctone

anH@OfOZ bf alﬁﬂﬂlarcﬁﬁieﬁtng\ﬁastardaé‘d(wHkE RAE ?ﬂevioﬂslﬂr 'i}ke%al\é’all‘)y Iball milling
| ess ther mal éH)(pStable than the resistive track used in

angd gprgained, £he ToHpige (S B pagicleszed.dhtfedMTMS, thebplapce being MEK.
THERIER ik hlstl-ﬁm%ﬁ%ﬁaﬁrreﬂﬁé& feRaek ﬂo?ﬁﬁ&ﬁg@ﬁ%ﬁﬁf&h of 53.5% alumina,

I nventi on can e operated t much
26@%191161)‘1)1@19‘»161( @Fﬁ% MTI\@S) ay th® Yo disopatyBdtone 'lﬂh @ompegitgm was suitable

for, scpee};] gﬁnt's ll’i (?llé?uelg&er mogi%'l(c)at]; O gﬁ O%ar%\é/erg*) g)tglarcl) Egz%q?%eld

ahﬁmﬂum@ﬂhsmatena fdryh @damdsaliup tqaaﬂﬁ;pos&nmrthlcﬁlebm&ie lay€¥srvasie cured
the Silres 610,

, d MT VS ed.
at %%Cﬁftog 200Fs- T EAkdayn T Altags lacgeage%wa thicenserapr keachiret KV at
54308 HRRvO2 A8Hef inlebd® iR thedhRRRIsS tAlcdB ke %MWWog%ev‘@ﬁe

previously prepared by ball mlling and contal ne
dleia@tl‘é}%t@n ideere{s6d somemlpamith dhaseasingdhicki@siamdNTW, intthrerange of 7-

13Qﬁ Q@ﬁg@ 0@%@3&$Ewg§§pW?§ stilled out under

uce pressu m a* conposition of 53.5%
aI um na, A%rtl&‘i/qapstewad; prepared By &ddindlvisdmnid3 pBwler%o the paste
|.ket.one. e co ositio s.suitable.for. . )
e b TR O b s e RSP P BT YR A 3 Jtanjizg fiogide thin
layoEEdating. lmfe E[b st iaR0HE Zede af 5105 NHANURSINARE B highly Aligbtropic,
coatln up _to_about 88 nmmthickness. The | ayers

preflerincally bancllat Zhe IgRdin 33 povidGu1as mpied 1 fhe o i techanical
stu‘fﬁhtrtrf‘nﬁﬁm' m&ggn Mld“l%*&lﬁhﬁ@%sz%ﬁ%cﬁl‘??@ 68l 34, KMRA%10, 0.6%

further increase in the thickness
MTM8uwoeds ﬁ%DIBIéeII@dmnwe%mmgbon athanodized alomirum sbsteate tonform

cofiFE* PRATR DRIty Moy (e P CHBSREBET ey et The
brdaR3@¥Svalagé ﬁlcﬁ:éseﬂm'nh thickness and reached over 4 kV at 54 um. This high
breakdown voltage was maintained for all the thicker samples. The dielectric strength at 54
pm was 7.6 x 107 V/m (76 kV/mm).
Example 2

A composition of 40.95 g of SilRes610 dissolved in 24.60 g of
diisobutylketone (DIBK) was prepared and 140.08 g of alumina dispersion were added,
which was previously prepared by ball milling and contained 39.5% alumina (0.5 pm particle
size), 0.4% MTMS, the balance being MEK. The MEK was distilled out under reduced
pressure to provide a composition of 45.1% alumina, 33.5% SilRes610, 0.5% MTMS, 20.9%
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A further paste was prepared by adding Iriodin 123
powder to the paste described above. Iriodinis a
weeashedsent pi gnent made of mica and a titani BET/IB2005/051579
di oxi de thin | ayer coating. The particle size is in
the range of 5-25 mm and the shape is highly
anisotropi ¢, predomnantly lanellar. The Iriodin 123
VRSSO &P qqmmﬂaobﬁgc{ wmggerats hethratafenspdsnes ygh values of
1.7 0ad 2100 &' &P Pht b Of Tﬂe%:a@%"\ﬁds e d th%#c%?af&i'o{? df Eereen-
123, 23.8% Sil Res 610, 0.6% MIMS and 18. 3% Dl BK.
pringsfeinslatimgdaysrd o1t angdizad alnminvod iThe drystsuvdre oured atoklr°Gtfer 2 hours
t.o_formcoatin of o _about 3. mm t hi ckness. The
it f AREHE Py 2 Byt o o R e bF eadown
vol t age iThe pasasddcibddrabbe wistaberansdlificibtshwidingwefieshlyyepared
t. 54 i s. hi eakdovvno vol t age. was, mai nt ali ned
sofsion af Pt Bk B K e HEseial b e ep ahgore). The

padle with tHEhAMRE BAIO sludh/wM itihef Qi MEMG adatt Rl SIBK Ras added to

conmposition of 40.9 of Sil Res610 di ssolved in 24.60

5
ohgpin comPRsHIN 4R Ao METIDY BIGnRR et 10 B AUMINS, DB 70BYE-410,
f52 3 ol W ' ' r owhi Vi ,
w238 DIBR, ThePREldPrUE LEmANAS bt ol BRaPlRBUReHce wit
vafi@s 6f hfPpaatt 106158 asd 36)Pas 8t 2006 'MIMSpastehveashibdifoe ehelpeépagation of
MEK. .The. was distilled oyt under reduced pressure,
sl BB ST B Ry i BTt AR B o RS W gt At 415 °C for 2
howts 438 B84 § diefoch ¥ MEMEh of PoPRPhBKat Jen YhiSIGRS. ty of the

con‘&&:iti on had a noderate shear rate dependence with
Expgip of 1.7 Pas at 100 s 1 and 2.1 Pas at 20 s 1 .

The past . : . f
screenpr (gn%@gn#%g g¥ gﬁlﬁ%@ ?2@%&2% g’%ﬁfgﬁgb i ?zféoén Wacker was used. Of
thar Bidres @16 169.9%ugreere oriead with BT0Q Falumipa powde (ERA flvadBaikowski

O Rl PR B 8 VTR T ergimenth MHORRS mitled ity
13accif3gnm didresbr glase bei fedws s, Taa beds B shp@atell batihe

BYK Chem e, 3.5%djssol ved in nmethylisobutyl ketone).
rempiging Aispersifny s digillsd gader praeuaict §P ?46 pathdemperpfurrdp remove the

L

Iringlives23 (r prRslesRyiK-pigraent anade o3nga andh Bikniufhdiovids this layyr ohting,

he. C [ 54l [ shear rate .depe n o .
o 1 SR SR P B b AR5 1 SRRACET S gog atumina
5.24% Iriddén [P35 Re S5 Silaserd 0f axd 16He%pdiasp auitaikieone.of

screen-prjnted insulatin ers on anodi zed nm nu )

The' T ayo e S gt S RO CE e b S Pe DO U g fcation.
Lo hRed prirtedéd 810@1Z0d Almlfitn KR Alsinkt 309 héshGKRES® form

anple 3 A comercially avail abl e gr%ol ymer, Sil Res

coptings paih vared tickpess. ThedldyerOmererssiediat &10t leay 20 Mmigptes, heated
to \ggeircslg{}r% Ee?r%e}/gt&rg a1.;L7?’ ZCfr)nQn gateognd%luyergi AP Q(\f\?oer "5 (m%gtesf vty
breakdown voltage increased with thickness and reached 5 kV at about 50 pm thickness. The
dielectric strength was approximately 100 kV/mm for layers up to 50 pm.
Example 4 |

A commercially available prepolymer, SilRes610 from Wacker was used. Of
the Silres 610, 30.52 g were mixed with 50.0 g of aluminum nitride powder (Aldrich), 19.00
g of diisobutylketone and 43.67 g of acetone. The mixture was milled with 55 g of 3 mm

diameter glass beads for three days.
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Chime), 42.71 g of diisobutyl ketone and 111.50 g of

acetone. The mxture was mlled with 137 g of 3 mm
wale@sr1®s6 gl ass beads for two days. The beads RE&ET/EB2005/051579

separated and the remai ning di spersion was distilled

under vacuum at 80 OC bath tedferature to renove the

acetone. ,The.conposi.tion.of the resulti m xture was

200 ust e AT HE GBI Ride e T etpptsltrom B i and 8.02 ¢ of
Iripgial 1 e@qenlesiing PipilenMe® ¢Ifmitd &l @fdnidmt dib:a8¢ thiA layer coating,

di oxi de in |ayer coating, available fromMerck) to
avpipblg o8 MO arigledi Hiiards spslsdionroreaitangeshaeen aofew times.
SuBseqesty2 i P @pladedshée hAiP k' thd 2311 wireAPfminds"

anocll'16. ig%mdri iggbut yl ke% (I)r]e. The conp{)s?télhoﬁkﬂsv\fgion@%nme only.
Afsqgithis Bleegldsp peasls precsapayated tsingya wiesthBlier andi theHeguid contents are

i ficati yer s Le pri nt n.anodi zed, al um num

B S e e e
(quantitutivelly) &oouni bEicetms andiivend Ay@nsofBIBK thrremdvet TBOeWGoration is

for af least 20 mnutes, heated to,the curi.ng
carihsut wndEF Boaeme PRFiR et Cglfe s B deCIeASRg prepsype dagm to 80-
25 HEF nectBRrPloakid Wihe YRInhADR1HNEIRaRRE oMbt 82 wi%% solid content.
thi ckness and reached 5 kV at about 50 nm thickness. .
The di el &B% fameposition s Ruilghls fapssresrintiatiap yithoo fkhermodification.
Lal&5s vJe?e)k/)Il?rﬁﬁed'@l atlﬁnﬁlgnf'gﬁg?t{-:a;% '£E+1§ azgzg‘r%&gg%éﬁf Bliba coag?gs with

avai | abl e prepol yner, S Oro cker was use
vardid thivknis| Treda@iOwer8 @rib@ atiBO/i€r for At kxast 2viriiut&SOhéiteg tofhe curing

al um num.njtr.ide powder rich), 19.00 g of
ol BU g B e B! 673 GoiiiBietes T bk fasvoliage
indt@SedWvith @fckiedshng Pea8h&f 4 By AMBLAERLAhiSLRSS THE @%in@ Phsa
three days. After the mlling is conpleted, the jar~is
thermpksxpensiangeetisienhef 18 ppmdK6. 02 g of Iriodinl 23 (a
Exgﬁgfe!ﬁscent pi gnent nmade of mica and a titanium
[

xide thin | ayer coating, available from Merck) are
added. ThAeomarerdialysaaillade pepayagaiSiR es6d0 sloakWacler ivaswused. Of

tdTBS.cq S ent |. the. d [ | aced .once again.in

o PR PR bt e P SRR BN e s, 330

ofhlhiéﬁ%atﬂwidgi (a_sgs ma;mﬂ?mekis@ﬁ?mtngb%bfggitsabmﬁaoﬁ% arldey1.93 g
an I gul con nts are transrterre O a roun

of fepur: Trer s wes Pufdrs et g digingler glag) beads for three days.
evapor at fieheh@lih B c\é'ﬂ@le?edgﬂlg%}tié eRlov¥E hgﬁ”l tﬂ}ﬂ@ﬂpﬁnﬁ.ﬁ g of

.acetone and sone anount of L[ i's renoved. Th
Iriqdjl?d (apeaslesqent pigmentanpde of migacad aititaniwa dioxdge thin layer coating,
i t reasi .
o BRI YRRl agh Ty 5 0 SRR 9 EF 0P
Sulprequandy, thojar toplaed orct againiinio thf mBPwinréGtsembids f@ohentinute only.

The.c sition was suitable for screen-pr.intin
Al Bl BRoR Sendy koo e el eC B gpit spdants e
tragferradro nrGundSlaiatie fasik Batachd@ b MRERioBALBFbratBr WRIrEthe whole
coati.n s) Wi th varied thickness. The |ayers were dried
(gt pglouss ofiassighe 2 s gmgunt oh QABEds renqveé Therevapration is

car?ié‘d'r&ﬁrlﬁﬁéfriﬁcr@atsin% t%ﬂgrﬁ‘tufe‘ﬁptecg 32 deg b delref R Sred@t a389 to 80-

m nutes. The breakdown vo
25 mm Hg if necessary to achieve the planned solids concentration of 82 wt% solid content.

The composition was suitable for screen-printing without further modification.
Layers were printed on aluminum substrates using a 325 mesh screen to form coatings with
varied thickness. The layers were dried at 80 °C for at least 20 minutes, heated to the curing

temperature at 5 °C/min rate and cured at 422 °C for 30 minutes. The breakdown voltage
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increased with thickness and reached 4 kV at about 60

mm t hi ckness. The coating has a thernmal expansion
weowbfitsosent of 18 ppm K. Exanple 5 A conmmer ci BCT/1B2005/051579

avai | abl e prepol ynmer, Sil Resl O rom Wacker was used. O

t he Silres 610, 34.34 g was mbled with 28. 14 g of

aIu itride po 33. 64 um na
m%%a tg]éﬁéklfeﬁ%?ﬂ BTG aﬁ?{gff’ ﬁle coating has a
théthiab&lpdh bk eetitGerBE2 P p of acet one. The m xture

was mlled wwth 65 g of nmm di anet er gl ass beads for
’%afﬂpée&days After the mlling is conpleted, the jar is

removed N&%é}éa@ L‘lﬁgggelg gféprgrglggzr,g}] éﬂegé 198G da %?hﬁ]fc& was used. Of

pear | escent pi gnent titaniu
thelBidues GO, tIRS.A34 wgme nniwhwith g76.8v giof albhmafpomdm\(ﬂkﬂdom Baikowski

added. e j.ar haken a few.
O s e d st Rprcm 376 s8R el e S ad was it win
320 lyeof13i thin didiedter gldss béﬁd&&'&&hﬁe@ﬂa}&nedm nute only. hA:: ter

this the gl ass heads are _ se at e u3|n a nmes

and t he f\.%am%e i{lE aroepiste AL ayped fiomnibe Gtk end 53.15 g of
Tribdia§16 (a PR&rIdsteds fSlghx%nﬁ{l&(ﬁ:QH%ci £nPy fihigkhi cﬁ’(ﬁﬁdle thin la¥er coating,

evaporat or wheret whol e (quantitatively) anoun

%ﬁi@n%@C@@rﬁaaddﬁda Uhe jagfis s9afRK onge agairoand ghakene few times.
Su@é’%g Jchg gar'1§p19@erd 936189 e%%bnﬂﬂ%@ gnlil %el%qaeﬂgms for one minute only.

ecreasli ng re
Afdimwkls ﬂm g%s b@ﬂs mmsejgpratéd nenes mslyﬁltezv aad: theehqﬁld d’amtents are

BP0 2o R BI R e wh

(qwunhfmuély)‘ athdune of stedhé hli‘CBidﬂiHhmdLﬁVSK ]SIBJ@fsQeIﬁWerdt ®He &poration is
m num substrates using a 325 mesh screen to form

vcarélﬁatorlh ulenineTrasiag ewperhie ki i) depfeandgpereasimppiessirq dpn to 80-
253hm 3% EnbREsaf tol a8iSTe RO plihAed S%ids &ﬁl@&ﬁﬁh&ﬁ)of LWL @(‘)lﬁgcontent

tenperature at 5 C/mn rate and cured at 422 0C
m nut es. TitheonpnogisiRe Bk switabledyesarenauioting thhwttfmﬂmk nwg‘lcatlon
t
LaZgS RRES dh tntu B0 1 T A RERT 5 G captings with
pq{li‘rﬁliékn&xﬁl‘ml leyeﬁs v@ere drm@at(ﬂ(ﬁlﬂ ISOr atvlaask 20 menudsseiakedte the curing
Resbl grom %lﬁa the Silres 610,
te%éatgrggat e eifae ancbw %Oé@ f@r HFmigpigsi The bseakdeyn voltage
1nc{ré§!% '&/ftﬁ) [H1§é\b§@%‘ﬁ’§ kdackdd ﬂc‘@ ht alﬂo?%(ﬁ]mghl%esish The coatlng has a
di i sobutyl ketone and 310.5 acet one e mxtu
theymel gxpinsead anpffisiesDef 23. &)lﬁpI@/Kmn di aneter gl ass beads for
days. After the mlling is conpleted, the jar is
Exglgh%\?]ed fromthe mll and 53.15 g of Iri odi nl 23 (a

pear | escAnkatpiggiremnt wadgrepdredrstaning gl(‘ithatfﬁehﬁ@ﬁlﬁﬁ%t from an
di.oxi d hin |a oat.in avai |l abl e frqoqm Merc are
shoRn SUbplfae Pa eg A POB AR ot P e QB REIIRLS F b
coldudB o traokt e GLBRE o thi§ R9er iBfwb PaRbAREE APASE p?@ﬁfe@ a'c&ir@mg to

the mll where it renmains for one mnute onl
the recipe given below.

A hydrolysis mixture was prepared from 175 grams of methyltriethoxysilane,
106 grams of water, and 0.5 grams of glacial acetic acid. The mixture was stirred
continuously for 2 hours. To 282 grams of this hydrolysis mixture 282 grams of
commercially available silver flakes were added with a particle size below 20 pm.
Subsequently, 282 grams of n-propanol were added to the mixture which was subsequently

ball milled for 3 hours on a roller conveyer.
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After this the glass beads are separated using a nesh
filter and the liquid contents are transferred to a
wo owsdiFos@sk. The flask is attached to a rot at PONEB2005/051579
evapor at or where the whole (quantitatively) anount of
acetone and sone anobunt of DIBK is renoved. The
evaporati,qn i s car ut_.under increasing
t enper at S“G’Bwtvgl ‘gjéﬁegl@&s’@z BrefeeE el ong pressure
hyd@appropyl8RthyReliebd b hitfon i€ Ga&S Fedb Jd@e(?ﬁ)moegfﬁné Bthe mlxture
t%ﬁanned solids concentration of 82 wt% sol1d content

SIEBEB HSMOERNFONRRASE Y A Pbtadner gyhiehowaseserasniprinted g said insulating
solﬂ%él '11&\4{ mh&d %St Ipa Sllfnbﬁ?etd'sgf‘%eé g?e\éﬁfs rs Phela rlv@:lts ﬁgle%at 80 °C and

um num su S using a SCree
follayead; hygssevdndreondudtiod layhi hinessilsodued aage FG ambfhe ddubleplass

B RS b GRS, DB A 4 s o

abmtrlotl,ﬁaﬁandTMe&rreﬁkﬁiﬁ‘ed@fmwul 8081 LNsh eqmes Wi th
t hi ckness and reached 5 kV at about 60 mmt hi ckness.

The coat THg™aBplehopting slament vy semnsatcd et powesrenpplppE 230 Volts at
a spebiffc PR }ﬁens%%%b &t/ ?ﬁé {eﬂg Enc?f]{he stxg{e%pa% Sjusted to

startlng W th eatlngeema roman a
l16@ L@ﬂm&ﬁ@PbﬂWISd@dﬂW torenaativetssticatle (ghdwaya ranéhalf an hour off) for

606’ﬁ8‘1§% ﬁ%ga&@e%s"ﬁsﬂ{ﬁms F%est conductive track was printed

&s usi ng a paste prepared
Exaoplerddi ng to the reci pe given bel ow. A hydr ol ysi s

mxtureX@F repared from 175 grans
met hyl t ri* SFHERFGeH, as RigRar gﬁ%‘“&ﬁ”‘\k@t@tlngaﬂﬁngltﬁom an

alugi@irs sWstratt pEdvadedamat Alﬁnﬁﬁdtﬂlg léj'éﬁ adTliest it lﬂ\@f‘anﬁ)tlé §red
conti nuously for 2 hours. rans of th

condpgtivs psk svagprinigd en ﬂsﬁlageranﬁw‘@paswmmgm Iaibﬂe)pr@amdlaa@irémg to

thesrb&y@géwgd@gf&; were added with a particle size bel ow 20
ubsequent |y, 282 grans of n-propanol were added

to the r hkydiobysismizsturavaiss m@p:awkqmﬂntlﬁsfﬂgedrﬂlscrﬁ I I ed for
meglgpﬁ%g’)%/gﬁg% [ n‘g 59 Veére an@ tSegrram 0 glamal acetlc ac1d The mixture

Wahytdre(d)cpmlmpytlyﬁrfw}hcmﬁ Tol283 @a&@dﬂtﬁ@ﬂydrﬂly%hﬁituﬁﬁ% grams of
the m xture. After mXxin

co g AN S¥tEo FaarE TRkes B A1 bht B gise belon 20 .
Sulﬁs@djL%ﬁﬂy Fﬂ66 %&ﬁﬁb &Th-Sidphol Weldladlddne tROhh@gE dh%%as@ﬁgs\%guenﬂy

@D‘ ymeri zed sol -gel precursors. The |ayer
balb‘fnﬂ@éf%ﬁ IO dffdlef enmvexged by a second conducti ve

| ayer ”)ﬁ?t’%er‘(‘@go@léﬂh%&‘f‘sdz,?g6 BnQGr R 36} the double pass

Screen g;l nt ayer was su quen cured at 350 OC
hydsoxypeaply qtbsdselluaase solhm:h ia watirotenesdkledto sbgans Jbﬁtlmmam@h

t nce of t. 0.0 uar e.
A B SN RAEE P n n LR el Sariept Blan sa insulaing
sol—gellripjlej nefle ﬁaal pz‘elpblgrn&ahzai sobgeli gréRuroanEhe BOBSKHAYIrRH aB30 °C and
cnt. T(?e tenperature of the substrate was
follgma VENTVOT conductlve layer that was also cured at 80 °C and the double pass
screen-printed layer was subsequently cured at 350 °C. A double pass layer had a thickness of
about 10 pm and a sheet resistance of about 0.024 Q per square.
The example heating element was connected to a power supply of 140 Volts at
a specific power density of 25 Watt/cm®. The temperature of the substrate was adjusted to
230 °C. The sample was subjected to an active test cycle (1 hour on and half an hour off) for
600 hours. The sample passed this life test.

Example 9
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15

160 OC. The sanple was subjected to an active test
cycle ( 1 hour on and half an hour off) for 600 hours.
wab@sasepd e passed this life test. Exanple 8 AP¢EER2005Y51579
el ement was prepared starting with a heating el ement
froman al um num substrate prao¥i ded with an insul ating
| ayer as descrlbed in exanple 3. A conductlve track
was pri nfipadng elpnent vy QFGPPWdF%mﬁé’%@b% GEPH Glemept{fEqrp an
alﬁﬁﬁ%%ﬁﬁ’sﬁ%&%&ﬂ&é@wftﬁ’ ath BRuIkB 1RFer Bk UERrB&] 8Wxarfiple 3. A resistive
an% ysis mxture was prepared from 165.5 grans of
tragk vy pltlmtf:«bolln this/ley¢ramene ngpusngye passe prEpaned &acordggdo dhegecipe
gi &g gl acial acetic acid. The m xture was stirred
cont| nuously for 2 hours. To 282 granms of this
hydr ol y sA&lmndiasubmﬁ%ve@a&hmas prepatmiby combinngah2figl eflsileer (D25

silign S5 BB (oo Aa SPE 0ar i e st ar s anElLe or pisx
foﬂ(ﬁwédf’t@l 20 Rkl oF bah inGiing@s thsI2 $eFBantl glase Bhils. Thé hﬂﬁné Béads were

ours. on a rol|er_conveyer. After renpyval H
se]baaqltpg andZ@ 8kl ggqféh%m}ypr dispengion were transferred into a ask followed by

vat‘%gﬂ %Mﬁlitfaﬁx& PRt ¥ el cbidh @ 38R Aliitib A mﬂmsearddwoepmduce the

grans of the mxture. After mxing a
ﬁnabcmg@ﬁl@ou 9f Z)’éé@ % SAb(ST 816t &b s wh0.and uag1l % DIBK where the

co&%gg s &Eg ﬂﬂ%a%QreQrfn t ( n%ﬂ% ga Jtenvgas%%gd %%rﬁ%%ﬂvé%ﬁs ofa

om re- neri ze SO -gel” precursors e ayer was

spﬁldili gedmaﬂi'y ﬁﬁbt@ﬁ adAd niesh baread Tb@'realsﬁ%@jadngmﬂdbl dtied/at 80 °C for at
er that was also cured at 80 OC and the double

Lease sk b o AT US I3 IS SEh rRA & J3LF QIS TiopEpEhe

d
re R DD o PR i B3 S et A U ap R
2. 30 8fptre. Treatopting i ussfelrs awesistve ﬂﬂyecmeiat hcatmgpmts '

supply of, 140 Volts. .at ensi t

Vet t 1 o Thermpl A Pl ch BB o PEVG P o 23 Volts a
a SpEifs b@dertd@nsZ@Q)fQG Waitian atp tetnpassurs ubjhe ctietkateavadjusted to -

ive tes : hour .on and h an ho ff
2355 Hsamgling ﬁs&giwmneaca\a%@%tmﬂﬁ ?ngrfog apg ylf an hour of) for
60R86R! Bh ?&agabsréaﬂﬁbﬁfm% was prepared starting with .
a heating elenent from an al um num substrate provided
with an insulating |ayer as described in exanple 3. A
resistive track was printed on this layer in one pass
using a paste prepared according to the recipe given
bel ow. A silver-based resistive track was prepared by
conmbi ning 120 g of silver (D25 silver flake
fronfFerro), 14.95 g of Silres 610 resin, 34.68 g of
acetone, and 12.17 g of DI BK
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foll owed by 24 hours of ball mlling with 120 g of 3

mm gl ass balls. The mlling beads were separated and
waz@s0arsoee of the silver di spersion were transfRCT/ERR005/051579

into a flask followed by vacuumdistillation to renove

the acetone. Sone additional DHBK was added to produce
C%Qﬁw inal conposition of 77. 62 %silver, 9.67 % Silres

2and 12.71 % DI BK where the conposition was

nmeasured in weight % The paste was used to print

resistive tracks of a spiral geonetry through a 145

mesh screen. The resistive coatings were dried at 80 C

for at least 40 mnutes, heated at 7 C/min to 422 C

and cured at 422 0OC for 15 mnutes. The resulting

track ha?xt an a}.verage t hi ckness of 25 mm and a o

Lt esi sti vi't YSHOLIsE bk Aomessr gppliange; obtamedbyscrygneprinting, based on
a $o08blipRGutsdr MR dhprRAthednofhsdilaNecd@yfidl N flat heating

el eménts. The exanpl e heating el ement was connected to
a power supply of 220 Volts at a specific power

density qf . . e Eatur f.the . .
% Subst r at g 1\7\%52 a%%ég [egéd%l;cl);lhg §%arg%frm?ﬁ & g‘ﬁﬁ%f&ela%%§s obtained from a
coscrnjrated prbpblynenzatiol-ge frestsocycl e (1 hour on and hal f
an hour off) for 600 hours. The sanple passed this
life test. CLAIMS: 1. A layer for use in a donestic
3.appl i anca, laydpbedondlg Rycl S % eRaridtéridel RthalB8 BRpORNRrized sol-gel
sol -gel. precursor and conprising an organosilané
PrecyFsgbehienst omprIspsIereaasngicABPEdangdiapolyent.
characterized in that said | ayer is obtained froma
concentrat ed prepol yneri zed sol -gel precursor. 3. A
4.1 ayer acAdaxdr agrordingtoailam2, ordh elrasiarterzied exthitrthe imourt hfsolvent
is REERA Ygoer i zed sol -gel precursor at |east conprises an
organosi | ane conpound and a solvent. 4. A |ayer
according to claim?2 or 3, characterized in that the
amount of ,sol vent .i n 40%

I th 5. A | ayer .
3 accor di ng 6T 3‘fcéffqﬂl§lt,° Ci%§r4a8€aé?‘it?@8d frhthf‘tﬁg‘f le‘ﬁ‘é“ shinbyrat is

150f5%s0l vent is 15-25% 6. A layer according to claiml1,
characterized in that it conprises an insulating |ayer
of a heating elenent. 7. A heating el enent at | east
conpri Si : . -
6 T obtr ool ASeREld LR, ISRl ARAELopliedih jpsulaing
layeref acheating ¢lembmty i nsul ating | ayer conprises a |ayer
according to any one of clainms 1-5. 8. A heating
el enent according to claim7, characterized in that
7.t he el ecAheaalglefennans o ledsi crgnprzjngraneistpidale tsulating layer and an
non-fond ctiv? articles. .. ) . . .
electrically conductive a}%r, characterized in that the electrically insulating layer comprises a

layer according to any one of claims 1-5.

8. A heating element according to claim 7, characterized in that the electrically

insulating layer comprises non-conductive particles.

0. A heating element according to claim 4, characterized in that the electrically

insulating layer comprises anisotropic, non-conductive particles.
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9. A heating elenent according to claim 4,
characterized in that the electrically insulating
WO 2008111366pr i Ses ani sotropi ¢, non-conductive PCT/IB2005/051579
particles.10. A |layer according to any of clains 1-5
characterized in that it conprisses an electrically
conductive |layer of a heating elenent. 11. A heating
10s| ement éclézﬁrapwg ing tQ.3ny] %Clﬁlm% krar elerasterizedii thattitepmprises an
elddGeafl 864 duLGA 15%&@9%&;& \éferﬁe'ﬁyer conprises a layer
according to any one of clainms 1-5. 12. A heatlng
el ement according to claim 10, characterized in that
the el ectyr ctjve.
Uandr or - sereiin HeBBROLEUNE o R SRREL IR0 6 BRPHE ok Fcany
coodfludting layert dongpriges 4 lagdrascdrding toargronk oy clafm€0r-20 % by
volunme. 13. A heating el enent according to claim 10,
characterized in that the electrically conductive
12| ayer ¢ omm@%sa&ﬁéﬁlacmlhg ¢ @8im 104 chhadi@dlel MOihS! BEBRL rically
according to claim10 characterized in that the
copflustive Jayel JoyrPEisehReBtTcliae Pad/errseriRpndusiave Rarticless aswell as an
t gnent
oSk Bt fu K pRftle: il uanty o AP IRMEETRE the
el ectrically conductive Iayer conprlses graphite or

155 crai ni Eeu Bt o v L PR £8P tecticany

cosductiae Bybrayperprieds mctalqraegidsc appl i ance. 17. Donestic
appl i ance conprising a | ayer according to any one of
clains 1-5, characterized in that the donestic

14appl i anca Heaay d1&Bsnt Acddddifig &Y AR 108ck@ddierSbd bifthat tRe electrically
st eaner, a steam cl eaner, a garnent cl eaner, a heate

copdusHY Y e sapgTises slxericasiler alpeparticdescet t 1 e, a
pressuri zed boiler for systemirons and cl eaners, a
cof fee naker, a deep fat fryer, a rice cooker, a
I5st eri | i zArheatingrelemeit acerding toafaipol0, claragptdrizbd inathastphedectrically

co?tﬁlgas%lgg% ec\ré.@;p;igc% glre{p%ﬂe or cargonsblack' pa &ven or a vat er

16. A layer according to any of claims 1-5, characterized in that it comprises a

surface layer of a domestic appliance.

17. Domestic appliance comprising a layer according to any one of claims 1-5,
characterized in that the domestic appliance comprises a hair dryer, a hair styler, a steamer, a
steam cleaner, a garment cleaner, a heated ironing board, a facial steamer, a kettle, a
pressurized boiler for system irons and cleaners, a coffee maker, a deep fat fryer, a rice
cooker, a sterilizer, a hot-plate, a hot-pot, a grill, a space heater, a waffle iron, a toaster, an

oven or a water flow heater.



