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WD 2004/ 049761 PCT/1B2003/004865 1 Sol-gel based

heating el ement The present invention relates to a
wheattiomgeel ement conprising an electrically | PCIIB0OINY4865

| ayer and an electrically conductive |ayer, as well as

to an electrical donestic appliance conprising such a

I ' n general a (flat) heater system
SOIL%%%?%%%@%%?&H onal |ayers applied on a 5

substrate, nanely an electrically insulating |ayer and

an electrically conductive |ayer. The electrically

conductive layer in the above-nenti oned heating

el enent generally conprises a layer with a high ohmc

resi stance, the resistive layer, as well as a |ayer

with a lower ohmc resistance, which acts as a

contacti | ayer.. at is ney at.ed passi ng .an )

electric p&?l%Ptelﬁygrﬁltoﬂrr%lﬂté’g ?({ zhéeapgg ieg%?e%cqlﬁ ng gehglectrically
insdlativpt h@ affl ah BRciRERY @(_tﬂdﬁ_gtix}e"’lﬁfér, dsSyd1Pad 18 Ah ¥Rt ddEdomestic

heat 10 generating resistive elenent fromthe
apphw@tcpam,smmuma@ymaelemm@ct |y accessible fromthe

out si de. g\ i.an. _speci ficall elates to.a flat..

o o PO B LTt b Rttt on
substeds inkinely;, anf déctiicislydnagatingllay@pphd &a¢le@HcAlly dMRGHW layer. The

i rons and ot her donestic appliances. 15 Thick-film '
electrically sendugtive fayger the ahqvarmenionpdbeating gloment penemllyessmprises a
1 éi‘l’w.t « . i .0l - i i 0O . .
oy 6105h i ML, SO TR 0 gt s oves i
resisthuge, whivh aststas arcahtasting lagernxatrisigenetitédigy pesipgraatelctical current

e flat-heating paterials

is rather.|qw and thetef |
thray 3l 5 155 e els i Gghag Al ahg A BRnE e eotsolnia e heat-
genBRlihé PGB SEmBhESSA %@Jub%t&%}gai Phay bE ﬂgecgf agtcg'ﬁ%{ble from the
d I %I ded, and t ey

undesired netals, which are to be av
outtidsye a significantly |ower 20 thermal expansion

coefficient._than al urd num and al umi num al |, oys. L.
Pol yirer THSIRFIfiaR Shectically rdflenfoailas hoamesclomiprthatiis piiable for
high pewetsleditien) Forlastencd foikiphlicatRtin LRNRES iBdd faﬁdAﬁmP binEdtic

for themto be wused in a heating el énent.
aPP]rl?ﬁ?éﬁ-t ant factor in this respect is the tenperature

drop acr [ | ating. . a ich can .be .quite
Subot ancra G 5ok ARl B YRl hoahl ERoRARIBT PR diling steps,
whieh stetuld selimijted tusadetiperi@urt ay@patiblérivith Mk@®strate. For aluérnsinum

ol -based material s especiallﬁ unsui t abl e for .
Subﬁfaé%?%éwﬂa@ﬁsquﬂpé empgrate 1§ Fasher deseianddhgyefoss flatdatiog
i i . i 0 .
B0 bchen s OBAGIEL A, LG mGRL bR LR S comi
leadnortatier kindaaided 2icfal S 4@hctdirs ¢b bs ewideds anpihsy hava $igtiificantly lower

application to a substrate to form an electrically .
oo irefrg Ses e ng hen b ot e luBinpas plosinb hory biosd aterals,
sucls 8 epdRles S sitido@8 resins a8 Ghot Mvielh ﬁ?ﬁ@&gttél‘lgﬁerm%bﬂityfs them to be

sol -gel 'solution conprises a non-hybrid sol-gel, uch
useyip) a heating element. An important factor in this respect is the temperature drop across
the insulating layer, which can be quite substantial and which depends on the thickness of the
electrically insulating layer. This makes polymer-based materials especially unsuitable for
high power densities, where the track temperatures can easily be about 100°C higher than the
heating face of the substrate for an insulating layer that is only 50 um thick.

WO 02/072495 discloses a composition for application to a substrate to form

an electrically conductive coating thereon. The composition includes a sol-gel solution filled

with conductive powder. The sol-gel solution comprises a non-hybrid sol-gel, such as
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WD 2004/ 049761 PCT/ 1 B2003/ 004865 2 al um na sol -gel or
silica sol-gel. WO02/072495 al so di scl oses a heating
waelewito®76pnpri sing the above conposition, in RT/DBR0EB/004865
thick insulating |ayer of up to about 500 pmis
applied. In order to protect % he conductive | ayer
Bl kel 8 kitiah bAbel APOBS /0TI PRLIHRE JHAYEL, as to .
“he Sapépei ed oV e(? ezlalia‘gogg)r? g%%:dtslo%i/sé’ cﬁéc&{»si%%a hf%%i]evﬁcﬁlcgmpmmg
the ehvatcompbsitivids which Hiidkaasul B 18RASFE fip ¥atloRt $00 pm is applied. In
caorrosion but introduces extra processing steps. The
order e peotect the condnesivedayer againg osidaden, an lesidefion batientager has to be

[ 2 does not .have.the .
son L0118 HRNEHS EIGRTHLE MY (Tl ATy sentive
cortisigh bupioweducde astrd frocddeingaieps., the present invention

ainms to_provide .a heating el enment that can ]
advant a&glﬁ FEFSGIiIRVERon aEes {9rprayides Aeatingederagnt apasnding to the

preadhB1OWhEHRRBES AbaRve 1 abBvd Hﬂs&‘dv%ﬂﬂgé%d%tﬁ&? g{ov.i C\F/ ggg%ﬁ?‘&ly high

provi des a heating el ement conprrsing an ec
povienderisiy.i Mgreoagre thegqurebentnine¢eioh nimatd provided tedtingeelradte that can

B B b BBt S 1
or ganosiToah® ¢aQ MRG#BRnt BYerdR! 6xri5essﬂl‘féatiﬁ% Eﬁé%hpcomprising an

sol - gel precursor, a heating €l enent can
elecicglly insulating fayier epvban glenircallyenndudtivs layed wherain uciest the

[ I: ' f the condyctive |ayer. The hybrid
ol im0 0 B RREHSHL 5 BBttt
organnsitant compoudd er from the non-hybrid precursors as

di sclosed in WO 02/072495. The hybrid sol -gel

precurs §y5apggyl%%h RéwhTié selge! piseursera p Acating clederdsan be

. i i Lch kS. nd to at .
provi e P g o Sl o o SR e tgpucgiv tayer.
The ﬁy%hﬁ@%@@bbmc?{ism xy digclosgasin tﬁmgmp iﬂtv@ﬂtti(%]rpdﬁf@f ﬁbﬁ?h@ﬁon—hybrid

[l SO/} - ecursors accorain 0] e presen
PreciiSORS i idb“ﬁ{qsg‘f 0 PO 5#1(_0224% aTh%‘@’béidéﬁbg gel mctums%rs/wgsed herein can
be cRAN@RTAAA0YSMBHRRR rcbhﬁﬁsmégﬁﬁ&g,'c\gﬂf@% ‘t}olﬂgd Pc{ ﬁ%gﬁf oReon-

|nvent|on,_at | east the e ctri conducti ve d
hydrolyzaljg segimisrgraupyaind Rcbr Sdlydgdyzapleatitxyaroups. The application of the

T T TR N

veryeldeaiitigeoas paopesiesll ating layer is also disclosed in 25
WD 02/ 085072, The sol -gel material according to the

pr esent ApgRraingite thequpsebinpemsivasaidenshthe eletrppailptond@stive layer is

buscl S Q58 TP RS S e i RS eSPagavers
basertmhartiyatid ssl-gd petubt. Wushibi alebeicA10f indpRfin %&&qg‘ alRP disclosed in
er

Laym or  alum num al | oy substrates, o
WO@E@% es that are conventionally used for heating

el ement $p,3Q1.280mbRGL] | | . he fi nal
utilit g may %Es 0 .E;e u%ggr.dﬁ%g? @&éslﬁj 8%%1 ﬁa{]tvé%ﬁoﬁ}a‘i?n be processed at
tempeetres 8edow 450°, which makes them suitable to be applied directly to aluminum

substrates. Although the sol-gel material is especially suitable for application on aluminum or

aluminum alloy substrates, other substrates that are conventionally used for heating elements
and that are compatible with the final utility may also be used. Said substrates may comprise,
for example, stainless steel, enameled steel, or copper. The substrate may be in the form of a
flat plate, a tube, or any other configuration that is compatible with the final utility.

In particular, the hybrid sol-gel precursor comprises an organosilane

compound from the group of alkyl-alkoxysilanes.
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for exanple, stainless steel, enaneled steel, or

copper. The substrate nmay be in the formof a flat
w@b@be497a1 t ube, or any other configuration thaeCT/B2003/004865

conpatible with the final utility. In particular, the

hybrid sol -gel precursor conprises an organosil ane

ound, fro roup of al kyl -al koxysi |l ane
5005 0acreter s e o el e chasop PR BR Ses ey smethoxysilane
andfotiinhdtely1SAEtheLYsilBh&CUr Sor conpri ses

met hyl -tri met hoxysi | ane and/ or
net hyI - t?heéwhaséygl gl ipeccutsots depending te dne-Igea;enpmcmcsmtmld be

yent i on d be
e B NEa TRy VBT 0 DA Sl B g e s
of dxiidsiop ofiktie reistiietlyyer; aanﬂ%@tiﬁﬁibdfth@hqal éqﬁhs@fi cokertitRAt Wllues for
the resj st ive layer, and optim zed thernal g}?n& on

alw dwpinga wiayssByorid sokigel preenrepta Funk asanethylHopsthoxysilane

M ot 11 Ih%g—ﬁ% S%/ li'zg%gf\/ﬁ(% % ﬁgor\]hgl to have an excellent temperature

stabﬂi‘tyhgpl to fat leedtHGRTG.i Mem‘eevér!\/WHMS haebdenaowh @ prdveént dilver oxidation
ure ablllty up tg at | east 450C.

PG mikiriRn s ectiebn ToR Gaor KomPr Al fiess maggaiel i Sl low, so
carbotiARACLAMCtIFE HaSPR RSN B indlI4H, r%tlhﬁ? vl 8 fo'n;ﬁ fobr fa-{l resultmg

carbon content of these materials is sti
in agRafenidathedithgoderderdt Theemaxiguiks layertbsbndsk of casleetmlgamadg from hybrid

preuV G il st BB i e et e pikness A gings made

fronoa 0gbiaesl geRaRtdaRMTHMBfor&lthe %}%Maﬁ‘%ﬁiebésnreﬁ |11§51'1é’ &! & most
hi gh, conpared with the maxi num’l ayer thickness of

tworssensiithou ednatﬂﬁumg— hybr| d sol gel naterials.
Ther ef Or&d a?ﬁigl?@l}é hou %allgr n@gﬁ 'glﬁng %363? Icﬁlg;pnie,g no%—conductive
parb@dvsant ageousl y, the el ect rically insulating |ayer
conpri ses _non-conductive particles. A fraction of

sai d norf &3FERMYS Spl esrqondreiye paricles pseigrahliavs a flake-like shape
and 4 l%hges{ Gi&RenSBARE 2-50 1%0#1%2&? ;ﬁ?@%ﬂﬁ{‘%&ﬁ@ ?.‘IO Iﬁlc%)xg%fers and more

m cr ters, preferab roneters
prefmﬂbéy frpmes- 60 ahd:mnfetemn’[ﬂieﬁ(ﬂahedﬂ«a mehebsductive perticles are based on
onduc ive partjcles are based on 20

oxiail)?- %1‘14]‘%%@ agﬂ %gmc »QF © ﬁq,p&{cg surfp %eamogllﬁeg |ng9a or clay
paré1ed Rith & 'ébitﬁfg%ﬂfﬁﬁhﬁﬁl‘%ﬁ’oﬁﬂ@ BluinGrh %ideRRbok & 11%%1} Wok{tieThe

coating of titanium dioxide, alum num oxide an
flalegr-likewatetiplnontist imthe insiilating layekshonist teer legsl thao?a %;praferably less

tha{b?g ‘g}m} pRe-AiRY ﬁ%@d Rt ror e B?gf é?ag?y 4-10 %

by v O| Ur¥n adVanfigy¥ af B@ﬁ%nﬁ%tr&;&i@ IBardidics & theith6ir BRiEA® |p?§vents the
Is.that their presence prevents the 25 formation

foraptipneaf crasks fpthe|clastricallnmsylating layer aftey freqyent haatmgrup and cooling
dovl}rf&fkﬂg gatﬁggiérﬁleqnup and cooling down of the heating
e eman?. )

In the preferred embodiment, the other non-conductive particles are present in

a colloidal form. Examples thereof are oxidic materials like aluminum oxide and silicon
dioxide. Preferably, the aluminum oxide content in the insulating layer should be less than 40
%, preferably less than 20 %, more preferably 10-15 % by volume. As for the silicon dioxide
content in the insulating layer, it should advantégeously be less than 50 %, preferably less
than 35 %, more preferably 15-25 % by volume.

If an insulating layer based on MTMS or MTES filled with particles, including
anisotropic particles, is made, a layer thickness of just 50 pm can withstand 5000V. This
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In the preferred enbodi nent, the other non-conductive
particles are present in a colloidal form Exanples
wao b@seef6are oxidic materials |ike al um num oxPCETEEE/004865
silicon dioxide. Preferably, the alum num oxide
content in the insulating | ayér should be | ess than 40
30.% preferably less than 20 % no ref er abl 0-15
relaigyehy Bl e BrekheBraloNE U TPBGRLER Bhane Eoo g Bty Caiy low.
F i ' iifcafdie 5 WAMAHhAGRQURsY HesthEme
°I%E§%ﬂ@%H%§bB?g %?%ﬁ?gm#egs than 35 % no@g Srefe#a I °
temp&atdfe GHA50°U0d comductivie teack itemspelrattierad ondyy3R0°0ds maguised. By contrast,
MIMS or MIES filled with particles, .includin 0
an oS reamstE e s e Eenoru PR i 1B of Fhefarss wpua be
requitéd forxh i%@@ﬁh%la&éﬁhﬁﬁ%s? 0P80 phEs: (WP 84487 6814 Yhf Insulating
PCT/1'B2003/ 004865 4 relatively small |ayer thickness
layesd drowdvantwgebesipesait Thelayérs chebe applitibyeny et khamicgepplication

ety prdfee e g Briprech e g SFRNE LY R g pac e

t enper atyye§eAinZQfrentRa&ORAMELD tHE pleséft nveRBE hRivieresidfable for
only 320C is required. By contraSP, an excess

use aehping elanents inflivmdreonsgespecially fyy thoemizolled ©rmalien obgteam, for
.about 600C.woul d be 5 r ired for . .an.in ' |
whidp s pR9er OFE i ok e Hoben, B PRl 8O AiREy
suith¥18 fradthdd Gonledi@igpliances Adediraipabitait suded, stdanters aytsteam
can be appl.ied bi; any. wet chem cal _applicatiaqgn ) )
cleangrsheamept dedicsh wtg%ﬂwn&b%ar% dacdal S%@P’éé%kﬁﬂ%ﬁ%ﬂmed boilers
[ T ' 1
or LRSS A, PR her A PAERL GLSAORLS, g, b
plattg hot-psts, @illshanice heptars,cnafle srohs) toastung oyens; onwater flow heaters.
especially for the control]ed formati on of steam . faq

10" whi IS Al pG flenepgemeingdo Hierrisgtiny BRHo B iRt the
pro%ﬁtgﬁng @é@é 1e04 F&)\ﬁgﬁgtséid%%ﬁm%é&n&ﬁ 11 DRidEaR8d frPhoRd (8l below by
onesSti ¢t ap s, Irke

I anc alr dryers, hair stylers,
wapbdEammpde.and steam cl eaners, garnent cleaners, heated

i roni ng oards,. facial steaners, kettles, .pressutized

boi | er s THJRaEYL: 3 ProsieSoiin oy @ndPLaoriaPy SRR AR clement
to R8T fuBbirdtE ¥&hSas AliBBuMOAKRSHEd sSL & isbluB6h, SnadePreferably of MTMS

pl ates, hot-pots, grills, space heaters, waffle_ irons,

or MGES: wetsr awd/BHed wish owiicparticlespugh a3 sitiea, alvgnipp andyBapiarig prepared
| enent.. accor di tg the.pre [ t I

for B ey ket ORI E ATk e soBcany

berRi€EP0lindudd sthﬁxgﬁeﬁﬁidtxbfii paftiold) suchiek aiita edoawnéryiallwayailable
of exanple. The materials and, processes are dcg%i’ngned

intqrigrengs Bl gAas, an theiformpdata manAehighdieledria strengths during
X 3 i hyvbri - i .
e
alumiiitin exbstiate, asisinelgesd sdichioaof tid sob-gel layanNomnadlydwo layers are
NN o E KRN TN ——
steé.pﬁfié feh &l Vfind? t@@ﬁ{n'gg.’a}%k tlﬁﬂq{e&cdﬂé‘g@uﬁd ﬂHQA&vanta%elol)llsly, the

-

nisotropic partic such as nica or ‘conmerci a
ins@Melbh RYbEhas a thickness of 25-100 pm, preferably 35-80 pm.

Curing takes place at a temperature of around 415°C, depending on the
substrate and application requirements.

A conductive layer or track is applied on top of the insulating layer.
Advantageously, the electrically conductive layer comprises conductive and/or semi-
conductive particles, as well as an amount of insulating particles of 0-20 % by volume. The

insulating particles may be added to modify the resistance of the layer or track.



10

15°

20

25

30

interference pignents, in the fornmula to maintain high
di el ectric breakdown strengths during use. This
wae oattiongel i qui d can be applied to an al um num PCT/IB2003/004865
substrate, preferably an anodi zed 25 al um num
substrate, to ensure good adhesi on of the sol ge

I :

| or ook atbolh AR e aniRATE ive Hheede g 30 pm im
tmdldﬁbﬁfdﬁﬁ%tﬁbﬁb%deyﬁot exb&R: 15th $n Hif@dRssL 0 @ f' nal

coating | ayer thickness of about 50 m Advantageously,

the i ns'DIIlQamrcfﬂTeﬂQﬂbmqha@rappmmhesm(hﬁ;u%mak@ iggcreen printing.

ref er.ab rin ake C
oL AHEY hsuae o oni i bESSRBF A Sohbuche vage 1is prefra o
usesilbet dratieeralidy paRicle A iGhg bﬁ‘ﬁl@'sﬂ &les'%vﬂp}l'%i}é@hﬁﬂ farticles or
| ayer ortracP(,ls applied on top o he insul ating

the |ua§7@f silveppqliadivag ebessibpth epdtosd denge Meslytmtmhm thegositive
tent @}’a%re %8%%168?‘?8.1‘%1‘01@ ‘iié'(ﬁltcé&’ g}rg rﬁﬁt orr8§}§ 15 BT’ g?e'&ﬂa a&van?age to make

I cles as an

condactﬁ\reCtt&Bks d@dtherétalkoahy setplcon@uctot fhay e Sbédiniitking conductive
I es rra be added to nodify the resi stance of the

arti
layfr3 s i AbRlfeaBea, DIDISEGhP OB PGSy %@mtmmmme sigbility in the
I r
SRS o 0N U S oncs
silvex ambgtap]ﬁtamarmlemat ¢hkenleigh tenipeeatpres ireaip’példaﬁcﬁlc ﬁntlﬁ,tlfbsﬁd@t it can be

notef gt A Slet e e snanen ¢ ivebignaeiinover 600

hodrg)@tgg@elgctlve track. It is preferred to 5 use silver
or silver alloy particles. Mxing of the silver
partlcléEhW@wmiwmmﬂNa@hmwnqumbndsQnﬁhcwohnneﬁmwaambfconducnve

I .
condaet e pari@ilés. The B@dition bEsbrc@hducdaRaitSes Yy &l HR?ease or

used to advant age to make conductive tracks.
decigase the layes cerduciiBituct ors nay be used in naklng

conduct i atl ovided.th
have a T’flfn lak & e tfﬁmfnﬁa S rQ%e%@%% ’uar %e S ogg dF]ilY ive I]IS 3 d to the
parfi€lelvphinining dnlydgﬁze&MTMS or MIEESIS6lutibn. E‘ﬂiﬁzﬁ)}@f-ptwﬁ Snethyl-cellulose
ver

sor s the rate of oxidation of
is pﬁﬁgr 35 Ya‘I§ﬁ$ P%&'ﬁ Hylesesnatgnial; Rwally g rolventyafhe blrghémlmg point is
{
adcﬁﬂ R R{é?gﬂtﬁylg% Bf fr %ﬁ%éﬁ@g% Eﬁt &@%E@)fstﬁ% %mc(%gean. %‘oxyethanol was
foun@ tigbﬁ 2 Blmabifathoiqet tyut (Othee po]ﬁf)ﬁblvdﬁmg ipsgferably32édhGls, dalso
conductivity achi eved depends on the volume fraction
WP Hduct i ve 15 particles in the conductive |ayer,
and can R%r(ﬁtb‘éﬁvléq yek B Hrefss %grrgéfoﬁ Reotdeidbh R tlﬁg st‘ﬂ&f‘of layers.

conductive particles. The addition of non-conductive
Howgyari or &y selsg obime¢hanicehintegritiedwing hiodlinpas prhéudtla;l eIrmay be

ben%ﬁpllqyﬁ)td éb%y Sucﬁ% IEE%¥ %{glr?ég% EIE’S%Q P%@lcaﬁﬁlea rhy{)]ngl sol—gel solutlon

errvati
based on, for example, MTMS, a screen printable formula can be easily made. The applied

topcoat layer can be co-cured with the conductive layers.

The heating elements thus prepared were subjected to over 600 temperature
cycles in which the element was maintained at 320 °C for 1 hour, and subsequently switched
off during 30 minutes. The high temperature was obtained by passing an electrical current

through the conductive layers, by which power densities of 10 to at least 120 W/cm? could be

achieved.
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particl e-containing, hydrolyzed MIM5S or MIES sol ution.

Hydr oxy- propyl -nethyl -cel lul ose 20 is preferably used
w@goothe76el | ul ose material. Finally a sol vent BET/IB2803/004865

hi gh boiling point is added to prevent drying of the

i nk and subsequent cl ogging oféthe screen.

But oxyet hanol was found to be a suitable choice, but

ot her polar solvents, preferably al cohols, are also

appr opr i BieSinvéhtioh iR bk ifiehdr diRIdated WAL ERENRAH ERSToNBwIng
is not needed on this stack of |ayers. 25 However,

embpesiimenfe the fplowing mesktasiueiak examplgs.iang thf ariclogeddiatiling dn which:

and pro t 5 J ficial it .such a ..

P00 OB A oY B oIS 5o P SR SR g
to th®pregélt is@htibn.on based on, for exanple, MIMS, a

screen printable fornmula can be easily nmade. The

appl i ed It isgpdeskthat the gariqus elamentsre prisly sehematigend are not drawn to
scaftOnductive layers. The heating el enents thus prepared

were subjected to over 600 tenperature 30 cycles in

whi ch the el enent was mai ntained at 320 C for 1 hour,

and subsequently switched off during 30 mnutes. The

hi gh tenperature was obtained by passing an electrica

current Tﬁéfﬁéaagg el%ﬁ%ntcpéhdé%%‘hg F%ﬁg 3% &g}}% ddf’%igﬁﬂstﬁ?é’\@,ran

_ der]sities of 100to at | east 12
inseletmglapet. 3, Wol 20 l4¢tticdRodonda@TiivieB230 8t B848651ay6er A he

i t] ill.be furth | ug ith refer t
e 1ol | b grbaet SaRE: (e R Bla A by AR AL oF
alufX@iP hBSy whitH id Rd €0 RICHlalTWh idn. Sdd WHsEhte 2 ElcBverdd with a

is a sectional view of an enbodi ment of the heating
layen Joofesix clectidenllyiingplatmgmenteniad. lprtes expmplevkmelegricallytingiating layer 3

: .t he ' (S purLel henat.i ¢
s VR LV R et PR i R 36 oty TR & fover
comyrisshawack of Ftdhdudtivescobting + nofspeéifidalBidhdividh ehelFigaie — with a high
insul.ating | ayer .3, and an electrically conductive .
ohmigresistapeey whichs, jthe pyesentexample, paeanpaedemhedngisting layer 3.
ExﬁxFi?leSPbSt rate 2 conprises alum numor an alum num
altToy which is used for a sole plate of an iron. Said
subst r at & 1&quer woveeemedvroin 32.82 gyfviethytifriMathoxySilane (MTMS)

12.§¢ gebimitamiarideleks Baionayarl § cisnpls DT LSHAGR agid, and 34.95 g of
a chl¥RAd1 di1Re ko PRhsit BHHALS QDN%%WCB%R&RE?I%;%M%&H&G silica

The resistive |ayer 4 conprises a trac
suspenseucyasused tcalns'rc%@iyze thotalkoppsilahes 218%g affaosemumercialig available

B8 o Bl 0 QDR LTSGR g ok
formaii@f. 3. Exanple 1

Afier completion of the hydrolysis reaction, the lacquer was spray-coated onto
a 3 mm thick, anodized aluminum substrate. The anodic layer thickness was less than 4
microns and served as a primer layer for the sol-gel insulating layer.

The layers were subsequently cured at 415 °C to obtain a dry film thickness of
50 pm. The dielectric strength of this layer is higher than 108 volt/m. This coating was able to
withstand more than 1000 cycles of heating-up to 320 °C and cooling-down to room
temperature. After 1000 cycles, still no crack formation was observed and no deterioration of
the dielectric breakdown strength was measured.

Comparative example 1.
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A | acquer was prepared from 32.82 g of

Met hyl Tri Met hoxySi | ane (MIM5) 20 12.62 g al um num
wWo@00d049CR6 ( Bai kal ox), 16.41 g ethanol, 0.31 gPCOEIB20E3/004865

acid, and 34.95 g of a colloidal silica suspension

Bi ndzi | 40NH3/80 (EKA Chemical). The water fromthe

silica I o.hydraolyze the -

21 koxysi T AT Syl o s Frog for the addition of

thefflakbdike pigeentriocihe beged. PhodieRtirioateadh 0dHilalds higher than 10°

I uer to reduce the sensitivity to crack ormat| on.
Vi3St Eosting oy eblei o i Gptan, enibyA0 Gy st of heglee-up o SPhEC and

. ) : . .
colBERE 1485 Ry ALy R Dt R 8o,
leadling ¢o briealndovn vuiltages less dhaei006d, velsiclaispiod toev fdrayphication in
d t%ﬁ sol-gel insulating |ayer. The |layers were
o géﬁ]&l T’Sy cured at 415 Cto obtain a dry film
Exdliprioness of 50 m The dielectric strength of this

| ayer is higher than 108 volt/m This coating was able

to 30 whhpafingrelement evas iprapaedGoriygfrem anfalimanimsybstpate provided

. : [ - t t . AfL
with B SR D a0 Tt 2 lrtog Bt s Gsipie g ves
privited Geh@es pastapicpire@becotdifig & Bk e6dipd Sve BASWOWN strength

was nmeasured. Conparative exanple 1. WO 2004/ 049761
PCT/ | B20dSydrolysisanixtura was arepatgd Siom 4B groethylatethoxysilane, 51.2 g

r , > h dditio f
Wl 3PD2 ¢ MR ERARE TRk bR o SRl BBt 5 hpurs. 385 8
Disperbgh @9hwas addeidso Bagef this hjdrglyeks niikaime IIBwe/bH778 6f a
coatjng was_able to withstand only 300 cycles of
COIWE%FP}aﬂﬁﬁM%IaP%F silygr rovedea Withaarariiele sigomelow Jowm Subsequently 36 g n-

o EPSAERHR 1 O R G0 GR o ST ] R ot

convém. 600 V, which is too |Iow for application in

donestic pliances, Exanple 2 A heating el enent was

prepar e d“%teé?l%l? 0? thsrdlingshalls Fugrsy ﬁﬁ%ﬁf@imfﬂv’ﬂ-d ed

' ' ts 4 (ol ' a 1.
e Pt i et 0020 o i g R R g o
homgegenepua ppsts tes pbiajred exhicicwar shreeg-frintddnen saitineelatihy et-gel layer.

el ow.. A r LS mxture S epar roma84.8 g
ety e Attt lbubistogndy Cud SPASEE A ol gyer o
nichag] ti , The . _
i Rl o 0 TR Y GO 5 ¥ g ity s e
thatetbiel sanple-t@gangplo fvatidtion dfyhir sheytsiesistanoet wasdedsctharo9¥0 Thy heating

77..8 of a., co rcially.avail able silver powder wth
clenént 3y pEMgg D AR by spplinmticn p et desttipy) cunby tropgh said
confti@R@Nsler Woshtad @Q&nbffaﬁf@oﬁ?@t"ﬂ Fhe !ﬁl‘:‘eﬁésféﬁﬁce was found to

subsequently ball-mlled overnight on a roller
decrease to a plateau value of about 20% below the initial resistance value after prolonged

exposure to said temperature. This plateau value was reached within 60 hours of exposure to
said temperature.
Example 3

A similar heating element as described in example 2 was prepared, except for
the fact that the conductive layer printing was repeated after drying of the first printed
conductive layer. After drying and curing of the conductive layer stack, a layer thickness of
10 pm was measured. The double-pass printed conductive layers had a sheet resistance of
0.024 Q per square. The quality was such that the sample-to-sample variation of the sheet

resistance was less than 5%. The heating element was powered up actively by application of
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conveyor. After renoval of the mlling balls, 35 g of

a 6% hydroxypropyl - nethyl cellul ose solution in water
woam4added to 120 g of the mixture. After m xiPQI/EB2003/004865

honbgeneous paste was obtai ned which was

screen-printed on said insul at$ng sol -gel |ayer.

20

The .l ayers re dri.ed a 0C and sypsequently cur a
an RGeSl Py e i oo Ve TR R AL Bfer et ara o The
sheat ehighcd W& Pl eLdRfcals R4 1AcALTaISSISRIBut TV bBI6H hE Ynitial

was such that the sanple-to-sanple variation of the
resistraes valeasaltar ardengedexpesise torraidl tsgipermhige. idug platyau value was reached

il S0 d_up actiyvely by application of an
Wltenectrﬁlﬁs\éﬁsegggér@%%%aﬁtgﬂlgﬁra fd conducti ve | ayer to
Exalpkin a tenperature of 320 T. The sheet resistance

was found to 25 decrease to a plateau val ue of about

20% bel owhEHES shemeniwas pisraredricatingirom anfalemingrosubaigaiel provided
. j r-at.| hj
SRS BB SRR TGl s B vr
printedrpeto dhis layer, Exmgpaste haferlypreparedambidigg © theBstiped given below.

described.in exanple 2 was prepared, except for 30,
the T act/BHARTYHOEGHA N6 PraIca, iam 56 D mHGY leghoxysilane, 33.8 ¢
wale£R8A09E AHL&h LENE AYd Ofhet it (’V?E stﬁ&éﬂo% u&%\i}ﬂfbﬂj'h\éﬁrs, after
ng of t e [ayer

| ayer. After drying and curl e conduct
whishgc96, g of Disperbyk h9¢ waesdled ffollavgedrbywails74ve gsaphitel poWie with a
bl e- pass nted conductive | ayers had a sheet

parﬂgl%isgtagﬁﬁr@“ﬁ&b@%m 0 per square. The quality was
such t hathd fftSeRPs %afl—‘fﬁiﬁ%&ﬁiéﬁﬁér?ﬁ Fdtier 9<If)nvtr?2§r. AeElemoval of
5% T enent was

[ eating e

resi stance was | ess than
theailléngdallaOaa b U yyirdnypeqpyl-metiylastiulobe SWOuRG0M/ A&7 added to
65 ..8 el ectricagl, current throu

h
10GEPLE Bates o el Rr T S BAPR: & CE UG Loty paste was

obt&ined WBichSR&EtreeRpinted M aiiaAsl A3 ol-Be1d85d $ R m Lcdhductive layer.
pl at eau val ue of "about 20% bel ow the initi al

resi st antBendiying odthesqondudsiveraysy acoptastinglayer raedion the recipe

. [.S..pl val u reached Lthin 60
cisgBIREh T 2 e ToRsT LRtk E B LBl T8 Bt W bty
ovdippdédthe ebeliletive 108 tpfapes Bolv-sh@id dongact.r om an al umi num

substrate provided wth an inpsul ati r as

ng | aye
descri bebhs srespamted layereyisra fricd e 804a anchiwbgeguienidy cured at 415

o ' i sl : i t
CIA TIPS S DR ST o\ e PR e e
resi3newof the Bortuetivéla§ertast 3 @ %m?l&u&& PeRfafity M @?%lpgﬁt the

S
met hyl tri et hoxysi |l ane, 33.8 0 water, and O.
sangpleréq-sample satiationwif the shiet rasistanpeevasdess ghan 1086l The heating element

N T T Y
laype el estain af tem@erature of 320 °C. Prolonged exposure to said temperatures did not
show any significant change in sheet resistance.
Example 5

A similar heating element as described in example 4 was prepared, except for
the fact that the contacting layer was applied before the conductive layer. The sheet
resistance of the conductive layer was 57 Q per square. The quality was such that the
sample-to-sample variation of the sheet resistance was less than 10%. The heating element
was powered up actively by application of an electrical current through said conductive
layers to obtain a temperature of 320 °C. Prolonged exposure to said temperatures did not

show any significant change in sheet resistance.
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particle size of around 10 m The m xture was
ball-mlled overnight on a roller conveyor. After
wo etmwed7enf the milling balls, 60 g a 6% PCT/IB2003/004865
hydr oxypr opyl - net hyl cel | ul ose solution in water was
added to 15 100 g of the mixt%re, followed by 50 g
Exnﬁsgo anol. After m xi ng, a honogeneous paste was
ed which was screen-printed on said insulating

sol -gel  AapsilartiRafif edeRQR dbsehib¥®in SX4fiple 4 Hhb ﬁfepared except for
of the conductive layer, a contacting

thetf@fé %&w qondugtiveilpeer prinkeg Wgsempcaﬁecba(%mﬁnsng ofmdos ﬁrst printed
coﬁﬁEt?‘feqayégvghglddrg{hgsaﬁﬁ%uﬁlubs{}t@ léd c y% (})/?rt & ci:lr E?aa/ Afiickness of

10 hovw @t SufdNTRE Boub2élpds Brififet @BAdRYVE la@i@ts'lﬁﬁ%rsﬁeé‘ﬁés@stance of 26
dried at 80C and subsequently cured at 41 C. A layer

Q per sgkaresEheoquadibiowes @clnth@@«ﬂaﬂmim@ebmpihvmaﬂgh of fiessheet

resﬂ[ﬁ)m I %@S%‘%%ﬁﬁgstféaﬁgaﬁgge 1y %&}?}’gf w@erc 213 ggtil Y}f Py gpplication of

an &l@&ncaﬂ%ﬂﬁ%ﬁttﬁfbu?ﬁ peli] %of{(ﬁfch% la Brs@6 obf ast!%ﬁxZ)Erature of 320 °C.
resi stance was less than 10 The heating el ement was

Projenged expasprede spiddempirgtuzgs pjhd n@ttshow anf stgnifedanicehangain sheet
nﬂgﬂ&ggnt t hrough said conductive 25 layers to obtain a
enperature of 320 T. Prol onged exposure to said
Exhampler at ures did not show any significant change in
sheet resistance. Exanple 5 A simlar heating el enent

as descri @é@mgﬁléﬁéw?’é PrepaEes starting fred, ancalempunt gbstrate provided
with 3§ id Ak n%t {‘&es&%g &tekﬂﬂﬁ%le QY&CO\H&E&% RiaLed, ?S%ﬁtreg onto this
Pve sheet

the con ayer resistance o
hy@@nﬂugapmﬂepnmemdmaxm&mg)oﬁeneagmgwenbabw qual ity was

such th | e-to-sanpl e variation of the sheet
resi st aﬁt‘éaaﬁ@ Olﬁ’ﬂéﬁn’i‘@% aSﬁ?éCﬂb@?tm gepogte freh? 8 igrerbyk 190

waPRWRE SR ISR e@BY | '33 &l aYcomim &Rl l%r %‘@aﬁlaﬁ{é s?lfve vilef ‘g%a'ﬂl(ﬁ@ liiameter

current through Said con Ive ayer to 0
smlampen20ym), df3532481,0; (]B’aukzdtlom GRb), emﬂd?tg Bptdpaﬁc&il This mixture was
enperatures did not show an I cant change in
balk PreEyght g@er rome Vol Ahemeting bl A$ Ba0s FERMG selution in water
| .
Wagmexan‘pgg %dghﬁraeéh%?g ggsrtg qat Eﬁ%&%ﬁf@@&n@%aﬂﬁﬁﬁﬂz{t k}%%oi-gvﬁ layer. After
dryorgred 8610 wed Cwrjreyat gl 514, Iarlgyatvaiﬁclmepga@ﬁ eamatiudted hith dheeifresistance
(ih_? first printed conductive |ayer. After drying and
of FR§T 8994 e conductive | ayer stack, a |ayer
Exﬁﬁi fkgress of 5 10 mwas neasur ed. The doubl e- pass
nted conductive | ayers had a sheet resistance of 26
12 per sAdhat Heatﬂig elemeat iwhy pispsred dedordifg thet d¥gcription in example 2,

to-s iation of the sheet resistance
tﬁ@?ﬁ gfﬁ@n%@ﬂnpag% %@C%W%ﬁa%wﬁ%% fispasinpegef bg copuctive
lay&Ct ively by application of

The topcoat was prepared from a hydrolysis mixture based on 37.35 g
methyliriethoxysilane, 22.55 g water, and 0.10 g glacial acetic acid. The mixture was stirred
continuously for 5 hours, after which 9.6 g Disperbyk 190 was added, followed by 41.0 g
titanium dioxide powder with a particle size of around 250 nm. The mixture was ball-milled
overnight on a roller conveyor. After removal of the milling balls, 36 g of a 6%
hydroxypropyl-methylcellulose solution in water was added to 60 g of the suspension,
followed by 30 g n-propanol. After mixing, a homogeneous paste was obtained which was

screen-printed over the complete flat heating element except for two contacting pads. The
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an electrical current through said conductive |ayers
to obtain a tenperature of 320 C. Prol onged exposure
W 0086t enper atures did not show any si gni f i BE&NTB2003/004865
change in sheet 10 resistance. Exanple 7 A heating
el ement was prepared starting ¥ om an al umi num

D OV | e [ ing | [ as .
o R L R R Mk B e I s B e ahsecpguctive
layen dter Hiying 4te80€'C, thesionplate paing sfacke Pas eiked GES fetpReatin® of 350 °C.
t he rem,ge iven below. 15 To 16 g.the hydrol ysis
mi xture =8¢ Beagrsdyssistapceaiipprandyctive track wWais SgHTISY perigpare.
Ex¥@pleegided, followed by 35 g a commercially avail able
sifver powder (particle dianeter smaller than 20 m,
1.35 g AAZDBh¢Bmigletdnmont GRS prepard addording ttHRRRERIption M Sxample 2,
tH]ﬁlietéﬁffe vvast ball -m |1 ed overni ﬁg After renoval of
Wi Frenfigthehs defectin the condugtivpiayes Blagindgped by maamsrof the
la¥&SerR 868 Humah o ' - BLIALEY
P onto sal d i ﬁgg?lgtg ? ﬁ%@%%&d&%ﬁefﬁ%&ﬁaﬂﬁﬁg t2§ ‘ngtﬂ‘a ?%dr%lﬁg‘é? layer.
Afigoide gauflustive layenhaddEbCprintet Ajie humbh biineas rédhiov@ddiehving behind a

ted with sheet resistance of 0.07 Q per
deté%ﬁ%#hg_cog@”%wpiaygnA flat heating el ement was prepared

accor di NMohd Retife Skt wa subSedR¥MPUGdat 80 EUBIP&! by a curing step
di fference that a hybrid topcoat 'l ayer was pri nted
at 3Pt er printing of the conductive 25 |ayer. The

t opcoat , froma hydrolysjs mxture pased

on 37.35 § tfr?réeﬁ%@ 'Bg glle&eﬁgy?ssﬁ’(?(’%%g} X@é}' aeplication @fa} CugFrgt of 9 A
indGceli®ygngilteniatihg 86Ride@if&kabe oF220 'V Shi#in '

cont i nuous{ay f_%r 5 gﬁoar S, szot er V\hi)ggh 9.%\@31%&%%%%&8 observed
at theyppsifian of fhehair fefeetdnths qepduptive layer,deading terfriflite i the clement. The

' . ' ' . ar 250 .Lh
oS BB ) B PR o 0
betwomvtby oondukfivetrackeamd\thé alofinune subistrhierfor Hpdriodl of3® sBedfds. The

a 6% hydr oxypropyl - hyl cel | ul ose_sol ution in water

lealthes Cﬁ%‘)é dv %SJX%G“%X & ‘[-"'?Ef*?éSy tha b and, (9Hilling tesafesarenyirgoen;s.
n- propanol . After m xing, a honbgeneous paste was
obt ai ned which was screen-printed over the conplete
flat heating el ement except for two contacting pads.
The WO 2004/ 049761 PCT/1B2003/ 004865 10 topcoat
screen-printing step was carried out before said
curing treatnent of the conductive |ayer. After
drying at 80 C, the conplete coating stack was cured
at a tenperature of 350 C. The neasured resistance of
the conductive track was 0.047 O per square. Exanple
9
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5 A flat heating el enment was prepared according to the
description in exanple 2, wth the difference that a
wa@ledogn¥976n t he conductive |ayer was i nduced byPCEEB28030{04865
the placenent of a human hair_on the substrate before
the application of the conductllve | ayer. After the
CL! ictive layer had been printed, the human hair was
renoved, |eaving behind a defect in the conductive
| ayer. 10 The heating el ement was subsequently dried
at 80 Cfollowed by a curing step at 350 C Next the
heating el ement was powered up by application of a
current of 9 A induced by an alternating voltage
di fference of 220 V. Sparking of the el enent was
observed, at the position of the hair defect in the
L. conduct i #diertiRgslemprt sampEsing an glectricelly insulating laymeand, an
[ | |ati l.a wasg. tested b
el e B o b RS e Bl 3§ er Wased on
hytret sobgel frbeursmrduptising ah bagkodhde toap&lddm num
substrate for a period of 60 seconds. The | eakage
current was neasured to be less than 1 mA, fulfilling

the safe ' ) 497 P .
2 b0t | B200 SO A B RER htugi Ot 3 SheBbperized i gy hp hvbrid sol
gel poerurdos corgpases alcentppimhfrbm thegrobpbf sigyl-skexysimbsan
el ectrically conductive |ayer, wherein at |east the
el ectrically conductive |layer is based on a hybrid
3. sol -gel RNREHHEAEmERABEr8inB Yo BRI %?Qoaia}a%gb‘%izg@ PR e hybrid
5 2. A heating elenent according to claim1,
solgbpraeuraer cogprises mptayl-trimestinpysilahesiotl/or gethybteethessilane.
conprises a conpound fromthe group of
al kyl - al koxysil anes. 3. A heating el enent according to
4. claim 1 Amedtingdlanhafaedrdiag té Blatoh a1 cHalRtdMrBA trfthat the electrically
. sol -gel precursor conprises nethyl-trinethoxysilane
insylatinglayeraomprises Re-opndyetiveariclasd 4. A heating el ement
according to claim1, characterized in that the
electrically insulating | ayer conprises
5. non- condAidibatires gantitab@sding to daiheaf dHaghofi2B® A that the electrically
. ccorgjng to claim4, characterized in that the
ISR 1Y AOPIPTISSAiSpLigPies RofCuepetivesies es
ani sotropi ¢, non-conductive particles. 6. A heating
el enent according to claiml, characterized in that
6. the el ecAratinld slemensacording éo tlainel, charqetdrizedin that the electrically

onductive and/ or sem. conductive rticles, as wel]
cor GO Tolat SRR coRGiixE PREIOT Semtrcohdictive parigleanms el asran
am®Ou Of HishvtiM@patfiBles &0a quantity of 0-20 % by volume.

7. A heating element according to claim 6, characterized in that the electrically

conductive layer comprises metal particles.

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

conductive layer comprises silver or silver alloy particles.

9. A heating element according to claim 6, characterized in that the electrically

conductive layer comprises graphite or carbon-black particles.
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7. A heating elenent according to claim 6,
characterized in that the electrically conductive
wo 200e0406npri ses nmetal particles. 8. A heati ngPE&l/EBRBIR004865
according to claim?7, characterized in that the
electrically 25 conductive |aler conprises silver or
silver alloy..particles. 9. A heating el enent . according .
1030 ol ai i HREHSRE A uTing o Cloin L, Pheraieizes i hef (e clectrically
cortRBEETal Q10 SN0 bt T
Oy N o e R B Y Phe SRRl e M ogpd 15 pm
m £98g el enent according to claim1, characterized in
that the electrically conductive |ayer does not
exceed 30 min thickness and preferably does not
l1.exceed 1A hehﬁi‘l% ¢1BmERY 26 KH8RE to Blaft 1 DrdpeiRin _@Lﬂiﬁ%ﬂ gtlayer having
according to claim1 conprising an insulating |aye
a thiekriesyof Z25-100 whnerefraily 35-800@.m preferably 35-80 gm
12. A heating elenment according to any of clains 1-11,
applied on an alum numor alum numalloy substrate.
1210 13. An 1eh@ed dlemakt 2dTBRGHS amP ot élﬁﬁ’fsel-.f:f),rﬁﬁgllieﬁ MarPdlyminum or
| east a heating elenment in  accordance w th any one of™
alugynymgllqy qubsiraig. An el ectrical domestic appliance
according to claim 13, characterized in that 15 the
el ectrical donestic appliance conprises a (stean
13.i ron, haln etbcitizal ddmadstic shpli@ite chRHMY atdbdt 2 BtARP element in
cl eaner, garment cleaner, heated ironing board, facial
accQrqenpRWith gy ppeof geimsdnll-zed  boiler for systemirons
and cl eaners, coffee nmaker, deep fat fryer, rice
cooker, sterilizer, hot plate, hot-pot, grill, space
l4.heat er, Mafklcctrical domestioasiliance acerdingto sMirer3, Ch@weterized in that

heat er . . . .
the e?ec%ncal domestic appliance comprises a (steam) iron, hair dryer, hair styler, steamer and

steam cleaner, garment cleaner, heated ironing board, facial steamer, kettle, pressurized
boiler for system irons and cleaners, coffee maker, deep fat fryer, rice cooker, sterilizer, hot

plate, hot-pot, grill, space heater, waffle iron, toaster, oven, or water flow heater.



