Layer for use in a donestic appliance The present
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substrate. WO 2005/115056 PCT/|1B2005/051579 2 It is
noted that the pre-polynerized sol-gel precursors
conprise several different conpositions. In order to
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is to add particles t he .
while layer thicknesses between 150 and 500 um are disclosed in WQ02/072495. To make
such thick sol-gel layers, the shrinkage in the drying and curing siep has to be minimized. To

those skilled in the art a well-known way of reducing the shrinkage is o add particles to the

sol gel system.

In a preferred embodiment fhe layer thickness of the insulating layer is in the
range of 25 t0100 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
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sol gel system In a preferred enbodi nent the |ayer

thi ckness of the insulating layer is in the range of
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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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conductive particles. An advantage of such
ani sotropic particles (e.g. mca and iriodin 123) is
that 30 their presence prevents the formation of

cracks in the electrically insulating |ayer_after
W%@%ﬂé‘ﬁ? heating up and cooling down of thePHEEEIRGS157
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|
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about 25 ppm/K. Although CTE values of the layers may depend on the curing conditions,

the most convenient way 1o 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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have m ni mal residual stress resulting fromdrying

and curing. An additional requirenent is that the

coefficient of thermal expansion (CTE) of the

kted and cured | ayer should match that
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conpositions are also very suitable for othér

20 Weome stvi the exspiples seevar 4 medbylipheny! sifigaae sesinmgsusedyas pindpgmaterial
for e SFRnE Laggi? gg&ﬁﬁ?ﬁ‘gﬁleﬁﬁ% bxd coldhdivg tiatyt&:s‘j; gﬁﬁﬁ@ ins18ReS8rer,

Ironing. facl al  steaners, keftl'es _
ahiupine gad milicasveryvier @f Sligrapatasiplh whprens fonthe osistive loya e pyxtue of

f f i : .
LR RIS SR Bl colbHSL SR ER H90AE e i,
heat er s Thapwbfentinienting propores iha §sectia sobged precusrordasedr

f t : |
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tetrg.e%?ygoerth%gﬁié'a%oan% nﬁ&hﬁé‘x?m)%ﬂfo%sﬂg:ue. These precursers 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 stiong bases. The



10

15

20

25

30

to 4 hours. Exanples show that these heating el ements

are able to generate power densities of 20 WcnR2. In

t he exanpl es shown a nethyl phenyl silicone resin was
Gpinder material 25 for the differen ,
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c@tﬁh@hﬁw@rfshnatm rpraaﬂ:.dmhak SortAiity huBfidien: BR0Iint 9O HENeRhS solvent

rs such et
COI#EF?%@%B S A e Ho B Beg B dioE Biagih 2% gpmina
withloes ;ﬁ@g?éi’@& sxgy tzs%y&y-parya}ei&mmemiehg THifHa |a&‘vantageous asno .
e _an pron (0] ul,c ornatlon
ad%&wr%arw bﬂ@ﬁ%sz%@@ch mqoe i 5F%9€1P9§f1%@wpar§m might lead
to Ikzﬁm? Gﬁthe 19LUEBRe ARG T Botired) @R vidcBsigRas bsbMasd with ﬁ{eoiogmal
ymer  but th%% tend to have severe health

ad%ffﬂfﬁé &hagare peppaibleddii 1Be FAESTARIVERSH Hiddiion §h Qusghenlepy modifier can

incRébd thé¥eiscoR) R tovs HedPRtes bid &ﬁ@ﬁﬁ%@éﬁi%ﬂt& JBhiMeBogBodifiéh from
drying of the coating conmpositjion on the printing
secp g dapughthsy screpp-grinting mesh nﬁ@m dditives ¥spoprayegt the settling of filler

pmgblbﬁ%ﬂw,{a%gtone wer e found adequate. 15 The
di ssol ved prepol ymer can be conbined with the

appr opr iThe eomositiops yrad i1 e Bsenbiaverdion BserobimsAzedae gl
Ofﬁmmmﬂxmcwe Iteﬂ%ihﬂoﬁﬁoﬁjdﬁa?g%{i‘rﬁﬂl? u?htﬁ n@ ghommd co-

I Spersion can e use

polippts) oot on sncorsadiermpbTabilivg n@nmayfgﬁemzdf mstbyhzémyi ethmnb gesins
sho‘é&rxh ad exg%pl%do(}ﬁ§ 9804755 Bl HERE S o ifimihed Hlel dhbYW QU of the

e sol verits. For screen r|nt|n
meévbﬂ?heuﬁtsmm is pilit wp gt EwpeTatuIeh %a@iow r?-@O pfblrgmwbereas without the

preShOd 8 AR, T hitlidf M A na ) sehid biflo 2125986 ¥Clair.

Therefore, insulating layers made from pre-polymerized sol-gel materials which include
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20 could be used directly w thout additional

viscosity nodification (for exanple 50% alumna wth

0.5 pm average size, 25% pre-polynmer and 25%

I . This is advantageous as no additive has to

W(%goo%ﬁgﬁgd out, which, depending on its decoﬁﬁw:’ﬂ?séﬂﬁlsw

temperature, nmght lead to pprosity of the |ayer.

However, if desired, the viscosity can be nodified
tetvdethiylorthesilicaty immethguﬂqm)bme&ysﬂdmt(hmceana@n@ammm Sived10 from

{ b ts. Addit f this th
Wik R P o Sl R an e Rlservg i P gy ot

phei akcmdiaseamsmhmg layeyeith abdosgnacifiletd Ng conposi tion

L B B PR B B3

theppurdsitg.| 'g@manpamesmrlags% Mehmmﬁsmﬁsbm shsifdindtRxdeb@40%

resent_.inve on - rrerl ed sol - gel _

o R Pl s e ot S Bt YR G Ps Bhos B emapeaBlgever
thagetdmtlositibiaHeed eupblicne hihmen c@ﬁﬂgs?@pxc@ﬁr RYHIRESYs above
10 w an increased thernal stability conpared wth

hyl phenyl silicone resins shown in the exanples

of US 5T82204iAE fortildibe oplhesdnuetiof lagbh B, debdiBed by many
%n%/nl rou th e. nethyl henIS|I|cone|sspI|t
mhod fnclpling Siraying SPRRS, SR SETE AR ESRsiaLY FHERGRnE The
dewsité&lid)ht]ﬁghﬁs toﬂfe&ﬁﬁﬂ @€a Rinpatatiifd Tefow b BoilBE BdihtAf the applied

remai ns. ab to a least4OC|nalr
Sol’r‘Wé o abhe orgoRa ﬁaqwlﬁygl% Rty i be thermaly cured i o
B0 VB e Zeh Al Bér@duﬁ: aﬁ@h%b&s{u%?dpc
005/ 115056 PCT/ | B2 5/ 05157
Proferably abayg Hoft 1h &5adkifeas: essensiallyeantgoraus icpatings inexgess o£08 nm

cad BOSFEafaGhy G B OkERiiho®! |  €5610 from Wacker) with
al umna f| ITers show an i ncreased noi sture resistance

conpar ed®t WStSkaZﬁrét?ﬁylmaxpw@ﬁ gre snerbmeoirhewd2s °C is used.
i ns Ul at IIﬁl glﬂ lpﬂ%&{t%l‘)%ﬁ& %&Mﬁfg Ve & Eg‘pf kﬁ%ﬁl above

for mul at1 on "t he anount of sol vent shoul d
429 . arerhised fpethe insuletipg lsperoShasy hlgtrymnga¢m4wmtues Familigate complete

cm‘]r%'/c%ﬁ%’n@arﬂlgn,ttﬁ@eﬁf@ Hlﬁling(lf:\e SBHY ARlor §J&ﬂ Ldlhgégﬁgtele%&?a? ﬂ]gh power

for screen- glntlng appllcatlons vent
densisiep (sracilinn 30 BEANa) RoPIECEEYE fredesisHomisacscan taképlae (which

?%Q@é&kmaﬁ e to be applied as hot-nelt coatings,
ypi cal ly at t%eratures above 100C. The coating

f or mul atlheresistive sk of therémt'axgi eterpehty dregpresent iyention can be made
ﬁo%l%gggérl] geeé,j LE?ES‘T% lt}thh Zml Cﬂ}gwglhgrgzeé B %r I %iursgg {e.g.

. Splt n coall ng a SCreen-
Silrppd 0). dép ﬁﬁ@rmwr@batpﬁﬁfgrah]ast m@alwlsdmt toaxsibtian such as silver, sitver

f . appl. ed .
oy R Bt B BP el e R ey BB st
meBlssted abovel The donduetize patities wshd camdvke ifigkes spbetesdr imegular
par%iglgsper ature above the intended application
enperature and at a maxi mum of 450 C. Preferably

above 4QOUES5,8C2 6CKa fuiaere of gmphite sall barbanladhvae sed as filler

A Bl LR it 1 BT oot e el e searack
prepaapiribit wapeisddss dlzanblly324H1hasthe 8@iive track used in this invention

(with silver as conductive fller material). -

ol 0

ma

The heater described in the present invention can be operated at n:rﬁch higher
power densities (up to 100 W/cm®) compared to the heater from US 5,822,675 (max. 20
W/em?),



In the present invention, curing tenperatures above
400 C, preferable above 420 C,- are used for the
insulating |ayer. These high curing tenperatures,
facilitate conplete curing/gondensation, therefore,
during the active use of such a heating el enment at
hi gh power 20 densities (exceeding 20 Wcm, no

oot 1 Bt B AGAETES F20rll B

sckdeAQlint@fe &dﬁ&lﬂh@,ﬁhﬂ Rt ehe Wphid sabgtihgedqures amt céllenibative, a
can he nf fromsol - %el'&%'%' N¥$E .. .

SHEPRYTES (AETHERY TS OBPOBPaa FipsHy Smprise syjdfover
precursors (e. Silres610). The filler material is
pr ef er abitye %‘Vﬁ%@%I‘S fpher dpsirtediip U PlipsHresTeelen as
silver, silver 25 alloys, gold, platinum palladi um
or any netal particles coated with the oxidation

E¥ayist ant netals listed above. The conductive

parti C: es\ dsed-Gar d@@izafnleqir@srynﬁﬁ IS8R &5 1 ®frorh WRE rarseddon
articles, In US 5, 675 a m xture raphite an
VIR 1rh MR eB0 Y § PRI oRe S -4 & ShpsgTone and
105020yt aphefydispsisionGal 8dde Sihith WAS pidsie ki AsreRirdi08 ball milling and
material . The resistive traCk?ﬁﬁgﬁﬁﬂgp re in this

cqajaea $9 P adumpip (Ul ardicls pire) 3§‘€? Reing MEKy The

Nuasceaasl distiliBd Sut bikiee Ridu@ pre(syuré 1 5] ¥@inpdSitiGOTIY G4 A@nina,
filler mater eat er descri bed in the present

24 S0P TG A R THSUPA S0 Yol iRk R copaaipon was Sitable
£ %@ént%ﬁﬁn%ﬂﬁh&u@ ful@l& M&ﬁ@a’[l&p E’@}%[‘Seﬂeré ﬂlﬂt&?onrhﬁ%h&ﬁzed

from 22,675 (max. is to be

al@ingm sruhsaraw\m@m&w@gsefolpdr §*aqu6§8el§n g“%%ﬁ%oﬂﬁ deyers were cured at

4P4Hd f%bt Boddr® 'Th§ SreRRIOwR N biok RHraRA tndth MifGedland RASHed m&@ at 54
hybr sol -gel precursaor “and cel | ul ose derivative

F@XH@W% frhepiacmasy ét the Bigkpess redgced dhecbreabstiyauyalfassn Ahehelectric

sééﬁgétdEéEa%e&&%%& Wth i@t Hink B Qhess Tt WaYRRld @Rpel 0% 7-13 x 107
further illustrated in the foll ow ng exanples.

VER &fb] 38 kV/mmg gydrgeievakq 34 Bi%ai | abl e prepol yner,
Si | Res610Q, frup p\@é@w preﬁ%?e?lqg 288ng MEYR 198 3oMee thgaste
the Silres 610, 20. wer e di ssolved in 17.15
deficiibedisheyel It@fherﬁaa meﬂesce.m gigrpntgnasie obmigappba Wpwpe %sqxrﬂér thin
r\%@rlsbogtqgeﬂhe hielt YRIs RHRY rls&)%%lf ¥-2BL.&RAL ﬁ@ sﬁ%e Bakibnly anisotropic,

l'ing an cont ai ned 3 % alumna (0.5 pmparticle

preidomainantly lamglir Ve Idda Ba pavide e magd r\rEke Pasiehy mgchanjgglstirring
taﬂroﬁﬁ b k&@gos&% ?mﬂﬁr} aruﬁ@rrg@%nﬁ&ﬁﬁ W3©3te0, EBEdN6R0.0.6% MTMS

nposition o 5% al um na, 26. O@bprepolyner 0.6%
MW%RHBE J.ageryangte Isinted oy bk arodived alTREUB ARG M gerings of
Enlt)H dﬁb?prl 193 oQﬁwﬁféEse ¢Rs BYdrH LB Jurth Ethr%”i‘c FPUBRL. The breakdown

n. Layers were printed on an anodi zed
valltagmmmeé umtétﬂrldmessra@d feoeher evtdikYoes Sdarmyphis bigh biseidong

E]giglg gfggﬁﬂrﬂﬁ ined HE ]%qﬁlé \L\%'rgﬁ&uﬁ%%léécmcdsgéng% {105 pj?n was 7.6 x

I rea omn vo i ncreased wth thi ckness
1andnr @akMadmy kV at 54

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% SilRes618, 0.5% MTMS, 20.9%
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m However, further increase in the thickness reduced
t he breakdown voltage. The dielectric strength
decreased sonewhat with increasing thickness and it

in_the range of 7-13 x 10° V/ m (70-130 kV/
whigoy

15/8%s up to 54 pm A further paste was HSTEBHPEF1ST
by adding Iriodin 123 powder to the paste descri bed.
above. Iriodin is a pearlescent pignment nade of mca

DABK. BhetvidcoditywTiei cdxipekitidntall a rloddiBie s tatd WkpenliBce with values of
range of 5-25 pm and the

ticle size s in_th .
19ape Hoﬁsh Paigiabet ai Bt YsdashiP iR Prepam Rl serpen-
prifted inkilfdieNaykdonRRBEedd ANRSmith XI8d 1dyerstiies RASE £ 4P¥-C fog/2 hours
nechanj cal stwnng@ to forma conposition of 49.1 %

Rftiartigleciontiength abf 3k Vo 2137 goptiic 610, 0. 6% MIVS
and 18. 3%,DhLAK ack@wRl 2ho¥EHas m&tm%p @%@H@ngg%& prepared

al um num substrate to form coatings up t
soferipn Rt BYike kHeEom FRE Ghapisy 3 5%slissoleed i dnahtylisabBtyefope). Phe
AR Eh RRAKLMMD id 304
pt hi ck nﬂelggé‘j‘i ggd reach eg %E@%ﬁd&%ﬁg{ &@}%%%%#%I%Krﬁaﬁ ﬁddEd fo
oppig alearIRFitionsif 3.4 aaingd? el e 10004 GMTMRE0.42% BRER410,
P I EE Y o™ {116 SSAH el e B e depncipoe wit
vajussiof &8 Preatd 00 S0 prikHP Gescht 2hs 2 T hepesty vers used for the preparation of

LJ : r and 140. 08 R
e R AR L Pitka e R ERA B A Ry o er2
hpregrdrbed| 2 biglebticistrengtt 11166 BVibkns ettéginn eikkB&s 5% al umi na
E%f%}ﬁeép particle size), 0.4% MIMS, the bal ance bei ng

. The MEK was distilled out under reduced pressure

to proviAdemmeaoaiyoyhilabprepblydfer, BURad6l 0fiom, Wadkeb s used. OF

i 0 , 90 VD 05/ 115056 ] ]
EShiE B 808 e ARG B@k%—%ﬂ%?%%mﬁs%@%m Baikowski
Clionig) o2 i goof diisebutylirabohe nad H 1Sheaf acade. HenrRalenea niflédwith

fo. 1.7 00 s-1 d 2.1 P t 0 s-1.
AR gt g8l A e i M wroROB Frkiydand e
reprinivgeiibpemon vab distlddaysrsaanmain 80l P Beth @émp@iézﬂiﬁmg rdiive the

.an a a

I@éerg@ were cur eg at ;1115 C.for 2 hours 1
GIRT eCt FIEPBtPRR bR FS P RS IR s piusted 3t diisQhudiketone gnd
Iribttie. 195 ¢ jadkesdit pipadntaliol of s ahd'd fileiam Bekidd Bl 18¥%r coating,

adding a.fr I repared solution of BYK 410 (from =
BRI G ne 8 HonoR sovR i Rei50 AL Aumin,
5. 7416 Iriqias128, ¥6.53% Bives aridedl BYKosasubitaregs further

distilled and additionalthl K was added to obtain a
conposi t OBPOStHOL wAS 1 1 sceesn-potge wthogh (yrthey megification.

LayEiSierdorth@dth B Mo didedQiumidiel sbdtfesdisinh BK25 Hag eSS RFbiY

of the conposjtion had a strong shear rate dependence

cogings Wity vougd Haisknges. Thelapers wae drigdatf0 oot Trag 2pagnes, heated
10 2R Sride tedPERASHE Ui 5E A BeathBoPana Sl Ghe

screen-printed I ns ing layers on anodi
bregkdewmyatiegeTinerehsgy evith thigkmess eud wachat 5 4Vt @duos0 (2 Hickness. The

di&?%?ré{%gg@ Wa§ Lp%%}élh&d?ﬁb%]ﬁ@ﬁ Pofr 1&%‘798 ul1§ M)/ sm pn%.t 26 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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Exanple 3 A commercially avail abl e prepol yner,

Si | Res610 from Wacker was used. O 15 the Silres

610, 69.93 g were mxed with 137.00 g of al um na

owder (CR6 from Bai kowski Chime), 42.71 of
Wﬁ?‘?"%ﬁﬁﬁll ketone and 111.50 g of acetone. T%ETW%??WE”

was mlled wwth 137 g of 3 di aneter gl ass beads
for two days. The beads were Separated and the

2: egai Ei psﬂditﬁwmt 'gxt@ cmﬁetéd,sﬁeitjbﬂ ieebmms&t ﬁoMMTh i Al 680 ¢ of
L O e erat uyre 0Ore ve e .acetone, 1€ .
Iriodin o< PPl SR Rigraent mat ‘fr}li)“i’f@a?ﬁ tifanaum dioxidg this fager coating,

earl escent I gnent nmade o mcC an atlt_anlum .
Sl@’ﬁf‘&%?lﬁl& A% E’S| Pgafs@ OREG 3BT g0 th‘avjilﬂ FAEF & Trreips R precyingts only.
Ao ot a8 fephieled beif AR f1cR tiad e HNG Sbotctls are

O al um , . ol 1 odi.n , . 20. ool res

trgpifgreding ’-‘Téﬂ.d%g%- a%? ﬁa&ui 3ffaghed i rotatioral cypnoeigrwhse thmwhole

(qBddkitaBibdl ) dndiinSTTaBRGreRn Edvhd Wndival SYOMBKS 18 Fdal@Ed. The evaporation is
npdi fication.  Layers were printed on anodi zed

carfiod QPR PIRBeAsgtRPetAlin gp p Hise (pand de@rpasing pressuredayya to 80-

252Bm h&g@a?t& RChYeRE kR LN @S SDncehR B dnH QD SHWBLRI content.
dried at_ 80 for at least 20 mnutes, heated to the
curing t BIFEMReTHE was syitablefpracresp-griniing withoatifugther amdification.

Lalyer whR: phinfd o8 Slunkhin sibseAAGNE 2 404 1R@fschRl FABRE Qoa%ésqvith

t.hi ckness and reached 5 kV at "about 50 pmthickness:

vanipbthickpess. dde fqyers sterectiigd lat 06 faprents IPamenips, hegeddvthpmuring
| A i.all
PR AR 20 AROS  Mo et TR A b o

in@fased with Bidkness aBilBachdd4 BY apahwet @ pm thdkness The TOattg Gaof
gl W i1 Ll e drich), 19.00 g of
th Il sogﬁg}ﬁﬁﬁé{fgﬁ%@g\gg . g of acetone. The m xture
Expmglefi [ | ed with 55 g of 3 nm dianeter gl ass beads
for thre . 2 (115056 PCT/ 1 B2005/ 051579 10
after 't recotioiatl s Eage BRI WlReoF e kR e usea. of
the Biben 41023434 ¢ wandix€d @h 88.04 g of alumitium KRB d{ powder (Aldrich), 33.64g

: t.~BLgnent pmade. of. i nd .a..t it ani um
of B SRR R AR SR Gimit 2 B i it Bhelapt e 5193 o
of agetpnaditednixtiteravisanilieswilesd of Dnoaliagadrplanbeadhfok ticealays.
few tine Subsequent | the.jar is placed once
agai n in fipr i dn b@nlqglls \ é’?%edi’ Fle 1145 ﬁ%ﬁewgv$o€°n6 “ﬁﬁ A @78 g of
Iripdih 23 (Hpedfleseent ipignsent hadegif afke abé atismAiredisapaihat 18gr coating,
usi a pesh filter and the liquid contents are .
vl MERR) 50 Bl e it St SR end Peonti s
Subeqaentl gt jaois @1ac@i/cﬂi)6&giﬂ?to\&ﬁﬁﬁﬂl Wikge 1b@datns for one mimm?c only.
guantitatively) amount of ace e and sonme anpunt o
AfsP R s g e SRR it Sl R o o b e
ha:gafd‘&ﬂ ib ecrueaﬂhgkg'rheemmdle isaitibidhed toih loRtifkhl S%mf@toiiﬂﬂere the whole
ecreasin ressure do to 80- . i f necessary,
(QItaBtlfa%‘f?fYée@D‘?%@?ﬁr%ﬁe@A@ eiaalgwwfi’éﬁ?ﬂ%?m%ﬁwaw%m is
cargied bt vEER R Adasing BmPBRNEOIINE 90 HeHOO aM@Scciddbih@PleSufeWown to 80-
scr ]e_len-JJr inting wt h&ut further nodification. )
25 mm Hg if necessary to achieve the planned sohids concentration of 82 wi% 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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Layers were printed on al um num substrates using a
325 nesh screen to formcoatings wwth varied
t hi ckness. The | ayers were dried at 80 C for at | east
20 nminutes, heated to the curing tenperature at 5
WA & and cured at 430 C for 360 mi nut BET/THHES051579
br eakdown vol tage increased \f\nth t hi ckness and
reached 4 kV at about 60 mthickness. The coating has
m@eébEd whie fhidkhese XRERERA 45081 4tiaBbiR 5O pafthili®eRDMh&coating has a
Exapple 5 A c rmermally ai | abl e prepol yner,
EEIP PRI 252 \Bﬁ@?%sed O the Silres 610,
E;éiﬂslpﬁAsg was m xed with 28 14 g of alum numnitride
powder (Al drich), 33.64 of . al umi na powder (CR6 fro
Bai kows kf* Cemmgrcily azazlﬂlals PEFPEEMAE S&Bﬁf@ﬁk@t%#@eraw used. Of

th@SﬂrQ§61® 26516 @e@&&e@wnﬁb% m ébﬂﬂ&nﬁ@ﬁoﬁ&ér kels %ﬁ/bﬁlhsaﬁéwsh

rﬁ’ Hm di_apet er_gl ass t hree days.

pL7 8t fusopgiilseiancand 3t1 Pré% %fraC?tgnw Theomigre W@Wﬂﬁ’é with

320’lg|df3&h’iﬁ AfimRr BlaieadsiibicBiZA. (2 pear| escent pi gnent
made of mca and a titanium OX|deth|nIa er

coat i ng, Afteh pdiEieds FoptetRmb rﬂE'M)‘T ig FeEnoxerbiEem thpweﬂlj agfl 53.45 g of

i @A1 Bda PERRscBHHigh AP tha @ \GHRiBa AndfaOWrkinlBRxide thin layer coating,
Subsequent lq)é the jar is placed once again into"the

avpilaple mM@r } arg agesrnEherigis srated ppenasain gpd shakeam famitianes.

Sub&'qﬁeﬂt ?%g}ﬁﬁ%lé&@@gﬁe F-Gn REPAE AP dnsts it Ren § emmute only.
I'ter and thé liquid contents are trans

Aﬁf@ higthe glgsgdbeadspge Sfeperéﬂ%d pegng e mgeair engl the h@tuét:fmﬁmﬁ are
tra@YERA B4 SbuntiBie ThE ﬁas‘ﬁ@@ét%ch&iqb@ﬁﬂtfoﬂél le¥ OYa)t %@w}ﬁe whole

of acetone and sone anpunt of iIs re
(eptifstydY)isgruntef ageigueinadsag ammléte?f DIﬁKrlémowrgi The evaporation is

.cafri%maﬁtr kgl lﬁ‘créé@m% @en%raqﬁg ufrt Pl @G ﬁ&!r{]hgmg é?e%ﬁﬂé §own to 80-

down to 80- I f necessary to ac
25pprg rﬁgelﬁlﬂf@eﬂswéo edisve e pianpestsobifls @206@@%0@@& B wtBrsplecheontent.

30 The chRRGsbiRA M@%mmetﬂpé&eeﬁ BlintSE AR R ification.

wi t hout further nodification. ﬁ%ers were printe
Layers wiereopminted s elumieun whstriesasiges 3 sahshsmeerew fom f:@l:lngs thh

‘Vmgrl ed at %E%y gr@}reget EEEEW%“%%‘?@Q h%ﬁ?detotﬂheecmmg

tergperdtwrg at § Yirpér mtetaned catd 5t 430 forr 3atoaimated Tbeulmeﬁ(daﬁvn 4@lfage

8] BB BSOS BP0 CLIoT RSt e gpitpe s

th&dnakﬂxpasmamﬁﬁmeﬂeﬂg”ﬁmﬂprﬁ/ﬂ(v at about 50 mthickness.
EThe goatl ng has a thermal expansion coefficient of
58P ]f ppm K. Exanple 6 A commercially avail able

prepol y e heatif biB@sH ¥s i)fe@mamﬁﬂﬁag WS h%a%]ggl eleﬁélflt fRord K€
1go

Al e RSB i P B RIS fescehs i YR8, &7

cofuctivd 0k why/priceddsnethia MefeSih Qwb Bhs@fusia @ b@REprepdM& according to
mxture%]rvséaef mlled with 320 g of 3 nmdianeter gl ass

thaFECIPREF YOl e days. After the milling is conpl eted,
the jar A Bydr@y@y@cknis 0y bleparéd frbm 3MeBs &ﬁnahﬁiﬁethoxysﬂane,

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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Iriodinl23 (a pearlescent pignment nmade of mca and a

titaniumdioxide thin |layer coating, 10 avail able

from Merck) are added. The jar is seal ed once again

and shaken a few tinmes. Subsequently, the jar is _
WOtE3%nce again into the mill where it rehal/HEMEP1S™

one mnute only. After this &he gl ass beads are

separated using a mesh filtet?and the liquid contents

are trama‘reélﬁ@dl sfahebde el ddsiorabpe flask is

h ttached to a rotational, evaporator where the whol e
S BRI AL IOSSRIRHRD 1 Ptk Werg eed i S EmES aftbtmxtes.

Ak Bifcihda hahdpéfshus fade: W24PRERN WAthivwhs léeen—];ﬁﬁfeﬁ'oﬁ d.i8 Hsulating

nder 1 ncreasing tenperature up to 90 deg C
solbl Fierafi SORICRPEPRGEA S b Do e P et e A0)C and

fo]!o@veacblji b 8¥Rnd Eﬁdﬁétﬂ?@ ek Gel A%ie Ree M ot @m@f dofide W0
sol I cont ent . he COITpOSI ti on was sulta

soregny priteddayeh Wﬁﬁ@lbwwf&bftwqé@f Bk Crrriomhle sk bter Hagy dieicness of

bR 6 Rl SkkePRs iR AT ST YEBS U BST & ing a 325 nesh
¢ scr eled%1 to forem (S:loatl ngs wth }%Félg&téhl ckness. The

| ayers waeexamileheating Blgm@ltfv‘cﬁﬁ C@mettt@fhtsta p@@'emupply 05230 Volis at
a sﬁ&ﬁfe%vsxepd&tﬁ% SEH7 kR0 gﬁé?iéﬂag pia gstr ?}]far% ad‘}%gteed to

and cured at 430 C for 3 Prea
16Q &F. (Thg sarhpie Wesssvbigctad torentaetivsidns S}sclfaﬂdlonearﬂné Halb ak Movabir) for

606RARL e coating has .a thernmal
expanglﬁ%s%ée’;yf%gﬁggtﬁfeot&% 8 ppm K. Exanple 7 A
Expreple#ng el enent was prepared st art| ng with a heating
el ement LhAS rovi de
an i nsulpg%%ﬁﬁgga %lgn)}é? @é%@gﬂt i r';ﬁl egaa%ng glengen q/&oman
alugimsusbstvae nrodided wisls apiniuliting lzmer asrdesmbaiym fexdniplé SVQA

t di
oSSR Tle b e i B A S oSSR Bt apuartie o
thefreqippn 2B bgloams of et hyI tri ethoxysilane, 106 grans

i xtur o St R S Rl G SoRour s, To

: meﬂlgﬁrnghmlﬂmﬁ, 1065 gramschf wlates,iagd ﬂﬁ)@ram ef Q“&&l gct’eﬂl‘mmdlf'l‘he mixture

QIRLGI e f I r e ad
Wag partic ](é(%}y%la%h@m 2 ?8& S}Sf“"‘%’% éﬂm of
comyhemially asdatdé silver Bakasident aﬂdﬁdtvhﬂl mpaxﬂa]H seze\uelom
1] ] f ur.s. on .a.rol
SURHBEORTS bl B0 prkist Bl 08 S Tnil s sifeqpenty
bail milled &ir 3dbuis e aballdr sonvB@r56 gr ans of a 6%
hydr oxy | meth sol u in water were
added t%ﬁ%ﬁ%gﬁ%ﬁ%%ﬁéﬁ?i } &‘gter m xi ng a
hydiorypyeyleeiylcphdoe smhﬁomﬁtwm@d:remtﬂdemto\ﬁagrams of the mixture.
cree nted on said ins sol yer . made
ABBEE B Ga Ry 88 e P e P B e St Priniel Ypidmsutting
sohgeldayir inedk ﬁrm Bid- ﬁiﬁmhh zBd ﬁ(ﬁlgh@mﬂrsbm dﬂe&@ﬂségﬁ% dr1eg at %]0 °C and
congductive | ayer .that o cured_af and the
oIERERG iskd SUEbun B Tl Py are el et e s
screerHpeifited 1ayS50as Gubstqubatlp bee @350 PRYEHobRGas iyl HNEERkness of
abogff 10 yum 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/em®. The temperature of the substrate was adjusted to
230 °C. The sarople 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

about 10 pm and a sheet resistance of about 0.031 S2
per square. The exanple heating el enent was connected
to a power supply of 230 Volts at a specific power
densit of 67 Watt/cnR. The tenperature of the

WRHIN TR was adj usted to 10 160 C. The sanPFETRAL/51579
subjected to an active test ?¥cle (1 hour on and half
an hour off) for 600 hours. “The sanpl e passed this

life tesg hezﬁmg@mx@m&va@p?@aeu @ﬂnﬁ%m@themg cRIRRAT R an
starting wth a hea el enrent from an_ . al um num

ahupipyp F‘&FE‘“E) PRSI Wy FhsWA e By 28 Jeaerihed ipesramgle 3. A resistive

tradle §/8d prfsll duhB X dnSpasbudiBy £ PREYRIPNE abdoRfl WRAR: recipe
printed on this layer in tw passes using a paste

giydsieed according to the recipe given bel ow. A

hy dr ol ysh Sitfeshddd eesi&ﬁse Mcﬁ %g eRpdE OB &ﬁ?ménggm rg&)feﬁver 25
thyltriethox SI ane granms_ of water,

Sﬂgﬁr fory FeEplal4-3reef %ﬂr%ﬁcﬁ 18 resvh 84-f% gpﬁ%ﬁétonmgd bit 17rg @chIBK
b?liq htn¥ of B4 Igl u?hﬁl‘ 126 c% 8208 5B, THH h§l'lmg beads were

sis m xture grans of 20 commerci a

Seh%vd @eﬂ 168.87 B\?EFhefSll‘éPR é@qxre?reware draepfeged intg a aaﬁkt%léqveed by

va&iuﬁ?dﬂﬁiaﬁ% #%eRRe thesycléﬁyﬁg %ﬁte |a¥d1t1&1§ﬁDﬂI@W§s eQifded to produce the
- propanol wer e added he m xture which

ﬁI@lﬂw&w@@n oiy77.685p }sﬂwr,l9+68 d/o Bdves §1th et 2. Hn"oQ[BKIWI@IB the

ol AR as rRbhREd QIR %e ]laégt% Wk 1o B@nﬁgmﬂ{f@%}c&&a
6% hydroxypropyl et hyl cel | ul ose so utiron in

Spwelrgeora@:d/etbrough B0t yresrscrodn. Thereniiiepoetingg Fepfltied at 80 °C for at

1Bl 30 08B RIRARDRRYS RBRE LS R BB SRA0%, e

reen- Feu™on €aId° I isul AiNg - 286
rmﬁﬁmgm@ﬂehﬁﬂﬂﬂﬁﬁﬁﬂgﬁ&f&ﬁﬁﬁeﬂ@éanﬁﬂGMﬁﬁﬂmﬁwofBMiDh@Mﬁﬂy

sd
2 3R e e RNt e s B b S BB b 1 ne
doubl e pﬁﬁﬁmmﬁﬂﬁﬁemmgékﬂbﬁﬂMkawﬁmNWMﬁbmyab&&mp@ﬁbf}ZOVbﬁsm

d at C. £.pass Ia 1|ckn SS
= ity amrnt Aot I8F e o lE wPsaistrs rgsdto -
2302°(D.ell’he$ﬁmﬁé evas Sfdjctha t(fata:fﬁﬂieeteh Q?(tld: (1cho@t e@id thal@Shour off) for

nnected tq a power .supply of 140 Volts at a
OB 16 e PN Er £ B 25 et /. The

tenperature of the substrate was adjusted to 230 T.
The sanpl e was subjected to an active test cycle (1
hour on and half an hour off) for 600 hours. The
sanpl e passed this |life test. Exanple 9 WO .
2005/ 115056 PCT/1B2005/ 051579 13 A heating el enent
was prepared starting with a heating el enent from an
al um num substrate provided with an insulating | ayer
as described in exanple 3. Aresistive track was
printed on this layer in one pass using a paste
prepared according to the recipe




given below. 5 A silver-based resistive track was
prepared by conbining 120 g of silver (D25 silver
flake fromFerro), 14.95 g of Silres 610 resin, 34.68
g of acetone, and 12.17 g of DORK followed by 24
hours of ball mlling wth 120 g of 3 mm gl ass balls.
The mlling beads were separgted and 158.07 g of the
silver dispersion were transferred into a fl ask
faAdiewed by vacuumdistillation to renove the
acetone. Some additional DI BK was added to produce
the 10 final conposition of 77.62 %silver, 9.67 %
Silres 610ayRRg uldin blioMdde Eﬁpﬁ@lﬁ@er Sothil&l byGRRBR 1ﬁting rbased on
was measured in wei ght % paste was used print
esirgs proaurtor grdaemprisigg asprpanghilage emEopyd, phﬁrrmjﬁechmi% said
mﬁ%ﬂs%&ﬁﬁ&ﬂﬁmﬁ@%oﬁﬁﬁ&é%&ﬁ%%o&ﬁéhhﬂgél éﬁmﬂ&ked at 80
Cfor at Ileast 40 mnutes, "heated Cmn to 422
C and cured at 422 C for 15 nlnutes The resulting
track ha o
Peai stivi e o iR ey 1855t QR pmcrized sl
@ratiserat Jegst geyepripes apsorganpElhseampeundapd e splmert] at
heati ng el enents. The exanpl e heating el ement was
connected to a power supply of 220 Volts at a
Speci f i ¢ Apleywe pcadeding toylagh 2 20adeierized mthat Theeamount of solvent
fﬁ@g@&@%ﬂge of the substrate was adjusted to 230 T.

e sanple was subjected to an active test cycle (1
hour on and hal f an hour off) for 600 hours The

anpl e pas %%ﬁ] A laver. . .
f%or Use ?&nﬁgeq act:c%'rrﬁ?g% 1!8 cglbr% . zsra]rggetenze a%r)\/ouﬁ of 31nt is
sé£26¥n- printing, based on a sol-gel precursor and
conpri sing an organosil ane conpound, characterized in
that said layer is obtained froma concentrated
pr epol yney laye dCQD(Ilngelclapn échpragerize in thatlitaoperprises an insulating
Q§§§’§%hé%ngeb %én11 characterized in that the
pre er rzed sol - gel precursor at |east conprises
an organ05|lane conpound and a solvent. 3. A |layer
an’gl(,l):]?I 2%\ t 2 11?0 e ?men atl r aCt seurll 5 tgji ahyAm'sulatgxlg layer and an
ataembdlyngndlmtmﬂ layem cﬁaraﬁh%aﬁiﬂm It]iee:d‘bctrﬁalﬂ}haiuldtiﬂg Jayer comprises

unt of . sol vent 5% 5. A layer according to

AR e sk S TRe PEQTE A3 hat i ¢ comer| ses an

|nsulat|ng | ayer of a heating elenent. 6. A heating

el enent at | east conpr|3|n% an electricall
i'nsul at | rfbhqa%é’eff eraeg acgArding it elpym & ghar ?Fte‘(%%lﬂé}ﬁt the electrically

liRyRfing BRRCARHREE Zbohfuctihadarddi®. el ectrical |y
insulating |ayer conprises a |layer according to any

one of clainms 1-4. 7 A heating elenent according to

¢l ai m 6, CRARACLGhi 8dotdthelidabint §1ehEARGZEL HiRhd: Yhe electrically

insulating layer comprises anisotropic, non-conductive particles.



i nsul ating | ayer conprises non-conductive particles.

8. A heating elenent according to claim®6,

characterized in that the electrically insulating

| ayer conprises anisotropic, non-conductive

particles. 15 9. A layer according to any of clains

1-4, characterized in that it gonprises an

el ectrically conductive |layer of a heating el ement.

10. A heating element according to claim®6,
haracterized in that th electrlcall conducti ve

%ayer coftPrEE¥EOTding 13, 4y oiﬁlé’gfsdll “hgh "ir'i‘f’t%Ff?/d Brifeat fcomprises an

@ieaﬂnﬁaiylcoﬂducﬁaeldﬁ r DEAlkdatif @bBeMeNt according to claim

9, characterized in that the electrically conductive

| ayer conprises conductive and/or sem -conductive

particl es heimg WRhlen@gcoMding BPM#A, &farab@%ﬁb@d@ﬁ ’Lhﬁﬂhe electrically
partlcles in a guantity o % 0-20 % by vol une. A

REMPFRG [Bre s Sed el RiTerdine te pa ope of cleimsd et er i zed
in that the electrically conductive |ayer conprlses
metal particles., 13. A heating el enent according t

dlai m 9, Adpaiing slemntAsepriing torpkaim Phehampier edive dipd the elecmcaﬂy

GOl IMRr ANPKe BRI RERID) s loofucelphRiledlab %11 as an
particles. 14. A heating elenment according to clarm

gmop of Hetlgmepariclen myapuantthaf GPO % pivelmey  conduct i ve

| ayer conprises graphite or carbon-black particles.
15. A layer according to any of claims 1-4

dRar act ef E@QgFH”FW&F“F@W%@ﬁ%ﬁ@§e§m§wm§ﬁﬁﬂ%§@”h%§§$mmﬂy

%ncﬁcmrr%%; tSmpRR AN p8rticit. Donestic appliance
conprising a l'ayer according to any one of clains

1-4, characterized in that the donestic appliance

qenpPri ses neathaklenfdhttelordifly R)Q:'larun 9t Mlaﬁgﬁtenfbdsiﬁ 3t eloctitally
st eam cl eaner, a gar ment ¢l eaner, a-heated Ironi ng

sedugtivedaseneqmyrisessugner silvar alloy priiclen  pressuri zed
boiler for systemirons and cl eaners, a coffee maker,
a deep fat fryer, a rice cooker, a steri[izer, a
"Hét - pl at & heaiing glemgpfraccagdipg fojglaim g, dpreteritedan Bt theelectrically
‘ﬁ@ﬁc{uh@v&' 1£}@Pconﬂ)ritsé§ag§$pﬁfte oRBrboR¥ERk Mrti@erat er flow

eat er

15. A layer according to any of claims 1-4, characterized in that it comprises a

surface layer of a domestic appliance.

16. Domestic appliance comprising a layer according to any one of claims 1-4,
characterized in that the domestic appliance comprises a hair dryer, a hair styler, a steamer,
a stearmn 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, 2 hot-pot, a grill, a space heater, a waffle iron, a toaster, an

oven or 4 water flow heater.



