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conductive connection to a material or systemwhich is
operated at a relatively high tenperature. Mre

specifically, the present invention relates to a
conductive adhesive that can be used in a heating

el ement. Mreover, the preserlt invention relates to an
i,%g@ ctr.ical dOﬂEStIC appl i ance conprising the above
g Ygsisant Ales S g el ement conprising a flat heater

system general ly conprises two functional |ayers
applied on a substrate, nanely an electrically

insul ating layer and an electrically conductive

| ayer. The function of the insulating layer is to

i solate the heat- generating |ayer fromthe substrate,

whi ch may be directly accessible fromthe outside. The
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high for use on aluminum substrates. An alternative approach to the problem is to use a glass
frit mixed with conductive particles. In general, the processing of this frit requires too high
temperatures, which may damage the insulating or conducting layer or even the substrate if

aluminum, a favorable substrate for heating elements, is used. Frit glasses with lower melting
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not match the expansion coefficient of alum num

Epoxy resins conprising silver particles are widely

used for lowtenperature 5 applications, but they do

not have a good high tenperature stability.

Pol ydi et hyl si | oxane- based a#@lhesives have a better

t enperature reS| stance but again their tenperature
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used in flat heating elements for the conductive layer. In a preferred embodiment, methyltri-

ethoxysilane (MTES) based binder filled with silver particles is used. This combination of
materials is used for the conductive track and has shown no signs of degradation after 600

hours of active heating with a power density of 20 W/cm® at a track temperature of 320°C.
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hours of active heating wwth a power density of 20

Wcn2 at a track tenperature of 320C. WD 2004/ 092294
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important to select suitable solvents, It was found that ketones (for example



materials in the frequently used al cohol -based nedi um
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concentrated solution, it is inportant to sel ect

sui tabl e solvents. It was found that ketones (for

exanpl e WO 2004/ 092294 PCT/ | B2004/ 050399 4

nmet hyl et hyl ket one, met hyl i sobut yl ket one,

di i sobutyl ket one) are especidlly good sol vents for

e PUBREET 5h ShaoE oShoR bSoB ey
als: Hielazeaieial 4ndlcargnepngyid mb’s camdlelablheklsmaml\yeﬁs art h e
Lé_ﬁo%laﬁzs B a%énzﬁe tﬁl%n% %gﬁeﬁes and &9%1 o@gxeeﬁ ﬁl%%s@@f%%ﬁ?&ﬁc of
elr pote re’serious azards. 5 Apart
fsplmtsuheot yesfeered b@ausmoftt@irrmte@tfaﬂt/ Reregeiiays bealth bazars.

thi ckness abhakodt A0 biffits Rkl BEMe Wekid lztyglethi‘dfér%ssQﬁat 8an be
concentrated binder solution, mnimzation of

é’b@’é‘é@ ‘g{—ﬂp ’@ﬁ uwof 3 00§F§gatedrtélaﬂ%§glqtlﬂ% nﬁ%}{nggtllqn}pf F\ﬁlp?rﬁté)n will also
|reied the p&ssuy tnl twayeﬂ r@smh@@gefrodga{wﬁds Using this type of

resins de el, precursors_and
capabl e o S‘% Sé?!ﬁe%ref‘)lps %éi"?d fﬂo&n tgillln% 18 ST EFiPRG %R ﬁake
aajfatiletol softeningor meing Atring Cangeaciale a ft.l_rﬂler mprqumnh &lomimgreanl
t hi. [ I }
desuﬁé él%{ll? Flﬁsﬁaeo% %i ﬁ%/ Qjah%% 2 oltf?enaqihrtlpr?otﬁaﬂ)ﬁg%yl sg%leggl to the sol
el fpsnula’qlos glfct stpis ingrofieningesk melipe duing g deving aad GiriRg pl&ﬁ“d When
Ct%%ﬂ@el Qllﬂé’é %reltsv%ﬁﬂg tht a§m§ 91'00é3§ kt alls ﬂfe{%{/apﬁi%{lénsof dnR Gy
the curing process, it ards the evaporation

desrepaing el obilit vithops e formptianiof it S t";‘;ﬂswf"ﬁ%‘ﬁ fedt‘??éthe
fRNdBS bRy Byiny SkddlS IfaCobfticiakt SOthetaDIXGnyion eﬁhlﬁﬁﬁddch&

AT TN L e
rmtpaﬁedadrhb tacht bfatsidnfl stréve arsitixsmhatelt of theelmreaitexzahdlgl coefﬁ01ents then
Iegs res a@ {hg gd snp eds'o stn%t 91’?0%%§%1 ?hh?cﬁ ng@r@ duvg ee tﬁﬁee c}flerrlgrrg If
eixﬁﬁwns pubstrates elfemsech tapeosficisatp! thermal P@snswhaf th@ e e b e
ﬁ?te(pﬁta k& K-m%‘b?r@aﬂyﬁ o HicGheetAUES F tl@%f)ﬂldﬂgilv% %ﬁﬁﬁ}b’ﬁﬁc%rs e

férent “substrates are use

c%kéf i t@ﬁ fnefé?d hap g g Imi PR B1S clspirieal éonémﬁlé‘éx \V/%*ﬂ%%ﬁ? be

hefueacki u$ iR Qariaﬂorﬁm %rrﬁdtﬁl\/pz{r@dlg@n&ﬁtrékﬂh yArf@teltnEIﬁ/e and more
concentr.at i articles,

nduc
I o i Srdtarat TNk oL PBLSPIT AR Pal Pore s g
etb@cdfﬁueraﬂlat BsRaich lowet cpef\ﬁmeﬂt df tbrswl dyeansiom fhbnrdacéthe by
clop%urcﬁ Ve tp%f/fé:f%sa r%\dch fI 1lers ar%%er%mwﬁ%ﬁ&le{ gla&oih%ﬁ%f .{:Jlgt%a; lﬁ)gon rﬁﬂde
ciiliebi Cehidand ofhers H)@irhmd a lewpramg‘ﬁ@pnt pEthermali eppanpipiban thatgf the
Ss%ﬁs?r?fa ma":eleleW?gn a{gglwngﬁ sécglﬁltty&%? fifler its Iad\Jaﬁ’t‘A‘EeBus to 11m1t the

coetticlent ansi on than that of
crartiglecsize pEthp geenddiliergo b@m: 19.jof meqeyeéqr@lygg pelfy g/zo ofthe

p[ﬁlﬁtcle(‘skz@ of B! Qﬂd@%vﬁﬂaﬁfﬂeﬁ‘ \&hisSizb Hi€Brende IO themédsiirt €het the? 5
licon carbide and ot hers that Lwave

R STl ok PRIiRIES LS 7P DIOFRH by |45%€ Pgticlpspg nom-
de)b&lcﬁﬁicﬁramﬁirﬁa’cérﬁl When appl y| ng a second type of

];:c | lt ﬁ; SletCS&Higfo Y o a egrglélnggle r%leswes %r mglgﬁ t'hg lflgctl’?’ci)‘ze

t @nlaeth offiredtin2@lemets, mpemamaneatmg blemmtszread@ﬁromhel-g@bmt@r@isr “v“lef:
?%re L bk £1o& Shrinkll] %ol—sg'elzs?stgxll fof SRS SN With gllslepﬁaﬂlc%@ seli&s & PRbible

to achieve a thickness of more than 400 pm while no materials foreign to the sol-gel flat



w@enamwsat eri al .

10

15

20

25

30

connections between the conductive particles are not
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Said formul ati ons are very BUI/TR2004050399
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2reduced pressure (700 mbar) and a bath temperature of 80°C. Distillation was continued
until the evaporation rate was greatly reduced, such that 37 grams MTMS resin solution was
left in the distillation flask from the 100 g initially present.
From this resin solution, a conductive adhesive was prepared using 13.3 grams

of the solution, 15.7 grams of methylisobutylketone, and 74.2 grams of silver flakes followed



w@2m49920m of mal ei ¢ acid were m xed together.
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Exanple 1: 49.9 grans of nethyltrinmethoxysilane, 38.4
grans of nethyl ethyl ketone, 11.6 grains of water and
FCBIB2004/050399
m xture was stirred for 2 days, then filtered and
placed in a distillation flask. The sol vent was
partially distilled out at 30 a reduced pressure (700
nbar) and a bath tenperature of 80C. Distillation was
continued wuntil the evaporatéion rate vvas greatly

redquced, suc t
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ayers on an al um num substrat e.
Eh}@;mmmeasm@dlmalleuo d@hebseatmlrﬂace aﬁStaeproelmyﬁehgﬁ apm/°C, in the
§%§§ Qﬁ’%g 5 ?gbdé? rx#egsugcg ?ﬁglrlézrenllogrrgee a ag{n%fﬁe gvgﬁh 1sacle@{0QhaQt)f
@umimdn. and curing for 15 m nutes at 415C. After
curing, adhesive droplets with a height of over 1000
pm shovved good adhesi on and no cracks. The nom nal
PR Zcont ent of the cured adhesive was 52 vol % Its
coef fi ci eAtcomimetciaRy Sallablea¥da BEicOFL0 fivhaW akedwiakal dselbinder.

B SHRR A b ratR FRR HhaBfhly 6 OB
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E yl et hyl ket one (MVE 9
leP%kbfb alzowe 8208 ﬁ@eﬂalh@d@g cmcks. Biemominalfsilyek gagitentrpf ghe cured

XM R adMBS oloTirk Ic@e@ﬁcfléﬂf onlYe%ﬁal Qﬁﬁns@@ﬁ/ mbhB@pBaleT o HedBisstrate
beads. After the m!l IE’B 1 MEK was distil]| ed

uitface.gvas BRPaYMaiely B BegY SOt rieey eﬁ 1#5°CriR@0q°Cspidy identical to

aghepiMEnas deposited and cured according to 20 the
met hod described in Exanple 1. After curing, adhesive
droplets with a height of over 1000 gm showed good

adhasken and no cracks. The nomi nal silver content of

ther mal o A4EHE B e aRdreao g 9 4o BB ke SuERe Ble
sadhdsive erepanaion,diy Sikésrta0 edsip vaSmixpdnvith 25n2 4 methrlah@eet@ﬁ
]&&%) & 39118(%ut}n?6ﬁ) l} ¥10| gdzﬁﬁ}ﬁihgﬁdwdgr(,)and 58.0 g silver flakes. The mixture
was milled for over one day using 3-mm glass beads. After the milling, 13.7 g MEK was
distilled out to obtain a thixotropic liquid. The liquid adhesive was deposited and cured
according to the method described in Example 1. After curing, adhesive droplets with a

height of over 1000 um showed good adhesion and no cracks. The nominal silver content of



that of alum num 25 Exanple 3: Alumna particles were
incorporated into Silres 610 from Wacker. For the

w@oelivesyaeed preparation, 6.0 g Silres 610 resi n MEFIBRGUIH0399
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with 25.2 g nethyl ethyl ketone (MEK), 6.7 g

di i sobutyl ketone, 4.0 g al um na powder, and 58.0 g
silver flakes. The m xture 30 was mlled for over one
day using 3-nmm gl ass beads. After the milling, 13.7 g
MEK was distilled out to obt/ain a thixotropic Iiquid.
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formed. The nom nal silver content of the cured
adhesive was 52 vol% Its coefficient of thernal
to t he substr at ePGUIH20EG)50399
was approximtely 51 ppmiC 25 in the range of 125C to
300C. WD 2004/ 092294 PCT/|1B2004/ 050399 8 CLAIM: 1
An adhesive suitable for making a electrically
conductive connection to a material or system which
is operated at a relatively Wi gh tenperature, wherein
ig ﬁg dhesive is based on a sol-gel precursor. 5 2.
Al¥Pve according to claiml1, characterized in that
t he adhesive is based on a sol-gel precursor and
netal particles. 3. Adhesive according to claiml,
characterized in that the sol-gel precursor conprises
hybrid sol -gel nmaterials based on
nmet hyltri (m et hoxysil ane, 10 phenyltri (methoxysil ane,
dand/ or di phediysiecd spingbixt fmomaksiglagieetrically camheiyi gennection to a
%&9%1%'{ g&gtehqulh%h% egated%%l%&\tegl gqlecgnﬁeﬁmhp Q#;helteﬁesald adhesive
I've | ver particles or
ssMw@mnaBMGWHQGWFWCIeS 15 5. AdheS|ve according to
claim 1, wherein non-conductive particles with a size
| ess than 1/10 of the size of the, ngetal ar Icles are
iZncor por atdlesiveacepidinaty daim éc@%‘?ﬁ?rﬁgf’fléhaé esfve is based on a
w@gﬁewamﬁ&nmagﬁdmﬁimmﬁ particles with a S|ze | ess
than 1/20 of the size of the netal particles are
i ncorporated. 20 7. Object provided with an adhesive
accor di ngAtieesivk adcoming td @eif,1, dhactertzedini tirat theisel-gek thietvrserh e
m 8. An
(?m§$£§§%F8%,%é§¥@%Q§%é §%ﬁ§%ﬂ@8@§%?§?%89an adhesi ve
abeytdimighaxysilehe pnvgor ﬂlp ®5ldt(@)e@10X3cSH§\eact erized in that
the electrical donestic appliance conprlses a (stean
iron, ironing device, hair dryer, hair st
& eaner oﬁd@ﬁ@ﬁﬁ“@@é@ﬁ%@mmdaﬂﬁ@ﬂP”@@éﬁﬁ%ﬂwcﬂ%ﬁﬁgapmﬁd“
IdbﬁFﬂxgagﬂvebﬁmdvas of aebrallopfearmer, kettle, pressurized
boiler for systemirons and cleaners, coffee maker,
deep fat fryer, rice cooker, sterlllzer, hot pl ate,
hot - pot , @uhdslve aspaing tchﬂa'iné[ whengi fidneconduotive pattiolas wigh a size

Y& han Pho \é\ﬁgee srlzefof %an?aﬂga%cies are incorporated.

6. Adhesive according to claim 1, wherein non-conductive particles with a size

less than 1/20 of the size of the metal particles are incorporated.

7. Object provided with an adhesive according to claims 1 to 6, characterized in

that the thickness of the adhesive is at least 100 pm.

8. An electrical domestic appliance comprising an adhesive according to claims 1
to 6, characterized in that the electrical domestic appliance comprises a (steam) iron, ironing
device, hair dryer, hair styler, steamer or 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.



