Thin- film heating el enent The present invention
relates to a filmheating el enent conprising an
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and an electrically resistive layer, as well as to an
el ectrical domestic appliance conprising such a
heating elenment. In general, a filmheating el enent
consi sts of two functional Iayers applied on a
substrate, nanely, an electriédally insulating |ayer
ctrlcally resistive layer. Heat is generated
gﬁl @ﬂﬁgﬁmﬁdmn &ctrical current t hrough the ?esistive
Iayer. The function of the insulating layer is to
i solate the heat-generating resistive |layer fromthe
metal substrate, which may be directly accessible from
the outside. The resistive |layer can be electrically
contacted with a supply voltage via highly conductive
tracks. These conductive track re generally
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These films are mainly prepared by means of evaporation techniques or via

pyrolysis of precursor solutions.

A thin-film heating element is known from U.S. Pat. No. 4,889,974. Said
patent discloses a thin-film heating element prepared by means of a wet-chemical process.
This thin-film heating element consists of a resistive layer applied directly on an isolating
substrate such as a hard glass substrate, a quartz glass substrate, or a ceramic substrate. An
SnO; film doped with acceptor- and donor-forming elements is described as a resistive layer.
The films are manufactured from a solution by means of a spray pyrolysis process followed
by curing at 600°C.

A number of patents disclose thin-film heaters on electrically conductive

substrates, e.g. steel. An insulating layer (e.g. polymer, enamel, etc.) is applied on these
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by curing at 600 C. A nunber of patents disclose thin-
filmheaterson electrically conductive substrates,
An insulating layer (e.g. polynmerpPCEmE0®/(52382
etc.) is applied on theseelectrically conductive
substrates in order to insulate the resistive |ayer
fromthe substrate. Athin resistive layer is applied
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aims to prov1de an electrlcal domestlc appliance including such a heating element, as well as

to a method of manufacturing said heating element.

These and other objects of the invention are achieved by a film heating
element, at least comprising an aluminum substrate, an electrically insulating layer which is
based on a sol-gel precursor, and an electrically resistive layer with a thickness smaller than 2
pm.

A heating element according to the invention has several advantages. First of
all no crack formation is observed when the heating element is exposed to temperature cycles
between 20 and 300 °C.
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al um num substrate, an electrically insulating |ayer
whi ch is based on a sol-gel precursor, and an
electrically resistive layer with a thickness smaller
than 2 m. A heating el enent according to the

i nventi on has several advantaées First of all no
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insulating layer that is based on a sol-gel precursor.

The application of an electrically insulating layer based on a sol-gel precursor
provides several advantages. First of all, the sol-gel precursor based layer shows excellent
electrical insulating properties. The carbon content of a sol-gel precursor based material is
sufficiently low to prevent the formation of a carbonized conductive track in case of failure
of the heating, thereby providing a safe heating element. Also, sol-gel materials have a high
thermal conductivity which is in the order of magnitude of 0.1-2 W/m/°K. Furthermore, sol-
gel precursors can be processed at temperatures below 400° C, which makes this material
suitable to be applied directly to aluminum substrates. Due to the lower curing temperature of
the hybrid sol-gel precursor, the mechanical properties of the aluminum will be maintained.
The sol-gel precursor is preferably applied on an anodized aluminum substrate, to ensure

good adhesion of the sol-gel layer.
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conprises an electrically insulating layer that is
based on a sol-gel precursor. The application of an
electrically insulating | ayer based on a sol -ge
precursor provides several advantages. First of all
t he sol -gel precursor based Iéyer shows excel | ent
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materlals is st111 low, so carbomzed conductive tracks across the insulating layer will not
form after failure, making a safe heating element. The maximum layer thickness of coatings
made from hybrid precursors is relatively high, compared to the maximum layer thickness of
coatings made from non-hybrid sol-gel materials. Therefore, the layers can be deposited in
one or at most two steps without intermediate curing.

Advantageously, the electrically insulating layer comprises non-conductive
particles.

A fraction of said non-conductive particles preferably has a flake-like shape
and a longest dimension of 2-500 um, preferably from 2 to 150 um, and more preferably
from 5 to 60 pm. These flake-like non-conductive particles are based on oxides such as, for
example, mica or clay, and/or surface-modified mica or clay particles with a coating of

titanium dioxide, aluminum oxide, and/or silicon dioxide. The flake-like material content in
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sol -gel precursor conprises an organosil ane conpound
fromthe group of al kyl -al koxysilanes. Preferably, the
hybri d sol -gel precursor conprises
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The conductive layer may consist of a metal, e.g. aluminum, or of a hybrid
material such as PI/Ag, or a sol-gel/Ag paste. The conductive layer may be applied by means
of (A)CDV, PVD, magnetron sputtering, thermal spraying, and wet-chemical or screen
printing techniques.

The preferred technique for applying the conductive tracks is screen printing.
Commercially available metal powders may be used for the conductive track. It is preferred
to use silver or silver alloy particles

Other metals and semiconductors may be used in making conductive layers for
the application, provided they have a sufficiently high temperature stability in the sol-gel
matrix. The use of MTMS or MTES precursors reduces the rate of oxidation of silver and

graphite particles at high temperatures of the heating element. In that respect it has been
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heati ng up and cooling down of the elenent. In the
preferred enbodi nent, the non-conductive particles are
form Exanpl es thereof aPET/BACHKES2382
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preferred The invention also relates to a method of manufacturing a heating element

according to the invention, at least comprising the steps of: providing an aluminum substrate;
applying an electrically insulating layer on said substrate; and applying a resistive layer on
top of the electrically insulating layer, characterized in that the electrically insulating layer is
obtained by means of a sol-gel process and the resistive layer has a thickness smaller than 2
pm. In particular, the sol-gel process at least comprises the step of mixing an organosilane

compound with water,

The invention will be further elucidated in the following manufacturing

example.

Example

A 200 nm thin layer (72*64 mm) of ITO (90 wt % In,O3, 10 wt% SnO, purity

more than 99.99%) was applied by means of DC magnetron sputtering in an argon/oxygen



to use silver or silver alloy particles Gther netals
and sem conductors nmay be used in naking conductive

wo 2008/05108Dr t he application, provided they havECHIB2004/052382
sufficiently high tenperature stability in the sol-ge
matri x. The use of MIMS or MIES precursors reduces the
rate of oxidation of silver and graphite particles at
hi gh tenperatures of the heating elenment. In that
respect it has been6 noted that graphite in an MIES
denlyad. R £ i doha HERR
e PRLL 002N ) ARl i el Beh 03 BP0
sePwelfPRsitionseeed &) np/mimiontalag8 emdkick ipaldtipg lapenpaisd omalepdael
t Reduft6r daah biuGlirRnGRaRae Nt uctiWYEy ?ﬁﬁgbm&@s@,@%ﬁﬁy
S Iuthg. t%grox§g-propylnethyl cellulose is )

LEoP LY EhouE, Kby Kk vwree dlisd fy greansipf seaven grinting; Afigr fixying for 30
5 Zlﬁin)ltesl'ﬁt sova, hlﬂ'lea_olm'll(lgh/e g@'bﬂ W3 QurB®@ion$0 1inﬁ1ut@$j£iB¢5 ‘;G)inﬁﬁ gyent
rving of. the ink and subhseqgyent . cloggi ng.of t
e By e SRR e i 6o Bk et 27 200 or
c4iZf. oen thistlaye) her pol ar sol vents, preferably al cohol s,
are also fg iate ' A .
R RARLP Bl (L A Kbty LS ELRRRR b o

may be covere
t RopELensiY 8920} Wreai” i 3/subsiiate dempsatuge ssitiog eC240V@ | ayer

agai nst nechani cal damage during handling of the
element. Wth the use of, for instance, silica-filled
hybrid sol -gel solution, for exanple based on MIMS, a
screen-printable fornul ati on can be easily made. The
applied topcoat |ayer nay be co-cured with the
conductive layer and the resistive layer. The
invention further relates to an electrical donmestic
appl i ance conprising at |east the heating el enent of
the invention. Heating elenents of the present
invention are very suitable for heating elenments in

| aundry irons, especially for the controlled formation
of steam for which high power densities are required.
However, the heating elenents are also very suitable
for other domestic applications |ike hair dryers, hair
stylers, steaners and steam cl eaners, garnent

cl eaners, heated ironing boards, facial steaners,
kettles, pressurized boilers for systemirons and

cl eaners, coffee makers, deep-fat fryers, rice
cookers, sterilizers, hot



pl ates, hot-pots, grills, space heaters, waffle irons,
toasters, ovens, or water flow heaters. The invention

wabk@s/oswhat es to a nethod of manufacturing a hPEr/iBRG04/052382
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el ement according to the invention, at |east
conprising the steps of: providing an al um num
substrate; applying an electrically insulating |ayer
on said substrate; and applying a resistive |ayer on
top of the electrically insul ting |ayer,
chpk@fdlerized in that the electrically insulating
| ayer 1s obtained by neans of a sol-gel process and
the resistive layer has a thickness snmaller than 2 m.
In particular, the sol-gel process at |east conprises
the step of m xing an organosil ane conpound w th
water. The invention will be further elucidated in the
foll owi ng manufacturing exanple. Exanple A 200 n thin
| hyer (72%6lmheptingfeleptpa 4t destwempyising arlumpugysYhsBate an
Pactricyiiy RS uRtiA BT er HBich B0BhsWBR 2 8REIpRAuDY, T8 3R Sle@ficaliFesistive
netrogv%§¥tter|n i n an argon/ oxygen7 at nosphere

ma !
wWifeRWEh # Sﬁsn?@srdg@a&% system (starting initial
pressure below 4.0* 6 nBar, deposition speed 20

m n) ont 50 mthick insulating |l.ayer based on a .
?gl{ - gel p%e@hnr %ngl%mgw aéflﬁ'me%l?ﬁia% g’s‘?l]%eﬂrbt.he %?)Wbcl?rﬁ)f jeyeiive
| lageecanpfifs p\grotgasethatpadt e, PMA37 by Acheson) of about
mm thick were applied by neans of screen printing.

After dryiqﬁ for 30 mnutes at 80 C, the conductive
IJayer was Adfiimdwatingelegigntiad pleimedinglain® ¥ 6r dxiin2, wherein the sol-gel

Are0SBNSS Brbrid E@—g@l%ﬁééhxtsi){bgmﬁ%ﬁlg%g gfé\glvrﬁ)lsjflla%e @Qﬂ}&md?’ 6 W

with a surface resistance of (for a 25.5 mMm
thick layer) After application of a voltage, the

reesul ti ng AeatngREnRhREElRine® Pelaih 8 Schivadtélized MAMK the organosilane
densi tx of 20 V\Ithcmz. ae% a siubstra g telirLTPpé(er,ature setting
P30 e R S i oI AL Py ATOHBRIAIS | oast
conprising an alum num substrate, an electrically

i 1S ulatin a lle é@relem. t%lé] clial&eg’ ﬁllsc?a(ﬂn ?,nwl%fgnotlhé ﬁeeatiré%’ elemetnhfurther
precursor, ar] an electrica y resistive ay W a
topmplisseseondyetiyd layer.t han 2 m .

6. An electrical domestic appliance comprising at least a heating element in

accordance with any one of claims 1 to 5.

7. An electrical domestic appliance according to claim 6, characterized in that the
electrical domestic appliance comprises a (steam) iron, a hair dryer, a hair styler, a steamer
and 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.

8. A method of manufacturing a heating element according to any one of claims
1 to 6, at least comprising the steps of: providing an aluminum substrate; applying an

electrically insulating layer on said substrate; and applying a resistive layer on top of the



2. Afilmheating elenent as clainmed in claim1,
wherein the electrically resistive |ayer conprises an

wo pwsgsmdr material. 3. A filmheating el enentPEEIB2004/052382
claimed in claim1 or claim?2, wherein the sol-ge
precursor is a hybrid sol-gel precursor conprising an
or ganosi | ane conpound. 4. A heating el enent as cl ai ned
in claim3, characterized in that the organosil ane
conmpound conprises nethyl -tri et hoxysil ane or

c e b REE: Tt i Bl B8 ey g ffer s obsined
fhyrnpdaes of @ Sekeel wewsssand e duistivievayet ey e thickBess gumlled teat 2 jincal
donestic appliance conprising at | east a heating

el enment in accordance with any one of clains 1 to 5.
7. An electrical donestic appliance according to claim
6, characterized in that the electrical donmestic
appl i ance conprises a (stean) iron, a hair dryer, a
hair styler, a steaner and a steam cl eaner, a garnent
cl eaner, a heated ironing board, a facial steaner, a
kettle, a pressurized boiler for systemirons and

cl eaners, 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. 8. A nmethod of nmanufacturing a
heati ng el enent according to any one of clains 1to 6,
at least conprising the steps of: providing an

al um num substrate; applying an electrically
insulating |ayer on said substrate; and applying a
resistive layer on top of theelectrically insulating

| ayer, characterized in that the electrically

insul ating layer is obtained by neans of a sol-ge
process and the resistive |layer has a thickness

smal ler than 2 m.



