WO 03/ 046241 1 2 SEP 2005 PCT/ FR0O2/ 04079 Ferromagnetic alloy for induction

cooki ng The present

(0]

carried out B 03(04f2#ds of an inductor generally repl FBEREBANT %
gl ass-ceramc plate that is transparent to the electronagnetic wave
whi ch plate the cooking vessel whose contents it is desired to heat
The circulation of the high-frequency current in the 15 ind
creates a magnetic field that induces eddy .currents in the vessel,

heats by the Joul e H4%madnpiie aldayc£osn iRERCEAGD FPEKIBY t hr ee

phenonena t hese belng the transfer of energy fromthe ind
t he vessel

pl aced.

physi cal

energy into

| ect t th f t
e R VESEE Y e S oot Q6 SaRORERdr v

t ransm ssbonmofrehearawi actbheriml icbaddetli onfdmo tpeoﬁoodngZSIEhﬂny@ﬁ

becones,

Wi t Ryt fh%nlt@d% 0Ny A1 AL LG s Ald n%ﬂtatOfa£%'aCfF@?%].ences3ﬂf%Ee

is mnthln itsel

t hat e ener gy conversion takes "o

invention relates to a ferronagnetic alloy 5 nore
particularly intended for producing heating el enents f fﬁjgggxfs
are intended for |nduct|on cooki ng. The cooki ng of fo

sel s that
nis

s, on
is

uct or

whi ch t hen

successf ul
uctor to
rical

sel
m since it
w t her nal

inertia and &Dﬁﬂgﬁléﬁeﬁgykéﬂﬂ|0|ency 30 There are also speci fic cooking
appliances with no glass-ceramc plates, for which the materials fo

subj ect of t
achi eve good

t nmust aéoo he manuf acture, of coqQking ves

s pate
T P S Bt el R b oS e TRAUG o Rav R ot SHorebhn Hih

rmng the
s. 35 To
ving a

hi gh el etfri o@lansonddct ewi t yndndtoa highe sl ¥ f iogtiaredf ddreeamgnetic field

at the

15

20

25

30

35

glass—ceramic plate that is transparent to the
electromagnetic waves, on which plate the cooking
vessel whose contents it i1s desired to heat is placed.
The circulation of the high-frequency current in the
inductor creates a magnetic field that induces eddy
currents in the wvessel, which then heats by the Joule
effect. Thus, induction heating involves three
successful physical phenomena, these being the transfer
of energy from the inductor to the vessel
electromagnetically, then the conversion of the
electrical energy into heat in the vessel by the Joule
effect and finally the transmission of heat via thermal
conduction to the food.

The vessel becomes, with the induction, an active
element of the heating system since it is within itself
that the energy conversion takes place, hence a low

thermal inertia and a high energy efficiency.

There are also specific cooking appliances with no
glass-ceramic plates, for which the materials forming
the subject of this patent must allow the manufacture

of cooking wvessels.

To achieve good energy efficiency, these vessels have
metal bottoms having a high electrical conductivity and
a high amplification of the magnetic £field at the
operating freguencies used, which are between 20 and
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vessel maintains 1ts geometry, in particular the

flatness of the bottom in contact with the top of the

15 inductor. In fact, when a wvessel is heated, its bottom

tends to expand. The side wall of the wvessel, also

called the skirt, is heated to a lower temperature than

the bottom and therefore expands less, thereby exerting

a radial compressive stress on this bottom. The latter

20 can therefore expand only by blowing out. This degrades

the energy efficiency of the assembly and the consumer

is disconcerted by the noise and the unpleasantness

that it produces. This effect is reversible during the

first few times that the vessel is used, but it may

25 lead to irreversible degradation after a large number

' of these thermal cycles by structural transformation of

the materials of +the bottom. This phenomenon is

particularly sensitive when only the bottom of the

vessel <contains a highly conductive material (for

30 example aluminum or copper).

In the case of multilayer materials in which the
various layers generally have very different expansion
coefficients, this difference in ccefficient introduces
35 a bimetallic strip effect, which tends both to deform
the bottom of the vessel and to make the adhesion of
the wvarious layers undergo irreversible change, leading
to localized debonding, and therefore to a significant

loss of efficiency of the vessel.
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!
To remedy this problem, FR 2 453 627 proposes the

15 manufacture of a vessel bottom made of a three-layer

material comprising an alloy whose Curie point is
between 60 and 200°C. As long as the temperature of the
vessel 1is below the Curie point, the alloy is
ferromagnetic and induced-current losses that heat the
20 vessel can occur. As soon as the temperature of the
vessel exceeds the Curie point, the alloy is no longer
ferromagnetic and the heating ceases, to resume again
as soon as the temperature of the wvessel falls below
the Curie point. The vessel 1is therefore thermally
25 regulated. However, such a material is not suited to

\ the cooking or frying of food, which requires

temperatures ranging from 220 to 320°C to be reached.
Furthermore, nothing is proposed in that patent to

ensure good geometrical stability of the wvessel and

30 good corrosion resistance of both faces of the vessel.

The same principle is adopted in FR 2 689 748, in which

it is proposed to manufacture vessels made of a three- i
layer material that includes an alloy such as Fe64Ni3¢,
35 the Curie point of which is 250°C. However, this type
of alley has a very mediocre corrosion resistance and a
very low expansion coefficient. This alloy is pressed

against a metal layer having a markedly higher

expansion coefficient, which results in deformation of
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resistance of which is good on both its faces, said
vessel furthermore having to allow food to be cooked or
fried at a temperature automatically regulated by the
15 wvessel, between 30 and 350°C. Furthermore, this alloy
must be able to be processed by pressing, drawing,
cutting and machining, or any other suitable process,

and must generate high induced-current losses.

20 For this purpose, the first subject of the invention is
a ferromagnetic alloy whose chemical composition
comprises, in percent by weight:

32.5% = Ni = 72.5%
% = Cr = 18%
25 0.01% = Mn =< 4%
) C = 1%
optionally one or more elements chosen from Mo, V, Co,
Cu, Si, W, Nb and Al, the sum ¢f the contents of these
elements being less than or equal to 10%, the balance

30 being iron and impurities resulting from the smelting,
the chemical composition furthermore satisfying the
following relationships:

Cr -1.1Ni + 23.25 =< 0%
A5Cr + 11INi = 1360
35 Ni + 3Cr = 60% if Ni = 37.5
Cr =2 7.5 if Ni = 37.5.

In a preferred embodiment, the alloy has a nickel

content between 35 and 50%Ni and contains no elements
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all oy has a VAaPganed® %t%lrﬂtoyoflsgrté‘ﬁrera e Srasfual 4y 0. 1% so 20 as to

make the all oy easier to process I n another preferred enbodi nent, the alloy
has a ga es t an, or 5%, 25 In an e
pr ef errglgﬁ nglﬁ?dgrr(rgs‘%?éft ’é‘%‘r oy Has dj&ﬁri' f]a?%rlea ?l%g?geen 30 and
350C, a therd@thtent of between 48 and 52% and a chromium content

between 7 and 10%.

In another preferred embodiment, the alloy has a nickel
15 content of greater than or equal to 52% and more
particularly preferably greater than 55%.

In another preferred embodiment, the alloy has a
manganese content of greater than or equal to 0.1% so

20 as to make the alloy easier to process.

In another preferred embodiment, +the alloy has a

manganese content of less than or equal to 0.5%.

25 In another preferred embodiment, the alloy has a Curie

, temperature T. of between 30 and 350°C, a thermal
expansion coefficient ;. between room temperature and

T. of greater than or equal to 6.5 x 107® K', or even

greater than 9 x 10°® K!, and a saturation induction B,

30 of greater than or eqﬁal to 0.2 T, or even greater than

0.5 T, and the maximum oxidation current Ig.x of said

alloy in a voltage-current corrosion test in acid

medium is less than 1 mA.

35 A second subject of the invention is the use of an
alloy according to the invention for producing
monolayer or multilayer heating elements, such as
monolayer bottoms, for cooking vessels intended for

induction cooking.




expansion coefficient aTC between roomtenperature and T. of greater than or
equal to 6.5 x 10-6 greater than 9 x 10-6 K-', and a saturation 30 K-1 . or

even induction BS of greater than or equal to 0.2 T, or Zféggfazﬁ 0 5T,
and the maxi num oxi dation current Imax of alloy in a voltég corrosion

mediumis less than 1 mA. test in than ©said acid 35 A second subject of the
I nvention is the use of an alloy according to the invention for producing
nonol ayer or nultilayer heating el enents, such as nonol ayer bottons, for

cooki ng vessehs hi&eaeshd abnromiduetddHt Saoki 9g. tﬁe2a§f<l§’y299§ord§n§fhe ni ckel
and chrom um cont.ents of he allog?accordlng t.o the invention nake it

possi bl e to 5¢hi'dfe dBBﬁn dPBwaBT Kt i * &Gt aBFREEYe pIReability and
5 nachlnablIdrgwaﬂiﬁmtyufymauMaalwhlposatbbe1ﬁoyachpeéesagomﬂtQX|ahd|on

reS|stangp |ﬂ |né§?HH$LZOF¥§g Egggp %%Q%xﬁgb ﬁégggb SS|stan e, eggrthernnre

the all oy accor tiron goo COTr 03T On resi stance in
a humi d at noSpheér exifataend nesdisranged im basi c anetli abpoi veryargdedil ar as

regards aesthst i SoRARREHANCS iad nJaondegradability of the vessel. To deternine
the corrosion resistance of the alloy, a current I/voltage 15 Utest is

carried out in 0.01M sulfuric acid nmedium taking the alloy as one el ectrode
and i nposi ngryath@tisore, the alloy according to the invention

10 exhibits good corrosion resistance in a humid
atmosphere, in acid medium and in basic medium, in
particular as regards aesthetic appearance and
nondegradability of the vessel. To determine the
corrosion resistance of the alloy, a current I/voltage

15 U test is carried out in O0.01M sulfuric acid medium,
taking the alloy as one electrode and imposing various
voltage wvalues relative to a platinum electrode.
Varicus wvalues of I in correspondence with various
values of U are measured and the maximum value Ipa, of I

20 that characterizes the corrosion resistance of the
alloy is determined. In oxder for the magnetic alloy
not to be visually affected on the surface by corrosion
in a basic or acid medium or in a humid atmosphere, it
is necessary that In.x < 1 mA, which condition is met by

25 the alloy according to the invention.

The present inventors have also been able to
demonstrate that the alloy according to the invention
has a Curie temperature of between 30 and 350°C, which

30 makes it possible to stabilize the temperature within
the wusuwal cooking range for food and below the
threshold for degradation of the possible nonstick
coatings. The Curie temperature of the alloy is
preferably less than or equal to 320°C.

35
Such a function of the alloy makes it possible to
prevent both accidental burning of the food and the
user, and the accelerated degradation of the wvessel
owling to the coupled effects of the temperature and the
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to be d'nensbeﬁﬁhéy V& Yparticular when a ferritic or austenitic

| stainless steel is pressed against the other side of

the aluminum layer.
15
This feature of the alloy according to the invention
also makes it possible, in combination with its heating
being limited to 350°C, to guarantee that its bonding
to an aluminum layer withstands many hours of
20 operation.

The two factors that accelerate the aging of this bond
are the temperature and the bimetallic strip effect
associlated with the difference in expansion coefficient -
25 Dbetween aluminum and the ferromagnetic alloy. The
' temperature factor 1is greatly restricted by the
temperature self-regulation associated with the Curie

point.

30 The bimetallic strip effect due to the differences in
thermal expansion coefficient of the materials could
generate reciprocal stresses between the materials and
therefore, in operation, a creep phenomenon thermally
activated under cyclic stress, leading little by little

35 to the materials assuming the hot stable form despite
the rigidity that may be initially given by a thick
layer of one of the materials. This would result in the
bottom of the vessel bowing out, or else in
deterioration of the interlayer bonding by the same
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¥

15 Example 1

A magnetic alloy, the composition of which contained
39.3% iron, 50% nickel, 10% chromium, 0.5% manganese
and 0.2% silicon, was produced. This alloy had a Curie
20 temperature Te of about 230°C and a thermal expansion
coefficient between room temperature and 230°C, 0O2s-230°,
of 10 x 107® K™'. Pressed onto a strip of this alloy was
a strip of aluminum, the thermal expansion coefficient
~of which at 0°C, agc, was greater than or equal to
25 22 x 107® K and then pressed onto this aluminum strip
was a strip of an alloy containing 79.5% iron, 20%
chromium and 0.5% titanium, the Curie temperature Tg of
which was substantially higher than Tg and the thermal
expansion coefficient of which between 25 and 320°C,

30 Ogs-320°c, was about 11.6 x 107° K.

After various trials, it was possible to demonstrate
that the use of a ferromagnetic layer with a high Curie
point (Tez) on the inner face of the vessel produced
35 little heat when T > Tg. The multilayer aged little
after 1 000 h of operation and was dimensionally very
stable. The temperature of the multilayer always
stabilized around the same value below T¢: when various
induction heating trials were carried out with the same
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about 11.6 x 10-6 K-1. After various trials, it was possible to denonstrate

that the usergfsa J{iJiHRIAGLI Gala bl 0 ) on the
i nner face o? t%e vess?'el roducaeéd %tg{eﬂl@t%}e@h?g(fm\khggr}a%lgp ls?Rtéﬁegrrul tilayer

aged little “aFterhe Wuﬁa&t%ﬁera{fl oh aftP¥Rls didensiookdrdy d&ry2 stabl e.
The tenper at né@ubitédiletéfh{téﬂaltayﬁ af waysun$tabi 1@ zetoar ouorLtfefsadae val ue
bel ow T%JO th%ﬁ% %%0#1 n.T{iS tion heatl ncr trials were carried out with the
sane 9 0 ood, th re‘i‘ﬁ?)?i A8 ng it to be cooked rapidly and

reproducibly in terns of time and quality. Finally, no oxidation stain was

observed aftgg tnignsive kitchen use by being heated on a gas ring and washed
onse BlahfEns

A magnetic alloy, the composition of which contained

15 41.8% iron, 45% nickel, 13% chromium and 0.2%
manganese, was produced. This alloy had a Curie

temperature T¢; of about 150°C and a thermal expansion
coefficient at 0°C, ogee, of 9.6 x 107® K'. Pressed onto
a strip of this alloy was a strip of aluminum whose
20 coefficient Og°c was greater than or equal to
22 x 10°® K! and then pressed onto this strip of
aluminum was a strip of an alloy containing 79.5% iron,
20% chromium and 0.5% titanium, the Curie temperature
Tez of which was well above Tg and +the - thermal
25 expansion coefficient between 25°C and 320°C, das-320°,
! of which was about 11.6 x 107® K

After wvarious trials, it was possible to demonstrate
that the use of a ferromagnetic layer with a high Curie
30 point (T¢) on the inner face of the vessel produced
little heat when T > Tez. The multilayer aged little
after 1 000 h of operation and was dimensionally very
stable. Furthermore, the temperature of the multilayer
always stabilized around the same wvalue below T¢3 when
35 various induction heating trials were carried out with
the same food, thereby allowing it to be cooked rapidly
and reproducibly in terms of time and gquality. Finally,
no oxidation stain was observed after intensive kitchen

use by being heated on a gas ring and washed in a




5 di shwasher. This conbination was therefore particularly suitable for the
manuf acture of a vessel for cooking at a regulated tenperature of around
230C, for cooking food 10 such as rice, fish and neat. Exanple 2 A magnetic

all oy, the conposition of which contained 15 41.8%iron; I 5 13%
chrom um and 0. 2% nmanganese, was producéd.— This al |l oy hag ZS§%ﬂ?gﬁﬁk%nperature

TCl of about 150C and a thermal expansion coefficient at 0 C, ao-c, of 9.6 X
10-6 K-1. Pré&<SEH3SRES- a strip of this alloy was a strip of al uni num whose 20
coefficient ao-c was greater than or equal to 22 x 10-6 K-1 and then pressed

onto this strjip of | umi nuM was a rip.of an alloy containin . 5% iron
20@6chroniun#§ﬁ& 0?%@?%??5%?%nﬁmﬁhe§%%¥$£°¥%wﬁﬁ%ﬁﬁﬁ&%aékb 8Fl%ﬁLgﬁ was wel |
above TCl andotrhethhermahuicxpansifonacoeéfiel enfobetawman ipCaand a320C,

a25-32oc, of i S gg%?g B, X -6 _K- ft yvarj triagls, it was
possi bl e %o ééﬁgéggfgfe t aﬁﬁ%%gﬁhsé}gf gﬁFépﬁénﬁgﬁ%ﬁ?éi ayer m??ﬁ a high
Curi e 30 poi BPoKkECY) feed rardnier Yemsd adflashe Mpasise| opreaieedat| ilewl e heat
when T > Tcl prfheypultilayer aged little after 1 000 h of operation and was
di mensional ly very stable. Furthernore, the tenperature of the nultil ayer

al ways stabilized around the same val ue bel ow Tcl when 35 various induction
heating tri aExampile Garried out with the same food, thereby allowing it to be
cooked rapidly and reproducibly in terms of time and quality. Finally, no
oxi dation stain was observed after intensive kitchen use by being heated on a
gas ring and®waegtbtiic aalley, the SEMPOYL: Hoshwdshdricihiconterbedat i on was

therefore pasyi gyl bl ¥eSdet aBb8, 333 nickel, 10 to 12% chromium and
i 0.2% manganese, was produced. This alloy had a Curie
temperature that could vary between 37 and 70°C and a
15 thermal expansion coefficient at 0°C, ogc, o©of 8 to
9.1 x 107® K. Pressed onto a strip of this alloy having
a thickness of 0.6 mm was a strip of aluminum with a
thickness of at least 5 mm, the thermal expansion
coefficient of which at 0°C, «g°c, was greater than or
20 equal to 22 x 107® KL.

After wvarious trials, it was possible to demonstrate
here too that this bilayer did not age after 1 000 h of
operation and it remained dimensionally very stable.
25 The temperature of the multilayer always stabilized
around the same value very close to 37°C when various
induction heating trials were <carried out with
combinations of material thickness and/or various
vessel geometries, thereby producing products
30 compatible temperaturewise with the human  body.
Furthermore, no oxidation stain was observed after

intensive use in a medical or domestic environment.,

This combination was therefore particularly suitable
35 for a heater intended for the human body, such as a
feeding bottle warmer, a device for regulating the
temperature of blood or plasma, a baby incubator, a
medical intervention heater, etc., since it makes it

possible to have very great temperature uniformity




for the manufacture of a vessel for cooking at a 5 regul ated tenperature of
around 140C- 160C, for cooking food such as vegetables, fruit or water at |ow

pressure. Exanple 3 1 10 A nagnetic alloy, the conpositi 03 gf _‘\r@hcﬁ[&égnt ai ned
54.8% to 56.8% iron, 33%nickel, 10 to 12% chrom um and . %b g e, was

produced. This alloy had a Curie tenpéhature that could vary between 37 and
70C and a 15 thermal expansion coefficient at 0C, ao-c, of 8 to 9.1 x 10-6
K-1. Pressed®ntoreskatss 6t £ & avesy lkadgiengreast hi ckness of 0.6 mmwas a
strip of alumnumw th a thickness of at least 5 nm the thermal expansion
coefficient gf &ich at 0C, ao=C, was greater than or 20 equal to 22 x 10-6
K-1. After ials, it was possible to denonstrate here too that this
bil ayer did not age after 1 000 h of operation and it remai ned di nensionally

very stahle....2 e te ratur f. t.he | ti.layer. al ways stabiljzed around
t he sam&*lgvalTuhéla:vt rye BQS?LS_LO o CQS _ek vogflrjiftbautsegj‘lanlduwcetri%rPrnOe(gl{Cfen Yials were
carried out Wauvwm cemdl hErd ofsonf hiwhemivall tyhirekisdss and/ oereardasis vessel

geonetries, ifhes ebyqhE9duRieRg rPrasuetsy 39n80MRALIRIE HEMRes AL UEgWise with the
human body. _ Furthernore, no oxidat]on stain was observed after intensive use

in a nedicaltGrCkiEmsst PE i MBhmehReSehi CAEEMT nJEt6n SwaSEBertdsdt e
particul ar| yeosd-tradil led 36 fertlay heat ehei fiandedhfieknthe ke, degdy, such as a

ol s 1 battF Fithant RN B S AR o et e G 0ithce 1t nakes
it possibl &heo ¢wmansiary qpeliiciagerbetwveeun?® O nang Tc2 SRR 2065

Curie point T¢, the saturation induction B, and the

maximum oxidation current Ip.x, and were annealed at

1 050°C for 1 h in hydrogen:

15 * Op. Was measured on a dilatometer;

* Bs was measured by extraction of a specimen from
the field (1 600 Oe} of a magnet between two detection
coils connected to a galvanometer, the measurement
being to within less than 3%;

20 e Te was measured on a magnetic—~force
thermomagnetometer by extrapolating to 0 the tangent to
the force-temperature curve at the point of inflexion
of this curve; and

Inax wWas the maximum current recorded on a current-—

25 voltage oxidation curve in which successive voltage
values were imposed between the alloy electrode and a
platinum electrode in a 0.01M sulfuric acid solution.

The compositions of these alloys (apart from the iron
30 that makes up the balance) are given in the following
table:




- 11 self-regulated at 37C over |large areas. Exanple 4 5 Thirty-one alloys of
50 kg of material were produced by vacuumsnelting fromhigh-purity netals
and were cast into ingots. After forging and hot-rolling down to a thickness
of 4.5 mm these various netals were then cold-rolled di reqtjf?ySEthZ[}zgﬁi nal
t hi ckness of 0.6 nm 10 cut into speci d&ns of various shapes Tor
characterizing the expansion coefficient between 20C and Tc, aTC, the Curie
point Tc,_the satyration induction BS and the maxi num oxidation current | max,
and were lanngaled pt o1 d504; for 4 H i, hydrogen: 15 [aTg;was gpagured pn a
di | at onetler; was neasured by extfracti on of g specijnen frpm the Tield (1
600 Ce) of a-nagnet K&t ween®wg d&t det®hn! AVl 9 cBdnelct €1 th E)gal vahohet er,
the neasyrengpb.) beiot@st q wh.bbi n2l@siso.bban 3%s 40«0 F¢ MasyzERSHE] LNy
magnet i c-fforce thermomagnet onet er gy ext f apol atlnég to 0 the tang m—to; the
for ce- t enfed S Brle lodrWPel dt ST-HE ok bl 0% nf Ll an<0-8F it Ri BScur%a2 |8d01 | max
was t he nmexiimim cufr neouks rlecerdeds@s [a wcar [ entos 25<v.0k tlage. cox| dalbop dnoCatr Ve i n
whi ch sudcessi ve vl t age |_u€ls rle. 1 bsed_bet ween [the alf oy el[éctrode and
a plati ugn“?ceq.m%gtr"(fé&%n agg?gll’v?;ﬁ;! f?}:zlg% aiioé gof Ul dnl-%Phe 6%%r s9%%ons of
t hese al l|dyscomapart ofcueen|t Be7irjon. 76300.8b@al omekes wpol he obmkane®)2 ar®.@i ven in
the follaw g, fabl g o0e1 137 44 125 SEH 2095 AL QYENLCH NN C0, | 0. 02 | <0.01

7 (inv.) 0.0089 | 37.45 | 8.72| 0.3 3.06 | <0.0% | <0.02 | <0.02 | <0.01

8 {comp.) 0.0066 | 33.46 | 4.88 | 0.133 | <0.01 | <0.01 | 0.02 | <0.02 | <0.01

9 {inv.) 0.0041 | 33.66 | 7.95 | 0.188 | <0.01 | <0.01 | <0.02 { <0.02 | <0.01

’ 10 (comp.) | 0.074 | 34.24 | 2.01 | 0.172 | 0.026 | 5.79 | <0.02 | <0.02 | <0.01

11 (inv.) 0.0086 | 37.63 j 9.31 | 0.293 ] 0.503 | 0.023 | <0.02 | <0.02 | 0.094

12 (inv.) 0.0096 | 39.49 | 9.6 | 0.287 | 1.02 0.01 | 0.021 | <0.02 | <0.01

13 (comp.) | 0.015 | 33.78 | 2.02 | 0.186 ] <0.01 | 2.03 | <0.02 | <0.02 | <0.01

14 (comp.) | 0.013 | 33.78 | 0.02 | 0.183 } <0.02 | 2.21 | <0.02 | <0.02 | <0.01

15 {inv.) 0.01 49.9 | 9.6 | 0.49 | <0.01 | <0.01 0.2 | <0.02 | <0.01

16 (comp.) | 0.002 | 36.03 | 0.038| 0.042 | 0.039 | 0.012 | 0.059 | <0.02 | 0.017

17 (comp.) | 0.0057 42 - - <0.03 | <0.01 | <0.02 | <0.02 | <0.01

18 (inv.) 0.0025 42 6 0.2 | <0.0% | <0.01 { 0.18 | 0.17 | <0.01

19 (inv.) 0.0021 47 5 |0.221 | <0.01 | <0.01 | <0.02 | <0.02 | <0.01

20 (inv.) 0.0026 47 6 | 0.133 | <0.01 | <0.01 | <0.02 | <0.02 | <0.01

21 (comp.) | 0.003 | 47.58 | 0.034| 0.472 | 0.038 | 0.01 | 0.092 | <0.02 | 0.026

: 22 (comp.) | 0.00657 | 55.3 | 3.8 | 0.277 | 0.024 | 0.011 | <0.02 | <0.02 | <0.01

23 (comp.) | 0.0062 | 72.5 | 3.1 | 0.234 | 0.022 | <0.01 | <0.02 | <0.02 | <0.01

24 (comp.) | 0.0042 | 65.5 | 15.1 | 0.255 | 0.015 | <0.01 | <0.02 | <0.02 | <0.01

25 (inv.) 0.0036 | 70.2 9.8 | 0.243 | <0.01 | <0.01 | <0.02 | <0.02 | <0.01

26 {inv.) 0.0087 62 7.4 | 0.261 | <0.01 | <0.01 | <0.02 | <0.02 | <0.01

27 (inv.) 0.0052 55 14.8 | 0.252 | <0.01 | <0.01 | <0.02 | <0.02 | <0.01

28 (comp.) | 0.0068 | 50.2 | 19.7 |-0.241 | <0.01 | <0.01 | <0.02 | <0.02 | <0.01

29 {(comp.) | 0.0035 | 39.9 | 20.1 | 0.233| <0.01 | <0.01 | <0.02 | <0.02 | <0.01

30 (inv.) 0.0045 | 45.5 | 15.3 | 0.228 | <0.01 | <0.01 | <0.02 | <0.02 | <0.01

31 (comp.) | 0.0066 | 32.3 | 17.4 | 0.262 | <0.01 | <0.01 | <0.02 | <0.02 | <0.01

The results of the trials carried out are given in the
table below:




M Si

A-Cu (ND(A(A(NHN(N(N 1

(conp.)0.008933. 962. 640. 2591. 96<0. 010. 032<0. 02<0. 01 2

(conp.)0.009435. 775. 60. 3061. 01<0. 010. 035<0. 02<0. 01 3 1 2 SEEP 2005
(inv.)0.008335. 89. 050. 31. 04<0. 01<0. 02<0. 02<0.01 4
(conp.)0.00937. 693. 140. 2961. 06<0. 010-032<6. 02<0. 01 5
(conp.)0.009237. 745. 760. 3080. 969<0. 010. 033<0. 02<0.01 6
(i nv.)0.009137..759 540_31_02<0 01<0.02<0.02<0.01 7
(inv.)0.008937. 458.0420. 33 06<@,01<0. 02<0Ig2<0.C1 8 T x
co 0. 006633. 464. 880. 13 -91<0. 010. 02<0. 0240
§.n3p)% 004 aﬁ% 0201<0 05%h 0240 n* £ (mn)
(conp.)O. 074B4 @ﬂﬂp@lo 17]20. @2@@ 79<0.02<&N92<C 01 445 1.20
i nv.)0.008637, 639. 310. 2930. 50 3<0.02< 094 12
Einv gO 00 ggu AP gn 2971 % 31gw\ r91(% (n rl 1Q1&f 0.25
(conp.) 0. 01583(iA82. 020 186<08023 0340. 02<@502<C 01 147 0.90
(I v0) 0. 0145 o450 c <620, o< o2t bh 24— 252 | 1.10
(conp.) 0. 00286({T30380. 0420.0390. 0120. ©5%H. 020, 017147 0.25
(ponp.)0.00554§un§q 01<0./01<0. §3<0. 02<04 01,18 154 0.60
(inv.)0.002 0. 210010010180 17<60-01 19
(i nv.)0. 0021476 DI1<q_01<0._ (088, 0240, 0B<09D1 20 182 0.90
(inv.)0.0026876%m:33<0. 01<0. G1%0. 02(0.0a§6601 21 149 0.50
(conp. ) 0. 00347, 580. Ud4U 4720. u& 0. 0920.020.026 22
(conp. ) 0. 0457553 )30 2770 074 n11 0. 09<8302<q 01 0.60
(comp. ) 0. 0Q6RXY 2( xdnplO. 2340 022?@ 0140. 02<12<0. 01 24 1.20
conp. ) 0. OC 5,.515.10. 2 1 1<0. 02<0. 0240. 0
g| n\r/rp) 2) 00‘.% lerp Q‘r) ’)AQ( 9 §6n1 (r _ 0{_(‘(\6 '15)(0 01286 0.80
(!nv.)0.0087527t407261<0 01<@ ©8<0. 02<000240. 01 27 163 0.60
(|nv.)O.OOE;E£1&x§&55§2f9 01i0 %1<0 02<B gi< _% E%_ 1.50
(conp.) 0. 006656 215—70241<6- u¢ O~ 0062<6-02<6-0% LJ
(conp.)0.0 3%%9“9@@210.233<030§@0.0 [<0. 62803. 0240. 01189 3.00
(inv.)O0.004545. bR, 30. 228<0. Pd <) 0140. 02, H2<Q. 01 535 0.60
16 (comp.) 2.90 1.30 250 6.20
17 {comp.) 5.00 1.50 330 5.70
18 {inv.) 8.10 1.11 256 0.25
19 {inv.) 9.30 1.25 340 0.50
20 {inv.) 9.75 1.18 350 0.25
21 {comp.) 8.10 1.60 450 5.00
) 22 f(comp.) 10.00 1.14 380 1.40
23 {(comp.) 11.60 0.90 330 1.10
24 {comp.) 11.80 0.13 10 0.15
25 {inv.) 11.70 0.45 190 0.32
26 {inv.) 11.20 0.87 340 0.22
27 {inv.) 10.80 0.30 100 0.17
28 {comp.) 10.40 <0.01 =50 0.12
29 (comp.) 9.70 <0.01 -80 0.1¢6
30 (inv.) 9.50 0.20 120 0.33
31 (comp.) 11.20 <0.01 -30 0.31
When it is desired to manufacture vessel
characterized by a Tmx value between 30 and 350°C,

defined by the mode of cooking and the type of food




31 (conp.)0.006632. 317. 40. 262<0. 01<0. 01<0. 02<0. 02<0. 01 The results of the
trials carried out are given in the table below 1 2 SEP 2005 - 13 AlloyaTc
Bs T, I,,,, (10-6 K-1)(T)(C(m) 1 (conp.)4.301.0852051. ﬁo
(conp.)5. 100. 911810. 25 3 (i nv. ) 8. 250. 651270. 90 4 (conp.)4. B0d.R252837. 10 5
(conp.) 6. 050.9852140.25 6 (inv.)7.700. 225t540.60 7 (inv.)7.820.7951820.90 8
(canp.)5. 000, 761490. 50 9 (inv.)7.900.53980.60 10 (conp.)7.740.545871.20 11
(inv.)7.700. 873137D. 86 HNHEMNWEY & DL TRABB0IB0 LL3S( vaRs4. 500. 1831251, 50 14

(conp.) 3. 8005875438 00ndE (itnVi ) 10,500, FA5A320060s I ORI th2 904, 302506. 20 17
(conp.)5.001. 503305 70 01.112560.25 19 (iny.)9.301.253400.50 20

8
(i nv.)9. 751. Y8500 O&° g@ﬁﬁe)sciéim%645%%eodiié“{c&ﬁﬁt)153901ta%3901 40 23
(canp. ) 11. GGDLﬂﬂsaﬂilﬂﬁ)ébki&ﬁpnmdhhb 800 .th3 K0 @.elpe’ tlirav ) L1. 700. 451900. 32

5
It may also be seen that the alloys having a nickel
content greater than 52% exhibit both excellent
corrosion resistance and a high thermal expansion

coefficient.




26 (inv.)11.200.873400.22 27 (inv.)10.800.301000.17 28
‘(conp. ) 10. 40<0. 01- 500. 12 29 (conp.)9. 70<0. 01- 800. 16 30 (i nv.)9.500. 201200. 33

31 (conp.)11.20<0.01-300.31 Wien it is desired to nanufactu
‘characterized by a Tnax val ue between 30 and 350C, 5 define 3£§Sgﬁiif%@2 of

cooki ng and t he-tyqpmoef food 1 2 S E P 2005 - 14 that it ispkotengded to °
prepare in this vessel, it may be seen _that it is sufficient to select within
the conpositional range clainmed the a1ﬂé§‘that has the Curie point
corresponding to this tenperature Tmax 5 It may al so be seen that the alloys
having a nickel content greater than 52% exhibit both excellent corrosion
resi stance and a high thermal expansi eggAIMsefficient. 27-12-2003 12SEP2005
FR0204079 1. The use, for producing heating elenments for 5 cooking vessels

i ntended for induction cooking, of a ferromagnetic alloy whose chemn cal
conposition é&onprTBes, usg, pefeant dypdnslight : BaGHN 8lzReb¥s 5% O < 18%

10 0.01% € MioskiAY Jedsch® ogatém@éd y £eRe DHANDE okl %%mlslgcméen from M,
V, Co, Cu, Si, W Nb and Al he sum _of the contentf of these . elenents

being | ess théﬁrs?m@aasFl?o 1@%10¥he BRosice 150BBIAGLI r oFOTRPSIRIGT ti es
resulting frosokpeisaelt ifigpercent by weight:

32.5% < < 72.5%
5% £ Cr £ 18%
10 0.01% < Mn = 4%
Cc £ 1%
optionally one or more elements chosen from Mo, V, Co,
Cu, 8i, W, Nb and Al, the sum of the contents of these
elements being less than or equal toe 10%, the bhalance
15 being iron and impurities resulting from the smelting,
the c¢hemical composition Furthermore satisfying the
following relationships:
Cr -1.1Ni + 23.25 £ 0%
45Cr + 11Ni £ 1360
20 Ni + 3Cr =2 60% 1if Ni = 37.5
Cr 2 7.5 if Ni < 37.5.

2. The use as claimed in claim 1, furthermore
characterized in that the chromium content of said
25 alloy is greater than 13%.

3. The use as claimed in claim 1 or 2, furthermore
characterized in that the nickel content of said alloy
is between 34 and 50% and in that it contains no

30 elements chosen from Mo, V, Co, Cu, 8i, W, Nb and Al.

4. The use as claimed in claim 1 or 2, furthermore
characterized in that the nickel content of said alloy
is greater than 52%.

35
5. The wuse as c¢laimed in claim 1, furthermore

characterized in that the nickel content of said alloy




‘characterized in that the chrom umcontent of said 25 all

t he chem cal conposition furthernore satisfying the follow ng relationships:

‘Cr -1.INi + 23.25 < 0% 45Cr + 11INi S 1360 20 Ni + 3Cr ? 60%if N ? 37.5 O

> 7.5 if NN S37-5J 2. The use as clainmed in claim1, furgthe €,
Elf.é@r&ﬂ@ﬁ t han

y:

13% 3. The ugg-BEs-20bainmed in claim1 or 2, furthernore chagagi®ig7zed in that
the nickel content of said alloy is between 34 and 50% and in that it
contains no 30 el enents chosen from M, VvV, Co, Cu, Si, W No and Al. 4. The

use as clainmedgi Lol ahdn 1490 2naf Widherpore, haé];'f\%% rized in that .the nickel
content of said alloy 1s grea?er t ana1 % lél% 5. rgz"lflnslec}lcaéslﬂ"c i mEF in claim
1, furthernor Bet¥RgRaét@rdzE@%in that the nickel content of said alloy
27-12-2003 12 SE 206 FR0204079 16 is between 48 and 52% and the chrom um

content is between 7 and 10% f.,The use as clained in any one of clains 1 to
5, 5 furtherfore Char#E€eri% el fH ¢ hat ™t REYneRfanaSe Gttt % Said al | oy
i s greaters t hnrbheeqoed tbabadferizedhin uskaasthbanaBgahBsanycapenef clains 1

to 6, char acé%r%%%g %f}%?za{ss&ga%]l %ar}]asora (ri_:%]gnloOLPt_g'erg)erature T, of

bet ween 30 and 3 rmal = eéxpansi on coef tween room
tenperature and T, of greater than or equal to 6.5 x 10-6 K-1 and a

saturation inductioneBasel L eal&inddapnobhugitle 18 Gidihdd Lhegmaxi mm

oxidation current |, of said. )
characterized in that said alloy  has a Curie

10 temperature T. of between 30 and 350°C, a thermal

expansion coefficient op. between room temperature and

| T. of greater than or equal to 6.5 x 10°°® X! and a

saturation induction B; of greater than or equal to

0.2 T and the maximum oxidation current Ip., of said

15 alloy in a voltage-current corrosion test in acid
medium is less than 1 mA.

8. The use as claimed in claim 7, characterized in
that the thermal expansion coefficient ;. between room
20 temperature and T. of said alloy is greater than or
equal to 9 X 10°° X' and the saturation induction B, is

greater than or equal to 0.5 T.

9. The use, for producing bottoms of monolayer
! 25 cooking vessels intended for induction cooking, of a
ferromagnetic alloy whose chemical composition
comprises, in percent by weight:
32.5% £ Ni £ 72.5%

13% < Cr £ 18%

30 0.01% < Mn £ 4%
1
optionally one or more elements chosen from Mo, V, Co,
Cu, Si, W, Nb and Al, the sum of the contents of these

oe

0
IA
o

elements being less than or equal to 10%, the balance
35 being iron and impurities resulting from the smelting,
the chemical composition furthermore satisfying the

folleowing relationships:




is greater than or equal to 9 x 10-6 K-1 and the saturat
" greater than pr-iequabszto 0.5 T. 9. The use, for producing botdemmoed nonol ayer

15 alloy in a voltage-current corrosion test in acid nmediumis less than 1

‘mA. 8. The use as clained in claim?7, characterized in that the thernal

expanh'si on coefficient crrc between room 20 tenperature and%&c:s{gp 2ﬂgﬁ al | oy
i ihetc BS is

25 cooki ng vessels intended for inducti (1& cooking, of a ferromagnetic all oy
whose chemi cal conposition conprises, in percent by weight: 32.5% N 72.5%
13% & 18% 30 0.014 < M <_ 40 _.C. 5. 1%-9ptkopahky one or nore el enents
chosen from M, V, Co, Cu, Sicfk V\/l'l%léha%dozg\l‘?gt%ebé’um of the contents of these
el ements being | ess than or equ#5Cro +169¢¥it RelB&Pance 35 being iron and
inmpurities resulting fromtie snebliRNdsozthe ghenmicals conposition furthernore
satisfying the followi ng relatignships: 27-12-2003 - 17 C -1 IN + 23.25 <
0% 45Cr + 11N <_ 1360 Ni + $& =7-609f Min© 3737:5 o > 7.5 if Ni <_ 37.5.
1




