e3ebX "6TXBG WO 03/ 046241 PCT/FRO Ferronagnetlc all oy for induction
cooklng The present invention rel @ w&&m’ 'ﬁMron&gnetlc alloy 5 nore
particularly intended for produ0| enents for cooking vessels
that are |ntended f 5 |nduct|on cookln@mwThe cooki ng of food by induction
is carried off fkans of an inductor generally reBFEé@RPQjéﬂéa?h a

gl ass-ceram c plate that is transparent to the el ectromagneti c waves, on
whi ch plate the cooking vessel whose contents it is desired to heat is

pl aced. The circul ation of the high-frequency current in the 15 inductor

creates a magnetic field that induces e currenis in the vessel, which
then heats by the J%ﬁfﬁ°@?$@%¥1° 'ﬂ%%c%? PEHARR i SRP¥IRDI ves t hree

successful physical phenonena these bei ng t he transfeT of energy fromthe

i nductor to IS 20 eIe troma i call en the conversjon of the
el ectri cal eﬁgrgég ?nth at =t l?ﬂe gi?%@? fhe TR HGEE ahtPYinal |y
t he tran§m:ﬂnxﬂlopahéabu&aalyhemnﬂendmwucfonn maddmaﬂwqxjhéﬁtﬂM@ vessel

becones, ddlgh] 0 ooagngctwgseeigﬂemattaa&@e ifgLhagasyesem o' noe

it is mnthln |tse that the energy conversion Kés ace ence’a | ow
t her mal i neridEHPE IAYH Neher gy efficiency. 30 There are al so specific
cooki ng appliances with no glass-ceramc plates, for which the materials

pat ent. nust allow t he manufacture of cooking

form ng the bj ect _of thi

vessel s. ﬁ'be aEﬁPé@nggo‘bﬁ &REFgyP¥f fiNAUSHAPD t hEs&ardsesd sOHave et al

bot t ors 1I0avmmaras high elrectihidual ozongdeatirdily aﬁép@abe@h Bemeath caf i on of
t he nagnetl eld t.he operatin frequenC| used i ch_are hetween 20
and - ﬁaﬂfe%?m¥% t grg org:§EneréF ?qs E%ghl S dﬁ?%y t hat
isfmrmmm@m@qmﬁmwmmawmmmgKmmmMmhephmm(mmh&mmm@ and
that has a reanedi 2dan fholeprouph %9 geagiabe curtantial, 5, (pgnet i

| osses. These vessel s_nust have a corrosion resi stance ‘as regards the
face in contEt® GLERULABLIPBO®T bHRe ad@hrd radquessyr @xtzent adnr &g ds t he

bot t om 18hi cihdasdomotrdftbe degmadedtwbensidlds thritnginashed. khiy20 25 30

currents in the vessel, 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

20 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.

25 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.

30 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 vessels.

35 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 frequencies used, which are between 20 and
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35 They nust al so be nechanically stable so that the vessel maintains its
geonetry, in particular the flatness of the bottomin contact with the top
of the inductor. In fact, when a vessel is heated, its bottomtends to
expand. The side wall of the vessel, also called the skirt, is heated to a
| ower tenperature than the bottom and-t Beref ore expands |ess, thereby
exerting a radial conpressive stress on this bottom The |atter can

t heref ore exp8niHanl yltby 15l ofihfgebore TRnexilyr Rfestine eher gyseef Ainci ency

of the asserrBtLyOﬁnd e CORSUNEFe fSort GHEANGer t gethynt he oi S%oﬁmnphe _
unpl easantness that it produces. This effect is reversible during the first

few times t hEf™PREAVREGe| TRBIGsedE bdS t WRIFIleaddtD i FhaberBaBl e

degradation ahgeetazhaige nuAbAr e@hdufigse dder gahe EX€L €S sysshhushyr al

t ransf or rgati on of the.materials of the bottom This phenonenon is

particul ar | y"88REF T vECHRRR" only the bottom of the vessel contains a highly

conductive material (for exanple alum numor copper). In the case of

mul til ayer La i i t arj qus .| a ener al | ave very

di fferent e%féﬁé‘? okggég%%\?@?gﬁt El%vzéhiésqgllgr}# e%/(g%%%&lgnn c5%§¥?°’€?%ﬁ? Pt r oduces

a binetal | i cregargsethecfacehiioh cosdsthotitht ¢-haefrar t Heuboatsm ob t he

vessel and tg gakgethe,adhesian plqihes vahk %tlt%%aersmi%ew@su hsyer s bl e
[

LO
change, leading to | ocalized debonding, and therefore to a significant |oss
of effidi%ncheofedhrdedsdgn it i befngmafiadt hese vessels, it is comon
practice to enploy ferritic stainless steels for the ferromagnetic part,
such as Fe-140Cr, or else three-layer s rical mat erials, nanmely
austenitic starhl e84t &5 eg?i t?%cg?%¥%§£% sstateaé?%feausqtoenitl"ﬁﬁ stAfni ess
steel. Thesevemteli amgihbainshe itsawgaometiryhaviing apdiuri@ulaemnpethéur e
above 600C, I a t ot 4 e e I y.th el ves
al so reach tﬁ?%gi]%g?e%etrtg?uriﬁet\ﬁ%‘ chrpg?/ﬁé%ésﬁl ?f}:ﬁ ?%gdsﬁogagsoéngﬂg
degr adati®on BrdYEECTessr| fachi sWhenng §¢seedn ikelheddeddr el thiBot epmer at ur e
of 600C. To ten@sly tihi 6xpaRdl emhdFRs2d453,627 BEOPASES vih@eld mMapyfacture
of a vessel bohgom made of a three-l%gr material conprising an all oy whose
curie point FaIBRAvERD BT Ehd DHoEeaRed | AR akOYRE tERRRFAELFR BRaR he
vessel is betioav bbet@uraed poheatefohe akpayds s1ées) otmgnehy Cedtt ing
i nduced-curregn e vessel. can.qccur..As soon as the
t enperature %f E?hgg\iegg}g{g%iggg%sE?%é&??’esﬁgl&isnt ,Ott%oé'“alr‘?}b%/ f%t'h%rl onger
f er r oma@det i eamneheref teat¢rprdadeby by bhowieg agel n Bsisodegeadehe
tenmperature QEetQﬁefggs@kfiéiéﬁcpeb@wthgea@%%h%l@ménd HE YE3SGhes S

t herefore therng]|l r%%ul t ed. However, such a material Is not suited to
t he cooki ng b? ISRGCEF HeGodPY wiéh PR{EPT Nd efrPer AR P £33 F AMGRHTE f r om 220
to 320C to behateathegroBuceher Fhie, efidilicnd s sepreapdsdd iduditad fledent to
ensure good tLcal, . iy t el _.an GQrrosion

resi stance o?f'ﬁ%?h%%gcetsl% t'#ég%'//egileel We%sgésfsa%rss ﬁ%‘leﬁdgi p lggi §%ad%ap¥ ed in FR
2 689 748, ikeadhi Eh iirreyegsdpdeediagr anmifact afeevessdlay grmdaugien
threel ayer ngfefhdbe t Rl haic! Spebe AN @l L0V SUSH BSE FE04MN 36, B3, tde Curie

poi nt of which is 250C, However, this type of alloy has a very nediocre
corrosion res?et aMRESEHIL S vefy tBR ePpXisMon ddeff i hafomersis alg oy is

pr efsfs_ed_ agai lﬁﬁfﬁcmﬁﬂ{ I &)e@rsigta_;viengwﬁeﬂardﬁ?ﬂyy tm'eghﬁbteéﬁaniéfgrthe o
coefficient, ich results in defor ion_o . g the vess tom by a
bi metal lic sY‘??%lef%%‘?t%%% i i%lﬁ%‘feac,()%‘f%tﬁ%ef JPHeR T ma&%mati mes
becone i30r evexanpl €. a Furirhar mor esopgegr)adat i on in t he bondi ng bet ween t he

| ayers, due to a cyclic-stress creep and 5 tenperature phenonenon, may al so
be observed._The object of the invention is therefore to provide an alloy
for produci nft HhestasRy ofrt ®udtidagricngMebssépssmoie pari¢uldre y

intended forvirpsied i DAydPs caekbRg11yheseePIhy defrdidit neiddiesi qyer the
course of tine, F,or. dur i ngdg%er tion, and the corrosjon resistance of which

i s good on bo?Rf IS e NG8,riher Mk e Aol R 1o AYGRP f ood t o
be cooked orafbimdtallict empepatafifecayt ammtdicatéyds epukat ed hyetdven 15

vessel , between 30,and 350C.. Furtherpore, this alloy, nust, be.able to be
processed b\;,/\ﬁber eggltﬁar,n (?%a\%lhneg,V%ﬁ??fﬁﬁngn&(’nﬂ%ﬁi ﬁB? &dhfﬁ)}o&tfé’{
sui t abl e pr otles syarnholsrubka yeenenraderdo ghr renkiceib loureleanigd ,0skeasding
to localized debonding, and therefore to a significant
loss of efficiency of the vessel.



20 For this purpose, the first subject of the invention is a ferromagnetic
al l oy whose chem cal conposition conprises, in percent by weight: 32.5%s
Ni s 72.50 5% s O s 18 0 25 0.01%s M1 s 4% C s 10 optionally one or nore
el ements chosen from M, V, Co, Cu, Si, W Nbo and Al, the sumof the
contents of these elements being | ess—tBan or equal to 10% the bal ance 30
being iron and inpurities resulting fromthe snelting, the chem cal
conposition furthernore satisfying the foll ow ng relationshi ps C -I.IN +

23,25 5 O 456" grddiNo 5 chaA 3elbers 301 600 dlndbn? 3hck i@ 2225 i N

s 37.5. In a preferred enbodi ment, the alloy has a nic content et ween
35 and 509\ CBRECX0AEAFAS1R0 SEPERBRES st-eesls citusebhe r §arppmagnethbs Cu, Si,

W Nb and Alpats, agethessprefenses, estaoetgent:hrteaﬂebé?ys?%él@ﬂ@t]e has a
chrom um_cont ent of_ greater _t han 13%b 1s a as the

advant age of "pEF AL e MRy u%’é%it%@l n%?aemr’?‘é’tsesrr §F9?6/¥?ﬁe19E§sel in
terms of conpaaibidssy witilli/aodtenithe lnéeémieésace seleetine vegsel, as the

alloy is the 00d- gr ade aII I n an t her ferred enbodi nent, the
all oy has a Iﬁrgg aigsont gﬁtveof s vvegﬁ ayga 8 d é)zfo a 8V4"2hr &mi Ui EbRL ent
bet ween 7 antem@sratyrenabhee HOSF Enr ednez’rbomlermsrt th*alue tald olyotracs:na ni ckel

15 content gr t eq t art ri ef erably
off Oreabse thadsels #\%#{regh%ﬁqoé’eg. nem xﬁcor—ﬁ Inid

greater than 55% In another pre y has
manganesé® cofRERRTBFUEReat BRiEhanmay edifAulio 0ing §@OQO A0 n@!k(é t he

al | oy easi erdé@radocRss. ofn enet hﬁissl.).!lef eth@@ eHOOdy MY . oLBR aldpy has a
manganese cobe%fgnt of less than or a 5% 25 I n another preferred
enmbodi ment %ﬁ*rwihetsﬂ%eaﬁﬁ‘eec g)nfpeﬁroa)tl(fre T~ of between 30 and 350C, a

t hermal expansi on coefficient aT~ bet vveen room tenperature and T~ of
gﬁga;e;ai B?a |(r)n£%ﬁ%§%tr%lr115 ik f U ea]f e‘#e% %—thcﬁ‘[a? t{]%nﬁ)gzt 100? gvén
gr eat er lbharmanstactunal efie ana‘kem obptjapmomardﬁ refit al nexred-ksayak al | oy in
a vol t age- cyfdeddi £Lor r&ﬁdpﬁ'lstl‘?ﬁ;t e a‘é'l@ogEthmsés E685e 1 Nagi ke M5 35 A
second subj el%tv?efeg h6€0 c?nthOO"n .I SAst hleonuéseas? thaen 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 vessel falls below
the Curie point. The vessel is therefore thermally
25 reqgulated. 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 vessel 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-
layer material that includes an alloy such as Fe64Ni36,
35 the Curie point of which is 250°C. However, this type
of alloy 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



all oy according to the invention for producing nonol ayer or nultilayer
heating el enents, such as nonol ayer bottons, for cooking vessels intended
for induction cooking. - 6 The nickel and chrom um contents of the alloy
according to the invention nmake it possible to achi eve good drawability,
mechani cal cutability, pressability and45-nmachinability. They al so nake it
possi bl e to achi eve good oxidation resistance in air, and also very good

hot corrosi okhee¥essahcdotitgm bar rorleimetrl bid oyt e or Bf @gt t sheheitnventi on
10 exhibits ggodheqeeasi opnkeai StaReemhRi8nhURLY akBRsPhRES. bBcARLD nedium
and in basic,nedium ,in particular as regards aésthetic appearance and
nondegr adabi FFE§VBFSHRLS veddgithergogsy or fe Herdalel Abr ABsitiF r BSndiBfice of

the alloy, abetweent thievoldp@es, 15dlet a8 &S Hiced t@elksi e Mhgyl furic

acid medium _taking the alloy as one el ectrode and inposing various voltage
val ues réJatF%p?Bgtéuﬁ? a‘?a}i’%‘gﬁ‘%‘?%%'t e, 2R | sorl?ﬁfl%})@éjs'of | in
correspondence with various values of U are neasured and the naxi mum val ue
| max of 1 20 a acterizes the . corrasion resistance of the alloy is
det er ni ned. T%goéaigg#org%t ﬁé%rr&é]ﬁ’éeﬂt&oéjl 16y ﬂ}ﬁrﬁ Sie W s%ﬁ?ﬂ/g%f fRcted on
the surface &yleyrrbdsronpradachbagi ctbe abédtimdi upaotsi nofA hoodkling

at mosphere, yisb818eCRRSATy Shali Ly [y 1 WA MALGN GoRdi Liga,bs; grt by 25

the alloy according to the i'nvention. )e present inventors have so been
abl e to IJenofRekiRe t RAES@hRagLFoyefoearianngaidete IRerthoncoasse Curi e

tenperature of beimepn 36ranguBbRE, ¥Peeht S6nkesdi ttRESSEDL B0t Porst abil i ze
the tenperatur

e, wthin the usual cooking, range fqr food and bel ow the
t hr eshol d fo’feﬁlje%\%%‘?i 8 o"’f%lt%é 5855‘3%‘%3 RBn qtgk thit if%ﬁ.s'Th%a{%ri e
t enper at ure wéssdk fhtidyermoys dizviaby yrd esElemafoed egusd teoBedGr 35 Such
a function o I i Ssj vent both acci dent al
bur ni ng of tlﬁure{?&(;oglta% %%%%%?Pegngh?hﬁagggg{g}’a ed" 55F§d§)ﬁ oﬁl%f t he
vessel AW ngveéssehe betpeted &0f etnd 860{Ge Fampbeamore,ardiitshealloy ati gue

under cyclicnp®ehayd cgbisat resses byrbhesbbaetdl | beestkihg, efdeshigen the
alloy is pressed, agai nst angther material. 5 reover, the alloy according
to the inventtormMas2Bf BRFRASET c Rt f PRY eRENSE GHEdahl e nakeeRS®qual to
6.5 x 10-6 Kardd angstpredresadtiey Hgirgratierdudeir ir regqtall ois@e8 .X 10-6 K- 1. \Wen
it is pressed or bonded agai nst another nmaterial allow ng good heat

di ffusion, such as 10 al umi num for exanple, this characteristic allows the
bott om &0 t heox o b$ neurpesde therehbi haslyj acty yoSt @i einventpibent i icul ar when

a ferritic of aygheBhhbhestiai NlASH St efhobs PrERRata9a pw&ﬂ;xﬂer si de
of the alum numlayer. “15 This feature of the alloy according to the

i nvention al SYREKERS i t1hREGIE Qvh weddhitiati on with its heating being

limted to 350C, to guarantee t3?at5% sNhordi7pgs580 an al um num | ayer

wi t hst ands many hours of 20.opera§;osn. The t%/]xp factors that accelerate the
e

aging of this bond are the terrperafureC%nsd]t binetallic strip effect

associ ated with the difference i®.@kpandNons ddef ficient’
C = 1%
optionally one or more elements chosen from Mo, V, Co,
Cu, Si, W, Nb and Al, the sum of 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 -1.1INi + 23.25 =< 0%
45Cr + 11Ni = 1360
35 Ni + 3Cr = 60% if Ni = 37.5
Cr = 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



25 between al um num and the ferromagnetic alloy. The tenperature factor is
greatly restricted by the tenperature self-regulation associated with the
Curie point. 30 The binetallic strip effect due to the differences in

t hermal expansi on coefficient of the materials could generate reciprocal
stresses between the materials and theréfere, in operation, a creep
phenonmenon thermally activated under cyclic stress, leading little by
little 35 t ochréceRatfeprmaMe, a¥sudPngCuheShpt Wstiibl @nd okIm despite the
rigidity that may be initially given by a thick |ayer of one of the
materials. This would result in the bottomof the vessel bow ng out, or

el se in det efPoPROLES TofPRefe ihaderemedingitdi nghdyal heysdmethermpre 5 to 15

20 25 30 35 Ragem rEGRAISM cRANLiBE GReheeal itpad debonging.;lass of
heating effigienc gf ttheﬂ%ves};sel gnd magnet gstrictive nois {herein. By
bal anci ng’ t h .lﬁo%ﬁ SVt iF It % iR RIacesr rdgdt dlilite tavkat used a
material is abtaanesindibse ndtwsmipdl exfransitor cerfslkieql enl, bekwagn Keom

t enperature e tenperature is el at.ivel | ose to that of

al um num and@%?p%gg?%lﬂ@garv st @Rt o0 s%g?nllégsery | §a<&i v £hAg or
even el inmi navésget headi viee adllay sis itthaf fectoodFyraenhilaty.on of these
therefore makes it possibl with these materials. two features of the all oy

a to achi eve_a |lasting bond Exanple 1 A nagnetic alloy, the conposition of
whi ch cdit ai FRd@RAthet | PEafesred nerikedingnio, chirond Lihpy O0h&86 aanjakese and

0. 2% si | i conconesn®r eduartdwebl Sq@l hay had a, Qyr be LEmenal v of about
230C and a thernal e%ggrpgi coefficient bet?/veenar oom terrlgiré ﬂg%l’%nd 230C,

0
azs- 230C~ of*99"SeM 0! 110%ressed onto a strip of this alloy was a strip
of alum num the thernmal expansion coefficient of which at 0C, aoc. was

greater thanyor t -6 K 1. and then pressed onto this alum num
strip was anIsr'?r?lg 0 %n‘gﬁ%f%%;r%%n %?%%Wber%. &%? r ,obg%%h‘? ot ekehnd 0. 50
titani ufP® t OMRNe tafhpersetes Tthaonf ehi chqueds swbsBasti ahlly mégher than
Tcl and the gy el SxPARSIR GRAN igtiente Of il @ybet ween 25 and 320C,

6 6 ’

azs-szoc~ was about 11.6 x 10-6 K™1.” After various trials, it was possible
to denonstrate that the use of a ferronagnetic |layer with a high Curie

poi nt (Tcz) Tm tdeothmer grefenfed hemessoleryy,odusrd lditde heat when T >
Tcl. The nul ] er.aged little_after 1 0 h of operation and was

di nensi onal Ir@érlvgggr/nyerss aBT 2 e eOf e IHEPEF G g?”'t?f“ tHe %‘&‘F"t‘]rl 5¢e0 -didnais

stabi | i 28d @il make ddvee aldloye eheliew Tol pabensgari ous i nduction heating
trials were carried out with the same g _ food, thereby allowing it to
be cooked rapidly and reproducibly in terns of tine and quality. Finally,
no oxi dati ont’st AMPHRET ot hradest t @mbogimesitve Kibecherd lese hasbeiang heat ed

on a gas ri mpapthesashethtentacs deskwashar orThysa¢oRBi pation was therefore
particularly suitable for the manufacture of a vessel for cooking at a
regul ated tenperature of around 230C, for cooking food 10 such as rice,
fish andSnedin another preferred embodiment, the alloy has a Curie

temperature T. of between 30 and 350°C, a thermal
expansion coefficient og. 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 Inax ©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.



Exanple 2 A magnetic alloy, the conposition of which contained 15 41. 80
iron, 450 nickel, 13% chrom um and 0.20 nanganese) was produced. This all oy
had a Curie tenperature Tcl of about 150C and a thermal expansion
coefficient at 0OC, aoc, of 9.6 x 10-6 K-1. Pressed onto a strip of this
alloy was a strip of alum num whose 26 @oefficient aoc was greater than or
equal to 22 x 10-6 K-1 and then pressed onto this strip of alum numwas a
strip of an alloy containing 79.5% iron, 20% chrom um and 0.5%titani um

the Curie terpgratuigiTez 0f ' || _abave Tcl _gnd the ~ thermal 25
expansi on coef fi cilent%_lb%t%\?e_g#w%@gﬁg\r,l\%%g%&Sa??— g?&c.al YWRiCP TS Jabout
11.6 x 10-6 kO1.theteinwentinm make siti tpoasipbssite e danidamngiobat € t hat
the use of adkawaBIRYEEti CpdayShiih oy Qurie 30 paoint. .(Tcz) on the

i nner face of the vessgf p?oduceha\%%tt%e%%gl%enp%eﬁpsﬁal.h%ﬁe Aifti | ayer
aged |ittle BPEBLNIPHHBLR- ofTheperat sonmake was dossndbilenatd y avhryvst abl e.
Furthernore, gbbe toxiRRItAlow erddidtenhdl thl ayier agg{\@y%l%toap‘;%%\;ed around the

same val ue bgggw Tcl when 35 various induction heating tria ng)gdcarri ed
out with the SanE°Fb3%CF hePebtaMFdwing it to be cooked rapidly and
reproducibly in terms of tine and quality. Finally, no oxidation stain was

observed aft i Lve kifchen,use by being heated on a gas ring and
washed in a ?{1;#@%&9%#%%%@1%?1[#?% c %?ﬁ%g?%n tRs therefprenpaericul arly
sui t abl & orexhibHenuf s e ebraoséssel fosisomkéag aitn a 5 reguhaged

tenperat ure gfmespnee | 496 | 8064 ¥y Ki food ,such as vegetables, fruit
or water at Iov%géle sure. Exanple 3 11((?)'9[3\ ﬁ%%nef)ﬁc baaﬁlocy, "Fﬁé%t%rrpb%i tion of
whi ch cont ai RH-5Z4-83% t 0 856. 8%S933 S 33%ewiLBREILC 10appedafatchr onandn and

0. 206 manganesendegeagiiartiiond. Jhi seabl oyeBadia G e damsratrr e gpat coul d
vary between, 3/ (;;mid rl70C and a 15t ergal expansi on coefficien a% C

a, 0~~, of 8 TO I ¥ 1058 A" CHr 8EsthoRld OF /st i IFenthi B/ w0l tagdavi ng a
thi ckned$ ofU 0téstmiwascarsied poat adnund o wshhrart Bi Glessnadi @, | east 5
mnm the ther i iR PARS efficient ;of which at, 0C, ao~~, was, greater
than or 20 e%&alaﬁra(o 22 '%()P]l(g}?Gg% %thfetlgFt\%‘gfileoﬁé‘q AT ING V@I Psssible to
denonst r at e Y90 Yabies hi sebatiyer tpd mot mgdiaftrer d1&90rddef

oper ati on anthiiousemwanedsdi 8BNS onal | Loveb¥pshabhee 29idhe Jemgrature of
the multilayer, Isvvac}/ts Ustabi |.i zed around the sane value very ct'ose to 37C
r

when vari ous dnductTon Kt M 315 Sntertd e &g wa e Hreoretfi dati ons of
mat er i akOt hitdiates shawdicte niaeisoushvesselr geOoEt i €Si st NRFEbYo P Qglci ng

products 30 t§ bl urewi se_with _the human body) Furthernore, no
oxi dat i on st%?%ispoggtetr%\%ghgbf e?f%l n?lé%\%fvgoﬁset i Qaﬂﬁﬁiy-&ﬁl adrl Yonest i c

envi ronnent Rothit® dnbiisataldy e edtedefoor & hearsuinfisloar Iy sidinratdieond5 for a

heater intended figdstdheohusaiy bRsyiusus Iyn tthe warner, a
devi ce for r.esgul ating the terrperatﬂ#e o? gﬁogd%§§q8I %stgrf%,s%aeﬁgby Yi*ncubat or,

a nedi cal intef\FERSSER Yhédedr Inet & 1 8Pmc¥hichnspasditiopodsi bles by have
very gréat ttéwepelddoyr ecapirtidngi ty 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 wusual cooking range for food and below the
threshold for degradation of the possible nonstick
coatings. The Curie temperature of the alloy 1is
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 vessel
owing to the coupled effects of the temperature and the
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(conp. )0.01333. 780. 020 "IH34Y 0122%%%0. ¥2LHs52agso1pny  hours  of
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(inv.)0.002A%0t A3 1 Cerifesth ilr QR80. R0 IR a11ic strip effect
(inv.)0.002 760“1%%§g.0%;g.9%§0.0 <0. 02<0.0121 ) o
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(conp. ) 85003735e3% SR IZTMAMUOCAGIR 1 thed2<B 2R PERIc  alloy. The
(conp.)0.00 . 344, 822<0. 01<0.02<0.,02<0, 0124,

(conp.)O. 00%&%%%53%%5225%% 01 <0%1_<(?&%f%&9’(2)2<5? rZJSCtEd by the
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(10 )0, 0023455353. BBl -0 L0, B0 200 et
trials carrid@edatearteqjipr@raln sttresses 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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al so be see 3l S i i l. content greater than o]

exhi bi t botEnégggvfgﬁf%gbrrogggxh%ggﬁggg%églgnatglﬁiS%ffﬁ%rnal expansi on
coefficil@nt. WD 03j 046241 - 15 CLAIMS (original) PCTj FRO2j 04079 1. A

ferromagnet imal keb¥hase oanedt CalneeMPeRL! | AL QAN | 385, /0 PEFGENt by
wei ght : therefore makes it possible to achieve a lasting bond

with these materials.

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 T¢ of about 230°C and a thermal expansion
coefficient between room temperature and 230°C, a25-230°c,
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, 0g°c, 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 Te; of
which was substantially higher than Te; and the thermal
expansion coefficient of which between 25 and 320°C,

30 O25-320°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 (T¢2) on the inner face of the vessel produced
35 little heat when T > Tc;. 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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conposition furthernore satisfying the 8okl ow ng rel ationships: 15 Cr
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of claims 1 to 5, FIPRE TS e EAfr AIHGRKE | Pantdiculng lyangahtalleont ent

- 16 is grefeer tmnmanudqealireo 6£1% weddel aldqy asoklialghedti npany one
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T of beteer 303 3 ,é% er ma ‘—’le&opuarf"fgi%#16 e TS ERRAHS Batdeen room
t enper attlr e BH BS dfiqpediiah tamgh meatequal to 6.5 x 10-6 K-1 and a

saturation induction BS of greater than or equal to 0.2 T and the maxi num

oxi dation current. Inax of said alloy in a 10 voltage-current corrosion test
inacid nedilf(:&ﬁﬂ%lﬁ-gs than 1 mA. 8. The alloy as clainmed in claim 7,
characterized in that the thermal expansion coefficient aT~ between room 15
t enper at ure an ~ Ls_greater than or equal ,to 9 x 106 K-1 and the
saturation ipﬁdﬁ% ?%{r:]%%saﬁg‘ogr’ea{]}é‘? f:ﬁg'ﬁgﬁrltéd’ﬁ?alOFOW@FShT.C@?tQJsTLf%f an

al l oy aééordiln®% o angnpne 468 clmickell, 20188 8 dlromn@gduchRg mu tid ayer
heati ng el e e coQkig i ntended f i nduct.i on cooki ng. 10.
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cooki ng vesd&MWOEIRtEFGed ot oPL23biowguctiLIFE cordti pgthd@mal expansion

coefficient at 0°C, dpc, of 9.6 x 107¢ K!. Pressed onto

a strip of this alloy was a strip of aluminum whose

20 coefficient ¢ 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
Tcz of which was well above T and the " thermal

25 expansion coefficient between 25°C and 320°C, d25-320°c,
of which 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
30 point (Tc:) on the inner face of the vessel produced
little heat when T > Tg;. The multilayer aged 1little
after 1 000 h of operation and was dimensionally very
stable. Furthermore, the temperature of the multilayer
always stabilized around the same value below Tc; when
35 wvarious induction heating trials were carried out with
the same food, thereby allowing it to be cooked rapidly
and reproducibly in terms of time and quality. Finally,
no oxidation stain was observed after intensive kitchen
use by being heated on a gas ring and washed in a
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A magnetic alloy, the composition of which contained
54.8% to 56.8% iron, 33% nickel, 10 to 12% chromium and
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, agc, of 8 to
9.1 x 10™® 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, was greater than or
20 equal to 22 x 1078 K.

After various 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
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ibiygo&'! g';)iy?;)lgfl}(/& H;];Iflgggﬁigﬁ)ﬁ?%\ééfgﬁ pPeapf. hefwrolling down to a
thickness of 4.5 mm, these various metals were then
cold-rolled directly to the final thickness of 0.6 mm,

10 cut into specimens of various shapes for characterizing
the expansion coefficient between 20°C and Tq, o, the
Curie point T,, the saturation induction B and the
maximum oxidation current Inax, and were annealed at
1 050°C for 1 h in hydrogen:

15 * Orc 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 ¢ T 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

Imax was 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:
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0 4 (comp.) 0.009 | 37.69 | 3.14 | 0.296 | 1.06 | <0.01 | 0.031 | <0.02 | <0.01

5 (comp.) 0.0092 37.74 | 5.76 | 0.308 | 0.969 <0.01 0.033 | <0.02 | <0.01
6 (inv.) 0.0091 37.75 | 9.54 0.3 1.02 <0.01 <0.02 | <0.02 | <0.01
7 {(inv.) 0.0089 37.45 | 8.72 0.3 3.06 <0.01 <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 j <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 | 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 | <0.01 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 - - <0.01 <0.01 <0.02 | <0.02 | <0.01
18 (inv.) 0.0025 42 6 0.21 <0.01 <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 (camp.) 0.0057 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:
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When it is desired to manufacture a vessel
characterized by a Tpx value between 30 and 350°c,

5> defined by the mode of cooking and the type of food
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CLAIMS (original)

1. A ferromagnetic alloy whose chemical composition
comprises, in percent by weight:
32.5% < Ni < 72.5%
% = Cr = 18%
0.01% < Mn =< 4%
C =< 1%
optionally one or more elements chosen from Mo, V, Co,
Cu, Si, W, Nb and Al, the sum of the contents of these
elements being less than or equal to 10%, the balance
being iron and impurities resulting from the smelting,
the chemical composition furthermore satisfying the
following relationships:
Cr -1.1Ni + 23.25 < 0%
45Cr + 11Ni < 1360
Ni + 3Cr = 60% if Ni = 37.5
Cr 2 7.5 if Ni < 37.5.

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

3. The alloy as claimed in claim 1 or 2, furthermore
characterized in that the nickel content is between 34
and 50% and in that it contains no elements chosen from
Mo, V, Co, cCu, Si, W, Nb and Al.

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

5. The alloy as claimed in claim 1, furthermore
characterized in that the nickel content is between 48

and 52% and the chromium content is between 7 and 10%.

6. The alloy as claimed in any one of claims 1 to 5,
furthermore characterized in that the manganese content

. %! & ()-!1"yM10% ;& ()-!6"yM 10%& () -
sk yM 10% ! & ()-!'y y5110% & ()
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coefficient ag. between room temperature and T of
greater than or equal to 6.5 x 107° K™! and a saturation
induction B; of greater than or equal to 0.2 T and the
maximum oxidation current I,.,, of said alloy in a

10 voltage-current corrosion test in acid medium is less
than 1 mA.

8. The alloy as claimed in claim 7, characterized in
that the thermal expansion coefficient Orc between room
15 temperature and Tc is greater than or equal to 9 x 10
® K and the saturation induction B; is greater than or

equal to 0.5 T.

9. Use of an alloy according to any one of claims 1
20 to 8 for producing multilayer heating elements for
cooking vessels intended for induction cooking.

10. Use of an alloy according to claim 2 for producing
bottoms of monolayer cooking vessels intended for
25 induction cooking.
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