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; e3ebp_46TpBJt i WD 03/ 046241 PCT/ FRO2/ 04079 Ferronmagnetic alloy for

,~i nduction cooking The present invention relates to a ferronagnetic alloy 5
nore particularly intended for producing heating el enments for cooking
vessel s that_arne /i ded for induction cooking. The c } d by

i nducti on igwggﬁ/PE%EQUt by 10 neans of an inductor geﬁgﬁgﬁg§9pégﬂgced
beneath a glass-ceramc plate that is transparent to the el ectronmagnetic
waves, on which plate the cooking vessel whose contents it is desired to
heat is placed. The circulation of the high-frequency current in WMWMwmmw

i nductor creat es A FESRGHAGndiRl i FAUGRRAGHA CUAERES I N ! .
which then heats by the Joule effect.” Thus, induction heati'ng invol vegs;se

t hree successful physical phenonena, these being the transfer of energy

fromthe i ndM_?é OEIBréQeﬁ@eiH@§§@ior&?Or§i§§éé orBgRetiaaldnagridien t(-mel&}pnver si on
of the electrica into heat in the vessel by the Joule effect and

ener gy y
finally @he‘??%%sn?§§Fgﬁu6?rﬁ%at1@F§“§ﬁ€rnafoﬁonHESQPﬁﬁnﬂo tHRAF . 25 The
vessel becomesemaritidh tfloe | BdoRihGN, vedsalcd | whattl eaedt Ohtéh@eleatdng system
since it is wthin itself .that the energy conversion takes place, hence a

| ow t her mal TH&ITI PRSP A Mi%h energy efficiency. 30 There are al so
speci fi c cooking appliances with no glass-ceramc plates, for which the
materials fof ng§§Q$n§uQﬁ§c%ogg t 'Sﬂﬁﬁdﬂyiéﬁwisaué¥¥¢§§ gapuf,act ure of
cooki ng vessels. o-achi eve good energy_efficiency, these vessels have
met al bd0t orféeanti Rf a A ghnEMEEPKi carnespdlrt i YePyaand aangath a
anplificati ognpfsthe-ampanet peatbel dmgfc t hesoped @ dpthidrtquenel esciused,
which are between 20 and, - 2 50 kHz. It is therefor gener | . practice
to use an al FFF I INE G r R GiTat | Wi tHHER he %iﬂé‘ enpe?atitf e range
of the vessetesmul thiadsdasomtemigneit zati deshirgd emouglatt ol gepedcdd.
substanti al net | es.. These vessel s t. ha . gh_coryosion

resi stance é@“?ggég gi?kgg aégfiﬁﬁ%onl C %%%ﬁﬁﬁﬁ%¥f%§kféb%tqa s%ﬁ 0 a

| esser éxt entndisctr@agacdsathe bot megnemdicchfhasd rMdatioibdudegr aelkddly when it
s being washethorkey Mushealsashe Maghan caldy rbablepso difat gbhes vessel

maintains its eonetré; in particular the flatness of the bottomin contact
with the topthfetthe 150USduct dPAUFhiPRCt, PRAEANY vedREPLYESheatREEeits

bot t om t endssi@-expRild. phihei & ld el dmedfa t hthems I8d ingl Sive cathesiféhe skirt,
is heated to a | ower terrpef]goture t.han the, bottom atngl therrleefore Sengmds
1 t

| ess, thereb?/ exe?rf?rn%ya radi al cto}hepreslsrll(il/%c%?lF ess on IS botTom  The
| atter 20 calediorafagre tebqeddd onl $hby bl tve ng annverpiion degifadeshe he

ener gy ef ficlenoyr 0fa it hendsaephio ?‘HQaEh?nCQ'?l%Ur{?%rssieﬁf ]Eﬂfcﬂﬁ’&eﬁéﬁﬁe by the

noi se and the_ unpl easantness that it produces. This effect is reversible
during the f$¥RCt ARd | Mg hatthe e Raseel s§ 0l ek YiankherBalead to

i rreversi bl ecsle@iadiadn av afHeerfoad.ar ge nunber of these thermal cycles by
structural transformation of the materials of the bottom This phenonenon
is particularly sensitive when only the bottom of the vessel contains a

hi ghly @énduthe vevermdeel i deddmers,30wetanpltéeal andnaiion, copper activet he case
of multilaye i i i o) yer s Yy very

di fferent e;%g%%%@% %%2?*?c@%%§£h$[%R%?%ﬁf%gﬁéﬁcgéiﬁggggﬁﬁééiéﬁ?ggﬁtroduces
35 a bi net al that sithiep @REEN | CRAVERSLERdSEPEEH PIageH orheRFR ot $8%h of t he

vessel and tendgkel theeadhesdmn Lhilde s dfaydehadynder go irreversibl e
change, leading to localized debonding, and therefore to a significant |oss

of efficiency of the vessel. - 3
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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To produce these vessels, it is cormmon practice to enploy ferritic

..Stainl ess steels for the ferromagnetic part, such as Fe-170Cr, or else
three-layer symmetrical 5 materials, nanely austenitic stainless
steel/ferritic stainless steel/austenitjc stainless steel. These materials
have the drawback of having a Curie t"er?lpe"r ature above 600C, which rreans

t hat the bot of ese v se t hensel ves al.so reach this

t enper at ur e, g%% ngg redul SfP&?y 9%%§r%Jr]d pcfeagcrte%(faetl n o‘fls‘?h IQ/essel
this being sollesen wkht befsor efehrsmagnpelaturwatcb]flrﬁOOCheTo waankeidyg t hi s
probiem FR efindfatP! angags e Leplan %@géweaaa acyggsel, ot tom mde
of a three Iay mat eri al Tpr|S|ng an a whose Curie point is between
60 and 200C.Mmagndthrrg tdon hélltginpe?@@mfé ofot h@e@@§§é|e i sWeteRtiel curie
poi nt, the aldgedi: ¢d@Emgnetic and induced-current |osses that heat the
20 vessel can occur. As soon as the tenperature of the vessel exceeds the
Curie point, the alloy is no |longer ferromagnetic and the heating ceases,
t0 resune ag@idsaASveyl Asnide hemperahigs @fortrbél‘bﬁs&@sﬁsaddrﬁzeb&is)w t he
Curie point. The esshel d%s therefore t ”TEJP' 25fre ul etd However, such
a material iHHISU 3G the £9kPh gr"ﬁg 8P o&HT HiI%h T2qui res
t enper at ur esa r hagsey érben2@st are3(Ast e beticdred. wRichhewsdr oot hi ng

i's propgsed t tq.ensu (o] trical stability of the
vessel gﬁd %&g%%ac%?% g&eganes&%s?ancg qﬁgggtﬁﬁ faces of the vessel. The
sanme principle is adopted in FR 2 689 748, in which it is proposed to

manuf acture ehss¥edg18h and hngalpercdmler isthphbat sbnctygdes @i al | oy
such as Fe64N 36, 35 the Curie point of which is 250C. However, thls type
fl | oy hasvesRfy y TRHMRITS cof Fdsi BROPESF¥L an&é‘ amP A2 Y ovi- & pansi on
coe ficient. fildiresd | OF tBepbesseﬁl aglaldtﬁttaa:trrekﬁtth | ayer thaviaty tehemar kedl y
hi gher pansi on_.coef f] ch resul ts.in_def i an of - 4 the
vessel gét t orft ta i f rlerf) 8f f’estsghlhgr? eat eajtncesd,b%tl-"%lh
def or mati on tn%rydsonret |¢marmacoﬁ‘@e| rs eder siddlle. Oﬁurttlftﬁer W@seeldegab&tati on in
the bonding @fw@&mﬁ@%ﬂl%rsls diies ey 3t&y§|1&we°'f [ oo & SO

t enperature enonenon, nay al so_be observed. | ect of the i nvention

i s theref oret}i% Bl eanth HISEREIeR PIRARAS n]gegtsne Wé%ﬁ?% RIS cooki ng

\ée?sel S mf&apﬁé&i&ﬂ%ﬁ;ﬁré@éﬂﬁ@egtf@ésl aductthueg b teankiTg: 1deser garths
eform nei t her, ove e cour t.i nor_duri.ng eration. ,and the

COrr osi 2% re%?rétgh%%e% r%?’fﬁ?r@ %Iglo‘ﬁ %”E%]ocf"h NEE ce@?lssaé%gﬁ%%%%l

furthernore tiawi egetgy abf birciendy t of beheoclsesembd yf rdred tdie acomspeaent ur e

aUtO”at'Callyér%ﬂgb%ﬁggrggdth§%1§%¥ﬁsﬁghgebgﬁﬂ?e@héo @Hﬁl§§9a&£ness

Furthernore, this e processed pr essi ng, draw ng,
cutting and Heehi hF n@roéﬁac%ﬁy Bhher effeciblis procesib g AWiistg gebRr at e

hi gh ][nducedfﬂ:'sitf ety Q',SJ.SIEE% eﬂanmhtehlﬁe@iéposg, Lishsﬁiflbtﬁt subjesy of the
i nventi is,a ferromagnetic chemi cal conmpagsition ¢ rlses in
per cent %gy \Aﬂﬁ%‘ht ‘L“OSZl %@Vgrﬁll%%e7feﬁ%a£?)tslctﬂ' ggﬁ%rOaZS G LAY RRTs 4% C s
1% pptl onal | 9f otiee e e enel ecpatas dleDS&hrlfwmep t¥an€hormatiSr, oV Nb and
AL, the Sum&fleth@aegpigms gt {hese PAIRALS BNy |gs &E@Ybrﬁe ggual to

10% t he bal ance erng iron an ngurl {1 6s resu romt snmel ting,
t he cheni cal p%bmlﬂbh fS@nsHdiyer ewsgni sPYivig thre oittem ngt the
re|at'0n3h'p§es§$l lcbMNaing3. 25 ﬁ19@1§5cﬁoﬁdh&§lvé | 380eBbalN t£8r z 600
if NN z37.5C a 7.5 if N s 37. %rgapreferred enbodi ment, the all oy

has a nlﬂele%w]e%ta]d&‘%h %*S%HHP o%i and contains no el ements - B
chosen from M, V, Co, Cu, Si, W Nb and Al.

In the case of multilayer materials in which the

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

loss of efficiency of the vessel.



I n another preferred enbodi ment, the alloy furthernore has a chrom um
..content of greater than 130 by weight. 5 This alloy has the advantage of
being able to be used as a single material for the vessel in terns of
conpatibility with food on the internal, face of the vessel, as the alloy is
then a food-grade alloy. 10 I n another 3pr‘ef erred enbodi nent, the alloy has
a nickel content of between 48 and 52% and a chrom um content between 7 and
10% In another preferred enbodi nent, the alloy has a nickel 15 content of
greater tharmer pegdaket otlhee avédswerle,paiti cild adonmonef prabdt ycgr eéat er t han
55% | n anot refe e ' I h a e ont ent  of
greater t hangc%kg’qu%?{{lgtdﬁ %Qg%gg%é%sgpge%kggfhg&zﬁ I%&%ﬁeﬁo@pr ocess.
| n anot her rafer rathermderentsCa/heomnldlne Hdvr ee rahesemdmiaral of | ess
than or equgh,{&-1Q;130. ngﬁei anpdhe: garef senedieahodiymnt sed he @i d oy has a
Curie tenperature Tc of between 30 and 350C, a thermal expansion

coeffici ent stRlHasfeenstenhy torperbtife HIRITL S gr éheet -t hahie equal to

_6-3 xt JO-GB%%nOe%al%/en?gv@?L @hel ha@rgwelxaéxe-gog %h@‘mﬂl@ saturca%ﬁmth -
i nduction Bs of qgreater an_of _equal, to 0. , .Or _eyen greater an 0.
T, and the n’h‘?f?f?ﬁ,ﬁﬁtg‘lﬁeda"t‘l?%‘ﬁe cgpgeﬂt |w$&)?%0fm%aé?% EBF‘By\ég‘ﬁ gmtatoms

vol t age- curreht tiodsosi vassebs i maqci dhomdeliness lads® t harach mAhidd A
second ybj ecln Ol JNE d VeI g T Rabhe 1agel ap, al kgyqacqad ng, 4@ the

i nvention for pﬁo ucind nonolayer of multilTayer heating elements, such as
nmonol ayer bodedraratfiom cobkiblge verssees i ntEbhdedcebrgi duceven dodvkd ng. -

6 The nickehe Atk QUM UMRLLIRENES o#f cobecal | oy according to the invention
make it posm%l e to achi eve good drawability, mechanical cutability,

pr e)ssabi lity and 5 machinability. They al so make it possible to achieve
good oxi datimh resed@ncenid dhrobkdig, almER ¥ery3 0wl hetossdDSi e
- resistange. Furthernore, the alloy according to,the.invention 10 exhibits
good coﬁ?’osi%?f“f‘gasqté{raenc%%i i av?‘l‘:ﬁ%?f; gf’%ggﬁhé(}aeqe i Afad d@rh% f UM ard in
basi ¢ nmedi umaterigal t icomlpari sdnar egar deldeygt hehbeeapfeatanceodmd is
nondegr adabi | am T 1 i " ce of
b ived éq‘%/ﬁécftsf(%age GrafISgnde the CoRPORIAN-E &3t SLRY

the alloy, a current test’is carried out 1n 0.01M sulfuric
aci d medi umveakehg ithe Beley adhene @ ek’ r oBeiBhd i FP6si ®d WP i obd vol t age

val ues rel atf¥erdaghdd il | SN ehacee@deur Mant Ousskakuenadf Hedth the
correspgr&dence with various val Kes of U aretﬁgasgr ed and theo%axi num val ue
I 0 e tThe

| max of 4° 20"¢%3! cA8PadE Zes &8} r B8i PRPEHR e bF Yoy is
det erm ned. vesszldesxd@sdd hehenQueiecpalihty tbe tad lvy visuab | yordéect ed on
t he surface ' [ i a6 d Lum Qr, i e I

at nosphere, ?%(rfés}ﬁgr\ﬁéeﬁs%ar%?hgﬁal %ae%tf}% n%%rggﬁéﬂgbh(egon%sﬁﬂawnn% a%r%t by 25
the alloy acedréeag to¢ tHee i herRerahursh®prelentesseéntidtlsd makela¥so been
?bl e tot demﬂ?é L %{&i@aggﬁmdag% aﬁﬁﬂl n%s: 0th'é&_eif6‘t@“%l§?mh@§lﬁt Ol;_ri e
enperatyre of between an : ic mekes, i ssihle to _stabilize
t he ten‘&teé’r atﬁ?%ulvﬁ‘??f?n HRECHEhal SHBKi g PAFGe 3 orty ongar‘Fd”B:eqC{mF?he

t hreshol d fothdegradatingn ofr t hérpbagi blef nofisbrek odeitdngsredqueré&sri e

t enperature i e y s.th ¢ u t 35 Such
a function o?ér{lée %ﬂ%egyrrg%é@{f% %%@snl b%lzg)gt%(B p?g.\(/)egt %ggota[%]e agglg%g%?él

burni ng of tRertheeners, t hotideg afd Pherased| ekt ddadegPadgnitontef the

vessel owi ngehutde iR gofEE petal ofs i liapenat Ueke anddsba  andati gue

under CYell Cqnechant el St emscs B e WISl e sty ol foct wben the
to the invention has an expansi on coefficient of greater than or equal to
o1, X 100 o0y LB O EUGELLLAT BT et Rex I Bplch Ve

di ffusi on, sithiasproposed 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



10 al um num for exanple, this characteristic allows the bottom of the
.~container to be dinensionally very stable, in particular when a ferritic or
austenitic stainless steel is pressed against the other side of the

al um num layer. 15 This feature of the alloy according to the invention
al so makes it possible, in conmbination Wth its heating being limted to
350C, to guarantee that, its bonding, to an.alum numla W t hst ands many
hours of 20 oper4tiomn: tf‘ﬁtet?%b¥a8t Sﬁge?ﬁ&?lgcgglrelﬁjat%&{eﬁet awgler{lg of this

bond are theig enpsataddy e wniccht heddfioretatdlare siay p sfrietimessdoeatresl Wit h
the difference | . io | clent I RAM ek

f erromagnet i%xe%%‘{korig.&@h@é tgﬁggﬁéﬁl}&e@f agt%g’rrgi%tg\eg?gaﬁﬂ;n}tggt rict ejt' y the

t enper at ur e Betvfeqregthat ilayeassocdur efonia hecyaelcust eepdi wreepo ame

bi metal lisc st&ddhoffiod e denhne dialf anarces bBskheetml expansion
coefficient of the materials could generate reciprocal stresses between the
materials and therefore, in operation, a creep phenonenon thermally
activated unpes eiyféd€ Sfrens, iheadtngnl it @iy floirkt It Iordwiddeamateri al s
assum ng the hot stable for d,esgpih%th ritg]jrdity thtat may be initially
given by a thc¥ | a@érr dr B9 t T GatFiEE WS ot reft9n the
bott om of t heeyssisel howeng pantiocwmlaedlse | intdet@ed or foiron Dfidgdieiomt er | ayer
bondi ng t he . 3 e cghani sul ting
in Iocallitage %%]g% n%]?eg%sgg)ggghégﬁggﬁgggf ?]glﬁgﬁéé)% %&eﬁe veségeq}lrgéén)d

magnet ostri cef vet g se ndver et iRy PSRt IR+ heakdnpoet i eArvPsiere al | oy
accordi ng torddesd ANt beN.wIA JIRL 851 }lodS BRT Aored Wes& ldaey,maka expansi on
coefficient between roomtenperature and thle ie temperature is
relatively cYo%} o WHACB1O%] NAHAE dif) DFLIBriFF CANRE atRPET 17T

stal nl ess steel&d At niam wadnge it e naet oma bata Py t keghilaekdl Idye shei p

effect. .The conbinatjon of these t ur t | the re makes
it possible YOO 3T wb%g‘ﬁe‘?%s?ﬁngarb%ﬁ%ggﬂ:h ﬁllggfé‘eﬁgt é‘ﬂ%i’a&?l%xélﬁ%&é 1A
magneti c al loyst t lpe cehpesittd okveof pmbtehsedntly neded38i8g,i rdnawbngs ni ckel ,
10% chrom u a : 0. 2% si}i,con; roguced LScal l oy had
a Curie ten&?g%%?%n’%? g%%g%gl&ggé?{%cf a%‘h&a%{%ﬁee\ryan;sllplexpansi %ﬁgg%i?ﬁ ci ent
bet ween roontR@rpetatIRReRiE J50h igghcesycugento LPSERS6 K- 1. Pressed onto
a strip of this alloy was a strip of alum num the thermal expansion
coefficignt of ich at 0C~ [ S greater tha [ equate to 22 x 10-6
K-1 and 2t(%)hen]’Q?)]Fe B BRERP I gtoré? uﬁfﬂ% %‘?W%cﬁfagpagg?r?‘BV%?t%l%naJr?oy

cont ai ni ng 78. 5%eirromaglé¥ichr alilog andh0s8% tdhteamiiaah t hemBosieion

t enperature iC hseq.gcst j &l higher than Tcl and the thernal
expansi on co%%[fgilsé%' o}fh\\ﬁelsrc et%té')ré_%dnd 320C, a25-320Cr was about
11.6 x 10-6 K 1. After various 3%i%% & Nit swd€-§8ssi bl e to denonstrate that
the use of a ferromagnetic layer w&th @rhkghggurie point (Tc2) on the inner
face of t?e vessel produced Iitthe ﬂgat l\\éx/nen ,> Tcl. The nultilayer aged
little &ter 1 000 h of operatiol-&hl WesldT nthsional Iy very stable. The
tenperature of the nultilayer alwaysCstalli®lized around the sanme val ue bel ow
Tcl when varj i t] at i fi r [ Wi ¢ h e sane

v g Tood, CRRERABLEY| PES; BEHbRE Slelen et dhtid bt o YD e bi y i n
terns of tinBuandiqullyi Np. apdn&l,y theo Bim daf | e sEankenhs 8bsEPGEd after

i ntensive KitebgdntisepbyngeilRgshaaifd R aqeas donaend washedibfAca 5

di shwasher. This conbi nation was ,therefore particularly, suitable for the
manuf actift e BELRIVALSBI anGr TRt es TeFEutnd e ‘?%n%g?atsﬂ‘re 6P 9ar ound
230C, for cotkéngchantcdD semipaasitriicre, firstheanbmeatsatbediying 2tAenmagneti c
all oy, the cgn?gsi%onrg{aj\:/\@ci)gst}]fogl ained 15 41.80 iron, 450 nickel, 130
chr oni um and™9: %’na%ganese, Was If)r'oduced. This alloy had a Curie
tenperature T~1 of about 150Cmnd -aNiher rdd - &xpard on coefficient at 0C,
ao~, of 9.6 x 10-6 K-1. Pressediqpt q a S§4 1P 0fgd his alloy was a strip of
alumlnﬂggmose 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




1

20 coefficient ao~ was greater than or equal to 22 x 10-6 K 1 and then
«pressed onto this strip of alumnumwas a strip of an alloy containing
79.5% iron, 200 chromumand 0.5%titanium the Curie tenperature T~2 of

whi ch was well| above TCl and the ~ thermmal 25 expansion coefficient between
25C and 320C, a25_3zoc. of which was about 11.6 x 10-6 K-1. After various
trials, it S ssible.to stratesthat, t a ferromagnetic

| ayer with ‘é@r}ﬁ geﬁl ngl eM[?O ggm%tg’(fl:ﬁm Sgh [Nhegisn%gra ggée of the vessel
produced little heat when T > T~1. The nultilayer aged little after 1 000 h
of oper at i onangh d@e i FROSL LRG| ¥nEEYnShED! €neluntidsy Ml Snd fifor e
tenperature of the nmultilayer always stabilized around the sane val ue bel ow
T~1 when 35 haft i aushremieni eankeati of tFieatenetaratpedYolteitth t he sane
food, thereby,al | oWidg hist enbe ageakedgeapifdiye iy s8PEodycidd yudduterns of
time and quality. Finally, no oxi gatl on stain was observed after |Pten5|ve
kit chen use 3y iei 7§ 94t eBabR 42dasiPFngthRd VBSHRY i Hla teIrms 1P

di shwasher . ddiigsatcieilliirgt | ehtmasddder efiorhepathtevhall yEaxd t alil ecHer the
manuf acture of a .vessel .for lglgokl.ng at a5 r(e)ggl aggg tenperature of around

140C- 1 60C, fOr>Tookitg FSod d0dh 15s VEGefablPS, I PUFt %6 Xat er at | ow
pressure. Exanple 3 10 A magnetic alloy, the conposition of which contained

54.8% t g ,56. ' 9 egﬁf\é % c ' % mphganese, was
pr oduceg.O Th]?rg %If%ye]ﬁ}é?é; rlde %g)répéelrlréet%ﬁ'eq atﬂ?oﬁg]%arza; bet ween 37 and
70C and a 15FQH&EHal obxpatveen Afefin@i ort ANDCR ghromigm geeptent x 10-6
K-1. Pressedhdyber Blardd 1@fz .t his all oy having a thickness of 0.6 nmwas a
strip of alumnumw th a thickness of at least 5 mm the thermal expansion
coe)ffici ent of which at 0C, ao~C, was greater than or 20 equal to 22 x 10-6
K-1. After vaiiawstHar grssfdrdradhsenaskinsdre ,t oclhoenmlnisty dtas hereidlosl t hat
this bilayer_di ot e af 1 h Q ti apd.it |

di mensi &%al I‘i/cgirj{/tcejerl{;C stabl g?e%gé{'hepl?%rlme(?%t uegg’{ao 'E&E)e ﬁgl"t i ?é‘gg‘r%a ‘%/jvays
stabilized apaunidulerlsamsafsinad lvegyedtese thgn3P8&%when vari ous i nduction
heating trials were carried out wth conbinations of material thickness

and/ or various vessel geonetries, thereby producing products 30 conpatible
t enper at ur e Be WIH'She FRAESF Ity . SRR Jﬁ‘g?%re,tq?ﬁ) &]rdjo%Yi Pt af n was

observed af tiRindarieasi yentiset | of agitediteal ttardosestgaadntior dnrmentso Thi s

conbi nat,i,on was,_ t her.ef qr,e par.ticul ar.l i I 5 for a heater intended
for thetzlguna?'ns btb%)}r}akseugtr?easaalal Yoo |Snlgééb§:t%t 1I;pg%\/c\:/%rs%ér, a device for
regul ating the tenperature of blood or plasma, a baby incubator, a medical

interventionphealglyh&f C.prStdicRed | dMKSSiddnP0SSil € 401 HAVenyery, or eat
tenperature uniformty - 11 self-regulated at 37C qver | arge areas.

Q

Exanpl e 4 5 MMFIRRFhEAIBYs A BSEFhom i &394 W& @ pfoduced by vacuum
snelting fromhigh-purity nmetals and were cast into ingots. After forging

and hot-rolljng_down to a thickness of.4.5 t hese vari ous tals were
t hen col'2<§’-rojfrl1 eﬁn8¥£%EtP§e%%rfﬁ% Fllnﬁgfjlfnﬁ%rkngggg c?fsﬁﬁj.y6 h&% ?Lgaég gi nt o
spegi nens of tempématushafks 66r hbétweet er3¢i mpd hé5@XFanskontbeehaici ent

bet ween 20C S ol & t€aROI Bhtdaent RS cRAt tRALd P dughjon BS
and the rraxign%%%?(ﬁfgt FSﬁkgﬁ?%{%{t‘ I(]eraxl.a and wer e anne_@rﬁéeq at 1 050C for 1 h
i n hydr ogen: Ta50f agreahsr mddair F ofdH24i It ofet of ;10 BSKwas eaStitRd by

extraction ojr@as®ecthdgn bremottekfielshd 1a68atMehtobna imagaetohedyeen two

detect i o colls conpected (o a gal yanorehep. ot he, Meaglr gRaL betngy ! o

0.5 T, and the maximum oxidation current Iy,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.
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20 T~ was neasured on a magnetic-force thernomagnet oneter by extrapol ati ng
'*to O the tangent to the force-tenperature curve at the point of inflexion
of this curve; and ax was the maxi num current recorded on a current25

vol tage oxidation curve in which succegsive vol tage val ues were inposed
between the alloy electrode and a platinumelectrode in a 0.01M sulfuric
acid solution. The conpositions of these alloys (apart fromthe iron 30

t hat makes up the bal anced are given in the foll ow ng table: - 12

Al | oyCNi Cr MbeMrSickeCuand chromium contents of the alloy according

conp. ) 0. 008933, QR2. 654 9 0l 0,032< . .
§coﬂE.§o.oo§%§5F3§5u%%@%ﬁ%%%b13836509635§8?8253903%3 achleve good
(inv.)0.0083mwedidsgy3| . vacDapiedl ot dpikbitng pressability and

(conp. ) 0500938935140+ 3961110650403, QkeD. 02<QBHible to achieve
(conp. ) 0. 009237, 745, 760, 3080. 969<0. 010..033<0. 02<0. 0 6

(i nv.) 0. 009 89PY7 5 ERY 1PN 05epl BFpCH2LH. odkky. 02pd also very good
(inv.)0. 008%dt 423rb200833r8656tAAs0. 02<0. 02<0. 018

(conp. ) 0. 006633. 464. 880. 133<0. 0l <0. 010. 02<0. 02<0. 019
(inv.)0.004133. 667. 950. 188<0. 01<0. 01<0. 02<0. 02<0. 0110

(conp.) 0. 0743%t242mdte, 1720026@3199<0a020@d3Rg0. @011 the invention

(inv.)0,Q08637.:639..310.2930. 5 3<0. 02<0. 412, .
(i nv. ) 0 800538 388700, 98731 330 510 boi <6020 BIts " @ humid
(conp.) 0. 015330rPhegee. 186<AUD. pedoup2<@n®24® opagic medium, in
(conp. ) 0. 01333-+481020. 183<0. Pd2a 2ds0. O2sdk K< Ol Ippearance  and
(inv.)0.0149. 99, 60. 49<0. 01<0. 010. 2<0. 02<0. 0116 _

(cqr. 0. 002989595 26386 18550, 6590, %20, BRI 02071 78ptermine  the
(conp.) 0. 00xHAZ0s40n0lre3.iGlatd@2 <Y 02wd. H118y, a current I/voltage

(i nv. ) 0180214750 92150 012001 <0 0226, 0283 pygpLfurie acid medium,

(i nv.)0. 0026446091 330 . DLy, (002 <0legkpode2and imposing various
(conp.)O. 00%&5&?@ 0340.4620. 380 Q) 0. 092<05020,102622m electrode.
(conp. ) 0. 005755. 33. 80. 2770. 0290. 011<0. 02<0. 02<0. 0123 ,
(conp. ) 0. 00BLLONS 1825388, (2D<F 0180, 6OLHePRRdeR9e with various
(conp. ) 0. 00420551510, 2580 @b560cA1 50d025R. ARsAri?Talue Tnax Of I
(inv.) OZgOS 0..29. %O. 243<0. 01<0. Q%<O. 02<0. 9250. Olzs?istanc £ th
(i nv.)0°008 . 4G196726%6126%0120% 020" 0220°D 127 € ° ©
(i nv.)0.005285y. 80s 282€0r0iredol 0 02ede 02401018 magnetic alloy
(conp. ) 0. 006850.:219,e7Q,:2410 V&R sd Q2<CHRB2L by corrosion
(conp. ) 0. 003539. 920. 10. 233<0.701<0. 01<0. 02<0. 02<0. 0130 '
(i nv.) 0. 004545 & 12asss BIC bl Mediup @D<dNo2<BURgh atmosphere, it

(conp. ) 0. 00663 hezbbsAdy2628@. G50 <0h<anQ2Bi<GHibien asultet ofy t he
trials 5 rritd Oafiltl are iv%n in thg tablg bgl.ow 5 ,. - 13 A |oyaT~
QL0-6 K ~Bs%f#) 10y AEPPLSXPBAP1 HPEoMBY TR 36% 0852051, 202
(camp.)5.100. 91 1810. 253 (i nv.) 8. 250. 651270. 904 (conp.)4. 501 . 2252521. 105
conp. ) 6. 05 52 i 700. 7 40. i A7, 8 951820. 908
Ecogg.35.00g33%|4égg§%§@(§r%h %ﬂ%f .53§§8§60f§3%%§n§ie?;74§9%§53 1 2011
(i nv.)7.700.Brerstragel Xhathvthe. @dd oy me3m by (E8mshrs. BoEEIIr51. 5014
(comp. ) 8.001 03300 7018 (o B 01 1) 260 2810 ( Fhe 1D 301  oaan0 5020
co . . . V. . R . 1 nv. . . 2L, VL.
(inCP)9§951. 0%559956i%ﬂﬁ.f§{ %Eﬁhadiéﬁﬁ.ggﬁz 88#%%%?6?0@?41 01. 4023
(conp. ) 11. 6Ghed03RA1a 1102 qicimy. ) Adn@O0. £8100 0685 (aina . kN cA00. #45 900. 3226
inv.)11.20 .22 i 301000, 1728 : .
(comp. ) 10 ad3 et 1950 ReakatsBilnZoony b0 lragsible nonstick
(i nv.)9.500.280200s333 THecorfpulild . 2oemperaope31ofherrhiet sl ldesirietl to

manuf act ure & M558]1 Chalackelhinzed BYua1Twex 3valode between 30 and 350C, 5
defi ned_by the node of cooking and the type of food - 14 that it is

i nt ended®t o prepare in this vessel, it nay be seen that it is sufficient to
select wit hisudrgeacomeéiﬁi&@naif r apge gl abyrednd bes aliltoylpbha%bmas ﬁdﬂehCuri ﬁ
poi nt correspondi 0 is te rature Toax 5 It y ) e seen that the
al | oys havi eav‘?ﬂncgké?t ot ecé‘gte]PufﬂéﬂgSZ%% e%ﬁlgbi chcgt RIE cETT ent
corrosi on resiext,aneadantha hicgleleltatedl dxpaadabhnonoefffi thentvesse WO

03/ 046241 owing to the cbupled effects of the temperature and the



PCT/ FRO2/ 04079 - 15 CLAIMS (original) 1. A ferromagnetic all oy whose
-~chem cal conposition conprises, in percent by weight: 5 32.5%s N s 72.50
50 s & s 18% O Ao s Mis 40 Cs 1%optionally one or nore el enments chosen

fromM, V, Co, 10 Cu, Si, W Nbo and Al, the sumof the contents of these

el enents being | ess than or equal to‘1070,'the bal ance being iron and

inpurities resulting fromthe snelting, .the chem cal conposition
furthernore SIS nﬁngﬁ’é fglngeﬂmcng “%eqkhatr} i p§€rﬁ%s%p - ;b.yl Nt 23, 25 5
0% 45Cr + | INmest ARG NisttidCr edif6Q% | whhih stB&. 5aliog 7i5 iprdssesd 37.5.. 20
2. The all oy as.1r(1:slﬂzaiar{ltc,\ocjC ier}: im.l, furthernore characterized in that the

chr omi um comt@&nt™3's greater a%z?ﬁ:lf%'o . 3. The alloy as clained in claim1l
or 2, furthernore 25 characterized in that the nickel content is between 34

and 50% and it Nt ai I t h n. Co,, Cu, Si,
W Nb ang Alb%kprzl.(;\%re' a?‘lqugggagl %?ﬁg)éalqﬁl%clstacfmeﬁgorlt](zl,g%g/rg?héar?oraen 30
charact eri ze’RRanti taeeffileientcoptentredtgreatBant hah 59982l 5t0 The

alloy as clagmedkiyp-€l armdnaf YebherapLe Gfidracieriad bp thpfalt heo ni ckel
content is between 48,35 d 52% and the chronmiumcontent is between 7 and
100. 6. The Al o\° asKclai BN nthnytdnePBFSEPdi nRr 1 P3NEd s R9FEFFHor e

char act eri zeshdtthd hahat dwei atlangaheseng ogbedt heatY dd ffukGon,s gredatas than or
equal tq.0.1 7. The_.alloy as claiped._in one of. cl ai to

char act grol ze%hf%lw{[ét ff)ﬁe a’fafngg/l%fasggl&r?rggl ae?r%eerr%{%ée §ﬁ9%’8f 1f)%fween 30
and 350C, a hdtetromal @kpartsd oncausffriet ento aTee bed inems t@ovdd 1 enpeeay ure and
T~ of greate or e - 6, K-de A0d 3 satur at i ction BS
of greater t %én or’ eé&aﬁﬂﬁtﬁ%ﬁarﬁaﬁg%?heam% numl(a;cid ggti%%égﬁ?%gﬁ%l | max of
said all oy istainkesml shgel cder anteng 03PgANEEstthe QAT nedidem ?5 | ess
than 1 mA. 8Bghdhel@himdm asyddined in claim7, characterized in that the

t her mal l?’xpansi on coefficient aT~ between room 15 tenperature and T~ is
greater than or equal to 9 x 10K-1 and the saturation induction BS is
greater tharrhots efeakute @5 fThe 9allsg cicaradinaytacddradi hgvéntamy one of

clainms 1 20 r i ng. ti i I n f in
vessel s int e%]iéd)%(g %‘%e]gn%g%%%%dkiirgygﬁ%gfﬁ%% e"z’iﬁﬁgl f%?/ g(é:%g%ggnggt o]
claim?2 for pebuucligibedt 5as 30 Kondiayenagaskefg hedseltss | heedded for 25

induction cogki ngn 3% luminum 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
associated 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 Dbowing out, or else in

deterioration of the interlayer bonding by the same
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10% 1098, (leth these materials.
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10\\ I p sl%ﬁ% | f 825! 10%\ 2\ & () -
$"WBrSL! !} LeS10ves&! ()-1" " L&$10%e& ()-' " L&$10% & ()-'u " L&S10%&’ ()-!

p L!'10%& () fs(!; ég{@ (a)llé}/opltl,}lle} col‘nﬁﬁ%%qg@.%igf 1 3P%&:Ch dhdfineq

10I } o, 2 109K F10%&
*L&S10%&! (%9 BAxoPIom, * 5031 0%@ke ) - | 1881008y 21 08RE0 MR &4#10%mE:
() A 10(Vi8ar(c) -d. 2@%1&&&1 "‘Wwpéfbélucgdo%l'ﬁls alloy had a Curle
0& ()-1!. mhgésr(a)l "#109% & t Y?i%&w E' §L g)- 'h[ JlO%r& (g "#10%ZZ&
() - 1 T2 _,, SmReratiye (e ofo# o<u) (an ermal expansi
coefficient between room temperature and 230°C, dazs-230°c,
of 10 x 10™® K. Pressed onto a strip of this alloy was
a strip of aluminum, the thermal expansion coefficient
~of which at 0°C, dgec, 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 T¢, of
which was substantially higher than T¢; and the thermal
expansion coefficient of which between 25 and 320°C,
30  Olps-3z0°c, was about 11.6 x 107% Kt.

After wvarious trials, it was possible to demonstrate
that the use of a ferromagnetic layer with a high Curie
point (T¢) on the inner face of the vessel produced
35 1little heat when T > T¢;. 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 wvarious

induction heating trials were carried out with the same
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This combination was therefore particularly suitable
for the manufacture of a vessel for cooking at a
regqulated temperature of around 230°C, for cooking food

such as rice, fish and meat.

Example 2

A magnetic alloy, the composition of which contained
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, agoc, of 9.6 x 107® K!. Pressed onto
a strip of this alloy was a strip of aluminum whose
coefficient «Qpec 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 Te and the - thermal
expansion coefficient between 25°C and 320°C, dg2s5-320°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
point (T¢2) on the inner face of the vessel produced
little heat when T > T¢;. 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 value below T¢ when
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 quality. Finally,
no oxidation stain was observed after intensive kitchen

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

10
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{I#109F& () - P{ PO ) T HRHLQERE] 19AMRgSAf 1on " of * which contalned

L {J#1090& ()54(§9#00986. €3 - 1 £ # 10 8 {¢ké({ IHI0LB &1 6% - Efbomium 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, opec, 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, og°c, was greater than or
20 equal to 22 x 107 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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being to within less than 3%;

20 e 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

* Tiax 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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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 (comp.) | 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
table below:

given in the
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- 64 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 (comp.) 10.00 1.14 390 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
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31 (comp.) 11.20 <0.01 -30 0.31

When it is desired to manufacture a vessel
characterized by a Twx value between 30 and 350°C,
5 defined by the mode of cooking and the type of food
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= and impuritiles resulting from the smelting,
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HsqL1O%y (Y& (%‘llflq‘i‘bh)%yr&ei‘(ﬁt%odﬁb)@?@& ()-/ qLo%(y& () -/ qlosy(y& () -/ CWAA WA
{ VW 645 )) 2 Cr -1.1INi + 23.25 = 0%

HZZIO%y(y&T()-/qu%y(y&f()-/qlq%%gy&f&hNéqLO%%%b&f()-/qu%y(y&f()-/VWWWWWWW
Ni + 3Cr = 60% if Ni = 37.5
Cr = 7.5 if Ni =< 37.5.

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

than 13%.
3. The alloy as claimed in claim 1 or 2, furthermore
) 25 characterized in that the nickel content is between 34

and 50% and in that it contains no elements chosen from
Mo, V, Co, Cu, S8i, W, Nb and Al.

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

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

35 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
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that the thermal expansion coefficient oy between room

15 temperature and T. is greater than or equal to 9 x 107
® K! and the saturation induction By 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.

30

35



