EP 0 343 008 Bl Description THIS I NVENTION rel ates to the heat treatnent of
corrosion resistant' steels and, nore particularly, non- austenitic steels.
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According to this invention there is provided a method of heat treating a body of corrosion resistant
steel having (1) an austenitic to fernte and carbide transformatuon temperature (As) between 650°C and
850°C and (2) a composmon .which .has a Ferrite Eactor,. when determined accordmg to the following
formula - Ferrite Factor = %Cr + 6x %S+ 8x %Ti + 4x %Nb + 4 %X %Mo + 2 x %Al - 2x %Mn - 4 x

55 %Ni - 40 X (%C + %N) - 20 x %P - 5 x %Cu (% = mass per cent) of between 8 and 12, and which falls
within the range of steels having the followmg components by mass:



EP 0 343 008 Bl Chronium 10- 18% Manganese 2,5% max Silicon

2, 0% max N ckel ‘ 0,0 - 5% Carbon - 0,25% nmax Nitrogen  .0,1%
max Titani um 0 - 1,0% Mol yb rbu:ma 1, 0% Vanadium-- - : 0. -1,0% 10
. Zirconium 0-1, 0% Ni obi um. QS 008%10(y Copper 0 - 2,0%

Al um ni um 0, 5% max Phosphorus - 0,1% max the bal ance bei ng iTon and

at above the [err] t r ansf or mat|i §K ahd wi t hout' cooting and
reheating in-an anneal i ng furrn agg'ga"e(s)ol ﬁgx hpt worked steel -body to
bel ow the transformation 20 “tleng Oé(} opling rate of between [err]
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than [err]/mn. Still further |f Meminipws, |dETmek ng to the invention, the

i nsul atl ng housing may have 3§ Phomhngof Gdhmaconpduct i ve i nsul ati on and nmay
be open bottoned and adapted to be | owered over the body. 35 Still
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st eel boslyparsoencogtl the beilyninna thernfaly imauidtiog hausing/whicke may tinsludé head saflpciers g 8. 40
Still funbiesyrfagesgording to the 'invention the steel body may be in coil
form The Refdably tof métecsiresultein @ sisplthaying fb‘ti?t‘ﬂwd‘aﬂ@éhiﬂﬂ'l?'@ﬂéesﬁmfém i on may
thus ke effected by enclosing the Steel body i'n_a housing having thernal

i nsul ating properties, as hérmionfRsor e descrldsenlpa Jai d housi ng nay have
reflective interior surface$ ulimai thrisi shgngii. | nE20MPanfduct i ve insul ation or
both, as al so hereinbefore {esmpatbed. Al so, |tdses hou ing may have an open
bottom and the net hod may i Ncdridelihaidoaser i ng “i|t165ver [ he 45 steel body. The
i nvenff on will be described bel oW wore Tulty,” “w th .reference. to the
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which is used to determine the cooling rate of the steel body required to minimise formation of Martensite
microstructures.
40 Still further, according to the mventuon the steel body may be in CQIl form.

The method of heat treatment in accordance with the invention may thus be effected by enclosmg the
steel body in a housing having thermal insulating properties, as hereinbefore described. Said housing may
have reflective interior surfaces or.a lining of non-conductive insulation or both, as also hersinbefore
described. Also, the housing may have.an open bottom and the method may .include lowering it over the

45 steel body.

The invention will be described below more fully, with. reference 1o .the accompanying d|agrams in
which:-

Figure 1 illustrates the variation in propertles relative to posmon m a. c0|| in as-rolled air cooled steel
coils, subjected to mill watercoolmg and delays during rolling; - .

50 Figure 2 illustrates the vanatlon m propertles shown in Flgure 1 but wlthout delays or water cooling
during rolling;
Figure 3 illustrates the effect of coul mass on the varlatlons shown in Flgures 1 and 2;
Figure 4 shows a typical example of a CCT diagram; .
Figure 5 shows an alternative representation of the same CGCT diagram; - :

55 Figures 6 and. 7 illustrate the variations of the phase transformation produced by changes in the nickel
and phosphorus composition of an 11% Cr.steel; and

Figure 8 illustrates the property vanatuons after heat treatment accordmg to the mventlon

|
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lining of Fibrefax and coils with an inner di aneter of about 760mm the
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for wet rﬁc?'f'd’ﬁﬁl ve con ItIOI’]S he am)unt (0} ener gy sa

process |s SI gnifican The theoretlcal armunt of. energy requi red to
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heat a ton of steel to, say 750 C, i5-dependent on the thermal properties
of that steel. Typically, for a 13% Chrom um steel, it is about '350MJ per
ton. The thermal efficiency of "'CQ@{H ?yneal i ng, batch anneal' -
roller-hearth furnaces is dependen upon desi gn and operati ng. “pr actl ces
but 20%to 25% are. reasonabl e’ values for illustration. The actual energy
used is tbmmefore about 1400MJ per ton.. As energy costs vary greatly wth
t he sour ce, i.e. gas, coal,. 0|I or el ectr|C|ty, and from country to
country, {f.urAreatiodad nmtrearms bedyet pfosieaissistynt stael davingee anagnliic iciogite. apd earbige
bengfit fr onetsfirsatiomteameiature (A8 betveen/esd * € aodBINE, andl comalgriabéormmusiia|whicl hay a

t enperisng c&puitsi Ragtor, Sprocisingnesiaetording tathe foraeip 8 em® x %1 tthibx Pedbit] 4.t el + 4
avai |l abl e at< %eMeh AxI%Aladc ¥Me - drodlict40m.(6C i, %N) 139 FBRE-iSox BFu st wasstdet t o
non- aust eni P, sfheiwepeg §“%12e€¢dsWh'thia"§Wéh"ibti'ﬁt“r‘"éﬂPfa?*°e§|h[ﬂmfhfbﬁ"owa'géa'peﬂﬂpmﬁ/

i ncrease of b¥P@ER 50 12% was obtained as a.result of this:process.

Addi tionally, the wuse of-__this:process. wkl-allow producti on. of steel
grades/® previously ‘not pogscibryiimydrt h exi sting fecigkd tijes. . As- an exanpl e, .
Al SI grades 410 and 420 arjemémgardenda) e st ai nl gsgsstnael § for use in."‘cutlery
and cutting tool applicatijosiicon Bhey are suppliledlotmakhg customer i'n'the
softened condition bei ng quiiseg®®@nt |y hardened B89-%he qustoner after

form ng into the required |[sPrlpea (C)f or exanpl e, kAPFemek gdes.. Current
practice involves a tenperfi MgogenfNlanneal 'ng, pr®tes®xof| the steel, usually
in a batch. annealing unit} Bemgré&idelivery. The%si€€l s [can now be produced
usipg this invention and |'H°'&bdf”ﬁm®"°)softened BniP%i orf wi t hout havi ng had
any thermal process after i M ng. 6 EF '§ﬂ§ 04d8 B1 Clains 1. A

met hodzof heat treating a '@:ﬁ gorrosmn re sﬂ%ﬁt qt eel having an
Cop)

austenitic to. ferrite, arid transforne bog;errperature (A3) between
650 C and 850 C, and a natlefy T"urg ,{]5p05| tion whi g% Ferrite Factor,

when determ ned according jtg.the fehmula % + §ik%al + 8x NI + 4 x Wb +
4 X %b +2Xx Y%A - 2Xx % |ronaﬁda§,a ablemﬁﬂntiés & - 20 x %P - 5 X

% Cu (% = mass per cent), et : 'chfalis Wlthlnthe
range of steel.s having the folil oW ng corrponents by mass: '

Chr omi um ( Cithe method comprising, . - 1. 18% I\/an anese . 2,5%
max Silicon (éfoihworkmg the steel body at atezm @r x Z'Iatlon temperature;. and _
- 5% Car bon q out .cooling and reheating in a coolu hot worked steel. body to below
Nitro n ( N)th(e ansformation temperatur % gand 1°C/min determined tognsur 0%
b bg antlal absence of marte:%te eel body, whlle msulatmg ﬂggiu_n%

y enum swe heat loss. ana o
Zi rconi um ( ' s 1 0% 20 * - Ni obi um

( Nb) 2. The method as cIaQ'ned IIJ'CQ% p@lmfem(e@l:’r) that insulating the body agamstgxcessg/e(!\JQt loss

Al um nim (A fected by enclosing it at Ie@st%%(ﬂlfrﬁ)é thnasp h\@{llé\tfﬁg zg&)smg 0, 1% max
25 “Iron and unavoi dabl'e inpurities bal ance the
met.hod CcompIThe mdfod ad)Blbimed inkClsig 4, BRaratedsdd i Gdyit akludostaBeiIRY IRaLib GoREGNM thée
[err] transﬁenibmtfédaslofttmip@nraarigﬂbesingasdwev&’etemw iscomdd. Nng and reheating in an
anneal i ng furnace, cooling the hot worked steel body to bel ow 30 t he

t ransf er nft iTom rfte@n@eis akimed imClaimn 8 90 Clainy 3 cheractdrizedvincthat [teer bddy rig enclesedl with the
[err]/min déeusingioniogering therhousing oyeridbarkedy-i al absence of nartensite

m crostructure throughout the steel body, while insulating it against
excessi ve ?’i%!}i‘l‘"sPB'gge 2. The nethod as clainmed in d ai m 1, characterized in

that insu A % a| nst ex SSI ve eat I| st effect e(;lt by
encl osthg"i todf t@% ?}fﬁb 48 et e i ﬁ"@ws sgiﬁ Pb tgrggg At
g;?osoafeﬂme ztmg(5 |e i e et Be&sltl?r“nz1 ugng?%gh or‘mel % 6 X % i + ) j?’}j\&ﬁ:g
oM -2 x %Mn - 4 x %Ni - 40 x (%C + %N) 20 x %P - 5 x %Cu (% = Masse%)
einen Ferntfaktor im Bereich von 8 bis 12 aufweist, und der zum Berelch der Stihle mit der folgenden

50 Zusammensstzung in Masse% zdhlt;, .. . .

55
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interior surfaces of the insulating housing as the steel body is cooled. 40
4. The nethod as claimed in Caim2 or Claim3, characterized in that the
body is enclosed with the housi Ngp ks \3@5’ ng the housi ng over the body.
Pat ent ansprUche 45 1. Verfahren der rrrebehandl ung ei nes Kb6rpers aus

kor r osi onsbest ~ndi gem Stahl mt einer Austenit-

zu- Ferrit-und- Zenent [-UH nuu ungbtenpel atur—tAs—zwischen 650 und 850 I C

und ei ner Stoffzusam ,\ﬁ% ung, die imFalle:de 0 és’fl mmng nach der

Forrrel%:r+6x%5|4§|u +4x%\|b+4_-x° °/° Al -2 x %h - 4
X W - 40 x (% + (%#\')Nlckg%? -5 x %u. (% =N y ef nen Ferri- t'f akt or

i m Befeich von 8 bis| kén und der zum Ber@ é:i St’Ahle-mt: der

f ol genden 50 Zus argg&gtgﬁ(w_ung i n.-Masse% zAhl t}: %L 111111 11111 11111

111111 * C L N} Tt (Ti) © 7 'EP 0 343 008 Elogmgm(j)-- 10 -18%

Mangan ( Vnh) . Molybd&n (Mo) 2,5 % Mg Xg - 1'5@4%; cipm (Si) -

2,0 % max. N ckel (Nl Vanadium(v) - o-{JoQ, 5 Y% Kohl enstof f (C)

0, 25 % max. Sticksto fz{r&dhium (zr) _ . 10o-1,0%1 Ymax. Titan (Ti)

0-1,0 % Mol ybdan ( Mo} Niobium (Nb) ~ {00-1,d%0 % Vanadi um (V)

0- 1, 0 %10 Kupfer (Cu) Zirconium (Zr) | 0-20% '

-1,0 % Ni obi um (Nb) | Aluminium (Al) : g-0.9%0mé6 Kupfer (Cu)

0 - 250 % Al unmi ni um [ Rhgsphor (P) 0,0%5nd%6 npx. 15

Phosphor (P) Eisen und unvermeidbare Verumegigg_ng% rmalest Ei sen| und unver nei dbar e

Ver unr ei ni gungen Rest wobei das Verfahren unfalt: Warnmunfornung des
Stahl kbr pendvetrfk vetaheh uh@pper at ur Cber der Umwnandl ungst enmper at ur A3 und 20
bei |soli er ungregamusy desttlReberfbdi ginsr TéhpeaANaIbbisE UMIIhRRNME6SUr A; und
war meagef or nberisofitrargi degen einpa riberaBigeni Witrenhrie ABKUISN dastvarrmlgeiofi@én Stahlksr-
Umnand| ungesremp einafempeiratir ueiomalb déiiiculendingsigmpsedw baickirgk AbKUhILMgsgAacradindigkeit
zwi schen 1igr Beryich awisghed 10 IC/@h winch] * Gl ldundh die grewdtHeisteti vestdet sulle tabeder geshinte daB
der gesanti® waspiiehanritel ventrien Mestenpitrvigestrebdyr isEahnee Aleiditlen kndoMibderscvédnmen iptejnehne
AbkChl en uRB%¥eder erwarmen in einem @l hofen. 25 2. Verfahren nach
Ansprzﬁch 1, dadurc ekennzel chnet, daB das 1solieren des K6rpers gegen
ei nen USer Yy 1+ dadurely, pelnnzeichnply dak daslsqliouen sless KB Haepast elfenpi t
ei ner ther 8° H"L?rbeﬁ’" '@’ﬁt Al BN JRIPIR: URpdhtpBers it einer Weprpisghr isaientpic h

a

Anspruch nnzel chnet daB es di e Erngglichung der

der AbkChl Whh jgﬁ @%ﬁs o) h tﬁ:@lku hﬂft h%%&f% ;?d?nuﬂ g g%eé%ﬁfa%t

Anspr Uche 2 o er geiennzel C

Abdeckuag b A&ﬁ%ﬁ.ndedu\% §5f ofdeB, &hY
Revendi catAyagskunk duFéh%@d@n%s:ﬁ:aﬂ Jeﬁ%@ﬂﬂ&r éﬁ&?ﬁﬁﬁgmﬁs ?%{1%‘5@”'% 653?" o
resigsant % |l a corrosion ayant une tenp6rature de -transformation d' austenite

en ferr Rewenaicattomsbure (A3) de 650 * C a 850 C, et une composition qui 40
possede un Facteur de Ferrite, lorsqu'il, est determ né conformenent a la
f or mul e 19 Riecé @ dettreBermerd/sheinidbie din 8%@Tacueirediﬂ%iél‘ibccho§&%yd:&Nbe température de
2x%1eA| 2 xteapdigumation odruBiEnite Ogn ferrite et carbure (As) de 650°C & 850°C, et une composition qui
posséde un Facteur de Ferrite, lorsqu'il est déterminé conformément 2 la formule % de Cr + 6 x % de
Si +8x%deTi +4x%deNb +.4x%deMo + 2x%deAl-2x% de Mn -4 x %.de Ni- 40 x
(% de C + % de N) - 20 x % de P.~ 5.x.% de Cu (% = pourcentage en masse), de 8 3 12, et qu+ est
comprise dans la gamme d'aciers renfermant les constituants suivants, en masse :
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("%de C + %de N) - 20 Xx %de P.- 5.%x-%de Cu :(%— pour cent age en nasse),
de 8a 12, et qu est' conprise dans: Ia gamre d' aciers renfermant | es
constituants suivants, en nasse: . S T

_______ ] 111111!11111111111111 111|1 | ~ * C EP
0 343 008 B1 Chrone (Cr) : 10 -18 %Manganese (IVh)

2,5 % max Silicium (Si) Chrome (C1) 2,079 p Ni )

0,0 - 5 % Carbone (C) e ane‘se(Mn .25 % \ N)

0,1 % max Titane (Ti) sifoiom & . 0 - 1,0 % ,yﬁ enk (M)

0- 1, 0 % Vanadi um (V) Nickel(Ni) 0 - -1, 0 % df.59 B 8
Zirconium (Zr) - : OCa,geng) o Ni obi um (IN§35 % max ' - 0-1,0%
Cuivre (Cu) Azote % Al um ni um;,GAd,),aX 0,5 % max
15 Tntanegih sphore (P) | 0-10% 0,1 % max Fer et

consistant a travailler a qhaushidrevgor ps en gcoeroa unp tenperature

sup6ri élire a | a tenperaturg Zieorién (Zr) transforomtoen AB; et sans un
refroidi ssenent et un nouvegaNiowdmaf age dans ud-1.0e+ de recuit, a refroidir
| e corps en acier travaill g Quivh&ud a une tenperda@tre | nférieure & la

t enperat ure de transfor mat ijoMurinivm@lvi t esse deOP & mai d| ssoment conpri se
dans |'jintervalle de 10 * q/Rfoprbere (B 1 C/ mi nyt @1 &6P®r n) n6e pour garantir

| ' absence notabl e de nicrodtfenekinpustésieevitalior anir¢%® dank | a totalit6 du
corps en acier, tout en isolant ce 25 corps en acier pour 6viter une
pogerte de chal put precsas Esmprdnant fos sRBp&CRAstMLI vant | a revendi cation 1,
caracterise enaaevaien il chaSdl€rBms of Uackd D Snep Gidipératdiet fupérisie Pai ttempdested @b eur
excessiave edtansdringtiob 86 @n ent ourant. ce corps au. noins partiellenment dans un
boitier d'i sol s o refioigissampaiest UBOBealPeiafGd dangiundewr db aecuib\keretigidinieicomps en

2, - car act er iasier teavailiScd chatd 3 unedemnéeatite infédrurprela tampéiatytexdetirapsidrmition & 1ung vitesshap eur
subir un r efrpesicisseraantrgorrrisp dpns| linjeraalle fda cl8S C/minuigi B (17 @inyty' déipyninéec pour gareatint
lors du ref r'apsancedeirbinge Aisrestyciesely mappnsite dags la tofalitduomg @n geieryiaytten jsglant ce
revenditat i GAPS 9N BPT PALT EUIPEHIPEHR Fahaleur o¥cgPsiiét 6ri s6 en ce quo | e corps est

i npuretes inevitables | e [re&fRedeqebt pr 006360'(:0,61&; enpnt | es 6t apes

entoure par le . boltier en abajssant le.boitier.sur.le corps. 40 45 50 55 *
C L ,F\)/? céd%suwant la revengicatlon 1, caractcl‘mse en ce que Ilsolement u corps pour évger une perte de
chaleur excessive est effectué en entourant ce Corps au moms partlellement dans un boitier d'isolation
thermlque

30 : :

3. Procédé suivant ia revendlcatlon 2, ‘caractérisé en ce. qu il comprend letape consistant 2 laisser la
chaleur subir un refléchlssement par Ies surfaces mténeures du boitier isolant lors du refroidissement
du corps en acier.

35 4. Procédé suivant la revendlcatlon 2 ou'la revendication 3, caracténsé en ce que le corps est entouré par
le boftier en abaissant le bOItIGI’ sur Ie corps
40
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