
EP 0 343 008 B1 Description THIS INVENTION relates to the heat treatment of
corrosion resistant steels and, more particularly, non- austenitic steels.
5      In general, corrosion resistant steels all contain chromium to a
greater or lesser extent and are produced in large measure to rolled steel
plate or sheet of various thicknesses. The steels are generally
continuously cast from ladles filled with steel from melting furnaces into
billets or blooms which are then subjected to a hot rolling operation. From
the hot mill the plate or sheet material is coiled and then cooled under
ambient conditions. Thereafter, the material is subjected to a thermal
treatment comprising a 10  reheating and annealing or tempering process.
The steel at the end of this annealing and tempering stage has the required
mechanical properties for which it is designed. It may be sold at this
stage or further reduced in thickness by cold rolling. It is normal
practice, and considered essential, to anneal or temper all hot rolled coil
prior to sale or cold rolling. 15     The thermal treatment process may be:
a. a continuous annealing or tempering process whereby the coil is unwound
and fed through a furnace held at an appropriate temperature for a
particular grade, a typical example being around 750 C for the type of
steel sold under the name 3CR1 2. b. alternatively, a batch annealing
process is used where the coil, or coils, are placed in a suitable 20
furnace and subjected to a heating, holding and cooling cycle to achieve
the necessary annealing or tempering. The overall time for the batch anneal
cycle is dependent upon the mass of coil, or coils, in the unit and, on the
operating characteristics of the unit but, typically, requires 30 to 40
hours total time for a 30 ton batch. c. alternatively, the steel may be cut
into appropriate lengths and these are individually annealed in a unit 25
such as a roller-hearth annealing furnace. Typical examples of corrosion
resistant steels for which the above processes are used are those sold
under trade names and having uses respectively as follows: Process A
. 30 3CR12 as stated above - for use in mildly corrosive environments where
good weldability characteris- tics are required. Process B 35 4003 - a
container steel Process C 40     409 - limited use. e.g. motor vehicle
exhausts 410 - Cutlery As stated, all these steels and applied processes
require the use of some form of annealing fumace which involves heavy
capital costs both in production and equipment. M. Atkins in the Atlas of
Continuous Transformation Diagrams for engineering steels, 1982 pp 129-133,
45  BSC, Sheffield, GB discloses various CCT curves for stainless steel
compositions which fall within the requirements of compositions used in the
present invention. The steels disclosed by this documents can be seen to
require impractical cooling rates to avoid the formation of martensite, and
would necessitate the step of cooling and reheating in.an annealing
process. It is an object of the present  invention to provide a method of
heat treatment for use in the production of so  corrosion resistant steels
which obviates the use of an annealing furnace. According to this invention
there is provided a method of heat treating a body of corrosion resistant
steel having (1) an austenitic to ferrite and carbide transformation
temperature ([err]) between [err]and 850 C and (2) a composition which has
a Ferrite Factor, when determined according to the following formula -
Ferrite Factor = %Cr + 6 x %Si + 8 x %Ti + 4 x %Nb + 4 x %Mo + 2 x %AI - 2
x %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
following components by mass: 3 



EP 0 343 008 B1 Chromium      10- 18% Manganese    2,5% max Silicon
2,0% max Nickel        0,0 - 5% Carbon        0,25% max Nitrogen      0,1%
max Titanium      0 - 1,0% Molybdenum    0 - 1,0% Vanadium      0 -1,0% 10
. Zirconium     0-1,0% Niobium       0 - 1,0%. Copper        0 - 2,0%
Aluminium     0,5% max Phosphorus    0,1% max the balance being iron and
unavoidable impurities, the method comprising: hot working the steel body
at above the [err] transformation temperature; and without cooling and
reheating in an annealing furnace, cooling the hot worked steel body to
below the transformation 20  temperature at a cooling rate of between [err]
determined to ensure substantial absence of Martensite microstructures
throughout the body, by insulating it against excessive heat loss
(preferably by partly enclosing the body in a thermally insulating housing
which may include heat reflectors on its interior surfaces). Preferably the
method results in a steel having the following mechanical properties
typically - 25 Proof stress           350MPa Ultimate tensile strength
520 MPa Elongation .           25% Brinell hardness       165 30 and the
substantial absence of Martensite microstructures at cooling rates lower
than [err]/min. Still further features, according to the invention, the
insulating  housing may have a lining of non- conductive insulation and may
be open bottomed and adapted to be lowered over the body. 35     Still
further features, according to the invention, the steel body may be of
material composition designed for production of corrosion resistant steel
having a non austenitic microstructure. The determined Ferrite Factor of
the steel body is preferably  used to construct a continuous cooling
Transformation diagram 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 invention the steel body may be in coil
form. The method of heat treatment in accordance with the invention may
thus be effected by enclosing 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 hereinbefore 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  to the
accompanying diagrams in which:- Figure 1 illustrates the variation in
properties relative to position in a  coil, in as-rolled air cooled steel
coils, subjected to mill watercooling and delays during rolling; 50
Figure 2 illustrates the variation in properties shown in Figure 1  but
without delays or water cooling during rolling; Figure 3 illustrates the
effect of coil. mass on the variations shown in Figures 1 and 2; 



Figure 4 shows a typical example of a CCT diagram; Figure 5 shows an
alternative representation of the same CCT. 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 variations after heat treatment according to the
invention. 4    EP 0 343 008  B1 Referring to Figures 1 to 3, the variation
of properties in as-rolled air cooled steel coils of the type referred to
is well known and, typically, have the patterns' such as those illustrated
in Figure  1 . It is generally known that the main causes for the wide
degree of variation in the mechanical properties of these coils are 5
i. water cooling on the mill, and/or ii. delays occuring during hot rolling
caused by operational problems, and/or iii. deliberate stops to check the
gauge of the steel. These property variations make the annealing process
necessary. When water cooling or operational delays are omitted and
uninterrupted rolling effected, this results in the property variation
pattern for the 10  steel so produced as illustrated in Figure 2, where the
coils are essentially soft in the centre but hard in the outer regions.
Further, the effect of coil mass on these property variations for a given
width of coil and a given steel composition, is schematically illustrated
in Figure 3. The cause of these property behaviour patterns can be shown to
be related to the phase transformation behaviour of the steel during
continuous cooling, the so-called continuous cooling transformation diagram
for the material (the CCT curves). The 15  material at different positions
in a hot coil will naturally cool at different rates. The outer edges and
outer and inner laps (layers) of the coil will cool much faster than the
material at the mid-centre of the coil under ambient conditions. The time
temperature path, and thus the microstructural transformations taking
place, can vary from point to point within a coil. In order to determine
the Ferrite Factor which is useful in exercising this invention, the
equations of the 20  R.H. Kaltenhauser type are used. They have been
modified to include the effect of Phosphorus which we have established as a
further significant factor. Thus Ferrite Factor = %Cr + 6 x %Si + 8 x %Ti +
4 x %Nb + 4 x %Mo + 2x%AI-2x%Mn-4x %Ni - 40 x (%C + %N) - 20 x %P - 5 x %Cu
(% = mass per cent). (The above formula for the Ferrite Factor is given by
R.H. Kaltenhauser in "Improving the  Engineering 25  Properties of Ferritic
Stainless Steels" . Metals Engineering Quarterly, May 1971., page 41 .)The
Cu and P factors have been provisionally assigned at -5 and -20
respectively. Figure 4 shows the CCT curves for different rates of cooling
of steel compositions with a Ferrite Factor of 10,44. The alternative. CCT
representation.in Figure 5 shows the percentage transformation to
predetermined 30  phases at a series of cooling rates and for the same
steel. Clearly illustrated is the fact that there exists a critical cooling
rate that gives a fully transformed product for a particular composition.
Cooling rates slower than this critical rate do not significantly affect
the properties of the product. The positions of the phase boundaries on the
CCT curves (Figures 4 and 5).are thus dependent on the 35  composition of
the steel. They can be moved by changes in composition, as illustrated in
Figure 6 for a change of Nickel content, and in Figure 7 for a change in
Phosphorus content for example. Other examples of how the positions of the
phase boundaries may be changed by variations in composition are:-
additions of  Manganese, Cobalt, Aluminium and Niobium will generally move
the  upper transformation region to the right, whereas additions of
Titanium, Vanadium and Molybdenum will generally move the 40  upper
transformation region to the left. Further critical mass characteristics
have been determined by practical production of steel  with Ferrite Factors
varying between 8 and 12. To illustrate this principle, using  an insulated
box of outer dimensions 1900mm cube, a 25mm inner 



lining of Fibrefax and coils with an inner diameter of about 760mm, the
critical mass for different widths of 45 coil cooled under insulated and
ambient conditions have been found to be as follows: Width         000 t 50
1250 30   1550 t 30 With Hoods   6 Tons        8,5 Tons   11,5 Tons No
Hoods    10 Tons     12,5 Tons   15 Tons With masses greater than those
shown for "No Hoods" the coils can be air cooled but, nevertheless, the
transformation of the complete coil  of  steel to the  predetermined phases
will be obtained. Coils with a mass between the two values shown in the
table are cooled under hoods using hoods in the form of an 55  open
bottomed  metal box lined with suitable insulating material as referred to
above. The lower limits for "With Hoods" treatment can be further reduced
by thicker , or  more efficient,  insulation. Where the dimensions and
composition of the coil indicate the need to use  Hoods, it is important to
note that these Hoods do not have to remain on the coil until the ambient
temperature is reached. The hoods may be    EP 0 343 008 B1 removed once
the temperature has cooled to below the temperature of the upper phase
region. For example, in Figure 4 the Hoods could be removed when the
temperature has cooled to [err]. The initial temperature of the coiled
steel has clearly to be above the start of the transformation region. This
is typically achieved by controlling the finishing temperature of the
rolling process to above [err]. 5  This is normal hot rolling practice and
does not present an additional requirement for the rolling operators. To
further illustrate this point, the 68 steels shown in Figure 8 were
produced using Hoods. The Hoods were placed over the steel coils for two
hours then removed and used for the next coil off the mill. In this way,
over 1000 tons were successfully produced with 5 Hoods in under 20 hours.
The annealing facilities, which would have had to be used for subsequent
thermal treatment of this batch, were thus released for the 10  processing
of conventional Austenitic stainless steels. The invention can be applied
to steels with a minimum of alloying components such as those known
commercially as AISI 409, 410, 420 as well as those with a more complex
composition. The following are examples of suitable steel compositions 15
C      P    Mn   Si    Ti        Cr      Ni    N2       V ,025   ,025   1,2
0,4   0,35   11,25   0,6    0,015 ,015   ,025   1,0   0,5     -    11,2
0,15   0,015    1 Figures given are percentages by mass. There are many
steels falling into the above composition range which are not suitable for
use with this invention owing to their having CCT curves requiring very
slow cooling rates which are impractical for large production tonnages. It
is, however, possible to correct this situation by, for example in one
case, the additions of fractional percentages of Molybdenum or Titanium. 25
The impact of this invention will be clear to those skilled in the art. The
capacity of mills with annealing plants and producing corrosion resistant
plate can be increased  simply by avoiding the inevitable bottleneck caused
by an annealing process. Further, mills without annealing plant can be
utilised to produce rolled plate by using the process of this invention. 30
Further, steel types which evidently require long batch annealing cycles
can now be produced utilizing large mass/insulation combinations which
produce the requited properties without the batch anneal process. The
corrosion resistant steels with which this invention is concerned are
non-austenitic and particularly those the transformation phases of which
are free from Martensite and Bainite. This results in steel which has all
the workability properties usually only attainable after a controlled
annealing process. Further, it has been found that the alloying composition
of these steels can, in many instances, avoid the necessity for the
inclusion of stabilising materials such as Titanium, Niobium, Zirconium or
Vanadium provided the carbon level is suitably reduced. For example, these
steels are suitable in applications for shipping containers, chutes and
hoppers liners, ore wagons, coal and sugar washing plants and, generally,
for wet sliding abrasive conditions. The amount of energy saved by this
process is significant. The theoretical amount of energy required to 



heat a ton of steel to, say 750 C, is dependent on the thermal properties
of that steel. Typically, for a 13% Chromium steel, it is about 350MJ per
ton. The thermal efficiency of continuous annealing, batch anneal or
roller-hearth furnaces is dependent. upon design and operating practices
but 20% to 25% are. reasonable values for illustration. The actual energy
used is therefore about 1400MJ per ton.. As energy costs vary greatly with
the source, i.e. gas, coal, oil or electricity, and from. country to
country, further comparisons are not easily made. The major cost saving
benefit from this invention is derived from the release of annealing or
tempering capacity. Specific savings are  dependent on.the facilities
available at each mill and the product mix, i.e  the ratio of Austenitic to
non-austenitic stainless steels. In one particular situation, a capacity
increase of about 50 12% was obtained as a result of this process.
Additionally, the  use of  this process. will allow production of steel
grades, previously not possibly, with existing facilities. As an example,.
AISI grades 410 and 420 are hardenable stainless steels for use in. cutlery
and cutting tool applications. They are supplied to the customer in the
softened condition being subsequently hardened by the customer after
forming into the required shape, for example, knife blades.. Current
practice involves a tempering, or annealing, process of the steel, usually
in a batch. annealing unit before delivery. The steels can now be produced
using this invention  and in a fully softened condition without having had
any thermal process after hot rolling. 6    EP 0 343 008 B1 Claims 1. A
method of heat treating a body of corrosion resistant.steel having an
austenitic to. ferrite, and carbide transformation temperature (A3) between
650 C and 850 C, and a material composition which has a Ferrite Factor,
when determined according to the formula %Cr + 6 x%Si + 8x  %Ti + 4 x %Nb +
4 x %Mo + 2 x %AI - 2 x %Mn - 4 x %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 following components by mass: 10
Chromium (Cr)                 10- 18% Manganese (Mn)                 2,5%
max Silicon (Si)                 2,0% max Nickel (Ni)                  0,0
- 5% Carbon (C)                   0,25% max 15
Nitrogen (N)                 0,1% max Titanium (Ti)                0 - 1,0%
Molybdenum (Mo)              0 - 1,0% Vanadium (V)                 0-1,0%
Zirconium (Zr)               0 - 1,0% 20                           Niobium
(Nb)          .       0 - 1,0% Copper (Cu)                  0 - 2,0%
Aluminium (Al)               0,5% max Phosphorus (P)               0,1% max
25                           Iron and unavoidable impurities   balance the
method comprising,. hot working the steel body at a temperature above the
[err]  transformation temperature; and without cooling and reheating in an
annealing furnace, cooling the hot worked steel body to below 30     the
transformation temperature at a cooling rate between [err]/min and
[err]/min determined to ensure substantial absence of martensite
microstructure throughout the steel body, while insulating it against
excessive heat loss. 2. The method as claimed in Claim 1, characterized in
that insulating the body against excessive heat loss 35     is effected by
enclosing it at least partly in a thermally insulating housing. 3. The
method as claimed in Claim 2, characterized in that it includes allowing
heat to reflect from the 



interior surfaces of the insulating housing as the steel body is cooled. 40
4. The method as claimed in Claim 2 or Claim 3, characterized in that the
body is enclosed with the housing by lowering the housing over the body.
PatentansprUche 45  1. Verfahren der Wdrmebehandlung eines K6rpers aus
korrosionsbest~ndigem Stahl mit einer Austenit-
zu-Ferrit-und-Zementit-Umwandlungstemperatur (As) zwischen 650 und 850 IC
und einer Stoffzusam- mensetzung, die im Falle der Bestimmung nach der
Formel %Cr + 6 x %Si + 8 x %Ti + 4 x %Nb + 4 x %Mo + 2 x %AI - 2 x %Mn - 4
x %Ni - 40 x (%C + %N) - 20 x %P - 5 x %Cu.(% = Masse%) einen Ferritfaktor
im Bereich von 8 bis 12 aufweist, und der zum Bereich der StAhle mit der
folgenden 50     Zusammensetzung in.Masse% zAhIt: 11111 111111 11111 11111
111111 *   C   L   N   S   * 7    EP 0 343 008 B1 Chrom (Cr)    10 -18%
Mangan (Mn)                             2,5 % max. Silicium (Si)
2,0 % max. Nickel (Ni)                             0,0-5 % Kohlenstoff (C)
0,25 % max. Stickstoff(N)                           0,1 % max. Titan (Ti)
0-1,0 % Molybdan (Mo)                           0 - 1,0 % Vanadium (V)
0-1,0 % 10                      Zirconium (Zr)                           0
-1,0 % Niobium (Nb)                        .   0- 1,0 % Kupfer (Cu)
0 - 2,0 % Aluminium (Al)                          0,5 % max. 15
Phosphor (P)                             0,1 % max. Eisen und unvermeidbare
Verunreinigungen   Rest wobei das Verfahren umfalt: Warmumformung des
Stahlkbrpers bei einer Temperatur Ober der Umwandlungstemperatur A3 und 20
bei Isolierung gegen einen ObermAiigen Waremverlust AbkUhlen des
warmumgeformten Stahikor- pers auf eine Temperatur unterhalb der
Umwandlungstemperatur bei einer AbkUhlungsgeschwindigkeit im Bereich
zwischen 10  C/min und 1 I C/min, durch die gewahrleistet werden soll, daB
der gesamte im wesentlichen frei von der Martensitmikrostruktur ist, ohne
AbkOhlen und Wiedererwarmen in einem Gllhofen. 25 2. Verfahren nach
Anspruch 1, dadurch gekennzeichnet, daB das Isolieren des K6rpers gegen
einen UbermaBigen Warmeverlust durch zumindest teilweises Umschliefen mit
einer thermisch isolierten Abdeckung bewirkt wird. 30  3. Verfahren nach
Anspruch 2, dadurch gekennzeichnet, daB es die Erm6glichung der
Reflektierung der Warme von den lnnenflach6n der Isolierabdeckung wahrend
der AbkUhlung des Stahlk6rpers umfaBt. 4. Verfahren nach einem der
AnsprUche 2 oder 3, dadurch gekennzeichnet, daB der K6rper von der
Abdeckung durch Absenken dieser auf den K6rper umschlossen wird. 35
Revendications 1. Proc6d6 de traitement thermique d'un corps en acie?
resistant% Ia corrosion ayant une temp6rature de transformation d'austenite
en ferrite et carbure (A3) de 650 * C a 850 C, et une composition qui 40
possede un Facteur de Ferrite, lorsqu'il est determin6 conformement a la
formule % de Cr + 6 x % de Si + 8x%deTi + 4x%deNb +.4x% deMo +
2x%deAl-2x%deMn-4x%deNi-40x 



(% de C + % de N) - 20 x % de P.- 5.x % de Cu (% = pourcentage en masse),
de 8a 12, et qu est comprise dans la gamme d'aciers renfermant les
constituants suivants, en masse: 45 50 55
_ _ _ _ _ _ _ I 111111!111111111111111111I1 8 ~    ~      ~      * C    EP
0 343 008 B1 Chrome (Cr)                10 -18 % Manganese (Mn)
2,5 % max Silicium (Si)              2,0 % max Nickel (Ni)
0,0 - 5 % Carbone (C)                0,25 % max Azote (N)
0,1 % max Titane (Ti)                0 -1,0 % Molybdene (Mo)
0-1,0 % Vanadium (V)               0 - -1,0 % 10
Zirconium (Zr)             0 -1,0 % Niobium (Nb)               0 - 1,0 %
Cuivre (Cu)                0 - 2,0 % Aluminium (Al)             0,5 % max
15                             Phosphore (P)               0,1 % max Fer et
impuretes inevitables   le reste ledit proc6d6 comprenant les 6tapes
consistant a travailler a chaud le corps en acier a une temperature
sup6rieure a la temperature de 20     transformation A3; et sans un
refroidissement et un nouveau chauffage dans un four de recuit, a refroidir
le corps en acier travaill6 A chaud a une temperature inf6rieure & la
temperature de transformation a une vitesse de refroidissoment comprise
dans l'intervalle de 10 * C/minute a 1 C/minute d6termin6e pour garantir
l'absence notable de microstructures de martensite dans la totalit6 du
corps en acier, tout en isolant ce 25     corps en acier pour 6viter une
poerte de chaleur excessive. 2. Proc6de suivant la revendication 1,
caracterise en ce quo l'isolement du corps pour eviter une perte de chaleur
excessive est effectu6'en entourant ce corps au moins partiellement dans un
boitier d'isolation thermique. 30 3. Proc6d6 suivant la revendicafion
2,-caracterise en ce qu'il comprend i'6tape consistant a laisser la chaleur
subir un reflechisseme'it par les surfaces intnieures du' boitier isolant
lors du refroidissement du corps en acier. 35  4. Proc6d6 suivant la
revendication' 2 ou la revendication 3, caract6ris6 en ce quo le corps est
entoure par le boltier en abaissant le boitier sur le corps. 40 45 50 55 *
C   L   M   S * 9.    


