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(54)  Apparatus for the treatment of a metal strip in a vertical annealing plant

(57)  The object of the present invention is an appa-
ratus for treatment of a metal strip in a vertical annealing
plant system, in which the metal strip passes through a
central zone of the system, where bright annealing ther-
mal treatment is carried out in a controlled atmosphere
containing gas, and comprising in a sequence a first ver-
tical strip entry conduit, a second horizontal joining con-
duit, a third vertical strip exit conduit, and comprising elec-
tromechanical locking and partitioning means, suitable
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for operating downstream of said first vertical entry con-
duit, preferably in said third vertical exit conduit, by lock-
ing directly on the metal strip and hermetic partitioning,
thereby controlling the circulation of the gases, in said
second and third conduits delimiting a first zone upstream
of this electromechanical means and operating in a con-
trolled atmosphere and in a second zone downstream of
this electromechanical means and operating in a control-
led atmosphere or in an ambient atmosphere.
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Description

[0001] The presentinvention refers to an apparatus to
be used in vertical bright annealing furnaces for treating
metal products such as stainless steel strips.

[0002] The invention consists in a new apparatus, by
means of which, in the case of a plant system stop, con-
ditions for checking and restoring normal operation of the
process are facilitated by means of a particular control
system controlling the engineering of the furnace and
thus the heat annealing process.

[0003] Thermal treatments are used to impart to vari-
ous types of stainless steel specific properties based on
their end use.

[0004] Thermal treatment consists of an operation or
a series of operations in the case of a complex treatment
process, during which the steel is subjected to one or
more thermal cycles, that is to variations within given
temperature limits based on time.

[0005] A thermal cycle normally involves heating the
steel to a given temperature, possibly holding it at this
temperature for a given period of time and then cooling
it to ambient temperature, employing different modes ac-
cording to the effects desired.

[0006] The treatment cycles are selected based on the
desired characteristics relating to hardness, toughness,
microstructure and workability. The operating parame-
ters of the treatment cycle must be established based
not only on the type of steel, but also according to the
dimensions of the pieces and the characteristics of the
heating means and the cooling means.

[0007] The annealing process represents a typical
thermal treatment process, the principal aim of which is
to eliminate residual stresses and work hardening, alter-
ations of the microstructure, and segregation, reduce
hardness and increase ductility.

[0008] For stainless steels, a particular type of control-
led-atmosphere thermal treatment defined as recrystal-
lization or solution annealing depending upon whether
they are Martensitic, ferritic or Austenitic steels, is real-
ized so as to obtain products with a bright annealed (BA)
type of surface finish.

[0009] Consideration of the issues involved with the
surface finish of products made of stainless steel, self-
passivating materials, is important in order to ensure ad-
equate aesthetic features and to optimize the behaviour
of such products in certain corrosive environments, or to
enhance inherent characteristics such as the hygienic
properties thereof.

[0010] Bright annealing (BA) is carried out by applica-
tion of a particular thermal cycle on metal products such
as stainless steel sheets and strips, on which skin-pass
rolling is carried out following cold rolling performed pre-
viously using polished rollers.

[0011] BA controlled-atmosphere thermal treatment is
applied on practically all types of stainless steels, includ-
ing Martensitic, ferritic, and Austenitic steels, and it
makes it possible to obtain a product having a particularly
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bright surface, given that during the heating stage, oxide
films are not formed owing precisely to the absence of
an oxidizing atmosphere during treatment.

[0012] Ingeneral,the controlled atmospheres forthese
types of annealing furnaces are based on inert gases
(nitrogen or argon) with additions of hydrogen. Nitrogen
is the principal component of these mixtures and it pre-
vents oxidation; hydrogen serves to reduce oxides and
to obtain a clean bright surface.

[0013] According to the type of metal and the technical
specifications, the hydrogen content may range between
5 and 100% expressed as volume percent.

[0014] In addition to temperature and pressure, the
dew point, typically ranging between - 62°C and -73° C,
is also an important operating parameter for this type of
treatment.

[0015] BA-type furnaces for stainless steels may be
horizontal or vertical, with the latter being preferred as
they make it possible to prevent damage to the bright
finish of the surface of the material being processed dur-
ing the annealing process.

[0016] The typical structure of a BA vertical furnace,
which comprises heights ranging from 20 to 65 metres,
is realized by means of a structure configured in a sche-
matic upside-down U shape and exhibiting in a se-
quence: a first vertical entry section, a second horizontal
section and a third vertical exit section.

[0017] With reference to the engineering layout of a
vertical furnace for thermal treatment of a product being
processed such as a stainless steel strip, in the first ver-
tical section itcomprises afirstentry zone, a second heat-
ing zone and a third cooling zone; in the second horizontal
section it comprises a fourth holding zone and in the third
vertical exit section, a fifth product holding and exit zone.
[0018] The heating zone comprises direct heating sys-
tems such as electric radiant elements, or indirect heating
systems such as gas-fired muffle furnaces, or a combi-
nation of these two heating systems.

[0019] With direct heating systems, the product being
processed is heated by means of radiant elements real-
ized with electrical resistors of the molybdenum and/or
tungsten alloy type, which are thus costly and sensitive
to changes in temperature with the risk of sublimation in
the case of rapid changes in temperature.

[0020] The main advantage of using systems with di-
rect heating by means of electrical resistors lies in the
higher production rates and the higher temperatures
achievable, with the resistors of the electric elements be-
ing capable of reaching temperatures of 1400-1500°C.
[0021] The cooling system, which is positioned down-
stream of the heating system, can be realized in one or
more stages according to the desired cooling rate.
[0022] All of following treatment zones, until to the exit
zone, contributes to the positive realization of the process
and it is therefore important that throughout the furnace,
from the entry zone to the exit zone, precise operating
parameters arerespected, interms of temperatures, gas-
eous atmospheres, pressures and dew point, in order to
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obtain products having high surface quality.

[0023] Consideringthe dimensions of the furnace, par-
ticularly the heights, which can also be on the order of
65 metres, there must be particularly careful regulation
and management of volumes of circulating gases and of
the operating parameters under normal operating condi-
tions and operative management is extremely problem-
atic in the case of non-steady-state operation, due for
example to the metal strip being processed breaking or
tearing into two pieces, a situation that typically takes
place in the descending vertical section.

[0024] The non-steady state conditions related to the
breakage of the metal strip lead to stoppage of the plant
system and in general about 170 hours are needed to
restore normal operating conditions, resulting in consid-
erable losses in production.

[0025] From non-steady-state conditions, this situation
can easily degenerate into critical conditions, given that
being in the presence of a controlled atmosphere con-
taining nitrogen/hydrogen, problems such as fires and
explosions can arise.

[0026] US 6015526 discloses a plant system with a
vertical annealing furnace, where there is an attempt to
find a solution to problems relating to high productivity
by proposing a complex structure of a muffle furnace that
is capable of expansion. However, the document does
not provide a solution for cases in which the plant system
is stopped for checking and restoring normal operation
of the process.

[0027] Asolutiontothetechnicalissues mentioned and
still existing in the state of the art is therefore highly de-
sirable.

[0028] An aim of the present invention is to offer an
apparatus that is capable of facilitating procedures for
restoring production operations between two steady
states in the event of accidental breakage of the metal
strip being processed and a resulting production halt,
making itpossible to reduce to a minimum the procedures
and time required for restoring steady-state operation,
while also facilitating restoring procedures and condi-
tions for a return to the steady-state situation, reducing
the risk of fire and explosions to a minimum, and reducing
to a minimum the need to replace the costly electrical
resistors in the direct heating furnace because of dam-
age.

[0029] An object of the present invention is an appa-
ratus for treatment of a metal strip in a vertical annealing
plant system, in which the metal strip passes through a
central zone of the system, where bright annealing ther-
mal treatment is carried out in a controlled atmosphere
containing gas, and comprising in a sequence a first ver-
tical strip entry conduit, a second horizontal joining con-
duit, a third vertical strip exit conduit, the latter comprising
electromechanical locking and partitioning means, suit-
able for operating downstream of said first vertical entry
conduit, preferably in said third vertical exit conduit, for
acting by locking directly on the metal strip, and for her-
metically partitioning, thereby controlling the circulation
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of the gases, said second or third conduit delimiting a
first zone upstream of this electromechanical means and
operating in a controlled atmosphere and a second zone
downstream of this electromechanical means and oper-
ating in a controlled atmosphere or in an ambient atmos-
phere.

[0030] The apparatus disclosed by the present inven-
tion further comprises:

- means for controlling and regulating a controlled at-
mosphere, suitable for operating in said second or
third conduit in the zone upstream and the zone
downstream in which said electromechanical locking
and partitioning means are positioned

- electromechanical hermetic closure means, suitable
for controlling the circulation of gas, for operating in
said second or third vertical conduit, for acting by
locking directly on the strip in synchrony with said
electromechanical locking and partitioning means.

[0031] The electromechanical locking and partitioning
means and the electromechanical hermetic closure
means are suitable for operating directly on the strip by
means of reversible locking, moreover the electrome-
chanical locking and partitioning means are suitable for
moving in translational motion parallel to the longitudinal
axis of the second or third conduit, preferably by means
of guides, rails, or runners preferably positioned within
these conduits.

[0032] Means for controlling and regulating a control-
led atmosphere are suitable for entering or removing gas
or mixtures of gases and for regulating the temperature,
dew point, and pressure and such means comprise de-
tection and analysis sensors, gas storage systems, in-
take and extraction systems and connection and joining
systems.

[0033] The electromechanical hermetic closure means
for controlling the circulation of gas are suitable for open-
ing and closing in synchrony with said electromechanical
locking and partitioning means in such a manner as to
partition and limit the passage of gas in controlled atmos-
phere zones.

[0034] The electromechanical locking and partitioning
means and said electromechanical hermetic closure
means comprise movable, preferably metal, elements
suitable for acting directly on the metal strip and suitable
for being covered with elastic material including natural
or synthetic rubbers, preferably silicone rubbers, resist-
ant to temperatures greater than ambient temperature,
preferably to temperatures in the range of 20°C to 90°C.
[0035] The movable locking and partitioning elements
are suitable for acting simultaneously on both larger sides
of the metal strip, achieving hermetic closure towards
both larger surfaces of the strip and they are realized in
a form selected from the group comprising: at least one
metal plate that is slidable towards the strip, at least one
pair of metal plates that are slidable towards the strip,
several metal plates that are slidable, operating telescop-
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ically, and such as to extend from the outside inwards
towards the strip, and at least one pair of elements that
are movable towards the strip and suitable for rotating
on at least one pair of hinges towards the strip.

[0036] The movable elements of the electromechani-
cal hermetic closure means comprise elements, prefer-
ably metal elements suitable for reversibly moving in
translational motion and rotating until entering in contact
with the metal strip and they are realized with a covering
made of material suitable for preventing marks from be-
ing left on the strip and for ensuring a hermetic seal pref-
erably realized with material selected from the set com-
prising: felt, synthetic or natural fabric, or cotton.

[0037] The means for controlling and reinstating a con-
trolled atmosphere is suitable for entering at least one
gaseous form selected from the group comprising: hy-
drogen, nitrogen, a mixture of hydrogen and nitrogen, air
and said metal strip is made of steel, preferably of stain-
less steel.

[0038] A general description of the present invention
has been provided up to this point.

[0039] With the aid of the attached figures and exam-
ples, a more detailed description of particular embodi-
ments will now be provided with the aim of offering a
better understanding of the aims, characteristics, advan-
tages and modes of application of the invention.

Fig. 1 - Figure 1 is a diagram of a vertical annealing
line.

Fig. 2 - Figure 2 is a diagram of the central section
of the vertical annealing line, where a general dia-
gram of an embodiment of the object of the present
invention is represented.

Fig. 3 - Figure 3 is a detailed diagram of an embod-
iment of the present invention.

[0040] Figure 1 is a diagram of a vertical annealing
line, in which a metal strip 2 initially wound on an uncoiler,
is sent, passing through an entry accumulation tower,
into a central strip treatment section 1 for treatment.
[0041] The strip then travels through the exit accumu-
lation tower, the skin-pass rolling line and in conclusion,
it is wound on the recoiler.

[0042] Figure 2represents adiagram of a central treat-
ment section of an annealing line incorporating the object
ofthe presentinvention. In Figure 2, the central treatment
section is indicated in its entirety by the number 1 and
the strip being treated in the plant system is indicated by
the number 2. During the annealing process, the strip 2
passes through the vertical conduit 3 first, then the hor-
izontal conduit4 and lastly it exits from the vertical conduit
5.

[0043] The furnace is under controlled atmosphere
conditions and operates under overpressure conditions
with respect to the atmospheric pressure. Once the strip
2 has entered the conduit 3, it is subjected to a thermal
cycle and travels first through the indirect heating furnace
and then through the direct heating furnace, both of which
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are indicated in their entirety by the number 6. Then the
strip 2 travels through the slow- and rapid-cooling zone,
which is indicated in its entirety by the number 7. The
strip 2 then travels through the conduit 4 and begins to
travel through the conduit 5, but in non-steady state op-
eration, such as an abnormal situation involving break-
age of the strip, it is locked inside the conduit 5.

[0044] Inthe absence of that which constitutes the ob-
ject of the present invention, in order to resolve the ab-
normal situation that has arisen with the breakage of the
strip, it would be necessary to attempt to extract the strip
upstream - by action of the uncoiler with a high risk of
damaging not only the supporting rollers, but also the
thermally active zones, particularly the heating furnaces
and the cooling areas - and to extract the strip down-
stream - by action of the recoiler, thereby jeopardizing
not only the product being processed but also future
processing.

[0045] In order to resolve the abnormal situation relat-
ed to breakage of the strip, typically into two pieces, the
apparatus 8 constituting the object of the present inven-
tion intervenes by moving in translational motion in rela-
tion to the conduit 5 or 4 based on the position occupied
by the broken strip section, locks the same strip upstream
of the breakage point achieving a hermetic closure with
respect to the gases present and divides the conduit into
a zone upstream of the breakage point, where the oper-
ating conditions and parameters (i.e., pressure, temper-
ature, dew point, H2/N2 mixture) are kept under control,
and a zone downstream of the breakage point, where
work can be done under holding temperature and atmos-
phere conditions and conditions for restoring steady state
operation.

[0046] During the transitional procedures involved in
repairing the strip, which take place in the zone down-
stream of the breakage point in an environment contain-
ing air, following the locking of the strip, the broken strip
and a backing strip or terminal are brought close together
and welded, after repairs, in the zone downstream of the
breakage point, the section of the conduitinvolved is then
suitably washed with nitrogen.

[0047] Subsequently, in order to restore normal oper-
ating conditions in the zone between the strip breakage
point and the exit, after having re-established the proper
operating parameters only in the zone downstream of
the breakage point and not throughout the entire central
thermal treatment section, by means of temperature,
pressure, dew point and gas supply control systems 9
and by means of hermetic sealing systems 10, the pro-
duction line is then rendered operative.

[0048] Direct intervention in the strip breakage zone
makes it possible to avoid having to re-establish all the
conditions connected with the operating parameters
throughout the entire central thermal treatment section.
[0049] In this manner, considerable savings can be
achieved in terms of the gas to be used and replenished,
considering the high volumes of the treatment areas, as
well as considerable energy savings by preserving the
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thermal operating conditions, considering the high tem-
peratures for treatment, to reduce the risk of fire and ex-
plosions to a minimum, and to reduce to a minimum the
need toreplace the costly tungsten- and/or molybdenum-
based electrical resistors in the direct heating furnace.

[0050] Lastly, considering the time involved in the op-
eration between the beginning and end of the problem,
between transient and normal operation, there is a
marked reduction in stoppage time and therefore produc-
tion is resumed in a considerably short amount of time.

EXAMPLE 1

[0051] An AISI 304 Austenitic steel strip is being proc-
essed on a BA bright annealing line and during a produc-
tion stage, normally of duration of 60 minutes per 25t-
reel, a situation with breakage of the strip has been sim-
ulated in the vertical exit conduit in the central thermal
treatment section.

[0052] The stripin the process of being treated is 1000
mm in width and 1 mm thick, at a rate of 28m/min.
[0053] Once the strip has entered the vertical entry
conduit in the central section of the thermal treatment
system, it travels first through the indirect heating muffle
furnace, where it is heated to a temperature of about
1000°C, and then to the direct heating furnace, where it
is heated to temperatures of about 1100°C by means of
electrical resistors.

[0054] Inthe operative environment there is an atmos-
pheric overpressure of about 10390 mm of H,O and a
dew point of -40°C. The strip subsequently travels
through the slow cooling zone and then the rapid cooling
zone and is cooled to about 50°C.

[0055] Then the strip travels through the horizontal
conduit and begins to travel through the vertical exit con-
duit, but owing to a simulated breakage of the strip at
about 1/3 of the passage through the vertical exit conduit
5, the production line is stopped.

[0056] In this situation, the apparatus constituting the
object of the present invention intervenes, and moving
in translational motion parallel to the conduit 5 according
to the position occupied by the edge of the broken strip,
it locks the strip by means of a system of elastomer-coat-
ed elements that rotate about a hinge (Fig. 3).

[0057] The closure elements lock the strip in such a
manner as to also ensure hermetic closure with respect
to the gases present. By means of the hermetic closure,
the exit conduit is partitioned in a zone downstream of
the breakage point and in a zone upstream of the break-
age point of the strip, where the operating conditions and
parameters (pressure, dew point, and gaseous atmos-
phere) are checked.

[0058] On the breakage point of the strip, downstream
of the locking and partitioning elements, a welding pro-
cedure is carried out between the broken strip upstream
and a backing strip or terminal downstream, by means
of which production will be re-started again.

[0059] Following repair of the broken strip, in the zone
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downstream of the breakage point, the zone previously
occupied by air is suitably washed with gas (nitrogen)
and the gaseous hydrogen/nitrogen atmosphere for nor-
mal operation is then re-established.

[0060] Subsequently, all the correct operating param-
eters are re-established by means of operating parame-
ter control and management systems and then the pro-
duction line is re-started.

[0061] By means of the apparatus constituting the ob-
jectofthe presentinvention andinserted in the production
line, the time involved in the supplementary maintenance
work has decreased tenfold and owing to the hermetic
seal achieved, the oxygen in the air has not entered into
direct contact with the electrical resistors of the heating
furnace, thus making it possible to avoid having to pro-
ceed with replacement of these resistors because of con-
tact with the oxygen and resulting sublimation and to
avoid having to restore the operating parameters
throughout the system, which thus makes it possible to
achieve an overall marked increase in productivity.

EXAMPLE 2

[0062] An AISI430 ferritic steel strip is being processed
on a BA bright annealing line and during the production
stage, normally of duration of 60 minutes per 25t-reel, a
situation with breakage of the strip has been simulated
in the vertical exit conduit in the central thermal treatment
section.

[0063] The strip in the process of being treated is 1500
mm in width and 1,2mm thick, at a rate of 22m/min.
[0064] Once the strip has entered the vertical entry
conduit in the central section of the thermal treatment
system, it travels first through the indirect heating muffle
furnace, where it is heated to a temperature of about
1000°C, and then to the direct heating furnace, where it
is heated to temperatures of about 1000°C by means of
electrical resistors.

[0065] Inthe operative environment there is an atmos-
pheric overpressure of 10390 mm of H,O and a dew point
of -40°C. The strip subsequently travels through the slow
cooling zone and then the rapid cooling zone and is
cooled to about 50°C.

[0066] Then the strip travels through the horizontal
conduit and begins to travel through the vertical exit con-
duit, but owing to a simulated breakage of the strip at
about 2/3 of the passage through the vertical exit conduit
5, the production line is stopped.

[0067] In this situation, the apparatus of the present
invention intervenes by moving in translational motion
parallel to the conduit 5 according to the position occu-
pied by the edge of the broken strip, it locks the strip by
means of a system of elastomer-coated sliding panels.
[0068] The closure elements lock the strip in such a
manner as to also ensure hermetic closure with respect
to the gases present. By means of the hermetic closure,
the exit conduit is partitioned in a zone downstream of
the breakage point and in a zone upstream of the break-
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age point of the strip, where the operating conditions and
parameters (pressure, dew point, and gaseous atmos-
phere) are checked.

[0069] On the breakage point of the strip, downstream
of the locking and partitioning elements, a welding pro-
cedure is carried out between the broken strip upstream
and a backing strip or terminal downstream, by means
of which production will be re-started.

[0070] Following repair of the broken strip, in the zone
downstream of the breakage point, the zone previously
occupied by air is suitably washed with gas (nitrogen)
and the hydrogen/nitrogen atmosphere for normal oper-
ation is then re-established.

[0071] Subsequently, the correct operating parame-
ters are re-established by means of operating parameter
control and management systems and then the produc-
tion line is re-started.

[0072] By means of the apparatus constituting the ob-
jectofthe presentinvention andinserted in the production
line, the time involved in the supplementary maintenance
work has decreased tenfold and owing to the hermetic
seal achieved, the oxygen in the air has not entered into
direct contact with the electrical resistors of the heating
furnace, thus making it possible to avoid having to pro-
ceed with replacement of these resistors because of con-
tact with the oxygen and resulting sublimation and to
avoid having to restore the operating parameters
throughout the system, which thus makes it possible to
achieve an overall marked increase in productivity.

Claims

1. An apparatus for treatment of a metal strip in a ver-
tical annealing plant system comprising a zone
wherein bright annealing thermal treatment of a met-
al strip is carried out in a controlled atmosphere con-
taining gas, said zone comprising in sequence: a first
vertical entry conduit of a strip, a second horizontal
joining conduit, a third vertical exit conduit of the strip,
and characterized in that it comprises: electrome-
chanical means for locking and partitioning the metal
strip, suitable for operating downstream of said first
vertical entry conduit, preferably in said third vertical
exit conduit, such as to directly lock said metal strip,
and to hermetically partition, thereby controlling the
circulation of gases, delimiting a first zone upstream
of said electromechanical means and operating in a
controlled atmosphere and a second zone down-
stream of said electromechanical means and oper-
ating in a controlled atmosphere or in an ambient
atmosphere.

2. The apparatus as in claim 1, further comprising:
- means for controlling and regulating a control-

led atmosphere, suitable for operating in said
second or third conduit in the upstream zone
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and in the downstream zone, where said elec-
tromechanical locking and partitioning means
are positioned;

- electromechanical hermetic closure means,
suitable for controlling the circulation of gas, for
operating in said second or third vertical conduit,
for acting by locking directly on the strip in syn-
chrony with said electromechanical locking and
partitioning means.

The apparatus as in claim 1 or 2, wherein said elec-
tromechanical locking and partitioning means and
said electromechanical hermetic closure means op-
erate directly on the strip by means of reversible lock-

ing.

The apparatus as in claim 3, wherein said electro-
mechanical locking and partitioning means are suit-
able for moving in translational motion parallel to the
longitudinal axis of the second or third conduit, pref-
erably by means of guides, rails, or runners prefer-
ably positioned within these conduits.

The apparatus as in claim 2, wherein said means for
controlling and regulating a controlled atmosphere
are suitable for entering or removing gas or mixtures
of gases and for regulating the temperature, the dew
point, and the pressure and such means comprise
detection and analysis sensors, gas storage sys-
tems, intake and extraction systems and connection
and joining systems.

The apparatus as in claim 3, wherein said electro-
mechanical hermetic closure means for controlling
the circulation of gas are suitable for opening and
closing in synchrony with said electromechanical
locking and partitioning means in such a manner as
to partition and limit the passage of gas in controlled
atmosphere zones.

The apparatus as in any one of claims 1 to 6, wherein
said electromechanical locking and partitioning
means and said electromechanical hermetic closure
means comprise movable, preferably metal, ele-
ments suitable for acting directly on the metal strip
and covered with elastic material such as natural or
synthetic rubbers, preferably silicone rubbers, resist-
ant to temperatures greater than ambient tempera-
ture, preferably to temperatures in the range of 20°C
to 90°C.

The apparatus as in claim 7, wherein said movable
locking and partitioning elements are suitable for act-
ing simultaneously on both larger sides of the metal
strip, achieving hermetic closure towards both larger
surfaces of the strip and they are realized in a form
selected from the group comprising: atleast one met-
al plate that is slidable towards the strip, atleast one



10.

11 EP 2 915 887 A1

pair of metal plates that are slidable towards the strip,
a number of metal plates that are slidable, operating
telescopically, and such as to extend from the out-
side inwards towards the strip, and at least one pair
of elements that are movable towards the strip and
suitable for rotating on at least one pair of hinges
towards the strip.

The apparatus as in claim 8, wherein said movable
elements of said electromechanical hermetic closure
means comprise elements preferably metal ele-
ments suitable for reversibly moving in translational
motion and rotating until entering in contact with the
metal strip and they are realized with a covering
made of material suitable for preventing marks from
being left on the strip and for ensuring a hermetic
seal preferably selected from the group comprising:
felt, synthetic or natural fabric, or cotton.

The apparatus as in any one of the preceding claims,
wherein said means for controlling and reinstating a
controlled atmosphere are suitable for entering at
least one gaseous form selected from the group
comprising: hydrogen, nitrogen, a mixture of hydro-
gen and nitrogen, air and said metal strip is made of
steel, preferably of stainless steel.
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