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(54) METHOD AND DEVICE FOR REACTION CONTROL

(67)  Theinvention relates to a furnace (1) for anneal-
ing a sheet (5) comprising a first section (2), a second
vertical section (3) and a third section (4), said second
section (3) comprising openings (10) supplied with an

oxidizing medium, one opening (10) facing each side of
the sheet (5), wherein the second section (3) further com-
prises means for separately controlling the flow of the
oxidizing medium through each opening (10).
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Description
FIELD
[0001] The invention relates to a device and a method

for controlling the surface reaction on steel sheets trans-
ported in a continuous galvanizing or annealing line.

BACKGROUND

[0002] High strength steel grades generally comprise
high contents of elements like silicon, manganese and
chromium (respectively typically between 0.5 and 2%,
1.5 and 6%, 0.3 and 1% in wt) making them difficult to
coat because an oxide layer of those elements is formed
during the annealing preceding the dipping in the galva-
nizing bath. This oxide layer harms the wetting ability of
the steel surface when submerged in the bath. As aresult,
uncoated areas and a poor adhesion of the coating are
obtained.

[0003] A well-known method to improve the wetting of
these steel grades consists in fully oxidizing the steel
surface in a specific chamberwhen the steel has a tem-
perature typically between 600 and 750°C. The resulting
oxide layer comprises a high amount of iron oxides which
are then reduced during the end of heating and holding
section of the annealing furnace and the following ther-
mal treatment. The target is to obtain an oxide thickness
between around 50 and 300nm, what corresponds to an
iron oxide below 2gr/m2,

[0004] There are different ways to oxidize the steel sur-
face before the reduction step. For example, this oxida-
tion can be performed in a direct fired furnace running
the combustion with air excess. Another way consists in
making this oxidation in a dedicated chamber located in
the middle of the annealing furnace and supplied with a
mixture of nitrogen and an oxidant. Such implementation
is described in the patent EP 2 010 690 B1 and in figure
1. The oxidation section is separated from the other parts
of the annealing furnace by seals to minimize the intro-
duction of the oxidant in the first and final sections.
[0005] The formation of the oxide layer must be care-
fully controlled to avoid the formation of too thick layers,
too thin layers or non-uniform layers, all resulting in qual-
ity problems on the finished product. Four main param-
eters influence the layer formation: the strip temperature,
the oxygen concentration in the atmosphere of the cham-
ber, the transport of that oxygen to the steel surface and
the residence time.

[0006] A change in these parameters has a direct im-
pact on the oxide formation and must be compensated.
For example, a change in the line speed, what is usual
in a production line, results in a change of the residence
time. Changing the oxygen concentration in the chamber
is the easiest way to compensate this variation. However,
if the adjustment of the oxygen content in a fully fresh
inert gas is quite easy by controlling the relative volume,
it is much more complicated when the oxidizing medium
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not fully consumed is recirculated.

[0007] Dimensional parameters such as the frequent
change in the strip width or a non-symmetric positioning
of the strip in the chamber can also influence the oxide
formation.

[0008] A different oxide layer formation between both
sides of the strip can also be observed because, due to
internal buoyancy flow or due to strip entrainment, the
mass transport of the oxidant to the steel surface can be
different.

[0009] The presentinvention aimsto provide a solution
to these problems of non-uniform oxide layer formation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The presentinvention will be described in even
greater detail below based on the exemplary figures. The
invention is not limited to the exemplary embodiments.
All features described and/or illustrated herein can be
used alone or combined in different combinations in em-
bodiments of the invention. The features and advantages
of various embodiments of the present invention will be-
come apparent by reading the following detailed descrip-
tion with reference to the attached drawings which illus-
trate the following:

Figure 1 schematically represents an annealing fur-
nace comprising an oxidation section according to
the state of the art.

Figure 2 schematically represents an annealing fur-
nace comprising three separated sections according
to the invention. The incoming and outgoing flows
through the different sections are also schematically
represented.

Figure 3 represents the upper part of the oxidation
chamber according to the invention with the trans-
versal openings for injecting the oxidizing medium.
Figure 4 represents the lower part of the oxidation
chamber with the extraction openings according to
the invention.

Figure 5 represents according to a first embodiment
of the invention the control means for regulating the
parameters of the atmosphere in the second section
i.e. in the oxidation section.

Figure 6 represents according to a second embodi-
ment of the invention the control means forregulating
the parameters of the atmosphere in the second sec-
tion.

SUMMARY

[0011] The present invention relates to a furnace for
annealing a sheet comprising a first section, a second
vertical section and a third section, said second section
comprising openings supplied with an oxidizing medium,
an opening facing each side of the sheet, wherein the
second section comprises means for separately control-
ling the flow of the oxidizing medium through each open-
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ing.

[0012] Accordingto particular preferred embodiments,
the furnace according to the invention further comprises
at least one or a suitable combination of the following
features:

- the second section comprises two independent in-
jection pipes respectively supplying each side of the
sheetand wherein the means comprise afanon each
injection pipe;

- the second section comprises two injection pipes re-
spectively supplying each side of the sheet, one in-
jection pipe being mounted on the other injection
pipe to be interconnected, wherein the means com-
prise a single fan mounted on one of the injection
pipes;

- the means further comprise a single valve mounted
on an injection pipe downstream of the connection
between the injection pipes;

- themeansfurther comprise a valve mounted on each
injection pipe downstream of the connection be-
tween the injection pipes;

- the second section further comprises means for sep-
arately controlling for each side the temperature of
the oxidizing medium and the oxidant concentration
in the oxidizing medium;

- the second section comprises openings for extracted
gas, also called extraction openings, in order to avoid
an overpressure in the second section;

- the openings supplied with an oxidizing medium are
located at the top of the second section;

- the opening supplied with an oxidizing medium are
slots extending transversally at the top of the second
section.

[0013] The presentinvention also relates to a method
for controlling a surface reaction on a sheet running
through the second section of the furnace as described
above, comprising a step of separately controlling the
flow of the oxidizing medium on each side of the sheet,
the flow being adjusted by changing the rotation speed
of the fan.

[0014] Accordingto particular preferred embodiments,
the method according to the invention further comprises
at least one or a suitable combination of the following
features:

- it further comprises a step of separately controlling
the temperature of the oxidizing medium and the ox-
idant concentration in the oxidizing medium on each
side of the sheet;

- after the oxidation of the sheet, the gas is extracted
from the second section and recirculated in the sec-
ond section;

- the oxidant concentration to be injected is based on
the measurements of the oxidant concentration in
the gas extracted from the second section;

- the temperature of the oxidizing mixture is between
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50 and 200°C below the sheet temperature.

DETAILED DESCRIPTION

[0015] The invention aims to provide a method with
process parameters adjusted to control separately the
oxide formation on each side of the steel sheet. This
method allows easily adjusting the concentration and
flow of the oxidant medium according to the strip width,
the line speed and the steel grade. For this purpose, an
annealing furnace comprising specific control means in
the oxidation chamber has been developed.

[0016] The furnace 1 represented in figure 2 is dedi-
cated toanneal steel sheets to be coated by a liquid metal
comprising Zn, Al or a combination of those two in various
proportions with an eventual addition of Mg and Si in
proportion higher than 0.1%. The furnace according to
the invention can also be used in a continuous annealing
line without hot-dip galvanizing facilities.

[0017] The furnace has different sections, each locat-
ed in a distinct casing.

[0018] The first section 2 of the furnace 1 is a classical
heating section comprising heating elements and rolls.
It can be a resistance heating, an inductive heating or a
radiant tube heater. This section is slightly oxidizing to
limit the risk of external oxidation of the alloying elements
and potentially to start forming a Fe oxide in some cases.
To this end, the H, content is below 2%, the O, level is
below 0.1%, the H,O or CO, content or the sum H,0
and CO, (H,0+CO,) is superiorto 0.03% and, preferably
superior to 0.035%, but inferior to 10% to obtain this at-
mosphere slightly oxidizing.

[0019] The second section 3 is the oxidation chamber
wherein an oxidizing mixture composed of an oxidant
such as O, and an inert gas like N, is injected to form a
controlled iron oxide layer on the surface of the steel
sheet. This section will be further detailed below.
[0020] The third section 4 has a reducing atmosphere
to reduce the iron oxide formed in the second section.
The classical practice is to use Hy, mixed with an inert
gas, the concentration of H, being adjusted between 3
and 30% and preferably between 5 and 20%.

[0021] The second section 3 is a vertical section with
sealing devices 11 like rolls or gates at the entry and exit
of the section to separate this section from the first and
third sections. The oxidizing medium is injected on the
sheet surface by openings, preferably forming slots,
which ensure a uniform distribution of the flow all across
the chamber. The openings 10 are located on each side
of the sheet 5 and preferably located transversally at one
end of the oxidation chamber 3 as shown in figure 3.
More preferably and for reasons explained hereafter,
they are located at the top of the oxidation chamber. On
the opposite side of the openings 10, i.e. at the bottom
of the oxidation chamber if the oxidant injection is carried
out at the top, the chamber comprises extraction open-
ings 12 to reduce the pressure inside the second section.
[0022] According to the invention, the second section
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3 is provided with means for controlling separately the
flow of the oxidizing medium on each side of the steel
sheet. Preferably, it also comprises means for controlling
separately the oxidant concentration and the tempera-
ture of the oxidizing medium for each side of the steel
sheet.

[0023] The control system according to a first embod-
iment of the invention is described in figure 5. In this em-
bodiment, the flow, the oxidant concentration and its tem-
perature are separately controlled for each side. The in-
jecting pipes 7 of the two sides are independent and the
flow on each side is controlled by a fan 9 whose speed
is adjusted depending on the desired flow. To avoid an
overpressure in the oxidation chamber, the injected flow
is extracted. For economic reasons, the gas extracted
from the chamber is preferably recirculated. Since the
injected oxidant is partly consumed by the sheet with a
percentage consumed depending on the steel grade, the
sheet temperature and the surface flow (in m2/sec), a
fresh oxidant is injected with a concentration based on
the measurement of the residual oxidant in the extracted
flow and the flow is fixed by the fan rotation speed. In
case the oxygen concentration is adjusted with air, the
amount of added air is calculated on the basis of a mass
balance as follows:

[Added Air Flow*0.21 + (Injected flow-Added
air)*%0, in the extracted flow]/(Injected flow)=Tar-
get O, in injection,

- wherein the injected flow corresponds to the ex-
tracted flow + added air flow, the flows being
expressed in Nm3/h and typically comprises be-
tween 50 and 200Nm3/h per side;

- wherein the target in O, is preferentially com-
prised between 0.5 et 5% in volume.

[0024] According to a second embodiment represent-
ed in figure 6, the control system is simplified with only
a single fan 9 and heater for both sides. In this configu-
ration, the injection pipe 7 of one side is mounted on the
injection pipe 7 of the other side. The flow for each side
is controlled by means of a valve 8 installed on the injec-
tion pipe 7 of each side or by means of a single valve 8
installed on one of the injection pipes 7 as shown in figure
6. The flow may be measured by dedicated devices. The
latter configuration with a single valve is preferred. In-
deed, the total flow being known by the rotation speed
of the fan, the valve can be used to balance each side
separately.

[0025] The second section can also be provided with
additional means to control specifically the oxidation on
the edges of the sheet as disclosed in the application EP
151 831 69.

[0026] The temperature of the oxidizing mixture, e.g.
N,+0,, is between 50°C and 200°C below the sheet tem-
perature to take benefit of the buoyancy principle where-
by the gas colder than the strip moves down. For this

10

15

20

25

30

35

40

45

50

55

reason, the transversal openings are located at the top
of the chamber and, preferably, the strip moves down.
Conversely, the gas could be warmer than the strip and
the openings located at the bottom of the chamber. To
compensate for the eventual variations between sides,
the temperature for each side is controlled separately as
shown in figure 5. The chamber can also be provided
with heating elements to compensate for the heat losses.
[0027] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive. It will be un-
derstood that changes and modifications may be made
by those of ordinary skill within the scope of the following
claims. In particular, the present invention covers further
embodiments with any combination of features from dif-
ferent embodiments described above and below.
[0028] The terms used in the claims should be con-
strued to have the broadest reasonable interpretation
consistent with the foregoing description. For example,
the use of the article "a" or "the" in introducing an element
should not be interpreted as being exclusive of a plurality
of elements. Likewise, the recitation of "or" should be
interpreted as being inclusive, such that the recitation of
"A or B" is not exclusive of "A and B," unless it is clear
from the context or the foregoing description that only
one of A and B is intended.

REFERENCE SYMBOLS

[0029]

(1) Annealing furnace

(2) First section

(3) Second section, also called oxidation chamber
(4) Third section

(5) Strip or sheet

(6) Sealing roll

(7) Injection pipe

(8) Valve

9) Fan

(10)  Opening for supplying the reactant
(11)  Sealing roll

(12)  Extraction opening

(13)  Zinc bath

Claims

1. Afurnace (1) for annealing a sheet (5) comprising a
first section (2), a second vertical section (3) and a
third section (4), said second section (3) comprising
openings (10) supplied with an oxidizing medium, an
opening (10) facing each side of the sheet (5), where-
in the second section (3) further comprises means
for separately controlling the flow of the oxidizing me-
dium through each opening (10).
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A furnace (1) according to claim 1, wherein the sec-
ond section (3) comprises two independent injection
pipes (7) respectively supplying each side of the
sheet (5) and wherein the means comprise a fan (9)
on each injection pipe (7).

A furnace (1) according to claim 1, wherein the sec-
ond section (3) comprises two injection pipes (7) re-
spectively supplying each side of the sheet (5), one
injection pipe (7) being mounted on the other injec-
tion pipe (7) to be interconnected, wherein the means
comprise a single fan (9) mounted on one of the in-
jection pipes (7).

A furnace (1) according to claim 3, wherein the
means further comprise a single valve (8) mounted
on an injection pipe (7) downstream of the connec-
tion between the injection pipes (7).

A furnace (1) according to claim 3, wherein the
means further comprise a valve (8) mounted on each
injection pipe (7) downstream of the connection be-
tween the injection pipes (7).

A furnace (1) according to claim 1 or 2, wherein the
second section (3) further comprises means for sep-
arately controlling for each side the temperature of
the oxidizing medium and the oxidant concentration
in the oxidizing medium.

Afurnace (1) according to any of the previous claims,
wherein the second section (3) comprises openings
for extracted gas, also called extraction openings
(12), in order to avoid an overpressure in the second
section (3).

Afurnace (1) according to any of the previous claims,
wherein the openings (10) supplied with an oxidizing
medium are located at the top of the second section

3).

Afurnace (1) according to any of the previous claims,
wherein the opening (10) supplied with an oxidizing
medium are slots extending transversally at the top
of the second section (3).

Method for controlling a surface reaction on a sheet
(5) running through the second section (3) of the fur-
nace (1) according to any of the previous claims,
comprising a step of separately controlling the flow
of the oxidizing medium on each side of the sheet
(5), the flow being adjusted by changing the rotation
speed of the fan (9).

Method according to claim 10, further comprising a
step of separately controlling the temperature of the
oxidizing medium and the oxidant concentration in
the oxidizing medium on each side of the sheet (5).
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12.

13.

14.

Method according to claims 10 or 11, wherein after
the oxidation of the sheet (5), the gas is extracted
from the second section (3) and recirculated in the
second section (3).

Method according to claim 12, wherein the oxidant
concentration to be injected is based on the meas-
urements of the oxidant concentration in the gas ex-
tracted from the second section (3).

Method according to any of the previous claims 10
to 13, wherein the temperature of the oxidizing mix-
ture is between 50 and 200°C below the sheet tem-
perature.
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