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Description

[0001] The invention relates to a method for coating a
metal product wherein a molten coating is applied to a
surface of said metal product and wherein said metal
product is passed through a control section where a
sheet-like gas flow is directed to said metal product in
order to wipe part of said molten coating off said metal
product. Further, the invention relates to a gas wiping
apparatus for wiping off a molten coating from a metal
product comprising at least one gas outlet for providing
a sheet-like gas jet.

[0002] Continuous hot-dip galvanizing of metal sheets
is a well-known technique. This method involves the ap-
plication of a molten coating onto the surface of a metal
sheetin a continuous process. The metal sheetis passed
through a bath of a molten metal. In the bath the surface
of the metal sheet reacts with the molten metal to bond
the coating onto the sheet surface. When the metal
sheets emerge from the metal bath excess liquid metal
is bond to the surface, too.

[0003] In a subsequent control section the coating
thickness is controlled. This thickness control is achieved
by a gas wiping process. Gas nozzles deliver low-pres-
sure, high-volume air streams on the surface of the metal
sheet to wipe off surplus molten metal pulled from the
molten metal bath. Since the gas nozzles "cut off" excess
coating material they are often referred to as "gas knives".
[0004] In the following the term "gas knife" shall mean
a device for delivering a gas onto or along a surface, in
order to wipe off surplus coating material. The terms "air
knife" and "nitrogen knife" accordingly refer to devices
for delivering air or nitrogen for gas wiping purposes.
[0005] Some of the steel manufacturers use nitrogen
instead of air as the wiping gas in the steel galvanizing
process. The use of nitrogen has the advantage that a
coating with improved surface quality is achieved due to
the inertness of nitrogen.

[0006] The gas nozzles or gas knives are at least as
long as the maximum width of the product to be proc-
essed. When a product of lesser width is processed the
gas knives extend beyond the edges of the product.
[0007] In the following the term "width of the product”
shall mean the dimension of the metal product in a direc-
tion perpendicular to its transport direction and parallel
to the surface which has been coated. The term "width
of the sheet-like gas flow" shall mean the dimension of
the gas flow in a direction perpendicular to the transport
direction of the metal product and parallel to the surface
which has been coated. In general, the term "width" re-
lates to the dimension of an object in a direction perpen-
dicular to the transport direction of the metal product and
parallel to the surface which has been coated.

[0008] PCT application WO 00/01861 A1 proposes
baffles adjacent the edges of the processed strip and
disposed between that part of the gas nozzles which ex-
tend beyond the strip edges, that is between the counter-
flowing gas streams beyond the strip edges. The baffles
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are provided with gas collection means for redirecting
gas in order to avoid turbulence and hence to protect the
strip edges.

[0009] However, the baffles do not influence the gas
output from the knives. The gas flow rate is not changed
and atleast part of the gas flowing beyond the strip edges
is wasted. This may not be an issue for air knives but for
knives using nitrogen as wiping medium.

[0010] Hence it is an object to provide an apparatus
and a method for reducing the gas consumption in a gas
wiping process when products of lesser width are proc-
essed.

[0011] This object is achieved by a method for coating
a metal product wherein a molten coating is applied to a
surface of said metal product and wherein said metal
product is passed through a control section where a
sheet-like gas flow is directed to said metal product in
order to wipe part of said molten coating off said metal
product, and which is characterized in that the dimen-
sion of said sheet-like gas flow in a direction perpendic-
ular to the transport direction of said passing metal prod-
uct is adjusted depending on the dimension of said metal
product in said direction perpendicular to the transport
direction of said passing metal product.

[0012] The inventive gas wiping apparatus for wiping
off a molten coating from a metal product comprises at
least one gas outlet for providing a sheet-like gas jet, and
is characterized in that means for reducing the opening
cross section of said gas outlet are provided.

[0013] According to the invention the width of the
sheet-like gas flow which is used for wiping purposes is
set depending on the width of the product to be proc-
essed.

[0014] The gasknife is preferably provided with atleast
one elongated gas outlet extending over a major part of
the width of the gas knife. Instead of one elongated gas
outlet it is also possible to provide the gas knife with a
number of smaller gas outlets which are arranged in line.
Further it is possible to have two or more rows of gas
outlets, either elongated gas outlets or a number of small-
er gas outlets or a combination of both.

[0015] By reducing the opening cross section, for ex-
ample by closing part of the elongated gas outlet or by
closing some of the gas outlets, the total gas flow out of
the gas knife is reduced. Thereby, the gas consumption
can be reduced by 30% to 60% compared to the existing
prior art systems when narrower metal strips are pro-
duced.

[0016] The invention is preferably aimed at coating
elongated metal products, in particular metal strips, metal
sheets or metal wires, for example steel sheets or steel
strips, which are continuously passed through a coating
section where a molten coating is applied to a surface of
the metal product.

[0017] The metal strip or metal sheet or in general the
elongated metal product is transported through a coating
bath where coating material from the coating bath is bond
to the surface of the metal product. When the elongated
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metal product exits the bath it drags out more coating
material than needed for the coating. The excess coating
material is then wiped off the surface by the inventive
wiping process.

[0018] Preferably a metal coating is applied to said
metal product. Preferably the coating which is applied to
the metal product comprises one or more metals or com-
posites of the group of zinc, aluminium, silicon.

[0019] In particular, the invention is directed to galva-
nizing a metal product, and even more preferred to gal-
vanizing metal sheets or metal strips, in particular steel
sheets or steel strips. However, the inventive method can
also be used for the application of other coating materials
to a metal product by hot-dip coating, that is by dipping
the metal product into a bath of coating material.
[0020] When coating an elongated product as de-
scribed above the amount of excess coating material
which is dragged out of the coating bath depends on the
speed the metal product exits the bath. The higher the
speed, the more coating material is dragged out of the
bath. The inventive method works well at speeds of the
metal product between 1 m/min and 300 m/min that is it
fits quite well into the speed range of standard hot-dip
coating systems.

[0021] Itisadvantageous to pass the coated elongated
metal product continuously along a gas knife which blows
a gas flow onto or along the surface of the passing metal
product. In that case two gas knives are disposed on
either side of the passing metal product with the gas out-
lets of each gas knife directed to respective sides of the
passing surface. The gas outlets, for example elongated
gasoutlets orlines of small gas outlets, preferably extend
in a direction parallel to the surface of the passing metal
product and perpendicular to the transport direction of
the metal product.

[0022] Itis preferred to use air and/or nitrogen as the
wiping gas. The air and / or nitrogen flow can further be
pre-heated and then directed to the metal product for
wiping off excess molten coating. Itis especially preferred
to use nitrogen as wiping gas. Among the benefits of
using nitrogen instead of air are reduced dross formation
and improved surface quality. According to a preferred
embodiment an air flow and a nitrogen flow are directed
to the metal product one after the other.

[0023] Itisin particular preferred to first use an air flow
for wiping off excess molten coating and to subsequently
direct a nitrogen flow to said metal product. The idea is
to first reduce the coating with an air flow to a particular
level and then complete the wiping with nitrogen. Due to
its inertness the nitrogen is used to finish the final molten
metal coating in order to achieve the desired surface
quality. Thus, without any loss of surface quality this
method reduces the required nitrogen volume and the
related gas consumption costs compared to the use of
pure nitrogen knives.

[0024] Inordertoachieve a specific surface roughness
or a specific surface quality or to change the surface so-
lidification behaviour it is advantageous to use the air
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flow first and then the nitrogen flow. Further, to achieve
a maximum flexibility to change the surface properties of
the coating it might also be helpful to apply the air flow
and the nitrogen flow at the same time.

[0025] As already described the invention can be used
with air knives as well as with nitrogen knives or gas
knives which are supplied with any other gas, fluid or
steam. The invention is in particular advantageous when
gas wiping systems are used which are provided with
two or more gas knives arranged in series. With such
systems the gas consumption can be substantially re-
duced.

[0026] A gas wiping apparatus with an elongated gas
outlet is preferably provided with means for reducing the
width of the elongated gas outlet. By reducing the width
of the gas outlet the width of the sheet-like gas stream
leaving the gas outlet can be adjusted to the width of the
passing metal product.

[0027] According to another preferred embodiment the
gas wiping apparatus is provided with at least one baffle
which is slidably arranged in the longitudinal direction of
the elongated gas outlet such that at least a part of the
gas outlet can be closed by the baffle. In an even more
preferred embodiment there are two baffles which can
be moved from each end of the elongated gas outlet
along the width of the gas outlet.

[0028] The adjustment of the baffles or of any other
means for reducing the opening cross section of the gas
outletis preferably carried out automatically. For thatrea-
son the baffles are connected to a motorized control sys-
tem which adjusts the position of the baffles in terms of
the width requirements. The automatic control allows op-
timisation of the position of the baffles with respect to the
gas consumption and the quality requirements.

[0029] It is further preferred to have means, for exam-
ple an optical sensor, for detecting the width of the metal
product to be coated. Depending on the detected width
of the metal product the motor is activated to move the
baffles to the optimum position such that on the one hand
excess liquid coating is sufficiently wiped off the metal
product to achieve the desired product quality, and on
the other hand the gas consumption is reduced as far as
possible.

[0030] The invention as well as further details of the
invention will now be described with reference to the at-
tached drawing. The figure schematically shows the in-
ventive gas knife for wiping off excess molten zinc from
a steel sheet.

[0031] A steel strip is transported at a high speed of
for example about 150 m/min through a coating or gal-
vanizing bath where a molten metal or metal alloy, for
example zinc, is bond to the steel surface. When leaving
the coating bath the steel strip is covered with an over
thick layer of molten zinc. The steel strip exits the coating
bath in a vertical direction.

[0032] Two gas knives are disposed on either side of
the passing steel strip. In the figure only one gas knife 1
is shown. The second gas knife is identically to gas knife
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1 but arranged mirror-inverted with the passing steel strip
being the mirror plane.

[0033] Gas knife 1 comprises a chamber 2 with an
elongated gas outlet 3. Chamber 2 is connected to a sup-
ply of pressurised gas such as air or nitrogen. Chamber
2 with the elongated gas outlet 3 extends transversely to
the steel strip at a right angle to the direction of steel strip
transport, that is the elongated gas outlet 3 is oriented in
an essentially horizontal direction.

[0034] Through elongated gas outlets 3 each gas knife
1 directs a sheet-like gas jet against the respective side
of the passing steel strip. Thereby, any excess zinc which
has been dragged off the coating bath is blown off the
steel strip.

[0035] The width 4 of the elongated gas outlets 3 de-
fines the maximum width of the steel strip to be processed
by the gas knives 1. When a steel strip of lesser width
than the maximum width shall be processed the width 4
of the elongated gas outlets 3 is adjusted in terms of the
width requirements.

[0036] Forthat reason the end faces which restrict the
elongated gas outlet 3 over its width 4 are furnished with
longitudinal slits 5, 6 extending along the width 4 of the
gas outlet 3.

[0037] Baffles 7, 8 are slidably arranged within the slits
5, 6. The upper part of each baffle 7, 8 runs within the
upper slit 5, the lower part of each baffle 7, 8 runs within
the lower slit 6.

[0038] Depending on the position of the baffles 7, 8
part of the elongated gas outlet 3 is closed. Hence, the
position of the gas baffles 7, 8 defines the width of the
sheet-like gas jet stream which exits gas knife 1 through
the elongated gas outlet 3.

[0039] The baffles 7, 8 are connected to a computer
controlled motor drive (not shown). The computer con-
trolled system allows to automatically set the position of
the baffles 7, 8 when different steel strip gauges are pro-
duced. Hence, the inventive system gives flexibility to set
the gas streams such that on the one hand the gas con-
sumption is reduced, and on the other hand the required
surface quality of the edges of the steel strip is achieved.
[0040] Pressure and volume of the gas supplied to the
gas knives 1 are also controlled depending on the speed
of the steel strip, the desired thickness and quality of the
coating, and/or the type of coating material. Further pa-
rameters which might be used to control pressure and
volume of the gas and/or the position of the baffles 9, 10
are the height of the gas knife 1 above the coating bath,
the distance of the gas knife 1 from the passing steel
strip, the angle at which the gas jets impinge on the pass-
ing steel strip, or the dimensions of the elongated gas
outlets 3.

Claims

1. Method for coating a metal product wherein a molten
coating is applied to a surface of said metal product
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and wherein said metal product is passed through a
control section where a sheet-like gas flow is directed
to said metal product in order to wipe part of said
molten coating off said metal product, character-
ized in that the dimension of said sheet-like gas flow
in a direction perpendicular to the transport direction
of said passing metal product is adjusted depending
on the dimension of said metal product in said direc-
tion perpendicular to the transport direction of said
passing metal product.

Method according to claim 1 characterized in that
said metal product is an elongated product, in par-
ticular a metal strip, metal sheet or metal wire, which
is continuously passed through a coating section
where a molten coating, in particular a metal coating,
is applied to a surface of said metal product.

Method according to claim 2 characterized in that
said elongated product is continuously passed
through a bath of a molten coating material.

Method according to any of claims 1 to 3 character-
ized in that said metal product is galvanized.

Method according to any of claims 1 to 4 character-
ized in that said metal product is passed through
said coating section at a speed between 1 m/min
and 300 m/min.

Gas wiping apparatus for wiping off a molten coating
from a metal product comprising at least one gas
outlet for providing a sheet-like gas jet, character-
ized in that means for reducing the opening cross
section of said gas outlet are provided.

Gas wiping apparatus for wiping off a molten coating
from a metal product comprising an elongated gas
outlet, characterized in that means for reducing the
width of the elongated gas outlet are provided.

Gas wiping apparatus according to claim 7, charac-
terized in that said elongated gas outlet is provided
with at least one baffle which is slidably arranged in
the longitudinal direction of said gas outlet so that at
least part of said gas outlet can be closed by said
baffle.

Gas wiping apparatus according to any of claims 6
to 8 further comprising a motor for adjusting said
means for reducing the opening cross section of said
gas outlet.
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