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he invention relates to a method for coating a metal product (1) wherein a molten coating (14, 15, 16) Is applied to a surface of

sald metal product (1) and whereln part of said molten coating (14, 15) is wiped off said metal product (1) by an air flow (18) and a

nitrogen gas flow (19).
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Abstract

Method and Apparatus for Continuous Hot-Dip Coating of Metal Strips

The invention relates to a method for coating a metal product (1) wherein a molten
coating (14, 15, 16) is applied to a surface of said metal product (1) and wherein part of

said molten coating (14, 15) is wiped off said metal product (1) by an air flow (18) and a
nitrogen gas flow (19). (Figure)
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Method and Apparatus for Continuous Hot-Dip Coating of Metal Strips

The invention relates to a method for coating a product, in particular a metal product,
wherein a molten coating is applied to a surface of said product and wherein part of
said molten coating is wiped off said product by a gas flow directed to said product.
Further, the invention relates to an apparatus for coating a product, in particular a metal
product, comprising a coating section wherein a molten coating is applied to a surface
of said product and a control section wherein said control section comprises a gas knife

for wiping off part of said molten coating from said product.

Continuous hot-dip galvanizing of metal sheets is a well-known technique. This method
involves the application of a molten coating onto the surface of a metal sheet in a
continuous process. The metal sheet is 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

ligutd metal is bond to the surface, too.

In a subsequent control section the coating thickness is controiled. This thickness
control is achieved by a gas wiping process. Gas nozzles deliver low-pressure, 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".

In the following the term "gas knife" shall mean a device for delivering a gas onto or
along the 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.

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. But since the flow
pattern is normally not changed compared to the air-wiping technology, that is low-
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pressure, high volume flows of nitrogen are directed to the metal sheet, the related gas

costs are relative high.

It is an object of the invention to propose a method and an apparatus for gas-wiping

with increased flexibility.

This object is achieved by a method for coating a product wherein a molten coating is
applied to a surface of said product and wherein part of said molten coating is wiped off
said product by a gas flow directed to said product, which is characterized in that a first

gas flow and a second gas flow are subsequently directed to said product.

According to the invention at least two gas flows are used to wipe off any excess
molten coating. The first and the second gas flow are directed one after the other to the
product. It is also possible to have more than two gas flows subsequently directed to

the product.

The invention will be described with reference to coating a metal product. However, the
man skilled in the art will understand that the following is not limited to metal products
but is applicable to the coating of non-metallic products, too.

The first gas flow and the second gas flow preferably differ in at least one of the

parameters velocity, pressure, volume, flow pattern, temperature and/or composition.

For example, at first a gas flow with a high velocity and/or a high pressure is directed to
the product, preferably a metal product, to wipe of the major part of excess coating and
then a gas flow with a lower velocity and/or a lower pressure is used to achieve the
desired final surface quality. The first gas and the second gas might be the same gas,

for example nitrogen, or different gases, such as air and nitrogen.

Instead of or additional to use different velocities or different pressures for the first and
the second gas flow it is also possible to have different amounts of gas blown onto the
product by the first and the second gas knife, respectively.
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Another parameter which can be used to positively affect the result of the wiping
process is the temperature of the wiping gas. Thus, In a preferred embodiment different

temperatures for the first and the second gas flow are used.

In still another preferred embodiment different gases or different gas compositions are
used for the first and the second gas flow. For example, the first gas knife is provided
with air, the second gas knife is supplied with nitrogen. As another example, nitrogen
and argon are supplied to the first and the second gas knife, respectively.

The wiping gas is preferably selected from the group of: air, nitrogen, argon, helium,

hydrogen, carbon dioxide or carbon monoxide.

It is preferred to use an inert gas for the first gas flow and/or for the second gas flow.
Preferred inert gases are nitrogen and argon.

According to a preferred embodiment a flow of air and a flow of nitrogen are directed to
the product. According to this embodiment it is not necessary to carry out the whole
gas wiping process with nitrogen in order to achieve a coating with a high quality
surface. The inventors have shown that a combination of air knife technology and
nitrogen knife technology that is wiping with air and with nitrogen provides a coating
with improved surface quality comparable to that achieved by nitrogen knife
technology. But the gas consumption costs are essentially reduced due to the reduced
amount of nitrogen used.

The air flow and the nitrogen flow are directed to said product one after the other. it is
in particular preferred to first use an air flow for wiping off excess molten coating and to
subseqguently direct a nitrogen flow to said 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 coating in order to
achieve the desired surface quality. Thus, without any loss of surface quality the
inventive method reduces the required nitrogen volume and the related gas
consumption costs compared to the use of pure nitrogen knives.

In order to achieve a specific surface roughness or a specific surface quality or to
change the surface solidification behaviour it might be advantageous to use the air flow
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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.

The ratio of the first gas flow to the second gas flow is preferably between 1 to 99 and
93 to 1. It is in particular preferred to set the ratio of the first and the second gas flow,
for example the ratio of air to nitrogen, between 1:4 and 4.1, even more preferred
between 1.3 and 3:1.

According to an especially preferred embodiment of the invention the nitrogen
consumption is between 30% and 70%, preferably between 40% and 60%, of the
nitrogen consumption of a pure nitrogen knife system with the remainder preferably
being air. For example, 40 % of the total gas used for gas wiping is nitrogen and 60%
of the total gas is air. Thus, the nitrogen consumption is reduced to 40% of the

consumption of a pure nitrogen gas wiping system.

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. 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
metal product exits the bath it drags out more coating material than needed for the
coating. Therefore, a first and a second gas flow, for example air and nitrogen, are

blown onto the surface to wipe off excess coating material and to achieve the desired
thickness.

It is advantageous to pass the coated elongated metal product continuously along a
first and a second gas knife which blow a first respective a second gas flow onto or
along the surface of the passing metal product.

Preferably a metal coating is applied to the product. Preferably the coating which is

applied to the product, especially a metal product, comprises one or more metals or
composites of the group of zinc, aluminium, silicon.
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In particular, the invention is directed to gaivanizing a product, and even more
preferred to galvanizing metal sheets or metal strips, in particular steel sheets or steel
strips. However, the inventive method can aiso 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.

When coating an elongated product as described 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 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.

The Iinventive apparatus for coating a product comprises a coating section wherein a
molten coating is applied to a surface of said product, especially a metal product, and a
control section wherein said control section comprises a first gas knife for wiping off
part of said molten coating from said product, and wherein said apparatus is
characterized in that said control section comprises a second gas knife for wiping off

part of said molten coating from said product .

The inventive apparatus allows using different gases and/or different gas flows for
controlling the coating thickness on said product. The first and the second gas knife
can be provided with any type of gas. The invention gives flexibility to set the first and
the second gas flow consumption in such a way that the required thickness and the

required surface quality of the coating can be achieved.

For example, the inventive apparatus can operate with air consumption between 0 %
and 100 % and nitrogen consumption between 0 % and 100 %. Thus, it is possible to
work with air only, with nitrogen only or with both air and nitrogen at any desired
relation. When the surface requirements are higher the nitrogen to air ratio will be
iIncreased and, on the other hand, when the quality requirements are lower the nitrogen
to air ratio is decreased in order to reduce the nitrogen consumption costs.

It Is advantageous that the control section comprises a transport path along which said
product Is passed and wherein said first gas knife and said second gas knife are
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arranged in series along said transport path and wherein said second gas knife is
located downstream of said first gas knife. The term "downstream" refers to the
transport direction of the product. After leaving the coating bath the product is passed
along the transport path through the control section. In the control section the product
s first subjected to a first gas flow, preferably an air flow provided by the first gas knife,
an air knife, and then subjected to a second gas flow, preferably an inert gas flow such

as a nitrogen flow, delivered through the second gas knife.

The invention as well as further details of the invention will now be described with
reference to the attached drawing. The figure schematically shows an arrangement for
coating a steel sheet according to the invention.

The figure shows an apparatus for galvanizing a steel strip 1. The steel strip 1 is
transported through a snout 2 into a coating or galvanizing bath 3 of molten zinc. Within
the bath 3 molten zinc is bond to the steel surface. The steel strip 1 is deflected by a
sink roll 4 and exits the coating bath 3 in a vertical direction.

Above the coating bath 3 there is a control section 5 which comprises an air knife 6 and
a nitrogen knife 7. Air knife 6 comprises a chamber 8 with a slot opening 9. Chamber 8
IS connected to an air supply 10. Nitrogen knife 7 comprises a chamber 11 with a slot

opening 12 and a nitrogen supply 13.

In operation the steel strip 1 is passed at a high speed of for example about 150 m/min
through the coating bath 3 and through control section 5. In control section 5 any
excess zinc 14 which has been dragged off the coating bath 3 is blown off the steel
strip 1 by air and nitrogen as described below.

Air knife 6 is supplied with pressurized air which is then blown out through the slot
opening 9 onto the surface of the coated steel strip 1. The resulting air jet 18 acts as a
knife and wipes off excess molten zinc from the surface of the steel strip 1. The molten
zinc which has been stripped off the steel strip 1 flow back into the coating bath 3.

Above the slot opening 9 of air knife 6 the coating thickness has been reduced to a first
particular level 15. Then the coating 15 is subjected to a nitrogen jet 19 which
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completes the wiping of excess zinc. Further, since nitrogen is an inert gas a coating

16 with a high quality surface iIs created.

In order to prevent air from going up from the air knife 6 to the nitrogen knife 7, the air
knife 6 and the nitrogen knife 7 are arranged in such a way that a turbulence zone 17 is
created between them. The turbulence zone 17 acts as a buffer and stops air from
going up Into the region of the outlet 12 of nitrogen knife 7. Thus, the final reduction of
the coating thickness by nitrogen knife 7 is carried out in an atmosphere essentially

consisting of nitrogen.

Pressure and volume of the air supplied to the air knife 6 and of the nitrogen supplied
to the nitrogen knife 7 are controlied depending on the speed of the steel strip, the
desired thickness and quality of the coating, and/or the type of coating material. Further
parameters which might be used to control pressure and volume of the air are the
height of the air knife 6 above the bath 3, the distance of the air knife 6 from the

passing steel strip 1, the angle of air knife 6, or the size of slot opening 9.

Depending on the desired surface quality requirements the ratio of air flow 18 to

nitrogen flow 19 may vary between 1:5and 5: 1.

Preferably the nitrogen consumption is reduced to 30% to 70 % of a pure nitrogen
wiping system. In other words, only 30% to 70% of the whole gas directed to the steel
strip 1 iIs nitrogen or, the other way round, between 70% and 30% of the nitrogen used

In a pure nitrogen wiping system are replaced by air.



CA 02638689 2014-05-28

What is claimed Is:

1. Method for coating a product (1), wherein a molten coating (14, 15, 16) is applied
to a surface of said product (1) and wherein part of said molten coating (14, 15) is wiped
off said product (1) by a gas flow (18, 19) directed to said product (1), characterized in
that a first gas flow (18) and then a second gas flow (19) are subsequently directed to

said product (1), wherein the first gas flow (18) is an air flow and that the second gas
flow (19) is an inert gas.

2. Method according to claim 1 characterized in that said product (1) Is an
elongated metal product, which is continuously passed through a coating section where

a molten coating (14, 15, 16) is applied to a surface of said metal product (1).

3. Method according to claim 2 characterized in that said elongated product (1) Is

continuously passed through a bath (3) of a molten coating material.

4. Method according to any of claims 1 to 3 characterized in that a metal
coating (14, 15, 16) is applied to said product (1).

5. Method according to claim 4 characterized in that said product (1) is galvanized.

6. Method according to any of claims 1 to 5 characterized in that said product (1) Is

passed through said coating section at a speed between 1 m/min and 300 m/min.

7. Method according to any of claims 1 to 6 characterized in that an air flow (18)
and an inert gas flow (19) are directed to said product (1) and that the air to inert gas
ratio is between 1:4 and 4:1.

8. Method according to claim 1, wherein the product is a metal product.

9. Method according to claim 2, wherein the elongated product is a metal strip,

metal sheet or metal wire.
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