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(54) Method and apparatus for continuous hot-dip coating of metal strips

(57) The invention relates to a method for coating a
metal product (1) wherein a molten coating (14, 15) 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 gas flow (18, 19) wherein said gas flow
(19) is heated (20) before being directed to said metal
product.
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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 part of said
molten coating is wiped off said metal product by a gas
flow directed to said metal product. Further, the invention
relates to an apparatus for coating a metal product com-
prising a coating section wherein a molten coating is ap-
plied to a surface of said metal product and a control
section wherein said control section comprises a gas
knife for wiping off part of said molten coating from said
metal product.
[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
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 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 the surface,
in order to wipe off surplus coating material. The terms
"air knife" and "nitrogen knife" accordingly refer to devic-
es 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] It is an object of the invention to propose a meth-
od and an apparatus for improved gas-wiping.
[0007] 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 part of said
molten coating is wiped off said metal product by a gas
flow directed to said metal product wherein said gas flow
is heated before being directed to said metal product.
[0008] It has been found that a more consistent cooling
rate can be achieved by using a heated gas flow for the
wiping purposes. A more uniform edge-to-edge coating
distribution and a smoother surface coating without rip-
ples and heavy edges are achieved.
[0009] The term "heated" shall mean that the temper-
ature of the gas flow is increased in any manner, in par-
ticular by direct or indirect heat exchange, by heating with
a burner or another conventional heater or by blending
with another warm or hot fluid.

[0010] It is preferred to use air and/or nitrogen as the
wiping gas. The air and / or nitrogen flows are pre-heated
and then directed to the metal product for wiping off ex-
cess molten coating. It is especially preferred to use ni-
trogen as wiping gas. Among the benefits of using nitro-
gen instead of air are reduced dross formation and im-
proved surface quality.
[0011] According to a preferred embodiment an air flow
and a nitrogen flow are directed to the metal product one
after the other, with pre-heating of the air flow, of the
nitrogen flow or of both gas flows wherein the alternative
to pre-heat the nitrogen flow only is preferred most.
[0012] It is in 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.
[0013] 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.
[0014] According to a preferred embodiment of the in-
vention the nitrogen consumption is between 1% and
99%, preferably between 1% and 60%, more preferred
between 30% and 60%, of the nitrogen consumption of
a pure nitrogen knife system. The air to nitrogen ratio
used in the inventive method is preferably between 1 to
99 and 99 to 1.
[0015] The heating of the gas flow may be obtained by
conventional heaters, such as electrical heaters. How-
ever, due to the large flow required for the gas knives, a
conventional heater would have to be a bulky equipment
which is not always possible. Therefore, it is preferred to
heat up the main gas flow which will be directed to the
metal product by blending it with a second gas flow of
higher temperature. A relatively smaller volume of a sec-
ond gas flow of much higher temperature is mixed with
the large main gas flow which is at lower temperature,
for example ambient temperature, to obtain a resultant
gas flow at the desired temperature. The temperature of
the resulting gas flow can be controlled by the tempera-
tures and relative amounts of the main gas flow and the
second gas flow.
[0016] Said second gas flow is preferably obtained by
means of a plasma generator. For example, a plasma
torch is used to create a hot plasma gas which is then
mixed with the main gas flow to create the desired gas
flow for the gas knives. It is especially preferred to use a
nitrogen plasma generator.
[0017] According to another preferred embodiment the
second gas flow is obtained by combustion of a fuel gas
and an oxygen-containing gas. The product of in-line
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combustion of a liquid or gaseous fuel with an oxygen-
containing gas, such as air or air enriched with oxygen,
is added to the main gas flow in order to obtain the desired
hot gas flow for wiping. This alternative is especially ad-
vantageous when small amounts of CO2, H2O and oxy-
gen do not cause any adverse effects on coating quality.
[0018] If zinc vapour presents an environmental prob-
lem it is further advantageous to include small amounts
of oxidants to the main gas flow or to the second gas flow.
[0019] Pre-heating of the wiping gas flow has the ad-
vantage of increased surface quality of the metal product.
On the other hand, by increasing the temperature of the
wiping gas flow the cooling rate is decreased since the
temperature difference between the metal product and
the wiping gas is lower. In this respect it has been found
that the following temperature range is a good compro-
mise: The gas flow is preferably heated to a temperature
between 50°C to 10°C over the temperature of the coat-
ing metal bath (pot temperature), more preferably be-
tween 300°C and 600°C.
[0020] 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, in particular a metal coat-
ing, 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 coat-
ing 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 heated gas flow is
blown onto the surface to wipe off excess coating material
and to achieve the desired thickness.
[0021] It is advantageous to pass the coated elongated
metal product continuously along a gas knife which blows
a heated gas flow onto or along the surface of the passing
metal product.
[0022] 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.
[0023] 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.
[0024] 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.

[0025] The inventive apparatus for coating a metal
product comprises a coating section wherein a molten
coating is applied to a surface of said metal product and
a control section wherein said control section comprises
a gas knife for wiping off part of said molten coating from
said metal product wherein a gas pre-heater is connected
to said gas knife.
[0026] Preferably the gas knife is connected to a first
gas supply line supplying a large flow of a wiping gas at
low temperature, for example ambient temperature, and
to a second gas supply line for supplying a smaller gas
flow at high temperature. The second gas supply line is
provided with a gas pre-heater to heat up the gas.
[0027] The gas pre-heater can either comprise any
means for heating the gas flow directed to the gas knife
by indirect or direct heat exchange. According to a pre-
ferred embodiment the gas pre-heater comprises a plas-
ma generator for heating at least part of said gas supplied
to said gas knife. According to another preferred embod-
iment the gas pre-heater comprises a burner for heating
at least part of said gas supplied to said gas knife.
[0028] The invention provides an apparatus and a
method for economically heating large gas flows, in par-
ticular nitrogen flows, used for wiping excess molten
coating, such as zinc, off a surface of a metal product.
The invention further provides a simple control over tem-
perature and concentrations of various oxidants of the
atmosphere. In a particular preferred embodiment a heat-
ed nitrogen wiping gas flow is generated by mixing a mi-
nor flow of nitrogen at high temperature with a major flow
of nitrogen at low temperature, for example ambient tem-
perature.
[0029] 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 an ar-
rangement for coating a steel sheet according to the in-
vention.
[0030] 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 galvanising 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.
[0031] Above the coating bath 3 there is a control sec-
tion which comprises a gas knife 6. The gas knife 6 com-
prises a chamber 8 with a slot opening 9. Chamber 8 is
connected to a gas inlet 10.
[0032] In operation the steel strip 1 is passed at a high
speed of for example about 150 m/min through the coat-
ing bath 3 and through the control section. In the control
section any excess zinc 14 which has been dragged off
the coating bath 3 is blown off the steel strip 1 by pre-
heated gas as described below.
[0033] Gas knife 6 is supplied with pressurized gas
which is then blown out through the slot opening 9 onto
the surface of the coated steel strip 1. The resulting gas
jet 18 acts as a knife and wipes off excess molten zinc
from the surface of the steel strip 1. The molten zinc which
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has been stripped off the steel strip 1 flows back into the
coating bath 3.
[0034] Above the slot opening 9 of the gas knife 6 the
coating thickness has been reduced to the desired thick-
ness 15. As will be explained in more detail below the
pressurised gas essentially consists of nitrogen. Since
nitrogen is an inert gas a coating 15 with a high quality
surface is produced.
[0035] Pressure and volume of the gas supplied to the
gas knife 6 are controlled depending on the speed of the
steel strip, the desired thickness and quality of the coat-
ing, and/or the type of coating material. Further param-
eters which might be used to control pressure and volume
of the gas are the height of the gas knife 6 above the
bath 3, the distance of the gas knife 6 from the passing
steel strip 1, the angle of gas knife 6, or the size of slot
opening 9.
[0036] According to the invention a pre-heated gas is
supplied to the gas knives 6 and then directed to both
sides of steel strip 1. The wiping process is preferably
carried out with nitrogen as wiping gas. Therefore, pres-
surised nitrogen 19 is supplied via conduits 22, 23 to gas
inlet 10.
[0037] Heating of the nitrogen stream 19 is achieved
by mixing the main nitrogen stream 19 with a relatively
smaller flow of a hot gas stream 20. The hot gas stream
20 is obtained by means of a nitrogen plasma torch 21.
The nitrogen plasma is preferably produced within an
annular enclosure 24. Annular enclosure 24 and nitrogen
supply conduit 22 are concentrically arranged and both
have a flow connection to supply conduit 23.
[0038] One or more plasma torches 21 produce a small
volume of hot nitrogen plasma 20 which is then passed
to the nitrogen supply conduit 23 and blended with a rel-
ative large flow of nitrogen gas 19 at ambient tempera-
ture. By controlling the ratio of gas streams 19 and 20
the temperature of the resulting pre-heated nitrogen gas
stream can be set to the desired value.
[0039] Instead of producing the hot nitrogen gas
stream 20 by means of a plasma generator 21 it is also
possible to mix the main nitrogen gas stream 19 with the
combustion product of air and fuel. In that case an air-
fuel burner would be used instead of plasma torch 21.
However, the resulting mixture of nitrogen stream 19 and
the stream of combustion products 20 will contain small
amounts of CO2, H2O and oxygen. Therefore, this em-
bodiment will only be used if the CO2, H2O and oxygen
do not adversely effect the coating quality. If zinc vapour
presents an environmental problem the inventive pre-
heating of the nitrogen gas stream by blending with air-
fuel combustion products may even be a welcome fea-
ture.

Claims

1. 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 mol-
ten coating (14, 15) is wiped off said metal product
(1) by a gas flow (18, 19) directed to said metal prod-
uct (1), characterized in that said gas flow is heated
before being directed to said metal product.

2. Method according to claim 1 characterized in that
a nitrogen flow (18, 19) is directed to said metal prod-
uct.

3. Method according to any of claims 1 or 2 character-
ized in that said gas flow is heated by addition of a
second gas flow of higher temperature.

4. Method according to any of claims 1 to 3 character-
ized in that said second gas flow is obtained by
means of a plasma generator, preferably by a nitro-
gen plasma generator.

5. Method according to any of claims 1 to 4 character-
ized in that said second gas flow is obtained by com-
bustion of a fuel gas and an oxygen-containing gas.

6. Method according to any of claims 1 to 5 character-
ized in that said gas flow is heated to a temperature
between 300 °C and 600 °C.

7. Method according to any of claims 1 to 6 character-
ized in that said metal product (1) is an elongated
product, in particular 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 (1).

8. Method according to claim 7 characterized in that
said elongated product (1) is continuously passed
through a bath (3) of a molten coating material.

9. Method according to any of claims 1 to 8 character-
ized in that said metal product (1) is galvanized.

10. Method according to any of claims 1 to 9 character-
ized in that said metal product (1) is passed through
said coating section at a speed between 1 m/min
and 300 m/min.

11. Apparatus for coating a metal product (1) comprising
a coating section wherein a molten coating (14, 15,
16) is applied to a surface of said metal product (1)
and a control section (5) wherein said control section
(5) comprises a gas knife (6, 7) for wiping off part of
said molten coating (14, 15) from said metal product
(1), characterized in that a gas pre-heater is con-
nected to said gas knife.

12. Apparatus according to claim 11 characterized in
that said gas pre-heater comprises a plasma gen-
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erator for heating at least part of said gas supplied
to said gas knife.

13. Apparatus according to any of claims 11 or 12 char-
acterized in that said gas pre-heater comprises a
burner for heating at least part of said gas supplied
to said gas knife.
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