EP 3 287 541 A1

(1 9) Europdisches

Patentamt

European
Patent Office
Office européen

des brevets

(43) Date of publication:
28.02.2018 Bulletin 2018/09

(21) Application number: 16782783.1

(22) Date of filing: 13.04.2016

(51)

(86)

(87)

(11) EP 3 287 541 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

Int CL.:

C23C 2/20 (2006.01) C23C 2/00 (2006.01)
C23C 2/40 (2006.07)

International application number:
PCT/JP2016/002007

International publication number:

WO 2016/170757 (27.10.2016 Gazette 2016/43)

(84) Designated Contracting States:
AL AT BEBG CH CY CZDE DKEE ES FIFRGB
GRHRHUIEISITLILTLULVMC MKMT NL NO
PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME
Designated Validation States:
MA MD

(30) Priority: 20.04.2015 JP 2015086079

(71) Applicant: JFE Steel Corporation
Tokyo 100-0011 (JP)

(72) Inventors:
* TERASAKI, Yu
Tokyo 100-0011 (JP)

(74)

TAKAHASHI, Hideyuki
Tokyo 100-0011 (JP)
MIYAKE, Masaru
Tokyo 100-0011 (JP)
KOYAMA, Takumi
Tokyo 100-0011 (JP)
YASUFUKU, Yusuke
Tokyo 100-0011 (JP)
INABA, Atsushi
Tokyo 100-0011 (JP)

Representative: Hoffmann Eitle
Patent- und Rechtsanwailte PartmbB

ArabellastraBe 30
81925 Miinchen (DE)

(54) PRODUCTION APPARATUS AND PRODUCTION METHOD FOR MOLTEN METAL PLATED

STEEL STRIP

(57)  Anapparatus for producing a hot-dip metal coat-
ed steel strip by which a hot-dip metal coated steel strip
of high quality can be stably produced by preventing coat-
ed surface defects caused by splashing or top dross even
in the case where operation conditions vary is provided.
An apparatus 100 for producing a hot-dip metal coated
steel strip includes: a pair of gas wiping nozzles 20A and
20B that adjust a coating weight on both surfaces of a
steel strip P; a gas supply mechanism 22; a gas temper-
ature adjusting mechanism 24; a baffle plate 26 located
near a transverse edge of the steel strip P and in a plane
extended from the steel strip; a temperature sensor 28
located on at least one surface of the baffle plate 26; and
a controller 30 that controls the gas temperature adjust-
ing mechanism 24 based on an output of the temperature
sensor 28.
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Description
TECHNICAL FIELD

[0001] The disclosure relates to an apparatus and a
method for producing a hot-dip metal coated steel strip,
and particularly relates to gas wiping for adjusting the
coating weight on the steel strip surface.

BACKGROUND

[0002] In a continuous hot-dip metal coating line as
illustrated in FIG. 4, a steel strip P annealed in a contin-
uous annealing furnace with a reducing atmosphere
passes through a snout 10, and is continuously intro-
duced into a molten metal bath 14 in a coating tank 12.
The steel strip P is then pulled upward from the molten
metal bath 14 through a sink roll 16 and support rolls 18
in the molten metal bath 14, and adjusted to have a pre-
determined coating thickness by gas wiping nozzles 20A
and 20B. After this, the steel strip P is cooled, and guided
to subsequent steps. The gas wiping nozzles 20A and
20B face each other with the steel strip P therebetween,
above the coating tank 12. The gas wiping nozzles 20A
and 20B spray gas onto both surfaces of the steel strip
P from their jet orifices. By this gas wiping, excess molten
metal is wiped away to adjust the coating weight on the
steel strip surface and also uniformize, in the sheet trans-
verse (width) direction and the sheet longitudinal direc-
tion, the molten metal adhering to the steel strip surface.
The gas wiping nozzles 20A and 20B are each typically
made longer than the steel strip width to accommodate
various steel strip widths and also cope with, forexample,
a displacement of the steel strip in the transverse direc-
tion when pulling the steel strip up. The gas wiping noz-
zles 20A and 20B thus each extend outward beyond the
transverse edges of the steel strip.

[0003] In such gas wiping, a phenomenon called
splashing, that is, molten metal dropping downward and
splattering on the steel strip due to the disturbance of the
gas jet colliding against the steel strip, occurs. Splashed
molten metal adheres to the steel strip surface, and low-
ers the surface quality of the coated steel strip. The prob-
lem of splashing is more apparent when the pressure of
the gas (hereafter simply referred to as "gas pressure")
sprayed from the gas wiping nozzles onto the steel strip
surface is higher. Splashed molten metal also drops into
the coating tank and forms top dross. This lowers the
surface quality of the coated steel strip, and requires a
worker to remove the top dross.

[0004] Production volume in the continuous steel strip
production process can be increased by increasing the
steel strip passing speed (line speed). In the case of ad-
justing the coating weight by gas wiping in the continuous
hot-dip coating process, however, increasing the line
speed increases the initial coating weight of the steel strip
immediately after passing through the molten bath due
to the viscosity of molten metal, so that higher gas pres-
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sure is needed to adjust the coating weight within a pre-
determined range. As a result, splashing increases sig-
nificantly.

[0005] Highergas pressureis also effective inreducing
the coating weight. However, splashing increases signif-
icantly in this case, too.

[0006] To solve the problem of splashing, techniques
of increasing the temperature of the gas sprayed from
the gas wiping nozzles onto the steel strip surface to im-
prove the wiping ability have been proposed. JP
2009-203500 A (PTL 1) describes the following hot-dip
metal coated steel strip production method. A main noz-
zle and a pair of sub nozzles above and below the main
nozzle are used for gas wiping, where the temperature
of gas sprayed from the sub nozzles is 500 °C or less,
and is higher than the temperature of gas sprayed from
the main nozzle by 50 °C or more. JP 2009-263698 A
(PTL 2) describes the following hot-dip coating weight
control method. Gas containing combustion gas gener-
ated by combustion inside a gas wiping nozzle is sprayed,
with the gas temperature at the outlet of the gas wiping
nozzle being set to 300 °C or more.

CITATION LIST
Patent Literatures
[0007]

PTL 1 : JP 2009-203500 A
PTL 2: JP 2009-263698 A

SUMMARY
(Technical Problem)

[0008] If the wiping ability is improved by any of the
techniques in PTL 1 and PTL 2, there is no need to in-
crease the gas pressure, and so splashing can be re-
duced. However, PTL 1 and PTL 2 both specify the gas
temperature Ty at the outlet of the gas wiping nozzle,
which causes the following problem. Gas ejected from
the gas wiping nozzle mixes with surrounding air, and
gradually decreases in temperature. Therefore, in the
case where the distance between the gas wiping nozzle
and the steel strip is long, the gas temperature T at the
steel strip collision point (stagnation point) decreases to
be close to normal temperature, and the effect of heating
the gas is lost. The decrease of the gas temperature de-
pends not only on the distance between the nozzle and
the steel strip, but also on conditions such as gas pres-
sure and nozzle angle. These operation conditions may
vary among products. Hence, even when the gas tem-
perature Ty at the nozzle outlet is set to a predetermined
temperature, the gas temperature at the stagnation point
differs depending on operation conditions, resulting in
different splashing quantity or top dross quantity. Be-
sides, even when the gas temperature Ty at the nozzle
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outlet is set to a predetermined temperature, it is very
difficult to accurately predict the gas temperature T at the
stagnation point.

[0009] It could be helpful to provide an apparatus and
a method for producing a hot-dip metal coated steel strip
by which a hot-dip metal coated steel strip of high quality
can be stably produced by preventing coated surface de-
fects caused by splashing or top dross even in the case
where operation conditions vary.

(Solution to Problem)

[0010] We considered that, to solve the problem stated
above in a hot-dip metal coated steel strip production
apparatus and method that adjust the coating weight us-
ing gas wiping nozzles, the gas temperature T at the stag-
nation point needs to be predicted accurately and man-
aged within a predetermined suitable temperature range.
We then conceived placing a baffle plate near a trans-
verse edge of the steel strip and in a plane extended from
the steel strip, and placing a temperature sensor on the
baffle plate. Since the temperature T' measured by the
temperature sensor on the baffle plate is substantially
equal to the gas temperature T at the stagnation point,
the gas temperature T at the stagnation point can be
accurately predicted in situ. Based on the measured tem-
perature T’, the temperature of the sprayed gas (i.e. the
gas temperature measured immediately after leaving a
gas heater) is feedback-controlled to manage the gas
temperature T at the stagnation point (to be exact, the
temperature T' measured by the temperature sensor)
within a predetermined suitable temperature range.
[0011] The disclosure is based on these discoveries.
We thus provide:

(1) An apparatus for producing a hot-dip metal coat-
ed steel strip, comprising: a pair of gas wiping noz-
zles that face each other with a steel strip therebe-
tween, and spray gas onto the steel strip from outlets
thereof to adjust a coating weight on both surfaces
of the steel strip, the steel strip being continuously
pulled up from a molten metal bath; a supply mech-
anism that supplies the gas to the pair of gas wiping
nozzles; a gas temperature adjusting mechanism
that is capable of changing a temperature of the gas
supplied from the supply mechanism to the pair of
gas wiping nozzles; a baffle plate that is located near
a transverse edge of the steel strip and is located in
a plane extended from the steel strip, and prevents
the gas sprayed from the pair of gas wiping nozzles
from colliding with each other; a temperature sensor
that is located on at least one surface of the baffle
plate; and a controller that controls the gas temper-
ature adjusting mechanism based on an output of
the temperature sensor.

(2) The apparatus for producing a hot-dip metal coat-
ed steel strip according to (1), wherein in the case
where a temperature measured by the temperature
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sensor is outside a predetermined range, the con-
troller controls the gas temperature adjusting mech-
anism to change the temperature of the gas supplied
to the pair of gas wiping nozzles so that the temper-
ature measured by the temperature sensor is
brought within the predetermined range.

(3) The apparatus for producing a hot-dip metal coat-
ed steel strip according to (1) or (2), wherein a short-
est distance between the baffle plate and the trans-
verse edge of the steel strip is 1 mm or more and
less than 10 mm.

(4) The apparatus for producing a hot-dip metal coat-
ed steel strip according to any one of (1) to (3), com-
prising a mechanism that is capable of changing a
height of the baffle plate from a bath surface of the
molten metal bath.

(5) The apparatus for producing a hot-dip metal coat-
ed steel strip according to any one of (1) to (4), where-
in the baffle plate is made of a material having a
thermal conductivity of 1 W-m-1-K-1 or less.

(6) The apparatus for producing a hot-dip metal coat-
ed steel strip according to any one of (1) to (5), com-
prising a heat insulator located between the baffle
plate and the temperature sensor.

(7) A method for producing a hot-dip metal coated
steel strip using the apparatus for producing a hot-
dip metal coated steel strip according to any one of
(1)to(6), the method comprising spraying, while con-
trolling the temperature of the gas supplied to the
pair of gas wiping nozzles based on the output of the
temperature sensor, the gas from the pair of gas wip-
ing nozzles onto the steel strip continuously pulled
up from the molten metal bath, to adjust the coating
weight on the both surfaces of the steel strip.

(Advantageous Effect)

[0012] It is possible to provide an apparatus and a
method for producing a hot-dip metal coated steel strip
by which a hot-dip metal coated steel strip of high quality
can be stably produced by preventing coated surface de-
fects caused by splashing or top dross even in the case
where operation conditions vary.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] In the accompanying drawings:

FIG. 1 is a schematic view illustrating the structure
of an apparatus 100 for producing a hot-dip metal
coated steel strip according to one of the disclosed
embodiments;

FIG. 2 is a perspective view illustrating the structure
of the production apparatus 100 illustrated in FIG. 1
near a transverse edge of a steel strip P;

FIG. 3 is an enlarged view of a tip portion of a gas
wiping nozzle 20A and a baffle plate 26 in the pro-
duction apparatus 100 illustrated in FIG. 1;
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FIG. 4 is a schematic view illustrating the structure
of a conventional apparatus for producing a hot-dip
metal coated steel strip;

FIG. 5 is a graph illustrating the splashing ratio and
its standard deviation in each of Comparative Exam-
ple and Examples; and

FIG. 6 is a graph illustrating the top dross quantity
and its standard deviation in each of Comparative
Example and Examples.

DETAILED DESCRIPTION

[0014] An apparatus 100 (hereafter also simply re-
ferred to as "production apparatus") and a method for
producing a hot-dip metal coated steel strip according to
one of the disclosed embodiments are described below,
with reference to FIGS. 1 to 3.

[0015] As illustrated in FIG. 1, the production appara-
tus 100 in this embodimentincludes a snout 10, a coating
tank 12, a sink roll 16, and support rolls 18. The snout
10 is a member that defines the space through which a
steel strip P passes, and has a rectangular section per-
pendicular to the steel strip traveling direction. The snout
10 has a tip immersed in a molten metal bath 14 formed
in the coating tank 12. In this embodiment, the steel strip
P annealed in a continuous annealing furnace with a re-
ducing atmosphere passes through the snout 10, and is
continuously introduced into the molten metal bath 14 in
the coating tank 12. The steel strip P is then pulled upward
from the molten metal bath 14 through the sink roll 16
and the support rolls 18 in the molten metal bath 14, and
adjusted to have a predetermined coating thickness by
a pair of gas wiping nozzles 20A and 20B. After this, the
steel strip P is cooled, and guided to subsequent steps.
[0016] The pair of gas wiping nozzles 20A and 20B
(hereafter also simply referred to as "nozzles") face each
other with the steel strip P therebetween, above the coat-
ingtank 12. Asillustrated in FIG. 3, the nozzle 20A sprays
gas onto the steel strip P from its outlet (jet orifice 34),
to adjust the coating weight on the steel strip surface.
The other nozzle 20B operates in the same way. By the
pair of nozzles 20A and 20B, excess molten metal is
wiped away to adjust the coating weight on both surfaces
of the steel strip P and also uniformize the coating weight
in the sheet transverse direction and the sheet longitu-
dinal direction.

[0017] As illustrated in FIG. 2, the nozzles 20A and
20B are each typically made longer than the steel strip
width to accommodate various steel strip widths and also
cope with, for example, a displacement of the steel strip
in the transverse direction when pulling the steel strip up.
The nozzles 20A and 20B thus each extend outward be-
yond the transverse edges of the steel strip. As illustrated
in FIG. 3, the nozzle 20A includes an upper nozzle mem-
ber 32A and a lower nozzle member 32B. The space
between the respective tips of the upper and lower nozzle
members 32A and 32B forms the gas jet orifice 34 (nozzle
slit). The jet orifice 34 extends in the transverse direction
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of the steel strip. The nozzle 20A has a longitudinal sec-
tion that tapers down toward the tip. The thickness of the
tip portion of each of the upper and lower nozzle members
32A and 32B may be about 1 mm to 3 mm. The opening
width (slit space) of the jet orifice is not limited, and may
be about 0.5 mmto 2.5 mm. Gas supplied from the below-
mentioned gas supply mechanism 22 passes through
the gas passage defined by the upper and lower nozzle
members 32A and 32B, and is ejected from the jet orifice
34 and sprayed onto the surface of the steel strip P. The
other nozzle 20B has the same structure.

[0018] The following describes the gas supply mech-
anism 22 and a gas temperature adjusting mechanism
24. The gas supply mechanism 22 supplies gas to the
nozzles 20A and 20B. The gas temperature adjusting
mechanism 24 has a function of changing the tempera-
ture of the gas supplied from the gas supply mechanism
22 to the nozzles 20A and 20B. In this embodiment, the
gas supply mechanism 22 includes a pipe through which
gas at normal temperature passes, and a blower for pres-
surizing the gas to a predetermined pressure. The gas
temperature adjusting mechanism 24 includes a heat ex-
changer. In this case, the gas pressurized by the blower
is heated to a predetermined temperature by the heat
exchanger, and supplied to the nozzles 20A and 20B.
[0019] The gas supply and the gas temperature ad-
justment are not limited to the example described above,
as long as the gas temperature can be changed without
delay. For example, a method of mixing combustion ex-
haust gas in the annealing furnace with air may be used.
In this case, air is pressurized to a predetermined pres-
sure by a blower, and then the air and the combustion
exhaust gas are mixed to form mixed gas, which is sup-
plied to the nozzles 20A and 20B. The gas temperature
adjustment is performed by changing the mixing ratio of
the combustion exhaust gas. In detail, to increase the
gas temperature, the ratio of the combustion exhaust gas
is increased. In this case, the gas supply mechanism 22
includes a pipe through which air at normal temperature
passes and a blower for pressurizing the air to a prede-
termined pressure, and the gas temperature adjusting
mechanism 24 includes a mechanism for changing the
mixing ratio of the combustion exhaust gas and the air.
[0020] In this embodiment, a baffle plate 26 is located
near the transverse edge of the steel strip P and in a
plane extended from the steel strip P, as illustrated in
FIG. 2. The baffle plate 26 is located between the pair of
nozzles 20A and 20B, and prevents the gas sprayed from
the pair of nozzles 20A and 20B from colliding with each
other, thus contributing to reduced splashing. While FIG.
2 illustrates the baffle plate 26 located near one trans-
verse edge of the steel strip P, the baffle plate is located
near each of both transverse edges of the steel strip in
this embodiment. This arrangement is preferable interms
of preventing a gas collision.

[0021] The shape of the baffle plate 26 is not limited,
but is preferably rectangular as illustrated in FIG. 2. Two
sides of the rectangular shape of the baffle plate 26 are
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preferably in parallel with the extending direction of the
transverse edge of the steel strip P. The plate thickness
of the baffle plate 26 is determined as appropriate in
terms of ensuring stiffness, for example, preventing the
baffle plate from vibrating when collided with gas. For
example, the plate thickness of the baffle plate 26 may
be in the range of 4 mm to 10 mm.

[0022] Locatingthe baffle plate 26 nearer the steel strip
P contributes to higher splashing prevention perform-
ance. Thus, the shortest distance D1 between the baffle
plate 26 and the transverse edge of the steel strip P great-
ly influences the splashing prevention performance, and
is preferably 1 mm or more and less than 10 mm. If D1
is 10mm or more, splashing begins to appear rapidly. If
D1 is less than 1 mm, there is a possibility that the baffle
plate comes into contact with the steel strip. The baffle
plate 26 extends outward beyond the edges of the noz-
zles 20A and 20B in the transverse direction of the steel
strip.

[0023] In this embodiment, temperature sensors 28A
and 28B are provided on both surfaces of the baffle plate
26, as illustrated in FIGS. 1 and 2. Temperature sensors
are also provided on both surfaces of the other baffle
plate (not illustrated). The form of the temperature sen-
sors is not limited, and contact-type thermometers such
as thermocouples may be used as an example. Each
temperature sensor can continuously measure the tem-
perature T’ of gas sprayed onto the temperature sensor.
Since the measured temperature T’ is substantially equal
to the gas temperature T at the stagnation point, the gas
temperature T at the stagnation point can be accurately
predicted in situ. Each temperature sensor outputs infor-
mation of the continuously measured gas temperature
T’ to a controller 30.

[0024] The controller 30, having received the informa-
tion of the gas temperature T’ output from each temper-
ature sensor, controls the gas temperature adjusting
mechanism 24. In detail, the controller 30 feedback-con-
trols the temperature of the sprayed gas based on the
measured temperature T’, to manage the gas tempera-
ture T at the stagnation point (to be exact, the tempera-
ture T' measured by the temperature sensor) within a
predetermined suitable temperature range. The form of
the controller 30 is not limited, and the controller 30 may
be, for example, implemented by a central processing
unit (CPU) in a computer.

[0025] In detail, the controller 30 controls the gas tem-
perature adjusting mechanism 24 based on the informa-
tion of the measured temperature T’ received from each
temperature sensor to feedback-control the temperature
of the sprayed gas, in the following manner.

[0026] In the control, the average (for example, arith-
metic mean) of the four measured temperatures received
from the four temperature sensors is used as the meas-
ured temperature T'.

[0027] In this embodiment, it is important to manage
the gas temperature T at the stagnation point (i.e. the
measured temperature T’) within a suitable temperature
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range, in terms of preventing splashing and top dross.
The suitable temperature range is (the melting point of
the molten metal bath) = 100 °C. In the case of producing
a hot-dip galvanized steel strip, the gas temperature T
at the stagnation point (i.e. the measured temperature
T’) is managed within the range of zinc’s melting point
420 °C = 100 °C, that is, within the range of 320 °C to
520 °C.

[0028] A first example of the control is as follows. To
constantly keep the measured temperature T’ closer to
a predetermined temperature (e.g. a median) in the suit-
able temperature range, the gas temperature is in-
creased in the case where the measured temperature T’
is less than the median, unchanged in the case where
the measured temperature T’ is equal to the median, and
decreased in the case where the measured temperature
T’ is more than the median.

[0029] A second example of the control is as follows.
The gas temperature is unchanged while the measured
temperature T’ is within the suitable temperature range,
and changed only in the case where the measured tem-
perature T’ is outside the predetermined temperature
range. In detail, the gas temperature is increased in the
case where the measured temperature T’ is less than the
lower limit of the suitable temperature range, and de-
creased in the case where the measured temperature T’
is more than the upper limit of the suitable temperature
range. The temperature measured by each temperature
sensor is thus kept within the suitable temperature range.
[0030] Theintervalatwhich the feedback controlis per-
formed is not limited. For example, the feedback control
may be constantly performed, with the gas temperature
being constantly measured continuously by each tem-
perature sensor and the information of the measured
temperature being constantly provided to the controller
during operation. Alternatively, the feedback control may
be intermittently performed, with the gas temperature be-
ing intermittently measured and the information of the
measured temperature being provided to the controller.
The constant feedback control is preferable in terms of
more accurately managing the gas temperature T at the
stagnation point.

[0031] As described in detail above, while controlling
the temperature of the gas supplied to the gas wiping
nozzles (i.e. the gas temperature measured immediately
after leaving a gas heater) based on the output of each
temperature sensor, the gas is sprayed from the pair of
nozzles 20A and 20B onto the steel strip P continuously
pulled up from the molten metal bath 14, to adjust the
coating weight on both surfaces of the steel strip P. Thus,
the gas temperature T at the stagnation point can be
predicated accurately, and constantly maintained and
managed within the predetermined suitable temperature
range. This prevents coated surface defects caused by
splashing or top dross, so that a hot-dip metal coated
steel strip of high quality can be produced stably. These
effects are achieved evenin the case where the operation
conditions vary.
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[0032] Although this embodiment describes an exam-
ple where one temperature sensor is provided on each
of the both surfaces of the two baffle plates and thus total
four sensors are used, the number of temperature sen-
sors may be one, two, or three of the four. Moreover, in
the case where the number of baffle plates is one, one
temperature sensor may be provided on one surface (one
side) ofthe baffle plate, or two temperature sensors made
up of one temperature sensor on each of both surfaces
(both sides) of the baffle plate may be provided. In the
case of using a plurality of temperature sensors, the av-
erage (e.g. arithmetic mean) of the measured tempera-
tures of the temperature sensors is set as the measured
temperature T'.

[0033] The production apparatus 100 in this embodi-
ment preferably includes amechanism capable of chang-
ing the height of the baffle plate 26 from the bath surface
of the molten metal bath so that the baffle plate 26 moves
in the vertical position in accordance with the height of
the nozzles 20A and 20B. In this way, even when the
nozzle height is changed, the gas temperature can be
always measured with the maximum collision pressure
of the gas to the steel strip P, with it being possible to
control the temperature of the sprayed gas with high ac-
curacy. In detail, the baffle plate 26 is fixed to a stand
(notillustrated) of the wiping nozzles. As the mechanism,
pneumatic pressure may be used as an example.
[0034] An edge sensor for measuring the distance D1
to the steel strip may be preferably attached to an upper
portion of the baffle plate. By moving the baffle plate in
the transverse direction of the steel strip while measuring
the distance to the steel strip by the edge sensor, the
baffle plate 26 is positioned at a target distance D1.
[0035] In this embodiment, a heat insulator (not illus-
trated) is desirably provided between the baffle plate 26
and each of the temperature sensors 28A and 28B. The
heat insulator is used to prevent heat transfer from the
baffle plate to the temperature sensors to thus avoid a
failure to accurately measure the gas temperature. The
type of the heat insulator is not limited, and may be, for
example, glass wool or cellulose fibers.

[0036] The same effect can be achieved by, instead of
or in addition to providing the heat insulator, making the
material of the baffle plate 26 a low thermal conducting
material. In view ofthis, the baffle plate is preferably made
of a material having a thermal conductivity of 1 W-m-1-K-1
or less. Non-limiting examples of the low thermal con-
ducting material include ceramic such as alumina or sil-
icon carbide.

[0037] In FIG. 3, the distance D2 between the nozzle
tip and the steel strip surface is preferably in the range
of 3mm to 40 mm. If D2 is 3 mm or more, nozzle clogging
caused by splashing is unlikely to occur. If D2 is 40 mm
or less, the gas pressure for achieving a target coating
weight can be reduced, and as a result the gas heating
can be reduced.

[0038] InFIG. 3, the distance H between the center of
the jet orifice 34 of the nozzle and the center of the tem-
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perature sensor 28 in the vertical direction is preferably
in the range of 0 mm to 5 mm. If H is 5 mm or less, the
temperature T’ of the gas sprayed onto the temperature
sensor can be measured more accurately.

[0039] A hot-dip metal coated steel strip produced by
the disclosed production apparatus and method is, for
example, a hot-dip galvanized steel sheet. Examples of
the hot-dip galvanized steel sheet include a galvanized
steel sheet (Gl) obtained without alloying treatment after
hot-dip galvanizing treatment and a galvannealed steel
sheet (GA) obtained by performing alloying treatment af-
ter hot-dip galvanizing treatment.

EXAMPLES

[0040] A hot-dip galvanized steel strip production test
was conducted in a hot-dip galvanized steel strip produc-
tion line. The production apparatus illustrated in FIGS. 1
to 3 was used in Examples 1 to 5, and the production
apparatus illustrated in FIG. 4 was used in Comparative
Example. Gas wiping nozzles with a slit space of 1.2 mm
were used. The gas spray direction was perpendicular
to the steel strip surface. The experiment was conducted
under a total of 10 sets of operation conditions, by varying
the nozzle height from the hot-dip zinc molten bath sur-
face in the range of 250 mm to 400 mm, varying the dis-
tance D2 between the nozzle tip and the steel strip sur-
face in the range of 0 mm to 25 mm, varying the passing
speed of a steel strip of 0.8 mm in sheet thickness and
1000 mm in sheet width in the range of 120 m/min to 180
m/min in line speed, and varying the gas pressure in the
range of 50 kPa to 100 kPa. In all sets of operation con-
ditions, the line speed, the gas pressure, and the distance
D2 were set so as to obtain a uniform coating weight of
about 50 g/m2,

[0041] For the gas supply to the nozzles and the gas
temperature adjustment, a method of supplying gas ob-
tained by heating gas of normal temperature to a prede-
termined temperature by a heat exchanger and pressu-
rizing it to a predetermined pressure by a blower was
used.

[0042] In Comparative Example, no baffle plate was
provided, a temperature sensor was placed at the nozzle
outlet, and the experiment was conducted by performing
such control of maintaining the nozzle outlet temperature
Ty within the range of 320 °C to 520 °C.

[0043] In Examples 1 to 5, two baffle plates made up
of one baffle plate near each of both transverse edges
of the steel strip were arranged. Moreover, four temper-
ature sensors (sheath K thermocouples) made up of one
temperature sensor at a center portion of each of both
surfaces of each of the baffle plates were arranged. The
size of each baffle plate was 50 mm in height (dimension
in the steel strip traveling direction), 200 mm in width
(dimension in the steel strip transverse direction), and 5
mm in thickness. The distance D1 between each baffle
plate and the transverse edge of the steel strip was 10
mm in Example 1, and 5 mm in Examples 2 to 5. The
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gas temperature T at the stagnation point was predicted
based on the temperature measured by each tempera-
ture sensor, and the temperature of the sprayed gas was
feedback-controlled. In detail, the arithmetic mean of the
four measured temperatures sent from the four temper-
ature sensors was used as the measured temperature
T'. The gas temperature was unchanged in the case
where the measured temperature T’ was within the range
of 320 °C to 520 °C, increased in the case where the
measured temperature T’ was less than 320 °C, and de-
creased in the case where the measured temperature T’
was more than 520 °C. This control was continuously
performed during operation.

[0044] In Examples 1 and 2, the baffle plates were
made of SUS304 (thermal conductivity of 17 W-m-1-K-1).
In Example 3, glass wool was placed between the baffle
plates made of SUS304 and the temperature sensors,
as a heat insulator. In Example 4, the baffle plates were
made of alumina having low thermal conductivity (ther-
mal conductivity of 0.20 W-m-1-K-1), and glass wool was
placed between the baffle plates and the temperature
sensors as a heat insulator. In Example 5, the baffle
plates were made of alumina having low thermal conduc-
tivity, glass wool was placed between the baffle plates
and the temperature sensors as a heat insulator, and a
mechanism capable of changing the height of the baffle
plates from the bath surface was used.

[0045] In each of Examples and Comparative Exam-
ple, the splashing ratio and the top dross quantity were
evaluated. The splashing ratio is defined as the ratio of
a steel strip length judged as having a splashing defect
in an inspection process to the length of the steel strip
passed under each set of production conditions. Note
that the splashing defect means a coated surface defect
caused by (due to) splashing, the coated surface defect
including a slight one which is practically insignificant.
The top dross quantity is defined as the top dross weight
measured by scooping up, with a ladle, top dross floating
on the bath surface after sheet passing for one hour. In
the experiment, the hot-dip zinc molten bath temperature
was set to 460 °C.

[0046] FIG. 5 illustrates the splashing ratio under the
sets of conditions. In FIG. 5, the average of splashing
ratios under the 10 sets of operation conditions in each
Example is normalized, with the average of splashing
ratios under the 10 sets of operation conditions in Com-
parative Example being set to 100. The standard devia-
tion of the splashing ratio in each of Comparative Exam-
ple and Examples is illustrated, too. FIG. 6 illustrates the
top dross quantity and its standard deviation under the
sets of conditions.

[0047] In Example 1, the splashing ratio was reduced
as compared with Comparative Example. The standard
deviation ¢ was also reduced from 0.26 to 0.088. Thus,
the splashing ratio was stably reduced under various op-
eration conditions. The top dross quantity was equally
reduced in Example 1 as compared with Comparative
Example.
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[0048] In Example 2, the splashing ratio and its stand-
ard deviation and the top dross quantity were further re-
duced as compared with Example 1. A shorter distance
D1 than in Example 1 seems to contribute to higher
splashing prevention effect.

[0049] InExamples 3 and 4, the splashing quantity and
its standard deviation and the top dross quantity were
further reduced as compared with Example 1. This can
be attributed to highly accurate measurement of the tem-
perature T’ of the gas sprayed onto the temperature sen-
SOrs.

[0050] In Example 5, the splashing quantity and its
standard deviation and the top dross quantity were fur-
ther reduced as compared with Examples 3 and 4. This
can be attributed to highly accurate measurement of the
temperature T’ of the gas sprayed onto the temperature
sensors by moving the baffle plates in the vertical direc-
tion, in addition to the effect of the heat insulator.

INDUSTRIAL APPLICABILITY

[0051] The disclosed apparatus and method for pro-
ducing a hot-dip metal coated steel strip can stably pro-
duce a hot-dip metal coated steel strip of high quality by
preventing coated surface defects caused by splashing
or top dross even in the case where operation conditions
vary.

REFERENCE SIGNS LIST

[0052]

100 apparatus for producing hot-dip metal coat-
ed steel strip

10 snout

12 coating tank

14 molten metal bath

16 sink roll

18 support roll

.20A, 20B  gas wiping nozzle

22 gas supply mechanism

24 gas temperature adjusting mechanism

26 baffle plate

28A, 28B temperature sensor

30 controller

32A upper nozzle member

32B lower nozzle member

34 jet orifice (outlet)

P steel strip

Claims

1. An apparatus for producing a hot-dip metal coated
steel strip, comprising:

a pair of gas wiping nozzles that face each other
with a steel strip therebetween, and spray gas
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onto the steel strip from outlets thereof to adjust
a coating weight on both surfaces of the steel
strip, the steel strip being continuously pulled up
from a molten metal bath;

a supply mechanism that supplies the gas to the
pair of gas wiping nozzles;

a gas temperature adjusting mechanism that is
capable of changing a temperature of the gas
supplied from the supply mechanism to the pair
of gas wiping nozzles;

a baffle plate that is located near a transverse
edge of the steel strip and is located in a plane
extended from the steel strip, and prevents the
gas sprayed from the pair of gas wiping nozzles
from colliding with each other;

a temperature sensor that is located on at least
one surface of the baffle plate; and

a controller that controls the gas temperature
adjusting mechanism based on an output of the
temperature sensor.

The apparatus for producing a hot-dip metal coated
steel strip according to claim 1,

wherein in the case where a temperature measured
by the temperature sensor is outside a predeter-
mined range, the controller controls the gas temper-
ature adjusting mechanism to change the tempera-
ture of the gas supplied to the pair of gas wiping
nozzles so that the temperature measured by the
temperature sensor is brought within the predeter-
mined range.

The apparatus for producing a hot-dip metal coated
steel strip according to claim 1 or 2,

wherein a shortest distance between the baffle plate
and the transverse edge of the steel strip is 1 mm or
more and less than 10 mm.

The apparatus for producing a hot-dip metal coated
steel strip according to any one of claims 1 to 3, com-
prising

a mechanism that is capable of changing a height of
the baffle plate from a bath surface of the molten
metal bath.

The apparatus for producing a hot-dip metal coated
steel strip according to any one of claims 1 to 4,
wherein the baffle plate is made of a material having
a thermal conductivity of 1 W-m-1-K-1 or less.

The apparatus for producing a hot-dip metal coated
steel strip according to any one of claims 1to 5, com-
prising

a heatinsulator located between the baffle plate and
the temperature sensor.

A method for producing a hot-dip metal coated steel
strip using the apparatus for producing a hot-dip met-
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al coated steel strip according to any one of claims
1 to 6, the method comprising

spraying, while controlling the temperature of the gas
supplied to the pair of gas wiping nozzles based on
the output of the temperature sensor, the gas from
the pair of gas wiping nozzles onto the steel strip
continuously pulled up from the molten metal bath,
to adjust the coating weight on the both surfaces of
the steel strip.
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