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Description

TECHNICAL FIELD

The present invention relates to a process for continuous annealing a cold-rolled steel sheet and an installation,
and particularly to a continuous annealing process and an installation for producing a cold rolled steel sheet which may
improve the workability of a cold rolled steel sheet, produce a highly functional steel sheet by imparting baking harden-
ability (BH) and improve the productivity.

BACKGROUND ART

An annealing technique at a high temperature in a continuous annealing apparatus has been known as a funda-
mental technique for improving the workability, such as deep drawability and bulging, of a cold rolled steel sheet.

The main reason is that a cold rolled steel strip or sheet has a fibrous structure, and exhibits poor workability. For
the purpose of improving the workability, the steel sheet is, therefore, required to be annealed so that the steel sheet is
recovered and recrystallization and grain growth take place. Continuous annealing is particularly excellent, when com-
pared with coil annealing, in that a continuously conveyed steel sheet can be uniformly processed to have a uniform
quality, and that the steel can be processed in fewer days due to the shortened processing time.

Generally, an installation for continuous annealing a steel sheet generally has, from the entrance side, a heating
zone, a soaking zone, a first cooling zone, an overaging zone and a second cooling zone. The steel sheet is conveyed
through hearth rolls provided in each of the zones to be continuously annealed. The fundamental point of such a tech-
nique is in the thermal hysteresis to which the steel sheet is subjected during annealing. The fundamental heat pattern
is as described below. A cold rolled steel sheet is heated to temperature of at least the recrystallization temperature,
maintained for a predetermined time, then cooled to a predetermined temperature, optionally overaged in a predeter-
mined temperature range for a predetermined time, and secondarily cooled. A heat pattern corresponding to quality
conditions such as a steel sheet for deep drawing or high tensile strength steel sheet is adopted. A suitable heating
method and a suitable cooling method are required to be selected so that such a heat pattern can be realized. In par-
ticular, to impart baking hardenability to an extra low carbon steel containing Ti and/or Nb, a method has been well
known which comprises annealing the steel at high temperature so that part of TiC and NbC are redissolved and solute
carbon remains. In such a case, a cold rolled steel strip is uncoiled and introduced into a continuous annealing instal-
lation to be recrystallization annealed. The annealing pattern fundamentally consists of heating, soaking and cooling.
To improve the workability and impart the baking hardenability, the heating and soaking temperature is made high.

Nonoxidation heating of a direct flame type, radiation tube heating, indirect electric heating, and the like are gener-
ally employed as heating methods in the heating zone and the soaking zone. In any of the methods, heat is generated
using an exothermic body other than the steel, and the heat is transferred to the steel sheet. As a result, there arise
problems in that the heat efficiency becomes unavoidably low compared with that in the case where the steel sheet
itself generates heat and rapid heating cannot be conducted due to the insufficient heating ability, that the furnace
capacity in the heating zone becomes large, for example, the refractory material becomes thick, due to the inevitably
high atmosphere temperature, and that as a result the temperature control becomes difficult and that alteration of the
annealing conditions cakes much time. To solve the problems, a direct resistance heating and/or an induction heating
are developed such a way of a heat is generated using an exothermic body such as hearth roll or steel sheet. Japanese
Patent Publication No. 60-26817 (Japanese Unexamined Patent Publication No. 56-116830) and Japanese Patent Pub-
lication No. 60-26818 (Japanese Unexamined Patent Publication No. 56-116831) disclose a method comprising heating
a steel sheet by direct resistance heating through rolls whereby the steel sheet itself becomes an exothermic body and
has a high temperature. Similarly, Japanese Patent Application No. 4-60923 discloses an installation of a heating appa-
ratus by direct resistance heating among hearth rolls within an atmospheric heating furnace. Japanese Unexamined
Patent Publication No. 1-142032 and No. 1-187789 disclose a process wherein a closed circuit is formed by providing
conductor rolls in the front and the back of a metal strip production line which passes through a ring-form transformer
and connecting both conductor rolls with a conductive member so that the metal strip, the conductor rolls and the con-
ductive member form a closed circuit, an induction current is generated in the closed circuit as a secondary coil by
applying an alternate current from an external power source to the ring-form transformer, and the metal strip is heated
by Joule heat generated thereby.

Furthermore, Japanese Unexamined Patent Publication No. 2-166234 discloses a process for continuously anneal-
ing a steel sheet which comprises classifying the steel temperature into a low temperature region from 600 to 700°C
and a high temperature region from 800 to 900°C, carrying out reduction heating the steel with a direct flame in the low
temperature region and induction heating the steel in the high temperature region while induction heating is controlled
by measuring the temperature of the steel sheet coming out of the low temperature region and conducting controlled
heating in the high temperature region so that the steel has a desired temperature.

Furthermore, Japanese Unexamined Patent Publication No. 61-204319 discloses a process, for continuously
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annealing a cold rolled steel sheet wherein a Ti-containing cold rolled steel sheet is produced by continuous annealing,
which comprises rapidly heating the steel in the soaking zone of a continuous annealing line to a temperature higher by
200 to 300°C than the soaking temperature and then quenching the steel. However, the objective steel is limited to a
Ti-containing steel, and the rapid heating is restricted to induction heating in the soaking zone. Moreover, the patent
publication merely describes that the temperature increase is from 200 to 300°C, and discloses neither detailed condi-
tions of the input energy such as heating rate, holding time and cooling rate nor the object of imparting baking harden-
ability.

As described above, when a cold rolled steel sheet is annealed at high temperature to improve the workability and
impart baking hardenability thereto, the steel sheet thus treated suffers deterioration such as heat buckling and sheet
breakage and deterioration of surface quality caused by surface defects, etc. Moreover, there are problems such as an
increase in the energy cost and a decrease in the productivity due to the necessity of altering the annealing temperature
in accordance with the production of steel sheets of different species and grades. On the other hand, in the heating
methods in the patent publications as described above, the electric heating is completely separated from a conventional
annealing furnace and combined with a conventional continuous annealing furnace. As a result, there arise problems
that the heating temperature range becomes wide and the electric energy cost becomes high, and that the installation
cost becomes high due to the separate use of the two heating procedures.

On the other hand, gas jet cooling, roll contact cooling, gas-liquid cooling, etc. are generally employed in the cooling
zone. Among these cooling methods, gas jet cooling is nonoxidizing, can conduct uniform cooling, and has a cooling
capacity sufficient for cooling a steel sheet having a thickness of up to 0.4 mm. However, gas jet cooling has an insuffi-
cient capacity when a steel sheet has a thickness exceeding 0.4 mm. Although roll contact cooling has a high cooling
capacity when compared with gas jet cooling, it has a limitation when a higher cooling capacity is required, in addition
to the problem of uniform cooling. In contrast to the cooling methods mentioned above, as disclosed in Japanese Patent
Publication No. 61-10020, and the like, gas-liquid cooling is a cooling method extremely excellent in capacity, in uni-
formity and in controllability of cooling, though the steel sheet is lightly oxidized on the surface thereby.

Japanese Patent Publication No. 59-577 discloses a process for continuous annealing a cold rolled steel sheet in
a short period of time which process utilizes the advantage of gas-liquid cooling and comprises direct flame heating by
directly injecting a high temperature gas against the steel sheet and gas-liquid cooling in combination. However, the
heating rate in the high temperature portion is only 50°C/sec at the highest in direct flame heating. The process also
has a problem in the follow-up action in the heating temperature and heating rate at the time of changing annealing con-
ditions, and it cannot be concluded that the process fully utilizes the advantage of gas-liquid cooling.

As described above, in the heating method in the patent publications, there is no description about the continuous
annealing process comprises a heating step utilizing the Joule heat generated by current applied to steel sheet, com-
bined with a cooling step with a gas-liquid mixture for achieving a rapid heating and cooling in a short period of time.

SUMMARY OF THE INVENTION

In recent years, there has been an increase in the requirements for continuously annealing various kinds of steel
sheets in small amounts. Accordingly, the main object of the present invention is to provide a continuous annealing
process which avoids a large scale continuous annealing installation and which at the same time is capable of immedi-
ately corresponding to a wide range of annealing conditions, namely well controllable continuous annealing process,
and an installation therefor.

The another object of the present invention provides a continuous annealing installation in which there is set an
optimum annealing parameter for supplementarily heating rapidly in a short period of time, in any stage in heating and
soaking, which makes it possible to easily conduct high temperature annealing for imparting formability and bake-hard-
enability and freely schedule a sheet through the production line and which can extremely shorten the annealing time
and the annealing line.

The heating steps defined in the present invention include both heating steps and soaking steps.

The aspects of a continuous annealing process according to the present invention are as described below (@) - @.

@ A process for continuous annealing a steel sheet comprising a heating step including soaking and a cooling
step, said process comprising a step of heating by the Joule heat in said heating step, and a step of cooling with a
gas-liquid mixture in said cooling step.

@ The process for continuous annealing a steel sheet according to (1), wherein the heating step comprising heat-
ing by Joule heat is carried out by means of direct resistance heating.

@ The process for continuous annealing a steel sheet according to (), wherein the steel strip is heated to 500 to
900°C at a heating rate of 40 - 1000°C/sec in the step of direct resistance heating maintained for 5 - 300 sec, and
cooled at a rate of 10 to 300°C/sec in the step of cooling with a gas-liquid mixture.

@ The process for continuous annealing a steel sheet according to (1), wherein the steel sheet is heated from at
least 600°C to 700 to 900°C at a heating rate of at least 40°C/sec in the step of direct resistance heating.
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(® The process for continuous annealing a steel sheet according to (1), wherein the steel sheet is heated to 400°C
in the step of direct resistance heating, and then heated to 700 to 900°C in another step of heating in a nonoxidizing
or reducing atmosphere.
® The process for continuous annealing a steel sheet according to (1), wherein a heating the steel strip rapidly in
a short period of time in an optional portion of said soaking zone which heats the steel strip at a predetermined tem-
perature, so that heating is controlled and an annealing parameter (AP) becomes at least -33.

In addition, a continuous annealing installation according to the present invention are as described below @) -
®.
@ A continuous annealing installation for a cold rolled steel strip comprising, in series, a heating zone, a soaking
zone, and a cooling zone from the entrance side of the steel strip, said continuous annealing installation comprises
a means of heating with Joule heat in the entire heating zone including the soaking zone, and a means of cooling
with gas-liquid mixture in the cooling zone.
The continuous annealing installation for a cold-rolled steel sheet according to (), wherein said means of heat-
ing with Joule heat in the entire heating zone comprises said means of heating by direct resistance
© The continuous annealing installation for a cold-rolled steel sheet according to (7), wherein a heating means pro-
vided for heating the steel strip rapidly in a short period of time in an optional portion of said soaking zone which
heats the steel strip at a predetermined temperature, so that heating is controlled and an annealing parameter (AP)
becomes at least -33.
(9 The continuous annealing installation for a cold-rolled steel sheet according to (%), wherein said means of heat-
ing by direct resistance is means of heating the steel sheet by passing an alternate current through a ring form
transformer through which the steel sheet is passed to generate an induction current therein and heat the sheet.
@ The continuous annealing installation for a cold-rolled a steel sheet according to (P - 0, wherein said installa-
tion comprising, in series, a heating zone, a soaking zone, a first cooling zone, an overaging zone and a second
cooling zone.
@@ The continuous annealing installation for a cold-rolled steel sheet according to @ and @), wherein the heating
means for heating the steel strip rapidly in a short period of time in an optional portion of said soaking zone com-
prises direct resistance heating means or induction heating means.

The present invention employs a method of direct resistance heating wherein a current is passed through a steel
sheet itself, and the steel sheet is heated by the Joule heat of the steel sheet itself. Although, direct resistance heating
and induction heating are mainly used in the heating process utilizing the Joule heat, direct resistance heating is mainly
explained in the present invention. Since the steel sheet itself becomes an exothermic body in direct resistance heating,
the atmospheric temperature is not required to be raised, and the heating efficiency is good. Moreover, in direct resist-
ance heating, the heating capacity can be easily controlled by adjusting the magnitude of the current, and ultrarapid
heating to temperature as high as 700 to 900°C at a heating rate of at least 1,000°C/sec becomes possible when a cur-
rent of at least 40 A/mm is passed.

The annealing parameter (AP) which is characteristic in the present invention is a nondimensional parameter
related to a diffused distance of Fe atoms diffused by the input heat energy, namely a distance of grain boundary migra-
tion. When the AP is larger, the effects of annealing become more significant. Accordingly, the softening annealing is
significant in releasing the strain (by annealing) introduced by cold rolling and imparting formability to the steel sheet.
The formability has been found to be expressed as a parameter AP which can be represented by the formula

AP = In{[(1/T(t)exp(-Q/RT (t)dit}

wherein Q is an activation energy (60 kcal/mol) for self diffusion of Fe, R is a gas constant, and T is an absolute tem-
perature.

Next, in the present invention, a heated steel sheet is cooled by blowing two fluids consisting of water and furnace
gas, which contains nitrogen gas as a main component, against the surface thereof. The cooling system exhibits a uni-
form and extremely high cooling rate, and has an advantage that the cooling capacity and the cooling end temperature
can be controlled by adjusting the ratio of the gas to water and the absolute amount of water. For example, a steel sheet
having a thickness of 0.7 mm can be cooled in a cooling rate range of 50 to 200°C/sec, and the end temperature of the
steel sheet can be controlled within an accuracy of +10°C in a sheet temperature range of 250 to 550°C. In cooling with
a gas-liquid mixture, the steel sheet and steam react to form a thin oxide film on the surface thereof. Since the oxide film
has a thickness of the order of several micrometers, the film can be readily removed by simple pickling.

Direct resistance heating and cooling with a gas-liquid mixture have advantages as mentioned above, and each
exhibit sufficient effects. Direct resistance heating and cooling with a gas-liquid mixture are conducted in combination
in the present invention, and the specific effects described below can be obtained.

(1) The continuous annealing installation can be made smaller.
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In the system of direct resistance heating and cooling with a gas-liquid mixture, the length of the steel sheet in
the heating zone within the furnace becomes 1/8 of the length thereof in the conventional system of radiant tube
heating and gas jet cooling, and similarly the length thereof in the first cooling zone becomes 1/4. Accordingly, the
installation can be made significantly smaller. Moreover, when the heating rate is as slow as from 10 to 20°C/sec,
solute carbon dissolved from cementite retards the growth of recrystallization grains in the heating step. Soaking,
therefore, must be conducted for at least 20 sec. In contrast to the slow heating, when rapid heating is conducted
at a rate exceeding the redissolution rate of carbon from cementite, not only can recrystallization be finished in a
short soaking time, but also a small amount of carbon dissolved in the process of heating and soaking can be pre-
cipitated by overaging for a short period of time after rapid cooling. As a result, a steel material excellent in worka-
bility can be obtained by a heat cycle for a short period of time. As described above, direct resistance heating and
cooling with a gas-liquid mixture in combination leads to shortening not only the heating zone and the cooling zone
but also the soaking zone and the overaging zone. Consequently, an extremely small continuous annealing instal-
lation can be realized at a low installation cost.

(2) The controllability of a steel sheet temperature is improved, and any of the heat patterns can be freely realized.

Direct resistance heating is originally a heating method extremely excellent in heat controllability. In the case
of heating a steel sheet from room temperature to at least the recrystallization temperature and in the case of par-
tially heating the steel sheet from about 600°C to the soaking temperature, the heating rate and the heating tem-
perature can be freely and accurately controlled by only controlling predetermined current values. However, even
when the heat controllability in heating alone is good, the heating cannot cope with all the required heat patterns in
the entire continuous annealing. Only by heating, in combination with cooling, with good heat controllability can a
freely selected heat pattern be realized with good accuracy. Since cooling with a gas-liquid mixture makes the con-
trol of a cooling rate and an end temperature easy as described above, direct resistance heating and cooling with
a gas-liquid mixture in combination can realize a freely selected annealing heat pattern, and can cope with demand
for the production of various kinds of steel strips in small amounts.

(3) The production capacity is improved.

Since direct resistance heating and cooling with a gas-liquid mixture are both extremely excellent methods in
heat controllability and heat response, the methods can immediately cope with the change of conditions such as a
size of a steel sheet to be passed and an annealing temperature. For example, in a continuous annealing installa-
tion of the type of radiant tube heating and gas jet cooling, when the sheet thickness or annealing temperature is
altered, a coil for adjustment is required to be passed at a normal or reduced speed at the cost of the production
capacity until predetermined annealing conditions are obtained. However, direct resistance heating and cooling
with a gas-liquid mixture in combination solves the problem of lowering the productivity and can improve the pro-
duction capacity. Moreover, since the installation can be made in a small scale, an inappropriate passing caused
by hearth rolls is decreased, and passing a steel sheet through the production line at high speed becomes possible.
Accordingly, a further improvement in productivity can be expected.

(4) The quality of a steel sheet is improved.

A steel sheet can be heated and cooled rapidly or heated to a high temperature and cooled rapidly by direct
resistance heating and cooling with a gas-liquid mixture in combination. Accordingly, the following results can be
obtained: a short heat cycle period for a steel sheet for working as described in (1) can be realized; the baking hard-
enability (BH) is improved; grain refining of a high tensile strength steel sheet is achieved; and the enlargeability is
improved.

As described above, direct resistance heating and cooling with a gas-liquid mixture in combination produces effects
exceeding the sum of those of the heating and those of the cooling. Moreover, since the installation becomes small in
scale, the control of the atmosphere within the furnace becomes easy. For example, in cooling with a gas-liquid mixture,
steam generated in the cooling zone can be easily prevented from entering the heating zone and the soaking zone for
the reasons described below. Since the volume of the heating zone and that of the soaking zone can be made small,
the control of the ambient atmosphere pressures in the zones becomes easy, and, therefore, the pressure difference
between the soaking zone and the cooling zone can be stably ensured. As a result, heating and cooling in combination
as mentioned above is effective in controlling the oxide film on the steel sheet and preventing the deterioration of refrac-
tory materials in the heating and soaking zones.

A typical heat pattern in the continuous annealing process including direct resistance heating and cooling with a
gas-liquid mixture is as follows: a steel sheet is heated to 700 to 900°C in the direct resistance heating step, maintained
for at least 5 sec, and cooled at a rate of 10 to 300°C/sec in the cooling step with a gas-liquid mixture. For example, a
soaking temperature of 700 to 900°C for a mild steel sheet for working is necessary for recrystallization of the rolled
structure and grain growth. Moreover, when direct resistance heating is used as means of heating, the steel sheet can
be heated at a rate exceeding the rate of carbon dissolution from cementite. Consequently, a decrease in the recrystal-
lization rate caused by solute carbon can be prevented, and soaking the steel sheet for a short period of about 5 sec
can impart excellent workability thereto. The upper limit of the rate of cooling with a gas-liquid mixture is defined to be
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300°C/sec for reasons as described below. Although the amounts of alloying elements added for the purpose of improv-
ing the non-aging properties, the strength, etc. can usually be decreased with an increase in the cooling rate, the effects
are saturated at a cooling rate of 300°C/sec. In addition, poor shapes of the steel sheet tend to be formed due to cooling
when the cooling rate exceeds 300°C/sec. On the other hand, the lower limit of the cooling rate is defined to be
10°C/sec because the resultant excessive cooling time makes the installation long and large, and because the oxide
film thickness on the steel sheet increases. A cooling rate in a range of 50 to 200°C/sec is usually desirable in order to
stably maintain the injection state during cooling with a gas-liquid mixture.

When direct resistance heating is adopted in part of the heating zone, for the purpose of preventing redissolution
of carbon into ferrite from cementite as mentioned above and imparting excellent workability, there is required a heating
rate of at least 40°C/sec which rate exceeds the dissolution rate of carbon from cementite at temperature from 600°C
from which the dissolution limit concentration of carbon in ferrite becomes high. The heat pattern as mentioned above
can be realized by providing means of direct resistance heating in the latter stage of the existing heating zone, heating
the steel sheet to 600°C in the existing heating zone and then rapidly heating the sheet to 700 to 900°C by current appli-
cation. What is important at this time is to rapidly heat the sheet from at least 600°C. The direct resistance heating may
be in the latter stage of the heating zone, namely either in part of the heating zone or part of the soaking zone.

When direct resistance heating is adopted in part of the heating zone, the heating may also be provided in the
former stage of the heating zone. Although there is no effect on the material properties in this case, effects of improving
the productivity can be expected because the alteration of the size of the passed steel sheet and annealing conditions
can be immediately coped with by utilizing the advantage of the direct resistance heating which exhibits a good heat
response. Although similar effects can be expected in the case where means of direct resistance heating is provided in
the latter stage of the heating zone, the use of means of direct resistance heating in a region where the steel sheet tem-
perature is low has advantages as described below. A low cost installation may be employed which is not required to
have high temperature durability and, in addition, means of heating may also be provided in the front of the heating zone
separately from the existing furnace installation. Accordingly, the reformation of the existing furnace becomes unnec-
essary, and the installation may be prepared at further lower cost.

The present invention will be illustrated in detail by making reference to drawings.

Fig. 1 is a whole view showing a continuous annealing installation which includes a coiler 1, a shear 2 on the
entrance side, a welder 3, a cleaner 4, a looper 5 on the entrance side 5 and a heating zone 6 containing a direct resist-
ance heating apparatus. A soaking zone 7 and a slow cooling zone 8 are provided with a heating apparatus such as an
electric heater and a cooling apparatus such as gas jet. The slow cooling zone 8 may not be provided in some cases.
A first cooling zone 9 herein is equipped with a gas-liquid cooling apparatus, and, therefore, a drying zone 10 is pro-
vided. There are provided subsequently to the drying zone 10 an overaging zone 11, a second cooling zone 12, a cool-
ing bath 13 and a post-treatment bath 14. The post-treatment bath 14 usually includes four baths in total, namely a
pickling bath, a first washing bath, an electrolytic bath and a second washing bath. There are provided, subsequent to
the post-treatment bath 14, a dryer 15, a looper 16 on the exit side, a skin pass roll 17, an inspection and finishing oper-
ation section 18, a shear 19 on the exit side and a coiler 20.

Fig. 2 is a view showing an embodiment of a heating zone, a soaking zone and a first cooling zone of a continuous
annealing installation according to the present invention. A steel sheet 21 coiled via a cold rolling step is continuously
conveyed, and charged into a heating zone 6. In the heating zone 6, a direct resistance heating apparatus is arranged
which generates an induction current in the steel sheet 21 by the use of a ring-form transformer 24. An electric current
is passed in the steel sheet 21 through conductor rolls 22, 23 connected to a conductive member, whereby the steel
sheet 21 is heated with Joule heat. The rapidly heated steel sheet 21 is successively maintained in the soaking zone 7.
In the present embodiment, conductor rolls 25, 26 are also arranged in the soaking zone 7, and the steel sheet is main-
tained by heating through current application. In the present embodiment, the heating zone 6 is a horizontal furnace,
and the soaking zone 7 is a vertical furnace. The horizontal furnace and the vertical furnace may be selected in accord-
ance with the installation capacity. That is, when the installation is a highly productive one, a vertical installation
becomes essential because the production line length would otherwise become large. However, when the installation
is a less productive one, the operation becomes easy in the horizontal one. Next, the steel sheet 21 is introduced into
a first cooling zone 9 where the sheet is rapidly cooled by a gas-liquid cooling apparatus 27. Then, the steel sheet 21
is optionally reheated and overaged, and an oxide film formed thereon is removed.

Fig. 3 is a schematic view of a horizontal current-application heating apparatus. Conductor rolls 22, 23 are arranged
on the lower surface of a steel sheet 21 to be heated, and pressure rolls 28, 29 are arranged on the upper surface
thereof in opposition to the conductor rolls 22, 23. The pressure rolls 28, 29 have pressurizing means consisting, for
example, of respective cylinders 30, 31 and the pressure rolls 28, 29 and the opposing conductor rolls 22, 23 hold the
steel sheet 21. Moreover, a ring-form transformer 24 is arranged between the conductor roll 22 on the low temperature
side and the conductor roll 23 on the high temperature side and around the outer periphery of the steel sheet 21. The
conductor rolls 22, 23 are connected with a conductive member 32 such as copper which has an electric resistance far
lower than that of the steel sheet 21, and a closed circuit is formed by the steel sheet 21, the conductor rolls 22, 23 and
the conductive member 32. An alternating current is applied to the ring-form transformer 24 from an outer power source
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33, and an induction current is generated in the closed circuit as a secondary coil, whereby the steel sheet 21 is heated
by Joule heat generated through the induction current. The heating rate and the heating temperature can be controlled
by an alternate current the magnitude of which is calculated under the conditions of the specific resistance, the sheet
thickness, the sheet width, the sheet speed, and the like of the material to be heated. There are transformer type direct
resistance heating systems and directly external current applying systems in the direct-resistance heating systems.
Since a current of large magnitude can be passed through the steel sheet efficiently, the former system is desirable.

Fig. 4 is a schematic diagram of the cooling zone. A plurality of gas-liquid cooling chambers 34 are arranged along
a downpass 36 in the first cooling zone 9, and each of the chambers 34 is provided with a deflector on the directly down-
side. Since the steel sheet 21 is symmetrically cooled on the front and the back surfaces and nonuniform cooling
caused by dripping water in the high temperature portion of the steel sheet 21 is prevented, the vertical downpass is
most effective in the first cooling zone. As shown in Fig. 5, a plurality of gas-liquid mixing nozzle units 37 each consisting
of a gas-liquid jet nozzle header 39 and a liquid jet nozzle header 38 are vertically arranged along the sheet pass direc-
tion on both sides of the steel sheet 21. The gas-liquid mixing nozzle unit 37 mixes a gas and a liquid directly before the
jet to stably maintain the atomized state. The cooling rate of the gas-liquid mixture is controlled by a liquid amount den-
sity which is represented by the amount of water per minute per m? and which is achieved by adjusting a liquid flow rate
control valve 41 provided in a liquid tube 40 leading to the liquid jet nozzle header 38. The end temperature is controlled
by the number of the nozzle units which is determined by turning the liquid flow rate control valve 41 on or off.

Fig. 6 shows one embodiment of a continuous annealing installation in which a direct resistance heating apparatus
6' is provided in the front of a heating zone 6 having a radiant tube, and an annealing heat cycle, as shown in Fig. 6(A)
and Fig. 6(B) respectively. Since the direct resistance heating apparatus 6' is provided, the alteration of an annealing
temperature and a size of a passing steel sheet can be readily coped with by controlling the current of the direct resist-
ance heating apparatus alone. Accordingly, schedule-free annealing becomes possible, and the productivity can be
improved.

Fig. 7 shows one embodiment of a continuous annealing apparatus in which a direct resistance heating apparatus
6' is provided between a soaking zone 7 and a first cooling zone 9, and an annealing heat cycle as shown in Fig. 7(A)
and Fig. 7(B) respectively. As a result of providing the direct resistance heating apparatus 6’ between the soaking zone
7 and the gas-liquid cooling apparatus, not only the alteration of an annealing temperature and a size of a passing sheet
can be more readily coped with than in the case where the direct resistance heating apparatus 6' is provided in the front
of the heating zone 6, but also the improvement of a new quality such as the improvement of workability and the impart-
ment of baking hardenability becomes possible because the steel sheet can be heated to high temperature exceeding
the heating capacity of the existing radiant tube.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing one embodiment of a continuous annealing installation of the present invention.

Fig. 2 is a whole view showing a continuous annealing installation.

Fig. 3 is a detail view showing a direct resistance heating apparatus.

Fig. 4 is a schematic view showing a gas-liquid cooling apparatus.

Fig. 5 is a detail view showing a gas-liquid cooling apparatus.

Fig. 6(A) is a view showing one embodiment of a continuous annealing installation of the present invention and Fig.
6(B) shows one embodiment of a continuous annealing heat cycle.

Fig. 7(A) is a view showing one embodiment of a continuous annealing installation of the present invention and Fig.
7(B) shows an annealing heat cycle employed in the examples.

Fig. 8(A), Fig. 8(B) and Fig. 8(C) are graphs showing relationship between the annealing parameter (AP) according
to the present invention and an r-value, an El-value, or YP and TS.

THE MOST PREFERRED EMBODIMENT
The most preferred embodiment according to the present invention will be explained by the following examples.

EXAMPLES

Example 1

Three kinds of steel sheets 0.7 mm thick, namely (1) a low carbon Al-killed steel sheet (steel sheet for working), (2)
a Ti-SULC steel sheet (steel sheet for working) and (3) a high tensile strength steel sheet, were annealed by radiant
tube heating (RT heating) and gas jet cooling (GJC) in comparative examples, and by direct resistance heating and
cooling with a gas-liquid mixture in examples, and the results were compared. The installation in the examples could be
easily realized by partly modifying the installation in comparative examples. The results thus obtained are shown in
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Table 1

Steel
sheet

Heataing/
cooling
system

Type of
steel

Annealing conditions

Heating Soaking Heating Cooling Overaging
rate temp. time rate time
(°C/sec) (°C) (sec) (°C/sec) (sec)

Anneal:ng
time
(sec)

(1)

(C.Ex.)
RT heat-
ing/GJC

Direct
resistance
heating
/gas-
liquid
cooling

Low C

Al-~

killed
300

750 10 200 90

110

(2)

(C.Ex.)
RT heat-
ing/GJC

RT,

Direct
resistance
heating
/gas-
liquid
cooling

heating at

700°C

soaking for
15 30 sec

rapid heating

to 860°C

200 -

100

(C.Ex.)
RT heat-
ing/GJC

Direct
resistance
heating
/gas-
liquad
cooling

S1:1.0
Mn:
C :0.1

=
w
[
w

Si:1.0
Mn:
C :0.1

—
o

300 770 <1 200 -
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Table 1 (continued)

Steel Heating/ Type of Material properties
sheet cooling steel

system Strength Elongation r-Value n-Value BH Enlarge-
ability
(N/mm’) (%) (-) (-) (N/mm’) (=)

(C.Ex.)
RT heat- - 45 - 0.20 - -
ing/GJc Low C
1y  ————————- Al- e e -
(Ex.) killed
Direct
resistance - 50 - 0.25 - -
heating
/gas-
liquid
cooling

(C.Ex.)
RT heat- - - 2.0 - 0 -
ing/GJC

2y - Tl- T

RT,

Direct

resistance - - 2.0 - 40 -
heating

/gas-

liquid

cooling

oy
(=)

(C.Ex.) Si:
RT heat- Mn:
ing/GJC C :0.
(3) mmmmmmmmm e
(Ex.) Si:

o
i
H
1
9]
r

[ =

O o = wn

a

v

o

)

1

1

1

—

S

resistanze T .C 690 - - - - 1.6
heating

/gas-

liquid

cooling

Note: (l): a steel sheet for working
(2): a steel sheet for working

(3): a high tensile strength steel sheet

In annealing the low carbon Al-killed steel sheet, not only a short period heat cycle, in the examples, namely an
annealing time as short as 1/3 of that in comparative examples, could be realized, but also the elongation and the n-
value were improved. It is estimated that the results are obtained because dissolution of C was inhibited by annealing
through rapid heating and rapid cooling and because precipitation of C dissolved in a small amount was accelerated.

In annealing the Ti-/SULC steel sheet in the example, the steel sheet was subjected to an annealing heat cycle of
instantly heating to a high temperature of 860°C by the direct resistance heating apparatus and subsequent rapidly
cooling. As a result, baking hardenability could be imparted while an r-value as high as in the comparative example
where the RT heating and the GJC systems were employed was maintained. The annealing cycle utilized a phenome-
non that C is dissolved even when the steel sheet is treated at high temperature for only a moment.

Furthermore, in annealing the high tensile strength steel sheet, even when the alloying content of Mn was
decreased from 1.5% to 1.0% in the example, the same strength could be manifested by annealing through rapid heat-
ing and rapid cooling, and the enlargeability was improved. Reasons for the manifestation and the improvement are as
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described below. The rapid heating inhibits dissolution of C, and quenching the steel sheet from the austenite dual
phase region having a high C content effects grain refining.

Example 2

During annealing a steel sheet 0.7 mm thick under the conditions of a heating temperature of 750°C and a cooling
end temperature of 400°C, the heating temperature was changed from 750°C to 800°C, and the time necessary for
reaching the predetermined annealing conditions was compared among (1) RT heating/GJC system, (2) RT heat-
ing/gas-liquid cooling system, (3) direct resistance heating/GJC system and (4) direct resistance heating/gas-liquid
cooling system. In addition, since the time necessary for reaching the cooling end temperature depended on the heat-
ing temperature, cooling was adjusted after the heating temperature reached the predetermined temperature, and a
time for reaching the predetermined cooling end temperature was defined to be the time necessary for reaching the
cooling end temperature. The results thus obtained are shown in Table 2.

Table 2
Heating/cooling system Time necessary for Time necessary for Time necessary for
reaching heating temp. reaching cooling end reaching annealing
(sec) temp. (sec) temp. (sec)
(1) RT heating/GJC 1320 120 1320
(2) RT heating/gas-liquid cooling 1320 10 1320
(3) Direct resistance heating/GJC 5 120 120
(4) Direct resistance heating/gas- 5 20 10
liquid cooling

It is seen from Table 2 that RT heating exhibited an extremely poor heat response, than GJC exhibited a poor heat
response, and that direct resistance heating and cooling with a gas-liquid mixture exhibited a very good heat response.
Since the time for reaching a predetermined annealing heat cycle is determined by the system which exhibits a poorer
heat response, it is best to select a combination of a heating technique exhibiting a good heat response and a cooling
technique exhibiting a good heat response, namely a combination of direct resistance heating and cooling with a gas-
liquid mixture for the purpose of immediately responding to the alteration of the annealing conditions.

Example 3

The cold rolled Ti-/SULC steel sheet shown in Table 1, (2) was subjected to the following heat cycle as shown in
Fig. 7(B): a (heating rate): 10°C/sec, b: 700°C x 40 sec, ¢: 100°C/sec, and d: cooled to 675°C at a rate of 5°C/sec and
air cooled. The steel strip was then skin pass rolled to have a reduction of 0.8%, and used as a sample. As to the instal-
lation in such a case, the sample was supplementarily heated rapidly in a short period of time in an optional portion in
the soaking zone, for example, in the final portion thereof by a direct resistance heating apparatus or an induction heat-
ing apparatus.

Fig. 7(B) is a graph showing one example of a heat pattern practiced in the present invention. As shown in Fig. 2,
the mark "a" designates a stage where an as cold rolled steel strip is uncoiled and heated in a continuous annealing
furnace. The heating pattern includes heating at a rate of 1 to 200°C/sec and a target temperature of 500 to 900°C. The
mark "b" designates a soaking stage, and the soaking temperature and the holding time are from 500 to 900°C and from
0 to 300 sec, respectively. The mark "¢" designates a rapid temperature increase in a short period of time by direct
resistance heating, or the like, the temperature increase being characteristic of the present invention. The heating rate
is from 50 to 1,000°C/sec, and the steel strip is heated to 750 to 910°C. The mark "d" designates an immediate cooling
stage after rapid heating in a short period of time. The mark "e" designates a stage in the case where the installation
has an overaging zone, and the steel strip having been rapidly heated and immediately cooled is held at an overaging
temperature of 250 to 450°C and then cooled to room temperature.

Fig. 8 are graphs showing relationships between AP and r, El, or YP and TS, and showing in Fig. 8(A), Fig 8(B) and
Fig. 8(C) respectively.

It can be seen from Fig. 3 that the average r-value which is an index of deep drawability and the elongation El (%)
which is an index of bulging, the yield strength YP and the tensile strength TS can be made at least the desired value
for a deep drawing steel sheet by controlling heating so that the annealing parameter (AP) becomes at least -33. That
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is, when AP becomes at least -33, the values mentioned above become as follows: average r-value: at least 1.5, El (%):
at least 42%, YP: at least 180 N/mm?, and TS: at least 320 N/mm?. The results thus obtained are not limited to the Ti-
containing extra low carbon steel shown in Table 1, but similar results are obtained when there are used a Nb-containing
extra low carbon steel sheet, a Ti-Nb composite containing added extra low carbon steel sheet and a low carbon Al-
killed steel sheet. It has been confirmed that steel sheets having the same AP value exhibit the same tensile character-
istics regardless of the annealing heat cycle.

The partial heating in this case can be practiced in a range of 0.5 to 15 sec by providing direct resistance heating
or induction heating between passes in the soaking zone. In addition, a direct resistance heating apparatus or an induc-
tion heating apparatus is employed in the present invention for reasons as described below. Examples of the heating
system for a cold rolled steel sheet within a continuous annealing furnace are a nonoxidation heating system of direct
flame type, a radiation tube heating system, and the like. Since each of these systems is a heating system by heat
transfer, the heating ability per unit time is not very high. Heating for a long time is required to ensure a necessary total
heat amount, and the heating zone necessarily becomes long. In contrast to the systems mentioned above, in the
present invention a steel strip is heated in direct resistance heating while the steel strip is being passed along conductor
rolls provided on the entrance and the exit sides. An electric current is applied to the rolls which guide the steel strip, a
conductive material, and an electric current is passed through the steel strip placed between the rolls, whereby the steel
strip itself is heated rapidly in a short period of time due to its electric resistance.

Furthermore, a current is applied in induction heating from a high frequency power source to a heating coil winding
around a steel strip, and an induction current is allowed to pass therethrough by a magnetic field formed by the heating
coil, whereby the steel strip can be heated rapidly by Joule loss. The steel strip is supplementarily heated by a direct
resistance heating apparatus or induction heating apparatus. The annealing parameter (AP) can be thus easily control-
led, and at the same time the deteriorated portion of the top end of the steel strip in the longitudinal direction is also
partially heated to be compensated, whereby uniform properties thereof in the longitudinal direction may be obtained.

INDUSTRIAL AVAILABILITY

The continuous annealing process including direct resistance heating and cooling with a gas-liquid mixture and the
installation according to the present invention produces effects in that the installation can be made extremely small that
the controllability of a steel sheet temperature is improved, that a freely selected heat pattern can be realized, that the
production capacity is improved and that the quality is improved. Furthermore, there can be obtained a steel strip which
can be passed through rolls without heat buckling and sheet breakage and which has good surface quality and no sur-
face defects by the use of the installation according to the present invention, and the productivity of the steel is improved
and the cost is reduced by freely scheduling in the steel sheet production line. In addition, the present invention
achieves industrially extremely excellent effects of producing a cold rolled steel sheet excellent in workability and baking
hardenability by controlling the AP value to be at least -33.

Claims

1. A process for continuous annealing a steel sheet comprising a heating step including soaking and a cooling step,
said process comprising a step of heating by the Joule heat in said heating step, and a step of cooling with a gas-
liquid mixture in said cooling step.

2. The process for continuous annealing a steel sheet according to claim 1, wherein the heating step comprising heat-
ing by the Joule heat is carried out by means of direct resistance heating.

3. The process for continuous annealing a steel sheet according to claim 1, wherein the steel strip is heated to 500 to
900°C at a heating rate of 40 - 1000°C/sec in the step of direct resistance heating maintained for 5 - 300 sec, and
cooled at a rate of 10 to 300°C/sec in the step of cooling with a gas-liquid mixture.

4. The process for continuous annealing a steel sheet according to claim 1, wherein the steel sheet is heated from at
least 600°C to 700 to 900°C at a heating rate of at least 40°C/sec in the step of direct resistance heating.

5. The process for continuous annealing a steel sheet according to claim 1, wherein the steel sheet is heated to 400°C
in the step of direct resistance heating, and then heated to 700 to 900°C in another step of heating in a nonoxidizing
or reducing atmosphere.

6. The process for continuous annealing a steel sheet according to claim 1, wherein the steel is heated strip rapidly

in a short period of time in an optional portion of said soaking zone which heats the steel strip at a predetermined
temperature, so that heating is controlled and an annealing parameter (AP) becomes at least -33.

11
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The continuous annealing installation for a cold rolled steel strip comprising, in series, a heating zone, a soaking
zone, and a cooling zone from the entrance side of the steel strip, said continuous annealing installation comprises
a heating means for Joule heating in the entire heating zone including the soaking zone, and a means of cooling
with gas-liquid mixture in the cooling zone.

The continuous annealing installation for a cold-rolled steel sheet according to claim 7, wherein said heating means
for Joule heating in the entire heating zone comprises said means of heating by direct resistance.

The continuous annealing installation for a cold-rolled steel sheet according to claim 7, wherein a heating means
provided for heating the steel strip rapidly in a short period of time in an optional portion of said soaking zone heats
the steel strip to a predetermined temperature, so that heating is controlled and an annealing parameter (AP)
becomes at least -33.

The continuous annealing installation for a cold-rolled steel sheet according to claim 7, wherein said means of heat-
ing by direct resistance is means for heating the steel sheet by passing an alternate current through a ring form
transformer through which the steel sheet is passed to generate an induction current therein and heat the sheet.

The continuous annealing installation for a cold-rolled steel sheet according to claims 7 - 10, wherein said installa-
tion comprises, in series, a heating zone, a soaking zone, a first cooling zone, an overaging zone and a second
cooling zone.

The continuous annealing installation for a cold-rolled steel sheet according to claims 6 and 9, wherein the heating

means for heating the steel strip rapidly in a short period of time in an optional portion of said soaking zone com-
prises direct resistance heating means or induction heating means.

12
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