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1 Introduction

At Chiba Works, new steelmaking and hot rolling
facilities were constructed as part of a modernization
plan aimed at creating an environmental-friendly iron
and steel works. In the steelmaking department, as a
replacement for No. 1 steelmaking shop which had been
in operation for 40 years and was reaching its limits in
terms of both capacity and quality, a new shop (No. 4
steelmaking shop) exclusively for specialty steels, cen-
tering on stainless steel, was constructed in West Plant
of Chiba Works, where the site’s key facilitics, No. 6
blast furnace and No. 3 steelmaking shop, were already
located.

No. 4 steelmaking shop was completed in a period of
27 months after the start of pile driving in April 1992,
and was started up in July 1994,

Figure 1 shows the trend in stainless steel production
and in the ratio of production by the smeiting reduction
method. After startup, output was incrcased smoothly
while confirming equipment functions and the reliability
of the quality of the slabs which are the product of this

* Originally published in Kawasaki Stee! Gilio, 28(1990)2, 206 -
212
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Synopsis:

Kawasaki Steel started materialization of moderniza-
tion project of the Chiba Works to eatablish environmen-
tal-friendly iron and steel works directing toward the
21st century. This project includes construction of No. 4
steelmaking shop and No. 3 hot strip mill, and reorgani-
zation of the east area of the works. No. 4 steelmaking
shop, located at the west area of the works, was
designed to produce especially stainless steel and high
carbon steel and to replace the old No. 1 steelmaking
shop. In the steelmaking process, an introduction of
smelting reduction-decarburization process realizes a
wide range of raw material choice. To meet the demand
Jor a clean ultra low carbon stainless steel, VOD and
vertical-bending type continuous caster were adopted.
The operation of this new steelmaking shop started in
July 1994 and has successfully contributed to the
improvement of productivity, product quality and reduc-
tion in costs.
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plant, and a F00% transfer of production from the No. |
steelmaking shop was completed 1 approximately onc
year. The ratio of production by direct smelting reduc-
tion of Cr ore also exceeds 70%, achieving flexibility in
the choice of raw materials in response to market-related
changes in the price of Cr raw materials.

This report describes the concept of the construction
of No. 4 steelmaking shop, the outline of the technology
and cquipment for implementing that concept, and the

results of operation.'

2 Basic Concept and Process Design of No, 4
Steelmaking Shop

The basic concept of No. 4 steelmaking shop and the
concept of the process and equipment are shown in Fig.
2. The aim was to construct a plant and process which
would climinate the problems and limits of the existing
No. 1 steelmaking shop and serve in the 21st century as
a steclmaking shop which supports a state-of-the-art
steel works specializing in sheet products.

2.1 Production Process

In deciding the production process, which governs the
cost and quality of products, special attention was paid
to creating a process with flexibility in the slection of Cr,
Ni, and other main raw materials, which account for the
major portion of the cost of producing stainless steel,
and to the combination of a high-function secondary
refining process and continuous caster. To reduce the use
of high-carbon FeCr alloy, as an electric power intensive
product, the new shop takes advantage of its location in
an integrated steel works, which makes 1t possible 1o use
low-cost oxygen and coke and also to utilize converter
exhaust gas effectively. The smelting reduction process
for Cr ore utilizing coal cnergy was therefore adopted.

For increased raw material flexibility, full consideration
was also given to the use of stainless scrap in large
quantity. To meet increasing demand for ultra-low car-
bon, ultra-low nitrogen stainless steel, the vacuum
decarburization process (VOD) was adopted in the sce-
ondary refining equipment, responding to stricter quality
requirements, and a vertical-bending type continuous
caster was traduced to solve the problem of pencil
defects in slabs.

Figure 3 shows an outline of the stainless steelmak-
ing process which was selected based on this fundamen-
tal concept. The tigure also shows the features of cach
process and the composition and temperature trend of
the molten metal.

2.2 Labor Productivity

As onc method of improving labor productivity, the
production capacity was strengthening by adopting a
large heat size and other basic plant design features.
Efforts were also made to realize commoen use of equip-
ment and personnel by laying out the new equipment
adjacent to the existing No. 3 steelmaking shop and No.
3 continuous caster shop, The unifying operation rooms
have been realized by adopting automation and remote
operation to the newly introduced equipment. The adja-
cent location of No. 3 and No. 4 steeimaking shops has
also been effective in creating a flexible production
system with multiple molten steel supply routes to the
continuous casters.

2.3 Environmental Protection

Environmental protection is an important requirement
for an cnvironmental-friendly iron and steel works.
From this viewpoint, one aim was to establish a com-
plete recycling system for the dust and slag produced in
the steelmaking shop. A STAR furnace, which reduces
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Fig. 4 Schematic view of No. 4 steelmaking shop

and recovers the valuable metals Cr and Ni contained in
dust was constructed® as part of this project, as part of a
process in which these materials can be recycled by the
smelting reduction furnace as metals. Slag is recycled as
flux by the STAR furnace and other processes in the
ironmaking department, and 1s also processed into a
commercial product as road construction material.
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3 Layout of No. 4 Steelmaking Shop

The layout of No. 4 steelmaking shop and No. 4 con-
tinuous caster shop is shown in Fig 4. The secondary
refining yard in No. 4 steelmaking shop is laid out in an
extension to the north of the ladle maintenance yard of
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No. 3 steclmaking shop, which produces mainly carbon
steel. A converter shop and raw material yard are faid
out further to the north, at the right angles te the sec-
ondary refining yard. This layout allows common use of
the ladle handling crane and ladle maintenance equip-
ment and personneland made it possible to secure exter-
nal access routes to both steelmaking shops. Construc-
tion of a refractory center for dismantling and relinimg
charging ladles, ladles, and tundishes adjacent 1o No. 3
steelmaking shop has also rationalized refractory main-
tenance.”

In the raw material yard, a station for receiving tor-
pedo cars which have completed the hot metal pretreat-
ment process was constructed in paraliel with a scrap
yard capable of stocking multiple grades of stainlcss
scrap in a layout which enables efficient raw material
supply. The slag center 15 located adjacent to the con-
verter and raw material yard, which minimizes the trans-
portation of high-temperature molten material in the
works by allowing prompt cooling and solidification of
slag after tapping at the converter.

No. 4 continuous casting shop is laid out in parallel
with the existing No. 3 continuous casting shop with the
same casting floor, aiming at unification of the operation
rooms and pooling of personnel to respond to non-
steady operation. At the same time, remote monitoring
and automated control of torch cutting and slab trans-
portation have also been realized. At the adjacent No.
3CC and No. 4CC slab yards, slab handling control is
performed by automatic cranes, enabling directly linked
operation with No. 3 hot rolling mll.

4 Qutline of Equipment and Results of
Operation of Respective Processes

4.1 Cr Ore Smelting Reduction Process
4.1.1 Smelting reduction converter (SR-KCB)

Table 1 shows the main specifications of the smelt-
ing reduction converter. The furnace is a strongly-stirred
combined-blowing type converter with a removable bot-
tom equipped with eight duplicated tuyeres for bottom
blowing pure oxygen, and has a sufficient inner volume
to handle the large amount of slag which is formed dur-
ing smelting reduction refining. The top blowing lance
and blowing system also have a larger capacity than

Table | Specifications of SR-KCB

Specificalions

. Strongly stirred - Lype combined
I'ype .
Blowing converter
i Heat size - Ave 178.0t/ch
Vegsel S
Height 9105 mm
Capacity Diameter 8260 mm
Volume 372 m?
Top " Type { Water cooled lance
- -

blowing : (), {low rate Max. 950 Nm?*/min

i Tuyer type | Duphicated tube x 8
Bottom | . . [nner T, N, Ar
) Gas species
blowing Annulus @ Propane, N, Ar
Gas flow rate 0.5~1.2 Nm*/min -1
S S A
Suction capacity | Max. 165000 Nm*/h
: Salurater + RSW
- Dust collector . " Y
06 ‘ {(Cooling water 750 m*/h)
system . Lower, upper boiler and
Buoiler system ,
1~4 th contact boiler
i induction fan 2 by series(P = 2 650 MPa)
Cr ore . Water cooled lance with
Type . . -
lance J inner lining by ceramic

ordinary converters in order to secure the necessary
capacity for the smelting reduction of raw Cr ore. To
cnable direct charging of Cr ore sand into the converter,
a water-cooled Cr ore lance, which is inserted into the
converter, was developed.

In the exhaust gas trecatment system, membranc-type
water-tube boiler OG equipment was adopted at the
hood top, and a contact-boiler was installed in the flue of
the top boiler, raising the efficiency of sensible heat
energy recovery from exhaust gas.

4.1.2 Results of smelting reduction operation®”’

Table 2 shows a comparison of a typical Cr orc
used at No. 4 steelmaking shop and the pre-reduced Cr
peliets which were used at No. 1 steelmaking shop. At
No. | steelmaking shop, 60-70% pre-reduction was per-
formed to produce pre-reduced pellets. However, Cr ore
is used without pre-reduction at No. 4 steclmaking shop,
which places special requirciments on the converter.

Table 2 Comparison of typical chemical composition between pre-reduced Cr pellet and Cr ore (%)
Lo, Metllic g0 g Metallicn a0 Mg sio. G0
i Cr Fe
Pre-reduced (,r" peltet in s 20 ' . 20 17 1 5 1
No.1 steelmaking shop !
Crorein 15 tr § 20 b 15 19 2 t
No.4 steelmaking shop
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Specifically, because oxides of Fe and Cr exist in unre-
duced form, a large amount of heat compensation is
required for the endothermic reaction, and because the
reducibility of the material is inferior, rapid melting of
the oxides including gangue is nccessary. Regarding the
grain size, the larger part of the ore, particularly from
South Africa, is fine-grained sand, and it was therefore
necessary to develop a scatter-free method of direct
addition to the converter.

Al No. 4 steelmaking shop, it was possible to obtain a
Cr ore addition yield of 98% or higher by adopting an
in-furnace addition methad for Cr ore sand using a spe-
cial lance. This methed was adopted based on experi-
ments with the actual equipment at No. | steelmaking
shop and a computer analysis of the in-furnace gas flow
pattern. Where reduction behavior was concerned, the
Cr yield from Cr ore was maintained at 90%, and the
Cr,0; concentration of the slag was held 10 1.0% or
under, even at a Cr ore addition rate of 5.5-6.5 kg/min-t,
which is 2.5-3.0 times greater than with the pre-reduced
Cr pellet method formerly employed at No. 1 steclmak-
g shop in terms of Cr,O, addition rate. These improve-
ments were obtained by optimizing the heat compensa-
tion in large-volume top oxygen blowing, the molten
metal temperature, and the slag composition,

As a result, it has become posstble to substitute Cr ore
and stainless scrap for more than 70% of the Cr source
for stainless stecl. Figure 5 shows an example of the
breakdown of Cr sources in an austemtic stainless steel
(AISI 304) in comparison with the conventional process
using pre-reduced Cr pellets. The amount of Cr recov-
ered by reduction from unreduced Cr,Q; has increased,
and including the effect of an increase in the consump-
tion of scrap, it has become possible to reduce the con-
sumption of FeCr.

4.2 Combined Decarburization Process
4.2.1 Decarburizing converter (DC-KCB)
As the decarburizing furnace (Table 3), a strongly-
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Table 3 Specifications of DC-KCB

e R e

Facilities | [tems Specifications
= Strongly - stirred-type combined
Type ; .
© blowing converter
. Heat size Ave. 178.01t/ch
Vessel S
| Height 8905 mm
i Capacity Diameler 6 740 mm
Volume 242 m?
Top Type | Water COU]C,(L]EME,,
blowing 0, flow rate Max. 400 Nm*/min

Tuyer type Duplicated tuhe x 8

Bottom N . Inner 10, N, Ar
Gas species

blowing |
S 0.5~1.2Nm*/min - t
Max. 80000 Nm?'h
Saturater = RSW
Dust collector I . ;
06 {Cooling water 390 m*/h)

Gas flow rate

Suction capacity

system Lower. upper boiler and

Boiler system )
y 1~4 th contact boiler

. Induction fan . 2 by series(P = 2650 MPa)

Preumatic

EMII-type slag detector

Slag Type

stopper Detector

stirred, pure oxygen combined-blowing converter capa-
ble of blowing dilute gas was adopted for primary decar-
burization of the crude hot metal tapped from the smelt-
ing reduction converter at [Cr]=9-i3%. In the con-
verter decarburization proceeds to [C]=0.10-0.30%,
which is the most appropriate concentration for com-
bined decarburization with VOD while suppressing the
oxidation of Cr. The converter is the same type as in the
smelting reduction converter, The removable bottom is
also a common type in consideration of the shared usc
of exchange equipment and spares. However, the vessel
dimensions and the specifications of the gas supply
equipment, exhaust gas treatment equipment, and other
parts are not ideniical because of the large differences
between smelting reduction refining and decarburization
refining of stainless steel. These features were optimized
for the amounts of gas and slag produced during blow-
ing. The electrical and instrumental system makes it
possible to control the oxygen flow rate, oxygen dilution
ratio, and the cxhaust gas suction in response to the
decrease in decarburization efficiency as decarburization
proceceds.

4.2,2 Secondary refining equipment (VOD)

As the decarburization process for stainless stecl,
combined decarburization was adopted to achieve high
productivity with the converter and to take advantage of
the superiotity of vacuum decarburization as a sce-
ondary refining process to reduce Cr oxidation and
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decrease Ar consumption. As secondary refining equip-
ment, the VOD was introduced to respond to the increas-
ing demand for ultra-low carbon, ultra-low nitrogen
stainless steel predicted in the future.

Figure 6 and Table 4 show a schematic view and the
main specifications of the VOD equipment.

The VOD process comprises two vacuum treatment
tanks and two ladle treatment cars n onc vacuum
exhaust system, considering the productivity of ultra-
low carbon stainless steel, which requires a long vacuum
decarburization time. This arrangement makes it possi-
ble to shorten the vacuum treatment interval and per-
form overlapping vacuum and final alloy addition treat-
ment. Moreover, because it must be possible to achieve
ultra-low carbon and uléra-low nitrogen contens in the
high Cr region of ferritic stainless steels, a vacuum unit
with a large suction capacity and bottom blowing gas
cquipment with a high flow rate were adopted.

As the exhaust gas treatment equipment, dry-iype

Alloy hopper
Bag filter

Hopper

iV VIV VLY,

a —————————
- Bel o«
elt conveyer
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transfer car
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u Een;-d - >

- f
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cooler

*

*LT: Ladle treatment

Fig 6 Schematic view of VOD equipment

ns of VOD

Table 4 Specificatio

Item Specification

Type Twin tank and single vacuum unit

Ladle cover transfer car | 3 for 1 VOD cover and 2 LT covers
Heat size 178t

Vacuum unit 2 hoosters and 2 step - 5 ejectors

6 800 kg/h at 186 hPa
700 kg/h at 0.7 hPa

Suction capacity

Vacuum attainable L 3hba
Dedusting system Dry type
0, lance Multi holes water-cooled type
(O, blowing Max. 60 Nm*/min
Agritation gas 50 ~3 600 NI/mintAr and/or N,)

Frechoard of ladle 1530 mmat 178 t/ch, new lining)

Number of alloy hopper | 20

No. 37 October 1997

dust-collecting cquipment using gas coolers and bag
filters was adopted, preventing deterioration of the
exhaust capacity due to dust adhering to the boosters
and lightening the load on water treatment equipment.

4.2.3 Results of combined decarburization
operation

In the combined decarburization process, improve-
ments were made to optimize the total process while
taking full advantage of the respective features of the
converter and VOI. Specifically, the technique of de-
carburization in wide range of carbon content without
increasing Cr oxidation was developped by making
the maximum use of the advantages of Kawasaki Steel’s
strongly-stirred oxygen combined-blowing converter.®

Figure 7 shows the relationship between tapping [C]
(= [C] before VOD treatment), which was decided con-
sidering both productivity and the decarburization refin-
ing cost, and the target |Cr] and [N}. At No. 4 steclmak-
ing shop, it was possible to realize cfficiently a reduction
in [C] before VOD treatment without increasing Cr oxi-
dation by using techniques for decreasing Cr oxidation
at the converter. The reduced decarburization load on
the VOD achieved in this manner also has the effect of
reducing the total oxygen concentration of the steel after
vOD treatment. ln combination with the optimization of
other deoxidation treatments, this has contributed 1o the
stable achievement of [Q] <X 60 ppm even with Si-killed
AISI 304, and thus to an improvement in the quality of
cold-rolled steel sheets.”

4.2.4 High-efficiency production of ultra-low
carbon stainless steel

Figure 8 shows the results of VOD decarburization
treatment of 18% Cr and 30% Cr super ferritic stainless
steels with the new VOD. Bottom-blowing stirring using
a high-flow rate slit plug and control to a high degree of
vacuum during decarburization treatment have made it
possible to treat large heat sizes at a decarburization
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Fig. 7 Relation between optimum carbon content at
tapping and chromium, nitrogen content
level in combined decarburization process
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speed that surpasscs that of VOD of the No. | steelmak-
ing shop, which was used exclusively for super ferritic
stainless steels, and to increase substantially the produc-
tivity of super ferritic stainless steels in the class Cr =
16%, [C] + [N] = 120 ppm.

4.3 Casting Process™
4.3.1 Continuous casting equipment (No. 4CC)

To respond to more diverse and stricter quality
requirements placed on stainless steels and high carbon
steels and, simultancously, to cnable efficient produc-
tion, particular attention was given to the foliowing three
concepis in the construction of No. 4CC.

(1) lmproved efficiency of operation (low cost. high

efficiency)
(2) Improved quality of slabs
(3) Automation

Figure 9 and Table 5 show a schematic illustration
and the main specifications of No, 4CC, respectively.

When casting stainless steel in large heat sizes of a
maximum [85t/ch with a one strand continuous caster,
high-speed casting at 1.6 m/min is esscntial. In the
design of the vertical-bending type continuous caster,
which was decided in response to quality requirements,
it was neeessary to make use of the technologies for slab
continuous casters obtained at Chiba and Mizushima
Works. Tn particular, careful attention was paid to the
roll design in order to cast stably, on the same machine,
products ranging from AISI 316, which has high hot
strength, to ferritic stainless steels, which have low hot
toughness. To ensure high slab quality, the functions
shown in Table 6 were given to the respective equipment
from the ladle to the machine itself Because the
response to small-lot preduction was also an important
point with No. 4CC, the tundish hot recycling technique
wis adopled to hold down the increase in refractory
costs, and quick resctting was made possible by the
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Table 5 Specifications of No. 4CCM

[tem ‘ Spectfication

Machine tvpe Vertical bending

Nuntber of strand

Metallurgical length {m) | 25.6

Vertical length tm} | 2.0
Curve radius () 9.6

Hending points

Unbending points i 1)

Slab thickness fmm) ‘ 200, 260
Slab width {mm) ! 650~ 1650
Slab length {mm} 4 500~ 12 5i30)

Max.1.6
30
[ Air mist spray

Casting speed {n1/min) ‘
Tundish capacity (t)

Secondary cooling

| Invested functions
Ladle T AMEPA type slag detector
Triple-plates sliding nozzie
Tundish | DC twin type plasma heater
| Large capacity tundish
% Centrifugal flow tundish
Muotd Twin type eddy current level detector
l High cycle oscillation
Machine Vertical bending tvpe

(multi hending and-unbending)
Small pitched and devided ridls
‘ Alr mist secondary cooling
o Stra_nd EMS

tundish tilting car, sliding nozzle exchange car, tundish
prehealing equipment, and other devices. In the area of
automation, the response included the adoption of auto-
matic mold powder charging, fully automatic setting of
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Table 7 Comparison of maximum casting speed
between No. 4 and No. 1 CCM

: Maximum casting speed (m/mind
B - T
L No.Ad CCM I
ATST N4 ;

|.6 i 1.0

Nod CUM

AlSEAS0 1.3 n.9

casting conditions by the process computer, etc. Pooling
of operators was achieved by unifying the operation
room with the operation room of the existing No. 3CC.

4.3.2 High-speed casting of stainless steel'

In the continuous casting of staintess steel, the con-
ventional maximum was 1.0-1.6 m/min. Therefore, to
achieve the machine specification of 1.6 m/min, it was
necessary to ensure stable casting and reliable quality by
developing a total casting technology which includes
maold powder, oscillation, mold molien steel level con-
trol, secondary cooling conditions, etc. This was done
after the startup of No. 4CC, by the following measures:
(1) Optimization of secondary cooling conditions
(2) Optimization of oscillation conditions
(3) Optimization of the spout angle
{4) Adoption of observer control for control of the mold

meniscus

As a resull, high-temperature slab output was
achieved by uniform cooling, sticking was prevented by
sceuring the amount of mold powder consumption, seg-
regation in oscillation mark areas was reduced, and
increases in memscus tluctuations were prevented, real-
tzing stable high-speed casting.

Table 7 shows a comparison of the casting speed with
AIST 304 and AISI 430 at No. 4CC and the Ne. 1CC.
Standard production at the world’s highest casting speed
has become possible with both steel grades.

4.3.3 High cleanliness

In order 10 achieve high quality in slabs the cen-
trifugal flow tundish (CF tundish) has been introduced
as well as the above-mentioned equipment and func-

tions'

Because Al-killed stainless steel shows a high ratio of

defects caused by alumina inclusions, reducing this ratio
is an important task for improving quality. At No. 1CC,
the enhancement of separating non-metallic inclusions
by applying rotational force to the moelten steel flow in
the tundish using the lincar motor was alrcady con-
firmed. At No. 4CC, this technique has been introduced.

Figure 10 shows a schematic diagram of the CF
tundish which was adopted at No. 4CC. When rotational
force is applied by an clectromagnetic coil to the molten
steel in the rotation chamber, the non-metallic inclu-
sions, which have a low specific gravity, coagulate and
arc separated at the center, The molten steel then Hows

No. 37 October 1997
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out into the rectangular chamber, resulting in improved
steel cleanliness. As shown in Fig. 11, the CF tundish
has made it possible to reduce the total oxygen content
of molten steel by half.

At No. 4CC, this CF tundish is applied to all Al-killed
stainless steel, contributing to improved quality.

4.3.4 Achievement of coenditioning-free slabs

At No. 4CC, efforts were made to elimmate the
need for slab conditioning by achieving higher molten
stee] cleanliness using the VOD discussed in the previ-
ous chapter and by various quality improvements with
the vertical-bending type continuous caster, which was
introduced to achieve high slab quality. Figure 12 shows
the trend in the non-conditioning ratio of all stainless
steel since No. 1 steelmaking shop and the vield loss
ratio attributable to conditioning. Optimization of oper-
ating conditions has made it possible to reduce condi-
tioning loss {0 onc-half the former lever.

5 Conclusion
This report has described the concept of the construc-
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Fig. 12 Trend of conditioning loss and non-condi-

tioning ratio in stainless steel siab

tion of Chiba Works No. 4 steelmaking shop, which was
carried out as part of a modernization plan aimed at
crealing a 21st century environmental-friendly iron and
steel works specializing in sheet products, and has pre-
sented an outline of the equipment specifications and the
condition of operation after startup. Since startup, No. 4
steelmaking shop has continued to operate smoothly. In
the future, a rational production system will be con-
structed by flexible sclection of raw materials in
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response to changing stainless steel raw material prices
and further improvement in productivity and quality,
making the maximum use of functions of the cquipment.
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