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SUMNARY

The Iron-Making Plant of Chiba Works of Kawasaki Steel Corporation has in

operation five blast furnaces with a total annual pig iron production reaching
about 4.5 million metric tons.

The construction of Chiba Works was started off in 1951 with the reclamation
of a shallow sea coast of Tokyo Bay, with a view to building nation's first post-
war integrated steelworks from the ground up. Vith the desire of making the piant
the most up-to-date, the erection cf blast furnaces was carried out using as many
advanced techniques as then available.

In March 1965, No.5 blast furnace, the largest in the world at that time,
was blown in. It is not an exaggeration to say that all the new tecanologies

were incorporated in these furnaces so as to meeil an increasing trend in the indus-—
try for building bigger blast furnaces.

*# This is a summary of a paper issued under the same title as ID/HG.14/4.

y The views and opinions expressed in this paper are those of the author and do
not necessarily reflect the views of the secretariat of UNIDO. The document
is presented as submitted by the author, without re-editing.
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Pig iron output showed a large increase each year due to a series of the in-
stallation of remodelling of blast furnaces. In 1961 a total output exceeded a
1.3 millien tons level, and reached 4.2 million tons in 1966. The increase in out-
put of pig iron is attributed to not only the construction of new blast furnaces
but also to the construction ard rationalization of various auxiliary equipment

as follows.

l, Ore preparation

The fundamental principle underlying our pig iron making operations is that
strengthening of ore preparation is essential for better and higher efficiency of

blast furnaces operations.

l.1l, Application of ore blending system

Undar’the peculiar raw materials conditions Japan must seek its iron ore

gupply to se many foreign resources that brands of ore imported amoun® to a large

nunber, with resulting wide variations of chemical and physical propertigs.

In order %o obtain good blast furnace burden of uniform quality from these
ores of different properties, an introduction of ore blending facilities was
planned together with the blast furnace construction pre ject, and in 1953 the ore

blending wae employed by us for the first time in Japan.

1.2, Improvement of sizing

In order to uprate blast furnace productivity and to lower fuel ratio, a
complete exclusion of fine, a reduction in size range of charged ore, and a lower-

ing of grain size are required.

A eizing method taken at Chiba Works in earlier days was such that ore un-
loaded from a ship was passed through crusher and screen at the time of unloading
go that only sized ore was piled at the ore yard. Later, however, with a view to
strengthening ithe sizing operation, a secondary crushing and screening equipment
wag installed in 1961, thereby establishing a two-stage sizing system as is used

today. Top size of ore nas been gradually lowered to 30 mm.

1.3, Agglomeration of fine ore

During the earlier stage of the construction of Chiba Works, majority of

imported ore available to our company was such sticky ore as Dungun, Goa and Larap,
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and that their fine included so much of exira fine that they were not suitable for
sintering. Motivated by such circumstances, we took interest in the pelletizing
proceas which was yet then at an experimental stage in the United States as a low-

gr-de ore treatment method, and introduced it for treating fine ore in our hands.

Meanwhile, simultaneously with the construction of No.3 pelletizing plant,

the construction of sintering plant was also rlanned with the various reasons.

The construction of another sintering plant was based on the expected benefit
of maintaining both equipment, thereby using their respective features so as to

supply burden most suitable for blast furnace requirement.

In May 1962, No.l sintering equipment (3000 t/d) entered intc operation, to
be followed by the start of No.2 sintering equipment in 1965,

In order to improve blast furnace productivity, a further increase in the
provortion of treated ore is essential, At present, we are planning the instal-

lation of a third sintering plant (6000 t/d) which is scheduled to start operation
ir 1970.

2., Blast furnace cperationsg

Our rationalization effort was directed not only to the raw materials pro-
cessing as stated above, but also to the blast furnaces themselves in order to

realize greater productivity and lower ccst.

2.1, High temperature biasy operation

One of the most effective means of reducing the fuel cost for blast furnaces
is to raise the temperaiure of hoti blast. For attaining this objective, however,
it will be essential to install Aue equipment capable of supplying hot blast of
much higher temperature as well ar to Le assured of constant and excellent raw ma-
terial conditions tha* can ward off "hangings" and other troubles that usually
occur as the iemperature cof hot btlast in the tuyere part is raised, We have
already related on the various improvements made on the raw material conditions,
Turning to the equipmeni aspecis, we hiave made a series of improveme: Lo and re-
inforcements on the hot i:toves, tklast pipe and other parts, in consejuence of which

the average blast temperaiure for all the blast furnaces at Chiba har reached

IOOOOC, while the average temperature of bot blast for No.. blast furnace ulone
has marked the high of 1200°C.
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This is to say that hot blast temperature has been raised by an average of

25000 during the past seven years.

2.2. Injection of heavy oil and heavy oil-coal slurry

Tn Japan, the prices of coal (domestic), heavy oil, and coke are in the ratio
of 1 : 1.3 : 1.6. If the coke could be substiiuted with coal, heavy 0oil, and other
fuels, it would be poscitle to reduce the cost of pig iron. The practice of heavy
0il injection was firs* applied tn No 4 blast furnace, and was gradually extended
to other blast furnzces. This method was found aseful in saving the use of the

costly coke,

In 1965, we began to study the possibility of ipjecting the coal instead of
heavy o0il, with a view to making a greater use of Comestie coal. Though one of
our earlier idews was the injection of coal itself 1nto the tuyere, we later
developed and evertually adopted the method of injecting it mixed with heavy 0il

in the form of slurry as thies made 1t easier to ronircl the volume of injection.
¥y

2.3, High top pressure cperation

If a maximum piroductiviiy is to be attained wish a2 limited inner volume of
blast furnace, it is necessary to supply the blast furnace with as great a volume

of rot blast asg pocrible.

The high top jressure operation can widely increase the volume of hot blast
bty raising the furnace-tnp gars pressure, thereby 1increasing blast furnace produc-
tiwity, while preventing various trouties which are otherwise apt to occur as the

£low rate of furnac: increases.

i
e
»
m

Tn 1964, No.Z2 hiast furnace was remodelled into @ high top pressure blast
furrace capable of mayimur furnace-—top pressure of 1.0 kg/em”, with 1ts two bell
system unaltered., 1hen in 196y, the new No.5 blast furnere was completed as a

3-bell, high top pressure blast furnace, with a maximum top pressure of 1.1 kg/cm2.
The nigh pressure cperation crought anout an increased pig iron output,
recording a pig iron production rate of 2.6 t/mjfd.
Ae already mentioned, the technical improverents on raw materials processing

ard the blast furnzce operations have slepped up the blast {urnace efficiency

ard reduced the unit consumption rate of fuels, greatly contributing to the

Iowertng of the cost of pig iron.

i
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As stated above, Chiba Works has so far been grappling with the rationailiza~
tion problems by adopting every possible latest technique. And yet the rigorous
international economic environment as we find it today is pressing us for further
drastic rationaligation. For instance, the ever-expanding capacity of blast

furnaces seems dwarfing the existing plant space more and more every year.

Aside from our perennial concern as to how to deal most economically with an
ever-mounting volume of raw materials and productis to be mrved about within a
limited space, we are addressing ourselves continuously, aiming at the goal of
higher productivity and lower cosut.
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1. PRESENT STATE OF IRON-MAKING PLANT

Tne Iron-Making Plant of Chiba Works of Kawasaki Steel Corporation has
in operation fivc blast furnaces with a total annual pig iron production reach-
ing about 4.5 millica metric tons. Main specifications of the blast furnaces,
their auxiliary equipment and ore preparation facilities are tabulated in the
attached Table 1, with a schematic layout of Chiba Works includi .g these equip-

ment and facilities chown in the attached Figure 1.

2.__CONSTRUCTION OF BLAST FURNACES

The construction of Chiba Works was started off in 1951 with the re-
clamation of a shaliow sea coast of Tokyo Bay, with a view tc building a
nation's first postwar integrated steelworks from the grovnd up. With the
degire of making the plant the most up-to-date, the erection of No.l blast
furnace was oarried out using as mary advanced techniques as then available.

Some of the features of No.l blast furnace ares

1) The furnace struoture was made to be of free standing type, which
wag “he first of its kind in Japan.

2) Unlike the conventional type, cooling boxss were installed high up
to the upper part of the shaft so as to minimize heat expansion of the shaft.
Also, for a longer service life of the furnace refractories, cooling boxes were

so lesigned as to reinforce the refractories.

A new blast furnace of our own design with these features well incorpor-—e
ating advanoed teohniques of the USA and Cermany was elected in June 1953.

Elsewhere, various new ideas were employed for the layout .f cast house,
mud gun, and hot stoves. For the stabilized performance of' the furnace, the

use of instruments was emphasized so as to prumote a centralized control system.

Wo.l blast furnace showed a very smocth operation thereafter, and achieved
a 1000 t/d production in 1960, drawing a wide attention of the industry. During
the following two years and & half until the blowing-in of No.2 blast furnace,
various new teohniques wsre further maiured and a fundamental concept of No.Z2
blast furnace was worked out.
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In 1958, No.2 blast furrace with jits size larger than No.l went into oper-
ation. The furnace was of our own design almost in every respect. Despite the
gimilarity of its layout and the structure with No.l blast furnace, a wide
range of rationalization was realized in the new materials feeding facilities
and the skip charging system; namely,

3

1) Inner vclume was enlarged to 1172 m~.
2) For skip bridge control system, Logit method using semi-oonductor

was employed.

3) Frames for supporting the furnace body were made of Rahmen (rigid)
structure, unlike the case of No.l blast furnace where Rahmen structure was

used for the lower part, and truss structure for the upper part.

4) For the structure of hearth bottom, carbon refractories totalling 60

tons were used.

The operation of No.2 blast furnaoe doubled the pig iron production of
Chiba Works. Parallel with the expansion o. the output, raw materials handling
facilities were also reinforced with major equipment relative to the No.l main
wharf almost completed, and No.2 pelletizing plant started operation a little

later, contributing much to an increase in pig iron output.

By the time when the start-up operation of No.2 blast furnace was finished,

the construction of No.3 blast furnace had been started.

Tre construction of No.3 blast furnace called for a re—examination of the
layout of the entire plant as a result of an increase in the total arnual ingot
production target of the plant from the earlier one million tons to 2.5-3.5
million tons, and it was at this stage that the locations of No.3, 4 and 5

blast furnaces were decided conolusively.

No.3 blast furnaoce, though of free standing type as Nos.l and 2, had a
3
1689 m

furnace were as follows:

inner volume, the largest in Jagan at that time. The features of this

1) Skip bridge control room was positioned of the same floor as work

floor, thcreby saving construotion costs and improving work effioiency.

2) Tilting trough system was employed, thereby improving the layout of

cast house and uprating work efficiency near the furmaoce.
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3) For all the valves for controlling hot stoves, Japanese-made equip-

ment was used.

4) Under the so-called block-type engineering method, a number of plates
were welded together to form furnace shell except where the shell makes joints
with top ring and tuyere frame. This engineering method was made possible by
the marked improvement then of welding techniques. This technique found its
use in the construction of other blast furnaces subsequently built at Chiba
Works.

The foundation work for No.4 blast furnace was started together with that
for No.3 blast furnace, and it was oompleted at the time of the blowing-in of
No.3 blast furnace. No.4 blast furnace, the sister furnace to No.3 blast
furnace, had its type and inner volume entirely the same with the latter, except

some improvements made in minor portions.

Simultaneously with the blowing-in of No.4 blast furnace, No.3 pelletizing
plant went into operation. This plant was able to continue a high efficiency

operation under the then favourable raw materials supply condition.

The No.l blast furnace which was blown down a week before the blowing-in
of No.4 blast furnaece recorded an 8 years and 2 months of operation with a
total pig iror production of 2.4l million tons, which was an astonishing record
for the technology at that time.

The remodelled No.l blast furnace had larger hearth and furnace diameter
than the original, with a 913 m3
was the use of air-cooling method incorporated for the hearth bottom as the

inner volume. A feature of this remodelling

first of its kind in Japan.

In August 1964, the remodelling of No.2 blast furnace was completed in 81
days, due mainly to the advantage of PERT method whioh was first employed in
Japan for this kind of work. No.2 blast furnace marked a record pig iron pro-
duction of 2.75 million tons for the 6 years and 3 months period., Major points
of the remodelling at this time were as follows:

1) High top pressure operation was used.

2) Hopper soale was employed in lieu of larry car.

3) A 2-tap hole system and a 2-cast house set-up were used.

4) Raw macerials feeding was computerized for automatic ocontrolling.
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With the above remodelling, the capacity of Nc.2 blast furnace increased
3

to 2000 t/d, despite a little decrease in its inner volume to 1i56 m~. The

improved capacity is due nainly to a akillful introductiun of technical devel-

opments such ag pre-tresiment of iron ore and high top pressure.

Prior to the blowing-in of No.. blast furnace, the third ore crushing
ard screening equipment was ~ompleted in February 1964, Th.s contributed to
a further improvement of sizing as an important supporting fector for the blast

furnace operationsg.

vuccepasively to the remodelling of No.2 blast furnace, No.5 blast furnace,
the largest in the world at that time, was blown in. It is not an exaggeration
to say that all the new technologies were incorporated in this furnace so as
to meet an increasing trend in the industry for building bigger blast furnaces.

The features of No.5 blast furnace are as follows:

1) With its inner volume of 2142 m3, the world'as largest class, the

furnaoe can produce pig iron at a rate of 4000 t/d.
2) Mantle was supported with brackets from 6 columns.

1) High top pressure (max. 1.1 kg/cmg) operations can be made. A 3-bell
system of John-Mohr type was employed.

4) By the use of hot stoves of external combustion type, blast temper-

ature can be raised to l?OOOC.
5) Belt ccnveyor system was employed for the charging of furnace burden.
6) Corputer is emplcyed for gequential control of charging system.

Simultaneously with the blowing-in of No.5 blast furnace, No.Z2 sinter
plant was installed and raw materials unloading facilities were reinforced.
Because of this, the capacity of No.5 blast furnace was widely increased to
attain 4250 t/d production in March 1967.

No.4 blast furnace which had been blown-in in August 1961 was blown down
in September 1965, and resumed its operation after 113 days of the remodelling
work. 1In this remodelling, a 2-tap hole system was employed and also a 2-cast

house system was used for the production increase.

In October 1967, No.3 blast furnace was blown down and remodelled in 77

days. In this case, a 2-tap hole system was also used, together with new tech~

SR}
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niques such as the high top pressure operation, charging oontrol by computer,
high-temperature water cooling, cil-pressured type mud gun and others. A
total pig iron output of No.3 and 4 blast furnaces up to the stage of the

blowing down were 5.21 and 3.15 million tons, respectively.

As outlined above, pig iron output showed a large increase each year due
to a series of the installation of remodelling of blast furnaces. In 1961, a
total annual output exceeded a 1.3 million tons level, and reached 4.2 million
tons in 1966. The trend of this pig iron output is shown in Fig.2 The in-
crease in output of pig iron is attributed to not only the construction of new
blast furnaces but also to the construction and rationalization of various
auxiliary equipment as meniioned earlier. The detail on the rationalization

will be described in a later chapter.

3, IMPROVEMENT OF PIG IRON MAKING TECHNIQUES

J:1_Ore preparation

The fundamental principle underlying our pig iron-making operations is
that strengthening cf ore preparation is essential for a better and higher
efficiency of blast furnace operations.

J.1.1 Apglicatinn of ore blending sxstem

Under the peouliar raw materials conditions Japan must seek its iron ore

supply to so many foreign resources that brands of ore imported amount to a

large number, with resulting wide variations of ohemical and physical properties.

In order to obtain good blast furnace burden of uniform quality from these
ores of different properties, an introduction of ore blending facilities was
planned together with the blast furnace comstruction project, and in 1953 the
ore blending teohnique was employed by us for the first time in Japan.

Blending facilities at Chiba Works were expanded along with the increase
in ore requirement, with a 70% (4500 t/d) of sintering materials and a 25%
(4500 t/d) of blast furnaoce burden being blended today.

Under the blending method at Chiba Works, various brands of ore are piled
by the stacker on the ore yard layer by layer and then are fed by the reclaimer.
One example of oomponents of blended ore for sintering is shown in Table 2.
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Effacts of the ore blending are as follows:

1) It oan avoid the turbusance of furnace conditions due to frequent

changes in ore burden when using many types oi ore.
2) Number of bunkers at the blast furnace can be reduced.

3) Undesirable varitations of physical and chemical properties of

charged ore can be reduced.

4) By recucing nunber of brande¢ of ore, a weighing time befnre charging

is shortened, with weighing accuracy raised and charging capacity increased.

3,1.,2 Improvement of gizing

In order to uprate blast furnace productivity and to lower fuel ratio,
it is necessary to improve permeability witnin the furnace and to increase a
rate of ore reduction per unit hour. To this end, & complete exclusion of
fine, a reduction in gize range of charged ore, and a lowering of grain size
are required. In other words, emphasis should be placed upon minimizing grain
gize, with efforts for lowering top size so as to reduce average grain size.
Also, fine ore whioh generates from the above processing must be thoroughly

removed.

A sizing method taken at Chiba Works in earlier days was guch that ore
unloaded from a ship was passed through crusher and screen at the time of un—
loading so that only gsized ore was piled at the ore yard. Later, however, with
a view to strengthening the sizing operation, =z gecondary crushing and screen-
ing equipment was installed in 1961, thereby establishing a two-stage sizing
gystem as is uged today. Therefore, unloaded ore is passed through the first
gizing to be stored at the ore yard. These ores are again sized when being
sent to the ore bin or the blending cre yard from the yard. Fig. 3 shows a
flowsheet of a series of the above sizing processes. Top gize of ore has been
gradually lowered in line with the above—mentioned principle and the trend of
the lowering top size and the proportion of 10-30 mm ore in sized ore are
gshown in Fig. 4. As 1s evident from the Figure, -10 mm and +30 mm size ore

have been widely reduced during the past several years.

In Fig. 5, correlation between top size and pig iron produstion is shown,
taking iw.3 and 4 blast furnaces for example. It is noticeable that a lower-

ing of top size from 40 mm to 35 mm then to 30 mm is contributable to a wide
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range of produotion increase of both furnaces. Even when the results of both
furnaces are oombined, a lowering of top size from 40 mm to 35 mm resuited in

a 6~9% increase in output, and that of from 40 mm to 30 mm brought about an
8-12% production rise.

;.1.3 Aggiomeration of fine ore

Along with the improvement, as described in the foregoing, of ore sizing
for the purpose of uprating blast furnace productivity, an amount of fine ore
generation has increased. In view of an increasing rate of high-grade ore
inolusion in such fine ore generation, and a rising trend of fine ore collection

at ore mines, a need for fine ore treatment is increasing.

During the earlier stage of the construction of Chiba Works, majority of
imported ore available to our company was such sticky ore as Dungun, Goa and
Larap, and that their fine included so much of extra fine that they were not
guitable for eintering. Motivated by such circumstances, we took interest in
the pelletizing process which was yet then at an experimental stage in the
United States as a low-grade ore treatment method, and introduced it for treating
fine ore in our hands. The pelletizing method was entirely new to Japan and
after some deliberate study and research, we were able to enter into a commercial
production rated at 400 t/d in March 1955. Keeping pace with the erection of
blast furmaces in the following years, No, 2 and 3 pelletizing plants were in-
gstalled one after another in such a large-scale as are existing today. The

features of pellet can be summarized as follows:

1) FPine ore of -44 micron, 804 which is not suitable for sintering can

be made into pellet. Sticky ore is more suitable for pellet.

2) Average grain size is small (15 mm) and a range of grain sige is
narrow.

3) Pellet has an excellent reducibility and a higher bulk density than
sginter.

4) Slag generation is little because of high-grade of pellet.

5) Dust generated from open hearth furnaces and L~D converters and also
gsludge can be treated into pellet.

Meanwhile, simultaneous with the construction of No.3 pelletizing plant,

the construction of sintering plant was also planned with the following reasonsi
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1) Mass production gystem is more gsuitable to sinter than to pellet.

?) Techniques for manufacturing gel f~fluxing sinter having excellent

characteristios for blast furnace burden material were developed.

3) Our gintering technique was markedly improved as compared with the

earlier stage of the Chiba Works construction.

The construction of another sintering plant was based on the expected
benefit of maintaining both equipment, thereby using their respective features

go as to supply burden most suitable for blast furnace requirement.

In May 1962, No.l sintering equipment (3000 t/d) entered intu operation,
to be followed by the start of No.2 sintering equipment in 1965, simultaneously
with the blowing-in of No.5 blast furnace. As a result, a total output of
ginter rose to 6000 t/d.

gince the earlier stage of gintering operation, the Iron-Making Plant had
been making a ooncentrated effort for developing high bagicity sinter, and
finally succeeded in the making of a high bagicity (1.8—2.2) gself-fluxing

ginter. Main reasons for the making of the self~fluxing sinter ware as follows:

1) The use of self-fluxing sinter can reduce :he volume of lime other—
wise to be added separately to the blast furnace burden, thercty saving heat

energy requirement necessary for limestone decomposition.
2) Carbon Solution loss can be reduced.

3) It can prevent the generation of fayalite (2Fe0 $i0,) and help forming
calcium ferrite (n Cad Fe203).

As explained above, Chi»a Works, beoause of its advantage of having both
sintering and pelletizing plants, can treat fine ore, fully utilizing the

features of both equipment.

For instance, undersize generated from the sizing process can be made into
high basicity gelf-fluxing sinter, and gtioky ore whioh is not guitable for
ginter can be made into pellet. In order to improve blast furnace productivity,

a further increase in the proporticn of treated ore is essential.

Table 3 indicates 2 chronologi~al development of our fine ore treating
equipment. At present we are planning the installation of a third sintering

plant (6000 t/d) which is scheduled to start operation in 1970.
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As shown in Table 3, the construction of pelletizing plants was completed
in 1961, as scheduled, establishing a 4000 t/d pellet produstion system. As
a result, a rate of peilet in a total burden rose to 20-25%. Meanwhile, a
600C t/d sinter production system was also established with the start in 1965
of No.? sintering equipment, raising a rate of sinter in total burden to
30-35%. “hus, a total daily production of agglomerated ore at Chiba Works
amounts to 10,000 t/d, occupying some 59% of a total burden requirement.

Figure 6 shows the trends at Chiba Works of the ratio of agglomerated ore,
pig iron output per cubic metre of blast furnace inner volume per day, and
coke rate. as is evident in the Figure, coke rate lowered under the effect of
the increase in pellet proportion, but went up again reflecting a temporary
shortage of treated ore resultant from the blowing-in of No.3 blast furnace
in 1960. Thereafter, however, it jowered steadily to show a marked decline in
1962 reflecting the effect of ore agglomeration and sizing v.aich were largely

improved by that time.

Since then, pig iron output per oubic meter of blast furnace inner volume
rer day has been showing a noticeable increase, with some momentum for further
rise. This is considered to be attributable also to the effeot of the high

top pressure operation.

In 1970, when No.3 sinter plant is scheduled for completion, the ratio of
agglomerated ore in a total burden is expected to be about 80% with a resultant

further rise in blast furnace productivity.

3,2 Blagt furnace operations

Our rationalization effort was directed not only to the raw materials
processing as stated above, but also to the blast furnaoce themselves in order

to realize greater productivity and lower cost.

}.2.1 High temperature blast operation

One of the most effective means of reducing the fuel cost for blast
furnaces is to raise the temperature of hot blast. It is generally held that,
for each 100°C of rise in the blast temperature, coke may be economized by
20-25kg/t-pig. For attaining this objective, however, it will be essential
to install due equipment capable of supplying hot blast of much higher temper-

ature as well as to be agsured of constant and excellent raw material conditions
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that can ward off "hangings" and other troubles that usually occur as the
temperature of hot blast in the tuyere part is raised. We have already related
on the various improvements made on the raw material conditions. Turning to
the equipment aspects, we have made a series of improvements and reinforce-
ments of the hot stoves, blast pipe and other parts, in consequence of which
the average blast tenperature for 411 the blast furnaces at Chiba has reached
1OOOOC, while the average temperature of hot blast for No.Y blast furnace alone
has marked the high of 1200°G. This is to say that the hot blast temperature
has been raised by an average of 25000 during the past seven years, as graph-

ically presented in Fig. 7.

Woriliy of special note is No.Y blast furnace, where the large-type high-
powered hot stoves (external combustion type) were installed. The said stoves
are not only fired with blast furnace gas, but are also equipped with a special
apparatus for mixed combustion of both the coke-oven gas the heavy oil, and
are capable of supplying hot biast of 1200°C at the rate of up to 4000 m3/min.

Fig. 8 shows the section through the hot stoves for No.5 blast furnace.

3,2.,2 Injeotion of heavy oil and heavy oil-coal slurry

In Japan, the prices of coal (domestic), heavy oil, and coke are in the
ratio of 131.3:1.6. If the coke could be substituted with coal, heavy oil,
and other fuels, it would be possible to redure the cost of pig iron. The
practice of heavy oil injection was first applied to No.4 blast furnace (hearth
diameter: 8.8 metres), and was gradually extended to other blast furnaces.

This method was found useful in saving the use of the costly coke.

In 1965, we began to study the possibility of injecting the coal instead
of heavy oil, with a view to making a greater use of domestic coal. Though
one of our earlier ideas was the injection of coal itself into the tuyere, we
later developed and eventually adopted the method of injecting it mixed with
heavy oil in the form of slurry, as this made it easier to control the volume
of injection. Fig. 9 gives the fiowsheet of the slurry injection process.

The said equipment was adopted for use with No.1l blast furnace (hearth diameter,
7.2 metres; pig irou capacity, 1500 t/d). It has since been improved upon in
various ways and has been functioning gsatisfactorily. This method contributes
to the saving of coke as the slurry of 30% coal is injected at the rate of
60-70 k;/ t—=pig. Fig. 10 shows the operation result obtained from the test of
glurry injestion, and tells us that the substitution ratio of the coal comes

to about 1,0, roughly ~arresponding in effect to heavy o'l.
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}.2.} High top pressure operation

If a maximum productivity is to be attained with a limited inner volume
of blast furnace, it is necessary to supply the blast furnace with as great
a volume of hct blast as possible. But in this case it must be remembered
that a drastic increase in the volume of the hot blast will lower the air
permeability within the blast furnace and tend to deter a smooth furnace per-
formance. In contrast, however, the high top pressure operation can widely
increase the volume of hot blast by raising the furnace-top gas prescure, there-
by increasing blast furnace productivity, while preventing various troubies

which are otherwise apt to occur as the flow rate of furnace gas increases.

In 1964, No.2 blast furnace (hearth diameter: 7.5 metres) was remodelled
into a high top pressure blast furnace capable of maximum furnace-top pressure
of 1.0 kg/omz, with its two-bell system unaltered. Then in 1965, the new No.5
blast furnace was completed as a three-bell, high top pressure blast furnace,
with a maximum top pressure of 1,10 kg/cmz. The high pressure operation brought

about an inoreased pig iron output, recording a pig iron production rate of
2.0 t/m3/d.

Nevertheless, however, there still remain a number of equipment problems
to be solved if the present high top pressure operation is to be carried far
into the future. One of the big problems is the abrasion of the bells as it
affects the maintenance of the charging gear at the furnace top. In an attempt
to solve this, a device has been developed for making the gas seal of the bells
last longer than before, and a reasonably good effect is expected from this

measure for the time being.

Likewise, No.3 blast furnace will be remodelled in autumn 1968 for a high
top pressure operation. Fig. 11 shows the correlation between the pig iron
production rate and the furnace top pressure of No.5 blast furnace. Fig. 1l
gives only the results obtained during the start-up period af the furnace.

/

At present, the production rate of pig iron stands at 2.0-2.2 t/mB/d under the
top pressure of 0.7-0.9 kg/cmz.
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4., REDUCTION OF COST

As already mentioned, the technical improvements on raw materials processing
and the blast furnace operations have stepped up the blast furnace efficiency
and reduced the unit consumption rate of fuels, greatly contributing to the lower—
ing of the cost of pig iron. These relations were already illustrated in Fig. 6.
Coupled with the reduced prices of imported iron ores, our continuvus rational—

ization efforts have proved effective in reducing the cost of pig iron.

As No.3 Sinter plant at Chiba will come into operation in the near future,
the cost of pig iron will further be brought down because the increased use of

agglomerated ore will increase the blast furnace productivity, and to reduce

the coke rate.

5. CONCLUSION

As stated above, Chiba Works has so far been grappling with the rational-
ization problems by adopting every possible latest technique. And yet the rigor-
ous internmational economic environment as we find it today is pressing us for
further drastio rationalization. For instanoe, the ever—expanding capacity of

blast furnaoes seems dwarfing the existing plant spaoe more and more every year.

Aside from our perennial concern as to how to deal most economically with
an ever—mnounting volume of raw materials and products to be moved about within
a limited space, we are addressing ourselves continuously to the following out-

standing tasks, aiming at the goal of higher productivity and lower costi-
a) Expansion of port facilities.
b) Rationalization of handling of raw materials.
c) Reinforcement of raw material processing facilities.
d) Reinforoement of auxiliary equipment of blast furnaces.
e) Development of new operation techniques.

f) Construction of blast furnaces with larger capacity.

Table 1.
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OQutline of iron-maiking equipment

SA[ Blast furnace section

1BF  2BF  3BF  4BF SEBF
Capacity (téd) 1,500 1,800 2,700 2,600 3,900
Inner volume (m”) 913 1,156 1,686 1,663 2,142
Heath dia. (m) 7.2 7.5 8.8 8.8 10.0
Tuyere Nos. 14 16 13 20 24
Tap hole Nos. i 2 2 2 2
Hot stove:
type cOWper CoOwper Ccowper cowper koppers
numbers 5 3 3 3 4
heating 12,170 (2)
2
surfaze (m“) 11,990 (3) 23,640 25,600 25,600 39,680
Cas cleaning:
1st dust catcher " h " "
2nd gpray washer " " " "
ird elec. precip. " " " "
Blower:
3
(m”/min, 1,650 2,350 2,800 2,800 3,900
xkg/cm2)
x 1.4 x 26 x2.4 x 2.4 x 3.0
B) Ore preparation section

Sintering plant
Pelletizing plant

Blending yard
Ore yard

DL type 80 e x 2
shaft furnace type

capacity 6,000 t/d

(150 t/d x 4) ceasing
250 " x 6)
400 " x 6 capacity 4,500 t/d
1,000 " x1
48,000 02
103,000 m°
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Table 2. Components of a blending ore for sintering § Table 3. Development of fine ore lomeration equipment
Brand Wet weight (t)
Irar Ltem Capacity (t/d)
Koreat 1 furn
Yangyang 1,995 954 No.1l pelletizing plant constmction 4 aces 800
Mul o 504 é 1958 No.2 pelletizing plant U 6 furnaces 1,200
Indias § 1961 No.3 pelletizing plant " 6 furnaces 2,300
India 1,008 1.62 No.l sintering plant " 3,000
Sandur 1,007 196
Bailadila 1,499 965 No.2 sintering plant " 3,000
Kiriburu 2,990 " No.l pelletising plant enlargement 800 - 900
Brazils 1966 " replace to 1,000 t/d Foe. 900 - 1,000
Rio Doce 1,015 1970 No.3 sintering plant at planning 6,200
Australias
Mt. Coldsworthy 3,998
Chile:
Santa Barbara 3,033
Santa Fe 1,994
South Africa:
Asoman 2,196
USA:
Bagle Mt, 4,021
Iron sand 998 i
L D slag conc. 628
B F dust | 3,026 H
India mangan ore 986 7 |
Others 1,003
i

(total) (32,078) ]
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Figure J

Flowsheet of ore sizing
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Pigure

Trend of the 10-30 mu proportion in sized ore
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Fi e

Correlation beiween ore top gize and pig iron production
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Figure 8
Section thr hot stove
Figure ] —L.
Trend of blast temgerature
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Figure
Flowsheet of slurry injection

Figure 10
Correlation between coke rate and slurry concentration
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Figurs 11
Correlation between top pressure and iron production
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Figure 12
Trend of pig iron production coat
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