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SUMMARY

The progress of ironmaking technology during the past
15 years in Janon in the {ields of raw materialn, operating practice, and
equipmen’t may be outlined as follows. In the ficld ol raw
materials, lump orcs have been crushed to 59mm, and then fine
ores have been removed by screeniny. After ascertaining the
effect of these measures, the lump sizZe was brought to 35mm,
and -5mm finc ores have been completcly eliminated. Ip some
works, sizing has now been brought doun lo the vory narrow range of
3=25 mine

This,howevar,lud to the generation of fine ore in larger
quantities. tncreased use of sinter and the production of
self-fluxing sinter have become more popular for the trcatment
of guch fineu. A 10% increase in sinter ratio in the
burden corresponds to a reduction of coke rate of about 10kg/t
and to a production increase of about 2%. It has thus become
usual practice to improve blast-furnace cperating results by
constantly supplying large quantities of sinter having a stable
quality.

In operation, the  adequate permenbility cuaranieed Ly good
preparation of raw materials permitted achievement of higher
blast tempcratures: 2 190°C increase in blast temperature led
to a reduction of coke rate by ahout 20kg/t. The application
of fuel injection required u constunt theoretical flame temperatvre o be
maintained at the tuyeres, thus resulting in a high blast
temperature ot ahout 1,100 - 1,200°C, and the reduction of
coke rate to 447hg/t an thesnalional annund average.

The rematrhable projress or BOW sicelmaking Lod Lo an increaned demand
for hot metal, and “his has haniened  the trend toward constr-
ucting larger blaat furnaces. With a view to ensuring a high
permeability in these large-capacity blast furnaces, high
top pregsure operation hag been adopted, and various improve-
ments have accordingly been made on the top charging systems.
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In the casthouse operations to treatl large quuntitios of
hot metal, two casthouses are provided with three tapholes in
Niopon Kekan's Fukuyama No.d4 blast furnace, daily producing
more than 10,000 tons on monthly averago.,

Production costs in large-cavacity blast [urnaces are
relatively low, tutang inte coount ali the operating and
investment costs. Capacity expansion is advantageous up to
about 2,%00m3. In larae-scale iron works directed toward a
more favorable mass-production, thercfore, the superiority of
large-capacity blast turnace has been recognized, and there
is an active wove toward replacing small furnaces by large-
capacity ones.

Rescarch and develooment efforts have been made in raw
materials, operations and cyuipment fhere have nol only been
improscive developments in these andivaidual tields, bubl aluo combinatiom:
of the resulis of progrecs in thece difterent frelds havo wade very .
significant contribution,
as i}lustrated by the marked decrease in ccke rate and
increase in productivity, thus leading to the present success

of large-capacity hlast-furnace operation.




1. P:oqfess_g{ ironmaking technology in Japan

Ironmaking technology nas recently made remarkable
Progress, an cutlipe of which is ag follows. The Japanese giue]
industry formulated the fics rationalizatjon plan during the
period from 195} through 1955 ¢ reconstruct former facilities,
Crushing of lumps appling for the preparation of raw materials
considerably raised the productivity of blast furnacey,

Iron production ang coke rates, which had been 2.2 million
tons and 912kg/ttr95pective]y in 1959, a4 become - 5,26 mil-
lion tons andg M 3kg/t Lespectively in 1956,

In the second rationalization plan cevering the period
from 195 through 1960, new blast ﬁnmam&:wemiuULSUuﬂted{the
g§§gnw:volumn of the largest wug rilsed from 1,300 to 1,700
m2), Production was raised to 12.1 million tons, while
the coke rate decreasced to 617kg/t in 1960,

In addition, ag shown 1n Fig.1, the coke rate was reduced
to 507kg/t in 1965 and to 47kg/t in lO?L;u;un:mnmd,national
average in Japan, through the avplication of ¢il injection,
use of sinter in larger Tuantities, rdopt ion of self~£]uxing
sinter, high top press.re operation, and cther technical innoy- 3
ations,

In the meantime, BOF was introduced by Nippon Kokan K.K.
and Japan Stuel Corp, in 1957,

The HF converter Process, cmploying a high pig ratio of
about 80% ¢ furthermare very high ufficiency, has demanded
the stable Supoly of a large quantity of het metal, To cope
with thig increasing demand, the trend toward constructing new
and larger hlagt furnaces wag further accelerated in addition
to the efforts to modify Xisting furnaces and improve
production techniques, a furnace having , Capacity eXcecding
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with crmphasis o aced on INging the ore aige to S0mm.  However,

the removal of generitoed Dyvocwn Gootr ud o HE N T e
charged into Hlast furnaces in the form mixed with sized ore
in most o1 the works. Later in 19659 - O, tasts wore carried
out in many woris to ascertaln the ef £act ot iloing. Thas
resulted in an intensifiocd crushing: facilit ies wore modified
into those of the Circulation typr in whish the fraction ot a
size over a certain Limit 1n ores after the secondary crushing
was recrushed to size gre to Tess than d0mm, ::imultanvcus!y,
closer screening of -10mm fines hos been applied in an attempt
to ensure an ad:.uate permeability in th: Furnuace and to imnr-
ove the burden distribution and reducibility, According to
the results of tests carried nut at that time at Nippon Kokan,
a 1% decrcase of lumps of larg:r than 3%mm in charged ores
corresponds to a decrease in cokoe rate of about 2kg/t, and a

12 decrease of -6mm fine: leads to a decrease in coke rate of
lkg/t.

In the same neriod in which the sizing was intensified,
ﬁgmucec%umciﬁnn began to expand from 1,300m3 up to 1,700
m’. Later construction of large furnaces exceeding 2,000m3
“esulted in sizing of ore to tight range of 8 - 25mm,

2.2 Sinter and its etfect

Ore sizing was intensified for the improvement of the
blast furnace productivity, This, however, led to the generat-
ion of fine ore in larger quantities at mine sites and in iron
works. Thig led bo an increase in sinlering: plunt capacity,

Before 1950 - 1953, sinter d1ccounted for 30% of the burden,
but this percentage increased to about 40% in 1955, and more
emphasis has been placed on the effect of sinter on the bilast-
furnace operation. Tests and research were conducted to find
sinter qualities suitable for blast-furnace operation, while
tests with more sinter were carried out in commercial furnaces
to ascertain its of feot on the operation.

Furthermore, progress has heen made in the study of
self-fluxiny sinter mixed with limestone: tests with a high
blending ratio of this sinter were conducted in many industr-
ial furnaces from D% onwarizs, This revealed the rem-

‘arkable effect of sclf-fluxing sinter on the improvement of

gas’permeability through the furnace, increase in production,
and reduction of coke, rate,

Burdens now in wuse in the present blast furnaces exclusi-
ively therctore conpict of polf=Iluxang siviler, i
efforts are directed toward increasing 1its blending ratio to
ensure a sinter percentage of 70 - 80% in most modern works,
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At NKK's Fukuyoma 0" Plant having furnaces darly produc -
ing 10,000 tons, the uinter strongth s controlled thicugh
measurement. of tumblicer indcex baswd on continuous automatic
sampling to feod back results to the eperation of the sintoer
plant.

Improvement. of canter guality is largely contributing to
that of operating results of blast furnaces. 1n producing and
using sinter having stable chemical and rhysical properties,
attention is given to the folluwing noints:

(1) Many kinds of finc ore of different properties are subjeoct-
ed to bedding to manufasture sinter of a uniform chemistry
with a view to minimizing variations in quality of burden
raw materials. >

(2) Sinter having high cold and hot strengths is produced to
ensure a sufficient strength in hlast furnace. Appropriate
quantitices of FeO, Ca0,and SiOy are mixed and proper sint-
ering is applied so that the produced sinter is ot
broken into fine during the reducing reaction at temper~
atures near 500°C,

(3) Sinter is sized to 5 - 50mm. Facilities are rrovided to
ensure that -5mm sinter finewn are not chargod anlu (he Llast
furnace. Tor this purpose, -5mm sinter fine is sieved off
before charging into the sinter hin on the BF side, and
sinter is screened aqain on rewoval from the bin and
warighing, in the case of the recent larvge-capacity blast
furnaces.

(4) Special improvements and devices are incorporated into
large musn=production  sinter plants for smooth and
stable operution and easy maintenance,

2.3 Pellets

Since the stecl industry of Japan depcnds upon many iron-
ore sources abroad, pclletizing of many kinds of fines wa
considered to be technically difficult, and the efforts ro
prepare fine ore have boon exclusively divected Lowarde 1ncreasing
the sinter production capacity. Pelletu inve, however, become an
important subject in the aspect of purchase for the following
reasons:

(1) Mererore, as the development of the cxisting sources of
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Supply proeceds, rich ores finely broken in flo*.iiou are
relletized cwtend op low-I'e ores contAaining
much dmpurities cuch as Cu and s,

(2) Ir addition to fjine ores produced in large quantities in
cxploiting minos, flye dust and other fines not applicable
in sintering be utilized.

(3} Progress mace o ho pelletizing technology has made it
possible teo produce peilets suitable for blast furnace
operation in large guantities,

(4) High grade pelicts containing little impurities have ad-
vantages alwost cqual to those of sclf-fluxing sinter.

2.4 Coke

With the trend toward larger blast furnaces, there has
been an increasing demand for higher quality of coke, espec-
ially higher strength. But this has so far p7sed no problem
because strong coking coals from the United S.ates wore blend-
ed at a high percentage.  Shortage of supply caused a decr-
ease in blending ratio of strong coking coals. Decrease in
strength was,however, avoided through the establishment of prop-
er blending practices based on the accurate knowledge of the
properties of various coking coals and the improvements in
production techniques including dry Charging and oiling, appl-
ied to raise the charging density and adhesion, thus permitting
production ot ccke havirg o stable quality and smooth operat-
ions even in larqo~canacity blast furnaces.

The effoct of ash in coke on the coke rate is as follows:
a 1% decrease in ash 1t coke leadg to a reduction of coke rate
of about 15kg/t, :

3. Blast furnace overation

3,1 High temggraturo‘blast

The blast temperature had been raised from 500 - 700°C S0
far used to only about 899Q°C by 1960, partly because of the
insufficient prepivation of raw materials, Operations have
later been carried on at hicher blast temperatures for the
following rcasons:

(1) Intensificd raw materiuls preparation resulted in gized
ores containing less finepand this gave a better permeab-
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ility throug' the turnace,

(2) Using a higher percentage of self-fluxing sinter with a
higher strength and containing less fine has stabilized
the operation.

(3) With the use of oil injection started in 1962, a higher
blast temperaturec was required for keeping an appropriate
flame temperature at tuyere. Increasc in blast temperature
has a remarkable effect on the reduction of coke rate and
production increase., With thig fact in view, offorts were
made to obtain the maximum temperature of blast by the
effoctive use of the existing hot stoves. Expansion of
hot stove capacity was attempted in installing a new blast
furnace and in relining a blast furnace.

Since the sensible heat of blast accounts for about a
third of the heat input to the blast furnace, the increase in
blast temperature leads to the reduction of coke rate: as
shown in Fig.%, a 1p0°C increase at a temperature of 800 -
1,100°C permits saving of coke rate by about 20kg/t, and at
1,100 - 1,200°C, about 15kg/t.

A blast temperature of 1,300
°C is now possible through the —#~ KKK Fukuyama No.) b
increase in hot stove capacity, o avaveks No.4 wr
improvement of stove design, dev- e alvarttes
elopment of improved refractory
bricks, prevention of leakage at
joint portions of bustle pipe
and branrhes, improvement of , wo b
materials of vulves and nozzle,
and cnrichment of blast-furnace
gas by coke-oven gas or oil.
Most blast furnaces arec now
actually ouperated at about 1,ln0
- 1,200°C.

——
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3.2 Blast modification

Technologies of humidity
control, oxygen enrichment and
fuel injection have been applied o ebed b
to improVe cperational conditi ons. BB st OO0 1000 200 100 1 duis

Het Llsst temparatur, (¢}

3.2.1 Humidity control

- Fig.5 Effect of hot blast
As a measurec to improve temp. on the decrease

blast {urnace operating results, in coke rate

the high-temperature blast was




UXperLmen byl iy SRV L o pode, Cobe e ey, However, « simple incr-
case in hlast temperature led to disturbance of furnace condit-
inon and thisg limited the application to a certain extent. It
has becone cleav, on the other hand, that the difference in
humidity of Atmosphere hag g ¢considerable offect on the furnace
condition,

From 1958, etonm was iujected into the cold blast main to
control the hlast humidity, Thig pPernitted considerable stab-
ilization of blast ~Yurnaco operation, and the humidity contr-
olling operation in combination with high temperature
blast and OXygen enrichment has become popular filice.  The
possibility of controlling the flame temperature at tuyere to
a certain leve] by the injection of fuel has, however, almost
eliminated the necessity of steanm addition, and the temperature

of hot metal has since been controlled by fuel injection.

3.2.2 Oxygen enrichment

Oxygen enrichment in blast largely raised the production
of blast furnace, In Nippon Kokan's Keihin blast furnace,
oxygen enrichment operation was applied for the first time in
Japan in 1959 with the usc of low-cogt excess oxygen from the
adjacent plant,

As the enrichment of oxygen raised the flame temperature
at the tuycree, leading Lo an unstable furnace condition,
humidity control was simultaneously applied, with the intro-
duction of the theory of constant theoretical fiame temperat~
ure at tuycre. a 1% enrichment of oxXydjen brought about a 5%
increase in Production and a slight decrecase in coke rate,
This is also the casc with the recent operating results at the
other iron producers in Japan, '

Progress of the basic UXygen steelmaking pPraocess has made
available oxygen in lamwﬁnuwnities, and this enhanced the
popularization of oxygen-cnriched blast. 1In many blast furn-
aces at present, 2 -~ 3% Q¥Xygen are used for heat compensation
in injecting more fuel in place of costly coke and for impr-
oving the combustion efficiency of injected fuel,

3.2.3 Fuel injection

Fuel injection through e buyeren i the mostl, important
practice next to raw materials pPreparation in blasgt furn-
ace operation. 1t ;g4 $till being reviewed and researched for
more effective application, lleavy oil injection hait been stwlied
in Japan since 1959, applivd in proctice Since 1961, and
rapidly becane widely nsed nhe tndus ey, All the blast
furnaces are now operating with 011 injection,cmnsnhaubhvzeduc—
ing the iron cost. Fuel injection hag the following favorable
features:
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(1) Reduction of coke rate

(2) Stabilization of blast-furnace cperation and production
increase

(3) Compensation of shortage in cole oven capacity or saving
of coking facilities ‘

(4) Low investment in instaljina the injection equipment on
blast furnace.

For the effective application of fuel injection, attention
shoull be ygiven to the following points:

(1) Heat compensation capable of kKeeping the flame temperature
- at tuyere within a certain range

(2) Limit of combustion load for individual tuyeres

(3) Changes in permeability, heat exchange, and reducing react-
ions caused by varying volume of
gas produced per ton of hot metal

———— AL CREAt e valae

tbaerved valus at

‘ ﬁ?;. (4) Injection method (for example,

[ o R
~~~~~ Theoretioal Elage tong,

engineering of atomizing, etc.)

(5) Measures to cope with unexpected
L blow-off and other troubles.

Heat compersation and combust-
ion load are the most important pr-
oblems in injecting fuel. Reduct-
ion of coke rate brought by the fuel
injection is related to the blast
temperature. According to the oper-
ating results of Nippon Kokan's
Kawasaki No.4 BF, as shown in Fig.6,
the limit of oil injection is 30kg/t
at a constant humidity, i.e., with a
lower limit of 2,09%0°C and an upper
limit of 2,200°C of the theoretical
flame temperature and a blast temp-
erature of 800°C under the condit-
ions at that time. With a blast

4 temperature of 1,100°, even an

© 1 » » w0 0 w 7w w injection of 110kg/t is possible
from the point of view of heat comp-
ensation alone.

i0g

)

N

~4* .t from scoOc
formatiar &t tuyere

Desrease in coke rote kg ¢}

Jrom o e st oot i . s, s

Tar rate [hy/t)

Fig.6 Effect of amcunt
of injected tar on the Limit of the ratio to the amount
decrease in coke rate of oxygen necessary for the perfect
at different hot blast combustion of cil, referred to as
temperatures excess oxygen ruatio, is considered
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to be 1.1 - 1.2, aad this would result in a limit of oil
injection of 110kg/t and that of tar injection of about 90kg/t.
For the injection of i} over this limit, conceivable methods
include blqsb~atomizing combustion, use of oxygen atomiz-
ing burner, and injection of specially produced reducing gas
through the lower part of shaft.

In recent operations of Nippon Kokan's Fukuyama blast
furnaces, in which oil injection of about 80kg/t applied in
combination with oxygen enrichment is reducing the coke rate
to about 400kg/t, it is hecessary to keep the theoretical flame
temperature ai rather a high level orf 2,300 - 2,400°C,.

According to the result of experimentein the experimental
blost furnace (10t/day) at Nippon Kokan's Technical Research
Center, it is possible to reduce the coke rate to 210ky/t by
injecting reducing gas made from about 220kg/t of oil.

A problem in economics of 0il injection is the replace-
ment ratio between coke and this substitute fuel. The replacement
ratio available, ranging between 2 gnd 040, varies considerably :

with the operating conditions, becausge:

(1) Use of heavy oil permits high blast temperature, humidity
reduction, and OXygen enrichment.

(2) 0il injection increases reducing gas and raises the reduc-
ing efficiency in shaft and the cny@o?:%njo of the top gas,

(3) variation in the combustion condition causes soot format-
ion,

Complicated combinations of these factors cause consider-

able changes in replacement, ratio, buv an appropriate heat
compensation keepr it within the ‘ange of about 1,0 - 1,2.

3.3 High top pressure vperation

Increase in blast volume for raising blast furnace
productivity reduces the Pass.uge time of gas through the furn-
ace (i.e., the reaction time ) which lowerr  the utilization
ratio of gas, raises the top temperature, and increases . the
coke rate. Pressure drop in the furnace also increases., The
blast volume, increased over a certa’n limit, results in  ime
balance of permeability through the furnace and other troubles
such as channelling and flooding.

If the high top pressure operation is carried on with a
mean furnace pressure (abzolute pressure} p times that .n an
ordinary operation, the furnace gas density is also brought
to p times. As the furnace gas speed becomes 1/p oven with




the same blast volume, the pressure drop in the stack becomes 1/p
and the 1im~i~tisg gealh size of nplashiing particles becomes as
small as ! /p,

The limit of ficodiny, in which slag and ore,immediately
after being melted in the hosh, wre blown upward by gas and are
solidified at the upper part ol a somewhat lewer temperature
into scaffolding form,preventing the pPassage of gas, becomes
80 large as 1.2-th power of p and this minimizes hangings.

This mcans that high top pressure permits stable operations,
even with a larger blast volune,

Application of high top pressure recquires installation of
a mechanism to keep the furnace top gas~tight and a gas pres-
Sure controlling equipment, By the introduction of technology
from the U.sS., Nippon Kokan's Mizue No.i blast furnace and
some other furnaces started high top pressure operation in
Japan in 1962, At this Mizue No.l BF, having a working volume
of 1,704m’, a top pressure of 0.4kg/cm2 has been maintained for ons

campaign of 64 months, thus producing 3,200 tons/day on aver-~
age throughcut the period, ‘

Most of the newly constructed furnaces in Japan are oper-
ated with high top pressure, and many of the existing furnaces

are being modified to adopt high top pressure operation at
the time of relining. As showrn in Fig.2, among 67 blast furn-
aces now in operation, 43 furnaces are based on high top

pressure operation. Top pressure has been gradually raised to
the present genaral level of 1.0 - 1.5kg/cm?: it ig even 2,5

kg/cmé max. in some very recent large-capacity blast furnaces.
As is presented later in this report, Nippon Kokan's Fukuyama

No.4 BF is daily producing 10,000 - 10,500 tons with a top
pressure of 2.0 - 2,3kg/cm2 .

(2.5kg/cm? max) . T
5.0} * Mo.1 BF & gyt
According to the results RS a3
of NKK's Pukuyama and other ¢ No.4 9F
iron producers in Japan, 4“0 b, s
high top pressure oper— 5. %%,
ation has the following ;2 oy a et
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e $'tes T
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permeability index (V/P-Po) Po (hgsemd)
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blast furnaces, where V Fig.7 Relation between top
indicates the blast wvol- pressure and permcability

ume (m3/min) and P, the
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As shown in Fig.8, the %ncrease in top pressure raises
the productivity: a 0.lkg/cm~ incrcase in top pressure corresp~
onds to an increase of about 1.5% in productivity,

' . (3) Bffect on coke rate

The reducing ahility is considered to increase in prop-




- 17 -

“0~o o N . - iy
~r L4 Figng
100.0 ¢ ~ m
RN . (1) Relation between |
35 anol S . - productivity and sol-
~g ’ L et ution loss at a top
¢ e0.0} . : pressure of 0.8kg/cm«
G T
Sy 15.0 T ® . (2) Relation between
0. O s o
" U L B top pressure and sol-
s.0b ution loss at a prod-
uc%ivity of 2.3t/day
Ln»-..-. ,..m‘;.., L B . PN | B R | ——
308 1.0 1.2 1.4 1.6 Lw 2.0 2.2 2.4 /m
rroductivity tr/daymhy =
& e Py A Y
¢ 0.2 0.4 0.6 0.% 1.0
Top presnure (RG/CM?) emm e’
*No.l ar ;
. oho.1 P (lst “wlhnll
F 100k ONo.2 BF (2nd campaignl]
! 4 No.3 BF
FPig.l10 : s No.4 BP
se
P ot
Relation between .
permeability and -
number of slips %
i [ ]
% so d
i

Vir-Pa)

orticn to the increase in reducing gas partial pressure caused
by the increase in furnace pressure. As shown in Fig.9-(2),
the increase in top pressure reduces solution loss, whereas,
as is known frcm Fig.9-(1), the higher daily productivity ,
results. in an increastd solution loss, thus slightly reducing §
the coke rate.

(4) Decrease in dust loss

A higher top pressure leads to a better permeability, and




4

K

-~

2.0} ™~
.';,k\\
. ™.
Fig.ll P BN
. ! \\\\5 « ¢ N
Rclation between top * s % RN
pressurc and top gas g Lot BN
; X Ferd N . s
valocity ) 3 R . ~
8 1.0¢ &
-
H
2 *  No.l BF "
-
* o No.2 BF {lst campain) ™~
3 ¢ No.2 BF (Ind campaign)
s No.3 BP
s No.4 BF
3 e o
% 1.0 2.0
o thy/end)
|
¢ No.l P

0 Mo.2 BE (let campaign)
¢ No.2 BF (ind campaignl
4 No.} »F
& No.4 BF

ey duet vote (hg/t)

3

fig.12

Relation betwecn
top gas velocity
and dry dust rate

1.0

2.0

Top 3as velecity im/eec)

tharefore reduces the numboer o
is cloar from Figys.1ll and 12,

sure slows down the top gas ve
lous. This fact is theoretica

limiting grain oiue of particles b

furthermoro,

£ slips as shown in Fig.10. As
higher top nres-
locity, thus raducing the dust
11y wupported hy the decrease in
Wiy upwardil




- 19 ~

3.4

Raw materials and operating factors affecting production

and coke rate

In an operation with an ore size of about 40mm and a blast
temperature of about 1,100°C, the ecffect of raw materials and
operating factors on the production and coke rate is approx-
imately cxpressed by the following formulac:

{1+ 17+ 02+ ré—;‘;-('rp-'rpa)} v

Pr = A

-1.0(0i1-0il,)
Where, Pr: lron production (T/D}
A: Constant -
(9: Ratio of oxygen enrichment

T.P.: Top pressure (kg/cm?)

V: Purnace inner volume [m3)

b
-

T Blast temp. [°C]
As: Ash in coke (%]
Sy: Slag volume (kg/THM]

rii]
Cro~ m-('if-'l'o) +10 (rs=-Asg) + rggﬂivsv-SVo) -1.0 {SPR*SPRQ)

(L)

* B O e e FH

3
Cr = Cro- yEg(T-To)+10 (As-Asg)+ 58 (5y=5vo) 1.0 (SPR-SPRo)

LI B OB N N I ) (2)

= (T.03 in blast)/(blast vol.) + (0,)

Cro: Reference coke rate [kq/THM]

SPR: Ratio of {(sinter + pellet) in ore charge

* Suffix o indicates reference operating

condition.

The dﬁgree of contribution of these factors to the Xétod‘-'
uction and the coke rate arc outlined in the following table:

Contrihution to
production increcase

Contribution to coke
rate daecrecase

20
Cro- m(T"TQ)

e g - - o o

wof -

{(tons/day) {kg/THM)
7 Oxygen enrichment |, r,%--oz-l’ra
e e e e e
Higher top pressure I%(TWTP,,)MO
o r%;;r('?-‘l'o) 20 T
Higher blast temp. ' +Prg m(r-'ro)
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10 (Asg-As)

er ash i ‘oka , . 0 (Asa=AS
bower ash An CoRe | TETTo(AseoRs) o [0 (NSo-hs)

e i e oo e+ Y W e st s e i ot o e 4 < i e

20
Smaller slay vol. 00 : «Pry ——-E-ZO(SVO-SV)
Cro- 23(SV,-5V) | 10
ToT TagtteTSV)
Higher ratio cf 1.0 (SPR-SPRo)

agglomerates Cro-1.0 (SPR-SPRg)
Larger amount of
oil injection

- ——

Pro 1.0(SPR-§PRg)

1.0(0i1-0ilg)

4. Problems in the coonomics of opeeation of blagl-fuirnace equipment,

capecially an laree-copacity furssces

4.1 Economics of largc-capacity hlast furnace

Steclmaking in inteqrated iron and steel works
has been changed from the open-hcarth furnace process to the
converter process. The high cfficiency of the latter process
and the ecxpansion of unit capacity of rolling facilities have
brought the most wcconomical annual production unit of iron
works from the conventional order of five million tons to i
about ten million tons, and this level was rapidly raised :
furthermore to cven 16 million tons as is ohserved in Nippon
Kokan's Fukuyama Works.

To cope with this trend ' toward larger facil-
ities and the increasing demand for hot metal from convertors,
there is a strict requiremernt for a stable supply of large
quantitics of low-coct hot metal to be produced in blast furn-
aces having increased capacities. Along with the blast furne-
ace capacity expansion, the operating practices presented
above and incidental improvements in facilities were achieved.
Such expansion wf bhlast furnace capacity has the following
‘merits and demerits in operation and construction of facilities

*
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ace causes increasc in solution loss. This is considered at-
tributable to the fact that the furnace height is not so large
as to be proportional to the increase in inner volume, thus
resulting in a shorter descoent timec of burden. The labor
cost is reduced along with the increase in furnace capacity,
However, the operating cost of the blower increascs accordingly
as high top pressure operation is applied for a stable
operation of large-capacity hlast frrnace. Because the incr-
case in bhlower operating cost exceeds the decreasc in labor
cost, the overall operation costs tend to be higher with tae
increase in furnace capacity, as shown in Fig.14,

(2) Construction cost

The construction cost per ton of iron is inverscly prop-
ortional to a third power of the inner volume. This results
in the decrease in unit depreciation cost, interests and re-
Pairing cost, as shown in Fiq.54 representing this tendency
with an inner volumc of 2,009m” as reforence.

(3) Advantages of larqe-capacity blast furnace

Comprchensive judacment on factors in operation and facil-
ities indicate that a larqer capacity of blast furnacc lowers
the production cost of hot metal. This advantage, romarkable
up to an inner volume of about 2,500m3, becomes less sronounced
over the limit of about 4,000m3, as is evident from Fiq.l4,




In deciding the capacity of a bhlast furnace, it is natur-
ally necessary to consider the production scale of the works,
locational conditions, surply of raw materials and capacity
balance or enerqgy halance with steclmaking and rolling proces-
scs from the point of view of the works as a whole., In addit-
ion, close attention should be qgiven to the effcnt of bhlast
furnace troubles on the subsequent processes and measures to
be taken against the production decrease at the next .relining-

4.2 Blast furnacec capacity and profile

In deciding the size of a blast furnace, the properties
of raw materials should he taken into account: in view of the
past results irn Japan, the following points should he noted.

Along with the ircrease in blast furnace capacity, the
requirements on the burden size and strength have become
severer, and improvement and advancement have been from time
to time attempted. In designing a large-capacity blast furn-
ace, however, it is necessary to cnsure primarily sufficient
permeability. For this purpose, the blast furnace capacity
was increcascd by conlarging the hearth diameter and other cross-
sectional sizes, not by raising the furnacc height too much.
Rather, the increase in the pressure drop in the shaft was
inhibited by raising the top pressure because of the nccessity
of compensating the decreasc in the ratio of effective cross-
scctional area in the lower part of the furnace, and simult-
aneously, efforts have heen made to provide a larqe difference
from the flooding limit at lLosh. As shown in Fiqg.1l5 represent-
ing the relation hctween the inner volume and furnace height
from the stock line to tuycre level, the furnace height.is not
g0 high in bhlast furnaccs of 2,000m5 and larger.
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relation with the furnace height given

S S
i ‘ 1.0 51,5

in Fig.15. The relation hetween the Syapaps apn

diameter of bogh  and throat and the

inner volume is representexl in Figq,

18. These diamcters inereune lincarly.

For information, profiles of NKK's
Mizue No.l DBF (1,728m3), Fukuyama No.,2
BF (2,828m3) and Fukuyama No.4 BF
(4,197m3) are compared in Fig.19.

4.3 Charging equipment

In feeding from the raw materials
‘bins, it is desirable to weigh raw
materials after passing through a
vibrating screen so as to prevent
charging of fine ore and coke hree:ze.

tabilization of the blast furnace
heat balance is cssential for weigh-
ing coke accuratcly. In recent
blast furnaces, coke is automatic-
ally charged with fixed bogies so as
to feed coke with a constant dry
weight through continuous measure-
ment of moisture content.

- ap
L 4

defeed |

Fig.1l9 Profile of
The object of the top charging Fukuyama Nos.2 and 4

equipment is to distribute uniformly BF and Keihin Mizue
the burden raw materials in the No.l BF at NKK
furnace, as well as to scal the

high pressure top gas. Among

various systems for this purpose, there is the 2-hell valve
seal type, in which large and small bells give a uniform
distribution and a scal valve is used for gas sealing purposes.
Since this type still causcs non=uniformity in the circumferent-
ial direction, the 4-bell type is adopted in NKK's most recent
Fukuyama Nos.3 and 4 blast furnaces, in which the middle and
small bells c¢niure qas tightness, and a rotating bell
provided above thesc middle and small bells cnsures uniformity
of burden in the circumferential direction. In this type, the
large bell serves chiefly to keep an appropriate lLurden distr-
ibution in the furnace and is usod throughout a campaign with-
out changing, wherecas the middle and small bells are changed
at intervals of 15 - 20 and 9 ~ 12 hrs cvery 3 - 5 million

tons of production. These types are in service in NKK's Fuku-
yama Works as shown in Fu.q.20,

With regard to the radial distribution in the furnace,
measurcs taken included the proper sclection of distance bet-
ween the wall of throat and the large bell and change of ore-~
coke charging scequence and coke base in accordance with the
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operatino conlitic: s of hne Jarace.  Tnoa large capacity
furnace, in which 't is impossible to control sufficiently the
radial distribution, the ‘nstallaticn of mevalle armors is
necessary.  Juaony varsious conventionol types of movable armor
providing respective merits and domerits, the NKK system, based
on horizontally mcvable armors by oil hydraulic drive, gives a
very slight head from the larae bell to the stock line, and
ensurecs smonth ~ctuation. Tt is furthermore characterized by
the possibility of repairing and changing from outside safely
and easily, and is giviny satisfactory results.

In an attempt to achicve two functions of uniform circumf-
ercential distribution by the larg: bell and radial distribution
control by movable armor in a singlce equipm:nt, the bell-less
charging cquipment was recently doveloped, in which a rotary
chute vas provided in place of the large bell and the angle of
inclination of this chute was adjustable. The new type has
already beon applied an practice in a blast furnace in Europe,
and its application to larger furnaces will be incroasingly
studied in the future,

4.4 Casthouse arrangement

Treatment of hot metal and slag in large quantities is an
important proklen in a learge-capacity blast furnace. Practice
in this respect has changed from che provision of two tapholes
for a casthouse into the installation of two casthouses,
each of them yith one or two tapholes. In NKK's Fukuyama
hlast furnaces having throee tapholes for a daily production of

10,000 tons, a tapping speed of 8 tons/min is maintained, partly ow.ns

to the high blast pressure of 4ka/cm?, and tapholes tap hot
metal for 2 his. and then are closed for 4 hrs. The present
practice is believed to be sufficient also for repairing the
runners in froni of th. tapholes. Various modificalions have beac,
madc to the runncr arrangement and discharge port to hot meta’
ladles, and the tilting runner has become widely used,

Amonqg variouas maintenance operations, particular attent-
ion has heen paid to renner rcpaira. In addition to a
large crane of about 30 tons, a swinging travelling jib crane
of about 50 tons is arranged to facilitate runncr changing and
also to spe: ' up gqun repairs and other shop operations.

Measures are taken to prevent fume from the tapholes,
hot metal runner and diqcharqc port to hot metal ladle for the
improvement of work environment and prevention of air pollution
hy fume and dust.
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4.5 Haintenance of blast furnace facilities

A large-capacity blast furnace is operated under various
severe conditions such as charging of large quantities of raw
materials, treatment of much hot metal and slag, and high top
pressure. Moreover, the production losg at. the time of
trouble or relining is also very large. lquipment  should
therefore have a high reliability.,

For this purpose, various improvements have been made to the
demign of the blast furnace proper, cooling system, charging
equipment, hot stoves and gas cleaning equipment, As to the
arrangement and construction of these facilities, devices are
incoiporated SO as to permit easy and rapid inspection and
repair,

Tuyere with double cooling passages are now employed to
raise the velocity of cooling water at the nose and to minimize
burn-out so that any failurc is not too - Bserious, Various
new methods for detecting breakout have been deviscd. Reduct-
ion of time and mechanization in broken tuyere changing oper-
ations are being encouraged.

Mesures are also being taken to select bricks, runner

materials, and other refractories of a long life in conformity
to various requirements.

5. Operating results

Recent operating results of Nippon Kokan's Fukuyama Works
are indicated in Table 1, as an example of a large~capac-
ity blast furnace.

Fukuyama No.4 BF, brought into operation in April 1970,
had a daily average production of 10,017 tonn in November
1970. The slump experienced in Japan in 1970 ~ 1972 obliged NKK
to limit the production, but after the recovery of market
condition in the latter half of 1972, the production was again
increased,

6. Trends in ironmaking technologx

The progress of ironmaking technology during the' past
fifteen ycars in Japan and the results achicved in this period
have been surveyed. 1In conclusion, the following measures
have been taken in various fieldy, such as raw materials,
operations and facilitics, with a view to stabilizing
blast -furnacc operations from the point of vicw of technology

*
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and econonics. Combination of these cfforts can produce more

remarkable achievements than a simple accumulation ot
individual effects. ' .
(1) Adequate preparation of raw materials, cspecially the

assurance of supply of high-quality sinter.
(2) Sstable supplv of high-quality coke.

(3) Tuel injection, which has lowered the coke rate.and contr-
‘olled the furnace heat, thus stabilizing operations.

{4) Installation of superior blast furnaces and ancillary
facilities bated on the most modern techniques.

(5) Improvement of maintenance practices of equipment and
measures against troubles, and reduction of off-blast time.

(6) Application of the most advanced control technology to
stabilize operations and minimize troubles. :

(7} Improvements in treatment and control of large quantities
of hot metal and slaqg, '

'In large-scale works directed towards a greater degree of
mass~production, the superiority of large-capacity blast furn-
ace has heen recognized in technology as well as in economics,
supported by these technical innovations. In conscquence,
even in the ¢xisting works, smaller furnaces are being
replaced by large-capacitv -ones, and simultaneously, there is
an active move toward satisfying the requirements for mech-
anization and pollution control.

However, the uncertain supply of pood coking coals and
the price increase resulting thercfrom will be problematic in
the future because of the exhaustion of resources. To cope
with thesc future probiems, research and development efforts
are being made on the utilization of light-coking coals by
formed coke process, further recduction of fuel cost by charg-
ing of prercduced pellets and injection of heated reducing
gas into the lower part of shaft. Tests are being carried
out in operating Llast furnaces, and great hope is placed on
the futurc progress of these efforts.

TR i




Table 1

Operating results of Fukuyama blast furnaces

(Monthly results during a year following the blowing=-in)

Coke strength B2

92.4

A

1BP 2BF 3BF *4BF *4BF
Blowing-in Aug.26,'66 | Feb.15,'68 | Jul.25,'69 | Apr.26,'71
Inner volume, m> 2,004 2,626 3,016 4,197
Hearth dia., m 9.8 11.2 11.8 13?8
Production, t/D 4,639 6,064 6,834 10,017 10,119
Productivity,t/D/m3 2.32 2,31 2,27 2.39 2.41
Coke rate, kg/t 469 469 465 437 403
0il rate, " 34 26 40 52 64
Fuel rate, . 503 49% 505 489 467
Sinter ratio, % - 710 64 76 80 ~ 13
Slag ratio, kg/t 253 260 274 290 282
Blast vol.,Nm3/min 4,073 5,309 5,842 7,722 7,240
Blast pressure,kg/cm?  2.24 2.61 2,93 3.61 3.49
Top pressure, 0.59 0.99 1.36 2.10 2.20
Blast temp., °C 1,112 1,146 1,159 1,200 1,190
Oxygen enrich., % 0 0 0.6 1.4 2.3
" si in pig, o 0.7 0.69 0.66 0.71 0.64
S in pig, * '0.038 0.037 0.038 0.932 0.033
slag basé:é;g;gz 1 L2 L7 | 16 | L3 lie
Ash in coke, ¥ 9.2 9.1 | 0.8 10,5 | 9.90
okl | 932 91.8 92.0 | 93.0

¢ Monthly results during seven mht.

** Recent results as of December 1972

*#n Tagt method: JIS K2151-1972

hs after blowing-ia







