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Second Interregional Symposium

on the lron and Steel Industry

Moscow, USSR, 19 September — 9 October 1968

D-4-2
MODERN DESIGNS OF BLAST FURNACEi/

by

Masayasu Iimori and Teruo Tsutsumi,
Japan

SUMMARY

In Tapan various celebration programmes are held on December 1 every year as
"Memorial Day of Iron", for the purpose of appealing the interest .n lron and steel
to the public. This day was established in memory of the day when n Buropean siyle
blast furnace succeeded in tapping for the first time in Japan 1n 18%7. This blast
furnace was & charcoal furnace which wag constructed by the Japanese under the
technical writings acquired from Netherlands. It was about Tm high, the capacity
of which was about 1 ton/day. The cold air was blasted through bellows by operating

a water mill.

Then two Scot:h slyle shell-type 25 ton/day charcoal tlast furnaces were con-
structed near the firsu blast furnacs. These furnaces were blown-in in 1830, They

were purchased from England. They were equipped with hot stoves, blowers and boilers.

As there was a l.mit in using charcoal as a fuel for its supply and quality,
these furnaces stopped temporarily operating. The success in producing good quality

coke in 1894 germinated in modern production of pig iron by using coke as a fuel.

* This is a summary of a paper issued under the same title as ID/WG.ld/}d.

l/ 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.

id. 65-1934
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"he development of iron prodacing ofiipment nnd techniies have nttained
2iier thege pioneering experiments nnd by employing offiniently the newest *tech-
i1 developed in the ‘Inited Seites, Termany, and otner co ntries. Bspec.inlly
recently, it has been possible to maos-prod.ce ply iron ab low nost as the en-
Iargement of the vlast furnace equipment and the employment ol the new techniques
of pre-treatment ~f charge, humidity control blasting, oxygen enrichment, injec-
tion of auxiliary fuael, nigh temperature blacting, high top pressire operation
reslted in enhancing the production efficiency and lowering coke rate. ly
empioying these new techniqies, the design of blast farnices nlso has developed
considerably.

W refer belnw to the achievement of thno blast farnace desipgn and further
continiously developing improvements in Japan for the last 10 - 15 years, in

the following / mijor sections,

L. Plagt furnace desigmnm

1-1  Fuarnace conctriuction: the blast furnaces operated in Japan nowadays are

clasoified o tollows.

(1) American-type, to support the fuirnace top by the mantle columns
throngh shaft shell,

() erman-type, to support the furnace top by the frnace scaffold
(Gerust) bat not by the mantle columns, the furnace itself is

free standing,

(3) Combination-type of American—type and German—type.

(4) The type to hold the mantle by the brackets from 1 irnace scaffold.

It is neceosary to design the modern blast furnace, considering the
resistance to the pressure cavised by employing high top pressure operation,
tne resistance to the wear of the bricks of lower shat't and bosh caused by
blowing with henvy oll 1n and the excellen. wor«ing property in changing

tayeres and blow pipes.

1—- Firnace proners  the enlargement of the blast furnaces hag developed with

the development of the blast firnace operation technigqies. In Japan before

the War the maximam tlast furnnces were of 1,000 m3 inner volure, and
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. . . foey 3. .
ey Ty nine taree blact rnnces of 7,000 m7 inner volime have teen
2
. R . . . ~ B bl
inotadled, Lthree of which are of over 7,500 .
e oenncee lines are decided ot o certain proportion, though there
4

i chraggeee 1 Lhe firnace helght.  Since carbon btrick wae ised for the

neaprth, the Tite of the farnece has been extended snd fhe molten tron how

ravely b flown from the hearth wall., Ao tne quallty of fire clay brick hag
conn bebbor, the Yhickhceos of the urnnce wall Sends to bie thinner. Tor

fnie o parpeoe b e oneeessary o employ the effective cooling method in the

s parbe L the e,

e el lowanr Uoar syctems are employed for coolliug the furnace at 4
|

procenst Lo Tap .
Y Externol waler spray system:  The hearth iackets of the most blast

firnaces are conled by this system, and the bosh jackete of the blast]

e with carbon bogh are also cooled by thig system.

() oolings plute system: Phe shatts of the most blast furnaces ire cooled
by thins metiod, Cooling plates are also inserted into the brick of
ook oaren ond iron noteh arca for cooling. It is uecessary to employ
the lockinge device in the high top pressure blast firnace for preventing

She s from leaking,

e Mlister coolting system: This gsystem ie seldom employed, except an

exiumple ot relng employed 1or the uwosh jackets.

(4) oStave cooling system: This system 1s enployed for the heurth jackets
in many cowtries. The researches on employing this stave cooling

1

system {or Losh and shaft are made, L.t there are some problems to be
solved. Ag this system hag the properties of excellent cooling effect,
thinning the brick wall thickness, no gas leaking from furnace shell,
possibility of evaporative cooling etc., the employment of thls system

for the blast furnace will increase.

The recent large furnaces are employed for the underhearth cooling

system by the combined 1se of carbon hearth to protect foundation cuncrete.
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INTRODUCTION

In Japan, December lst is ""Memorial Day of Iron’ and inany event:
are arranged o pramoting a better understandin, of 1ron and stee!
among the public. The "Memorial Day of Iron’ 18 «et for commemorat-
ing the first sucess in Japan ol tapping of pig 1ron an 1857 {romn the
European style blast furnace. This first blast furnace including every
equipment was constructed by the Japanese froo the niatecials
procured in Japan based on the techniques obtained through writings
from the Netherlands which was then the only country through which
Japan could absorb the European culture because thie Japanese
government completely isoclated Japan. The capacity of the blast
furnace was approximately one ton per day and charcoal was used

as 8 fuel, This furnace was about seven mneter high and constructed
of stonework, internally lined with firebrick. The air for the blast
was compressed by the bellows which were operated by a water

wheel.

As is well known, the forerunner of the modern blast furnace,
"hochofen' or '"high furnace''was born in Germany during the early
14th century. This furnace was introduced into Enygland during
the early 16th century and then into American colonies during 17th
century. Therefore, the iron making by the blast furnace in Japan

was started by three to five centuries behind as compared with




the kuropean and American countries.

When Japan made her tirat atep toward the modern iron making,
that is at the amiddle of 19th century, in FEuropcan and Amierican
countries, coke hzd been already v:sed as a blast furnace fuel
instead of charcoal. Moreover, blowing by steam engine, heating
the air before it is blown into the furnace and recovering of the

blast furnace top gas had all been practicized,

whereas in l.ugland the blast furnace capacity was 14 to 15 tons
on average, the inaxunwn capacity being more than 40 tons per

day, in America, the capacity ranged fram one to six tons a day.

Upun opening japan to foreign countries, .unany scientific and industrial
technologies in various fields were introduced, Among thein were
included two steel =hell type, “cottish charcoal hlast furnaces each
having the capacity of 25 tona/day. These furnaces were equipped

with hot stoves, blowers, boilers, etc., and blown-in in 1880.

Since then, these blast furnaces were blown out or shut down owing

to the difficulties i1n supply and obtaining gm')d quality charcoal.
However, good quality coke production was succeeded in 1894 after
extensive studies. Thus, the nodern blast furnace practice using

coke instead of charcoal was started for the first time and paved a

way for further developinent,

At the peak of the 1ron and steel production during the World War




the Second, 34 blast furnaces were operated. However, with the war
ended Japan faced the complets destruction of her industry. In one
period after the war, only three blast furnaces vere operated.
However, the Japanese iron and steel industry was reconstructed
from the total destruction and has been further developed to the
present level with the third in production and the first in export,

The development has been achieved by the enthusiasm of the

Japanese people for introducing the technoi :gies of the technological-
ly developed countries and by the effective use and adaptation of these
technologies based upon the past experiences added step by step by the
forerunners of the Japanese people in the iron and steel industry since

the first blast furnace in Japan.

For example, thc Technical Investigation Team from UL.S5. A, invited

in 1952 recommended the Japanese iron and steel industry the reduc-
tion of the raw material cost, the improvement of the operation
techniques, the modernization of the equipments and the integration

of iron and steel making facilities. According to the recommendation,
the burden preparation, the enlargement of blast furnace, steam

addition and oxygen enrichment of blast, fuel injection, high temperature
blast, high top pressure operation have been employed. Therefore,

the production capacity has been increased and the coke rate has been
remarkably decreased so that the production of pig iron at low cost

in large quantity becomes possible.



As to the blast furnace design, it has been directed toward the
eilargemnent of the blast furnace, automativr and higt efficiency
accompanied with the advance of operation techniyue of the blast
furnace. FEspecially for the past ten to fifteen yeurs, renarxanle

progresses have been achieved.

The present report reveals the achieverients of tne blast furnace

design and further continually developiag unpruvements in the

following inajor areas.




1. BLAST FURNACE DESIGN

1-1 Furnace Construction

The blast furnaces now operated in Japan can be divided into

the following four types:-

(1) American-type, to support the furnace top by the mantle

colunns through shaft shell.

8 shown in Fig. 1-1, this type of tlast furnace requires
no furnace scaffold so that the amount of the steels required
is less, thereby reducing the installation coust. But the
disadvantages are that the vibrations of the skip bridge and
the furnace top equipinent is directly transmitted to the
furnace proper and the renovation is complex, ln Japen,
there exists seven blast fumacetlof this type in operation
aroind
which were constructed in 1‘}4(() und imiproved or renovated,

However, this type is not adopted in the recently construct-

ed furnaces,

(2) German-type to support the furnace top by the furnace

scaffold (Gerust) but not by the mantle columns, the

furnace itself is free standing.

As shown in Fig. 1-2, this type blast furnace has no

mantle columns so that the layout of the mud gun,
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(4)

opener, cinder notch stopper, etc. can be effected in

a 8L ple (wanner. Furtherincro, ts type furuace oiffers
the wdvioatapes vl casy inspection 2 finatntenance of the
abouve described cooaponents wie e tuyeres. loweve s,
thie loau o1 wergut of the shaft norion as supported by
cogten sy Cotitgecs s coeroana ook 80 that

Ll

Lire 8laengln o oo Laye v pone 1o weatene s 7 reduced,

TS O O N P S T coployed o cednen-
L 2 N iali-o e T A SR TRV R '.?,'-:'\‘E\'k..h‘-_‘ volteo e
)
i
1x less than 10
:'-..._:}7{._:;.7:.37: [ S LR L AT S al lyoe
As ghhown o L i - the Dormece proes v encloge |

by the steel shell and the portion ngher than the shafi
ig supported by the uantle cobvoane, The furnace top
equipment and the skip bridpe cre suppurtes by the furnace
scaffold. {ierefore, the furntce is sunple in construction
and very .auch stable. Thie tyve 1= widely used in the
newly constructed fiurnaces unti! » few years aygo,
and the nunber of furnaces in operation belcnging to this

type is highest in Japan.

The type t hoid the mantic by the brack.ts from furnace

scaff d (bracket type)
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As shown in I'ig. 1-4, this type ‘irnace 18 not equipped with
the mantle colunns so that the inspection and maintenance of
th cquipments such as tuyere, mud gun, eic. equipped around
the furnace proper can be facilitated. Therefore, this type |

furmace is widely used in the recently constructed large-sized

furnace.

In the construction of the mordern blast furnace, special
attention miust be taken to the following points: first the
furnace structure must be stable in receiving the load due to
the pressure when the high pressurc operation systen is
einployed and the weight of the furnace proper, and also
stable in absorbing the thermal expansion: and secondly
the replacement of the tuyeres, blow pipes, etc. and the
inspection and maintenance of the mud gun, opener, cinder

notch stopper, etc. imnust be easily made.

In the blast furnaces which have been erected in Japan recent-
ly the working volume is 2,000 to 3,000 m3. The number of
tuyeres inust be increased with the enlargement of the blast
furnace, thus, for example, reaching as many as 32 tuyeres.
If the mantle columns are provided for such a large-sized
blast furnace, the nunber of tuyeres would be of course

limited and the tuyere pitch in the mantle columns is increas-

ed so that the uniform blowing of the air into the furnace
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could nct ve effected. Thus, smelting operation beconies unstable

vl the production capacity will be decreased.

~urther aore, the replacement operation of the tuyeres and
blow pipes near the .nantle colunnsg dand the irancetion and

.ain enance of the nud gun, opener, stc. will heecmue difficult.
w1 view of the abuve, 1n the enlarged 'ila3t furnace the bracket
type (4) is widely emiployed recently ant this tendency wiil

continue in the future,

rurnacce l'roper

tecently, the deinands for steels for building constructions, saip-
ouildiag, automobile .nanufacture ace reicarkably increasing.
Thus, the production of the steel ot low cost in 2 large quantity
is dernanded so that the enlargenent f the high furnace has been
nade very rapidly with the advance of the operation techniques

tap

suct as hurder, preparation, fuel injection, high pressure

operation, etc.

iig. 1-5 shows tue changes in the working voiu ies of the blaat
furnaces in Japan for the past ten years. [etore the World
War the becond, the -naximuwn volume was of the order of 1,000

3
n_ and in 1962, the volune has reached the ar ler of about

3
2,000 m . Since then, almost all of the newly erected blast




furnaces have the working volumes of the order higher than

3 .
2,000 m ., At present there exists nine blast furnaces now in
, 3

operat on having the volume imore than 2,000 i , f these

, | 3
<urnaces, ‘hree furnaces have the volunes more than 2,500 m .

: q , 3.
A blast fur..ace having the working volwne of 3,000 ‘11 is under

construction and will be blown-in in 1969,

The relatione bLetween the dimensions of the profile of the furnace
proper cannot be obtained by the theoretical calculations, but

has been improved step by step by the results of the actual
operation and experiments. As to the diaineter of the hearth,

the relation between the diameter and the volume is Vnear

within the range of 600 to 2, 000 m3 Fig. 1-6. However,

in the large-sized blast furnace whose working volwne is

larges than 2,000 m3, the increment of the diameter becomes

less.

As to the height of the furnace, the height must be deterinined
depending upon the strength of the charging material, the flow
resistance of the rising gas, the reduction speed, etc. Accord-
ing to the past experience, the relation between the effective
height (from the tuyere level to the stock line level) and the
working volume can be expressed by the relatively sicep gradient

curve but in the range beyond 1, 700 m3 the curve becomnes flat

from 25 to 26 meters because of the coke strength and the




deflection of the furnace gas flow due to the increase of the

flow resistance of the uprising gas (Fig. 1-7)

Therefore, the recent tendency of the design of the large-sized
blast furnace is that the aeight is not increased but the diamneter

is increased. That is, "fat and shot' type.

In the ccnventional blast furnace low cost fire clay bricks nav-
ing a relatively high heat-resistivity have been used. ' owever,
the trend from: 1952 18 that the carbou Lrick which are algaer
in cost but have the following remarkable merits as firebrick
for furnace have been used in the furnace pottoor  and in the

?r‘x 3ft‘ehn' pool.

(1) High anti-corrosivity against molten iron and slag;

(2) High thermal npact resistivity and mechanical strength;

(3) Low contraction rate after heat and chemically stable:
and

(4) Thermal conductivity.

In case ol laying carbon brick at the furnace bottoni, carbon

brick about 600 nm in thickness are laid in a few lavers at

the portion whers .o ien iron is pooled. elow these carbon
brick are laid high-aioniina dbrick made of nrinarily cluy
and further below the high alumina brick layer are laid low

grade high-alumina brick in a few metera thickness.




Thus constructed bottom is cooled by air or water fron the

lowermost side of the low-grade high-aluniia brick layer.

In some blast furnaces, fire clay brick having a better loin‘in.
are laid in the upper portion while the carbon brick having a bLetter
thermal conductivity are laid in the lower portion. In some
speciai blast furnaces in which the nroduction canacity during

the service life of the furnace is expected to be imore than 10
million tons, carbon brick havirg a better thermal conductivity,
that is having a better cooling effect are mainly used. Since

no blast furnace having more than 2,000 -3'33 hias been renovated,
the bottoin corrosion condition is net clear so that it 1s not

clear either of which the above brick layer constructions is

superior to the other,

When carbon brick are used at the furnace bottorn, due considera-
tion must be given to the prevention of the rising of the brick
caused by the molten iron. TGenerally two nethods are

einployed in order to prevent the carbon brick from being

raised: one being the method of using large-sized carbon block
and the other, the nethod in which the end face of une carbon
block is tapered so as to be held in position by the adjacent

carbon block.

The size of the carbon block is dependent upon the capacity

of a press, transportability, machinerability, etc. and in




Japan the biggest caroorn Llock size 18 deter ninesd by the capacaty

of a press, and 1s 1bout »UL kg, at present.

St 34 lone Sapa-alunana brich are ner cally used W the
nosh Del 4d Lower shaft portica. ccontly better Lire
4. Drigyvs Arc  avaiiabas s that tie Lare s cast thicknese

a8 Deen prataeal, Tedavel. Swever, bt uoae s famage

i GIioF b tag uuno res e not vet Hees

G* Lirncen 1w e n carbon brick
re Lec.l th the bosL area. Howoever, the abrasion of the broro»

seeng t Le not s dilterent fros. that of fire ~lay brick

gt oFen toL exten o owervioe ade of the 1 walil, var us

e Ldl EAILE aTe Lse s L e teo Lot ajor
roooa o tre s roper  In Janan, the toilowin, lour

Sy cite e U e st aresent

- Cxternal .1 T oopray oysten

Avound the external perinherv ot the ateel shell are dis -
posed annular sprayin,, pipes and the water is sprayed
through the nozzies attached to tie pipes against the
steel ahell su s tu covl the turnace. = limost all of the
heartin jacket are Looled by this systemn and the bosh

jackets o1 the hiast turnaces construacted of carbon bosh

are cooled alsc by thia systen.




Cooling {’late System:

This is a system in which a cooling plate is interposed
between the layers of firebrick of the furnace proper and
water is circulated in the cooling plate sc as to cool the
brick wall. Cooling pletes can he interposed between the
brick layers in the bosh area or the tapping lLicle area so

as to cocl the brick.

The locking device is used in the cooling plate system

for the high top pressure blast furnace in order to prevent

a leakage of gas.

Blister Cooling System:

This is a method in which an outer plate is disposed around
the steel shell or jacket 80 as to flow the cooling water
there between. By this method, the furnace wall can

be uniforinly cooled.

This system is best suited for cooling the bosh wall and

is widely used.

Stave Ccoling System:

Whereas this system has been uaed in many countries in
order to cool the hearth walls, it has not been employed

in Japan. In many ccuntries, this system began to be




employed recently in cooling bosh and shaft. In this

system, a cast iron, rectangular block called ''stave"
is disposed inside the steel shell and the cooling medium
such as water or steam is passed through the stave 80
as to cool the furnace wall brick. This system has the

following features:-

(1) The furnace brick is uniforinly cocled sou that the
structual strength of the brick, and the resistivity
against the abrasion and wear can be increased.
Furthermore, even if the brick falls down from
the wall, the protective layer of slag is formmed upon
the stave surface so that the life of the furnace can

be extended.

(2) The thickness of the firebrick wall can be made
thinner so that the working volume of the furnace
can be increased by a few percent with the same

steel shell size.

(3) Since the size of the steel shell opening can be
made smaller, gas sealing can be made in a simple
and positive manner. This feature is remarkable

especially in case of a high top pressure blast

furnace.
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(4) The evaporative cooling can be effected. In this
case, the natural circulation can be effected by the
difference of the specific gravities between the

water and steam.

In Japan, the stave cooling system was first adopted
in 1967 together with the evaporative cooling system
combined with the water cooling system for cooling
the bosh and shaft. Since then, this system has

been operating in good condition{ Fig. 1-8)

It is expected thatthis system will be widely used

for cooling the furnace proper of the blast furnace.
However, the use of this system in Japan has a short
history and this system has various unsolved problems
such as cracking of the stave ae encountered in

other countries. Therefore, this system is a cool-

ing system still having much left to be improved.

Furnace Top Equipment

McKee type distributor having a large and a small bells is widely
used when the normal top pressure of the blast furnace was in
the range of 500 to 1,000 mm Aq. However, since the end of

the World War the Second, the trend of the blast furnace has

been to use a high top pressure in order to increase the




production capacity. In Japan, the first high top preseure

blast furnace was started in 1962 and since then soine of the
normal top pressure opsrated blast furnaces have been renovated
or remodeled into the . gh top pressure bia-¢ furnaces. At

the same timie, high pressure blast furnaces have been

erected. At sresent a total ot 21 nigh top pressure blast
iurnaces are operated 1n jJapan. in the furnace top equipmemt

{or the normal pressui+ nlast furnace, the ressure differ-ace
hetween the amall and large bells is le=s g0 that even if the gas
leakage occurs at the beil seat portions, the leaking flow rate

is very smail, whereby the bells are subjected only to the

wear by the raw material, not tv «he cutting by gases.

n the other nand, n the high top pressure hiast furnace, the
pressure difference between the bells suinefiiies reaches the
furnace top presaure, 3o that the leaxiny tlow veiocity from the
seat portion reaches ailmost the speed of sound, whereby the
bells are subjected not only to the severe gas cutting but aiso to
the abrasion and wear due to the raw material. Therefore, the
service life of the bell is extremely shortened so that the bells

must be replaced from time to time.

In order to evercome these problems of the furnace top equip-

nent of the high pressure blast furnace, various furnace top

equipinents have been proposed and developed. The furnace




top equipments being developed can be divided into two groups.
One is intended to further strengthen the conventional McKee
distrit.tor and at the sa:ne tiune to provide the Lnprovements
by w.acii the worn parts or carnponents can be replaced in as
short tiine as possibir. The other is intended t. deveicn the
novel furnace top equinnent which 18 entirely different irun
the conventiona: Mcree aaptributor. in Japan, auch eitorts
have been directed to the latter and tue valve secal top uiilhizing
the three-bell syste:n has been develuped and successiuily used

in practice,

Fig. 1 - § shows the two-bell syste.n Mclr » type distributor,
Fig., 1-10 shows the three-tell top, and Fig. 1-11 shows the

valve seal top.

In the valve seal top, two seal valves are used instead of the
small bell in the three-bell top. The revolving chute is seal-
ingly housed within a sealed container as a raw material
distributor and is fixed to a hollow cylinder shaft having a small
diameter. The shaft is rotatably journalled upwardly, outwardly

of the bell hopper and is turned at a predetermined angie.

The main features of this valve seal top are as follows:-

(1) The valve seal top elbninates the use of the grease seal

device disposed around th+= revolving hopper and
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in case of the two-bell or three-bell top. Therefore,

it is omly necessary to seal the small diameter shaft of
the revolving chute by neans of a gland packing so that the
complete gas-tigl:it hopper can be obtained, thus over-

coming the gas leakage problemas.

(2) instead of the sinall bell of the conventional three-bell
top, is used the scal valve whose valve seat is not made
in contact with the raw material and whose valve disk
can be retracted out of the raw material passage.
Therefore, the seal valve is not subjected to the abrasion
and wear due to the raw material so that a flexible,
soft material such as rubber can be used in the seat

portion, thereby effacting the complete gas sealing.

(3) When the gas leakage from the seat portion of the seal
valve becoines greater, the rubber seat can be replaced
in a simple manner when the blast furnace is shut down.
The replacement of the rubber seats twice a year is
enough and other parts or comnponents are permanently

serviceable.

As in the case of the middle bell of the three-be!l top,
at the small bell of the valve seal top 18 produced the

pressure difference between the upper and lower sides
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of the bell so that the bell seat surface is subjected to
gas cut ng due to the gas leakage. In order to encounter
this problem, a silicon rubber seat is attached to the

small bell for preventing the gas leakage.

The abrasion and wear of the amall bell seat portion can
be remarkably reduced when the small bell is fabricated
from a material such as high chrome cast iron which has
an excellent abrasion resistivity. In this case, the abrasion
is such that only one mm abrasion of the seat portion
occurs every 500 thousand ton production. The large
bell is made of hard faced cast steel. At the large bell,
no pressure difference is produced between the upper and
lower sides of the large bell as in the case of the large
bell of the three-bell top. Therefore, the service life

of the large bell is same with that of the normal pressure

blast furnace.

As shown in Fig. 1-12, the valve seal tops are used in

10 out of 20 high top pressure blast furnaces now operated
in Japan, and will be used in 17 out of 28 high top pressure
furnaces including high top pressure furnaces newly
erected and renovated or remodeled in this year and

next year,

It must be pointed out here that almost all of the high top




pressure furnaces constructed since 1966 use the

valve seal tops and this tendency proves that the valve

seal top equipment is excellent in ope ration.

The vaive seai top .an be uset not only with the large -

sized high top pressure blast furnace now under construction

but aizo with the blast furnaces -whicn have now the two
bell tope. Four out of the higt top pressure blast furnaces
now in operation equipped with the valve seal tops have
been remodslied from the two-bell top equipped blast

furnaces.

BURDEN PREPARATION

It is clearly :nderstood that the burden preparation has played
G wnportant roll in the rapid advancernent «f the blast furnace
uneration techmyue in Jap.s. That i., lapanis iinporting about
9% of it iron ures and about 60 . oking cval sc that it has
been an importani problem of the iron and steel making industry
how to compensate the high raw inaterial cost. To solve this
problem, the inteasified siring operation in which the size of
raw materiai particle 18 regulated and the fine ore is removed

and the use of the self-fluxing sinter pellet having a better

reducibility or reduction characteristics and a better particle




size composition are now being employed sc that the ventilation
within the furnace has been much improved, whereby the
furnace operation is stabilized, the laige quantity of blowing
air can be accomplished, the gas utilization rate can be
increased, the high temperature air blowing can be effected
and the fuel injection can be achieved, thereby remarkabiy
contributing much to the improvement of the productivity and

to the reduction of the coke rate.

St l;!nl of Ore

Until fifteen years ago, one stage crushing was made in order
to crush large lumps of ore into the particle less than 50 mm.
However, the sizing equipments have been intensively improved
because the fine mixtureratio of the inported iron ore has
increased, the demand for reducing the maximum particle

size has increased so that the quantity of the finely divided

ore is increased and it has been clarified that the removal of
the {inely divided iron ore much affects the improvement of

the operation of the blast furnace.

Fig. 2-1 shows the improvement from one stage crushing to

the two-stage crushing and two-stage screening.

Since then two-stage crushing and multi-stage screening process

has been introduced. As described above, the maximum particle
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size has been 50 mm in case of the commercial blast furnace
charye, but the size has been reduced further to 40 mm, 35 mm,
and 80 on in order to reduce the reduction time. Thus the
regulation cf the maximumn particle size and the reinoval of the

finely divided ore become the majn~ problems ir the industry.

In order toc overcome the above probleme, the circulate system
shown in I'ig. 2-2 in which the ore particles larger than the
maximum particle size are returnec to the crusher again wae
first adopted in 1955 5:nce then, various unprovemnents aad
new installatione of this systernsg have been nade 8o that the
sizing process is effected in more stages than before. . -

all of the sizing planta employ the circulate systen.
According to this systen:, it is possibie to control the partr i

size within the narrow range of 25 to 1U mm.

Fig. 2-3 shows the flow sheet of the recently constructed sizing

plant.

Generally, a gyratory crusher is used as a first stage crusher

and a cone crusher is used as the secondary stage crusher.

In order to regulate strictly the particle aize, the setting of
the eecondary stage crusher must he adjusted at frequent inter-
vale. A livdro cone crusher is widely used as a crusher to

fulfi] this purpose. However, when the strict particle sizing

is stressed, a large quaatity of {inely divided particle ore is
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produced. Therefore, it is desired to develop a novel
crusher which can prevent the generation of such fine

particle ore.

In screening process, the vibrating screens are widely
used, but in case of processing the coking coal, the

efficiency of the vibrating screens is reduced re:narkably.

In order to encounter this problem, the loose-rod deck
screens are employed and at the same time the screening
process is effected in many stages. However, it is desired
that the coking ccal ie screened and water-washed in more

improved manner at the coal mine itself.

S'mteri.ng

As described above, 90% of iron ore consumed in Japan is being
imported. Therefore it is necessary to select the iron ore which
can be obtained at lower cost. Moreover, because of the
intensified sizing process as described above, a large quantity
of finely divided particle ores is produced, thus, the ratio of

the finely divided ore to the whole raw material is remarkably

increasing.

Furthermore, it has been clarified that self-fluxing sinter

blended with lime powder contributes much to the reduction




of coke rate and to the production efficiency of pig irom
Therefore, the sintering plant is a inust in the iron making

industry.

The sinter blending =g 1pinent is incurporating a constant
feed weight which 18 adapted to mmaintain constant the blending
ratio by the asignals from thz centralized control room, The
neutron water content measuring instramnent has heen coune
to be practically used 1n continuously ineasguring the water
content of coke and in ontrolling the water contents of the
blended raw materials 10 that the instrunent serves to a
great extent to stadilize the quahity of the piyg iron produced

and the operaticn of furnace.

In order to urniprove tihe apprent particle size of the blended
material and to incresse the productivaty, the blended raw
material which has passed through the first or primary

mixer is charged into the secondary aixer for agglomeration
prior to being charged into the sintering sachane, ln some
plants, the semni-pellet method in which only fine particle ore
is agglomerated by the drum type or disk type agglomerating

machine is used.

In order to countroi the hopper level, the load cell type, electrode

sounding type or radio isopte type method is employed with a
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satisfactory result in operation.

Prior to 1957, A.1. B. type, Greenawal! type, Dwight Lloyd type
sintering machines had been operated, but the sintering
machines constructed after 1958 are all of D, [.. type. Ulntil
the large-n.zed sintering machine whose effective ares is

2
113 m (2.46 m x 46.36 in) was first introduced in July, 1564y

*

2
the largest sintering machine had the effective area of 66 (1

(2 m x 33 m).

In December, 1960, the sintering rnachine having the effective
2
area of 130 m (25 m x 52 m) was constructed, producing

more than 4,500 tons a day.

As the blast furnace is enlarged, the sintering equipments
are also enlarged.  In 1964, the sintering machine having the
effective area of 182 m2 (3.5m x 52 in) was constructed while
in 1966, two sintering machines having the effective area of
150 mZ were erected. Further more in 1967, the large-sized
sintering machine having as much as 183 mz was newly
installed. The above sintering machines are all producing
more than 5,500 tons per day. The number of the sintering
machines whose effective area is larger than 150 m'2 and

which are under construction or to be constructed is as

many as nine.
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The main exhauster whose capacity is sufficient enough to
handle the effective area up to 200 m2 can be fabricated,
thanks to the improvement of the fabrication techniques.

In some plants, two main exhinsters each having the same
capac.ty are installed in order to encounter the breakdown
or fallure. Such tendency will be applied to a large-sized
sintering plant. The negative pressure of the order of 1200
to i,300 mm Aqg. in normal, but in some plants, the high
suction blower of the order of the negative pressure of

1,400 mm Aq 1s used.

As the dust catching devices, the cyclones or multiclone =
are widely used, but recently the electrical dust catchers are

installed in some plants.

Pelletizing

in Japan, the pelletizing plant is not so popular as the sintering
plaxt, because the raw materials suited for pellerizing are less

avallable in Japan. That is, the raw materials for pelletizing

must be stable in particle size, and also physically and chemical-

ly. Even a slight change of these properties much affects

the productivity and to the quality whereas the raw materials

for sintering have the large range of permissibility.
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One of the pelletizing plants operated in Japan is almed at

pelletizing pyrite cinder whose sintering charactcristics is
worse. In this plant, the ore wetting method has been
developed and the production of hard pellet by means of the

shaft furnace sintering is successfully achieved.

One of two other plants has shaft furnaces whose capacities

of 120 tons/day x 3,250 tona/day x 8 and 400 dons/day x 6,

and producing pellets in the diameter ranging from 15 to 35 mm.
The feature of this plant is the low thermal or heat consumption.
The other plant was constructed tn 1966 and employs the grate-
kiln system designed for processing or treating various hematite
and magnetite. This plant is producing the self-fluxing pellet
3,600 to 4,000 tons a day. The flow sheet of the sintering

process is shown in Fig. 2-4.

FURNACE CHARGING EQUIPMENT

One of the mosi remarkable tendencies in the blast furnace
design in Japan is to employ the charging equipment comprising

the belt conveyor instead of the skip cars.

In Fig. 3-1, the number of blast furnaces erected and the

numbers of blast furnaces each equipped with skip type and




belt conveyor type charging equipments for the past ten

years from 1957 and 1968 in Japan are shown.

Among fifty-five blast furnaces now cperated in Japan, 37 blast
furnaces (67%) are equipped with the skip type charging equip-
ments whereas 8 blast furnaces (15%), with the buckst type
charging equipinent and 10 {18%) of blast furnaces, with the

belt conveyor type charging equipment

It must be particularly pointed out here that of the 25 blast
furnaces erected from 1960 to 1968, ten blast furnaces are
equipped with the belt cunveyor type chargilng equipments,

that is 40% of the blast furnaces are equipped with the

belt
conveyor type charging equipment,

This tendency 18 remarkable in the large-sized blast
furnaces having the volwne of more than 2,000 .n3 which
will be erected in the near future. Of five blast furnaces
which will be erected until the end of 1969, four blast
furnaces will be equipped with the belt conveyor type

charging equipments.

Since of nine blast furnaces now operated having the volum=

3
more than 2,000 m , four furnaces are equipped with the

belt conveyor type charging equipments, of 14 blast furnaces




3
baving the working volune of more than 2,000 m including
the furnaces erected until the end of 1969, 8 blast furnaces will

became of the beit conveyor type (See Fig. 3-2).

When the blast furnaces having the working volume of mmore
than 2, 000 m3 are divided inte two groups, that is one group
to which belong the blast furnaces having the waorking volume
of between 2,000 to 2, 500 rn3 and the nther group inc luding
the blast furnaces having the working volumne of more than
2,500 ms, six blast furnaces belong to the first group while
eight blast furnaces, to the second group. Of six blast
furnaces belonging to the first group, three blast furnaces
are of belt conveyor type (See Fig. 3-3) while of eight blast
furnaces belonging to the second group, five blast furnaces

will become of the belt conveyor type (See Fig. 3-4).

Therefore, more than one half of the blast furnaces, that is

50% and 62.5% will become of the belt conveyor type.

On the other hand, the bucket type charging equipments have
been used in the blast furnace whose working volume is less
than 1,100 m3. But because of the complex mechanism and

the }Jimit of the capacity, no bucket type charging equipment

has been recently installed in newly erectec blast furnaces.
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Therefore, the number of blast furnaces provided with the
bucket type charging equipments will be decreased in the

future.

So far the tendency of the blast furnaces equipped with the
belt conveyor type charging equipiments accompanied with

the enlargem.ent of the blast furnace has been described,

and next the adaptability of the skip type and helt conveyor
type charging equipine nts to the blast furnaces will be
compared and the superiority of the belt conveyor type charg-
ing equipments cver the skip type chargiug equipinent in case

of the enlarged blast furnaces will be proved.

In Fig. 3-5, the capacity of a skip car is plotted along the
abscissa while the ore charging capacity and the pig iron
production corre sponding to the ore charging capacity are
plotted along the ordinate. In case of the beit cunveyor type
charging equipmnent, the width of belt is plotted along the
abscissa while the ore charging capacity and the pig iron
production capacity corresponding to the ore charging capacity
are plotted along the ordinate. Thus the capacity limits in

both of the skip type and belt conveyor type charging equipments

are shown,

In calculating the production capacity from the charging
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capacity, the ore ratio is assumed to be 1.8 tons/ton of iromn

while the over-filling capacity to be 50%.

As is -lear from Fig. 3-5 in case of the skip type charging
equipment the production capacity limit is considered to be
6,850 tons per day (top speed 150 m/inin) to 7,200 tons per
day (top speed, 18( inx/min}. (n the other hand, the belt
conveyor type charging equipment can be applicable to the
blast furnace whose production capacity is between 2,500
to 43,500 tons per day. That is, at thc present japanese
engineering level, the belt conveyor type charging equipinent
has the capacity 3.5 to 6.3 tunes the capacity of the skip
type charging equipment. Sin-ce the production capacity of

a blast f::rnace having a working volume of more than 2,500 m3
is designed to have the production capacity of 6,700 to 8,000
tons per day, the belt conveyor type charping equipiaent is
more and more used as a blast furnace is enlarged. This

tendency will continue in the future.

Next the construction costs will be compared with reference

3
to a blast furnace having a working volume of about 2,140 m .

In this case, the construction cost of the skip type charging

equipment is 1. 69 times, 1.36 times and 1. 24 tines higher

than those of the belt conveyor type charging equipment in




mechanical, structual and electrical parts respectively.
Thus, it is gene ra:iy accepted that the construction cost
of the belt cor =y:  “ypr charging equipnent 14 lower thaa

that of the sxip tv & charging equipment

In the general design of a blast furnace plant, the belt conveyor
type charging equipanent has o disadvantage that the distance
between the {urnace and the stock house will vecoine longer.

P it the advantage s . thie rationalired and uniunited arrangenents
of the cast house, transportation of nolten iron and slag and
other auxiliary equipmnents in addition to the simple electrical
and ~ontrol instailations for operation can sufficiently cover the

above disadvantage

So far the comparison between the skip type and belt conveyor
type charging equipmenta has been made. It is considered that
the tendency of employing the belt conveyor type charging
equipment b many blast furnaces will be increaged in con-
sideration of the low construction cost, the efficient adaptability,
the rationalization and improvement of the over-all efficiency

of blast furmace. etc.

HOT STOVES

Recently Japan has made a rapid progress in the operation and
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equipment in pig iron production, and stands the highest in
the world concerning the reduction in coke rate, which depends

on the pre-treatment and high quality of the charge materials.

At present, over 950°C high temperature blast, 1155 *C in the
highest, is operated, with the development of burden preparation,

blast humidification and fuel injection.

The equipinent with the resistance to 1250° - 1300°C blas* is

required.

Fig. 4-1 shows the highes* blast temperature in hot stoves in

the past 10 years.

According to this figure, it is evident that the blast temperature
has rapidly increased since 1965. The increase of blast
temperature has the advantages not only of saving in coke but
also of saving in limestone due to reduction of ash come from

coke.

Therefore it is possible to increase the charging amounts of
ferrous materials and increase production. The effect of
rate
blast temperature to coke depends on the operating conditions.
A
The 20-30 kg reduction of coke rate is expected per 100 *C

temperaturc increase of blast. The pig iron production

increases 0.09 t/c:l/rn3 per 100°C temperature increase of

blast,
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D3 Pelletizing: In Japan pelletizing plants are not oo widely employed g
sintering plants, and miinly imported pellets pe harged vty the laat

frarnice. The plant which was constracted in 16k employving srriate-kiln

syctem, prodices 4600 - 4,000 ton/day self-f) e pellote,

3. Firnace chargring eqilpment,

5% blawl firnases operited in Tapan gt present the blase firnaces of

N
Wil

. IR ) | / W Q!
skip system are 10 {4 ), backet system 0 (1570), and telt conveyonr system 10 (18

/ ,‘}(y
Foir of five Tarre blast farnne 5y, which are planned o be conglr.octed by 1964,

ire to employ belt eonveyor systems. [t 1o wdvintiyren s for the Iarge tlast

[

]

firnnces of more than G000 m capheity 4o employ velt conveyor syctemo, It L
becuse the belt conveyer system has maeh larger charging capacity and lower
construction cost than the skip System, and 1t 1s possible to layout onst house

witnout considering the charging equipment.

1. Hot stoves

).

In Tapan not stove was employed for the first time in 10, but the hot blast

¢
r

Y i
temperstire was SO0 — 70070 avout 15 years ngo. At present the hot bloot temperia—

ture 1o ozenerally 1,000 = Ly 10077 by employinges birden preparation, humidity con-

trolled blast wnd foel injection, Moreover, even 1,040 - L, 3000 temperiture
stoves have been constructed.  Thege high temperstire sboves depend mainly on
the 1mprovement of refractories tor hot atoves and the improvement of otove
burners and valves.  The stabilizabion of peration has been prosible by 1ntro-
duning external combustion chamber decign stoves. External combiistion chamber
deslgn stove was ~onstructed forp the firast time in 1965, and cince then this
type stove nccounts for a half of hot stoves. Automatic stove reversal e pment

1s widely employed all over Japan.

2. Blowing equipment

Abont 100 years ago the blowing equipment was the bellows powered by water
mill, whish waz f9]lowed by reciprocating compressor and then centrifuaeal type
blower. At present axial-rlow tlower 1o widely employed. With the enlargemoent
of the blast furnacec and the employment of high top pressire operation, the

blower of large volume and hiegh pressure has been required; the blower of
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A remote-controlled shovel loader for slag pits has been

developed as the operation surroundings are not so good.

Tapping hammer for opening taphole and mud gun for

closing are remotely controlled. Commonly the former is
pneumatic type and the latter is electro-mechanical type.
Mechnical slag notch bott is also employed in the modern

blast furnace. However, in the recent blast furnace operation,
generally slag is seldom flushed independently, but at the

same time of tapping.

Racently the mechanization and rutionalization of cast house
operation, which was by man power, L.as been advanced
positively, and replaceable trough, runner maintenance
machine and tuyere changing machine are effectively employed.
Fig. 7-2 shows the arrangement of cast house of the newest

blast furnace.

This blast furnace has two tapholes and one slag notch, and is
equipped with suspension type tuyere changing machine to
easily change tuyeres and bend pieces, wit;x replaceable
trough to use continuously for long hours and to repair easily,
and with rotary crane to operate possibilily in wide range.
Fig. 7-3 shows the example of suspension type tuyere

changing machine.




Fig. 7-4 shows the exammple of floor type tuyere changing

machine, which is employed in a few blast furnaces.

Fig. 7-5 shows runner mainterance mnachine, which is

specially used for breaking and stamnping of runner

materials.
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Iron and steel industry in Japan, which was almost ruined in the
World War I, has made & rapid progress, as shown in g Cc-1,

materialized through the first rationalization plan starting in 1Yht.

In 1967 Japan produced 62, 164, 000 ton of crude steel, rankiayg third

place in the world next to 1,5, Aand 0,5,5, 1,

Various factors are accounted for the rapid prugress, and one of

main factors is that Japan agressively introduced into her steel industry
new technologies, and not only absorbed them in a ehort period of time
but also at the same time excelled in many cases the level of the
introduced technologies of advanced countries, such growth of

higher technological capability nay be largely attributed to potentiality

of people engaged in the industry.

Looking back Japanese history, Japan remodelled into a new and moderr

nation at Meiji Restoration taking place exactly 100 years ago.

Due to wide spread of sducation as strongly promoted by the new
government of Japan with highest of education ratio was reaching at
a certain advanced stage of industrial development even before the

World War II.

Fig C-2 shows the progress of the technology in the Blast T'urnace

field.
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Japan has gained better fruits from the newly introduced technologies,
than they are employed in the original supplier of the technologies,
such as ore preparation, as imported from U.S, A, Oil Injection.
from France, High Top Pressure Operation from U.S. A and

High temperature hot stove from W. Germany.

Fig C-3 shows the import and export of technology from 1951 to 1967.

Japan, which had long been a onesided technology-importing

country, began to export them since 1964,

In future, it is expected that our export of technology
will increase more and more w th the higher growth in Iron and

steel industry.
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Fig )-8 STAVE COOLING SYSTEM COMBINING
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Fig 1-10 3-BELL TOP
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Fig 2-2 T OF CIRCULATE SYSTEM
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Fig. 2-3 FLOWSHEET OF RECENT SIZING PLANT
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Fig 2-4 FLOWSHEET OF INDURATION PROCESS
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CALORIFIC VALUE OF TOP GAS({Kca -

CALORIFIC VALUE OF FUEL GAS (Kcal/Nm?)

Fig. 4-4 COKE RATE VS. TOP GAS CALORIFIC VALUE
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CHANGING METHOD

(o) TEMPERATURE GRADIENT OF BLAST AT FACH STOVE
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(b) RATE OF BLAST VOLUME IN EACH STOVE

(c) ON-BLAST AND ON-GAS CYCLES
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Fig 5-1 CHRONOLOGICAL CHANGE OF BLOWER CAPACITY




V. OUTPUT (Kw)

MAXIn

(84
C

n
Q

VOI_.UME i’~~\7
Ao /
//
Vi d

1/‘

13000

12000

11000

958 59 60 61 62 63 64 65 66 67 68
YEAR

FURNACE INNER VOLUME (M3)

Fig.5-2 CORELATION BETWEEN BLOWER CAPACITY AND FURNACE

VOLUME



ID/WG, 1L 3k
pag(, (P

Fig. 6-1 _ TRENDS OF GAS CLEANING SYSTEM._
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Fig. 7-3 GENERAL ARRANGEMENT
(TUYERE CHANGING MACHINE FOR TUYERE ONLY . SUSPENSION TYPE)
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RUNNER MAINTENANCE MACHINE

Fig 7-6
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