Blast furnace productivity and the influencing parameters

Blast furnace (BF) is a process of iron making. During mid eighties BF technology got
established and left behind other technologies of iron making. Since then continuous
developments are taking place in this technology to make it more productive and economical.
Even today it is offering very stiff opposition in the development of alternative iron smelting
processes.

The blast furnace is a counter current reactor in which the reducing gas is produced by the
gasification of the carbon of the coke with the oxygen of the hot blast injected via tuyeres in the
lower part of the furnace. The reducing gas flows upwards reducing the iron bearing materials
charged at the top of the furnace.

Blast furnace process consists of a multivariate system which is subjected to a large number of
inter-influencing variables affecting the performance of the blast furnace. It is necessary to
isolate the inter-influence of the variables to understand the role played each variable on the
performance of the blast furnace. The performance ofa blast furnace is determined by many
parameters out of which productivity is the major one.

The blast furnace productivity is the quotient between possible gas throughput per unit of time
and required specific gas generation for one ton of hot metal (HM). Hence an increase in the
productivity on the one hand requires an increase in the gas throughput, which implies
improvement in the furnace permeability and on the other hand a reduction in the specific gas
requirement, which means a reduction in the specific consumption of reducing agent. Blast
furnace productivity is usually expressed in tons of hot metal produced/day/Cum of working
volume. In some countries, in place of working volume, useful volume is considered. There are
many factors which influence the productivity of a blast furnace. Major amongst them are
described below

« Raw materials — Besides fuel/reducing agent, there are basically two types of major raw

materials are charged in a blast furnace.

1. The first one is iron bearing materials which are sinter, pellets and calibrated iron ore (CLO).
The higher is the iron (Fe) in these materials means lower gangue material is going inside the
furnace which needs to be fluxed for slag formation. Hence higher Fe content helps in the
reduction of slag volume. As per thumb rule 1 % increase in the Fe content increases the BF
productivity by 1.5 %n to 2.5 %.

2. The second raw material is the different type of fluxes (lime stone and dolomite). Lime stone
and dolomite when charged in the blast furnace gets calcined inside the blast furnace. This
calcination reaction needs heats which result into increase in the specific fuel consumption. If
these fluxes are charged through sinter or pellets then the calcination reaction takes place outside
the blast furnace and the blast furnace working volume is more effectively used by the iron
bearing materials. This in turn improves the blast furnace productivity. Generally reduction of
100 Kg of flux in the burden improves the BF productivity by 3-5 %.

3. For achieving higher productivity ina blast furnace it is essential that burden material provides
high permeability and homogeneity across all furnace temperature and reaction zones. Further
the burden material should have high reducibility to promote short retention time. Burden
materials should also have low content of tramp elements such as zinc, lead and alkalies to avoid
process disturbances.



4. Blast furnace productivity greatly depend on the quality of sinter. Sinter should have optimum
grain distribution, high strength, high reducibility, high porosity, softening temperatures greater
than 1250 deg C, constant FeO content in the range of 7-8 % and constant basicity.

o Fuel/reducing agent — Two types of fuels/reducing agents are used in the blast furnace. These
are metallurgical coke (BF coke) which is charged from the top and pulverized coal/ natural
gas/ coke oven gas/oil/coal tar which are injected at the tuyere level.

1. BF coke influences the productivity of BF in many ways. High ash content in coke means
charging the furnace with more slag forming materials which are to be fluxed to form slag. This
results into higher slag volumes. As per thumb rule 1 % reduction in the ash content of the BF
coke results into improvement in the BF productivity by 0.8 % to 1.5 %. Other properties of the
BF coke which affects the productivity are CSR (coke strength after reaction), CRI (coke
reactivity index), and micum indexes (M40 or 1 40 and M10 or | 10) (Fig 1). These parameters
affect the permeability in the stack and the mechanical strength of the coke at the tuyere level.
M40 represents crushability of the coke and M10 wearability. Higher values of CSR and M40
and lower values of CRI and M10 result in improvement in the BF productivity. Sulphur content
of the BF coke has also got its affect on the BF productivity. A decrease of sulphur content of
coke by 0.1 % improves the BF productivity by 0.7 % to 1.2 %.

2. Fuel (pulverized coal/ natural gas/ coke oven gas/oil/coal tar) injected at the tuyere level is
normally accompanied by oxygen enrichment of the hot air blast. The injection of oxygen to the
air blast reduces the specific flow of the gas causing a reduction in the top temperature and an
increase in the adiabatic temperature (RAFT) in the tuyeres. These effects are compensated by
the injection of substitute fuel. Thus a combined injection of oxygen and fuel at the tuyere level
increases the productivity of the blast furnace. Every 1 % of oxygen enrichment of hot blast
improves the productivity by 2-0 % to 2.5 %

e Control of burden distribution plays an important role in the improvement of the productivity
of the blast furnace. The burden distribution control ensures a stable burden descent, adjusts
the flow of gasses in the wall (this avoids high heat loads without generating inactive zone)
and helps inachieving a good solid gas contact.

o Decreasing the silicon content in the hot metal has a positive effect on the blast furnace
productivity. Decrease in the silicon content is achieved due to better ore-coke relation and
movement of cohesive area downwards. This generates a lower volume for the transfer of
silicon to the hot metal. Decrease of silicon content in the hot metal by 1 % improves blast
furnace productivity by 4 % to 12 %.

« Properties of slag has considerable effect on the blast furnaace productivity. Lower specific
volume of slag of lower viscosity improves the productivity of the blast furnace.

e Tapping practice has an importanrt role to play inachievement of high productivity in a blast
furnace. Good tapping practice will involve good tap hole length, timely opening of the
tapping, control of tapping speed, proper hearth drainage and closing of tapping after furnace
becomes dry. Quality of tap hole mass is very importanr for good tapping practice.



Automatic process control improves the furnace productivity since it minimize consumption
of reductant, avoids furnace process disturbances such as hanging, slipping, scaffolding, gas
channeling etc through an immediate counteraction by the system, stablizes hot metal and slag
parameters etc. the effect of automatic process control on the blast furnace productivity is in
the range 0f3 % to 5 %.

Blast temperarure is other parameter which influence the productivity of the blast furnace.
Blast furnace productivity will improve by 1 % with the blast temerature increasing by 100
deg C.

High top pressure also improves the productivity of the blast furnace. With every increase of
top pressure of the blast furnace by 0.1 Kg/Sq cm there is an improvement in the productivity
of the blast furnace in the range of 0.5 % to 1.5 %.

Decreasing of fines content in the charge materials improves blast furnace productivity in the
range 0t 0.4 % to 0.7 %.
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MODERN IRON Magjy,,
bells and impro
Soon destroys t
not only restr

DEr sea}lmg_ Leakage here causes abrasive cutting ang
he sealing function of the big bell with its hopper. This
nullify the t cts the tQp pressure but may even in due course of tjp,,
The blact £ enefits g.alned through the high top preéssure operatioy
: rnace designers should provide equipment to operate effe,.
tlve}y at top pressure upto 3 kg/cm? gauge with adequate life. Many
devices, including hard facing of the bell and its hopper set{ have heep,
mooted and tried in practice. However the problem of excessive wear op
seats and rapid deterioration of effective seal could not bg SatleaC-torj]y
solved. The developments have been rapid after adoptlr}g the design
philosophy of separating the two functions of charge holding aqd distri-
bution on the one hand and gas sealing on the other. In essence it meang
that hard surfaced seats are used for bells, gates, chutes, etc, which
handle flowing materials while soft seats, kept out' of way of flowing
materials, are used as seals. Based on the above philosophy a number

of designs for top charging, to whatever extent feasible, have beep
developed. The development of top charging devices, while catering
high top pressure maintenance, have always kept the goal of achieve-

. ment of better distribution of charge in the furnace, as was its primary
} aim earlier, as an equally important function. A few of these modern
designs, especially developed for high top pressures have been described

below.
17-7-1. Tops With Only Bells

In these designs the functions of distribution of charge and
ensurance of pressure tight gas seals are both achieved by the use of
only bells. The conventional McKee top design is improved while re-
taining the concept of revolving distributor to distribute the charge more

evenly. The typical examples are the Paul-Worth/CRM top and the NKK’s
four bell top.

Paul-Wurth/CRM Top

A line sketch of this design is shown in Fig. 17-10. The big bell
arrangement is same as in the McKee top while an additional small
bell, called the seal bell, is attached just below the charge small bell.
Since,the sealing bell is different the small bell alongwith its hopper
can rotate to receive the charge at various points along its periphery-
The sealing bell fits tightly to the large bell chamber and hence the
small charge bell is outside the purview of high top pressure. In operat-
ing this device the charge is initially put in the small bell pop pets
receiving the skips at various preset angles. During charg’lngt o
seal bell is closed. After one charge is put in the small bell hOPP‘”'hen
seal bell is lowered to break the seal. The charge,'small bell is ¢

lowered to drop the charge on the big bell. The distance t0 whi;ht;at
burden small bell is lowered, from the seal bell, is adjusted 54

Scanned by CamScanner |



MOPDEST Zr=rms  me S & DESIGN PRACT
ICp

ling surface remains out of th _
he sea ) etraject .
o thereby protected. After droppmg the Cha?-ry ofshding Bl
10 cJose its hopper an(_i thgn the seal b i rg'e the smay) by crial ang
thamber’ the pressu.rlsatlon and depl‘esun‘ a1:sed o8
: t as described earlier. Sation
ou

ROTATING HOPPER
SMALL BELL

SEALING SMALL
BELL
(Additional part)

PRESSURISED
ZONE

LARGE BELL

LARGE BELL
HOPPER

Fig. 17-10. Paul-Wurth/CRM top.

NKK’s Four Bell Top

.. Aline sketch of this design is shown in Fig. 17-11. In this two ad-
alrtlonal bells are interposed between the rotating small bell and the
Opg;ebe;]- Tf}e middle bell holds the charge and also seals the large bell
becgyy Sr or hlgh top pressure. The small bell carries only the seal ang
g § Sofwhlc_h the large bell chamber is always under pressure an

Moporg; e Is relatively much less. The CRM large bell, for certain
g, Of time, is under full furnace pressure which eventually

aqy ‘
design. %€ Severe wear but such is not the case in the NKK four bell

he charge .
through
there-

B I ,
Diﬁtiqe‘)tgshe CRM and the NKK top designs are such that ¢
igh py 114 Way in the sealing area, causing some gapS

“ter o "S8ure gag leaks with resultant wear. These designs
Wipmentg for rapid cha M f the bells alongwith.
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| ———LFTING GLANDS

ROTATING HOPPER
) SMALL BELL

SMALL BELL
WITH SEAL
INTERMITTENT
PRESSURISED
| CHAMBER
MIDDLE BELL
WITH SEAL
(Charge holder)
PERMAMNENT
PRESSURISED
CHAMBER
\\\\///////;{LP\\\KQ;;;)//FLARGE BELL

Fig. 17:11. NKK’s four bell top.

= ADDITIONAL SECTION ———\

17-7-2. Tops with Bells and Valve.Seals

The THI-top as shown in Fig. 17-12, the Yawata-top as shownllf’
Fig. 17:13, the McKee Head Wrights on top as shown in Fig. 1 Jesi gn
and the Demag -top as shown in Fig. 17-15 are the best knowt These
in this group. Valve seals are provided to obtain effective sé2 Smlm
designs can be adopted on even the existing furnaces W1 ith n:)th
of disturbance to the large bell, top structure, gas mains a0t o provide
isting parts of the furnace top structure. The seals arez yrised
that the large bell chamber can operate permanently sz " 1ar_gle
about the furnace pressure, thereby minimising the we;tl'he while
bell seatings. The gas seal valves swing down and out 0 a g%

d 1o
dropping the charge and then qmckly return to close an
tight housmg around the bell.: ‘

e T SE—

K.a
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REVOLVING CHUTE

CHAMBER

oMALL BELL

LARGE BELL

Fig. 17-12. THI-top.

Fh
/-\ ;\ REVOLVING

L__

HOLDING
HOPPER

ik, 4-GAS-SEAL
CHARGING
VALVES

SMALL BELL
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ith seals are provided t ;
he THI top two hoppers i ovided to adyy
h eI n’I‘thee revolving distributor 1s 1D the pressurlsed. Zone ang ‘:t}fihﬁ
(Ciisirr%bﬁtes the change on the small bell. Contrary to this design, .

. ; Cha
is fed through a rotating chute, outside the pressurised champe, ll)'ig;
four hoppers W

ith valve seals in the Yawata design.

In the McKee Head Wrightson design a six position chute feeds
six valve seal inlets to distribute the cha..,rge evenly on the sma)) bell
which does not rotate. In the Demag design t}?e small b(?ll 18 replaceq
by a rotating chute under the lower seal. This chute d.lstributeS the
material directly on the large bell. The central rod for raising and |gw.
ering the large bell is replaced by a yoke operate(.i from outside the
pressurised chamber. Two valve seal hoppers receive the charge ang
feed it through another pair of lower seals into the rotating chute.

All these designs even though improve the gas sealing, do not
eliminate the drawbacks of distribution arising out of the use oflarge beil.

O
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Fig. 17-14. McKee Head Fig. 17-15. Demag toP

Wrightson top.

17-7-3. Bell Construction and Operation

the beﬁhetltlop design, the materials of construction of par
S, the seals, etc. should be such that full s

e

ticularl.y |
ampaig" o

|
i
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d without major intermediate repairs an

. lar, the large bell and its seat should at ]
tlcmpaign since with increasing size of the furn
o .th its manufacture, installation and majnte
a2 : o) modern furnace with h _orance are escalat-

., rapidly. Un 2 : earth diameter of 14
lng . ht b d 75 . o m the
Jarge bell dlametgr might be around 7-5 m and it woulq weigh nearly
200 t. Such a unit 1s 11f’ceq into p051t19n and lf.intermediate repairs,
Juring the furnace campaign, are required special hoists are required
o lift such a bell at nearly 80 m above. the ground level, let alone the

ctual repair problems. Hencg the d951gz'1 as a whole should be sound
¢ ough to last as long as possible, the objective being full campaign of
elllle farnace. The latest trend therefore is to dispense with the bells
tltogether or use smaller bells and additional mechanical devices to
al tribute the charge uniformly in the furnace at high top pressure with
dlisnimum of maintenance problems. These are discussed in the follow-
m

ing gection.

obtaine dreplacements. In par-

east last for the whole
ace the problems associ-

‘ 17-7-4. Top With Only Valve
RECEIVING .Seals (No Bells)[72]

HOPPER
This is a unique design in
UPPER which the large bell is replaced
N Svi‘tb'é‘sc by a distributor chute which has

no sealing function whatsoever.
The problems of distribution as-

sociated with large bell are en-
BIN BIN tirely eliminated. A rotating
1 2 chute is provided inside the fur-

nace top cone. All the materials
are charged via. holding hop-

E@éﬁf}ﬁhgw‘” pers, with seals at its top and

Lovyéf:vgéumc bottom which are charged and

VALVES discharged alternately, while

CHUTE DRIVE  the third is acting as a spare.

A Regulating gates in each hop-

per are provided to control

G the rate of charging to facili-

DISTRIBUTING tate uniform distribution on the

| CHUTE stockline. A typical design,

Fig. 17-16. Paul-Wurth known as Paul-Wurth belless
bell-less top. top, is shown in Fig. 17-14.

variab]Slnce the chute can rotate in a circular or helical fashion apd.at
of lay eebangl?.an,d hence, not only is the fundamental. charact.erxstlcs
in SquUe el d]StflbUtiOn retained but charging at a point (stationary),
of dj fi¢e and in spiral form is possible. It means virtually any type

distribyts
ribution ag desired can be obtained.
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imed are :
ntages claime '
The a'd;athree bunkers in the design the performance of thjq i
L WIttleast equally satisfactory and comparable to any gf e
has been a '
1able alternatives. . o .
avalla2 Greater charge distribution flexibility with a small amount op

chanical equipment. . '
me 3. Access to any part of the system is far easier and hence gpe o
two par.ts can be changed even during normal shutdown of the furnace

4. Wearing parts are rather few and ingxpensive and hence thege
~ canbe r-egularly changed during routine maintenance.

5. The total overall height of the top can be much less.
6. Substantial reduction in investment for top construction

7. Tt gives more operational safety and easy control over varying
charging patterns.

Even if the whole bunker is to be replaced during the furnace
campaign the total maximum lift is reduced to only 30 t resulting i
reduced requirements in terms of hoisting facilities.

17-7-5. Gimble Top Distributor

This is the latest innovation in charging devices employed for
blast furnaces. It is claimed to be superior to the Paul-Wurth Bell-less
Top which dominated for nearly 2-3 decades superseding the earlier
McKee Two-Bell charging device. It is being installed in India for the
first time on BF-C of Tata Steel while renovating 1t, fairly drastically,
in 2007. This will be the first ever application for blast furnace. It is
costlier than the bell-less top. The design is being supplied by Seimens

VAL It has already proved its worth under the arduous environment of
Corex, Finex and direct reduction plants.

It has a conical charge distribution device supported by rings it
a gimble arrangement. It consists of several robust rings and a chute
This tilting chute is driven by hydraulic cylinders, operating through
shafts, connecting rods and universal joints in order to drive the gimble
rings. This allows any angle of the chute so as to distribute the chare
as per any specific requirements at any point in the stock-line Surf?ce;
This gives very precise material distribution and therefore pro‘”de
almost innumerable charging patterns to be achieved at varying spe

. od o
In fact the charge particles are literally placed wherever requ“ed’o
the stockline, by this device.

17-8. Higher Blast Temperature and Driving Rate

aleff,

Since part of th ; ; ases i5 P
b:'fle into the fu e fuel energy in the outgoing g ‘ :

cienc rnace in the form of preheated blast, -ﬂ.le thermfé“i.p
1Cy of the pProcess could be improved by incre..aSlngﬁ:‘

Scanned by CamScanner b s Rl



TTTTV

(& e

17-9. Oxygen Enrichment of Blast

For every unit weight of coke burnt at the tuyere by the air blag;
nearly 4-5 unit weight of nitrogen of the blast are ’

also heated tg nearly
2000°C. Although large amount of furnace gases are beneficial for heyt
transfer in the stack, the presence of 79% nitr

ogen by volume in the
blast restricts the temperature generated in th

e combustion zone, Thig
temperature can be increased by decreasing the nitrogen content of the

blast i.e. by oxygen enrichment of the blast. An enrichment of only 29
(by weight) oxygen reduces the nitrogen burden by about 4 units per
unit weight of coke and a higher temperature would be possible. There
is however a limit to which higher temperature in front of tuyeres is
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-oable since any excess over that causes hpiqo-: _

S:::fe;}}‘ and a higher si}icon content.in the ;"g‘iir:lg g’;‘}l’gs;ckin.g of
ment 18 therfefore beneficial for producing foundry iron or fgr X rinf;'Ch-

ferro-alloys hke_ ferro-manganese_ For basic pig iron Production -
silicon content 18 detrimental and hence any excessive heat I‘efet:(cess
the tuyeres must be absorl?ed by some other beneficial endothesre a.xt
reaction. Use of oxygen enrichment upto 25% 0Xygen in the blast II?:
been found to be advantageous, if it is balanced by adequate humidiﬁs
cation. Higher level of oxygen enrichment poses several other problem;
which weigh more than the advantages and hence not used in practice

3700 ;
« 3600
& 46
w | —
3500 §
@ >
% (@]
= 3400} 1.2
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3200}
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OXYGEN ENRICHMENT (E) %

Fig. 17-18. Effect of oxygen enrichment of blast on
furnace productivity.

Combined use of oxygen enrichment and humidification of blast
offers 5 unique method of blast furnace process control. Control of blast
furnace by coke rate is not effective before few hours after the change
“hereas variation in oxygen enrichment and humidification can con-
t‘rol the temperature almost immediately; it can also be momtoregi i(;f:l'

s’nUOusl}’- The cost of oxygen however should permit its use ina
®tup for jt may otherwise work out to be costly. in produc-

. . increase 11" £ :
For every percent increase in oxygen content, ng in coke

3 . - woinal saVi ; 5
tion rate of about 3—4% can be obtained with a mar g:)’f’.;ojsture giving
"2te. The saving in coke rate is due to the cr T
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rise to hydrogen which acts as a reducing gas up in the stack. The in-

crease in output with oxygen enrichment is shown in Fig. 17-16. It also
shows that the percent returns decreases with increasing enrichment,
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17-11. Fuel Injection

The necessity to adopt fuel injection in a blast furnace arises from
the fact that coke is not only costly but it is becoming more and more
scarce and hence it should be replaced by other cheaper and readily
available fuels, as far as is feasible, to run blast furnaces without im-
pairing their efficiency. Also all coke furnace operation is affected by a
higher flame temperature and formation of an inactive zone near the
furnace walls. Auxiliary fuel injection tends to set right this and lead to
more stables furnace operation because of additional control para-
meters available to control characteristics of race way. The heat
producing function of coke is partially replaced by injecting auxiliary
fuels in the tuyeres. They are therefore readily available for combus-
tion in the combustion zone in front of the tuyeres. Either solid, liquid
or gaseous fuels can be injected in the tuyeres. Solid fuels coal, either
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pulverised or in the form of slurry. Liquid fuels are eltth{llght oils,
naptha or more predominantly heavy oi.l. Natl-JI‘al gas or co %gVen are
the gaseous fuels that could be readily inJe_cted in the tduye;eist.S ) e ?lhm?e
of the type of fuel for injection almost entirely depen lfn(l)ent oft\ImalsblL
ity, economy and feasibility of injection. Oxyfgen enlxilc Y, ef last
alongwith fuel injection is required to achieve full a ges of fiyg]
injection.[78]
It has been already discussed in Chapter 4 thzi\lt col;le hfis b
major functions inside the BF. One is as a fuel and 1}31 e other is gg 5
spacer to maintain permeable charge which allows t ehgasﬁs to pass
through it smoothly. The function of coke as a fuel is t erefore minj.
mized, to the extent possible, by using substitute pulverized, liquid of
gaseous fuels. Fuel is burnt in front of the tuyeres t(? generate 'the re-
quired thermal energy and to compensate that lost in 'decreasmg the
coke charge. The substitution of coke is also done at this leyel only by
injecting pulverized/granular coals or ggseous/hquld fuels like natural
gas/heavy oil through the tuyeres. This is one of the mqst potent ways
of reducing coke and replacing it with cheaper and available fuel. The
basic requirement is that the injected fuel must burn completely and to
that extent only the replacement is possible. Any excess injection can

cause damage rather than benefits by disturbing the bosh reactions
and melting rate.

All coke operation is affected by higher flame temperature and
formation of an inactive zone near the furnace walls. Auxiliary fuel injec-
tion tends to set right this and lead to more stable furnace operation

because of available additional control parameters to control the
raceway.

The choice of the type of fuel to be injected almost entirely de-
pends on its availability, economics of its use and feasibility of injec-
tion. From this point of view only fluidized fuels can be injected. Fuel

injection is fully exploited when adopted along with oxygen enrichment
and humidification the blast.

The actual amount of fuel injected in any furnace in any plant
depends on many factors. On some furnaces individually upto 100 kg
oil or 200 kg pulverized coal or 150 Nm3 natural gas have been success-
fully injecated and the efficiency has come upto expectations. The re-

placement ratio, kg of coke saved divided by kg of fuel injected, depends

on the practice, quality of fuel and effectiveness of furnace control.

These injections affect the following furnace parameters:
(1) Flame temperature

(2) Bosh gas composition and volume

(8) The top gas temperature and CO/CO, ratio and henceé the
efficiency i
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il (5) Slag volume and its basicity

(6) Overall production efficiency

The influence of such injectants jg shown in Tap)e XVIL-4[79)

Table XVTI-4[79]
Effect of various injectants on BF conditions
};rfameter Change Change in flame Change in coke
_ Temp., °C rate, kg/thm
Natural gas + 100 kg/thm -513 -82:6
(+ 132 Nm3/thm)

Anthracite coal + 100 kg/thm -162 ~92.0
Heavy volatile Coal | + 100 kg/thm -218 -76-1
Heavy fuel oil + 100 kg/thm -321 —98-4

The demand on heat is a net result of heat generated by its burn-
ing and consumed for ash dissolution in slag and for any moisture, tak-
ing part in the water gas reaction. Similarly the net resultant gases at
the tuyere shall take part in further reactions as they rise. It is neces-
sary to compensate this loss in flame temperature by increasing the
hot blast temperature, and if that limit is already reached then, by
other means like oxygen enrichment, blast temperature and so on.

More efficient reducing gas is generated at the tuyere area by
disintegrating moisture into hydrogen via a reaction of the type:

H20 + C =H2 + CO ..(17-1)
or by CH,4 + 1/202 = 2H, + CO (17-2)

These are endothermic reactions and are possible only when sur-

Plus heat is available at the tuyere area. 5
: il i the order of 0-9-1-1 kg of coke
The replacement ratio for oil tlii ?g O s kg por Nm of gas. These

Per kg of oil. For natural gas this ra 00°C. Natural gas or oil genertes

ﬁre 01 Dlas [empelatus D 900-13hich is a better reducing agent i'rtx
Ydroge duct of burning, W . "+ the top gas does no
gen, as produc o/H20 ratio1n tz is used for reduc-

the stack as compared to CO. The e
i pared to C{ nly 4% :
Indicate jts utilization efficiency bz(f;?\?ify. Natural gas Igge;o,;gt :33'
tion, 1 . ves the pro ¢ ratio is 8 :
tribut; fchm‘IQforf(‘3 1rrnnzi;'ioon and the replaC;n;Zr\lring in coke and incre?isg .

ence ; o sfz.ag OC;' Cagl-oun resulted in 6-10% b AT e
. 1S preferred.

: ific case..
: £.9.0% in a specl
In Productivity by about 0-5-2:0% :
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Pulverised or granular thermal coal has also been routinely ip,.
jected in the range of 50-200 kg/thm. The aim is to go upto 300 kg/thy,
in near future. The cost of coke can be brought dowq by 10-15%, |¢
pulverized then 80% of coal is ground to less than 7.5.m1c.ron and drieq
to a level of less than 1% moisture. The system of injection shoulq ep,.
sure that the desired amount of coal is injected within expected accy,.
racy. It is claimed that the performance of injecting even granular cog)g
(sandy in nature) is adequate. It is preferred since the cost of p}llveriza-
tion is far more than that of granulation. However pulverized cogq)
injectionis more popular.

The limit of injecting PC is dictated by a parameter called ‘Coq]
Combustion Potential’ defined as

Oxygen supplied to raceway (Nm3/ hr)
CCP =

Oxygen required to burn injected coal (kg/hr)

The ideal theoretical value of CCP is 1:0. This consumption of
oxygen takes into account the humidification of the blast as well as the
oxygen enrichment, since all these go hand in hand to obtain the re-
quired conditions. The reduction of coke rate by various such param-
eters is assessed before hand and is shown in Table XVII-5.

Table XVII-5

Assumed norms for calculating the changes in coke rates

Parameters Change in coke rate
E e Balthn
B
i 1. Sinter +10% —2-2
2. Blast temp +1°C -0-14
: 3. High Top Pressure + 1kg/cm? -11.55
4. Central Working Index +1 -54-34
5. Humidity +1 g/Nm3 —0-88
6. Coke ash +1% +10-00
7. Oxygen enrichment +1-0% -6-82

This is quite independent of the efforts to raise the hot blast tem-
perature to its maximum.

The replacement ratio (RR) of the order of 0-8-0-9 has been
achieved. Ash content of the coal affects the RR adversely as will be
obvious from Table XVII-4. The efficiency of replacement is not just
limited to its complete burning. It should also thereby result 17
improvemnts in bosh and stack reactions as well as heat traqsfer aﬂt
rate of melting. One of the chief problem to be faced in PCI is its 95‘3:0
on deadman. In case of incomplete combustion the PCI can give nfsihe
suit or char formation and may decrease the permeability ©
deadman. This can have disastrous effects on hearth behaviour-
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rough the blast furnace

d). It is therefore bound tc influence ¢
pre'heati . 'tuy eres. Almost all model"n blast furnaceg all over the world
front of t. jection as a matter of routine Practice. The best Performance
ase coal lftlg) inject 100-200 kg/thm with resultant coke rate falling t¢ a4
has beesr(’) 0 kg/thm. Tata Steel commissioned cog] injection unit op their
1;}” fz:nace in March, 1991. This system ig capable of injecting 150 kg/
thm. The trials have indicated that the rate of coa
nced by a variety of parameters which have to be 5
sr improve blast furnace performance.

Coal injection in the existin
city beyond the optimum 205 m/se
had to be increased from 125 mm
velocity.

Injection rate was influence |
For pressure below 10 psi coal could not be injected. For pressure in the
range 10-15 psi injection rate was halved and for pressure ab.ov.e 1‘5 psi
full injection was possible. This practice eliminates the pos51b1-' lity of
tuyere blockage. Above 15 psi

condition ip

| injection is influ-
djusted to maintain

g design increase
¢ and as a result

dia to 150 mm di

s the tuyere velo.
the tuyere diameter
a to obtain optimum

d by blast pressure and blast vo-

The coal quality has a dominant influence on the furélacfe pisr-
. . f coal in the raceway is esirable.
formance, Maximum combustion o T 1 th
t no deposition takes place in the
The ash content should be low and that no d t of the ash should be a
lgnce or the tuyere region. The melting pc‘):;lu(;nce the melting chara.
high as Possible but not that much so as tosl'n ce coal is injected in cold
Cteristics of the slag inside the furnace. ;eway. Increasing injecting
‘ondition it hag a cooling effect on the rla ss counteracted it can have
rate hag increasing cooling effect and l{}151elally a high injection rate, in
a rmance. U ; in oxygen en-
e Sl o e o
: , 1S com _ ; ;
Tchment of the blast to obtain optimum the furnace performance.
encel combustion. It was found
_ = ting on coa no problems with
Thig Can be studied t?y expe‘lf(r)l:{lof _900 mesh pg?isolatile matter coal
A Tatq Steel that with 80% c ery wide range results it is better to
TeSpect to its size. Although atv be giving gogd
Ve been studied and found to

_30%.
e V.M. in the range of 20-30%
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The calorific values also have an influence on RAFT. Coals with
C.V.in the range of 6-7000 Kcal/kg have been found to pose no specific
problems. The burden charging sequence had to be adjusted suitably ¢,
suit coal injection.

For normal practice nearly 50 kg/thm coal could be injected with
replacement ratio of 0-9. With 1-4% oxygen enrichment the Same coulq
go upto 70 kg/thm with replacement ratio of 1-08. In 1994 coal injection
was fitted on Tata Steel s ‘D’ furnace and injection rate of 100 kg/thm
with 1-5% oxygen enrichment was possible for replacement ratio of 1.0,
Their ‘G’ furnace is latest and modern. There, 130 kg/thm could be in-
jected with 3-0-3-5% oxypgen enrichment with a replacement ratio of
1-3. The coke rate came down to 450-500 kg/thm.

In all these the RAFT was maintained at around 1900°C. The
productivity remained unchanged. As regards quality of hot metal, sul-
phur remained unaltered but silicon went up from 1-0 to 1-36 and which
had to be brought to 1-0 by oxygen enrichment.

Tata Steel’s have provided coal injection facilities on their ‘D’ ‘F’
and ‘G’ furnaces. Whereas on ‘A’ and ‘B’ tar injection facilities have

been provided.
17-12. Lime Injection

The origin of lime injection lies in controlling the quality of bosh
slag. The quality of slag produced in the bosh region has direct bearing
on the productivity of the furnace. If this slag is more viscous then it
affects the acro-dynamics adversely. As a result the productivity falls.
Increase of bosh-slag viscosity by even 1 poise may decrease the pro-
ductivity by about 0-5%.

Flux is added in the BF charge to flux the gangue of the iron ore/
sinter and the ash of the coke. The entire flux requirement is met by
adding limestone as a separate constituent in the charge or via sinter
in part or full. Where coke ash is very high like that of in India the bulk
of the slag is formed out of the ash of the coke. Major portion of this ash
is released only after the combustion of coke in the tuyere region. It
means that the lime proportion of the slag formed before bosh region is
far too large than required to maintain the desired basicity. In other
words the basicity of the slag that is formed before bosh region is very
high and consequently its viscosity will be very high. Such highly vis-
cous slag poses several problems. Firstly it trickles slowly through the
coke bed. Secondly it interferes with the aerodynamics adversely and
decreases the rate of upward gas flow and thereby reduces the rate of
reduction of ore and rate of heating of the charge in the stack. It means
directly a decrease in the productivity.

In fact the lime required to flux the ash of coke is ideally required
at the tuyere level. If it can be provided at that region, then the slag
formed up in the stack and in bosh will be almost the same type of 5188
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Effect of variation of agp content of ¢
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e i o ratf Productiop,

o kglthm kglthm kglthm t;((;te

ay

— 1 = 416 874 510 | 134

1258 26 497 972 610 1272

i 30 600 974 737 1197
e

All such slqg relateq problems can be solved tq a great extent if
part of the total lime requirement can be injected through the tuyerels
in a way similar to fuel injection. It will be available where it is needed
most, i.e.to flux ash of coke. If this is resorted then part of the flux is
added, more often via sinter and the rest via injection through the
tuyeres. In that case no free limestone may be required in the charge
material. It is the powdered lime that is injected through the tuyeres
and not limestone powder. It means the heat requirement for its
calcinations is met outside the BF using any alternative fuel rather
than coke. The coke rate would thus also decrease proportionally.

2'5BARS 50 ¢ 25BARS 50

COKE
F65kg

o o winp s 635my 1250 ¢ — 5
| OXIGEN:BS m 3, —biG 1RON :39t/hd
F PIG IRON:32t/hm r
FUEL OIL NATURAL GAZ fuels
F' % : h auXiliary
l.g’ 17-19. Blast furnace operation WIgised bux"dem-57

jected at the tuyeres with fully oxi
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Full scale industrial trials on a small blast furnace of the g.;
Iron Works, Barbil, under the direct supervision of SAIL R ang Dlll)‘}g_a
sion were carried out and have borne very good results. The same }1]\11.
therefore been recommended to be applied for normal blast furng, :Ss

The advantages claimed are:

(1) It improved the bosh permeability due to improvement i,
mass flow rate in the bosh region.

(2) It decreased the viscosity of the slag in the bosh region with
all the attendant advantages. , ,

(3) Tt decreased metallurgical coke requirement in the blast fur-
nace due to decrease in limestone-flux charged from the top.

(4) It increased the productivity of the furnace.

(5) It controlled the basicity of slag and thereby improved the
quality of hot metal.

(6) The slag rate is marginally reduced.
(7) Metal sulphur content was somewhat lower.

(8) On the whole the furnace operation was more smooth with
decreased hanging and slipping.

It is however surprising that it was not adopted on large fur
naces even in India where the coke ash problem was very seriou_sly
affecting the productivity. In fact it is now recommended for it adoption
in MBFs to decrease their coke requirements and improve
productivities.

- — - i TR
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