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SYLLABUS: 

 Unit – II 

 Blast Furnace (B. F.) Constructional features: Profile, 

Refractories, Accessories, Charging mechanism, Bell 

and bell-less charging systems.  

 B.F. – Reactions: Physico-chemical principles of blast 

furnace. Blast furnace reactions. Reaction in stack, 

tuyere zone, bosh and hearth.  

 Thermodynamics equilibria, Direct and indirect 

reduction. Kinetics of iron-oxide reduction, Slag-metal 

reactions, Desiliconization, Desulphurization. 
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 Modern blast furnace consists of following 

important sections: 

1) Blast furnace proper 

2)  Hot blast supply equipment 

3) Gas cleaning system and gas storage 

4) Raw material storage and handling 

5) Liquid products disposal 

6)  Process control equipments 

 

 The modern blast furnace is 30m tall with welded 

plate construction and varying circular cross 

section at different  levels. 

 A furnace producing 2000t of pig iron per day 

with an effective inner volume in the range of 

around 2000m3 
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Hearth-  to collect liquid slag and metal. 

Lined with carbon blocks. 

Bosh- has max.dia and it is a zone of 

intense heat. 

Mantle-Furnace structure above the bosh 

level. Heavily supported by unifromly 

spaced upright heavy columns, which are 

firmly anchored in the concrete 

foundation. 

Stack- Frustum of huge cone mounted on 
the mantle extending till the top of the 
stack.  
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Tuyeres-  Located just above the hearth 
through which hot air is blown for fuel 
combustion.  

Bell and Hopper – Also known as cup and 
cone arrangement. Used for charging the 
solid charge. For new BF bell-less 
charging system is preferred. Double bell 
arrangement ensures charging without 
leakage of exhaust gases. High top 
pressure requires several complex seals in 
the charging arrangement. 

Off takes- Exhaust pipes connected at the 
top evenly at 4 points. 
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Calculate for c=0.2 and 0.3 

Furnace production 10000 THM/day 

and coke rate of 500kg/ton 
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BLAST FURNACE REFRACTORIES 

 High duty Fire bricks used predominantly. The 
lining life should be few years. Thickness can be 
approximately 1 mtr. 

 The life of lining should not be less than a few 

years. The thickness lining may be around one 

metre or so in most modern furnaces. 
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The chief causes of Failure of lining are: 

1. Carbon Monoxide (CO) attack. 

2. Action of alkali vapours. 

3. Action of limy and alkaline slags. 

4. Action of other volatile matter. 

5. Abrasion by solids, liquids and gases. 

6. Temperature. 

7. Action of molten metals. 

8. Conditions of operation and design. 

9. Blowing- in  procedure. 
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 One or at best a few factors, but not all these 

factors may be dominant at any one area in the 

furnace. 

 E.g.:  

 Stack region- Abrasion and CO(carbon monoxide) 

attack. 

 Bosh region- High temperature, Erosion by gas, 

attack of molten lime and alkali slags. 

 Hearth- Action of molten slag and metals. 
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STACK LINING: 

 A Good dense refractory is suitable for resistance 

to Carbon Monoxide and solid abrasion.  

 Armour plates are used at the throat region. 

 35-40% Al2O3 Bricks 

 60% Al2O3 Bricks are recommended for the lower 

part of the stack. 

 These bricks are made by machine molding under 

high pressures and are de-aired to improve their 

density. 

 Use of standard type of bricks or larger types of 

blocks is currently in vogue. 
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HEARTH LINING: 

 It should prevent breakouts. 

High alumina/silica ratio bricks with low 

permeability with well laid joints will 

prevent breakouts. 

Carbon block lined hearth is used due to 

high refractoriness, high thermal 

conductivity, abrasion resistance , low 

porosity & inertness to carbon saturated 

iron & slag etc. makes an ideal material 

for hearth construction. 
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HEARTH WALLS: 

Either Carbon lining or carbon blocks 

facing with high duty fire bricks backing 

is employed for the walls right upto the 

central line of the tuyeres or upto the top 

of the tuyeres in modern furnaces. 
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BOSH LINING: 

Good refractoriness, refractoriness under 
load required. Low thermal expansion and 
resistance to attack by limy and alkali 
slags. 

High duty or super duty fire bricks with 
45-65% Al2O3 are used with copper cooling 
plates. 

 In Japan development of graphite – 
silicon carbide bricks has given excellent 
performance for bosh as well as hearth 
region. 

This type of lining may find wider use in 
near future. 
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With carbon lined bosh and hearth, 

conventional cooling plates are generally 

replaced by external cooling of the shell. 

The successful use of carbon lined hearth 

has led to adoption of carbon lining up to 

bosh level.  

Carbon hearth must be protected from 

oxidation during blowing-in period with 

fire clay.  

Check slide notes 
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ADVANTAGES OF CARBON LINING ARE AS 

UNDER 

 Increase in overall campaign life of furnace. 

 Minimum break outs and reduced scaffolding. 

 Stack cooling may become unnecessary.  

 More uniform wear of the lining. 

 Clean surface in contact with slag and metal 

both. 

 Thinner lining may be adequate so more volume 

of blast furnace. 
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BLAST FURNACE ACCESSORIES: 

STRUCTURE 
 In early design the entire structure of furnace 

including charging arrangement was supported 

by solid iron pillars from mantle ring.  

 Modern trend is to have box girder jacket 

surrounding the furnace to support it.   

 In this way the furnace shell is relieved of loads 

imposed on it by the super structure. It allows 

more clear space for working around furnace 

bottom. 

 Relining of bosh and hearth region can be more 

easily carried out. 
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BLAST FURNACE COOLING 

ARRANGEMENT 

 Cooling of blast furnace lining is necessary for 

longer life and normal functioning of blast 

furnace.  

 This is specially critical for hearth and bosh 

regions. 

 Cooling will keep the shell temp. under control. 

 Interruption of cooling even for a short duration 

can have serious consequences.  

 Cooling can help reduce lining thickness and 

hence useful volume will increase 

55 



 Cooling arrangements- 

1. Box coolers ( cantilever type , L type cooler, plate 

type cooler ),  

2. Spray cooler for external cooling of shell,  

3. Water jacketed shell ,  

4. Air / Water cooling of furnace bottom,  

5. Evaporation cooling of furnace shell with water. 
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 Shell: Recent trend is to use external water 

sprays to cool the shell ½ bottom portion.  

 Upper half is cooled with cantilever type cooler. 

 Hearth and Bosh: -  Plate type flat copper 

coolers are used. 

 In addition to inserted coolers, external water 

cooling of almost  the  entire shell is being 

adopted. 

 On the  face (sides)  backing layers of graphite 

with carbon are  particularly recommended for 

effective cooling of the hearth 
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 External spray cooling is difficult due to oblique 

walls. 

 Evaporation cooling – The heat is extracted in 

cooler by converting water at 100 oC to steam. 

Water extracts heat equivalent to amount of 

steam formed during cooling at the boiling point 

of water. 

 Hearth bottom cooling - C. I.  Plates with steel 

pipes inserted is used. 

 Water cooling on big furnaces is also started. 
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 Cast house – The area around the blast furnace 
in the form of raised platform in which channels 
are provided for flow of molten metal and Slag to 
flow to the respective ladles.   

 The channels are provided with gates to control 
rate of flow and direction to any one or two of the 
spout above the ladle. 

 

 Tuyere assembly – The hot blast from the 
furnace is introduced through a bustle pipe and a 
tuyere assembly. The bustle is lined with 
insulation from inside and tuyere nozzle is water 
cooled.  

 Goose neck between bustle pipe and tuyere is 
eliminated in modern design. This method 
reduces heat losses. 
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 Raw material section – It runs parallel to blast 

furnace section and consists of ore yard, bins, 

scale car and ore transfer cars etc. 

 Rail tracks are also provided for lime stone, 

dolomite, sinter etc. 

 It is beneficial to screen ore, sinter and coke just 

before charging to remove fines. 
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 Charge hoisting appliances -  The solid charge is 

hoisted to the furnace top by bucket or hoist or 

conveyor belt. 

 Top charging system -  Furnace top is a 

complicated design which includes charging 

arrangement and gas outlets along with necessary 

safety devices.  

 Now modern design of blast furnace which adopt 

high top pressure operation are in use. 

 Blowers, pumps, boilers - Blowers are regulated to 

supply constant  volume of air to the furnace via 

stove.  

 Pumps are used to cool the furnace & its 

accessories. 
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 Instrumentation and control –  

Operations of the furnace are controlled 

with several measuring and recording and 

controlling devices. 

Every attempt is made to operate the 

furnace under optimum operating 

conditions. 

 Instruments are provided to measure and 

adjust the variables affecting the 

operations. 

 

62 



THE INSTRUMENTS WHICH ARE 

PROVIDED ARE: 

1) Blast temp. and pressure.   

2) Blast volume. 

3) Stock line recorders and indicators. 

4) Hot Blast Temp. recorder. 

5) Top gas pressure indicators and recorders. 

6) Stove dome temp. recorder. 

7) Automatic combustion control device for stoves. 

8) Sequence recorders for charging. 

9) Alarms for low blast pressure, high stack temp. 

etc.  

10) Furnace wall temp. indicators. 
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CHARGING MECHANISM  
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BASICS OF ELLINGHAM DIAGRAM 
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SALIENT FEATURES  

 Curves in the Ellingham diagrams for the 
formation of metallic oxides are basically straight 
lines with a positive slope. The slope is 
proportional to ΔS, which is fairly constant with 
temperature. 

 The lower the position of a metal's line in the 
Ellingham diagram, the greater is the stability of 
its oxide. For example, the line for Al (oxidation 
of aluminum) is found to be below that for Fe 
(formation of Fe2O3 )  

 Stability of metallic oxides decreases with 
increase in temperature. Highly unstable oxides 
like Ag2O and HgO easily undergo thermal 
decomposition. 
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https://en.wikipedia.org/wiki/Aluminium
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 The formation free energy of carbon dioxide (CO2) is 
almost independent of temperature, while that 
of carbon monoxide (CO) has negative slope and 
crosses the CO2 line near 700 °C. According to 
the Boudouard reaction, carbon monoxide is the 
dominant oxide of carbon at higher temperatures 
(above about 700 °C), and the higher the temperature 
(above 700 °C) the more effective a reductant 
(reducing agent) carbon is. 

 

 A reduced substance (such as a metal), whose Gibbs 
free energy of formation is lower on the diagram at a 
given temperature, will reduce an oxide whose free 
energy of formation is higher on the diagram. For 
example, metallic aluminium can reduce iron oxide to 
metallic iron, the aluminium itself being oxidized to 
aluminium oxide.  

 

 The greater the gap between any two lines, the 
greater the effectiveness of the reducing agent 
corresponding to the lower line. 
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https://en.wikipedia.org/wiki/Carbon_dioxide
https://en.wikipedia.org/wiki/Carbon_monoxide
https://en.wikipedia.org/wiki/Boudouard_reaction
https://en.wikipedia.org/wiki/Boudouard_reaction
https://en.wikipedia.org/wiki/Boudouard_reaction


 The intersection of two lines implies an 

oxidation-reduction equilibrium. Reduction using 

a given reductant is possible at temperatures 

above the intersection point where the ΔG line of 
that reductant is lower on the diagram than that 

of the metallic oxide to be reduced. At the point of 

intersection the free energy change for the 

reaction is zero, below this temperature it is 

positive and the metallic oxide is stable in the 

presence of the reductant, while above the point 

of intersection the Gibbs energy is negative and 

the oxide can be reduced. 

 
72 


