
ALTERNATIVE ROUTES OF IRON MAKING 

 

Module- I          [12 Hours] 

 

 Characteristics of raw materials and their preparation. Thermodynamics and Kinetics aspects. Direct 

Reduction Processes: Reduction of Iron bearing materials in shaft furnace, rotary kiln, retort and 

fluidized bed with special reference to reductant, energy consumption and operational problems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LECTURE PLAN 

LECTURE NO. TOPIC COVERED 

01 Introduction 

02 Characteristics of iron ore 

03 Characteristics of coal, natural gas 

04 Raw material preparation, thermodynamics and kinetics aspects 

05 Kinetics of iron ore reduction 

06 Reduction of iron bearing materials in shaft furnace , rotary kiln (with 

reference to reductant, energy consumption, operational problems) 

07 Reduction of iron bearing materials in  rotary kiln (with reference to 

reductant, energy consumption, operational problems)  

 

08 Reduction of iron bearing materials in  retort and fluidized bed  (with 

reference to reductant, energy consumption, operational problems)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 Introduction  

Discuss the importance of requirements of different alternative routes of iron making 

these days. 

Four factors that determine importance of alternative routes of iron making are- 

1. To use iron ore fines that generated around greater than 30% of total iron ore per 

annum to proceed. Iron ore fines can be utilised in three ways. 

i) Directly : On fluidised bed. 

ii) Indirectly : Converting fines into pellets, briquettes, sinter 

iii) Slinging : By means of slinging process some fines use with lumps. 

2. To use secondary fuels – Coke oven gas, Blast furnace gas, exhaust gases from the 

kilns. 

Coke oven gas produced during production of coke from coal which have a high 

calorific value. 

Blast furnace gas produced during iron production. It has also high calorific value. 

Exhaust gases from kilns : These gases contain CO, which is used for preheating. 

3. To use non-coking coal: Non-coking coal is based on presence of carbon percentage. 

It have 30-42% fixed carbon, contain high amount of ash. This coal is not used in 

blast furnace as it will form more slag. 

4. To meet the demand of shortage of scrap materials in steel making. Sponge iron is 

used as feed material in steel making. 

Sponge iron means porous iron produced by direct reduction process that is a solid 

state reaction process by which removable oxygen is removed from the iron oxide, using 

coal or reformed natural gas as reductants, below the melting and fusion point of lump ore 

or agglomerates of iron ore. 

CLASSIFICATION OF ARIM PROCESSES: 

Based upon the reductants used- 

1. Using solid reductant i.e. Coal based Direct Reduction (DR) process 

2. Using gaseous reductant i.e. Gas based Direct reduction process 

 

Process Reactor used Ore used Reductant used 

MIDREX Shaft Lump/pellet Gaseous 

HyL Retort Lump/pellet Gaseous 

SL/RN, ACCAR, 

CODIR etc 

Rotary Kiln Lump/pellet Solid 

HIB Fluidised bed Fine  Gaseous 

 

 



 



 
 

 

 



 
 



 

 
 

Smelting reduction: 

 

This is the process of liquid hot metal production. 

a) COREX Process : Fines are used here. 

                                    JSL use this process. 

b) FINEX Process : Solid as well as liquid used here. 

RAW MATERIALS USED IN ARIM PROCESSES: 

DR processes are very sensitive to chemical and physical characteristics of raw materials 

used in this process. For the successful operations the process of DR technology has specified 

the characteristics of the raw materials to be used in the process. The principal raw materials 

used in sponge iron processes are iron ore (Lump, pellets, fines), non-coking coal or natural 

gas, limestone or dolomite. 

1. IRON ORE  

CHARACTERISTICS OF IRON ORE- 

Lumps / pellets with high iron content, low gangue content, good mechanical strength, 

readily reducible and of non decrepitating variety. The characteristics of the iron ore, feed 

to the reactors, which are as following: 

 Chemical composition 

 Reduction properties 



 Physical characteristics 

CHEMICAL COMPOSITION: 

The key input material required for sponge iron production is the iron ore. Since 

sponge iron is a solid reduction process, the gangue in the ore is retained in the 

product. Due to oxygen removal there is a reduction in weight by about 30%, 

percentage of gangue material goes up by 1.4 times. Hence it very important to 

choose a higher grade of iron input. 

 



 



 

2. COAL 

CRITERIA OF COAL FOR ARIM 

 1. Fixed carbon 

2. Volatile matter 

3. Ash, sulphur and moisture content 

4. Ash fusion point 

5. Reactivity 

6. Caking and swelling indices  

• Analysis of coal sample is required to access of coal 

• 1. Proximate analysis: It is the process of determination of moisture, volatile matter, 

ash and fixed carbon content. 

• 2. Ultimate analysis: It is the process of determination of composition of various 

components of coal which includes the determination of % of C, H, S,N,O and ash 

content. It is necessary for utilization of coal for industrial purpose. 

Proximate analysis: 

• Moisture content:  1gm of finely powdered coal, taken in a crucible is heated in an 

electric oven at 105-107°C for 1hr. %moisture content can be calculated from loss of 

weight. 

• Volatile matter content: 1gm of finely powdered free coal taken in a covered crucible, 

is heated in a muffle furnace at 950°C for 7min. % volatile content can be calculated 

from loss of weight. 

• Ash content: It is the residue obtained after burning of the coal in a muffle furnace 

under current of air at 700-750°C till a constant weight is obtained. 



Fixed carbon content: It can indirectly obtained by deducting the sum of total moisture, 

volatile matter and ash content from 100. 

• Moisture content should be in 2-3% 

• Fuel ratio= (Fixed carbon/Volatile matter) 

• Fuel ration maintained at 1.5 (preferrable) or 1.8 (maximum) 

• 45% fixed carbon in coal is used. 

• Desirable ash content should be less than 15%. 

Proximate analysis of coal using TGA: 

 



 

 

 

 



 



Ash Fusion Temperature of coal 

• Ash fusion temp. gives an indication of the softening and melting behaviour of coal 

ash when coal is exposed to high temp. 

• Four temperatures are- 

• 1. Initial deformation temp(IT): The temp. at which the point of cone begins to get 

rounded. 

• 2. Softening temp (ST): The temp. at which base of cone is equal to it’s height. 

• 3.Hemispherical temp (HT): The temp. at which base of cone is twice it’s height. 

• 4. Fluid temp (FT): The temp at which cone has spread to a fused mass. 

• IT of coal should be at least 100°C higher than the furnace operating temp. 

• Operating temp. for furnace should be at least 200°C less than ash fusion temp.  

NATURAL GAS 

• Natural gas consists of carbon and hydrogen compounds in form hydrocarbons. 

• Natural gas cannot be employed in its virgin form for sponge iron process.it has to be 

converted into a mixture of H2 and CO to increase calorific value and to increase the 

proportion  of reducing gas in relation to oxidising gases (like CO2)  

 

 

ADVANTAGES OF COMPOSITE PELLET: 

• Very fast reduction due to intimate contact of iron ore fines and coal/coke/char fines 

• Higher rate of production 

• Reduction in energy consumption 



• Utilization of fines, which are cheap and are being generated in large quantities, 

awaiting suitable disposal and utilization 

• Promising prospect of small scale iron making with higher production rate 

FLOWSHEET FOR COMPOSITE PELLET PRODUCTION: 

 

 

 

 

 

 

 

 



THERMODYNAMICS OF IRON ORE REDUCTION 

 

The above are the no. of chemical reactions occur during iron ore reduction.  

 



 

 



 

 

 







KINETICS OF IRON ORE REDUCTION 

 

 

 



 

 



 

 



REDUCTION OF IRON BEARING MATERIALS IN SHAFT FURNACE  (WITH 

REFERENCE TO REDUCTANT, ENERGY CONSUMPTION, OPERATIONAL 

PROBLEMS) 

 

SHAFT FURNACE: 

PARTS : (1) charging device,(2) gas outlet,(3) tuyere, (4) outside crucible,(5) slag notch,  

(6)Matte hole, (7) inside crucible. Figure given below. 

 

 

 



The main components of such a furnace are as follows: a top, through which the 

charge is loaded and the gaseous combustion products are discharged; a shaft equipped with 

tuyeres, through which either a blast for fuel combustion or hot gases are   

supplied;and an inside crucible with a refractory lining,where the molten products collect.The

 smelts are tapped through an outside crucible or directly from the inside crucible to a forehea

rth for the stripping of the slags. The forehearth is often equipped for electric heating. 

Shaft furnaces were constructed from metal jackets, through which water for cooling   

 circulated. Later, evaporative cooling came to be used instead of water cooling. The shaft is 

constructed of thick-walled tubing welded into units. 

• It’s height is 5-15m. The shaft height can be reduced without impairing the thermal 

efficiency if the heating and smelting zones are compressed by accelerating heat and 

chemical reactions. 

• The immediate suggestion to this is oxygen enriched blast usage which increase heat 

to do chemical reactions.  

SHAFT FURNACE OPERATION AND REDUCTION REACTIONS: 

• The blast preheated at 780-800°C and operated on a bedded charge of small lump of 

iron ores, limestone, low temp. carbonized lignite coke briquettes as raw materials.  It 

can also be charged as batch process individually.  

• The reactions taking place in the shaft furnace are given below. 

Reduction by CO 

• Fe2O3 + 3CO = 2Fe + 3CO2 (Overall reaction) 

• 3Fe2O3 + CO = 2Fe3O4 + CO2 (Exothermic reaction) 

• Fe3O4 + CO = 3FeO + CO2 (Endothermic reaction) 

• FeO + CO = Fe + CO2 (Exothermic reaction) 

Reduction by H2 

• Fe2O3 + 3H2 = 2 Fe + 3H2O (Overall reaction) 

• 3Fe2O3 + H2 = 2Fe3O4 + H2O (Exothermic reaction) 

• Fe3O4 + H2 = 3FeO + H2O (Endothermic reaction) 

• FeO + H2 = Fe + H2O (Endothermic reaction) 

Carburizing reactions 

• 3Fe + CH4 = Fe3C + 2H2 (Endothermic reaction) 

• 3Fe + 2CO = Fe3C + CO2 (Exothermic reaction) 



• 3Fe + CO + H2 = Fe3C + H2O (Exothermic reaction) 

ADVANTAGES: 

 

DISADVANTAGES: 

• Briquetting of charge mix may be necessary for efficient production and which adds 

to cost of raw material preparation. 

• Physical and chemical preparation of charge is desirable. 

• Daily production of individual unit is low i.e. 100-200tpd.  

 

 

 

 

 

 



REDUCTION OF IRON BEARING MATERIALS IN  ROTARY KILN (WITH 

REFERENCE TO REDUCTANT, ENERGY CONSUMPTION, OPERATIONAL 

PROBLEMS) 

FLOW SHEET OF A ROTARY KILN PROCESS 

 

CONSTRUCTION AND OPERATION 

• Size is 4-6m diameter, length is 60-125m long. 

• Length to diameter ratio is 15-20. 

• Inclination is 1-4% of length. 

• Rotation  is 0.5 to 4.0rpm. 

• Coal not only used as reducing agent but also act as fuel to supply heat to maintain 

temp. profile inside rotary kiln. 

• A finer fraction of coal is introduced from discharge end of kiln along with air to 

complete the reduction, since by the time the charge travels to around 70% of length 

of kiln. 

• Feed of raw materials are done from one end, which is at higher level. It travels under 

gravity aided by rotating motion. 

• Flux is added with coal to control sulphur level in sponge iron.  

 



REDUCTION REACTIONS: 

 

 

ENERGY CONSUMPTION: 

• Most of reduction reactions are endothermic; so heat should be provided in to kiln. It 

can be done in two ways. 

• i) Burning of gas, oil or coal powder in a burner through the discharge end. 

• ii)  Exits gas from kiln is rich in CO and volatile matter of coal. In present of oxygen, 

partial combustion of them takes place and generates a lot of heat to produce 

electricity. 

• The heat of the process is provided by burning volatile matter of coal and excess 

carbon monoxide emerging from charge. This is done by introducing  controlled 



quantity of  air in kiln. Part of coal introduced from discharge end to supply energy at 

discharge end maintaining reducing temp.  

DISADVANTAGES OF ROTARY KILN PROCESS : 

 

 

• EXAMPLES OF ROTARY KILN PROCESSES : SL/RN, ACCAR, KRUPP, 

CODIR, TDR etc.  

 

 



REDUCTION OF IRON BEARING MATERIALS IN  RETORT AND FLUIDIZED 

BED  (WITH REFERENCE TO REDUCTANT, ENERGY CONSUMPTION, 

OPERATIONAL PROBLEMS) 

CONSTRUCTION AND OPERATION: 

• It uses a train of four fluid bed reactors in which the gas and solids moving in counter 

current directions come in contact with through out the entire reaction train. 

• The feed concentrate charged to top most reactor which is maintained at 500-570°C. 

this is the preheated zone. Here reducing gas comes from 3rd reactor. 

• Preheating , dehydration and reduction of  haematite to magnetite and then FeO take 

place in stages as the feed is transferred downwards to the subsequent reactors. 

• The gas required for reduction is a mixture of recycled top gas and fresh reformer 

make up gas provided by a standard steam reformer. 

The product is hot briquetted. But product is being low metallized. 

FLUIDISED BED PROCESS: 

 

[FLOW SHEET] 

 

 



REDUCTION REACTIONS: 

• Pre-heat and Pre –reduction 

• 3Fe2O3 + H2 = 2Fe3O4 + H2O 

• 3Fe2O3 + CO = 2Fe3O4 +CO2 

• Fe3O4 + H2 = 3FeO+ H2O 

• Fe3O4 + CO = 3FeO + CO2 

• Metallisation Reaction 

• FeO + H2 = Fe +H2O 

• FeO + CO = Fe + CO2 

ADVANTAGE: 

1. Ore fines recycled plant wastes have not been able to come up in competition with 

other DR processes. 

DISADVANTAGES: 

1. Fluidised  processes requires relatively more energy for their operation. 

2. It faced problems with regard to operation of fluidised beds. 

FIOR plant is not operating anywhere in this world. 

RETORTS IN ARIM: 

Retorts are of different types. 

• Continuous retorts  are used in Midrex, Purofer, Armco processes. Sized lump ores, 

pellets used in Midrex and Purofer process. But in Armco process only pellets are 

used. 

• It can be a gaseous reduction process. 

• It can be batch wise process where pre-reduction and reduction will occur. 

• Another example is Echevarria where pellets are used.  

• Reduction plant comprises of raw material stockyard,  ore crushing  and screening  

equipment, reduction retort, gas reformer, magnetic separator etc. 

 

 



Advantages: 

• Simple process. 

• Minimum investment. 

• Continuous operation on industry scale. 

There are many disadvantages to this are- 

• Local deposits of ores ad fuels. 

• Availability of unskilled labour. 

• Scrap collection is low.  

 

 

 

 

 


