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Abstract- India has adequate reserves of iron ore, but all of them are not ideal for use directly for iron making by the 
conventional blast furnace or alternative sponge iron route. The excessive fines generated from the mines or iron ore 
crushing units mostly go to waste or have to be sold at low prices. To face the rising price of calibrated ore and to meet the 
ever increasing demand for steelmaking by the next decade, utilization of wastes in the form of ore fines generated is an 
efficient alternative in this context and pelletization seems to be the preferred technology. Iron ore pellet is an agglomeration 
of fines which possesses better and uniformity of properties compared to the parent ore. The present paper aims an analysis 
of these factors for existing technologies and examines some aspects of pelletization under laboratory conditions. In the 
experiment it was focused mainly on altering the proportion of Carbon in the freshly prepared hematite iron ore pellets and 
studying their reducibility behaviour, supplemented by a microstructural analysis. 
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I. INTRODUCTION 
 
Annual production of steel In India is expected to 
reach close to 200 million tonnes mark by the year 
2020 making India world’s second largest steel 
producer. The current position is India has about 28.5 
billion tonnes of Iron ore reserves. Around 60% of 
Indian ore mined is in the form of fines with 
relatively lower grade of iron.  India is amongst the 
highest consumers of CLO (calibrated lump ore) for 
its steel production. About 25% - 30% of India’s steel 
production is through sponge iron route which is 
excessively dependent on CLO as feed. With the 
projected steel production, requirement of iron ore is 
expected to be around 350 to 400 million tonnes per 
year. At this rate of consumption, the available good 
quality reserves would probably not last more than a 
few decades. Hence improving the resource base and 
exploitation of mineral resources remains one of the 
most important geological and economical tasks in 
India and is the need of the hour. 
The conventional iron ore processing generates 
slimes to the tune of 10 to 15% of run-off-mine 
(ROM). It is estimated that more than 600 million 
tonnes of Iron ore fines dumps are unutilized.The 
reasons behind utilization of Iron ore fines available 
across India needs to be clearly assessed. Fines and 
slimes occupy huge space and cause environmental 
and ecological problems. It is essential to beneficiate 
and recover the additional iron values from these 
fines & slimes, not only to earn additional revenue to 
iron ore industries but also from the view point of 
conservation of mineral wealth.  
Beneficiation process is generally customized as per 
the ore mineralogy and has to be established through 
laboratory and pilot scale tests. The plant has to be 
located close to the mine head or at a place with good 
connectivity from mines, sustainable source of water 
& power, safe and easy disposal of tailings.  

 
Beneficiated concentrate would need to be further 
processed for facilitating its use in Iron making 
process. 
 
II. NECESSITY OF PELLETIZATION 
 
Pelletization is the process of agglomeration where 
ultra fines of the order of microns are rolled into 
green balls 9-16 mm before subjecting to a thermal 
regime for proper induration. These pellets having 
superior properties compared to lump ores, can be 
stored for a prolonged period and transported over 
long distances without any adverse effects on the 
properties. The present Indian raw material scenario 
offers an opportunistic disposition towards pellet 
making owing to the availability of large quantities of 
sub grade fines, slimes and wastes, etc; at different 
mine heads. Beneficiation followed by pelletization 
appears to be the only possible route for salvaging 
these otherwise waste but valuable mineral. With the 
sharp rise in the price of calibrated lump ore, it is 
imperative for the coal and gas based Direct 
Reduction or Sponge iron units to switch over to the 
use of iron ore pellets from use of lump ores. At 
present, the total installed capacity of pellet plants in 
India is about 18 Mt which is a world share of 4.5%. 
Currently all the plants operate on hematite ore. 
India has adequate reserves of iron ore. But the 
country has inadequate infrastructure for catering to 
the iron ore demands of all the DRI or steel plants. 
The excessive fines generated from the iron ore 
crushing units are mostly going waste. To curb the 
shortage of iron ore and meet the ever increasing 
demand for steel i.e. 100 Mt by 2020 as indicated by 
the Steel Ministry, pelletization technology is the 
only route that appears dominating. The steep rise in 
the prices of iron ore due to the upcoming of large 
number of sponge iron plants has necessitated going 
for pelletization technology. This gap is proposed to 
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be filled up by utilizing fines below 5 mm which do 
not find market and are sold at a meager low price. In 
addition to this, there is a large export market for 
pellets to China, Korea, Japan, etc;  
 
III. WASTE MANAGEMENT OTHER THAN 
MINE HEAD 
 
The main raw material Iron Ore is required in Lumps 
and in sizes which ranges between 5mm to 18mm. To 
produce these sizes ore crushing and its screening is 
required. The problem that this throws up is what to 
do with the ore which are below the size of 5mm. 
Majority of the answers to these problems lies in 
exporting these ore to China. But China does not 
import Iron ore below 60% Fe content. Another 
problem we have to contend with is handling the 
fines generated during the production process of DRI 
(directly reduced iron or sponge iron). The solution 
lies in developing and adapting the most effective and 
relevant technology in the near future to convert all 
the iron ore fines available to the most convenient 
and usable shape or form. Nothing else has to be done 
apart from converting all the fines into pellets. 
 
IV. THEORETICAL BACKGROUND 
 
The feed for Iron Making should form a permeable 
bed of material, permitting gas flow through it 
uniformly at a high rate. Powdered iron ore 
concentrates are not suitable in their as-produced 
form because fines tend to pack into a non-permeable 
bed and also they are likely to be carried away as 
dust by the high gas flow rates. The powdered ore 
must, therefore, be agglomerated into larger particles 
that will improve permeability of the furnace burden, 
increase the rate of reduction, and reduce the amount 
of material blown out of the furnace as dust.  
Previously, the emphasis was on production of coarse 
lump ores for smaller blast furnaces and quality was 
not an important factor. Fines as a result of manual 
mining were dumped in the mines site. In the 2nd 
stage till 1991, semi mechanized to mechanized 
mining of medium capacity was started. Mining cut 
off of ~ 60% was quite high and a large quantity was 
discarded as sub grade material. After liberalization 
the Government; insisted on conservation and mining 
cut off reduced to some extent. However, the steel 
requirement in India has increased manifold which 
necessitates that the fines be made use of in the form 
of superior agglomerate. The fine ores and tails need 
to be beneficiated and ground to even finer sizes to 
liberate which makes it less conducive for sinter 
making and hence pelletization. 
 
V. PROPERTIES AND ADVANTAGES OF 
PELLETS 
 
ADVANTAGES OF BENEFICIATION 
 Utilization of available dumps  

 Reduction in smelting cost due to reduction in 
quantity of feed processed 

 Unwanted material is discarded at the site of ore 
processing reducing logistics related costs and 
concerns 

 Consistency in quality and uniformity in size of 
product obtained after processing improving the 
efficiency of smelters 

The limitation in the utilization of beneficiated 
ultrafine concentrates in Sintering could be overcome 
through the process of Pelletization 
The pellets are of spherical shape which gives good 
bed permeability. Also the larger surface and 
increased time of residence per unit weight of iron 
gives better and longer gas/solid contact and 
improved heat exchanged. Pellets have high iron 
content and more uniform chemical composition 
resulting in lower slag volume and even lower flux 
requirements in furnace. There are several 
advantages of using the iron ore in this form. By 
using pellets made out of mineral fines, the rotary 
kiln can produce 25% more without any changes in 
the design. The specific consumption of coal also 
comes down by 10% and the kiln campaign life also 
increases by 60%. As there will be no accretion and 
no fused lump formation, the refractory repairing 
cost has been found to reduce by 50% and the 
metallization is also better compared to coarse lump 
ores. Normally, the fines in the finished product are 
35-40% which comes down to ~5%. Environmentally 
and energy wise, there will be benefits associated as 
handling and transportation loss is less and electricity 
and maintenance cost are reduced by 50% as there 
will be no need for crushing and screening of iron ore 
lumps. 

Table 1: Pellet Properties 

 
 
Inside the pelletization plant or area itself, large 
amount of undersize and green pellets are generated, 
which as a better practice today is recycled back to 
main circuit.  
 
VI. EXPERIMENTAL 
 
The main objective of the present project was to 
study the reducibility behaviour of hematite iron ore 
pellets by altering the coke composition and moisture 
content. Iron ore fines were taken, carefully weighed 
and used to prepare the pellets. 100gm of Iron ore 
fines were taken, with 0.5% Bentonite (as Binder), 
10% water and coke were added proportionately for 
each run. The pellets were made using a disc 
pelletizer. After that the green pellets were dried for a 
day. Once dry, the pellets weights were measured 
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prior to induration with the help of an electronic mass 
balance (for accurate reading). Once weighed, the 
pellets were indurated in a pre-heated muffle furnace 
at varying temperatures, each for duration of 45 
minutes. After the stipulated time, the furnace was 
switched off to provide a slow cooling atmosphere for 
the pellets to avoid cracking. Once cool, the pellets 
were taken out, weighed again and the weight loss 
determined. For obtaining the microstructure, each 
pellet was carefully sliced in half, polished with 
emery paper ranging from 400 to 2000 µm, and 
finally etched with Nital (2 %).The prepared sample 
was then observed in a optical microscope at 100X & 
200X. The images are given below.  
As said earlier, the coke composition was varied with 
each run. For the present work, composition 
variations were 5%, 10%, 15% & 20% coke 
proportions. The induration temperatures were also 
varied at 750°C and 950°C as per capacity of the 
furnace. The results are shown below: 
 

 
 

 
 
In the above diagrams, it may be observed that in 
general, there is a trend in increase in reduction with 
increase in coke percentages varied, but an optimum 
is reached at 15% level. In the microstructures given 
below, the bright silvery spots observed are metallic 
iron, not properly magnified owing to the low 
magnification available from the optical microscope. 
Therefore, it is evident that some amount of reduction 
has taken place, though not substantial because the 

thermal conditions were not ideal in all cases. The 
coke used for the project was of industrial quality 
while a purer variety would have given more 
reduction. Thermodynamic conditions were just 
adequate as far as the 9500 C run is concerned.  
 

 
 
CONCLUSIONS 
 
The non availability of calibrated lump ore at a 
favourable price coupled with the large quantities of 
fines have brought out the necessity of using fines in 
the form of pellets in the DR processes which has 
acted as a blessing as mining losses as well as 
environmental aspects are well tackled by 
pelletization apart from giving better production 
results. With huge expansion of existing mines and 
opening of bigger mines, it is expected that sufficient 
iron ore fines shall be available for pelletization. 
Pellets with their superior properties should be 
chosen as a sustainable means of waste utilization. 
Further laboratory and pilot scale investigations are 
necessary to evaluate the requisite physic-chemical 
conditions of satisfactory reduction of different types 
of ores. 
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