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Abstract- Iron ore with high hydroxyl content such as lateritic ore or Goethite iron ore is widely spread in Eastern India. 
This type of iron ore is commonly called lean grade iron ore and not used as raw material in iron making industries. With the 
limitation of the primary iron ore, such material is an option to the future iron making process. Unfortunately the 
characteristic of iron ore with high hydroxyl content is totally different to conventional iron ore. The reduction behaviour of 
lean ore or Goethite iron ore pellet with wood charcoal was analysed through the thermo gravimetric method. The stage wise 
High Resolution X-Ray diffraction analyses of reacted solid powders identified the iron ore phase changes during reduction 
process and the presence of reduced iron as the final product of the in-situ process was confirmed. 
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I. INTRODUCTION 
 
The steel industries prefer to utilise high grade iron 
ore namely hematite or magnetite. On the other hand 
iron and steel industries have been also the largest 
energy intensive industries compared to all energy 
utilization sectors. (Yi Man et al., 2014).  India also 
has taken lead in steel industries. In India, high grade 
iron ore has been decreasing rapidly, one the other 
hand widely spread large reserve of lean iron ore are 
present in major parts of India, particularly in Eastern 
India. This is not commonly used as raw material for 
iron making. Several researchers have studied the 
reduction of lateritic ore (Murakami et al., 2009). 
Murakami et al. (2009) stated that the degree of 
reduction rate of Goethite iron ore is higher than the 
high grade ore. The changes of Fe2O3 to Fe3O4 start 
after dehydration of iron ore. Little amount of 
methane also produced during heating (Kawigraha et 
al., 2013) takes the role of channelling in to the iron 
ore for easy reduction. Unlike other countries due to 
wood burning in kitchens, large availability of wood 
charcoal exists in Indian village. Therefore, the 
objective of this research is to investigate the 
reduction processing of lean iron ore at present 
working condition using the wood charcoal as 
reductant.   
 
II. EXPERIMENTAL PROCEDURE 
 
The lateritic iron ore used in these experiments was 
collected from Western Jharkhand province in the 
Eastern part of India. The ore was consists of FeO 
(OH), βFe2O3, H2O namely Goethite. The material 
was porous and easily crushable. A 150 mesh iron ore 
powder was utilized in these experiments. The oxide 
composition of lean iron ore was determined by 
Philips PW1400 X-Ray fluorescent spectroscopic 
analyser (XRF). A set of mixed samples were 
prepared with weight ratio of 1:3 iron ore and wood 

charcoal pellet for Differential Thermal Analysis 
(DTA), Thermo gravimetric (TG) test by Perkin 
Elmer Thermal analyser. Another set of samples with 
same mixed ratio were also fired within tube furnace 
from room temperature to 1020OC for controlled 
heating of pellets. The thermal treatments were 
conducted in atmosphere of air at the following 
temperature: 350, 480, 680 and 1020OC. Each sample 
was kept at the set of temperatures for 30 minutes and 
then cooled down to the room temperature. The rate 
of heating was 10OC/min. in DTA/TG as well as in 
tube furnace. The reduced tube furnace pellets were 
used for XRD analyses that were carried out by PAN 
Analytical Cu-target/Ni-filter base High Resolution 
X-Ray Defractometer. 
 
III. RESULTS AND DISCUSSION 
 
The chemical composition of iron ore was determined 
using X-Ray Fluorescence analysis method. The 
results indicated the major compound was Fe2O3 with 
some amount FeO and SiO2 present (Table 1) in iron 
ore.  
 
The DTA curves (Fig.2) displayed more intensive 
two endothermic peaks, first one for initial 
evaporation of moisture and the second peak was 
more prominent indicating an irreversible 
transformation occurring (Cornell et. all., 1996, Ruan 
et. all., 2002). This irreversible transformation started 
below 240OC and the sharpness of the peak was 
280OC. This temperature was seen comparatively 
lower than the commercial Goethite material, equal to 
324OC (Stefano et. al., 2010) due to the presence of 
other low temperature hydroxide minerals in this ore. 
This East Indian type Goethite also contains 10.67% 
water of crystallization (Table 1) but the percentage 
of weight loss was around 8%. This means some 
amount of water probably remained within ore in 
some combined form even at this temperature. 
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Fig.1 HRXRD pattern of experimental low grade iron ore, Goethite 

 
The DTG (Fig.3)curve of the sample clarified at least 
there four peaks. The first two peaks were identified 
easily corresponding to evaporation likely from 
dehydration and dehydroxilation (Kawiaraha et. al.). 
Next two peaks corresponded to the actual 
decomposition of Goethite. At 280OC the ore 
significantly lost much of its weight due to hydroxyl 
ion. 
 

 
Fig. 2 Thermo gravimetric and heat curve of lean iron ore. 

 
The wood charcoal quality was measured by 
proximate analysis. The three weight loss steps 
corresponded to moisture, volatiles and fixed carbon 
respectively. The remaining weight at 900℃ was 
oxides as ash. A summary of the results obtained is 
shown in Table.2. 
 

 
Fig. 3 Thermo gravimetric and DTG curve of lean grade iron 

ore 
 

 
Fig.4 Thermo gravimetric and heat curve of wood charcoal 

 
Table 2. Composition of wood charcoal analysis 

used in this experiment. 
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From the table it was found that the wood charcoal 
contained very high amount of carbon and some 
amount of volatile matter. Volatile matter was mainly 
composed of moisture and hydrocarbons chiefly 
methane which breaks down producing some amount 
of nascent hydrogen.  
CH4 + H2O = CO + 3H2 + ΔH    …...  +49,300 cal. 
 
The nascent hydrogen takes initiative in early role of 
reduction by diffusing through channels in 
dissociated hydroxide ore and makes a vital gateway 
within pores for the later CO reduction of the ore to 
occur. This high amount of carbon also can 
continuously react with CO2 to produce CO for 
maintaining CO/CO2in Boudouard equilibrium during 
the whole iron ore reduction process. 
 
The DTA heat curve (Fig.4) of Wood Charcoal used 
in the reduction experiment showed one endothermic 
peak at very initial stage indicating the release of free 
moisture from the wood charcoal. After the release 
the curve continued to increases up to 525oCmeaning 
high generation of CO2. 
Then the carbon gasification reaction or Boudouard 
reaction got started. 
  CO2 + C = 2 CO + ΔH ...… +40,800 cal. 

Boudouard reaction 
 
Carbon gasification reaction being endothermic in 
nature produced CO gas which plays important role 
in iron ore reduction. The DTG curve (Fig. 5) 
indicated the stable and sufficient flow of reducing 
gas initially of hydrogen and later CO. The 
endothermic nature between 488oC to 630oC 
obviously has been explained by CH4 reaction. 
 
To study the thermo gravimetric effects for East 
Indian Goethite with Charcoal the composite pellet of 
ore and charcoal was further tested by DTA analyser. 
The result (Fig.6) exposed some interesting features. 
TG sanctified continuous loss of material of pellet to 
1000oC as expected in any reduction mechanism due 
to release of oxygen from ore as well as dwindling 
mass of charcoal on oxidation either by CO or 
CO2.The fall looked sharp @ 260oC and then  
 

 
Fig.5 Thermo gravimetric and DTG curve of wood charcoal. 

further steadied over 625oC when ore reduction 
reaction reached a balance between CO generation 
and Fe production. DTG curve of pellet also 
corroborated the trend. After endothermic-peak 
@37oC with initial moisture loss that remained 
attached to the pellet the major endothermic-peak was 
observed@263oC. Corresponding to ore analysis 
(Fig.3), the endothermic break-down of hydroxide 
iron ore FeO(OH) became obvious to make it fragile 
and porous with development of channelling within 
aggregate making it ripe for gaseous reduction. The 
overwhelming presence of Charcoal and its 
endothermic volatile production consequence 
manifested in temperature ranges of 481oC to 625oC 
as already explained. The natural exothermic 
tendency interrupted with endothermic drops again 
explained the normal stepwise reduction of iron ore 
from Fe2O3 »Fe3O4» FeO » Fe with first exothermic-, 
then endothermic and finally again exothermic 
reactions. 

 
 
For the testing of reducibility of Goethite in East 
Indian sequence, the continuous recordings of XRD 
results of reaction product @ different temperatures 
were presented (Fig.7). Lower most graphics 
indicated the original Goethite ore taken for reduction 
by Charcoal. The presence of FeO(OH) as Goethite 
was obvious in the diffractograph. The appearance of 
peak for β-Fe2O3 over 350oC could be usual after 
removal of moisture on OH- rejection and the bivalent 
iron oxide of [FeO,Fe2O3] or Fe3O4 arrived in 
scenario. The progression of reduction of iron oxides 
continued until Fe vigorously came out @ 1020oC as 
expected under almost full CO cover of Boudouard 
environment as FeO could be only reduced by at least 
70% CO-atmosphere ~700oC. The natural reducibility 
of Goethite by Charcoal became a clear possibility 
just as near and above of @ 1000oC in open furnace 
condition. 
 

 
Fig 6. Thermogravimetric and DTG curve of Lateritic ore and 

wood charcoal mixture. 



International Journal of Mechanical And Production Engineering, ISSN: 2320-2092, Volume- 4, Issue-8, Aug.-2016 

Lean Grade East Indian Iron Ore Under Reduction With Charcoal 
 

119 

CONCLUSIONS 
 
In conclusion the following observations can be 
stated. 

1. Thermal and Gravimetric analyses of East 
Indian grade lean iron ore like Goethite noted 
very early decomposition of the ore, unlike 
rich Hematite or Magnetite iron ores. The lean 
iron ore easily dissociates @ low temperature 
below 300oC. The dissociation in form of 
moisture elimination makes the ore very 
breakable exposing channelling and pores 
within where gases reduction by hydrogen or 
later CO could be easily accomplished. 

2. Thermal analyses of East Indian Charcoal 
pointed out the high carbon content and high 
amount of volatiles necessary for reformed gas 
formation [CO + H] general utilised in gas 
base DR-iron production. Wood Charcoal 
could act naturally as suitable reductant of iron 
ore. 

3. The composite pellet of Goethite iron powder 
and Wood Charcoal powder on heating as 
expected have shown a reasonable prospect of 
producing iron from lean ores. The reducing of 
lean iron ores with common wood charcoal in 
furnace environment at low temperature could 
be a distinct possibility and needs erudite 
attention. 
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