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 Abstract: Iron ore resource has its own peculiar mineral 

characteristics requiring suitable beneficiation process to 

produce quality raw material. Characterization has become an 

integral part of mineral processing and beneficiation largely 

depends on the nature of association of gangue with the ore. 

As reflected in the National Steel Policy, Hematite iron ore 

availability in the country will not last long. In order to ensure 

longer period of ore availability, it is very important that we 

should plan to use low grade BHQ & BHJ iron ores after 

beneficiation. Looking at the present scenario IBM has 

slashed the threshold value of 45% Fe (T). In India, iron ores 

are generally washed to remove the high alumina containing 

clayey matter. Conventionally, after washing, the lumps are 

directly fed to blast furnace and the fines are used after 

agglomerating them into sinter.  
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I. INTRODUCTION 

India is endowed with large reserves of high grade 

hematite ore. However, steady consumption of these iron 

ores is now a concern forcing to develop beneficiation 

strategies to utilize low grade iron ores.  India being the 

fourth largest producer of iron ores in the world requires 

around 110 million tons (Mt) of finished steel production 

from the current level of ~40 Mt by the year 2019–20. To 

produce 110 Mt finished steel, around 170 Mt of quality 

iron ore (+63% Fe) is required. Besides that around 100 

Mt of quality ore is expected to be exported. All together, 

270 Mt of prepared quality ore is required which 

corresponds to mining of around 400 Mt of run-off-mine 

(ROM) ore every year. It has been estimated that at this 

rate of mining the proven reserve of iron ore in India may 

last about 32–35 years only. However, most of the Indian 

iron ore mines are engaged in selective mining for 

maintaining a higher grade of the product (Fe >60 

percent). India is bestowed with hematite resources of 

11,426 million tons of which 6,025 million tons are 

reserves and 5,401 million tons are remaining resources. 

About 2,823 million tons (25%) are medium grade lumpy 

ore resources while 915 million tons (8%) are high-grade 

lumpy ore. Out of the fines resources about 2,507 million 

tons (22%) are medium grade ore, 39 million tons (1%) 

are high-grade ore and 17 million tons (1%) resources are 

of blue dust variety. The remaining are low grade, 

unclassified resources of lumps and fines or high, 

medium, low or unclassified grades of lumps and fines 

mixed etc. Considering the fact that iron ore production 

will more than double and rise to at least 300 million 

tonnes soon, finding suitable means of safe 

disposal/utilization of slimes is indeed urgent. 

Considering the present magnitude of the iron ore slimes 

generation annually, the quantities of slimes accumulated 

over the years, the fact that these slimes are available in 

already ground form and assaying reasonably high %Fe, 

it is obvious that if properly beneficiated, these slimes can 

be considered a national resource rather than a waste of 

nuisance value. The alumina content of the slimes, if 

brought to less than 2% Al2O3 in the beneficiated 

product will  

(a) Lead to better utilization of national resources  

(b) Reduce environmental hazards associated with storage 

and disposal of slimes  

Keeping the above facts in view attempts must 

Keeping the above facts in view attempts must be made 

to process the slimes to recover the iron values which will 

be a step forward for conservation of natural resource and 

will provide opportunity for sustainable growth for iron 

ore industries[8]. Also because of the finer particle size 

(<0.15 mm) it is expected that the mineral phases present 

in the slimes will be in liberated forms which may ease 

the beneficiation process without applying any 

comminuting action. Therefore, in last two decades 

emphasis is slowly shifting towards slime beneficiation 

and in addition to conventional methods of processing 

enhanced gravity separators (EGS) such as Falcon, 

Kelsey jigs and Knelson concentrator are also being tried 

to beneficiate the slimes. Alumina in Indian iron ore 

slimes occurs in the form of two distinct mineral 

constituents namely, gibbsite (hydrated aluminum oxides) 

and kaolinite (and other clay minerals in minor 

quantities). Even though not adequately quantified, the 

liberation studies also indicate that a substantial portion 

of alumina is present in the liberated form and hence 

amenable to separation by physical means. 

Characterization of the iron ore slime consisted of various 

methods, including size analysis, chemical analysis and 

density measurement, XRD study, scanning electron 

microscopy with EDS, microscopic analysis, and image 

analysis. 

Study area 

The combine leasehold (ML-130) of Barsua-Taldih-

Kalta of Steel Authority of India Ltd. Is situated in the 

classic iron ore bearing formations of Odisha. The 

regional structure of the sedimentary Iron ore bearing 

formations was assumed as an asymmetrical overturned 

synclinorium plunging towards north. The regional 

overturned folds close in the south while opened to the 

north in two separate limbs assuming a horse shoe 

structure. The central area enclosed in the closer largely 
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bear phyllites with tuffs, lavas and cherts. The western 

portion of this structure is almost continuously comprises 

of BHJ/ BHQ, which forms the hanging wall of the Bonai 

Iron ore body. The iron ore body was formed by 

secondary process of leaching and enrichment of iron 

bearing rocks (BHJ/ BHQ) under certain structural and 

meteorological controls. This process had also produced 

different ore types of varying physical, textural and 

chemical compositions. Pockets of unreplaced or poorly 

replaced parent rocks are present in ore body, bearing 

evidence of replacement/ enrichment origin for the iron 

ore body. It occurs as capping of various spread and 

thickness over several prominent hills generally following 

strike of the country rocks. The ore body is bounded in 

the west by continuous exposure of BHJ while its eastern 

periphery is generally devoid of rock exposures nd is 

covered with iron ore floats and talus. The ore body is 

lenticular in shape. Lateralization of ore body determine 

the quality and produces high aluminous impurities in the 

laterised zone. Barsua ore zone in south is laterised 

considerably, while Kalta, Taldih B and D blocks in the 

south are less laterised. The iron ore occurrence in 

Barsua-Kalta belt is characterized by mineral 

assemblages of predominantly Hematite, Goethite, 

Martite, and Limonite as principal phase typical of 

secondary enrichment deposits derived from pre-existing 

ferruginous sedimentary rocks. Kaolinite and Gibbsite 

constitute the chief gangue minerals. The quality of ore 

(grade) is commonly very inversely with its physical 

properties improving with depth while hardness 

deteriorates. Blue Dust considered to be the lower quality 

of the ore zone is very high in grade though physically 

crumbles to powdery form. The average thickness of ore 

bodies is around 40m. The total reserve of Barsua mine is 

around 78.24Mts as on 01.04.2007. 

 

II. CLASSIFICATION OF THE IRON ORES OF 

STUDY AREA 

A metamorphism, deformation, alteration and 

supergene process has made the ore textures complex in 

the Barsua ores. Some of the micro-structural and textural 

features that are observed in these areas include micro-

folds, brecciated zones, micro-faults and micro-bands. 

Basing upon the field observations, physical 

characteristics and mineralogical observations the iron 

ores of the study area can be classified as banded 

hematite jasper, massive ore, hard laminated ore, soft 

laminated ore, blue dust, flaky/friable ore, biscuit ore, 

martite-goetite ore, goethitic-lateritic ore/Canga (re-

cemented ore). The different types of ore often grade into 

one another laterally and even at depth.  

 

III. MATERIAL AND METHODS 

Two number of samples were collected from Barsua 

area namely Banded Hematite Jasper and Goethite-

lateritic ore. Both the ores were characterized in detail to 

ascertain the feasibility of beneficiation. The 

characterization studies include liberation analysis, 

microscopic studies, and XRD & SEM-EDX study. 

  

  

 

 

Fig.1 Photomicrographs of banded hematite jasper. (a) 

Martite in BHJ (b) Fine grained texture shows intricate 

interlocking between hematite & jasper (c) Independent 

martite grains in BHJ (d) Martite & Magnetite in BHJ (e) 

macro bands of hematite & jasper (f) alternating micro 

bands of hematite and jasper 

The bands in the BHJ consist of alternated layers of 

hematite and jasper/quartz with micro-folds and faulted 

features dissecting each other. Bands are generally 

parallel, while the concentration of iron ore minerals in an 

“iron-rich band” is more or less uniform; in a silica-rich 

band” it is highly erratic. The ore shows complex 

interlocking between hematite and jasper. The ore shows 

complex interlocking between hematite and jasper. 

Hematite phase in this ore is of secondary origin & is a 

product of oxidation of original magnetite called as 

martite. Martite, hematite and Quartz are in well 

crystalline form. Hematite appears to be a martitized. The 

martite, which is pseudomorphs magnetite, in most cases, 

retains the shape of original magnetite (Fig.1e). 

Disseminated secondary quartz also occurs in many 

samples. At places there are enriched zones of hematite. 

In BHJ, transformation of one mineral to another happens 

under the influence of heat, temperature, pressure. 

Crystallization proceeds almost homogeneously and a 

large number of small crystals are formed by 

recrystallisation. Recrystallisation of Hematite might 

have produced due to hydrothermal fluids (Lascelles, 

2007) but here magnetite gets converted to hematite due 

to oxidation. Hematite appears to be a martitized product 

of magnetite. At places there are enriched zones of 

hematite. SEM pattern from hematitic band of Banded 

Hematite Jasper (Fig.3) shows presence of acicular 

hematite with interstitial spaces occupied by quartz. EDX 

analysis shows a high percentage of Si and complex 

interlocking of hematite and jasper which made it very 

difficult for beneficiation 
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Fig.2 XRD pattern of BHJ showing presence of quartz & 

hematite 
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Fig.3 SEM photomicrographs of BHJ (hematite grains 

stalked upon one another) with    energy dispersive 

spectroscopy 

Table:1 Liberation analysis of banded hematite jasper 

 

The liberation analysis says that in BHJ samples, clay 

content is negligible but silica content is very high. 

Hematite and quartz are medium to very fine grained. 

About 80% of hematite grains carry extremely fine 

grained inclusions of quartz. The interlocking of quartz 

with iron oxides is of very complex nature. From size 

analysis study it was found that the sample is very hard 

and coarser fraction comprises of around 80% indicating 

higher concentration of gangues in coarser fractions. 

Liberation analysis shows that about 48% interlocking 

still exists in -150+100 μm size. The complexity of 

interlocking between iron oxides and quartz wherein 

quartz ranging in size range of 5-10μ are intimately 

associate with the ground mass of hematite and vice versa 

creates difficulty in liberation. Some of the iron oxide 

grains that are free from interlocking also carry fine 

inclusions of quartz. In BHJ samples, clay content is 

negligible but silica content is very high. Hematite and 

quartz are medium to very fine grained. About 80% of 

hematite grains carry extremely fine grained inclusions of 

quartz.  

Salient Features 

Characterization and mineralogical studies indicated a 

complex nature of interlocking of quartz with iron oxides 

and extremely fine grained inclusions of quartz, of the 

order of 10 microns in the hematite grains. Most of the 

quartz grains also carry very fine inclusions of hematite. 

Hence, the production of a high grade concentrate with a 

high recovery is very difficult. As, the quartz is very 

finely disseminated, it is extremely difficult to attain good 

liberation. Such a low grade ore with such complex 

interlocking pattern may not render the beneficiation 

process economically viable. A more elaborate and 

complicated flow-sheet with multiple stages of grinding, 

classification, gravity and magnetic separation and froth 

flotation may be required to produce a sufficiently high 

grade concentrate. It may also be noted that attaining 

liberation may be an extremely difficult job requiring 

comminution down to about a few microns. Therefore, 

beneficiation of this ore (BHJ) is not a viable proposition. 

Goethite- lateritic ore 

Lateritic ore is dull earthy in color with limonitic red, 

yellow and dull white patches. However, in fresh surface, 

it appears darker. Goethite-Lateritic ore mainly contains 

goethite, hematite, kaolinite, gibbsite and quartz. Micro 

platy hematite, goethite with clay patches are common 

features in this type of ore. Goethite which is common in 

lateritic profile/ surfaces of iron ore deposits is abundant 

in all the samples. There are extensive vein filling by 

goethite precipitation. XRD pattern reveals that lateritic 

ores mainly comprise of hematite, goethite and clay 

minerals and the clay material shows that it is mainly 

composed of kaolinite and gibbsite. SEM observation of 

goethite-lateritic ore shows that goethite is the common 

mineral (Fig. 5). It is formed under oxidizing conditions 

as a weathering product of iron bearing-minerals. The 

alumino-silicates are intricately associated with goethite 

and are very difficult to remove from the ore 

 
Fig.5 XRD ofgoethite- lateritic ore shows presence of 

Hematite, goethite & kaolinite 
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Fig.4 Photomicrographs of Goethite- Laterite iron ore (a) 

Gibbsitic clay (reddish black) bounded by goethite (grayish 

white), characteristic of Lateritic ore (b) Void filling by 

goethite precipitation (e) dehydration of goethite (f) cavity 

filling by goethite precipitation 

SEM observation of goethite-lateritic ore shows that 

goethite is the common mineral. It is formed under 

oxidizing conditions as a weathering product of iron 

bearing-minerals (Klein and Hurlbut, 1985). The 

alumino-silicates are intricately associated with goethite 

and are very difficult to remove from the ore. 

  Table: 2 Liberation Analysis of goethite-lateritic ore 

 

A number of images were processed and the 

conclusion drawn was most of the iron bearing minerals 

are fully or partially weathered (Fig.6A) resulting in 

substitution of most of the iron oxides with Al in mineral 

grains (Fig.6B). At point b (Fig.6B), it is free of silica 

which can be substantiated from EDX. At the same time 

it is porous and rich in alumina. This substitution can 

normally happen in goethite grains which are resulted due 

to the weathering of iron oxide particles. Liberation 

analysis of goethite-lateritic ore shows (Table2) that in 

coarser fractions percentage of interlocking is very high 

which decreases with decreasing particle size. Low free 

hematite content and higher gangue contents indicate 

very low grade of this type of iron ore. Complex 

interlocking nature of the particles shows that the 

liberation can be achieved below 150 m size. Achieving 

high purity concentrate in beneficiation of this ore is 

likely to be quite difficult due to the complexity of 

interlocking. Proper comminution is required to break the 

interlocking and attain good liberation in this case. 

                

 
Fig.6 SEM of lateritic ore 

Salient features 

In case of lateritic iron ores, the iron occurs mainly in 

hydroxy form as goethite interlocked with kaolinite and 

gibbsite. Presence of significant amounts of impurities 

renders the ore low grade. These ores must be upgraded 

by thorough and proper processing after adequate 

comminution to attain liberation. The concentration 

criterion (Wills, 1988) for these ores is found to be less 

than 2.5. Therefore, simple gravity separation will not be 

much effective. These ores may be upgraded by using 

advanced gravity separation techniques in the first stage. 

Further purification may be achieved using wet high 

intensity magnetic separation. If this stage also fails to 

achieve the required grade, froth flotation to remove the 

gangue may be tried at the final concentration stage. The 

common gangue minerals reported in both the ores are 

namely Quartz, Kaolinite & gibbsite. In BHJ, the 

interlocking between quartz and hematite/ martite is 

intricate which render the beneficiation difficult.  

Quartz/Jasper 

Quartz is mainly reported in banded hematite jasper ore 

in jasper band. In BHJ, complex interlocking texture 

resulted due to the intricate association of fine grained 

quartz with hematite. In low grade fine sample silica 

occurs as cryptocrystalline chert in the form of individual 

bands ore as silicates crystals in the inter-granular space 

of iron oxide minerals which gets released during the 

Goethite- Lateritic Ore 
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dissolution. Very minor quartz in the interstitial spaces 

found in iron ore slime. However, in lateritic ore, quartz 

occurs as patches and irregular clusters with goethite  

Gibbsite 

Gibbsite in iron ore deposits is found as main 

constituent of shale.  Like kaolinite it is also an important 

gangue of iron ore. Gibbsite in iron ores occur in voids 

and fractures filling in the form of patches and clusters. 

Gibbsitic clay is a common feature of Lateritic ore which 

is difficult to remove. 

Kaolinite 

Kaolinite is the weathering and hydrothermal alteration 

product of feldspars, silicates and feldspathoids. .  It is 

important due to its association with iron ore and makes a 

chief gangue in different types of iron ores. Kaolinite in 

iron ores occur as void filling and fractures filling in the 

iron ore. The kaolinite is also occurring as patches in 

hematite and goethite. This may have resulted due to the 

leaching out of pre-existing minerals. Kaolinite is very 

fine (15-25 micron) and occurs in association with 

goethitic intercalations along the bands.  It is mainly 

associated with weathered low grade iron ores. Goethitic 

ore (c) patches of kaolinite in hematite (d) micro platy 

hematite intercalated with clay (e) kaolinite occur as 

fracture filling (f) hematite flakes in clay ground mass 

   
 

 

 

 

 

 

 

 

 

  

Fig.7: gibbsite as void filling in hematite (b) quartz along 

with goethite in lateritic 

 

IV. CONCLUSION 

The major constraints in beneficiation of both the ores 

lies in their composition. The complex interlocking nature 

of quartz and hematite in BHJ and presence of kaolinite 

& gibbsitic clay in goethite-lateritic ore not only creates 

problem in beneficiation but also reduce its grade. Before 

designing the beneficiation route, the gangue minerals 

should be separated out from the ore there by making 

them suitable for beneficiation. 
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