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ABSTRACT 
India is a major importer of low ash coking coal, but has considerable reserves of quality 
low volatile coking coal, currently being sold to power plants with 35-50% ash or after 
de-shaling at <34% ash. This coal has difficult to very difficult washability characteristics 
due to the typical geological formation, finely inter-grown mineral matter and a high level 
of near gravity material (NGM) at cut densities. 
What therefore are the prospects of coking coal preparation in India? 
 
 
INTRODUCTION 
Coking coal requirements for the Indian steel industry are estimated to be around 54Mt 
and 67Mt in the years 2011-12 and 2016-17, respectively (GOI, 2005). The import of 
low ash (8-12%) coking coal, in the year 2007-08, was 21.50Mt (GOI, 2008) (Fig. 1) at a 
cost of around US$2500 million, thereby putting considerable pressure on the foreign 
exchange reserve of the country. This figure multiplied in the first three quarters of the 
financial year 2008-09 because of the steep rise in coking coal price on international 
markets. Because of the recession, the price came down in the last quarter, January to 
March 2009, but is expected to hover around US$125-140 per tonne in the current year. 
Coking coal requirements by the Indian steel major SAIL alone is increasing every year 
by about 1.0Mt.   SAIL’s total consumption of coking coal in the current financial year 
will be more than 16Mt, up from around 14Mt in 2008-09, registering nearly 14% growth. 
However, the consumption in 2008-09 over 2007-08 (13.51Mt) posted around 4% 
growth (The Hindu, 2009). Coking coal constitutes nearly 30% of steel production costs 
in India.   
 
Only 50% of the potential coal bearing land area of the country has so far been 
surveyed. Subsequent detailed exploration has tended to occur far too slowly. We have 
virtually exhausted the reserves of our best coking coal, much less by judicious 
consumption but more by indiscriminately burning it in locomotives, kilns and in some of 
the power plants or by leaving a large proportion behind, locked in pillars in the 
underground mines. For every 10-30tonnes of coal extracted from underground, 90-
70tonnes had not been/ are not being recovered. A significant amount of coking coal 
every year is getting burnt inside the mines of the Jharia basin alone. Over the last 
century, a large number of mines have been closed with no appropriate mine closure 
method. India’s total coking coal reserves available up to a depth of 1200m appear to 
be based on virgin reserves alone. Reserve and resource assessment does not take 



into account the coal that is locked in pillars of the closed and abandoned mines and 
excludes seams of ≤0.5m thickness from the coal inventory. 
 

 
 
Of the existing 16 coking coal washeries, only three are less than 20years old, whereas 
most are 40-50years old. These washeries, except for those owned by Tata Steel, 
operate at a yield level of 30-45%. Average ash of clean coal is anywhere between 18% 
and 23%. Quite frequently washed coking coal ash jumps the negotiated limit by 2-3%, 
inviting a penalty of Rs9.00 per 0.1% ash increase per tonne. Demand – supply gap has 
reached such a level that the coal blends in SAIL plants usually have a ratio of 70 to 30 
between the imported and domestic. At times it increases to 80 to 20.  
 

 

WASHING OF LVC COAL 
Although production of prime coking coals in India has reduced over the years, there 
has been an increase in production of coal from the lower horizons. The combined 
V/VI/VII seam with a total thickness of around 16-18m including intra-bands (Fig. 2) has 
become the main coal horizon for sustaining coal production. The combined seam 
V/VI/VII has a high rank in terms of geological maturity and low volatile matter in the 
proximate analysis and is known as low volatile coking (LVC) coal (Table 1).  LVC coals 
are generally confined to coal seams below VIII seam of Jharia coalfield and Karo group  

 



Fig. 2 A simplified section of seams V/VI/VII 
 

 
 

of seams of the East Bokaro coalfields (Fig. 3) and have difficult to very difficult 
washability characteristics due to the typical geological formation (Fig. 2), finely inter-
grown mineral matter and high NGM at the desired cut point densities. Of the 33.3Bt 
total coking coal reserves of the country as of 01April 2008, at least 18Bt belonged to 
the LVC variety. These coals can be used as a coking coal blend for metallurgical coke 
making after washing to an ash level of ≤18% (Gouricharan et al, 2009, Bhattacharya, 
2009). Yet, this coal is being despatched to non-metallurgical consumers, mainly the 
power producers as ROM coal with 35-50% ash or after de-shaling at ≤34% ash, 
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because of resistance of the washed coking coal consumer to accept this combined 
seam material for coke – making. During the year 2007-08 about 17Mt of LVC coal was 
used for non- metallurgical purposes. 
 

Table 1 Characteristics of LVC Coal 
 

ROM Coal Ash High 35-50% Mining Conditions 

Maturity High RO = 1.3 Mostly outcrops near the 
fringe areas of coalfields; 
Easy for fully mechanized 
opencast mining; Low 
overburden : coal ratio; 
Low slope 

Volatile Matter 
Content 

Low 15-16% 

Inertinite Content High 60-70% 

Washability Potential Poor to Very Poor  

Crushing Requirement Fine to Very Fine -13/ to -3mm 

 
Two decades ago, when it became quite obvious that LVC coal would be the mainstay 
of metallurgical coal production in India, The Central Fuel Research Institute (CFRI) in 
Dhanbad had proposed a composite scheme for washing the LVC coal. It envisaged 
crushing the raw coal to –76mm and pre – cleaning in a three - product jig followed by 
multi level washing of the de-shaled coal by Dense Media Bath (DMB), Dense Media 
Cyclone (DMC) and flotation (Table 2). If the jig middling, DMC sinks and natural fines 
were ground to -76μm and beneficiated by oil agglomeration, the yield of cleans at the 
same ash of 17% might increase to 50% (Sen and Choudhuri, 1994). The other major 
product, middling, was meant for power plants. The proposal never got off the ground, 
possibly because the flowsheet was perceived to be too complex and cost prohibitive. 
Since then, no major R & D work was conducted to study the beneficiation 
characteristics and alternative washing schemes for the LVC coal. Recently The Central 
Institute of Mining and Fuel Research (CIMFR) has suggested two options for the LVC 
coal of the Jharia coalfield. In both the options (Table 2) raw coal is to be crushed to –
76mm followed by pre - cleaning in a three - product jig. Jig cleans in option I is to be 
washed by DMB with cleans and un-washed -6mm fractions constituting the final 
cleans. DMB sinks and jig middling would constitute the final middling, with the pre-
cleaning jig delivering the only reject. In option II the jig cleans are to be crushed to -
6mm, de-slimed at 0.5mm and washed by DMC together with flotation of the fines 
(Table 2). Middling and rejects are to be obtained through pre-cleaning only 
(Gouricharan et al, 2009). 
 
The proposed flowsheet (Chatterjee and Baranwal, 2007) of the Central Mine Planning 
and Design Institute (CMPDI) to wash a part of the LVC coal available in East Bokaro 
Coalfield (Fig. 3) consists of jig - based pre - cleaning and DMC based washing with no 
processing of fines (Table 2). The cost of washing, based on the prices for the financial 
year 2005-06, at 100% capacity utilization, was calculated to be Rs94 per tonne.  
The best coking coal washing practices in India, based on crushing to -20/ 15mm 
followed by DMC and flotation at 100% capacity utilization, currently operate at a 
washing cost of Rs210-220 per tonne. The major common features of the four schemes 
(Table2) are as follows. 
 



 All the flowsheets primarily focus on recovery of thermal coal through middling at 
about 30-35% ash, roughly corresponding to D and E grade non-coking coal. 

 Secondary focus appears to be on recovery of reject with 40 – 50% ash or with 
64-66% ash – both could be delivered as a blend to fluidized bed combustors, 
the feed ash requirement being 50-55% with a preferred size of -6mm. 

 Consequently a lot of emphasis has been given to de-shaling or pre-cleaning of 
ROM coal to produce a 28% to 40% ash. 

 Recovery of metallurgical coal seems to be the last priority and therefore, it is 
seen more as a by – product. 

 Consequently processing of coal fines has limited scope.  

 Dense Media (DM) separation seems to be the only cleaning process. 
 

Table 2 Product Break ï Up of LVC Washing Schemes  
 

Product Size (mm) Yield (%) Ash (%) 

SIMPLIFIED CFRI SCHEME(Sen et al, 1994) 

Clean Coal -75/ -6/ -0.5 30 17.0 

Middling -75 22 ~35.0 

Reject -75 25 ~65.5 

Reject + Effluents -75/ -6/ -0.5 ~23 Residual (≥30) 

Feed   ~30.0 

CMPDI SCHEME(Chatterjee and Baranwal, 2007) 

Clean Coal -13+0.5 14.8 18.5 

Middling -13 55.6 34.0 

Reject -75+13 29.6 64.4 

Feed  100.0 40.7 

Capacity 2.5MtPY 7600 TPD 500TPH 

CIMFR SCHEMES (Gouricharan et al, 2009) 

Option I Clean 
Coal 

-75/ -6 48.8 19.4 

Middling 35.6 31.9 

Reject 15.6 47.5 

Option II Clean 
Coal 

-6/ -0.5 28.5 14.8 

Middling -75/ -6 48.1 30.3 

Reject -75 15.6 47.5 

Tailings -0.5 07.8 24.9 

Feed   28.3 

ISM RESEARCH (Bhattacharya, 2009a) 

Clean Coal -13 43.5 17.0 

Middling 42.6 35.5 

Reject 13.9 60.0 

Feed   ~31.5 

 



In recent ISM work (Table3) on a LVC coal from the eastern flank of the Jharia coalfield 
(Fig. 3), the entire coal was crushed down to -13mm followed by a sized washability 
study. Compared to the original CFRI scheme, the yield of clean coal at the same ash 
was 1.5times and nearly 3times at the reduced ash content as compared to the CMPDI 
scheme. CIMFR schemes indicate increasing clean coal yields at increasing ash 
contents. The required specific gravities of separation (Table 3) for different size 
fractions are broadly within a range of ±0.1 only.  Yield break – up is dependent on the 
crushed coal size distribution. If the distribution becomes coarser, e.g., the relative 
proportion of +6mm increases, clean coal yield would drop, whereas, if the relative 
proportion of -3mm increases, the yield would increase sharply. A noteworthy feature of 
the sized washability characteristics of the coal studied (Table 3) is the fact that in terms 
of a clean coal ash of 17%, major yield is obtained only in the size range of -3mm; with 
little change in yield between the -3+0.5mm and -0.5+0.1mm fractions. The yield jumps 
in the -0.1mm fraction. This possibly indicates that significant liberation of carbonaceous 
matter from associated mineral matter effectively begins when the coal is crushed down 
to -3mm with a quantum jump in liberation at the size of -0.1mm. 
 
Within a common pattern in the washability and beneficiation characteristics of LVC coal 
(Table 1) there are certain differences between those occurring in the Jharia and East 
Bokaro coalfields and even within the same coalfield. e.g between the western and 
eastern flanks of the Jharia coalfield with yields sometimes as low as 16 – 25% at 18 – 
19% ash (Table 2). Needless to say that the HGI and the choice of crusher play an 
important role in the generation of fines (-0.5mm). All the processing options as 
summarized in Table 2 indicate that to efficiently wash LVC coal, it would be necessary 
to examine the problems and prospects associated with the following: 
 
Á The mindset of the coal preparation fraternity on the washing of small and fine 

coal 
Á The crushing of ROM coal to -13 or even -3mm 
Á The availability of quality magnetite for DM processes 
Á The processing of fines, particularly with respect to flotation and dewatering 

 
 
Table 3 Sized Washing Parameters for a Crushed LVC Coal (Bhattacharya, 2009a) 
 

Size, mm Clean coal (17% ash) Middling Reject Yield, % 
(60% ash) Yield, 

% 
Cut Specific 

Gravity 
Yield, 

% 
Ash, 

% 
Cut Specific 

Gravity 

-13+6 29 1.570 57 36.1 1.880 14  

-6+3 38 1.560 48 36.8 1.860 14  

-3+0.5 65 1.620 21 39.3 1.835 14 

-0.5+0.1 65 1.660 25 44.6 1.910 10 

-0.1 80 1.665 Reject Ash = 56% 20 

Total 43.5  42.6 35.5  13.9 

 
 



Mindset 
In 1981, the Dugda II and West Bokaro washeries in India were possibly the only ones 
in the world to crush coal so fine for the purpose of washing, with the -0.5mm fines 
being treated by flotation (Table 4). Therefore, fine crushing of coal and its subsequent 
washing has a proven track record over more than four decades. Yet, there appears to 
be a considerable resistance to extending the same approach to the washing of LVC 
coal. 
 

Table 4 History of Small Coal Washing 
 

Year Washery Owner Coal Crushed to Process 

1968 Dugda II Coal India Prime coking -13mm DMC; flotation 
later added 

1981 West Bokaro II Tata Steel Medium coking -13mm DMC and 
flotation 1991 West Bokaro III -15mm 

1994 Bhelatand Prime coking -20/ -
15mm 1998 Jamadoba 

 
In recent years virtually all these washeries moved away from the original distributive 
feed and small diameter cyclone to a single feed and large diameter cyclone system, 
registering significant yield improvement. Yet, as indicated in Tables 2 and 3, traditional 
washing of the -13+0.5mm sized material on a combined basis might not ensure the 
desired yield and might require split feed washing. Some of the coal might even require 
further crushing down to -3 mm. Coal flotations in India has been restricted to -0.5mm, 
but for some of the LVC coal the flotation feed size needs to be reduced to -0.1mm 
(Table 3). Alternatively flotation could be done on a split feed basis at -0.5+0.1mm  
and -0.1mm.  Therefore unless and until a self – belief develops that yes, we can do 
that kind of washing, we can perform very intensive de-watering, we can handle large 
volumes of high ash slurry, and we can manage the effluents, then the large scale 
washing of LVC coal would continue to be perceived as un-achievable. This self-belief 
is required not only in plant designers and plant operators, but also in the washed LVC 
coal consumers and policy makers, that yes, the plants can deliver.  Otherwise, the 
supply of high quality indigenous metallurgical coal to Indian steel plants through large 
scale washing of LVC coal might remain a distant dream. 
 
Coal Crushing 
About 85-88% of the coking coal produced in India, is from mechanized opencast 
mines. ROM coal sometimes is as large as -1500/ 2000mm. This coal is crushed to a 
nominal size of -250mm in coal handling plants (CHP) using jaw, gyratory and roll 
crushers and also feeder breakers, though the maximum size may be as high as 
500mm. Then it is supplied to the washeries by rail, road and conveyor belts. There 
would hardly be any ROM coal with less than 40% ash content and the question 
therefore is how do we crush this coal down to a size of -13mm? Over the years, as the 
mining progressed from the upper to the lower horizon, the HGI of Indian coals has 
decreased and has shown considerable variation on both sides of the average value. 
Bagdigi coking coal, with an average HGI of 74, shows a range from 71 to 95 between 



the lightest and heaviest density fraction. Lalmatia non-coking coal with an average HGI 
of 109 shows a corresponding range of 74 to 133. Most of the coking coals currently 
being washed have average HGI in the range of 50-80.  
 
High ash ROM coal with irregularly shaped and obvious dirt bands, stones and large 
rock pieces (Fig. 2) are typically much harder than the crushed coal. This results in an 
increased power cost as well as increased maintenance and wear costs on all the 
downstream equipment in the mines and in the plants. Therefore, even for 10-15% Out 
of Seam Dilution (OSD),  the ROM coal, in all major coal producing countries, is passed 
through rotary breakers or through sizers. OSD and the wide spread occurrence of 
bands in the coal seams is a major problem in the Indian coal mining industry. Yet, 
there are only 8 rotary breakers operating in the coking coal sector in India with a 
combined throughput of about 2200TPH. Two sizers in series are being operated in one 
coking coal preparation plant. According to plant sources, if the rotary breaker is by-
passed for about an hour, break down problems immediately begin down the line 
because of the high abrasiveness and highly irregular shape of the rocks. 
 
The de-shaling efficiency, operation and maintenance costs of rotary breakers in India 
compare well with the practices abroad. The power consumption for coal crushing in 
CHP,s in India is typically 0.2-0.6kW per TPH as compared to 0.15 – 0.175 kW per TPH 
for a rotary breaker. Except for one or two isolated cases, all the rotary breakers are 
performing well. In those isolated cases, poor performance can possibly be attributed to 
the use of a limited number of models for all applications or to changes in feed 
characteristics. There appears to be a perception in a section of the coal industry 
in India that rotary breakers are not suitable for Indian coal and wherever used, 
invariably significant loss of coal takes place in rejects. In reality it is an efficient dry de-

shaler for soft and moderately hard Indian coal with HGI 70. HGI of rocks typically 
associated with Indian coal is rarely >70. The misplacement of coal in rejects is very 
similar to de-shaling baths and jigs and better than ROM jigs. Issues related to rotary 
breaker application in the Indian coal industry have been discussed in greater detail 
elsewhere (Bhattacharya, 2006). 
 
Mineral sizers appear to have virtually replaced rotary breakers in South African and 
Australian coal mining operations and have become the only crushers in many coal 
preparation plants. According to plant sources, capital and operating costs of sizers is 
quite high, compared to rotary breakers. Though it might be possible to get a product as 
coarse as -254mm, perhaps it is not yet possible to get a moderately sized product, 
such as -30mm, using sizers. Let it be recalled that -38mm is the coarsest top-size of 
the crushed coal in coking coal washeries in India, the most common being -30/ 20/ 
15mm, whereas the crushing requirements for LVC coal is much finer. Therefore, sizers 
are viewed as expensive substitutes for rotary breakers. Coking coal crushing circuits in 
India follow two broad patterns. Either ROM coal is crushed in two or three stages using 
roll crushers down to a size of -38/ 30mm, or rotary breaker product is crushed to -38/ -
20/ -13mm using roll crushers or impact crushers, depending upon the final product 
size. Plant designers and operators prefer a single crusher type or at the most two in his 
plant. Where and how do sizers fit into the scheme of LVC coal crushing, where  



moderate to low HGI high ash coal with irregularly shaped obvious dirt bands, generally 
-500mm in size must be crushed down to -13 or -3mm? This problem needs to be 
addressed. 
 
Dense Media Magnetite 
 

It is estimated that more than 70% of the coking coal is washed in India by DM 
methods, with the cyclone being the pre-dominant washer. There are only three plants 
which do not include the DM method in one way or other. LVC coal washing schemes 
(Table 2) indicate that DMC would possibly be the only washer for the recovery of clean 
coal. Yet, India does not have an inventory of “dense media” magnetite, though 
magnetite quality and “health” of the magnetite circuits play very important roles from 
both an operational and economic point of view (Bhattacharya et al, 2002, Bhattacharya 
and Datta, 2003). The magnetite circuits in most of the washeries are three to five 
decades old and are not in good shape. For socio – economic and political reasons the 
landed cost of lump magnetite at the washery site is quite high and varies from Rs1500-
2500 per tonne (1US$≈Rs48) with little quality assurance and erratic supply.  
 
Most of the DM washers in India in the coking coal sector treat -38/ -25/ -20/ -13mm 
size with the lower limit being 0.5mm. The use of dense media for small and fine coal 
processing increases the magnetite consumption and thereby the washing cost. All 
major coal producing countries, other than India, have developed a specification for 
magnetite for DM application. An ISO standard for the testing of DM magnetite, has 
helped in assessing the true magnetite losses and consequently reducing those losses. 
A generally accepted figure of magnetite losses for European, eastern US and South 
African coal preparation operations would be 0.15kg per tonne (kgpt) of fine coal (10-
0.6mm) and 0.05kgpt of coarse coal (+10mm). For Canadian coal, the reported losses 
are much higher (0.75-3.0kgp t). This is largely attributed to the presence of a high 
proportion of finer particles and to coal friability. The average particle size of the 10-
0.6mm fraction is 1.8mm (Mikhail and Osborne, 1990). In South African coal preparation 
plants treating Gondwana coal magnetite losses in DMC operations with a feed size as 
small as -500+74µm vary between 0.90 and 1.11kgpt 
 
Magnetite losses in Indian coal preparation plants, even under the best practice 
conditions with imported magnetite, are very high (Table 5), which cannot be justified 
either by the higher porosity of Indian coal or by the higher NGM values as compared to 
in – situ coal. Indian coking coal currently being washed is rather hard. Current –
13+0.5mm DMC feeds in India with average particle size (d50) of 4-9mm are significantly 
coarser than say Canadian coal. Perhaps being pre-occupied with the primary task of 
clean coal production, plant operators pay little attention to the auxiliary circuit of 
magnetite preparation and recovery. The significance of this circuit to the cost efficient 
washing of coal is not fully appreciated. As a result, magnetite and magnetite circuits 
are neglected. 

 
A persistent drive by the plant operators and management on magnetite quality 
awareness would go a long way to improving the performance of magnetite circuits. 



Magnetite quality and quality evaluation needs to be as stipulated by the relevant ISO 
standard.  Magnetite quality and operational efficiency of magnetite circuits assume 
paramount importance in view of the specific requirements of LVC coal washing. Since 
the crushing cost and overall processing cost would be higher because of the smaller 
size of the feed particles, magnetite quality awareness and adherence to good practice 
would certainly bring down the washing cost, thereby making LVC coal washing a more 
attractive proposition. We need to note that based on US practices, the relationship of 
coal washing costs, coarse to fines, generally is restricted to 1:4 - 1:3 (Mohanty, 2009), 
whereas in India for coking coal it is estimated to be around 1:5. 

 
Table 5 Typical Magnetite Loss in Indian Coal Preparation Plants  

 

Feed 
Size, mm 

Typical Feed Composition, mm Washer Magnetite  
Loss, kgpt 

–76+13 +50(35-50%); -50+25(25-35%); -25+13(20-30%) Bath ~0.34 

–38/ 30 +13(40-60%); -13+6.5(7-15%); -6.5+3(5-10%); -3 + 
0.5 (15-25%) 

DMC 2.20 

-25/ -20  +13(up to 50%); -13+6.5(15-30%); -6.5+3(10-
20%); -3+ 0.5 (10-20%) 

1.25 

-15/ -13 +6.5(up to 55%); -6.5+3(10-25%); -3+ 0.5 (25-
40%) 

0.40 – 
1.25 

 
Processing of Coal Fines     
 
The processing of fines, in the context of LVC coal washing, is possibly the biggest 
challenge we face in coking coal preparation in India. It is a challenge, less because of 
our technological and operational failures, but more because fines, rich in vitrinite, are 
the best part of Indian coking coal. Since the percentage of fines in crushed coal was 
small and ash content was low, the washeries set up in the nineteen fifties and sixties 
did not include any fines circuit. The generated fines were directly blended with the 
washed coal to deliver a final ash of 17±0.5% at around a 60% yield. Treatment of coal 
fines was introduced in India three to four decades ago, either as a part of a new plant 
or as additions to the already existing circuits. Depending upon the coal characteristics, 
the fines circuit capacity generally had been 10-25% of that of the plant.  Maximum 
processing capacity of about 1550TPH was available in the year 2000 – 2001 then 
distributed over 20 odd plants, of which about 215TPH was water only cyclone (WOC) 
based, and the rest was flotation based. Over the last three decades, mechanization of 
mining methods, a switch from underground to opencast mining, a gradual depletion of 
superior quality coking coal and a decline in overall production of “washable” coking 
coal have brought substantial quantitative and qualitative changes in washery feed. 
There had been no corresponding modification or modernization of the flotation circuits. 
Some of the plants have changed over to washing thermal coal. As a result, current 
processing capacity of fines is about 1200TPH - about 350TPH is WOC based, the 
remaining is flotation based. Fines circuits in India, even under the best practice, could 
never achieve the same level of technological and operational efficiencies that could be 



achieved by gravity separation for coarse coal. The problems faced by the existing fines 
circuits treating prime and medium coking coal are as follows (Bhattacharya, 2009b). 
 

 Variations in feed slurry pulp density 

 Fluctuations in slurry volume as obtained from feed, concentrate and tailing 

thickener underflow 

 Higher than stipulated proportion of ultra-fines (-53µm) in the feed 

 Inadequate pulp conditioning coupled with no provision for multiple dosing of 
reagents  

 Low solids content and higher proportion of ultra-fines in concentrate 

 Poor recovery of cakes from vacuum filters coupled with operational and 
maintenance problems with centrifuges 

 Froth persistency in thickeners and in some instances in the filters 

 Inability of some plant operators to differentiate between hydrocyclones and 
WOC 

 Uniformly designed single stage flotation circuit consisting of 2–4 banks, each 
bank with 3–6 cells 

 
Coal flotation is considered to be difficult, if NGM in flotation feed is ≥10, which, is in fact 
the case with all the coking coal fines. The coal industry in India does not appear to 
have a qualitative inventory of coal reserves from a coal preparation point of view. The 
colliery – washery interface has also not been very stable. It has therefore been difficult 
to anticipate the changes in quantity and quality of feeds to the different circuits of the 
preparation plants. Many of the problems faced by the existing fines circuits could be 
attributed to these changes. Some of the “troubles” are suspected to be the traditional 
operational practices followed in these plants. Problems arising from the conventional 
lay-out and design of flotation circuits have been further compounded by the fact that 
the cells are from at least six different suppliers. Apart from fluctuations in feed 
characteristics, this is another factor, which did not permit even some level of 
standardization of operation of the coal flotation circuits in India. As a result fines circuits 
suffer from low clean coal yield, low ash tailings, high reagent costs and inefficient 
dewatering.  
 
Though batch flotation produces a clean coal yield of 50-70% at 16-18% ash, plant level 
yields at the same ash level come down to 20-50%. Flotation tailings carry 30-50% ash. 
The smaller the particle size, the larger is the surface area and the higher is the reagent 
dosage requirement. Typical feed size to coal flotation circuits in India is -0.5mm, 
whereas in the case of the US, Australia, South Africa and some other countries it is in 
the range of -0.25/ 0.15/ 0.1mm. Yet, reagent dosage in India is quite high, 0.75 – 
2.0kgpt for collector and 0.25 – 1.0kgpt for frother. This is in contrast to the collector 
dosage of 0.25 – 1.0kgpt for in-situ US coals with a typical feed size of -0.6/ 0.3mm, and 
typical frother dosage of 0.05 – 0.25kgpt (Leonard, 1979). The higher porosity of Indian 
coals of Gondwana origin alone cannot explain the higher reagent dosage. A decade 
ago on a global basis, flotation reagents constituted 2% of the total preparation cost 
(Laurila, 2000). In view of the oil price escalation through the decade this share must 
have increased further. The same share, based on current US practices, is believed to 



be approximately 3-5% (Mohanty, 2009). For India, it is estimated to be >10%. It 
appears that even under best practice conditions; the reagents constitute a minimum of 
45% of the coal flotation and associated dewatering costs in India. The contribution of 
collector alone in total reagent costs is 55–60%, if not more. The question of reagent 
dosage is important, because when crushed to -13mm, depending on HGI and the 
crushers used, the -0.5mm fines could constitute 20 – 30% of the crushed LVC coal. 
Already quoted coking coal washing cost of Rs210-220 per tonne, based on 20% of 
feed as fines, would increase if coal is crushed down to -3mm. Only limited studies have 
however been done to investigate the flotation characteristics of LVC coal fines. 
 
Flotation of LVC Coal          
In a recent investigation (SAIL 2009), Kusunda coal from the eastern flank of the Jharia 
coalfield was crushed to a nominal size of -15mm. Under the specified experimental 
conditions (Table 6) for the fines thus generated, a 27% yield could be obtained at 17% 
ash with a flotation time of only 30seconds. More than 40% yield could be obtained at 
about 18% ash, with a flotation time of more than 60seconds. Gouricharan et al (2009) 
in their option II (Table 2) crushed the clean coal obtained from pilot scale pre – 
cleaning down to -6mm and then carried out collector only flotation of -0.5mm fines with 
an average ash of 20.7% at a dosage of 1.25kgpt. Concentrate yield in terms of ROM 
coal was 4.2% at 12.8% ash, whereas tailing yield was 7.8% with only 24.9% ash. In 
terms of flotation feed, the concentrate yield was 35%. Laboratory flotation studies of 
the same coal had earlier indicated that frother addition increased both yield and ash of 
the concentrates. Therefore through collector only flotation, concentrate ash could be 
restricted within the prescribed limit. In another investigation (Bhattacharya, 2009a) with 
a LVC coal also from the eastern flank of Jharia coalfield (Table 7) no flotation 
concentrate could be obtained at ≤17% ash at 5seconds. Flotation for less than 
10seconds delivered 27% yield at 18% ash. If this is to be considered the clean coal 
yield and 3.3% as the tailing yield with 78.5% ash, then it would be possible to recover a 
middling product with close to 70% yield with 26% ash. Flotation results therefore, 
indicate strong hydrophobic characteristics, natural or imparted, of the coal particles. 
Otherwise, it would not have been possible to obtain 8.6% yield with 32.3% ash at the 
far end of flotation, between 120 and 150seconds. Previous results (Bhattacharya, 
2009b) obtained with Kusunda coal fines show (Table 8) that through collectorless 
flotation alone, with a fairly long wetting time and without extensive conditioning, as high 
as 48% yield with only 13% ash could be obtained at a flotation time of 90seconds. 
Collector aided flotation however led to the loss or slowing down of selectivity. A similar 
trend was observed when pine oil and a Nalco frother were used. The same study 
indicated a Nalco frother to be the best one for -0.5mm and -0.5+0.1mm feeds, whereas 
MIBC was preferred for -0.1mm feed. 
 
 
 
 
 
 
 



 
 

Table 6 Batch Flotation Results of -0.5mm Kusunda Coal  
 

 Time,  
seconds 

Cumulative Concentrate, % Parameters 

Weight Ash Conditioning time = 
1minute; Collector 

dosage = 600cm3pt; 
Frother dosage = 

160cm3pt 

1 15 14.1 16.8 

2 30 27.4 17.1 

3 60 38.1 17.6 

4 120 47.4 19.1 

5 Tailings 100.0 27.1 

 
Table 7 Results of Batch Flotation of -0.1mm LVC Coal Fines 

 

 Time, 
seconds 

Cumulative Concentrate, % Parameters 

Weight Ash Wemco 3litres batch flotation cell 

1 05 18.5 17.2 Impeller speed; 350 rpm 

2 10 33.8 18.6 Feed coal size; -0.1mm 

3 15 48.6 19.5 Pulp density; 10% solids by weight 

4 30 59.0 20.3 Wetting time; 1hour 

5 60 69.1 21.0 Collector dosage; 1.00kgpt 

6 90 79.1 22.0 Frother dosage; 0.75kgpt 

7 120 88.1 22.9 Flotation pulp pH; ambient (6.7) 

8 150 96.7 23.7 Conditioning time ( without reagents, with 
collector, with frother); 3minutes each 9 Tailings 100.0 25.7 

 
Table 8 Previous Results of Batch Flotation of -0.1mm Kusunda Coal Fines 

 

 “Collectorless” Flotation Collector Aided Flotation 

 Time, 
seconds 

Cumulative Concentrate, % Time, 
seconds 

Cumulative Concentrate, % 

Yield Ash Yield Ash 

1 05 8.1 11.0 05 21.8 20.0 

2 10 15.3 11.1 15 60.5 20.4 

3 15 23.0 11.3 30 78.3 21.8 

4 30 33.1 11.8 45 80.2 22.3 

5 60 41.9 12.5 60 86.2 22.6 

6 90 48.1 13.0 Tailings 13.8 60.3 

 Tailings 51.9 41.5 Total/ 
Average 

100.0 27.8 

Total/ Average 100.0 27.8 Diesel Oil dosage=1.25kgpt 

Pulp Density=12.5% solids/ weight, MIBC dosage=0.75kgpt, Denver 3litres cell 

 

Virtually all flotation plants in India use Nalco frothers, while MIBC is used in two plants. 
Each coal flotation feed is unique in terms of its size consist and the nature of its particle 



surface. There is no universal frother which would perform best irrespective of feed 
characteristics, which keep on varying in India over a period of time. Limited flotation 
studies with different LVC coals from the same Jharia Coalfield, as summarized earlier, 
indicate some unusual and at times contradictory results. 
 
 Flotation and dewatering characteristics of Indian coal fines are vastly different from the 
coals of other countries. There is a need to develop a quantitative and qualitative 
inventory of coking coal fines in India. That would help to anticipate the changes in 
feeds to existing fines circuits arising out of changes in mining practices and/or the 
colliery – washery interface and allow for operational practices to be modified 
accordingly. Additional and more elaborate research is required to show how best to 
process the LVC coal fines. The research work needs to be focused on the following. 
 

 Combined flotation of -0.5mm or split flotation of -0.5+0.1mm and -0.1mm fines 

 Split processing of fines with gravity separation of -0.5+0.1mm and flotation of -
0.1mm  fractions 

 Wetting and conditioning time requirements 

 Selection of reagents 

 Single dosing or multiple dosing of reagents.  

 Dewatering of the products obtained from the processing of fines 
 
 
SUMMARY 
India is extremely short of metallurgical coal. More than half of the 33.3Bt total coking 
coal reserves of the country belongs to the LVC coal variety. Yet, most of this is  
currently sold to power plants as ROM coal with 35-50% ash or after de-shaling at 
<34% ash. Difficulties associated with the processing of LVC coal are well known. All 
the processing options proposed to date indicate that to efficiently wash this particular 
type of coal, it would be necessary to address the problems associated with the 
following. 
 
× Mindset of the  coal preparation fraternity with respect to the washing of small 

and fine coal 
× Crushing of ROM coal to -13mm or even -3mm 
× Availability of quality magnetite for DM processes 
× Processing of fines including flotation and dewatering 
 

The cost efficient processing of fines is possibly the biggest challenge we face. An 
elaborate research programme needs to be established to comprehensively study the 
flotation and dewatering characteristics of LVC coal fines. 
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