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ABSTRACT

This research is an attempt to upgrade Lakhra Lignite Coal using ‘Dense Medium Separation’ technique,

to make it techno-environmentally acceptable product for different industries. The air-dried samples of

ROM (Run of Mine) coal were crushed, screened, ground and subjected to initial analysis and specific

gravity based sink-float tests. The initial analysis of air-dried samples shows the average values of

moisture 19%, volatile matter 22.33%, ash 27.41%, fixed carbon 31.26% and sulphur 4.98%. The

investigational results of sink-float analysis indicate  that physical cleaning at particle size range from

-5.6 to +0.3 mm and 75% clean coal recovery can potentially reduce the ash yield and sulphur content of

Lakhra coal up to 41 and 42.4% respectively. This washed coal is techno-environmentally acceptable

yield and simultaneously qualifies the quality parameters set by various industries of Pakistan.
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1. INTRODUCTION

technique is the simplest and cheapest one [4]. Coal

washing is a common process in most of the countries

where coal reserves are in sufficient quantities because of

its cost effectiveness. The main criteria in coal washing

are to obtain the maximum yield of clean coal of desired

ash percentage from ROM coal at an economic price.

Washability characteristics of coal can be best evaluated

by dense media separation (Sink-Float tests). In this test

the specific gravity is the only factor affecting the

separation [5].

Halepota, et. al., [3] studied the washing characteristics of

Lakhra coal. It was found that +20 mesh fraction of the

representative coal sample can be separated at a clean

coal recovery of 70% at an assumed 15% ash level, at a

specific gravity of 1.52. In this investigation only one
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Coal is an abundant, relatively cheap and widely

distributed natural fossil fuel. It is known to be a

polluter because coal utilization gives rise to

major environmental problems due to presence of ash

forming mineral material and sulfur constituents in the

feed coal [1]. The relative abundance of coal in Pakistan

compared to other fossil fuels makes it a natural choice as

the primary source of fuel; be it for cement industry, steel

making, power generation or for other consumptions.

Pakistan has significant coal reserves 186 billion tons out

of which the estimated reserves of Lakhra coal field are

around 1.328 billion tons [2]. By reducing the impurities, a

possibility of utilizing this lignite coal to its best, exists [3].

Among all the laboratory methods for separating the coal

from its gangue minerals, dense medium separation
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fraction of head sample of size (-6.68+0.833) mm was

considered, which could not give good results.

Iqbal, et. al., [6] carried out studies to up-grade Dandot

coal. ROM coal samples of different size were used for

specific gravity based sink-float test. From the

experimental results it was found that the size fraction of

-50 to +2 mm at a specific gravity of 1.7 produced 68%

cumulative yield with 14% ash. The product was suitable

for substituting around 40% of imported coal in the local

cement industry that could save 240 million USD per

annum.

Das, et. al., [7] studied the washability characteristics of

fine coal (-500 micron) samples by sink-float analysis in

heavy liquids. The ash content was reduced from 35.5-

17.0% in the clean coal with the first sample but the results

obtained from the second sample were poor.

Nasir, et. al, [8] studied the wash-ability of coal samples of

Azad Kashmir coal fields. The washability of 9.50x2.36

and 25.0x12.5mm size coal particleswas carried out by float

and sink method. It was found from densimetric curves

that the weight of sink was inversely proportional to

specific gravity of liquid.

The objectives of this investigation are two-folds: First,

the proximate analysis of as-received ROM coal for

determining coal contents and second, optimal cleaning

level of this coal, for its techno-economical use by different

industries.

2. MATERIALS AND METHOD

Raw coal samples weighing 44.0 kg, collected from different

mines of Lakhra coalfield operated by Indus Coal Mines

(Pvt.) limited, Hyderabad, Sindh, were mixed together and

then stored in polyethylene bags. This representative coal

sample was designated as Head Sample which contained

fines to coarser lumps. Sample was crushed using

laboratory jaw crusher set at 30.0 mm. The product of jaw

crusher was further processed in roll crusher. For the

sufficient liberation of coal particles from associated

gangue minerals, the sample was crushed up to particle

size less than 6.0mm. This product was sieved by

laboratory sieve shaker for 20 minutes.The sieve analysis

results are given in Table 1 and the same are plotted in

Fig. 1.

2.1 Proximate Analysis

The proximate analysis of Lakhra coal was carried out

according to standard procedures ASTM D 3172 -07 for

all the size fractions of raw coal sample. The average results

obtained are shown in Table 2.

2.2 Sulphur Determination

The sulphur content was determined according to ASTM

standards (D-3177) using Eschka method. The average

value of sulphur content was found to be 4.98%.

2.3 Procedure for Conducting Sink-Float
Tests

The solutions ofspecific gravities 1.35, 1.4, 1.45, 1.5, 1.55,

1.6,1.65 were prepared as liquids for dense medium
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5.3 06.5 57.1 57.1 52.89

6 53.3 33.81 80.02 29.97

41 04.1 39.64 10.76 99.23

52 17.0 77.51 87.28 22.71

53 05.0 90.5 78.78 31.21

05 03.0 670.5 59.29 50.7

06 52.0 65.1 05.49 5.5

TABLE 1. SIEVE ANALYSIS OF ROLL CRUSHER
PRODUCT
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separation, using CTC (Carbon-Tetra Chloride) and DCM

(Dichloro Methane) in different concentrations. All these

liquids were taken in graduated beakers and arranged in

the order of increasing specific gravities. From the size

fractions shown in Table 1, -0.5+0.3,-0.71+0.5, -1.4+ 0.71, -

3.35+1.4 and -5.6+3.35 mm were considered for sink-float

analysis. The selected size fractions of representative coal

sample were used to immerse in the organic solutions of

CTC and DCM at specific gravities varying from 1.35-1.65.

Then the floats of each size fraction were separated and

analyzed for moisture content, volatile matter, ash content,

fixed carbon and sulphur content.

The sample fraction of size -0.5+0.3 mm weighing 100 grams

was immersed in the solution of 1.35specific gravity. Both

the sample and solution were agitated properly, then the

sample was allowed to settle for 20-30 minutes to obtain

two clear layers of sink and float. The fractions of float

and sink were separated and filtered. Then, the sink

fraction was put into solution of higher specific gravity.

The sink fraction at specific gravity 1.65 and the float

fractions obtained at specific gravities from 1.35-1.65were

weighed after drying atroom temperature. After that, ash

and sulphur analysis of these fractional floats was carried

out. Finally, the cumulative weight percentage of floats,

ash and sulphur contents were computed from their

fractional values to obtain washability data. The same

testing techniquewas used for other fractions of

representative sample.

3. RESULTS AND DISCUSSION

The washability curves for the selected size fractions of

representative sample were constructed by using the data

and calculations of the sink-float test results as shown in

Fig. 2(a-b).

It can be observed from the washability curves that -

0.5+0.3 mm size fraction coal may be washed at specific

gravity 1.65 which will give yield of 74% clean coal with

an ash and sulphur content of 16 and 2.78%

respectively. Both the ash and sulphur content gradually

increase in the coal at higher specific gravities as shown

in Fig. 3(a-b).

tnetnocerutsioM %0.91

rettamelitaloV %33.22

tnetnochsA %14.72

nobracdexiF %62.13

TABLE 2. PROXIMATE ANALYSIS (AVERAGE RESULTS)
OF RAW COAL SAMPLE

FIG. 1. SIEVE ANALYSIS OF CRUSHED PRODUCT
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FIG. 2(a).WASHABILITY CURVES FOR SIZE FRACTION -0.5+0.3mm SHOWING CHANGE IN ASH CONTENT

FIG. 2(b). WASHABILITY CURVES FOR SIZE FRACTION -0.5+0.3mm SHOWING CHANGE IN SULPHUR CONTENT

The washability curves show that  -0.71+0.5 mm size

fraction coal yields better quality of washed coal as

compared to smaller size fraction at specific gravity 1.65.

There is 75% yield of clean coal with 15% ash level which

indicates more liberation and separation of ash forming

mineralsas shown in Fig. 4(a-b).

It may be noted from washability curves that -1.4+0.71 mm

size fraction coal yields 78.8% clean coal with 17.6% ash

and 3.12% sulphur content at specific gravity 1.65. These

results indicate less liberation and separation of impurities

with higher yield of coal (float) as compared to smaller size

fractionsas shown in Fig. 5(a-b).

The washability curves of -3.35+1.4 mm size fraction show

73.5% yield of clean coal with 16.3% ash and 2.61%

sulphur content at specific gravity 1.65. The results

indicate that lesser yield of coal float gives better quality

of clean coal with considerable desulphurization rateas

shown in Fig. 6(a-b).
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and sulphur content gradually increase in the coal (floats)

withincrease in specific gravity. However, the results

werefound to be in the range of quality parameters

established by various industries.

4. CONCLUSIONS

The physical cleaning of Lakhra Coal by dense medium

sepration method was carried out and conclusion were

mad:

Study of washability curves of -5.6+3.35 mm size fraction

coal reveals that there is a lesser yield of clean coal without

further improvement in its quality as compared to other

size fractionsat specific gravity 1.65.

Washability curves as depicted in Figs. 2-6show favorable

liberation and separation of impurities from the  coal

particles of size  ranging from  -5.6to +0.3 mm with promising

coal recoveryat specific gravity of 1.65. Both, the ash level

FIG. 3(a). WASHABILITY CURVES FOR SIZE FRACTION -0.71+0.5mm SHOWING CHANGE IN ASH CONTENT

FIG. 3(b). WASHABILITY CURVES FOR SIZE FRACTION -0.71+0.5mm SHOWING CHANGE IN SULPHUR CONTENT
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(i) The clean coal (Floats) recovery comes out to be

74.1, 75.0, 78.8, 73.5 and 70.3% respectively from

coal sample fractions. The coal would be

separated at sufficient yield level from its

associated mineral metals, which are

comparatively heavier than the pure coal,

atspecific gravity 1.65.

(ii) Washability curves for selected sample fractions

show that the physical cleaning at particle size

range from -5.6 to +0.3 mm and 75% recovery of

clean coal can potentially reduce the ash yield

and sulphur content of raw coal up to 41 and

42.4%, respectively.
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FIG. 4(a). WASHABILITY CURVES FOR SIZE FRACTION - 1.4+0.71mm SHOWING CHANGE IN ASH CONTENT

FIG. 4(b). WASHABILITY CURVES FOR SIZE FRACTION - 1.4+0.71mm SHOWING CHANGE IN SULPHUR CONTENT
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