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ABSTRACT 

X-ray diffraction technique was used to analyze coal processing dusts of four samples from Lafia-Obi, Lamja, Doho 

and Okaba. The diffractograms show a number of inorganic substances and some heavy metals such as lead, cadmium, 

arsenic and titanium at very high concentrations. Uranium and gold were among the compounds that appeared in 

Doho coal dusts. Apart from the health hazards, gold and uranium represent high potentials for prospecting and 

mining in a growing economy. 

 

INTRODUCTION 

There is a growing global concern on the rate of 

depletion of petroleum as wells dry up in whole oil 

fields. If oil reserves dry up the energy crises would be 

ugly. Coal is the world‟s most abundant energy source, 

being the fossil fuel of the industrial revolution, and 

contributed 4.3 x 10
3
 million joules of energy to the 

total world energy demand of about 7.0 x 10
3
 million 

joules. The world proven reserve is about 698 billion 

tons
1
. This represents about 80% of the world‟s non-

renewable energy reserves. Others, including crude oil, 

constitute only 20%
2
. 

However, growing and sustained interest in the 

development of an effective, economically and 

environmentally-friendly coal conversion technology 

has generated a large scale research on coal in Nigeria. 

Coal processing techniques, whether on industrial or 

laboratory scale, are always accompanied by the release 

of particulate matter into the atmosphere, which may be 

harmful upon prolonged inhalation and accumulation in 

the human body. Black-lung disease is a chronic 

occupational lung disease contracted by the prolonged 

breathing of coal processing dust. Black-lung disease is 

also called coal workers‟ pneumoconiosis, miners‟ 

asthma and silicosis. The risk of having black-lung 

disease is directly related to the amount of coal dust 

inhaled over years. Black-lung disease usually affects 

workers over age 50
3
. 

X-ray diffraction analysis is primarily used for the study 

of crystalline materials. X-rays are diffracted off the 

surfaces of crystalline materials and by studying the 

diffraction as the material is rotated in the path of x-

rays, much information about the structure of the 

material can be obtained. 
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The theory of x-ray diffraction is hinged on the fact that 

when x-ray beams are incident on minerals, all exhibit 

their characteristic diffraction patterns. There will be 

obvious overlaps when there are many minerals in the 

sample being analyzed. But when mono, bi or tri-

mineralic materials are analyzed, individual patterns are 

easily disentangled and minerals are easily identified in 

the diffractogram. The diffraction equipment can cross-

match the peaks with peaks of an inbuilt standard and 

come up with identification of the mineral constituents. 

The deciphering of the peaks and the mineral content of 

the powdered sample under analysis follows the 

Bragg‟s law, which is given mathematically as: 

 nλ = 2d sin θ 

where 

n = integer 1 

λ = wavelength of incident beam 

d = distance between adjacent atomic planes 

θ = angle between incident beam and reflecting crystal 

plane 

2θ = angle between diffracted beam and transmitted 

beam 

This paper reports the application of x-ray diffraction to 

determine the elements or other substances that could be 

indicated in the incidence of coal workers‟ diseases. 
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EXPERIMENTAL 

Materials 

The coal samples, Lafia-obi, Okaba, Doho and Lamja 

were obtained from the National Steel Raw Materials 

Exploration Agency, Kaduna, Nigeria. binders such as 

sodium borax and organic liquid binders of Analar 

grade were purchased from Galson Laboratories, U.K. 

Dust Collection 

Pre-weighed PVC filters were used for the collection of 

the coal dust. The PVC filter was fitted to the extractor 

fan in the room where the coal crusher is mounted. The 

four different coal samples were pulverized and 

screened separately. For each coal sample a fresh filter 

was used to trap the dust coming out as a result of the 

crushing and screening. The dust was then scraped 

carefully off the filter into a sample container, closed 

air-tight and stored for analysis. 

 

X-ray Diffraction (XRD) 

This analysis was carried out at National Steel Raw 

Materials Exploration Agency, Kaduna. The x-ray 

diffractometer used was Philips PW 1800, with inbuilt 

standard peaks/widths. 

The coal samples were further pulverized into very find 

powder. The powder for each sample measuring about 

2.5g was fed into the x-ray diffraction equipment. 

The diffractometer now prints the first fourty available 

compounds in the sample with their percentage 

intensities. The diffractometer then cross-matches the 

peaks with the inbuilt standard peaks/widths and then 

comes up with the final diffractogram with 

peaks/widths of the most intense minerals in the sample 

under analysis. 

The following programme was used: 

Diffractometer type:   PW 1800 

 Tube anode:   Cu 

Generator tension (kV):   40 

Generator current (mA):   55 

Wavelength alpha 1 (λ):           1.54056 

Wavelength alpha 2 (λ):         1.54439 

Intensity ratio (alpha 2/alpha 1):  0.500 

Divergence slit:    FINE 

Irradiated length (mm):   2 

Receiving slit:    FINE 

Spinner ON:    1 

Monochromator used:   Yes 

Start angle (020):    0.010 

End angle (020):    70.000 

Step angle (020):    0.030 

Maximum intensity       23932.09 

Time per step (s):    0.200 

Type of scan:           CONTINUOUS 

Intensities converted to:       FIXED 

Peak positions defined by:  Minimum of 2
nd

   

  derivatives of peak 

Minimum peak tip width:   0.05 

Maximum peak tip width:   5.00 

Peak base width:    2.00 

Minimum significance:   0.75 

Number of peaks: 

 

RESULTS AND DISCUSSION 

The x-ray diffraction results for Lagia-Obi, Okaba, 

Lamja and Doho coal dusts are presented in Figures 1A, 

1B, 2A, 2B, 3A, 3B, 4A, 4B and Tables 1, 2, 3 and 4 

respectively. 

Analyses of the four dust samples show the presence of 

numerous amount of inorganic and some traces of 

heavy metals. Some of these heavy metals include Lead 

(Pb), Telurium (Te), Cesium (Cs), Chromium (Cr), 

Scandium (Sc), Vanadium (V), Hafnium (Hf), Titanium 

(Ti), Nickel (Ni), Gadolinium (Gd), Cadmium (Cd), 

Strontium (Sr) and Barium (Ba) for Lafia-Obi sample. 

In the case of Lamja coal sample, compounds of Zinc, 

Erbium, Plutonium, Copper, Aluminium, Silver, 

Yitrium, Ytterbium and Rubidium were present. Doho 

sample showed the presence of Uranium, Gold, Nickel, 

Bismuth, Cobalt and Manganese, among others. 

On the other hand, Okaba coal dust revealed the 

presence of Antimony, Tin, Iron, Silicon, Niobium, 

Gallium, Titanium, Lithium, Vanadium and others. 

The most prominent peaks in the diffractogram with 

relatively high percentage intensity in the coal dust 
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include those of graphite, gadolinium selenide hydride, 

ytterbium sulphide and potassium chromium oxalate for 

Lafia-Obi, yttrium germanium oxide (Y2Ge2O7) and 

titanium ammine sulphide (TiS2NH3) for Lamja sample; 

barium, copper, strontium and iron oxide for Doho coal, 

and quartz, rubidium, boronhydride, potassium and zinc 

methyl phosphonate for Okaba sample. The effects of 

these elements and heavy metal compounds have been 

well studied and documented
4-5

. For instance, copper, 

selenium and zinc are essential for the maintenance of 

body metabolism but at higher concentrations may lead 

to poisoning. 

Most heavy metals bioaccumulate, cadmium in 

particular is biopersistent. Long-term exposure to it 

leads to renal dysfunction and obstructive lung disease 

linked to cancer, bone defects (osteomalacia) and high 

blood pressure
6
. 

Lead can cause, in humans (mainly infants), toxic 

biochemical effects that cause problems in the synthesis 

of haemoglobin, effects on kidneys, gastro-intestinal 

tract and acute or chronic damage to the nervous 

system. At intermediate concentrations lead can have 

subclinical effects particularly on neuropsychological 

development in children
7
. 

Long-term exposure to chromium causes kidney and 

liver damage. Although the polymorphs of quartz, 

tridymite, crystobalite and amorphous free silica are 

present in many minerals, the only form found in coal is 

λ-quartz. The diffractogram of Okaba coal reveals the 

presence of quartz. Quartz has been linked, possibly 

synergistically, to coal workers‟ pneumoconiosis 

(CWP)
8
. The presence of trace elements and the 

chemical nature of organic constituents could affect the 

incidence of CWP
9
. 
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CONCLUSION 

The results obtained from the x-ray diffraction of coal 

dusts from four locations in Nigeria reveal great 

amounts of organic and inorganic substances and 

heavy metals such as lead, cadmium, chromium, zinc, 

amongst others. Black-lung disease is not the only 

health hazard associated with prolonged exposure to 

coal dust. 
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