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Abstract: The quantitative analyses of trace elements in some Nigerian coals have been investigated in 
this research. Four samples of coal collected from the following locations: Enugu (onyeama), 
Ogwashi-Azagba, Orukpa and amansiodo were studied. The samples were washed, dried, pulverized, 
digested and subsequently subjected to flame absorption spectrometry for the trace elements 
determination. Among the trace elements observed were trisulphide (So3

-), iron (Fe), calcium (Ca), 
potassium (K), magnesium (Mg), silicon (Si) and sodium (Na). Iron (Fe) was observed to have the 
highest percentage weight in all the samples with the highest composition (0.635%) in Amansiodo coal 
and least composition (0.236%) in Ogwashi-Azagba coal. Silicon on the other hand was observed to 
have the least composition (< 0.002%) in all the samples while the percentage composition of the rest 
(trace elements) lies in between the range 0.636% - < 0.002%). However, the composition of trace 
elements in the various samples varies as shown in figures 4.0 – 4.5 respectively. 
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INTRODUCTION 

 
Historical Background of Coal: 
 The study of coal is ancient one, it goes back in time from 150 million years to the remote time when our 
earth was young, when its crust was still being convulsed by volcanic eruptions, mighty earth-quakes, and the 
tumbling that formed the mountains and valleys and set the shapes of the continents. 
 Through the days of this long period, the sun shone, torrential rains fell, and hot dry periods were followed 
by centuries of ice, which alternated with warm and humid periods. During this time, plants grew, flourished 
and died, followed by their descendants over millions of years. Changes in the surface of the earth caused shifts 
and tumblings of the fields and forests. Fallen trees were twisted, crushed and swallowed up morasses and lakes. 
Thousands of years later, the process was repeated, new forests formed, flourished and in turn, were drowned 
and covered with suit, earth, rock and lava. As they sank lower under compression, they gradually changed their 
state from woody to carboniferous mass. 
 
Origin of Coal: 
 The huge tropical ferns and giant trees which grew in favorable climatic conditions, existing in some parts 
of the world about 300 million years ago, when they died, fell into boggy waters, which tends to exclude oxygen 
and kill bacteria. They partially decompose to produce a peat like material simply called peat. It is this peat that 
forms coal. 
 
Formation of Coal: 
 Coal is a fossil formed mainly by the action of temperature and pressure on plant debris. It is a product of 
very slow decomposition of organic matter deposited in prehistoric times. The age of coal is indicated by its 
carbon content or rank example, lignite, bituminous, anthracite, and the nature of the original organic material is 
reflected by the macreal composition of the coal. 
 
Definition of Trace Elements: 
 Quantitative analyses of coal deals with the determination of the concentration of trace elements in coal 
using atomic and analytical techniques. Trace elements could be defined as those elements that occur in minute 
or negligible quantities in coal. These elements are at times considered to have little or no effect on coal during 
coal conversion and are therefore referred to as trace. Among the trace elements one can expect in a coal sample 
includes Titanium (Ti), Vanadium (V), Calcium (Ca), Magnesium (Mg), Iron (Fe), Sodium (Na), Potassium (K), 
Mercury (Hg), Cobalt (Co), Nickel (Ni), Chromium (Cr), Cupper (Cu), Selenium (Se), Silicon (Si), Indium (In), 
Niobium (Nb), Thorium (Th,) etc.  It should also be noted that all these trace elements cannot be found in a 
particular coal sample.  
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 Some expert in the field of coal like B.S. Carpenter of National Measurement Laboratory; National Bureau 
of Standards Washington D.C. 20243 and R. H. Filby of National radiation center, Washington State University 
Pullman, Washington, 19164 observed that trace elements contents of coals varies with the geographical 
location as well as the materials that give rise to coal and equally came up with the postulation that Germanium 
(Ga) content of coal can play a vital role in the ranking of coal more than any other trace element. 
 The fate of trace elements present in coal during coal conversion processes is of concern because of 
potential environmental emissions or detrimental effects on product quality. The fate and distribution of trace 
elements in gasification processes have been determined by 3Forney, A. J. Haynes W .P for 65 trace elements in 
the SYNTHANE process and by 6Forney. A. J., for carbondioxide ACCEPTOR process. 
 Detailed knowledge of the behavior and the fate of trace elements in the solvent refined coal products is 
important because of possible effects on the liquification process (i.e. catalytic effects), effect on product 
properties, and potential environmental effects. Some of the important environmental effects of trace elements 
behavior in the solvent refined coal processes include: 
 The potential for the release of volatile toxic elements from gas stream e.g. H2se, Hg, AsH3. 
 The possible formation of volatile carbonyls, e.g. Ni(Co)4 and release to the plant environment. 
 The effects of trace metal forms in fuel on the incorporation into different fly ash particles sizes during 
combustion. etc. 
 The major and some trace elements components of coal as pointed out by 4Given, P.H., and 2Hill, G. R., 
were also observed and proven to be real. This paper tends to contribute as well as to prove the validity of the 
presence of trace elements in some Nigerian coals. It is very rare to see any reference on trace element in any 
Nigerian coal, with this work; people can now use it as a basis for further research and investigation in Nigerian 
coal. 

MATERIALS AND METHODS 
 
Coal Preparation: 
 Samples of coal were obtained from four coal fields in Nigeria namely: Enugu (Onyeama), Orukpa, 
Amansiodo and Ogwashi-Azagba. The samples were thoroughly washed with clean water to remove extraneous 
that might interfere or affect the quality of the result; after which they were allowed to dry. 
 
Coal Pulverization: 
 The dry samples were pulverized or size reduced with the help of an electric grinder and subsequently 
sieved with 6.3mm sieve basket. 
 
Coal Digestion for Heavy Metal Determination: 
 The underflow (5g) from the above sieve of each sample was collected and weighed. It was transferred into 
an air-tight glass bottle and 30ml of 2 mole hydrochloric acid was also added into the airtight bottle. The bottle 
was inserted into an oven preset at 1100c for two hours after which the bottle was removed from the oven and 
allowed to cool with the aid of a dessicator. This was followed by filtering the content of the bottle into another 
clean bottle with the aid of 110mm diameter filter paper. The filtrate was then used for the analyses using 
atomic absorption spectrometry. 
 
Ash Digestion for Heavy Metal Determination: 
 10g of the dried coal sample was weighed and transferred into a crucible. The crucible was taken into a 
furnace and heated at a temperature of 7000c – 7500c until a constant mass of ± 0.002mg was obtained. 5g of 
the ash obtained as a result of the heating was weighed and put into an air-tight glass bottle; 30ml of 2 mole 
hydrochloric acid was added into the air-tight bottle. The bottle was taken into an oven preset at 1100c and left 
for 2 hours after which the bottle was removed from the oven and allowed to cool. The content was filtered as 
stated under coal digestion above and the filtrate was used for the heavy metal determination using atomic 
absorption spectrometry. 

RESULTS AND DISCUSSION 
 
 This work was aimed at determining the trace element contents in coal samples obtained from different 
locations in Nigeria. The places are Enugu (onyeama), Orukpa, Amansiodo and Ogwashi-Azagba. The 
experiment was carried out using standard procedures and it was done with equipment named Atomic 
Absorption Spectrometry. The following trace elements were found in the coal samples: So-

3 (trisulphide), Fe 
(iron), Ca (calcium), Mg (magnesium), Si (silicon), Na (sodium), K (pottasium), etc. The following relationship 
as expressed below was used to determine the percentage weight of trace element in coal ash: 
Weight %  of element in coal ash = Weight in kg * 100/ I kg of coal ash. 
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 From the result, it was observed that silicon which at times appears as silicon oxide in coal was found to be 
approxiamelty the same (wt. %) in the four samples. This could be attributed to the geographical location of the 
coal samples. 
 Ogwashi-Azagba coal sample investigated shows that iron has the highest percentage weight (0.236 wt. %) 
among the trace elements. This was followed by so-

3 (0.056 wt. %), mg (0.024 wt. %), K (0.019 wt. %). The 
percentage weight of Ca and Na were found to be the same (0.005 wt. %). Since Iron as trace element supports 
combustion, its presence will enable the coal burn well, and in terms of ash contents among the samples, it was 
observed that Ogwashi-Azagba coal produced the highest weight (kg) of ash. Presently, only the Ogwashi-
Azagba coal is known to posses the desirable coking quality needed in Iron and steel industries for firing in the 
blast furnaces. Fig 1.0 – fig 1.5 below show the composition of each trace element in all the samples analysed 
 Orukpa Coal sample investigated revealed that iron still has the highest percentage weight (0.365 wt. %) 
among other elements. This was followed by So-

3 (0.058 wt. %), K (0.018 wt. %), Mg (0.009 wt. %), Na (0.007 
wt. %), and Ca (0.003 wt. %). It was also observed that iron content in Orukpa coal (0.365 wt. %) is higher than 
that of Ogwashi-Azagba which is (0.236 wt. %). Some researchers observed that the content of trace elements in 
coal samples is influenced by the geological location meaning that there is iron deposit; any sample of coal from 
such location is likely to have a higher percentage of iron compared with other trace elements. It should also be 
noted that the same trace elements could not be found in different coals that is to say that there are some trace 
elements that could be found in a particular coal but may not appear in other coals. It is also important to note 
that trace elements in coal at times appear as the oxide of the metal. Example potassium as potassium oxide 
(k20), sodium as sodium oxide (Na20), magnesium as magnesium oxide (mg0) etc. Orukpa coal does not contain 
much ash thus making the sample to have the quality of non-coking coal. See fig 1.0 – fig 1.5 below. 
 Iron still appeared as the highest trace elements in Amansiodo coal with percentage weight (0.635 wt. %), 
followed by So-

3 (0.085 wt. %), K (0.019 wt. %), Mg (0.012 wt. %), Na (0.008 wt. %), and Ca (0.006 wt. %). It 
was also observed that among the four samples analysed, Amansiodo coal has the highest percentage of iron as 
trace element followed by Onyeama, Orukpa and Ogwashi-Azagba respectively. It can also be deduced that 
efficiency of combustion is very high when burning Amansiodo coal. The high ash content of Amansiodo has 
given it a quality of good coking coal. 
 Iron still maintain the lead among the trace elements in Onyeama coal with percentage weight of (0.536 wt. 
%), followed by So-

3 (0.058 wt. %), Na (0.015 wt. %), Mg (0.013 wt. %), K (0.010 wt. %), and Ca (0.008 wt. %) 
respectively. 
 Apart from silicon which has approximately the same percentage weight in all the samples (<0.002 wt. %), 
calcium in each sample was observed to have the least values, but its percentage weight is the same with sodium 
in Ogwashi-Azagba coal. Onyeama and Orukpa coals have same percentage weight of So-

3 (0.058 wt. %). 
However, the same percentage weight of potassium was recorded in Ogwashi-Azagba and Amansiodo coal 
samples (0.019 wt. %). 
 Graphically, the variation/difference in trace elements contents among the four samples were presented in 
figures 1.0 – 1.5. This was done by plotting the percentage weight of each trace element against the samples in 
the form of bar chart. The height of each bar represents the percentage weight of the trace element in the sample. 
 The percentage weights of the major components of the coal samples were also determined as shown in 
table 1.4 below. 
 

 
 
Fig 1.0: A bar chart showing the variation of trisulphide (so-

3) in y axis (wt. %) against the coal samples in x-
axi. 
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Fig. 1.1: A bar chart showing the variation of Iron (fe) in y axis (wt. %) against the coal samples in x-axis.  
 

 
 
Fig. 1.2: A bar chart showing the variation of calcium (ca) in y axis (wt. %) against the coal samples in x-axis.  
 

 
 
Fig. 1.3: A bar chart showing the variation of magnesium (mg) in y axis (wt. %) against the coal samples in x-

axis. 
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Fig. 1.4: A bar chart showing the variation of sodium (Na) in y axis (wt. %) against the coal samples in x-axis. 
 

 
Fig. 1.5: A bar chart showing the variation of potassium (k) in y axis (wt. %) against the coal samples in x-axis. 
 
Table 1.0: Composition (Wt. %) of trace elements in Ogwashi-Azagba coal. 

Element Conc. Mg/l Wt. % Atomic mass Wt. %/Atomic mass 
So-

3 93.33 0.056 80 0.00070 
Fe 393.33 0.236 55.847 0.00423 
Ca 8.33 0.005 40.08 0.000125 
Mg 40.00 0.024 24.312 0.000987 
Si 3.35 <0.002 28.086 0.0000712 
Na 8.33 0.005 22.989 0.000217 
k 31.67 0.019 39.098 0.000486 

 
Table 1.1: Composition (Wt. %) of trace elements in Orukpa coal. 

Element Conc. Mg/l Wt. % Atomic mass Wt. %/Atomic mass 
So-

3 96.67 0.058 80 0.0000725 
Fe 608.33 0.365 55.847 0.0065 
Ca 5.00 0.003 40.08 0.0000749 
Mg 15.00 0.009 24.312 0.000370 
Si 3.35 <0.002 28.086 0.0000712 
Na 11.67 0.007 22.989 0.000304 
k 30.00 0.018 39.098 0.000460 

 
Table 1.2: Composition (Wt. %) of trace elements in Amansiodo coal. 

Element Conc. Mg/l Wt. % Atomic mass Wt. %/Atomic mass 
So-

3 141.67 0.085 80 0.00106 
Fe 1058.33 0.635 55.847 0.0113 
Ca 10.00 0.006 40.08 0.000149 
Mg 20.00 0.012 24.312 0.000494 
Si 3.35 <0.002 28.086 0.0000712 
Na 13.33 0.008 22.989 0.000348 
k 31.67 0.019 39.098 0.000486 
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Table 1.3: Composition (Wt. %) of trace elements in Onyeama coal. 
Element Conc. Mg/l Wt. % Atomic mass Wt. %/Atomic mass 

So-
3 96.67 0.058 80 0.000725 

Fe 893.33 0.536 55.847 0.00959 
Ca 13.33 0.008 40.08 0.000199 
Mg 21.67 0.013 24.312 0.000535 
Si 3.35 <0.002 28.086 0.0000712 
Na 25.00 0.015 22.989 0.000652 
k 16.67 0.010 39.098 0.000256 

 
Table 1.4: Composition (Wt. %) of the major components of the coals. 

Element Ogwashi-Azagba( Wt. 
%) 

Orukpa (Wt. %) Amansiodo 
(Wt. %) 

Onyeama 
(Wt. %) 

Carbon 57.96 46.68 55.77 59.45 
Sulphur 1.18 0.53 0.66 0.67 
Nitrogen 0.99 1.49 1.03 1.05 

Moisture Content 10.99 6.35 11.36 5.68 
Ash 11.60 9.65 11.25 7.56 

 
Conclusion: 
 It was observed that the trace element content of coal depends on the geographical location of the coal. Coal 
sample from a location with iron deposit is likely to have more of iron as a trace element than other trace 
elements. It has been proved that Amansiodo and Onyeama areas in Enugu state, Nigeria have iron deposits and 
the coal samples from the areas were observed to have more iron. Iron deposit was also discovered in Orukpa 
and Ogwashi-Azagba though not in abundance as those of Onyeama and Amansido, The percentage weight of 
each of the trace elements indicates the level of occurance of such mineral in that location. 
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