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Abstract: 

Eight coal samples from Eha-Alumona and Ehandiagu coalfields in the Anambra Basin Nigeria were analyzed 

for proximate, ultimate and calorific value properties in order to assess the quality and industrial suitability. 

Result of the proximate, ultimate analysis and calorific value analyses vary within the following range: moisture 

3.39-4.13%; ash content 12.95-14.10%; volatile matter 38.44-40.23%, fixed carbon 40.85-45.25%; calorific 

value (CV), 23.95-26.09MJ/kg; carbon 40.90-43.23%; hydrogen 4.95-5.10%; sulphur 0.36-0.66%, Nitrogen 

1.19-1.30 %; and oxygen 11.06-13.00%. The results suggest a sub-bituminous B, non-agglomerating coals 

suitable for electric power generation and feedstock for chemical and pharmaceutical productions but for not for 

metallurgical application. Result between calorific value and proximate parameters and carbon and other 

ultimate parameters were correlated and Pearson’s linear correlation coefficient determined. Strong relationships 

were seen between calorific value versus fixed carbon and volatile matter and carbon versus oxygen. 
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I. INTRODUCTION 
Coal is a very heterogeneous material 

containing various organic and inorganic 

(mineral matter) constituents and exhibit wide 

range of physical properties. Coal forms from 

the accumulation and physical and chemical 

alteration of plants remains that settle in 

swampy areas and form peat, which thickens 

until heat and pressure transform it into coal. 

The heterogeneity is brought about by the kind 

of vegetation deposited (coal type), degree of 

coalification (coal rank) and range of 

impurities (coal grade) [1; 2; 3] Worldwide, 

coals has become the largest source of primary 

fossil fuel energy utilization for electric power 

generation and feedstock for chemical and 

pharmaceutical productions, iron and steel 

production [4; 5; 6]. At present, the most 

practical technologies for coal conversion and 

utilization are carbonization, gasification and 

combustion [4; 7; 8]. However, the 

applications of coals in manufacturing 

industries depend on its types, grades and 

quality, which are function of temperature and 

pressure and the length of time of its formation 

[9]. Physicochemical analysis remains 

paramount in the characterization of coal for 

utilization and hazard assessment [10], 

identification of mineral matter and 

distribution of coal [11]. Proximate analysis, 

elemental composition and calorific value 

analyses remains the most common technique 

and data essential for engineering design, 

process optimization and process costing of 

coal conversion systems. 

Nigeria current coal reserves have been 

estimated to amount 640 million proven 

tonnes, whereas the inferred reserves are 2.75 

Gt [9]. Nigeria as a developing country needs 

a high quality coal for technological 

advancement and with the discovery of new 

coal deposits; it presents numerous 

opportunities not only for the power and 

energy sectors but for socioeconomic growth, 

infrastructural and industrial development (12; 

13; 14). Investigation of some notable 

Nigerian coal deposits observed that the 

quality of the coals studied was comparable 

with other sub-bituminous coals in coal- 

producing countries of the world, due to its 

low ash, sulphur and moisture contents and 

medium to high calorific value [15]. There is a 

need for further examination of Nigerian coal 

deposits for the industrial applications. 

Therefore, this present investigation were 

carried out to evaluate the proximate, ultimate 

and calorific value properties of two newly 

discovered coal deposits of Eha-Alumona and 
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Ehandiagu both in Enugu State of Nigeria with 

an aim to establish its quality, rank 

classification, and suitability for industrial use. 

II. GEOLOGICAL SETTING 

The studied area is bounded by latitudes 

7o32’51.72”N and 7o 26’42.29” N and 

longitudes 6
0
51’22.71”E and 6

0
 45’ 34.26”E 

(Fig. 1). The Anambra Basin is believed to be 

an integral unit of the Lower Benue Trough 

with its morphology roughly triangular. It is 

located in the south-central part Nigeria and 

covers an area of about 40,000 km2 (Fig. 2) 

with sediment thickness of 9 km and embodied 

by vast lithological heterogeneity in both 

horizontal and vertical extensions derived 

from a variety of paleo-environmental milieus 

[16]. It is a NE-SW trending syncline that is 

part of the Central African Rift System which 

developed in response to the stretching and 

subsidence of major crustal blocks during a 

Lower Cretaceous break-up phase of the 

Gondwana super-continent. The movements 

were re-activated by further plate activity in 

Lower Tertiary soon after the intermittent 

Upper Cretaceous rifting. 

The Anambra Basin contains about 6km thick 

Cretaceous / Tertiary sediments and is the 

structural link between the Cretaceous Benue 

Trough and the Tertiary Niger Delta [16]. 

Sedimentation in the Anambra Basin 

commenced with the Campano – 

Maastrichtian marine and paralic shales of the 

Enugu and Nkporo Formations, overlain by 

the coal measures of the Mamu Formation. 

The fluviodeltaic sandstones of the Ajali and 

Owelli Formations lie on the Mamu Formation 

and constitute its equivalents in most places 

(Table 1). 

III. MATERIALS AND METHODS 

Sample collection and Preparation 
Total eight numbers of coal samples from Eha- 

Alumona and Ehandiagu coal fields were 

collected. Four samples per location at several 

regular meters intervals apart were taken with 

consideration of possibilities of variations in 

sample constituents. About 2kg each of the 

representative samples were collected in an air 

tight aluminum pack and were labelled EHA 

01, EHA 02, EHA 03,EHA 04 (for Eha- 

Alumona coal), EHN 01,EHN 02,EHN 03, 

EHN 04 (for Ehandiagu coal) respectively. 

About 1kg weight of each sample were 

grinded to fine powder, using auger grinding 

 

 
Fig.1 Geologic map of the study area 

 

Fig. 2 Regional stratigraphy of southeastern 

Nigeria with the sample points [17]. 

 

machine and passed through a 150 micro mesh 

sieves in order to ensure homogeneity of the 

samples and the powdery coal used for various 

analyses. All analytical determinations were 

done according to the ASTM-1992 standard 

methods. All sample analyses were carried out 

at Nigerian Geological Survey Agency 

Laboratory, Kaduna, Nigeria. 

Proximate and calorific value analysis 
Proximate analysis indicates the percentage by 

weight of the Fixed Carbon, Volatiles, Ash 

and Moisture Content in coal and defines the 

chemical composition of the coals. 
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Fig. 3 Stratigraphic and lithologic section of 

southern Benue trough and Anambra basin [16]. 

Moisture content analysis: Exactly 1.0 g of 

the powdered sample of each coal was placed 

in separate pre-weighed silica crucibles and 

subjected to a temperature of 105-110°C for 1 

hour in the absence of air, until a constant 

weight was attained. Loss in weight is reported 

as percentile moisture content. 

Moisture (%) = loss in weight due to removal 

of moisture / weight of coal sample taken x 

100 

Determination of Volatile Matter: The 

volatile matter is the loss in weight of moisture 

free coal when heated at designated 

temperature and time. The moisture free coal 

sample is taken in silica crucible covered with 

lid and placed in muffle furnace, pre-heated at 

925° +/- 20°C for 7 minutes. The crucible is 

then taken out and cooled first in air, then 

inside desiccators and weighed again. The loss 

in weight (%) is reported as volatile matter. 

Volatile matter (%) = (loss in weight due to 

removal of volatile matter/weight of coal 

sample used) x 100 

Determination of Ash content: It is weight of 

residue obtained after burning a known 

amount of dry coal in an open crucible. The 

sample is heated at 700-750°C for half an hour 

in a muffle furnace. Heating cooling and 

weighing is repeated till a constant weight is 

obtained. 

Ash content (%) = (weight of ash formed / 

weight of dry coal taken) x 100 

Determination of Fixed carbon: After the 

ash was separated, what was left was carbon; 

percentage fixed carbon was then calculated 

by subtracting the sum of volatile matter, 

moisture content and ash from 100 [19]. 

Calorific value analysis: A bomb calorimeter 

was used to measure the calorific value of the 

coal. Electrical energy was used to ignite the 

coal; as the coal was burning, it heated up the 

surrounding air, which expanded and escaped 

through a tube that leads the air out of the 

calorimeter. When the air was escaping 

through the copper tube it also heated up the 

water outside the tube. The change in 

temperature of the water was then accurately 

measured with a thermometer. This reading, 

allowed for calculating calorie content of the 

coal. 

Ultimate analysis 
Ultimate analysis also known as elemental 

analysis is dependent on quantitative analysis 

of various major elements present in solid fuel 

(coal), such as carbon, hydrogen, sulphur, 

oxygen and nitrogen. Geochemical 

composition of the coals was defined in terms 

of their ultimate analysis. 

Determination of Carbon and Hydrogen: 
1.00 g of coal was burnt in a current of oxygen 

in order to convert the C and H to CO2 and 

H2O respectively. The products of combustion 

(CO2 and H2O) were passed over weighted 

tubes of anhydrous CaCl2 and KOH which 

absorbed H2O and CO2 respectively. The 

increase in the weight of CaCl2 tube was used 

as an estimate for weight of water (H2O) 

formed while increase in the weight of KOH 

tube represented the weight of CO2 formed. 

Determination of Nitrogen: Nitrogen was 

determined by Kjeldahal’s method. 1.00g of 

pulverized coal was heated with concentrated 

H2SO4 in the presence of potassium sulphate 

and copper sulphate in a long-necked flask 

thereby converting nitrogen of coal to 

ammonium sulphate. When clear solution was 

obtained it was treated with 50% NaOH 

solution. The ammonia thus formed was 

distilled over and absorbed in a known 

quantity of standard sulphuric acid solution. 

The volume of unused H2SO4 was then 

determined by titrating against standard NaOH 

solution. Thus, the amount of acid neutralized 

by liberated ammonia was determined. 

Determination of Oxygen:  Oxygen is 

traditionally determined by subtracting the 

amount of the  other elements,  carbon, 

hydrogen, nitrogen, sulphur, moisture and ash 

from 100%. 
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% of oxygen in coal = 100 – (% C + % H + % 

N + % S + % M + % A) 

Determination of Sulphur: A 1.00g sample 

of coal of 0.2mm particle size was heated with 

Eschka mixture (which consists of 2 parts of 

MgO and 1 part of anhydrous Na2CO3) at 

800
0
C. After burning amount of sulphur 

present in the mix was retained as oxides and 

it was precipitated as sulphate. The sulphate 

formed was precipitated as BaSO4 (by treating 

with BaCl2). The percentage of sulphur in coal 

was calculated from the weight of coal sample 

taken and weight of BaSO4 precipitate formed. 

Correlation analysis 

Pearson’s correlation “r” was considered to 

explore linear inter-correlations between 

calorific value and proximate properties (ash 

content, moisture content, volatile matter and 

fixed carbon) and between carbon and other 

ultimate properties (hydrogen, oxygen, sulphur 

and nitrogen). The ‘r” value, can range from -1 

to +1, where value close to +1 show 

significant positive relationships, values close 

to -1 translate to high negative correlations, 

and 0 means there is no interaction. Generally, 

“r” over absolute 0.6 means there is 

considerable correlation between two variables 

[20; 21; 22] 

IV. RESULT AND DISCUSSIONS 

Proximate and Calorific value analysis 
Results obtained from proximate and calorific 

value analysis of Eha-Alumona and Ehandiagu 

coal samples on an air dried basis are shown in 

Tables 1. The proximate and calorific value 

analyses revealed to have range of properties 

as follows: moisture content (MC), 3.39- 

4.13%; ash content (AC), 12.95-14.10%; 

volatile matter (VM), 38.44-40.23%, fixed 

carbon (FC), 40.85-45.25% and calorific value 

(CV), 23.95-26.09MJ/kg. 

Moisture content is an important parameter 

that affects its ignitability and potential 

utilization [23]. The average moisture content 

of Eha-Alumona coal is 3.50% while that of 

Ehandiagu coal is 3.70% (Table 1). The 

reduction in moisture content represents a 

significant improvement in coal’s quality 

because moisture affects the calorific value 

and the concentration of other constituents 

[24]. High moisture content is also 

disadvantageous because it decreases system 

capacity and increases operational cost, which 

leads to lower thermal efficiency of boiler and 

burner design change [25]. The moisture 

contents value stipulated for a good coking 

coal is 1.5% [26]. The Eha-Alumona and 

Ehandiagu coals are above the stipulated value 

for coking coal, but are within the stipulated 
range of 1 – 4% moisture for semi-coke used 
in low shaft furnace. It is suitable for 
generating electricity and heating for cement, 
ceramics, glass, paper, and brick 
manufacturing [27]. 
Table 1 Proximate and calorific value analysis of 

Eha-Alumona and Ehandiagu coal samples. 

 
 

Volatile matter (VM) is a well-recognized tool 

that can be used to determine coal rank, as 

well as its suitability for potential energy 

recovery from thermal processes such as 

combustion and pyrolysis (carbonization) [23]. 

The average volatile matter content of Eha- 

Alumona and Ehandiagu coals is 40.10% and 

38.50% respectively (Table 1). The higher 

volatile matter content is more characteristic 

of low-rank coals, while the decreased value is 

more typical of higher-rank coals [28]. High 

volatile matter content in most of the coals is 

an indication of an exceptionally large 

proportion of hydrogen, liptinite, 

hydrocarbons, CO, CO2 and chemically 

combined water, and for depletion of inertinite 

in the coals [29]. In pulverized fuel firing for 

electricity generation, most boilers are 

designed for a minimum volatile matter of 20 

– 25% while in stoker firing; the volatile 

matter limits recommended are 25 – 40% [30]. 

There is virtually no limit for the volatile 

matter for coals used in the production of 

cement. In coke production, high volatile 

matter content will give a lower coke yield so 

that the best quality coking coals have a 

volatile range of 20 – 35% but values of 16 – 

36% can be used [30]. A much lower value of 

less     than     1.5%     volatile     matter     was 

Property/ 

Coal 

Sample 

EHA-01 

EHA-02 

EHA-03 

EHA-04 

Average 

EHN-01 

EHN-02 

EHN-03 

EHN-04 

Average 

MC 

(%) 

VM 

(%) 

AC 

(%) 

FC 

3.46 40.18 13.33 45.20 

3.71 40.12 13.25 45.16 

3.44 40.23 13.42 45.25 

3.39 39.87 13.20 45.19 

3.50 40.10 13.30 45.20 

3.61 38.50 13.36 40.96 

3.42 38.44 14.10 41.00 

3.64 38.60 13.19 40.95 

4.13 38.46 12.95 40.85 

3.70 38.50 13.40 40.94 

CV 

(MJ/ 

kg) 

26.09 

26.03 

25.99 

26.06 

26.04 

24.00 

24.00 

24.01 

23.95 

23.99 

MC-Moisture Content; AC- Ash Content; VM- 

Volatile Matter; FC -Fixed Carbon; HHV-Higher 

Heating Value; FR-Fuel Ratio 
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recommended as good metallurgical coal [31]. 

The findings indicate that Ehandiagu coal is 

lower in rank compared to Eha-Alumona, but 

both could be a more suitable feedstock for 

gasification than pyrolysis into coke. 

The average ash content values of both coals 

show little difference with range between 

13.30 and 13.40% (Table 1). Ash content 

affects coal and ash handling systems, 

pulverizers (abrasion), furnace, superheater, 

reheater, economizer, soot-blowing intervals 

(slagging and fouling propensity, erosion, and 

corrosion), pollution control equipment, and 

unburnt carbon in ash [25](Carpenter, 2007). 

Ash represents the bulk mineral matter, 

inorganic or non-combustible residue arising 

from the coal combustion, which has potential 

impacts on the environment. The chemical 

composition of coal ash is crucial to coal 

conversion because plasticity which influences 

slagging and fouling, agglomeration or 

viscosity of bed materials in combustion 

chambers [25; 32]. The lower the ash content, 

the better its application as a source of fossil 

fuel especially in the steel industry [33] and 

also its requirement for coke making coals, 

because some of the ash would end up in the 

coke on carbonization and in the blast furnace 

[34]. Based on the foregoing, it can reasonably 

be surmised that Ehandiagu coals could 

potentially pose more ash related problems 

compared Eha-Alumona during combustion 

and it is of low degree of coalification and 

maturity. Both coals are within the 

recommended ash contents for steam coals, 

appropriate for electricity generation and 

heating for manufacturing processes based on 

less than 20% [30]. 

The average fixed carbon content of Eha- 

Alumona coal is 45.20% and that of 

Ehandiagu coal is 40.94% (Table 1). Fixed 

carbon is the solid fuel left in the furnace after 

volatile matter is distilled off. It consists 

mostly of carbon but also contains some 

hydrogen, oxygen, sulphur and nitrogen not 

driven off with the gases. Fixed carbon values 

are highly dependent on the values of carbon 

and organic matter in coals. It is well known 

that the fixed carbon content increases with 

coal rank advance [35]. Fixed carbon gives a 

rough estimate of heating value of coal and 

also used as an estimate of the amount of coke 

that will be obtained on carbonization [36]. 

Both Eha-Alumona and Ehandiagu coals 

contain high fixed carbon that could be 

utilized in thermal power plants and other 

small industries for combustion processes but 

do not meet the 46-86% recommended for 

coking coals [37]. 

The average higher heating value (calorific 

values) of Eha-Alumona and Ehandiagu coals 

is 26.04 and 23.99MJ/kg respectively (Table 

1). However, the Eha-Alumona coal average 

value is greater compared to Ehandiagu coal. 

The calorific value gives the heating value or 

the heat of combustion of a substance. It has 

been suggested that the calorific value of 

power plant coals are in the range of 9.5 

MJ/kg to 27 MJ/kg [38]. Thus, considering the 

average calorific values of all the coal 

samples, it can be deduced that all the coal 

deposit would be suitable for power 

generation. Also, the agglomerating or non- 

agglomerating property of coal samples can be 

determined from HHV, according to the 

ASTM D388-15 standard. Based on this 

criterion, the HHV of non-agglomerating coals 

typically range from 14.7 to 26.7 MJ/kg, 

however agglomerating coals range from 26.7 

to 32.4 MJ/kg [39]. Therefore, the both coals 

are non-agglomerating. Based on rank using 

the HHV, the both coals be classified as Sub- 

Bituminous B coal as shown in Figure 4. 

From this study, Eha-Alumona and Ehandiagu 

coals revealed to be low moisture content 

(3.50% and 3.70% on average), a medium 

volatile matter yield (40.10% and 38.5%, on 

average), high ash yield on a dry basis 

(13.30% and 13.40% on average), medium 

fixed carbon (45.20 and 40.94%, on average), 

and high calorific value (20.10 and 22.1MJ/kg, 

on average) as shown in Table 1 [28; 31; 40] 

. 

 

Fig. 4 The ranking of coals samples of the study 

area. (Adopted from the American Standard for 

Testing and Materials (ASTM)) 
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Propert 

y/Coal 

Sample 

EHA-01 

EHA-02 

EHA-03 

EHA-04 

Average 

EHN-01 

EHN-02 

EHN-03 

EHN-04 

Average 

C H S N O 

43.19 

43.23 

43.20 

43.18 

43.20 

40.90 

41.30 

41.20 

41.40 

41.20 

5.00 

4.99 

5.02 

5.03 

5.01 

5.10 

5.04 

4.95 

5.03 

5.03 

0.36 

0.37 

0.40 

0.39 

0.38 

0.63 

0.64 

0.66 

0.59 

0.63 

1.28 

1.19 

1.30 

1.23 

1.25 

1.27 

1.25 

1.26 

1.22 

1.25 

12.70 

12.70 

13.00 

12.80 

12.80 

11.14 

11.11 

11.09 

11.06 

11.10 

Ultimate analysis 
Results obtained from the ultimate analysis 

carried out on the Eha-Alumona and 

Ehandiagu coal samples on an air dried basis 

are shown in Tables 2. The elemental 

composition (ultimate) analysis revealed coal 

samples of Eha-Alumona and Ehandiagu to 

have range of properties as follows: Carbon 

(C),   40.90-43.23%;   Hydrogen   (H),   4.95- 

5.10%; Sulphur (S), 0.36-0.66%, Nitrogen (N), 

1.19-1.30 %; Oxygen (O), 11.06-13.00%. 
Table 2 Result of Ultimate analyses of coal 

samples. 
 

The average elemental carbon for Eha- 

Alumona and Ehandiagu coals is 43.20% and 

41.20% respectively (Table 2). Elemental 

carbon concentration in coal is still the 

leading, most important accurate parameter 

among other chemical characteristics for 

evaluation of coal rank [28; 41]. It is a major 

yardstick used in determining the rough 

estimate of calorific value of coal, which is 

also a rank dependent variable parameter. It 

can be used to estimate the amount of coke 

yield from a sample of coal on carbonization 

[42; 43]. The greater the carbon percentage 

composition, the better is the quality and rank 

of a coal. [37], recommended the maximum of 

75-90% carbon and 4.5-5.5% hydrogen for 

coking coals. Based on the carbon content, 

Eha-Alumona and Ehandiagu coals have no 

coking ability for coke production; hence they 

are appropriate for electricity generation and 

heating for manufacturing processes. 

The average hydrogen content of the Eha- 

Alumona and Ehandiagu coals is 5.01% and 

5.03% respectively (Table 2). Hydrogen 

content in coal is one of the major constituents 

but minor element in terms of effect on coal 

utilization. Hydrogen is mostly associated with 

volatile matter and forms part of the 

combustible component in coal. . It increases 

calorific value of coal and coke, and remains 

as coke oven gas in metallurgy. Higher values 

of hydrogen content is usually more 

characteristics for lower rank coals, while 

lower values tend to be more typical for higher 

rank coals with peat to bituminous (3.0-5.6%); 

anthracite (2-4%). Also the concentration of 

hydrogen increases with the increase in the 

degree of liptinite, alginate, resin, sporinite, 

cutinite and bituminization, as well as residual 

moisture, hydrated minerals and methane in 

coals [44; 45]. The hydrogen content of Eha- 

Alumona and Ehandiagu coal is normal range 

coal. 

The average sulphur content of the Eha- 

Alumona and Ehandiagu coals is 0.38% and 

0.63% respectively (Table 2). Sulphur in coal 

is distributed between the organic matter as 

ash, and relatively extensive washing 

generally tends to reduce the sulphur content. 

World coal contains 1 to 3 % sulphur [46]. 

Some of the sulphur in coal escapes with the 

volatiles during carbonization, thus the sulphur 

content in the coke is slightly less than that of 

the coal. The sulphur content of metallurgical 

coal is critical and less than 1 % is the widely 

accepted limit for most applications [47]. The 

higher sulphur content is more characteristic 

of lignite, while the reduced values of this 

element are more typical for higher order coals 

[48], with some exceptions. The sulphur 

content for Eha-Alumona and Ehandiagu coals 

are blow the maximum limit of 1.2 %, 

required for consistent iron quality in 

metallurgical operation, but better used in 

electricity generation and heating for 

manufacturing processes [49]. 

The average nitrogen content of the Eha- 

Alumona and Ehandiagu coals is 1.25% each 

respectively (Table 2). Nitrogen originates 

from protein and represent up to 1 – 3 % in 

coal. Under certain combustion conditions a 

portion of nitrogen is emitted to the 

atmosphere as the polluting nitrogen oxides. 

Nitrogen decreases calorific value and as coal 

matures, extractable nitrogen decreases. Its 

proportion does not depend on rank of coal 

[46]. The increased nitrogen content is usually 

more characteristic for higher-rank coals, 

while the reduced values of this element are 

usually more typical for lignite coals. The 

studied coal samples are of low nitrogen 

content. 

The average oxygen content of the Eha- 

Alumona and Ehandiagu coals is 12.80% and 

11.10% respectively. The oxygen content is an 

important index for coal ranking. The younger 
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coal is richer in the elemental oxygen than that

of the more matured coal. Oxygen exists in the

form of mineral compounds within the

mass. The higher oxygen content

characteristic of low-range coals,

decrease in concentration is typical of higher

range coals Table 3 [41; 50]. As

content increases, moisture holding

and hydrated minerals increases 

power decreases. The Eha-Alumona coal is of

higher rank than Ehandiagu coal. 

Statistical analysis 
The results of the Pearson 

coefficient between calorific value

proximate properties (ash content,

content, volatile matter and fixed carbon) and

between carbon and other ultimate properties

(hydrogen, oxygen, sulphur and nitrogen) are

presented in (Table 3; Figure 5) and

Figure 6) respectively. 
Table 3: Pearson correlations between

values and proximate parameters (moisture content,

ash content, volatile matter and fixed carbon) of

Eha-Alumona and Ehandiagu coals. 

 

 
Fig. 5 Correlation between calorific value and ash

content, moisture content, volatile matter and fixed

carbon. 

Pearson correlation results between

value and volatile matter, fixed carbon (Table

3; Figure 5A-D) indicates that is

positive correlation (r: 0.99). This means that

the fixed carbon content and volatile matter of

the coal samples contributes the strongest

the calorific value of the coals. It is established

in literatures that fixed carbon and

value would increase through coalification.

The relationship between calorific

r 

 
Calorific 

value 

Moisture 

content 

-0.45 

Ash Volatile

content 

-0.15 

matter

0.99
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coals, while the 
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and caking 

Alumona coal is of 
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content, moisture 

content, volatile matter and fixed carbon) and 
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and (Table 4; 
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values and proximate parameters (moisture content, 

ash content, volatile matter and fixed carbon) of 

 

Fig. 5 Correlation between calorific value and ash 

content, moisture content, volatile matter and fixed 

between calorific 

, fixed carbon (Table 

is a strong 

positive correlation (r: 0.99). This means that 

the fixed carbon content and volatile matter of 

strongest to 

the calorific value of the coals. It is established 

and calorific 

coalification. 

calorific value and 

moisture content (r: -0.45); ash

0.15) (Table 3; Fig 5) reveals

correlation. 
Table 4 Pearson correlations between carbon and

(moisture content, ash content, volatile matter) and

between ash content and moisture content of Eha

Alumona and Ehandiagu coals. 

Pearson correlation result between carbon and

oxygen (Table 3; Figure 6A-

strong correlation (r: 0.98) while sulphur has

the highest negative effect (r: -

by hydrogen (r:-0.31) and nitrogen

with the least. 
 

Fig. 6 Correlation between Elemental carbon and

hydrogen, oxygen, nitrogen and sulphur.

V. CONCLUSION 

Proximate, ultimate and calorific

analyses of Eha-Alumona and Ehandiagu coals

revealed that both coals have low

content, medium volatile matter

ash yield, medium fixed carbon,

value, low elemental carbon, high

medium oxygen, low nitrogen and

respectively. These characteristics

coals are  sub-bituminous 

agglomerating and medium quality,

for electric power generation using

generation and also in heating boilers

ovens. It can also be used as feedstock

chemical and pharmaceutical productions,

and steel production 
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