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Abstract

Coal utilisation currently accounts for 40% of electricity generation worldwide. With energy demand
projected to rise by 50% by 2042, coal-fired power is expected to expand particularly in nations
with vast coal deposits such as Nigeria. However, limited scientific data on coal fuel properties and
other socio-economic and political factors have hindered progress in Nigeria. Therefore, this study
seeks to examine the burning (combustion) characteristics of Obomkpa (BMK), Ihioma (IHM), and
Ogboligbo (OGB) lignite coals. It presents insights into the physicochemical properties, thermal
degradation behaviour, and characteristic temperature profiles of the coals. The results showed
that BMK contains high carbon, hydrogen, heating value but low oxygen compared to IHM and
OGB whereas IHM showed the highest volatile matter but the lowest fixed carbon. However, OGB
showed poor physicochemical qualities compared to BMK and IHM. The oxidative thermal analyses
of the samples resulted in high mass losses and low residuals. The characteristic temperature
profiles revealed IHM is more reactive, ignitable, and thermally efficient compared to the BMK and
OGB lignite coal samples. Hence, IHM is a good feedstock for gasification, whereas BMK is suited
for combustion and OGB for coke formation or coal blending.
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1. Introduction

Coal is the most abundant and extensively dispersed fossil fuel worldwide 1, It is also
considered a reliable fuel for the supply of affordable base load energy and offers significant
benefits that other fuels cannot currently accomplish around the globe [21. As a result, coal
has become critical to the global energy mix, which presently accounts for over 38% or 8000
TWh of electricity generated from coal-fired power plants 31, Given this, the coal power in-
dustry provides the energy required by billions of consumers worldwide, thereby stimulating
socio-economic growthand development as seen in India and China overthe years [241, With
the demand for energy projected to soar by 50% by the year 2042, coal-fired power genera-
tion is expected to expand particularly in nations like Vietnam, Mozambique, and Nigeria. It is
predicted that the astronomic growth in energy demand in these nations will expand coal-fired
powerin the years to come. The discovery of vast new deposits of coal particularly in Nigeria
has revived interest in the energy generation. According to estimates, Nigeria has 640 million
tons of proven resources and 2.8 billion tons of coal reserves strategically located across Ni-
geria. The vast majority of Nigeria’s coalis locatedin the lower, middle and upper regions of
the Benue trough which extends fromthe SW to NE of Nigeria’s sedimentary basin. Therefore,
the establishment of coal power plantsin the various geopolitical zones within these sedimen-
tary basins will greatly augment Nigeria’s epileptic power supply.
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The recent discovery of vast coal depositsin Obomkpa (BMK) in Aniocha-North Local Gov-
ernment Area (Delta State), IThioma (IHM) in Orlu Local Government Area (Imo State), and
Ogboligbo (OGB) in Igalamela-Odolu Local Government Area (Kogi State) have further in-
creased the prospects of coal-fired power generation in Nigeria. Preliminary studies on BMK,
IHM, and OGB have revealed the samples are low-ranked coals (LRC) or lignite [5-61 with po-
tential for energy production. Other studies have basically provided estimates of deposits 7],
physicochemical and mineralogical assessment [19-12]1 petroleumsource rock potential [13-16],
or otherapplications [*7], As a result, there is limited scientific data on the burning (combus-
tion) characteristics and oxidative thermal properties of these lignite coals in literature. There-
fore, this study seeks to examine the burning (combustion) characteristics of Obomkpa (BMK),
Thioma (IHM), and Ogboligbo (OGB) lignite coals fromNigeria’s sedimentary basin. It will also
present comprehensive data on the physicochemical, calorific values, thermal degradation
behaviour and characteristic temperature profiles of the samples under mild oxidative condi-
tions. It is envisaged that the findings will provide valuable insights into the fuel properties
and possible applications of the lignite coals for the future design, operation and optimisation
of coal-fired power or chemical plants in Nigeria.

2. Experimental

The rock samples were acquired from Obomkpa (BMK) in Aniocha-North Local Government
Area (Delta State), Ihioma (IHM) in Orlu Local Government Area (Imo State), and Ogboligbo
(OGB) in Igalamela-Odolu Local Government Area (Kogi State) all in Nigeria. The samples
were subsequently crushed, ground, and sieved into 250 ym sized particles for physicochem-
ical characterisation and thermal analysis. Next, the samples were characterised by ultimate,
proximate, and calorific value analyses. The ultimate analyses were performed according to
ASTM D5291-16 on the CHNS Elemental analyser (Model: vario MACRO Cube™ GmbH, Ger-
many) to determine the elemental compositions of the samples. Next, the proximate fuel
properties were determined through thermogravimetric (TG) analysis according to procedures
reported in the literature 81, The calorific value analysis was performed according to ASTM
standard D2015 for determination of higher heating value (HHV) through bomb calorimetry
using the combustion calorimeter (Model: IKA C2000, USA).

Next, the burning (combustion) characteristics and thermal degradation behaviour were
examined by thermogravimetric analysis (TGA). The TG runs were performed under mild oxi-
dative conditions and controlled by an air flow/purge rate at 20 mL/min through the non-
isothermal heating programme of the TG analyser (Model: Shimadzu TG-50 analyser, Japan).
Foreach test, approximately 10 mg of coal was weighed and placed in alumina crucible before
the samples were heated at 20 °C/min from 30°C to 800°C. In the end, the TG analyser was
cooled down, the raw data retrieved and processed on the Shimadzu Workstation (Version:
TA-60WS). Next, the mass loss (%), and derivative mass loss (%/min) was plotted against
temperature to obtain TG-DTG plots for the oxidative thermal analysis of the coals. The plots
were then analysed, to examine the burning characteristics through its degradation behaviour,
thermal reactivity and temperature profile characteristics (TPC), according to the procedures
in the literature [*9-2°1, The TPCs examined in this study are; ignition (Tons), midpoint (Tma),
and maximum decomposition (Tmax), and burnout (7o) temperatures along with mass loss
rate (%/min) and residual mass (Rw, %).

3. Results and discussion

The objective of this study is to critically examine the burning characteristics of the lignite
coal samples; Obomkpa (BMK), Thioma (IHM), and Ogboligbo (OGB) from Nigeria. The results
are presented in terms of its fuel and burning characteristics.

3.1. Fuel properties

Table 1 presents the fuel properties of BMK, IHM, and OGB lignite coals from Nigeria. The
terms; C, H, N, S, O denote the elements carbon, hydrogen, nitrogen, sulphur, and oxygen,
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respectively. However, M, VM, A, FC, and HHV denote the proximate properties; moisture,
volatile matter, ash, fixed carbon and higher heating value, respectively.

Table 1. Fuel characteristics of Nigerian lignite coals

Fuel characteristics Symbol/Unit BMK IHM 0GB

C (wt. %) 50.38 46.80 37.48

H (wt. %) 5.62 5.39 3.51

Ultimate analysis N (wt. %) 0.59 0.64 0.80

S (wt. %) 0.96 1.52 2.33

O (wt. %) 42.45 45.64 55.88

M (wt. %) 3.63 4.75 3.12

. . VM (wt. %) 58.05 69.52 51.43
Proximate analysis

A (wt. %) 11.73 2.43 1.03

FC (wt. %) 26.61 23.30 44.41

Calorific analysis HHV (MJ/kg) 19.66 19.40 15.55

As observed in Table 1, the coals contain high compositions of C, H, N, O, and S. The
highest compositions of C, H and the lowest O were observed for BMK which explains its
comparatively higher calorific value (HHV) of 19.66 MJ/kg. Similarly, BMK contains the lowest
N and S content which indicates a potentially lower risk of pollutant emissions such as NOy,
SOy and NHy during combustion. However, BMK contains the highest ash content of all the
lignite coals examined in this study. This could result in significant ash depositionalong with
the concomitant problems of ash disposal, fouling and agglomeration during combustion. In
contrast, the highest Nand S content was observed in OGB. The sample also exhibited the
lowest C, H, but the highest O which accounts for its low HHV of 15.55 MJ/kg compared to
BMK (19.66 MJ/kg) and IHM (19.40 MJ/kg). Lastly, the fuel characteristics of IHM were found
to be mid-way between BMK and OGB as observed in the elemental compositions. However,
IHM contains the highest and lowest concentrations of VM and FC, respectively. The results
indicate IHM is a suitable for coal gasification due to its VM, M and relatively low ash content.

3.2. Burning characteristics

The TGand DTG plots for the oxidative thermal analysis of Obomkpa (BMK), Thioma (IHM),
and Ogboligbo (OGB) lignite coals are presented in Figures 1 and 2.
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Figure 1. TG plots for oxidative, thermal analysis plots in Figure 1 are presented in Table 2.

of Nigerian lignites
As observed from Table 2, the Tons for the coals ranged from 250.10°C to 309.45°C. The

Tons is the lowest temperature in which a sample undergoing thermal analysis begins to de-
compose or experience mass loss. The lowest and the highest values for Tons were observed
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for IHM and BMK, respectively. This indicates that IHM is ignited or begins to thermally de-
compose at lower temperatures compared to BMK. Hence, it can be surmised that IHM is more
reactive (less thermally stable) compared to OGB and BMK based on the reactions conditions
examined in this study. The greater reactivity of IHM can be ascribed to its high VM (volatile
matter) and lower FC (fixed carbon) as earlier presented in Table 1.
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Figure 2. DTG plots for oxidative thermal analysis of Nigerian lignites

Table 2. TG-TPCs for BMK, IHM and OGB lignite coals

TPC Parameter Symbol, Unit BMK IHM 0GB

Onset Tons (°C) 309.45 250.10 296.37
Mid-point Tmid (°C) 394.32 347.29 375.99
Offset Toff (°C) 480.59 436.53 454.37
Mass loss (ML, %) 73.18 78.94 55.51
Residual mass (Rm, %) 26.82 21.06 44.49

Next, the Tmis values for the coals were examined. The Thiq is the intermediate temperature
of the TG plot during thermal degradation of the sample. As observed, the Tmis ranged from
347.29 °Cto 394.32 °C. Similarly, the lowest and highest values were observed for IHM and
BMK, respectively. Lastly, the burnout temperatures or T.+ ranged from 436.53°C to
480.59°C. The Torris the temperature in which devolatilization or thermal degradation of vol-
atiles is finalised during TGA. The lowest and highest To#were observed forthe IHM and BMK,
respectively. Based on the TG-TPCs, IHM is the most reactive coal compared to OGB and BMK.

The mass loss (M, %) and residual mass (Rw, %) for the coals were also examined in this
study. The M. (%) is the mass of the sample lost or thermally degraded during TG analysis,
whereas the Rv (%) is the mass of the sample remaining at the end of the process. The M,
of the coals wasin the range 55.51% to 78.94%. The highest mass loss (M., %) was observed
for IHM coal whereas the lowest was OGB. However, the Rv ranged from 21.06% to 44.49%
forthe coals. The highest Rm was observed for OGB whereas the least was for IHM. The results
confirmthat IHM is the most reactive coal whereas OGB is most thermally stable.

Next, the DTG plots for the oxidative thermal analyses of the coals were deduced as pre-
sented in Figure 2. As observed, the DTG plots showed a set of small peaks for derivative
mass loss (DTG, %/min) below 200°C for all the coal samples examined in the study. The
peaks, denoted as DyP (drying peak), in this range are typically ascribed to drying (or loss of
moisture) during thermal analysis. The largest DyP was observed for IHM, BMK, and OGB in
decreasing order of magnitude. Thesize of the IHM drying peak is due to its higher moisture
content (4.75 wt.%) compared with BMK (3.63 wt.%) and OGB (3.12 wt.%).
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Furthermore, the DTG plots showed another set of larger peaks, denoted as devolatilization
peaks 1 and 2 (DvP; and DvP;), in the range 200°C to 600°C for the thermal degradation of
the coals examined in the study. The thermal analysis of the OGB coal resulted in one sym-
metric peak whereas BMK and IHM showed two peaks with different decomposition tempera-
tures. Based on this, the TPCs were deduced to examine the decomposition mechanism of
coals based on the DTG peaks as presentedin Table 3.

Table 3. DTG-TPCs for BMK, IHM and OGB lignite coals

Parameter Unit BMK IHM OGB
Drying peak DyP, °C 64.70 75.87 63.72
Devolatilization peak 1 DvP1, °C 312.99 295.74 368.50
Devolatilization peak 2 DvP2, °C 420.14 356.00 No peak

As observed in Table 3, the maximum temperature of the drying peaks (DyP) for the coals
ranged from 63.72°C to 75.87°C. The highest DyP was observed for IHM which as earlier
stated is due to its higher moisture (M) content compared to BMKand OGB. Due to its higher
M, higher energy is required to dry the sample during thermal analysis which accounts for the
larger size of its DyP compared to the other samples. Next, the DvP; peaks for the coals
ranged from 295.74°C to 368.50°C. The DvP, peaks observed for only BMK and IHM were
between 356.00°C and 420.14°C. In both cases, the lowest peak values were observed for
IHM whereas the highest was observed in OGB. Overall, the results confirmthat IHM is more
reactive compared to the other coals examined based on the TPCs deduced fromthe thermal
analysis. Furthermore, the reactivity of coals was examined from the mass loss during the
various stages of the thermal analysis. Based on the DTG peaks and degradation tempera-
tures, the oxidative thermal analysis of the coals occurred in three stages. Therange of tem-
peratures was; 25 - 110°C, 110 - 600°C, and 600- 800°C. The corresponding mass losses
(My, %) during each stage is presented in Table 4.

Table 4. Mass loss during coal decomposition stages

Temperature Stage Thermal process BMK IHM 0GB
range (°C) (%) (%) (%)
25 - 110 I Drying 3.75 4.65 3.30
110 - 600 II Devolatilization 69.24 73.99 51.98
600 - 800 II1 Coke formation 0.19 0.29 0.23

The mass loss (M, %) in stage I ranged from 3.30% for OGB to 4.65% for IHM. As ob-
served, the highest mass loss during the drying stage was for IHM. In comparison, the M for
the samples is in good agreement with the moisture content in Table 1. In stage II, the M,
ranged from 51.98% (OGB) to 73.99% (IHM). The value observed for BMKis to some degree
equivalent to its volatile matter (VM=51.43%) reported in Table 1. However, the M, values
for BMK and IHM observed in Table 4 differby 11.19% and 4.47% from their VM. The higher
values observed forthe M. may be ascribed to degradationor loss of other coal components
during thermal analysis. Lastly, M. during stage III ranged from 0.19 in BMK to 0.29% in
IHM. Overall, it can be surmised that the reactivity of the coals is in the order IHM>BMK>0GB
based on the M. data deduced and presented in Table 4.

4. Conclusion

The paper presented new findings on the temperature profile characteristics of three newly
discovered lignite coals; BMK (Obomkpa), IHM (Ihioma) and OGB (Ogboligbo) from Nigeria.
The coal samples were characterised by physicochemical, calorific value, and non-isothermal
oxidative thermogravimetric analyses. The physicochemical analysis results showed that BMK
contains high C, H, HHV and low O compared to IHM and OGB. The BMK sample also exhibited
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the lowest N and S but significantly high ash. The IHM contained the highest VM but the lowest
FC. However, OGB showed poor physicochemical coal qualities with comparatively lower val-
ues to BMK and IHM. Overall, the oxidative thermal analysis of the coals resulted in a
significant mass loss but low residual mass. Based on the temperature profile characteristics
(TPC), IHM is more reactive, ignitable, and thermally efficient compared to BMKand OGB. Due
to its properties, IHM is a potentially good candidate for energy recovery through gasification.
However, BMK will be suitable for combustion whereas OGB is best suited for coke formation
or blending with other coals.

Acknowledgement

The author wishes to acknowledge the support and technical assistance of the Centre of
Hydrogen Energy, Universiti Teknologi Malaysia (Skudai Campus) for the TGA. Furthermorg,
many thanks accrue to the National Centre for Petroleum Research and Development (Abu-
bakar Tafawa Balewa University, Bauchi Nigeria) and National Metallurgical Researchand De-
velopment Centre (Jos, Nigeria) for supplying the coals.

References

[1] McGlade C, and Ekins P. The geographical distribution of fossil fuels unused when limiting global
warming to 2 C. Nature, 2015; 517(7533): 187.

[2] Kellow, G. Technology: The Common ground solution toward low-carbon energy. World Coal,
2017; 10(10): 10-11.

[3] CoalIndustry Advisory Board, The Global Value of Coal. 2012; IEA Headquarters: Paris, France.
[4] Shearer C. Mathew-Shah N. Myllyvirta L. Yu A, and Nace T. Tracking the global coal plant
pipeline. Boom and Bust 2018 9th June, 2018]; Available from: https://bit.ly/2MdLCI6.

[5] Nyakuma BB, Oladokun O, Jauro A, and Nyakuma DD. Fuel Characterization of Newly Discov-
ered Nigerian Coals. IOP Conference Series: Materials Science and Engineering, 2017; 217(1):
012012.

[6] Nyakuma BB, Oladokun O, Jauro A, and Nyakuma DD. Evaluating the Energy Recovery Poten-
tial of Nigerian Coals under Non-Isothermal Thermogravimetry. IOP Conference Series: Mate-
rials Science and Engineering, 2017; 217(1): 012013.

[7] Nwasike OT, and Gregory O. Opportunities and Challenges of an Integrated Energy Policy for
Nigeria-Perspectives from a competing Energy Product. in Nigeria Annual International Confer-
ence and Exhibition. 2003. Society of Petroleum Engineers.

[8] Ohimain EI. Can Nigeria generate 30% of her electricity from coal. International Journal of
Energy and Power Engineering, 2014; 3(1): 28-37.
[9] Emodi NV. The Energy Sector in Nigeria, in Energy Policies for Sustainable Development Strat-

egies. 2016; Springer. p. 9-67.

[10] Nwoko C, Onyedika G, Nkwoada A, and Anyanwu G. Mineralogical and Physicochemical Assess-
ment of Thioma Coal in Imo State of Nigeria. IOSR Journal of Applied Chemistry (IOSR-JAC),
2016; 9(12): 42-46.

[11] Ogala JE. The geochemistry of lignite from the neogene ogwashi-asaba formation, niger delta
basin, southern nigeria. Earth Sciences Research Journal, 2012; 16(2): 151-164.

[12] Hannan M, Oluwole A, Kehinde L, and Borisade A. Determination of oxygen, nitrogen, and
silicon in Nigerian fossil fuels by 14 MeV neutron activation analysis. Journal of radioanalytical
and nuclear chemistry, 2003; 256(1): 61-65.

[13] Akande SO, Hoffknecht A, and Erdtmann BD. Rank and petrographic composition of selected
upper cretaceous and tertiary coals of Southern Nigeria. International Journal of Coal Geology,
1992; 20(3): 209-224.

[14] Ogala J. Source rock potential and thermal maturity of the Tertiary lignite series in the Og-
washi-Asaba Formation, Southern Nigeria. Asian Journal of Earth Sciences, 2011; 4(3): 157.

[15] Akande SO, Adeoye MO, and Erdtmann BD. Petroleum Source Rock Potential Assessment of
the Oligocene-Miocene Ogwashi Asaba Formation, Southern Anambra Basin, Nigeria. 2015.

[16] Ogala J, Siavalas G, and Christanis K. Coal petrography, mineralogy and geochemistry of lignite
samples from the Ogwashi—-Asaba Formation, Nigeria. Journal of African Earth Sciences, 2012;
66: 35-45.

[17] Eligwe CA and Okolue NB. Adsorption of iron (II) by a Nigerian brown coal. Fuel, 1994; 73(4):
569-572.

Pet Coal (2019); 61(2): 262-268
ISSN 1337-7027 an open access journal

267



Petroleum and Coal

[18] Donahue CJ and Rais EA. Proximate Analysis of Coal. Journal of Chemical Education, 2009;
86(2): 222.

[19] Nyakuma BB and Jauro A. Physicochemical Characterization and Thermal Decomposition of
Garin Maiganga Coal. GeoScience Engineering, 2016; 62(3): 6-11.

[20] Nyakuma BB and Jauro A. Chemical and Pyrolytic Thermogravimetric Characterization of Nige-
rian Bituminous Coals. GeoScience Engineering, 2016; 62(3): 1-5.

Towhom correspondence should be addressed Dr. Bemgba Bevan Nyakuma Hydrogen and Fuel Cell Labor-
atory, Centre of Hydrogen Energy,Universiti Teknologi Malaysia, 81310 Skudai, Johor Bahru, Malaysia

Pet Coal (2019); 61(2): 262-268
ISSN 1337-7027 an open access journal

268



	Abstract
	1. Introduction
	2. Experimental
	3. Results and discussion
	3.1. Fuel properties
	3.2. Burning characteristics

	4. Conclusion
	References



