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Abstract 

Biomass represents vast under-explored feedstock for energy generation across the globe. Among other factors, 
the location from where the feedstock is harvested may affect the overall properties and the efficiency of bio-
reactors used in the conversion process. Herein is reported some physicochemical properties, the kinetic study 
and thermodynamic analysis of corn cob sourced from two major economies in sub-Sahara African region. 
Brunauer Emmett and Teller (BET) analysis was performed to investigate the surface characteristics of corn cob 
while Fourier Transform Infrared Spectroscopy (FTIR) revealed the corresponding functional group present in 
the selected biomass residue. The proximate and CHNSO analyses were performed using the standard equipment 
and following the standard procedures, then the result is reported and compared based on the geographical 
locations under consideration. Also, the thermal decomposition study was carried out at different heating rate (10, 
15, 30 Cmin-1) in inert atmosphere while the kinetic parameters were evaluated based on Flynn–Wall–Ozawa 
(FWO), and Kissinger–Akahira–Sunose (KAS) methods The Analysis of variance (ANOVA) showed that there 
is a  statistically significant difference between ultimate constituents, the fixed carbon, and volatile matter obtained 
from the two countries at 95% confidence level. FTIR showed different spectra peak in both samples which means 
there are varying quantity of structural elements in each feedstock. The pore surface area (1.375 m²/g ) obtained 
for corncob from South Africa (SC25) was greater than the value (1.074 m²/g ) obtained for Nigeria (NC25). From 
the result, the highest value of activation energy, (Ea =190.1 kJmol-1 and 189.9 kJmol-1) was estimated for SC25 
based on KAS and FWO methods respectively. The result showed that geographical location may somewhat affect 
some energetic properties of biomass and further provides useful information about thermodynamic and kinetic 
parameters which could be deployed in the simulation, optimization and scale-up of the bioreactors for pyrolysis 
process.  

Keywords:  Corn cob, Geospatial investigation, Physicochemical properties, Power generation, Pyrolysis, 
Thermodynamic parameters. 

 

1. Introduction 

The deleterious consequences of unabated consumption of fossil fuel are too enormous to be ignored. As of year 
2018, the world population was estimated at 7.63 billion [1]. It is obvious that the fossil fuel may not be able to 
support the energy demand of the emerging population, which is growing at an exponential rate [2-4]. Apart from 
the population issue, the by-products generated from fossil fuel breakdown during its use are very harmful to the 
environment and have been heavily implicated in greenhouse gas (GHG) emission [2]. Global decarbonization 
which is at the centre of Paris agreement on climate change can be achieved through the expansion of renewable 
energy technologies [5-7]. Consequentially, it has been saddled on all the economic sectors to evolve green and 
clean strategies in support of environmentally-friendly energy resource generation in order to halt further damages 
to our planet while reducing the carbon emission. Interestingly, the evidence across the globe has largely been 
positive toward the capability of the renewable energy sector to play a vital role in regional socio-economic 
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development. More so, the implementation of integrated renewable energy (RE) resources across many regions 
offers opportunity for regional energy development and job creation if all the related logistics and diplomatic 
criteria are well addressed. 

While the future energy mix which would provide the needed RE is a nexus of sources, biomass fuel promises to 
play a significant role. Generally, affordable, dependable, sustainable and modern energy, implies energy 
availability in various forms (liquid, solid, gases) and ready for use in different sectors of the economy. This is 
where the overarching benefits of biomass are highlighted. For instance, there is no evidence yet to prove that 
wind energy can directly replace the aviation fuel, while the intermittency and uncertainties related to solar energy 
may not position it as the immediate substitute, though with the advance in research and technologies, we cannot 
rule out such in the future. Biomass is positioned as the main entry point by which substantial renewable energy 
generation can be sustainably accomplished in order to ensure inclusive energy access. According to IEA latest 
market forecast [29], modern bioenergy will account for the highest growth in RE between 2018 and 2023, this 
further highlight the critical role of biomass in the development of robust RE portfolio. Biomass has the potential 
in making a giant stride towards carbon-neutral chemical and fuel production. It can be converted to two energy-
related products, which are transportation fuels and heat [8]. The fuel generated, especially from the agricultural 
residue and the other third generation biofuels [9] can be applied in electricity generation, transportation, heating 
and cooling across all the economic sectors of the society, considering criteria such as energy efficiency, 
applicability, environmental impact, and flexibility. Biomass can be sourced from agricultural residue, energy 
crop, energy grasses, wood residue, forest residue, and municipal waste [10, 11].   

In the developing countries, the application of biomass has shown promises towards the improvement of bioenergy 
generation. Among the developing countries in Africa, sub-Saharan region which currently hosts the two largest 
economy (Nigeria and South Africa) in the continent are well known as one of the largest hub in agricultural 
production, and biomass has been their main source of energy since the ancient time [12-14]. As at 2018, the gross 
domestic product (GDP) of Nigeria and South Africa were estimated at 397 and 366 billion USD respectively 
[15]. The agricultural residue generated in Nigeria was estimated at 145.62 MT as of 2013 [16] while agricultural 
practices contributed 0.8 % of 3.1 % economic growth which was experienced by South Africa in the last quarter 
of 2017. From these countries, much residue is generated from corn, which makes corn cob very abundantly 
available. Corn cob is a part of above-ground material of the corn which are left after the grains have been 
removed. It has been previously classified as a waste since its economic value was not well understood. But recent 
development has led to its improved use in support of bioenergy generation toward the reduction of fossil fuel 
dependency [17, 18]. Globally, as at 2017, 7.42 % of corn produced is from Africa (Table 1) with 16.82 MT and 
10.42 MT from South Africa and Nigeria respectively (Figure 1). 

Table 1. Annual corn production in the world and Africa between 2000-2017 [19] 
Year Africa (MT) World (MT) % Africa 

2000 43.8 592.0 7.40 

2001 41.4 615.2 6.74 

2002 45.0 603.6 7.45 

2003 45.6 645.1 7.07 

2004 48.3 729.5 6.62 

2005 50.4 714.2 7.05 

2006 50.2 707.9 7.09 

2007 48.4 792.7 6.11 

2008 58.4 829.2 7.04 

2009 60.0 820.1 7.32 

2010 66.2 851.7 7.78 

2011 65.9 886.7 7.43 

2012 71.9 875.0 8.21 

2013 71.1 1,016.2 7.00 

2014 79.1 1,039.3 7.61 

2015 73.6 1,052.1 6.99 
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2016 73.5 1,100.2 6.68 

2017 84.2 1,134.7 7.42 

 
Figure 1. Corn production in Nigeria and South Africa between 2000-2017 [19] 

In overall, regional planning of biomass from different geospatial locations could be of advantage to national 
planning and the achievement of regional emission reduction target while addressing the wider concerns related 
to bioenergy production. Indeed, biomass footprint in a country should take cognizance of the consequential effect 
on the neighbouring countries. But, there is a general agreement by the research community that biomass feedstock 
variability is the root cause of many technical challenges hampering the global commercialization of integrated 
biorefinery, IBR [20].  These variability which affect the properties of biomass include; climatic condition and 
season of the year, age of plant, transport and storage condition, soil type, geospatial components and tillage 
treatment so on [21-25]. Therefore, the properties of the biomass feedstock need to be understood for a successful 
utilization in energy generation. Specifically, the conversion of biomass to energy is contingent on the 
understanding of the constituents and various properties which can impact the techno-economic suitability and 
enhance the development of modern and efficient conversion technologies. Several authors have investigated the 
ultimate, proximate and the heating value of corn cob [18, 26-28]. Most recently, Djatkov et al. [28] investigated 
the parameters that influence the mechanical-physical properties of pellet fuel made from corn cob and Mostafa 
et al. [27] follow up with a similar analysis on the significance of the pelletization operation conditions. The 
authors are not aware of any study which have investigated the geospatial effect on surface properties, and 
functional groups of corn cob. The most recent investigation which considered the surface area ( though not on 
geospatial basis ) was carried out by Leal et al [20], and this was only limited to corn stover and not corn cob, 
which is a component of corn stover. In order to facilitate an informed choice of biomaterial for energy generation, 
the physicochemical properties which include the crystalline phases, surface area, the pore sizes, and the 
functional group, attributed to a feedstock, need to be well understood. Also, the knowledge of thermal 
decomposition of bioenergy feedstocks and thermodynamic parameters are of high significance in the conversion 
of biomass and the development of reactors in a large scale pyrolysis process [29].  Thermodynamic parameters 
provide a useful engineering tools which can be applied to the thermal conversion process and are useful in the 
feasibility assessment [30, 31].Although the kinetics of biomass and the thermodynamic parameters have been 
studied by some research groups [29, 31-35], there is a need to further investigate the thermodynamic parameters 
of corn cob while also drawing a comparison on the geospatial basis. 

There has been advocacy for regional integration of bioresources. For instance, clustering and energy integration 
have recently emerged in the field of biomass energy supply chain. This motivated Lam et al. [36] to propose 
regional clustering approach in biomass resources integration using a novel regional energy clustering (REC) 
algorithm Also, several studies have discussed regional integration of biomass with focus on supply chain 
management [36-39]. Biomass belong to the mainstream of Europe bioeconomy strategy which was adopted in 
2012 and revised in 2018 [40], and has been a popular trade commodity across the countries in this region [41]. 
Interestingly, biomass from agriculture is the main driver of the overall biomass trade and the growth in its demand 
has caused a substantial rise in the volume of international trade. Further down in the southern hemisphere of 
Africa, Southern Africa Development Community (SADC) made provision for the utilization of RE through 
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regional integration and development of renewable energy resources. This RE resources include biomass which 
substantially emanate from agricultural practices which forms one of the major parts of their economy [42]. 
Authors are not aware of any study which have carried out a geospatial comparison of the properties of corn cob 
from Nigeria and South Africa. Yet, the effect of geospatial component on the feedstock properties needs to be 
clearly understood, to provide a first-hand knowledge of the dynamics of biomass resource integration from 
different geographical locations with significant longitudinal and latitudinal variances. In view of this and based 
on the motivated possibility of regional integration of bioresources, this study (i) investigates the physicochemical 
properties of corn cob sourced from Nigeria and South Africa, (ii) evaluates the thermal decomposition and 
estimates the thermodynamic parameters of corn cob sourced from Nigeria and South Africa, (iii) and finally 
compares the experimental results obtained from each country. The rest of this study is sectioned as follows: 
section 2 discusses the materials and methods used in this study, section 3 presents the results obtained and further 
discusses the findings in this study and finally, section 4 presents the conclusions to this investigation. 

 

2. Materials and methodology 
 

2.1. Biomass sampling and pre-treatment 

Corn cob was acquired from two geospatial location; the first in Tshwane municipality in Gauteng province, South 
Africa (25° 52' 48.95" S, 28° 22' 33.16" E ) in November 2018 and the second in Ile-Ife, Osun State, Southwest 
of Nigeria (7° 17' 0" N, 4° 28' 0" E) in April 2018 using purposive sampling technique. The samples were gathered 
at different months because the peak period for corn production was different for the two countries. The biomass 
residue was air-dried for seven days in an open-air and then further dried in an oven at 45 0C for 48 h. The earth 
and other contaminants were removed manually to avoid external influence on the results as much as possible. 
The samples were manually downsized to around 1 cm using a knife and then stored in an air-tight Ziplock bag. 
Further to this, the dried biomass was pulverized using vibratory disk milling machine. The particles were sieved 
to sizes passing < 250 μm. The sieved samples were stored in an air-tight bag and kept in a desiccator at room 
temperature. 

2.2. Experimental procedure 

This section describes the experimental methods and procedures which were adopted in this study. In order to 
determine the feasibility of corn cob feedstock for energy generation, the characterization of the feedstocks was 
based on several physicochemical parameters which may have significant effect on the conversion pathway of 
biomass fuel [21]: 
• The proximate analysis, which includes percentages of volatile matter (VM), fixed carbon (FC), and ash 

content (Ash). 
• Ultimate analysis to determine the carbon, C, hydrogen, H, oxygen, O, sulphur, S, nitrogen, N content. These 

elements are the major component of biomass and they determine its fuel efficacy and gross contribution to 
greenhouse gas emission (GHG) to a large extent.  

• The high heating value (HHV), which was determined experimentally using eco-bomb calorimeter and 
empirically using some existing empirical relation in the literature. 

• Brunauer Emmett and Teller (BET) analysis to determine the particle size distribution, pore surface area and 
volume. 

• X-ray Diffraction Analysis (XRD) analysis to determine crystal phases of various biomass samples 
• Fourier Transform Infrared Spectroscopy (FTIR) to understand the presence and distribution of different 

function groups 
• Thermogravimetric (TG) analysis to investigate the devolatilization characteristics and variation for different 

biomass samples 
Table 2 shows the measuring equipment and the standard deviation with associated physicochemical parameters 
which were measured. Based on the number of parameters which were investigated the total number of samples 
are seventy-two (72) with thirty- six (36) each for SC25 and NC25. 

 

Table 2. Biomass properties and measurement equipment with standard deviation 
Parameter Units Measuring equipment Standard 

deviation 
Number of 
replications 

Volatile matter % Thermolyne Furnace 6000 0.02 3 
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Fixed carbon % 0.02 3 
Ash % 0.02 3 
Carbon, C % 

Thermo scientific FLASH 
2000 CHNS analyser 

0.12 3 
Hydrogen, H % 0.03 3 
Nitrogen, N % 0.009 3 
Sulphur, S % 0.002 3 
HHV MJ/kg Cal2k Eco calorimeter 0.02 3 
TG analysis % STA 7200V TG Analyser  3 
 Pore size nm 

Micromeritics ASAP2460 0.001 3 Pore volume cm3/g 
Pore surface area m2/g 
FTIR 
(Transmittance 
peak) 

%T IRAffinity-1S 0.02 3 

XRD arb  Rigaku miniflex 0.02 3 
Total number  
of sample 

   36 

 
 
2.2.1 Proximate analysis 

The proximate analysis of biomass was obtained based on the ASTM standards [43-48]. All the proximate analysis 
were carried out under controlled temperature, time, weight, and equipment in compliance with ASTM E1755-01 
[48]. The experiments were performed in triplicate to ensure repeatability. The moisture content of biomass 
samples was estimated with a convection furnace based on the procedure prescribed in ASTM [45]. The high-
temperature alumina crucible was  first heated at 105 ± 3℃ for 3hrs; it was then removed and allowed to cool 
down to room temperature inside the desiccator and the weight, 𝑤𝑤𝑐𝑐 was recorded. The 3g of the sample were 
added to the crucibles and the weigh, 𝑤𝑤𝑖𝑖 was recorded. The crucibles were heated in a controlled atmosphere at 
105 ± 3℃ for 24hrs then removed and allowed to cool down to room temperature in the desiccator. It was then 
weighted to the nearest 0.1mg. The sample were place back in the furnace at the same temperature until constant 
weight, 𝑤𝑤𝑓𝑓 was attained. Then the moisture and total solid content was calculated as follows: 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀,𝑀𝑀(%) =
(𝑤𝑤𝑖𝑖 − 𝑤𝑤𝑐𝑐) − �𝑤𝑤𝑓𝑓 − 𝑤𝑤𝑐𝑐�

𝑤𝑤𝑖𝑖 − 𝑤𝑤𝑐𝑐
× 100 

(1) 

 
The volatile matter is the fraction of moisture-free content that evolved when biomass is heated to high 
temperature in an inert atmosphere. The volatile matter that is released during the heating process may be from 
inorganic source and organic source. The design of biomass power plant and thermal decomposition can be 
affected by the volatile matter since high volatility promotes low-temperature fuel ignition which can impact 
efficiency of a combustion process [49]. The moisture-free sample was heated for 7mins at 950 ± 10℃ in the 
absence of air. The crucible was then removed and allowed to cool in the desiccator. The weight of the crucible 
with sample after 7mins of heating, 𝑤𝑤𝑓𝑓950 was recorded. Then the volatile matter, VM was calculated on dry basis 
as follows; 

𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚,𝑉𝑉𝑉𝑉(%) = �
(𝑤𝑤𝑖𝑖 − 𝑤𝑤𝑐𝑐) − �𝑤𝑤𝑓𝑓950 − 𝑤𝑤𝑐𝑐�

𝑤𝑤𝑖𝑖 − 𝑤𝑤𝑐𝑐
× 100� − 𝑀𝑀(%) 

(2) 

 
The ash content is detrimental to the pyrolysis process since the deposits on the boiler tube could decrease the 
heat transfer. In addition, a high percentage of ash could increase the logistic cost such as; maintenance, 
transportation, ash treatment, dust emission and so on. Ash content affects the rate of pyrolysis of the biomass 
sample. In order to determine the ash content, the biomass sample was measured into the crucible and then placed 
in the furnace which was maintained at 575±10 ℃ for 3 hrs. The crucible was then removed and placed in the 
desiccator to cool down. The weight, 𝑤𝑤𝑓𝑓575 of the crucible with sample after 3 hrs of heating was then recorded.  
The process was repeated until the constant weight was obtained. The repetition was to allow the removal of all 
remaining volatile and unburnt carbon. The weight difference gives the ash content [50]. 
 

𝐴𝐴𝐴𝐴ℎ 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶,𝐴𝐴𝐴𝐴ℎ(%) =
�𝑤𝑤𝑓𝑓575 − 𝑤𝑤𝑐𝑐�
𝑤𝑤𝑖𝑖 − 𝑤𝑤𝑐𝑐

× 100 
(3) 

 
The fixed carbon provides information about the optimum resident time for a complete process. The fixed carbon 
content (FC) was calculated based on the expression as given in Eq. (4). 
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𝐹𝐹𝐹𝐹(%) = 100 − ( %𝑉𝑉𝑉𝑉 + %𝐴𝐴) (4) 

 
where FC, VM, are proximate values for fixed carbon content and volatile matter on dry basis. 
 
2.2.2  Ultimate analysis 
The Elemental analyser was used to determine the ultimate properties of corn cob samples. Prior to the analysis, 
the elemental analyser was calibrated using 5 tins capsules packed with a 5L-cystine test, with 0.1mg biomass 
samples in each capsule. The milled biomass sample of 0.1mg by weight was added to a tin capsule and then 
heated to 9800C with a continuous supply of helium- enriched oxygen gas. The data obtained through this process 
was then analysed in order to determine the elemental composition of the biomass. The weighted percentage of 
carbon C, hydrogen H, sulphur S, nitrogen N were determined, and the percentage of oxygen O was determined 
based on the mean difference: 
 
𝑂𝑂(%) = 100 − (𝐶𝐶 + 𝐻𝐻 + 𝑁𝑁 + 𝑆𝑆)   (5) 

 
 
2.2.3 Heating value 
The heating value of a fuel is defined as the energy evolved per unit volume of the fuel during a complete 
combustion process. When all the moisture content is condensed out of a combustion sample, the high heating 
value HHV is obtained. The HHV of the biomass samples were determined using calc 2k Eco bomb calorimeter 
[51]. The Cal2k Eco calorimeter consist ; the calorimeter, filling station, and vessel. The vessel which hold the 
sample is filled with compressed air at 3000kPa and 250C at the filling station, before firing inside the bomb 
calorimeter. Cal2k Eco calorimeter requires the ancillary components which include; the gas defiller cap, pressure 
gauge, cotton, crucible, scale balance, firing wire, and electrode. The vessel was first calibrated before the testing, 
corn cob sample of 0.5g was then used for each test. A cotton thread was attached to the platinum ignition wire 
and submerged in the sample. The pressurized vessel was placed in the bomb calorimeter and the lid was closed 
as prompted. After the calorific value of the sample is displayed, the vessel was removed and outgassed. The HHV 
was validated using empirical correlations which have been previously developed based on the ultimate and 
proximate analysis. The tests were performed in triplicates in order to ensure the reliability of the result and the 
average result was presented. 
 
2.2.4 Fourier Transform Infrared Spectroscopy (FTIR) 
FTIR has evolved as a method which can be applied to explain the structure and functional groups which may be 
present in the biomass. It is a non-destructive method used for qualitative and quantitative estimation. The 
functional groups inherent in the corn cob was characterized with PerkinElmer FT-IR spectrum GX specification. 
10 mg dry sample was thoroughly mixed with 200 mg KBr and compressed to form pellets. The spectra were 
obtained at a total scan time of 20 sec within the infrared (IR) range of 400-4000 cm-1 at 1 cm-1 step size. Table 7 
shows the most prominent functional group and the wavenumber. 
 
2.2.5 Brunauer Emmett and Teller (BET) Analysis 
This method was invented by three scientists; Stephen Brunauer, P.H Emmet and Edward Teller in the year 1938 
[52]. It is built on the principle of desorption and adsorption of a gas on the surface of materials. The amount of 
gas which is adsorbed and releases at a specific pressure is the basis for the determination of pore surface area. It 
is a cheap, fast and dependable method which has gained application in many fields [52-54]. The probing gas for 
this process is selected in such a way that there is no reaction between the material surface and the adsorbate gas 
that is used to determine the specific surface area. It is important to understand the surface characteristics of 
biomass since it has effect on solid handling and transportation [20]. BET measurements were achieved using a 
Micromeritics ASAP2460 surface area and porosity analyser. Before this analysis, milled corn cob was degassed 
with nitrogen at 90 0C for 12 h. It is worth noting that the sample mass before and after degassing was less than 
0.005 g; which shows that the sample was relatively moisture-free during the transferring, weighing, loading and 
unloading operations. Proper sample drying was a critical factor in obtaining reliable results in specific surface 
area (SSA) measurements. Re-uptake of moisture in samples was mitigated by immediately placing a rubber 
stopper over analysis tube while weighing and transferring to the instrument. All the measurements were carried 
out at −196 °C. The pore volume, pore surface area, and pore sizes were calculated from the adsorption curves 
using the Barrett-Joyner-Halenda (BJH) model [20, 55]. 
 
 
2.2.6 X-ray Diffraction Analysis (XRD) 

https://particle.dk/methods-analytical-laboratory/surface-area-bet-2/
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An understanding of the phases of a biomass and the data on the cell component can be obtained from X-ray 
Diffraction, XRD. In this case, the finely grounded corn cob sample was scanned through ranges of 2𝜃𝜃 angles so 
as to achieve all possible diffraction routes. For the XRD analysis, the milled biomass samples were analysed 
using Rigaku mini flex 600 powder diffractometer which is equipped with Cu Κ𝛼𝛼 radiation source generated at 
18 kW and 250 mA. The XRD spectra were obtained at a room temperature. High angle, HA measurement was 
performed at a range of  2𝜃𝜃 =10-50 0 at a step rate of 0.4 0/min, since the most significant result was obtained 
within this range. Three spectra were considered for each of the replicated sample. The XRD pattern which was 
obtained was processed with Match! Version 2 software package [56]. 
 
2.2.7. Thermogravimetric (TG) Analysis  
In order to study the kinetics of corn cob NC25 and SC25 under pyrolysis conversion condition, the simultaneous 
thermal analysis (STA) was performed. This techniques is the combination of thermogravimetric analysis and 
differential scanning calorimetry under a controlled atmosphere which is inert (nitrogen) atmosphere in this study 
[35]. In order to eliminate system errors, the baseline against which the TG curves were corrected was first 
established. Also, each heating rate was performed three times to ensure the repeatability of the experiment within 
2% error margin. Since the solid-state kinetic data is of major interest in thermal processes, the kinetic parameters 
such as activation energy 𝐸𝐸𝑎𝑎 and pre-exponential or frequency factor 𝑘𝑘0 were obtained using iso-conversion solid-
state kinetics [32, 33]. Generally, pre-exponential factor is related to the entropy of the interacting molecules with 
the accompanied reactions. Also, 𝐸𝐸𝑎𝑎 is defined as the minimum amount of energy required to initiate a chemical 
reaction. It means that these two parameters are used to determine if there is a possibility of reaction in the 
pyrolysis of corn cob and at what minimum energy will this reaction be initiated. Specifically, there is an inverse 
relationship between the rate of pyrolysis and the activation energy.  
Two kinetics models which are Flynn–Wall–Ozawa (FWO), Kissinger–Akahira–Sunose (KAS) were evaluated 
in order to determine the activation energy and the frequency factor for NC25 and SC25. The reaction rate is a 
function of change in conversion per unit time and it is a function of the conversion rate, α, given in Eq. (7) such 
that; 
 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

= 𝑘𝑘0(𝑇𝑇)𝑓𝑓(𝛼𝛼) 
      (6) 

The 𝑓𝑓(𝛼𝛼) is the model of reaction for heterogenous conversion process and reaction constant  𝑘𝑘0(𝑇𝑇) is 
fundamentally governed by Arrhenius equation, which is an indication of the effect of temperature on the rate of 
reaction. Therefore, conversion degree 𝛼𝛼 and 𝑘𝑘0(𝑇𝑇) can be expressed as Eq.(7) and Eq.(8): 
 

𝛼𝛼 =
𝑚𝑚0 −𝑚𝑚𝑡𝑡

𝑚𝑚0 − 𝑚𝑚∞
 (7) 

 
where 𝑚𝑚0 is the initial mass, 𝑚𝑚𝑡𝑡  is the mass at the time t and 𝑚𝑚∞ is the final mass of the residue as recorded 
using weigh balance. 
 

𝑘𝑘0(𝑇𝑇) = 𝑘𝑘0𝑒𝑒
−𝐸𝐸𝑎𝑎𝑅𝑅𝑅𝑅 (8) 

 
where 𝑘𝑘0 is the pre-exponential Arrhenius factor, 𝐸𝐸𝑎𝑎 is the activation energy, T is the absolute temperature (K). 
Assuming that temperature is a function of time and increases with a constant heating rate 𝛽𝛽(℃ 𝑚𝑚𝑚𝑚𝑚𝑚−1), then 𝛽𝛽 
is given as Eq. (9) 
 

𝛽𝛽 =
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

×
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

 (9) 

Therefore, based on Eq. (8) and (9); Eq. (10) is generated thus;  
𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑

=
𝑘𝑘0
𝛽𝛽
𝑒𝑒−

𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅.𝑓𝑓(𝛼𝛼) (10) 

The combination of Eqs. (9) and (10) can be expressed as Eq. (11); 
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𝑔𝑔(𝛼𝛼) = ∫ 𝑘𝑘0
𝛽𝛽
𝑒𝑒−

𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅 𝑑𝑑𝑑𝑑𝛼𝛼

0 =  𝑘𝑘0𝐸𝐸𝑎𝑎
𝛽𝛽𝛽𝛽

 ∫ 𝑣𝑣−2𝑒𝑒−𝑣𝑣𝑑𝑑𝑑𝑑∞
𝑦𝑦 = 𝑘𝑘0𝐸𝐸𝑎𝑎

𝛽𝛽𝛽𝛽
𝑃𝑃(𝑦𝑦) (11) 

where 𝑔𝑔(𝛼𝛼) represent the integral form of the reaction model and 𝑃𝑃(𝑦𝑦)  is an approximated temperature integral 
equation, with 𝑦𝑦 = 𝐸𝐸𝑎𝑎

𝑅𝑅𝑅𝑅
 . It is noted that Eq. (11) does not have exact solution, therefore an approximated solution 

for this integral expression is used on the development of isoconversion methods. The approximation equation of 
Doyle and Murray-white are respectively associated with FWO and KAS methods [31]. 
Given that 𝑦𝑦 = 𝐸𝐸𝑎𝑎

𝑅𝑅𝑅𝑅
 and the function 𝑃𝑃(𝑦𝑦) is non-exact solution, rearrangement and approximation of Eq. (11) with  

𝑃𝑃(𝑦𝑦) = 𝑦𝑦−2𝑒𝑒−𝑦𝑦 is an expression of KAS method [57, 58] Eq. (12) while FWO method Eq. (13) is derived based 
on Doyle’s approximation [59]. 
 

KAS: 𝑙𝑙𝑙𝑙 � 𝛽𝛽
𝑇𝑇𝑝𝑝2
� = 𝑙𝑙𝑙𝑙 � 𝑘𝑘0𝐸𝐸𝑎𝑎

𝑅𝑅𝑅𝑅(𝛼𝛼)
� − �𝐸𝐸𝑎𝑎

𝑅𝑅𝑅𝑅
� (12) 

 

FWO: 𝑙𝑙𝑙𝑙𝑙𝑙 = 𝑙𝑙𝑙𝑙 � 𝑘𝑘0𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅(𝛼𝛼)

� − 1.052 �𝐸𝐸𝑎𝑎
𝑅𝑅𝑅𝑅
� − 5.331 (13) 

 
2.2.8 Estimation of thermodynamic parameters 
The theoretical equation which were derived from activation complex theory (Eyring theory) based on activation 
energy and frequency factor were used to estimate the thermodynamic parameters [34]. Thermodynamic 
parameters are represented by  change in Gibbs free energy ΔG, enthalpy ΔH, and entropy ΔS and it is presented 
in Eqs. 11-13 below:  
 

ΔG=𝐸𝐸𝑎𝑎 + 𝑅𝑅𝑇𝑇𝑝𝑝𝑙𝑙𝑙𝑙 �
𝑘𝑘𝐵𝐵𝑇𝑇𝑝𝑝
ℎ𝑘𝑘0

� (14) 
 

ΔH=𝐸𝐸𝑎𝑎 − 𝑅𝑅𝑅𝑅 (15) 

 
ΔS=�ΔH−ΔG

𝑇𝑇𝑝𝑝
� (16) 

 
The ΔG signifies the available energy of in system, ΔS signifies the degree of disorderliness while ΔH represents 
the differences between the energy of the reagent and the activation complex. Tp  is the maximum peak 
temperature observed from differential thermogravimetric curve (DTG), ℎ is the plank constant which is given by 
6.626x10-23 J.s and  𝑘𝑘𝐵𝐵 is the Boltzmann constant 1.381x10-23 JK-1. 
 
 
3. Results and Analysis 

 
3.1. Ultimate and proximate analyses 
The information about the ultimate constituents, volatile matter (VM), ash content (Ash), fixed carbon (FC) and 
HHV of corn cob were obtained and presented in Table 3. Nigeria and South Africa were presented alongside 
some other countries. The analysis of variance (ANOVA) of ultimate constituents for geospatial locations at 95 
% confidence level showed that there is a statistically significant difference between the mean value of the ultimate 
constituents (𝑝𝑝 = 4.53 × 10−15,𝐹𝐹 = 1016.6 > 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 3.259). Therefore, it can be concluded that the ultimate 
properties may be affected by the geospatial location from where the corn cob was sourced. Further review of the 
variance showed that only significant difference in the elemental composition was between the S, O and C content. 
More so, there is a  statistically significant difference between the mean value of the proximate constituents (𝑝𝑝 =
1.46 × 10−6,𝐹𝐹 = 261.7 > 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 5.143) with the greatest variation observed between the FC, and VM. These 
result were further compared with Bijoy et al. [60] and Demirbas et al. [61].  

The lowest value of H/C was obtained for NC25 while the lowest value of O/C was observed for Demirbas et al. 
[61]. The lower O/C is an indication of higher energy content since the sample with lower O/C has greater energy 
content and higher heating value. This is due to stronger chemical bonding between C-C than in O-C bonds [62].  
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The higher Ash obtained by Bijoy et al. [60] may reduce the heating efficiency since the ash deposit on the boiler 
tube will decrease the heat transfer. From another perspective, the higher Ash may be beneficial as it may be used 
as a catalyst in thermal conversion technologies [63]. There are several geospatial based factors which may have 
accounted for the disparities observed in these properties, these include; the varying local climatic condition, soil 
and planting condition, fertilizer requirement and so on. Moreover, the feedstock was gathered at different time 
of the year which coincide with the peak planting period in these countries [8, 21].  

Table 3: Comparative analysis of the Ultimate and Proximate properties of corn cob on dry basis 
Corn cob  NC25 SC25 Demirbas et al.  [31] Bijoy et al [33] 

Location Osun state 
Nigeria 

Gauteng province 
South Africa 

Turkey Dehradun district 
India 

FC 8.00±0.3 5.50±0.29 18.54 6.54 

VM  90.40±0.1 93.20±0.1 80.10 91.16 

Ash  1.60±0.08 1.30±0.07 1.36 2.30 

C 46.20±0.2 44.80±0.2 46.58 42.10 

H 5.40±0.1 5.50±0.1 5.87 5.90 

O 47.90±0.1 48.60±0.1 45.46 51.02 

S 0.20±0.001 0.79±0.001 0.01 0.48 

N 0.30±0.01 0.31±0.01 0.47 0.50 

HHV(MJ/kg) 18.70±0.25 18.50±0.27 18.77 16.00 

H:C 1.39 1.46 1.50 1.67 

O:C 0.78 0.81 0.73 0.91 

 

The results obtained from the experiment was compared with two empirical relations based on the elemental 
composition and proximate value as presented in Table 4 and 5. The proximate analysis-based empirical relations 
was closer to the experimental value obtained in this study compared to the relations based on the elemental 
analysis. 

Table 4. Estimated heating value based on Ultimate analysis 

 

 

Table 5. Estimated heating value based on Proximate analysis 

 

 HHV(MJ/kg) 

NC25  SC25 Max dev 

Channiwala and Parikh [64] 26.90 27.00 9.00 

Demirbas et al. [65] 29.60 29.60 11.70 

Present study 18.70 18.50 0.00 

 HHV(MJ/kg) 

NC25  SC25 Max dev 

Parikh et al. [66] 16.90 16.50 -1.00 

Demirbas et al. [65] 16.40 16.00 -1.50 

Present study 18.70 18.50 0.00 
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3.2. BET analysis  
The results of the surface properties are presented in Table 6. The pore surface area obtained for NC25 and SC25 
were in good agreement with literature values [20, 67, 68]. The pore surface area obtained for SC25 was greater 
than the value obtained for NC25 for the same particle size (250 𝜇𝜇𝜇𝜇). ANOVA was carried out to further show 
the impact of the geospatial location on the surface properties of corn cob and the impact of interaction between 
variables that define the surface properties. At 95 % confidence level, the statistical difference between SC25 and 
NC25 was significant (𝑝𝑝 = 0.00556,𝐹𝐹 = 46.2911 > 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 9.5521). Further investigation showed a 
significant variation between the parameters that define the surface properties of corn cob. Pore size was found to 
show the greatest variation while the pore volume showed the least. Interestingly, pore sizes have a consequential 
effect on the pore surface area and the pore volume. From the storage life and bioavailability point of view, SC25 
showed better behaviour, given its lower pore size which could enhance storage life, bioavailability and 
transportability [69]. It should be noted that there is a tendency that the observed surface area may be lower than 
the actual due to a likelihood of microstructure collapse attributable to the drying and freezing during analysis.  
Figure 2 shows the isotherm plot. The adsorption isotherm does not display any significant broad hysteresis loop 
since there is close matching between the adsorption and desorption process [70, 71]. Although similar isothermal 
pattern was obtained for the two feedstocks (NC25 and SC25), the quantity of gas absorbed were different between 
the relative pressure of  0.5-0.9.   
 

Table 6. Surface properties of corn cob obtained. 
Biomass 
feedstock 

Particle size 
(𝝁𝝁𝝁𝝁) 

Pore volume 
(cm3/g) 

Pore surface area 
(m²/g) 

Pore size 
(nm) 

NC25 250 0.006713 1.074 24.9961 
SC25 250 0.006445 1.375 18.7473 
SD  ±0.0001 ±0.05 ±0.4 

 

 
Figure 2: N2 sorption isothermal plot for corn cob 

As a further indication of the distribution of surface properties within a particular sample , pore size distribution 
for corn cob was presented in Figure 3. There was a close agreement between the pore size distribution obtained 
for the two feedstocks. This is expected since the particle was ground to the same sizes and under the same 
grinding conditions. 

0.00
0.50
1.00
1.50
2.00
2.50
3.00
3.50
4.00
4.50
5.00

0.00 0.20 0.40 0.60 0.80 1.00 1.20

Q
ua

nt
ity

 A
ds

or
be

d(
cm

3/
g 

ST
P)

Relative pressure (P/Po)

NC25 SC25



11 
 

  
Figure 3: Pore size distribution for corn cob 

3.3. Fourier transformation-infra red spectroscopy (FTIR) for corn cob 
FTIR has been widely employed to study either the individual component or the structure of biomass. The band 
position and bond types were obtained from the IR spectrum table and chart [10, 72]. The FTIR spectra of the 
corn cob samples are shown in  Figure 4. Ranges of peaks which correspond to different functional groups were 
observed in the feedstocks. Different combination of structural carbohydrates (cellulose, hemicellulose and lignin) 
were observed. Table 7 shows the peak position and the corresponding function group relevant to this study. The 
major peak at A2 and B2 from 990 to 1035 cm-1 is caused by C-O valency vibration, C-O, C=C and C-C-O 
stretching. The broad peak observed at A6 and B6 ( 3200-3750 cm-1 ) is due to O-H stretching and mainly represent 
of Phenol carboxylic acid and water impurities [10, 73].  All the peaks observed in the two feedstocks fall within 
the same band position, meaning that the same functional ground can be found in both NC25 and SC25 from 
Nigeria and South Africa respectively. However, the spectra peaks were different along some band positions (A1 
and B1, A2 and B2, A4 and B4, A5 and B5, A6 and B6, A7 and B7) in both samples. This implies that despite a 
similar functional groups, the composition of the structural elements is different. For instance, the OH stretching 
found in NC25 is closer to the upper limit of the band compared to the SC25.  

 

 
Figure 4: FTIR spectra of corn cob showing different peaks 
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Table 7: Prominent peak in FTIR analysis of NC25 and SC25 
 B-Observed  

Peak-SC25 
(cm-1) 

A-Observed 
Peak-NC25 
(cm-1) 

Band position 
(cm-1) 

Functional group 

1 768.65 763.82 550-850 C-Cl alkyl halides stretch 
2 1031.97 1031.93 990-1035 C-O valency vibration, C-O, C=C and C-C-

O stretching 
3 1507.4 1507.40 1442-1,516 Aliphatic C-H stretching, alkanes C-H 

scissoring and bending, Aromatic C-C ring 
stretching 

4 2329.09 2324.26   
5 2883.63 2894.24 2860-2928 Aldehydes C-O stretches, esters, ketones, 

carboxylic acids 
6 3328.23 3336.91 3200-3750 -OH stretching 
7 3736.18 3743.90 3200-3750 -OH stretching 

 

3.4. X-ray Diffraction (XRD) analysis 

The XRD analysis is depicted in Figure 5. The diffractogram characteristics of the NC25 and SC25 showed 
cellulose identifier. This is strongly justified by the presence of peak at 2θ angles values around 160 and 220. These 
values are at proximity to the peak angle obtained by Poletto et al. [74] and Darmawan et al. [75], though at 
different intensities and curve widths. SC25 showed the highest intensity and the lower narrow curve width 
compared to NC25. This could be due to the more regular crystalline structure of cellulose in the corn cob obtained 
from South Africa. Along the 2θ angles values, there was a sudden spike (peak intensity) at 37.9 0 and 44.1 0 for 
NC25. This pattern seems to be most possibly due to the presence K2CO3 identifier based on the energy dispersive 
x-ray spectroscopy (EDX) which may have affected the variation of cellulose with 2θ angle values [76, 77]. The 
implication of this higher value of K2CO3 has been reported by Mueller-Hagedorn et al. [78] when they noted that 
the higher concentration of K2CO3 substantially reduced the peak decomposition while Klopper et al. [77] 
observed the promotion of cellulose pyrolysis effect and char formation due to the same compound. It is important 
to take cognizance of this effect in view of the need for bioresources integration.  

   
Figure 5: XRD analysis of corn cob. 

3.5. Thermogravimetric analysis 
Figure 6 shows the thermogravimetric (TG) and differential thermogravimetric (DTG) curves for pyrolysis of 
corn cob (NC25 and SC25) from different geospatial location at a heating rate of 10, 15, 30 ℃ 𝑚𝑚𝑚𝑚𝑚𝑚−1 under inert 
(nitrogen) atmosphere. The heating rates was selected based on the optimal values which gave the high 
temperature resolution in the previous similar studies [79, 80]. The thermal characteristics of corn cob shows that 
the weight loss increases with temperature and the pyrolysis occur at three major stages (moisture drying, major 
degradation of less stable polymers and continuous devolatilization ) which means that the process is a multistep 
reaction [35]. The first stage is clearly distinct from the other two stages of weight loss and it was noted at a 
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temperature range between 25 ℃ and 135 ℃ depending on the heating rate. The weight loss at this stage is also 
observed to be low (less than 10%)  and it typifies the evaporation of absorbed cellular and surface moisture [32]. 
A separate peak was noted on DTG curve for this weigh loss zone, this may be as a result of loss of water and 
light volatiles in corn cob [79]. The second stage which is the active pyrolysis stage occurs between 250 ℃ and 
450 ℃ where the weight loss of  about 72% was noted, while the last stage occurs between 450 ℃ and progress 
to 750 ℃. At second stage, hemicellulose was the first to decompose due to its low degree of polymerization, and 
partial depolymerization reaction began for cellulose while the third stage which progress at less rapid rate typifies 
progressive decomposition of residual lignin and fixed carbon or degradation of complex high molecular weight 
component of corn cob [32].  

The intersecting peaks for SC25 and NC25 at various heating rates  is an indication of co-occurrence which means 
the two geospatial samples attain the same temperature and weight loss at a particular instance. This is significant 
for the co-pyrolysis of corn cob feedstock sourced from different locations as it determines the equilibrium weight 
loss at a particular temperature. It further indicates that the best performance  maybe attained at this point of co-
occurrence.  

As the heating rate increases, the TG and DTG curves shift to higher temperature due to reducing thermal 
conductivity of the corn cob and consequential increase in time required for heat to be transferred within the corn 
cob matrix [81]. The reaction that should ordinarily occur at lower temperature takes place at higher temperature 
leading to heterogenous reaction distribution and different mass spectrum of the resultant product. However, an 
interesting situation occurred at the heating rate of 10 ℃ 𝑚𝑚𝑚𝑚𝑚𝑚−1 on the TG curve for SC25 toward the tail end of 
its thermal degradation. It was observed that 20% residue remained at around 800 ℃. This may be due to the 
complex thermal degradation behaviour of lignin and its associated linkage structure at low temperature. The 
phenomenon associated to this change in the residual mass can be interpreted by the fact that biomass has a 
heterogeneous structure, varying number of constituents and percentage composition [82]. These constituents 
display their characteristic individual degradation behaviour at a definite temperature range in the pyrolysis 
process. The lignin which is degraded at the last stage of the process has a complex thermal decomposition 
mechanism. The difference in the lignin composition of the corn cob sourced from different geospatial location 
may have resulted in different degradation rate which may have been amplified at low heating rate. Moreover, the 
cleavage of some linkages within the lignin matrix may have resulted in the formation of high reactive and 
unstable free radicals which may have further reacted through reorganisation and electron abstraction to form 
products with higher stability [83, 84] which can only be decomposed further at higher heating rate. The greater 
amount of this linkages may have been responsible for this interesting behaviour at low heating rate. On the other 
hand, the variation in the inorganic content affect the lignin decomposition leaving high amount of residue, whose 
condensed structures are not further degraded into low volatile compounds [85, 86] except at higher heating rate.  
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Figure 6: TG and DTG curve for NC25 and SC25 under nitrogen atmosphere 

The average weight loss for SC25 is greater than NC25 at the heating rate of 30 ℃ 𝑚𝑚𝑚𝑚𝑚𝑚−1. As previously stated, 
The stage two may be corresponding to the degradation of hemicellulose and cellulose [31, 34, 79] and the third 
stage is attributed to the decomposition of lignin. This observation is consistent with studies which have shown 
that the degradation of lignocellulosic biomass starts with hemicellulose, then cellulose and lignin in that order 
[80]. While there was only slight difference in DTG peaks for the two samples at the heating rate of 15 ℃ 𝑚𝑚𝑚𝑚𝑚𝑚−1, 
notable difference in peak was observed at the heating rate of 30 ℃ 𝑚𝑚𝑚𝑚𝑚𝑚−1. The maximum weight loss rate of 
SC25 was estimated 29.94%/min whereas NC25 has the highest maximum weight loss rate (32.94%/min) and 
lower peak temperature (310 ℃). This may be an indication of higher cellulose and hemicellulose composition 
in NC25 since the peak is higher in this sample.  

3.6. Evaluation of kinetic parameters 
Generally, TG kinetic data provides a mechanistic understanding of thermal cracking and can be upscaled to the 
high heating rate situation which is obtainable in the industry. The kinetic parameters which include activation 
energy and pre-exponential factor can be estimated from TG data. These parameters are important in the design 
of pyrolytic reactor because of the need to attain optimal conversion. As shown in Figure 7, temperature has 
positive effect on the conversion efficiency [87, 88] which determines the amount of product obtained at the end 
of the pyrolysis. The conversion efficiency increases with the temperature, although there is slight difference in 
temperature for each sample at a given conversions rate due to different heating rates.  
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Figure 7: Temperature vs α curve at different heating rates. 

Figure 8 shows the energy requirement for the conversion of corn cob to various pyrolysis products. Initially, low 
activation energy is required but it subsequently increases until it reaches conversions rate (α =0.5). Also, different 
inclination which was observed at the conversions rate (α =0.1) is an indication of different values of activation 
energy. This observation is similar to Alves et al. [34] which they reported for red microalgae. At α =0.5, the 
activation energy of NC25 begins to decrease while that of SC25 further increase for the two isothermal methods 
which were applied in this study.  It is further noticed that the activation energy was the same for the NC25 and 
SC25 at an approximate conversions rate (α =0.375) and activation energy (Ea=175 kJmol-1 ).  

 
Figure 8: Ea vs α curve calculated based on FWO and KAS 

The average Ea and k0 for NC25 and SC25 based on FWO and KAS techniques are summarized in Table 8. 
ANOVA was carried out to show the effect of the geospatial location on the activation energy and pre-exponential 
factor of corn cob. At 95 % confidence level, the statistical difference between SC25 and NC25 was significant 
(𝑝𝑝 = 7.61 × 10−4,𝐹𝐹 = 1312.2 > 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 18.5), but no significant difference  was obtained for the pre-
exponential factor (𝑝𝑝 = 0.9222,𝐹𝐹 = 0.0122 < 𝐹𝐹𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 18.5128). In order to establish the accuracy of the 
techniques, the correlation coefficient, R2 was calculated, and it shows that the two methods are of high accuracy 
though FWO is slightly more accurate than KAS. There is a similarity in the average Ea obtained based on FWO 
and KAS for the same sample though these values are different for different samples (NC25 and SC25). Also, 
there is a notable difference between the pre-exponential factor, k0. The highest value of Ea was estimated for 
SC25 (190.1 kJmol-1 and 189.9 kJmol-1) for KAS and FWO methods respectively. k0 is a constant characterized 
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by the nature of reaction and it is independent of temperature and the concentration of the substance. Based on 
FWO technique, NC25 has a narrow range of k0 compared to SC25. Considering the suggestion by Maia and de 
Morais [89], k0 above or below 109 s-1 is an indication of the end of complex reaction or a simple complex reaction 
respectively. Multistep decomposition process which was observed for the corn cob (NC25 and SC25) confirmed 
that there is complex chemical reaction which include the breaking of strong chemical bonds.  k0 values of NC25 
and SC25 is higher than the those of wheat straw (2.59E+13 s-1) ; Rice husk (1.57E+4 s-1); and wheat straw pellets 
(6.25E+06 s-1)  determined using numerical solution [90] and it is lesser than, equal to or greater than the values 
for pea waste (3.34E+16-1.23E+28 s-1) [91]. The effect of geospatial locations on pyrolysis was observed since 
the Ea and k0 were different for the two samples. The implication of these values is that it will require more energy 
to decompose SC25 compared to NC25. 

Table 8: Average Ea, k0 and R2 values of SC25 and NC25 based on FWO and Kissinger 
Sample KAS FWO 

Ea (kJmol-1) k0 (s-1) R2 Ea (kJmol-1) k0 (s-1) R2 

NC25 185.9 4.65E+16 0.9980 186 3.77E+16 0.9982 

SC25 190.1 9.46E+16 0.9768 189.9 7.26E+13 0.9773 

 

3.7. Thermodynamic analysis 
Thermodynamic parameters of the thermal degradation of corn cob (NC25 and SC25) in pyrolysis is presented in 
Table 9. The mean values of  ΔG, ΔH, ΔS were 165.72 kJmol-1,185.28 kJmol-1, and 33.88 Jmol-1K-1 respectively 
for SC25 and 166.49 kJmol-1, 190.40 kJmol-1, and 34.02 Jmol-1K-1 respectively for NC25. The value of the ΔS 
implies high reactivity and it further shows that less time is required for the formation of activation complex. The 
similar values of ΔG for SC25 and NC25 means that the pyrolysis process of the two samples require 
approximately the same amount of heat. This heat is lesser than what was obtained for some invasive aquatic 
microphytes ( water hyacinth, ΔG~414.68 kJmol-1 and yellow velvetleaf, ΔG~359.43 kJmol-1 ) [31] and pea 
waste (ΔG~ 143.20-147.80 kJmol-1) [91] but greater than the values obtained for Lentinus edodes (pileus, 
ΔG~135.42 kJmol-1 and stipes, ΔG~ 129.04 kJmol-1) [32] and spend mushroom substrate (ΔG~ 146.18-147.80 
kJmol-1) [33]. The lower ΔG shows that the pyrolytic reaction occurs with less energy requirement.  

Table 9: Thermodynamic parameters of SC and NC based on FWO at 15K/min 
Sample SC25 NC25 

α ΔH (kJmol-1) ΔG (kJmol-1) ΔS(Jmol-1K-1) ΔH (kJmol-1) ΔG (kJmol-1) ΔS(Jmol-1K-1) 

0.20 163.85 157.08 11.73 153.94 158.70 -8.32 

0.25 166.70 159.74 12.07 159.06 160.61 -2.71 

0.30 169.20 161.90 12.65 167.54 162.15 9.40 

0.35 174.41 163.66 18.63 172.86 163.93 15.60 

0.40 177.63 165.39 21.20 190.40 165.70 43.13 

0.45 190.83 167.27 40.80 203.28 168.04 61.51 

0.50 196.85 169.57 47.26 214.61 170.74 76.58 

0.55 204.84 171.99 56.90 189.83 172.48 30.28 

0.60 223.18 174.89 83.65 222.37 176.10 80.75 

Average 185.28 165.72 33.88 185.99 166.49 34.02 

 

4. Conclusion 
 
This study presents an important contribution to further the discuss on the regional integration of bioresources. 
The state of affair regarding the regional integration of bioresources were first discussed. Since the integration of 
biomass from different regional locations depend on detailed understanding of the physico-chemical properties 
and other parameters that are crucial to its utilization. The physico-chemical properties and thermodynamic 
parameters of corn cob sourced from two different geospatial locations in Africa were analysed under identical 
conditions. The thermal decomposition of both corn cob sourced from Nigeria (NC25) and South Africa (SC25) 
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exhibited an identical characteristics except at 30 ℃ 𝑚𝑚𝑚𝑚𝑚𝑚−1 where some disparities in the thermodynamic 
behaviour and energy parameters  were observed. The thermodynamic and kinetic parameters are sources of useful 
information which could be deployed in the simulation, optimization and scaling-up of the bio-reactors for 
pyrolysis process.  There were statistically significant differences in elemental composition, surface properties 
and activation energy. This further suggests that the geospatial location from where the biomass is sourced may 
have an impact on the properties. The results obtained further confirmed the feasibility of corn cob as a feedstock 
toward renewable energy generation while also reinforcing the possibility of co-combustion of similar feedstock 
from different geospatial locations. The investigation of different atmosphere for TGA analysis and different 
probe gases for surface properties characterisation is suggested for further research. Also,  similar studies like this 
but including other neighbouring countries with potential bioresources could be considered for regional 
integration. Utmostly, a model which predicts the optimal co-pyrolytic performance of corn cob and other 
bioresources toward energy sustainability can be developed.    
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