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INTRODUCTION 
 
In various chemical industries such as pharmaceuticals, agricultural, food and beverages, the need and application 
of heterogeneous catalysts have increased due to its advantages (such as sustainability, renewability, ability to 
work with complex substrates, mild reaction condition) compared to chemical catalysts (Patil & Rathod, 2021). 
Scientists over the years have been researching on the production of new biocatalysts to increase the range at 
which these biocatalysts are applied in industries (Shetty et al., 2023; Usami, 2024). These researchers either modify 
the existing enzymes or discover new enzymes to develop biocatalysts. Waste biomass (biowastes) from 
agricultural products have recently been burned as traditional fuel which results to air pollution. As a result of 
this, the conversion of these bio-wastes into high value products like biocatalyst is very vital. Biocatalysts are 
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Abstract: The increasing need for sustainable and environmentally friendly catalytic materials has led 
to the investigation of agricultural waste as alternative feedstock. This study centered on creating a 
heterogeneous catalyst sourced from cocoa pod husk and sawdust, which are two plentiful agro-
industrial byproducts. The precursor went through series of unit operations and thermal treatment 
thereby leading to its activation into an heterogenous catalyst and was further characterized. The 
developed heterogenous catalyst was characterized using Fourier Transform Infrared Spectroscopy 
(FT-IR), Scanning Electron Microscopy/Energy Dispersive X-ray (SEM/EDX), Brunauer Emmett 
Teller (BET), Thermogravimetric Analysis (TGA) and X-ray Diffraction (XRD). The FT-IR analysis 
indicated the presence of hydroxyl groups, hydrocarbon and halo compounds. The SEM/EDX assessed 
the surface structure and elemental composition; it showed majorly the presence of alkali metals 
(potassium 55.02%, sodium 0.22%) and alkaline earth metals (calcium 28.19%, magnesium 6.38%). 
BET analysis indicated that the pore diameter was 2.072nm, pore volume 0.191cc/g and surface area 
395.047m2/g. TGA analysis showed the thermal stability; with an ideal optimal temperature of 480℃. 
XRD analysis indicated the presence of muscovite, showing that the heterogenous catalyst was highly 
crystalline. A comparative study was conducted on the biocatalyst by examining its elemental 
composition and functional groups in relation to other biocatalysts; the findings indicated that it is 
appropriate for biodiesel production due to its similarity in functional groups and elemental 
composition. This research highlights the potential of converting cocoa pod husk and sawdust into low-
cost, renewable materials for catalyst production, thereby supporting green chemistry and waste-to-
resource initiatives. 
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biodegradable in nature, and their production requires renewable raw materials. Biocatalysts are driving towards 
creating more efficient and environmentally friendly manufacturing processes. In the coming decades, the 
discovery of improved biocatalysts will enhance improvements in many industrial processes (Pandeeti et al., 2019). 
The use of these biocatalysts in the transformation of chemicals is referred to as biocatalysis. 
The use of biowaste for the production and development of biocatalysts aids at reducing cost and increases the 
recycling of waste in the environment. Plant biomass (such as rice husk, cocoa pod husk, saw dust, plantain peels 
etc.) is the most abundant and sustainable source of biomass on earth.  
 
One of the key reasons of using plant biomass for the development of biocatalyst is that its availability is 
proportional to the production of food crops as additional land for cultivation is not required. Hence, it provides 
an economical and environmental-friendly alternative to other substrates used in various industries application 
(Gronenberg et al., 2013; Usami, 2024). Cocoa pod (Theobroma cacao) husk is gotten from cocoa after the cocoa seeds 
have been removed from the fruit. About 30% of cocoa, especially cocoa nibs, are used as the primary ingredient 
for production of chocolate; while 70% is either used as animal feed or disposed of as waste. The by-product from 
cocoa includes cocoa pod husk, cocoa shell, cocoa butter, cocoa cake, cocoa powder, pulp and sweating (Anaraga 
et al., 2024). Sawdust is a biowaste material from the processing of wood. These wastes are usually disposed of 
thereby resulting to environmental pollution. There has been effort placed to recycle these materials into useful 
industrial products to enhance environmental waste management. The development of biocatalyst from cocoa 
pod husk and sawdust will require the combination of different composition of catalyst from cocoa pod husk and 
sawdust due to the presence of proteins, cellulose and cellulose binding molecule proteins in both biowaste. While 
studies have shown that cocoa pod husk can be used to produce biocatalysts for biodiesel production with 
conversion rate of up to 98% (Laskar et al., 2020), there is need for further research on scaling up the production 
process to meet industrial demands and improve the stability and usability of the catalyst to make it more 
economically viable. 
 

MATERIALS AND METHODS 

2.1 Materials 
One kilogram (1kg) of cocoa pod husk was collected from a farm in Okada, Ovia Northeast LGA, Edo State, 
Nigeria. Additionally, five hundred grams (500g) of sawdust was obtained from a sawmill in the same area. Cocoa 
pod husk and sawdust served as the lignocellulosic sources for the heterogeneous catalyst. There was no use of 
extra catalyst support or binder. Distilled water was utilized for washing. Analytical grade reagents and chemicals 
were used for the study. 
 
2.2 Preparation of Precursor 
The CPH and sawdust used in this study were treated separately before calcination The cocoa pod husks were 
thoroughly washed with distilled water to eliminate any residues as well as dirt. This cleaning procedure was 
performed to facilitate the drying process and prevent contamination of the heterogeneous catalyst. The washed 
cocoa pod husks and sawdust were sun-dried for 72 hours and 12 hours, respectively, until the moisture content 
was significantly reduced. The cocoa pod husks were further oven-dried at 100℃ until a constant weight was 
observed. The dried cocoa pod husks were placed into a mortar to be crushed to a size suitable for blending. After 
this, they were transferred to an industrial blender until a particle size of approximately 5mm to 50mm was 
achieved. Both the cocoa pod husk and sawdust samples were sieved using an 80-mesh size sieve to ensure 
uniform particle size, and then they were stored in an airtight container. 
 
2.3 Preparation and Characterization of Catalyst 
The stored CPH and sawdust (50:50) were transferred to a porcelain crucible and calcined in a muffle furnace at 
pods temperature of 800℃ for 4hours until they completely turned ash according to Falowo et al (2022). When 
CPH and sawdust are calcined, their constituents become concentrated and form active catalytic sites. The catalyst 
was allowed to cool and immediately stored in an airtight container to avoid moisture absorption. The synthesized 
catalyst was characterized according to Falowo et al (2022) 
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RESULTS AND DISCUSSION 

3.1 Fourier Transform Infrared Spectroscopy (FT-IR) 
This chapter shows the result of the characterization analysis of the precursor and calcined sample (biocatalyst) of 
CPH-Sawdust. The following characterization: FT-IR, SEM-EDX, TGA, BET and XRD were carried out.  
 

 
Fig. 1 FT-IR Analysis of Catalyst Precursor 

 

 
Fig. 2 FT-IR Analysis of Heterogenous Biocatalyst 

 
The FT-IR analysis was done on the precursor and heterogenous biocatalyst to study the different composition of 
functional groups. In the spectrum of the precursor as shown in Fig. 1, the broad peak located at 3421.43 cm-1 
wavelength indicated the O-H stretching vibration (i.e. hydroxyl group) present in alcoholic and phenolic 
compounds from the CPH-Sawdust. These functional groups are responsible for reducing metal ions and 
stabilizing synthesized nanoparticles to prevent agglomeration. The peak located at 1637.54cm-1 indicated C=C 
stretching for alkene which can participate in adsorption. The peak at 1384.35cm-1 denoted a C-H bending 
vibration indicating the presence of organic compounds (such as lignin and cellulose). The peak at 1060.60 showed 
a C-O stretching vibration in ethers responsible for binding and reactivity. For the heterogenous biocatalyst 
spectrum as shown in Fig.2, the broad peak with wavelength of 3420.33cm-1 indicated O-H stretching vibration. 
The peak at 1651.64cm-1 showed C=C stretching vibration indicating the presence of alkene. The peak at 1404.29cm-

indicated C–H bending vibration. The peak located at 1118.74cm-1 showed C-O stretching vibrations and 
1047.34cm-1 showed C–O–C stretching vibrations. The peak at 874.60 cm-1 corresponded to the Metal-O vibration 
indicating the indicating the presence of oxides of metals. The peak at 711.35cm-1 and 619.46cm-1 indicated C-Cl 
stretching vibrations. 
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3.2 Scanning Electron Microscopy/Energy Dispersive X-ray Spectroscopy (SEM-EDX) 
 

 
Fig. 3 SEM/EDX images of Catalyst Precursor 

 

 
Fig. 4 SEM-EDX Images of Heterogenous Biocatalyst 

 
Fig. 5 SEM/EDX Spectra of Precursor 

 
 

 

 
Fig. 6 SEM/EDX Spectra of Heterogenous Biocatalyst 
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The images obtained at a magnitude of 500x consisted of irregular, flake-like and granular particles as shown in 
Fig. 3 and Fig. 4 for the precursor and heterogenous biocatalyst respectively. The SEM showed a heterogenous 
distribution of particle sizes between the range of 5µm and 100µm. The Fig. 4 is the calcined sample (i.e. 
heterogenous biocatalyst) which showed an increased porosity. The surface texture appears rough and porous, 
which is very common for biomass-derived materials after calcination. It is evident that the weight composition 
of some elements increased or decreased after calcination which means that the calcination process helped in the 
efficiency of some elements in the precursor. Potassium (K) is seen to be the most dominant element in the 
heterogenous biocatalyst as shown in Fig. 6, followed by calcium, magnesium (Mg), silicon (Si), phosphorus (P), 
Sulphur (S), manganese (Mn), aluminum (Al), titanium (Ti) and sodium (Na). These elements through calcination 
process are converted into their oxide forms. These elements gave the heterogenous biocatalyst a high catalytic 
activity in biodiesel production; other biomass-derived catalyst have these same elements present with potassium 
as the key element (Etim & Musonge, 2024). 
 

3.3 Braeuer-Emmett-Teller (BET) 
BET analysis was carried out on both the precursor and heterogenous biocatalyst to analyze the pore diameter, 
surface area and pore volume. Fig. 8 and Fig. 10 showed the summary of the result for the precursor and 
heterogenous catalyst respectively using different methods but the method prioritized in this discussion is the BJH 
because it can measure mesopores (2nm-50nm). In Fig. 7 there was a decrease in the surface area, pore volumes 
and pore diameter when compared to Fig. 9. The surface areas of the precursor and heterogenous catalyst were 
454.876m2/g and 395.047m2/g, their pore volumes were 0.221cc/g and 0.191cc/g while their pore diameter were 
2.093nm and 2.072nm respectively. The decrease in surface area, pore volume and diameter was as a result of high 
temperature calcination and duration (Falowo & Biteku, 2022); hence controlled temperature has a positive effect 
on the activity of the catalyst (Sui et al., 2024). 
 

 
Fig. 7 BET Analysis for Catalyst Precursor (CPH-Sawdust) 
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Fig. 8 BET Analysis Summary for Precursor (CPH-Sawdust) 
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Fig. 9 BET Analysis for Heterogenous Biocatalyst 
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Fig. 10 BET Analysis Summary for Heterogenous Biocatalyst 

 
3.4 Thermogravimetric Analysis (TGA) 
 

 
 

Fig. 11 TGA of Catalyst Precursor (CPH-Sawdust)  
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Temperature ℃ 

Fig. 12 TGA of Catalyst Precursor (CPH-Sawdust) 
 
 

 

Fig. 13 TGA Analysis for the Heterogenous Catalyst 
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Fig. 14 TGA Analysis for the Heterogenous Catalyst 
 
The TGA analysis of the precursor and heterogenous biocatalyst are shown in Fig. 11 and Fig. 13 respectively. The 
plot of the heterogenous biocatalyst (Fig. 13) showed a weight loss of 2% between 0℃ and 150℃ which was as a 
result of removal of moisture. The additional decrease in the weight of the catalyst may likely be as a result of 
organic decomposition. The large weight loss of the heterogenous catalyst as shown in Fig. 13 correlated with the 
result from BET and SEM/EDX which showed the decrease in surface area and elemental composition; this was 
due to high temperature during calcination (Kasi et al., 2025). From the plot in Fig. 13, the ideal optimal 
temperature for calcination was 480℃ at a lesser duration.  
 

3.5 X-Ray Diffraction (XRD) 
The XRD analysis in Fig. 15 and Table-1 indicated the presence of 71% muscovite (KAl2(AlSi3O10) (OH)2), a layered 
silicate. It also detected the presence of graphite (13%), 9.8% of cristobalite which is a high-temperature polymorph 
of silica; this signified it has undergone significant thermal treatment and 5.4% silvialite which is a lesser silicate 
phase, are also detected. The small portion of urea (1%) implies complete decomposition, which is characteristic 
of effective calcination. Similarly, in Fig. 16 and Table-2 the percentage of muscovite, graphite, cristobalite, 
silvialite and urea in the heterogenous catalyst are 67.3%, 3.37%, 2,52%, 21% and 5.7% respectively. The presence 
of potassium in muscovite correlated with its presence in the SEM/EDX analysis. The CPH-Sawdust heterogenous 
biocatalyst was highly crystalline due to the presence of large amount of muscovite and graphite, including 
cristobalite, silvialite and urea which make it suitable as a catalyst (Wang et al., 2025). 
 

Table-1 XRD Analysis for Catalyst Precursor 
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Fig. 15 XRD of Catalyst Precursor (CPH-Sawdust) 

 
 

Table-2 XRD Analysis for the Heterogenous Catalyst 

 
 

 
Fig. 16 XRD Analysis for the Heterogenous Catalyst 
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3.6. Comparative Analysis of Heterogenous Biocatalyst 
The CPH-Sawdust heterogenous biocatalyst was compared with other biocatalysts and the results are shown in 
Table-3. 
 

Table-3 Comparative Analysis of the Elemental Composition of Heterogenous Catalyst 

 
 

Table-4 Comparative Analysis of the Functional Group of the Heterogenous Catalyst 

Source Functional Group 

Mangifera indica peel  
(Laskar et al., 2020) 

Carbonate, Carbonyl, Hydrocarbon, Halo compound, metal oxides 

Cocoa pod husk + plantain 
peel 

(Olatundun et al., 2020) 

Hydroxyl, Carbonate, Metal oxides 

This Study Hydroxyl, Hydrocarbon, Halo compound, metal oxides 

 
 

CONCLUSION 
In this study, the following conclusions were made based on the findings: 
The precursors were successfully prepared through series of unit operations and were characterized. The 
precursors were combined in equal ratio and calcined at a temperature of 750℃ in 45mins thereby leading to its 
activation into a heterogenous catalyst.  

Source of 
Catalyst Metallic Oxides Composition (%) 

 Na K Ca Mg Mn Fe Zn Al P Si Cl C O Biodiesel 
Yield 
(%) 

Mangifera 
indica peel  
(Laskar et 
al., 2020) 

0.25 43.89 9.44 3.07 - 0.46 - - 4.21 2.61 - 2.38 32.54 98 

Sweet 
potato 
leaves 

(Eldiehy et 
al., 2022) 

0.70 65.45 18.02 4.63 - 0.88 - 0.94 - 3.54 4.12 - - 98.75 

Cocoa pod 
husk + 

plantain 
peel 

(Olatundun 
et al., 2020) 

0.0 51.94 0.0 2.05 - 0.0 - - 1.04 1.01 2.77 - 40.93 98.98 

Cocoa pod 
husk 

(Betiku et 
al., 2017) 

- 59.2 - 3.0 - - - - 0.8 0.3 - - 36.2 99.3 

This Study 0.22 55.02 28.19 6.38 1.77 0.00 - 1.05 2.48 2.50 0.00 - -  
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The heterogenous catalyst was characterized using techniques such as FT-IR, SEM/EDX, BET, TGA and XRD. The 
FT-IR analysis revealed the existence of hydroxyl, hydrocarbon, and halogen compounds. The SEM/EDX 
evaluation examined the surface structure and elemental makeup, demonstrating a significant presence of alkali 
metals (potassium, sodium) and alkaline earth metals (calcium, magnesium). The BET analysis showed a pore 
diameter of 2.072 nm, a pore volume of 0.191 cc/g, and a surface area of 395.047 m²/g. The TGA analysis indicated 
thermal stability, with the optimal calcination temperature for the precursor determined to be 480℃ at a shorter 
duration. The XRD analysis identified the presence of muscovite, indicating that the heterogeneous biocatalyst 
exhibited high crystallinity. A comparative analysis was done on the biocatalyst by comparing its elemental 
composition and functional groups with other biocatalysts; it was clear that it is appropriate for biodiesel 
production since it showed comparable characteristics. 
 

CONTRIBUTION TO KNOWLEDGE 
This research contributes to sustainable development by reducing waste, promoting renewable energy and 
supporting eco-friendly technologies. Developing heterogenous catalyst from cocoa pod husk and sawdust 
reduces waste and promotes sustainability. 
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