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INTRODUCTION 

eterogeneous catalyst which is often 

operated under extremely robust 

condition are crucial for the production 

of the wide range of chemicals on which our 

modern civilization depends. This account, has 

sought to show how catalysis is achieved by 

matching the natural affinities of surfaces with 

the chemical reactivates of reactant molecules. It 

also plays an important role in industrial chemical 

production in terms of their robustness and lower 

operation cost. 

However, one limitation of heterogeneous 

catalysis has to do with the available surface area 

of the catalyst. Once the surface of the catalyst is 

completely saturated with reactant molecules, 

the reaction cannot proceed until products leave 
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sulphonated 
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the surface, and som e space 

opens up again for a new reactant 

molecule to adsorb, or attach. It is 

for this reason that the adsorption 

step in a heterogeneously 

catalyzed reaction is oftentimes 

the rate-limiting step. Despite this, 

the overall benefits of 

heterogeneous catalysis often 

outweigh its disadvantages, in 

that the catalyzed reaction is still 

much faster than the unanalyzed 

reaction. (Abbaszaddah et al, 

2008) 

 In the worldwide population and 

industrialization have also 

simultaneously increased energy 

demands and hence fossil fuel 

consumption leading to 

continuous speculations about 

how long these fuel sources can 

last. Also use of conventional 

sources leads to significant air 

pollution either from coal-fired 

thermal power stations or petro-

diesel engine based vehicular 

emissions (Maddikeri, 2012), and 

greater environmental concerns in 

recent years have prompted 

research into alternative clean, 

washed thoroughly with 

distilled water and then 

characterized. The prepared 

catalyst was found to have a 

Brunauer- Emmett-Teller (BET) 

surface area of 302 m2/g, its 

Scanning Electron Microscopy 

(SEM) of revealed pore size > 

2nm which implies mesopores, 

its pore volume at p/po 0.95 

was determined as 0.32 cm3 

and the Energy Dispersive X-

ray Spectroscopy (EDX) 

indicates that the 

carbonization and sulfonation 

resulted in a sulfonated carbon 

with the SO3H radicals been 

fused at various sites of the 

carbon in the form C-SO3H. The 

properties of the prepared 

catalyst revealed appreciable 

catalytic activity which makes 

it is suitable for biodiesel 

production. 
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sustainable and affordable fuels. One of the environment friendly 

alternatives is biodiesel, which can also offer advantages such as 

sustainability, biodegradability, lower sulfur and aromatic content as 

well as lower emissions. Biodiesel also has certain disadvantages such 

as higher viscosity, higher cloud point and pour point, higher nitrogen 

oxides (NOX) emissions, higher cost of production, injector coking and 

engine compatibility problems (Demirbas, 2008). 

Biodiesel production can be carried out using homogeneous, 
heterogeneous or enzymatic catalysts although homogeneous base 
catalysts, such as sodium hydroxide (NaOH) or potassium hydroxide 
(KOH) have been generally used due to low temperature requirement, 
higher conversions and faster reaction rates. Base catalyzed reactions 
give significant processing problems for feedstock, having higher 
contents of free fatty acids (Wang et al., 2006) and also the presence 
of water decreases the methyl ester yield due to hydrolysis of the 
triglycerides to diglycerides forming free fatty acid. Heterogeneous 
catalyst is beneficial over homogeneous catalyst in terms of ease of 
the separation of the catalyst from the reaction mixture and the 
possibility of reusability of the catalyst. Alkali metal oxides like CaO are 
mostly used due to their relatively high basic strength, low solubility in 
methanol and the fact that they can be synthesized from cheap 
sources such as limestone and calcium hydroxide. However, CaO gives 
processing problems such as leaching into the reaction mixture, rapid 
hydration and carbonation in the air leading to reduced activity and 
also permanent poisoning due to adsorption on the active sites. 
Another disadvantage of the heterogeneous catalyst is that the 
heterogeneously catalyzed reaction requires extreme reaction 
conditions and higher methanol to oil ratios in order to increase the 
yield of biodiesel and reduce the required reaction time, leading to 
energy intensive operation and significant downstream separation 
problems. Enzyme catalysts offer significant disadvantages such as 
higher cost of enzyme, slow reaction rate and enzyme deactivation in 
the presence of an alcohol. Thus, the approach of using a sustainable 
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heterogeneous acid catalyst with some intensification mechanism 
appears to be the optimum approach for biodiesel synthesis from 
sustainable feedstock such as shear butter oil residue (Atadashi et al., 
2013). The present work has investigated the use of sustainable 
carbon-based catalyst prepared using cellulose in the biodiesel 
synthesis process which is also intensified using ultrasound. The work 
also investigated the use of waste paper as a source for the synthesis 
of carbon-based catalysts for the first time. In the typical synthesis of 
carbon-based catalysts, carbohydrates are carbonized and then 
activated with sulfuric groups. (Takagaki et al., 2016) reported that 
SO3H group did not leach in FFA giving operational advantages. The 
carbon-based catalyst shows larger-pore volume and pore size, 
allowing better access for reactants and higher acid sites as well as 
providing a good degree of reusability. 
Since heterogeneous catalyst-based reactions can give slower 
reaction rates due to the mass transfer limitations, intensification 
aspects have been investigated based on the use of ultrasound, which 
gives navigational effects in terms of local hot spots and liquid 
circulation coupled with intense turbulence. For the case of biodiesel 
synthesis, the physical effects caused by shock waves and micro 
streaming generated during asymmetric cavity collapse is expected to 
give dominating effects for the intensification. In heterogeneous 
liquid/liquid reactions, cavitation conditions result in the formation of 
very fine emulsions, which increases the surface area available for the 
reaction between the two phases giving increased rates of reaction 
(Gole, 2009). 
Generally, it can be said that the use of heterogeneous catalyst slows 
down the process due to mass transfer limitations and hence the 
application of intensification approaches is required. Study of the 
synthesis of sustainable heterogeneous catalyst that can be applied 
for the biodiesel production as well as the use of low-cost feedstock is 
also important to make the complete process environmentally friendly 
and economical (Zeng et al., 2003). 
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In order to lower the cost of biodiesel, there is need for using non-

edible and inexpensive feedstock as well as applying process 

intensification concepts. The fatty acid cut can be an alternative, 

cheaper starting material though not much work has been carried out 

using fatty acid cuts. This study investigates the use of shear butter oil 

residue, which is generated as a byproduct during shear butter oil 

processing. There have not been many studies based on the use of this 

sustainable feedstock especially using the heterogeneous catalysts. 

 
Materials and Methods 

Materials 

The materials and reagents used in this study were used in their 
original form as purchased and they are all analytical reagent grades. 
Sodium hydroxide (98%), Methanol (99.8 % purity) hydrochloric acid 
(97% purity) and phenolphthalein indicator, were all obtained from 
Chemical Engineering laboratory, Kaduna Polytechnic, Kaduna.  The 
coconut husk was obtained from Panteka market Kaduna. 
 

Preparation of Sulphonated Carbon Catalyst  

In this research work, the method proposed by Smita and Sidda (2014) 
for production of activated carbon from coconut husk was adopted.  
 

Purification of the coconut husk 

The coconut husk was sorted and washed in order to free it of sand 
and other impurities. The husk was then dried in an oven at 50°C for 15 
h after which it was crushed using pestle and mortar to reduce its 
particle size.  
 

Carbonization of the coconut husk 

The husk was then carbonized at 500°C for 1 h in a furnace. At the end 

of the carbonization, the oven was switched off and allowed to cool 

for a period of 1 h after which the carbonized material was removed. 
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Sulphonation of the coconut husk 

The carbon catalyst was sulfonated by impregnating it in 1 M H2SO4 for 

24 h. At the end of the sulphonation process, the acid solution was 

decanted, the sulphonated husk was washed thoroughly with distilled 

water and dried in an oven at 50°C for 1 h. 

 

Results and Discussion 

The Scanning Electron Microscopy (SEM) in conjunction with Energy 

Dispersive X-ray Spectroscopy (EDX) revealed the morphology and 

elemental composition of the catalyst. As evident in figure 1, the 

particles of the catalyst are seen to have irregular shapes and rough 

edges.  

The binding of S and O element was confirmed using the Energy 

Dispersive X-ray Spectroscopy (EDX); as displayed in Table 1.  This 

indicates that the carbonization and sulphonation resulted in a 

sulphonated carbon with the SO3H radicals been fused at various sites 

of the carbon in the form C-SO3H. this is as a result of the sulphate 

group with the bulk carbon. This is in conformity with results obtained 

by (Lokman et al, 2015). 

 

Element 
Number 

Element 
Symbol 

Element 
Name 

Atomic 
Conc. 

Weight 
Conc. 

6 C Carbon 64.33 55.33 

8 O Oxygen 28.93 33.15 
7 N Nitrogen 3.46 3.47 

26 Fe Iron 0.50 2.00 

14 Si Silicon 0.78 1.56 
20 Ca Calcium 0.37 1.07 

13 Al Aluminium 0.39 0.76 
19 K Potassium 0.24 0.66 

11 Na Sodium 0.35 0.57 
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17 Cl Chlorine 0.17 0.44 

16 S Sulfur 0.16 0.36 
12 Mg Magnesium 0.18 0.32 

15 P Phosphorus 0.14 0.31 
22 Ti Titanium 0.00 0.00 

 

 
Fig. 1: SEM image and EDX of the prepared Sulphonated Carbon 

catalyst (FOV: 537 µm, Mode: 15kV - Image, Detector: BSD Full, Time: 

SEPT 3 2021 10:02 
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Figure 2: BET isotherm for the sulphonated carbon catalyst 

 

 

 
Figure 3: Pore volume isotherm 

 

The isotherm shown in Fig. 2 revealed the pores following a positive 

straight-line pattern indicating the suitability of the catalyst sample. 

The pore volume at p/po 0.95was determined as 0.32 cm3. The 

isotherm showing the pore volume is as in Fig.3. These values obtained 

are in the range of values obtained by (Lokman et al 2015 and Shao, et 
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al., 2013).  The pore size revealed that the composite has mesopores 

since it is greater than 2nm. This reiterates mesopore particles which 

makes the composite a very suitable heterogeneous catalyst.  

 

Conclusion  

From the result obtained in this study, the following conclusions can 

be drawn: 

1. The Scanning Electron Microscope (SEM) image revealed 

irregular shapes and rough edges with pore sizes >2 nm which 

indicates mesopores. 

2. The Brunauer- Emmett-Teller (BET) surface area of 302 m2/g and 

pore volume of 0.32 cm3 makes it suitable for good adsorption 

of shear butter oil residue with high FFA value. 

3. The Energy dispersive X-ray spectroscopy (EDX) revealed the 

binding of S and O elements and also indicates that the 

carbonization and sulfonation resulted in a sulfonated carbon 

with the SO3H radicals been fused at various sites of the carbon 

in the form C-SO3H. 

 

References 

Abbaszaddah A., Ghobadian B., Omdkahah M., and Najafi G. (2008). Current 
biodiesel production technologies. A comparative review, journal of 
Engineering vol 2, pp 138 - 148  

Atadashi, I., Aroua, M., Aziz, A. A. and Sulaiman, N. (2013). The Effects of Catalysts 
in Biodiesel Production: A Review. Journal of Industrial and Engineering 
Chemistry. 19(1), 14-26. 

Demirbas A. (2008). Biodiesel from vegetable oils via transesterification in 
supercritical methanol. Journal of Engineering Technology and Environment 
vol, 95-102. 

Gole M.A. (2009). Review of the production of biodiesel from shear butter, world 
applied source journal vol 16 (4): 234 – 252. 

Lokman, I. M., Rashid, U., Taufiq-Yap, Y. H. (2015). Production of Biodiesel from 
Palm Fatty Acid Distillate using Sulfonated-Glucose Solid Acid Catalyst: 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
NOV., 2021 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

 TIJSRAT 

SCIENCE RESEARCH AND TECHNOLOGY VOL.7 

194 ISSN: 2623-7861 

Characterization and Optimization. Chinese Journal of Chemical Engineering. 
23(11), 1857–1864.  

Maddikeri P. C. (2012). Biodiesel fuel from rapseed oil as prepared in supercritical 
methanol fuel, international journal of pure and applid science 5th edition: 215 
– 231.  

Shao, G. N., Sheikh, R., Hilonga, A., Lee, J. E., Park, Y. H. and Kim, H. T. (2013). 
Biodiesel production by sulfated mesoporous titania–silica catalysts 
synthesized by the sol–gel process from less expensive precursors. Chemical 
Engineering Journal. 215, 600-607. 

 
Smith O. A., and Sidda T. Y. (2014). Esterification of high free fatty acid crude palm 

kernel oil as feed stock base-catalyzed transesterification reaction, Research 
journal of Chemical Engineering vol 2 (7): 361-365 

Takagaki N., Akissoe A., and Soumanou B. (2016). Nutritional composition of shear 
products and chemical properties of shear butter, a review crit rev food sci. 
nutr. International journal of Food Technology 1st edition (3): 673 – 686. 

Wang Y., Dalai A., Reaney M., and Hert P. B. (2001). Preparation and 
characterization of biodiesels from various bio, journal of technology 
development, vol 12 (6): 53 – 62. 

Zheng Y., Dube M., and Mclean F. (2003). Biodiesel production from waste cooking 
oil biores tech, Research journal of applied science, 6th edition 10(2) 1-16. 

 

 

       

 

 

  


