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Abstract  
The study presents the synthesis of solid acid catalysts (SACs) based on SnO2 supported on inexpensive 
neutral alumina (n-Al2O3) for the transesterification of castor oil and methanol to biodiesel. SnO2 was 
generated in situ from different wt.% (15, 25 and 35 wt.%) of SnCl2.2H2O solutions in air and 
thereafter supported on n-Al2O3 via the wet impregnated method. All catalyst synthesized, including 
n-Al2O3 (Cat1), were calcined at 600 oC for 6 hours to generate Cat2 (15 wt.% SnO2-Al2O3), Cat3 (25 
wt.% SnO2-Al2O3) and Cat4 (35 wt.% SnO2-Al2O3). Cat1-Cat4 were characterized by powder X-ray 
diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), N2 adsorption-desorption, 
scanning electron microscopy (SEM), and energy dispersive X-ray spectroscopy (EDS). SnO2 
deposition on n-Al2O3 surface for Cat2-Cat4 was identified by the reflection peaks at 2θ values of 26.64o, 
33.91o, and 52.00 o respectively via XRD. FTIR spectra for Cat2 - Cat4, displayed a new signal between 
588 - 599 cm-1 for Sn–O stretching frequency. The specific surface area (SSA) of Cat1 decreased after 
SnO2 impregnation from 280.100 m²/g to 235.000, 140.100 and 159.100 m²/g for Cat2-Cat4 
respectively. The pore volumes equally reduced while the pore sizes were considerably constant at an 
average of 2.113 nm. SEM micrographs provided clear evidence of morphological changes. EDS 
analysis showed a uniform decrease in Al composition upon SnO2 depositions from 63.87% (Cat1) to 
44.23% (Cat4) while Sn composition increased from 0% (Cat1) to 22.57 % (Cat4). The synthesized 
heterogeneous SACs (Cat1-Cat4) and homogeneous SnCl2.2H2O were screened for the 
transesterification of castor oil and methanol to biodiesel. Cat3 was the best performed catalyst under 
the reaction conditions employed, resulting in a 70% biodiesel yield. The catalyst performance followed 
the order Cat3 > Cat4 > Cat2 > SnCl2.2H2O > Cat1. These preliminary findings show that SnO2 
supported on cheap neutral alumina are promising SACs for the transesterification of castor oil to 
biodiesel.  
 
Keywords: Neutral alumina, solid acid catalysts, biodiesel, transesterification, castor oil 
methyl ester (COME). 
 
INTRODUCTION 
Biomass is considered  as a sustainable replacement for crude oil feedstock in the production 
of fuels and chemicals because of its net-zero greenhouse gas emissions (Adeola et al., 2022; 
Omoruyi et al., 2016, 2022). The realization of a biorefinery is plagued with the difficulty of 
transforming biomass-derived molecules into high-value products owing to their excess 
functionalities. Catalysis is playing a huge role in the transformation of biomass derived 
molecules to higher-value chemicals (Blann et al., 2005; Choudhary et al., 2013; Saxena et al., 
2009; Tenza et al., 2009). However, this is not without its challenge as finding suitable catalysts 
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for multiple steps transformations under different reaction conditions require a great deal of 
research and resources. A highly sought-after biomass product is biodiesel which is an eco-
friendly and renewable fuel that can be substituted for petroleum-based diesel fuels.    
 
Biodiesel is an alkyl (methyl or ethyl) ester of fatty acids commonly obtained from the 
transesterification of oils and short chain alcohols in the presence of a suitable catalyst with 
glycerol as a co-product (Gonçalves et al., 2024; Ribeiro et al., 2023).  Edible vegetable oils (palm 
oil, soyabean oil, rapeseed oil, cottonseed oil, coconut oil), non-edible vegetable oils (rubber 
seed oil, jojoba oil, jatropha oil, castor oil), waste cooking oils (WCO) and animals fats are 
amongst the feedstock reported for biodiesel production (Prajapati et al., 2026). Methanol and 
ethanol are the most common and cheapest source of short chain alcohols employed in the 
production of biodiesel. Transesterification occurs between the triglycerides component of 
vegetable oil or animal fats and alcohol to produce biodiesel typically called fatty acid methyl 
esters (FAME) when methanol is the alcohol used or fatty acid ethyl ester (FAEE) when 
ethanol is employed (Aremo et al., 2025; Ostojčić et al., 2025). The transesterification of any 
feedstock oil and an alcohol is widely catalyzed by homogeneous alkaline metal hydroxide 
catalyst such as NaOH and KOH. The drawback with this technology is the unwanted 
saponification (soap formation) reaction that occurs in the presences of a little amount of water 
and when feedstock oils contain a high amount of free fatty acids (FFA) (Gonçalves et al., 
2024). This leads to low biodiesel yields, catalyst deactivation and difficulty in product 
(biodiesel and glycerol) separation. In addition, since the base catalysts are homogeneous in 
nature, catalyst recovery from product mixture is also a problem.  
 
The replacement of basic catalysts with acidic catalysts such as H2SO4, HCl mitigates the 
problem of saponification. Furthermore, liquid mineral acidic catalysts are unaffected by high 
FFA content in feedstock oils as they can simultaneously catalyze both esterification and 
transesterification processes in the production of biodiesel (Nwuche et al., 2025). However, 
harsher reaction conditions of high temperature and prolong reaction time are required to 
achieve optimum biodiesel yield. Also, separation of homogeneous mineral acid catalysts 
from product mixture is still a problem. Separation issue is further compounded by the 
corrosive and hazardous nature of mineral acid catalysts thus, inhibiting their use especially 
on a large scale. Solid acid catalysts (SACs) have gained attention in transesterification of oils 
to biodiesel because they are  environmentally benign  and  easy to recover from process 
streams since they are in a different phase from the liquid reactants and products (Yaghi et al., 
2025). Extensive literature exists for the use of various SACs such as ion exchange resins, 
sulphonated carbons. zeolites, heteropoly acid (HPA), metal oxides, supported acid catalysts 
and magnetic material for biodiesel production from different oil feedstock (Gonçalves et al., 
2024).  Yaghi et al., (2025) in a recent review summarized the conditions in which most of these 
heterogeneous catalysts were studied.  Amongst the SACs, metal oxides are known to have a 
high catalytic activity particularly those deposited on support materials (Makarevičienė et al., 
2025; Zhang et al., 2025). Metal oxides are usually supported on activated carbon, silica, 
zeolites and alumina (Yusuf et al., 2023).  Alumina supported metal oxides SACs are reported 
to be highly efficient in the transesterification of oils to biodiesel (Ceran et al., 2025; 
Prestigiacomo et al., 2022; Saputra et al., 2024). However, the expensive γ-alumina (γ-Al2O3) is 
the frequently employed alumina support for these metal oxides, making the catalytic process 
cost prohibitive. 
 
In this study, we report the synthesis and characterization of a series of tin (IV) metal oxides 
(SnO2) supported on cheap neutral-alumina (n-Al2O3). The objective of this study is to 
synthesize cheap but viable SnO2/n-Al2O3 green SACs for biodiesel production from non-
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edible castor oil feedstock. To the extent that we know, SACs based on SnO2 impregnated on 
neutral alumina (n-Al2O3) have never been explored in the production of biodiesel from castor 
oil. 
 
METHODOLOGY 
Materials 
All chemicals used in this study were purchased from Pyrex Chemical, Benin City, Nigeria. 
All chemicals were used as received without further purification. Castor oil was purchased 
from New Benin Market, Benin City, Nigeria and the physicochemical properties of the oil 
was determined following established procedure (Ayeloja et al., 2024; Ndidiamaka & Ifeanyi, 
2018), The castor oil used in this study has a low fatty acid content based on its 
physicochemical properties (Table 1). Therefore, its transformation to biodiesel is solely via 
transesterification since an esterification step is not required. Other properties of the oil are 
summarized in Table1. 
 
Table 1. Physicochemical analysis of castor oil 

Iodine value 
(mgI2/100 g 
oil)  

Free fatty 
acid (%) 

Acid value  
(mgKOH/g 
oil) 

Saponification 
value (mgKOH/g 
oil) 

Refractiv
e index 

Relativ
e 
density 

Flash 
point 
    (oC) 

Viscosity 
(mm2/s) 

38.00  0.32 0.63 170.80 1.64 0.84 148.00 15.30 

 
Catalysts preparation 
Preparation and characterization of heterogeneous SnO2-Al2O3 – based solid acid catalysts. 
Tin (Sn) metal oxide supported on neutral alumina (n-Al2O3) with different metal loadings of 
15 wt, %, 25 wt. % and 35 wt. % were prepared via the wet impregnation method following a 
modified procedure described by Marionou et al., (2018). To prepare 15 wt.% SnO2-Al2O3 
catalyst, 0.3 g of SnCl₂·2H₂O metal precursor was accurately weighed and transferred into a 
200 mL beaker and was dissolved with approximately 10 mL of distilled/de-ionized water. In 
the presence of oxygen and water, SnCl2 is oxidized to SnO2 (Prestigiacomo et al., 2022).  
Following the oxidation-based in situ production of SnO2, 5 mL of 2M HCl was added, and 
the colourless solution was stirred for 45 minutes at room temperature. 2 g of n-Al₂O₃ was 
then introduced into the solution and stirring continued for an additional 1 hour to facilitate 
proper impregnation of SnO2 on n-Al₂O₃. Thereafter, water and other volatiles were 
evaporated to dryness in a water bath. Once dried, the sample was transferred into a washed 
crucible and subjected to air drying overnight. The resulting SnO2-Al2O3 catalyst was ground 
to a fine powder form using an agate mortar and then calcined at 600°C for 6 hours. The 
experiment was repeated with the appropriate amount of SnCl₂·2H₂O to obtain 25 wt.% SnO2-
Al2O3 and 35 wt.% SnO2-Al2O3 catalysts respectively. To compare the effect of the deposition 
of SnO2 with different metal loadings on the surface properties of n-Al2O3, pure neutral 
alumina (n-Al2O3) was subjected only to thermal treatments (calcination at 600 oC for 6 hours). 
The catalysts employed for the transesterification of castor oil to biodiesel were designated: 
Cat1 (n-Al2O3), Cat2 (15 wt.% SnO2- Al2O3), Cat3 (25 wt.% SnO2- Al2O3) and Cat4 (35 wt.% SnO2- 
Al2O3).  
 
Fourier transform infrared spectroscopy (FTIR) spectra of all synthesized SACs were 
measured on the Agilent Cary 630 FT-IR spectrometer to establish the functional groups 
present. The powder X-ray diffraction (XRD) patterns were collected using the Rigaku 
Miniflex 600 X-ray Diffractometer in the 2-theta range of 2o –70o with Cu Kα radiation (Kα = 
1.54056 Å). This provided detailed information about the crystallographic structure and 
chemical composition of the n-Al2O3 (Cat1), SnO2-based solid acid catalysts (Cat2–Cat4). 
Nitrogen adsorption isotherms recorded on Quantachrome Bet Nova 4200e surface area 
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analyzer was used to determine the specific surface area (SSA), pore volumes and pore sizes 
of catalysts Cat1-Cat4. The morphologies of the catalysts were characterized from the images 
provided by JSM-7600F Schottky Field Emission Scanning Electron Microscope (SEM). The 
SEM with energy dispersive X-ray spectroscopy (EDS) analyzer was employed in the 
determination of the elemental composition of the samples. The analytical techniques listed 
herein establish the foundational framework for a comparative investigation involving SnO2-
based solid acid catalysts supported on normal alumina. 
 
SnO2-Al2O3 catalyzed transesterification experiment 
Methanol was chosen as the short chain alcohol for the transesterification of the castor oil 
(triglycerides) to castor oil methyl ester (COME) as shown in Scheme 1. Since a high methanol 
to oil ratio is necessary to obtain an excellent biodiesel yield, a percentage of 90:10% 
methanol/oil ratio was adopted for this study. The catalytic transesterification experiment 
was performed following the published procedure reported by Akhabue and Okwundu with 
slight modifications (Akhabue & Okwundu, 2017). 
 
 
 
 
 

 
 

Scheme 1. Transesterification of castor oil to biodiesel (COME). 

 
For each catalytic run in our modified standard procedure, 1 g of castor oil was accurately 
weighed into a round-bottom flask, heated at 60 oC with continuous stirring for 1 hour using 
a magnetic stirrer bar. The heated castor oil was then mixed with 9 g of methanol (11.4 mL) 
and 0.01 g (1 wt.%) of the appropriate catalyst (Cat1-Cat4). The temperature for the reaction 
was maintained at 60 oC for another 2 hours after which the reaction mixture was allowed to 
cool to room temperature. Upon cooling, the mixture was centrifuged to separate solid 
catalyst from the product mixture. The supernatant liquid mixture was transferred into a 
separating funnel and allowed to separate. The aqueous layer containing crude glycerol which 
settled at the bottom of the separating funnel was collected in a separate flask while the upper 
layer containing biodiesel (COME) was washed repeatedly with warm distilled water until a 
neutral pH for the wash solvent was attained. The purified biodiesel (COME) was then dried 
at 100°C in an oven to remove water. The COME yield in percentage obtained for each 
catalytic run using the different catalysts Cat1-Cat4 was estimated using the equation below:  
 

𝑌𝑖𝑒𝑙𝑑 𝑜𝑓 𝑏𝑖𝑜𝑑𝑖𝑒𝑠𝑒𝑙 (𝐶𝑂𝑀𝐸) =  
𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝐶𝑂𝑀𝐸 𝑜𝑏𝑡𝑎𝑖𝑛𝑒𝑑 (𝑔)

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑎𝑠𝑡𝑜𝑟 𝑜𝑖𝑙 𝑢𝑠𝑒𝑑 (1 𝑔)
  ×   100 

 
A UV-visible spectrophotometer MRM-UV759CRT model was used to detect whether 
glycerol was present in the aqueous layer collected for each catalytic run. Figure 1A illustrates 
that pure glycerol’s maximum absorption wavelength in methanol was 204 nm. The standard 
calibration curve for glycerol is shown in Figure 1B. It was obtained by preparing 0.050 – 0 
.454 g of glycerol in methanol and measuring the absorbance at 204 nm. The glycerol content 
of each catalytic run was ascertained by measuring the absorbance at 204 nm in aliquots taken 
from the aqueous phase. The equation of the straight line derived from the standard 
calibration curve was used to estimate the glycerol concentration in each run (Figure 1B). 
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Figure 1. (A) Graph showing the wavelength of maximum absorption of glycerol in methanol (B) Calibration 
curve for glycerol at 204 nm. 

 
 

Figure 2. Powder X-ray diffraction pattern of Cat1and Cat4 (left), origin plot of X-ray data for Cat1 and Cat4 
(right). 

 
RESULTS AND DISCUSSION 
Structural properties microanalysis of catalysts 
Powder X-ray diffraction (XRD) patterns were used to identify the minerals present in n-Al2O3 
(Cat1) and to establish the presence of SnO2 deposition on n-Al2O3 for the metal oxide dopped 
alumina catalysts (Cat2-Cat4).  The reflection peaks at 2θ values of 38.50o, and 67.71o with the 
corresponding d-spacing values of 2.34Å and 1.38Å respectively were assigned to the 
aluminum oxide mineral (Al2O3) corundum (Figure 2). The presence of the silicate mineral 
quartz, was identified by the characteristic reflection peak at 2θ values of 46.38o with the 
corresponding d-value of 1.98Å (Agnes et al., 2019).   The presence of the metal oxide on the 
n-Al2O3 support was identified by the characteristic SnO2 peaks at 2θ values of 26.64o, 33.91o, 
52.00o as well as elemental Sn reflection peaks at 30.90o, 31.30o, 43.90o, 44.98o and 55.80o 

respectively. These peaks appeared larger and broader with an increase in metal loadings 
from 15 wt.% to 35 wt.% on the n-Al2O3 support with 35 wt.% (Cat4) showing the largest peak 
broadening (Figure 2). The assignment of these peaks are in good agreement with previous 
reports on SnO2 supported on gamma-alumina (γ-alumina) and synthesized Al2O3 (Heiba et 
al., 2010, 2016; Nav & Viveros, 2000). The stacked XRD diffractogram pattern obtained from 
the origin plot of the raw data for n-Al2O3 (CatI) and  35 wt.% Sn-Al2O3 (Cat4) showed a distinct 
reflection peak for Sn as evident from 2θ value of 44.98o which is absent in Cat1 (Figure 2). 
Generally, the broad peaks observed from the origin XRD plot reflect the amorphous nature 
of the synthesized catalysts, as crystalline materials are known to have very sharp peaks 
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(Barakan & Aghazadeh, 2021; Hu et al., 2022; Omoruyi et al., 2025). This was also observed 
and reported by Marianou et al., (2018) for tin oxide supported on gamma-Al2O3 (γ-Al2O3).  

 
 
 
 

 
 
 
 
 
 
 

Figure 3. FTIR spectra of n-Al2O3 (Cat1) 

 

Figure 3 shows the FTIR for calcined n-Al2O3 (Cat1). The absorption band between 3727 – 3200 
cm-1 is assigned to the O–H bonds. The Al–O stretching vibrations is observed at 1075 cm-1. 
The assignment of these absorption bands are consistent with the literature (Omoruyi et al., 
2025; Tavadi et al., 2025). The SnO2 doped alumina FTIR spectra shown in Figure 4 revealed 
broad absorption band between 588 - 480 cm-1 typical of Sn–O and O–Sn–O vibration 
frequencies as previously identified by (Azami et al., 2024) signifying the successful 
impregnation of SnO2 on n-Al2O3 for catalyst Cat2-Cat4.  Furthermore, it was observed that the 
intensity of the broad O–H band between 3000- 3700 cm-1 reduced with increasing metal 
loadings (Figure 4).  

 
Figure 4. FTIR spectra for SnO2 dopped alumina (Cat2-Cat4). 

 
Figure 5. SEM image of Cat1-Cat4 (100μm at 500 magnifications) 
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Figure 6. EDS spectrum of Cat1-Cat4  

 
 
Table 2. Percentage elemental composition of Cat1-Cat4 obtained from EDS analysis 

Element (%) Al  O  Sn  Ca  S  Cl  Mn Si 

Cat1 63.87 35.73 - 0.28 0.12 - - - 
Cat2 56.37 35.88 6.76 - 0.39 0.60 - - 
Cat3 47.22 34.19 17.10 0.26 0.19 0.95 0.09 - 
Cat4  44.23 32.65 21.57 0.40 0.32 0.75 - 0.08 

 
The specific surface area (SSA) of the catalysts n-Al2O3 (Cat1), and SnO2 supported on n-Al2O3 

(Cat2 – Cat4) calcined at 600 oC were calculated using Brunauer-Emmett-Teller (BET) method. 
The pore volumes and pore sizes (diameter) were estimated using Barret-Joyner-Halenda 
(BJH) method (Jabłońska et al., 2019). The BET measurement revealed an SSA of 280.100 m²/g 
for Cat1  (n-Al2O3). The impregnation of SnO2 on n-Al2O3 via SnCl2. 2H2O metal precursor had 
a significant impact on the SSA of the resulting catalysts (Cat2- Cat4).  The 15 wt.% metal 
loading on n-Al2O3 for Cat2, led to approximately 16% decrease in SSA relative to Cat1 (n-
Al2O3) with a value of 235.000 m²/g recorded. The 25 wt.% metal loading on neutral-Al2O3 
(Cat4) exhibits a substantial decrease in surface area to 140.100 m²/g, while the 35 wt.% metal 
loading (Cat4) showed a slight increase to 159.100 m²/g. Perhaps, the reduction in the surface 
areas of Cat2- Cat4 relative to Cat1 resulted from pore blockage due to the deposition of SnO2 
on n-Al2O3 surface. The pore volume measurement of 0.173 cm³/g was recorded for n-Al₂O₃ 
(Cat1). Again, the pore volume decreased for Cat2-Cat4 with values 0.144 cm³/g, 0.069 cm³/g 
and 0.096 cm³/g recorded for Cat2, Cat3 and Cat4 respectively.  The reduction in pore volume 
corroborates the observed decrease in surface area indicating that SnO2 occupies the pore 
spaces, leading to decreased porosity. There was no significant change in the pore size 
(diameter) of n-Al2O3 (Cat1) upon SnO2 deposition with values of 2.124, 2.138, 2.111 and 2.118 
nm observed for Cat1-Cat4 respectively. These findings are consistent with previous studies 
on metal oxides deposited on different support materials (Alanazi et al., 2025; Marianou et al., 
2018; Yusuf et al., 2023). 
 
The scanning electron micrograph showing the morphological features of n-Al2O3 (Cat1) and 
SnO2-dopped n-Al2O3 (Cat2 – Cat4) is presented in Figure 5. The SEM image for Cat1 indicates 
that the material has a uniform hexagonal particle size which appears to show some level of 
agglomeration and uniform pore sizes. In contrast, the SEM image for Cat2 – Cat4 shows that 
the particles are of different sizes and shapes and with fewer pores. The reduced pores on the 
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surface of the alumina support the deposition of SnO2 on n-Al2O3 surface which is further 
reduced with increase in metal loadings from 15 wt.% to 35 wt.% (Figure 5). This is in good 
agreement with the observed decrease in pore volume for Cat2 – Cat4 highlighted above. The 
data obtained from EDS analysis revealed notable changes in elemental compositions of the 
different catalysts (Cat1-Cat4) as shown in Table 2.  Al content decreased with increase in Sn 
metal loadings on n-Al2O3. A similar trend was observed for oxygen (O) except for Cat2 which 
showed a slight increase relative to Cat1 (n-Al2O3). The presence of elemental Sn in catalyst 
Cat2-Cat4 was detected from EDS spectrum (Figure 6) with peaks between 3.4–3.6 KeV typical 
for the energy of transition for Sn (Xi et al., 2008). As seen in Figure 6, the Sn peak intensity 
increased with increase in Sn metal loading for catalyst Cat2-Cat4. This is also supported by 
the increase in the percentage elemental composition (Table 2) of Sn from 6.67% for Cat2 to 
21.57% for Cat4. This confirms the successful deposition of SnO2 on n-Al2O3 support.  
 
Catalytic experiment: Transesterification reaction of castor oil to biodiesel (COME) 
The preliminary investigation into the performance of the synthesized catalysts (Cat1-Cat4) for 
the transesterification of castor oil to biodiesel (COME) was conducted under the standard 
protocol of I g castor oil, 9 g methanol, 1 wt.% catalyst, 60 oC for 2 hours. Initially, the 
experiment was performed using the metal precursor SnCl2. 2H2O as a homogeneous catalyst 
with a view of probing the effect of the n-Al2O3 support on catalyst activity. Similarly, the 
catalytic performance of calcined n-Al2O3 (Cat1) as a heterogeneous catalyst for the 
transesterification of castor oil to COME was evaluated before screening the performance of 
the SnO2-dopped n-Al2O3 SACs (Cat2-Cat4).  Figure 7 displays the performance of the different 
catalysts in the production of biodiesel (COME) from castor oil.  Generally, the metal oxide-
based solid acid heterogeneous catalysts supported on n-Al2O3 (Cat2-Cat4) performed better 
than pure neutral alumina (Cat1) as well as the homogeneous SnCl2.2H2O catalyst as depicted 
in Figure 7. Overall, Cat3 was the best performed catalyst for the transesterification of castor 
oil with a 70% biodiesel percentage yield under the conditions employed for the reaction. The 
order of performance of the catalyst screened for biodiesel production from castor oil followed 
the order Cat3> Cat4 > Cat2 > SnCl2.2H2O > Cat1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Glycerol is a co-product of biodiesel in the transesterification of oils. The crude glycerol 
product obtained from the transesterification of oils is estimated to be approximately 10% in 
volumetric ratio to biodiesel (Monteiro et al., 2018; Syahputra et al., 2023). Thus, it serves as a 
good gauge for monitoring the transesterification of oils to produce biodiesel. The crude 
glycerol content present in the aqueous phase of each catalytic run was established from the 
standard calibration curve (Figure 2) of pure glycerol measured in methanol at 204 nm (Figure 
1) using UV-visible spectrophotometry. Interestingly, the catalyst that resulted in the highest 

Figure 7. Performance of the different catalyst 

screened for the transesterification of castor to 

biodiesel 

Figure 8. Crude glycerol content obtained 

from each catalytic run 
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biodiesel yield (Cat3), produced the least amount of crude glycerol.  The highest crude glycerol 
was obtained when SnCl2,2H2O was employed as catalyst (Figure 8). The high crude glycerol 
content may be attributed to homogeneous nature of the SnCl2. 2H2O catalyst which made it 
impossible to separate the catalyst from the aqueous phase, thus impacting the UV-visible 
analysis. The difficulty in separating homogeneous catalysts from product mixtures is one of 
their major drawbacks in catalytic processes (Wan Isahak et al., 2015) and in this instance, the 
economic advantage of having glycerol as a co-product is hampered.  
 
CONCLUSION 
Solid acid catalysts based on the SnO2 supported on cheap neutral alumina (n-Al2O3) with 
different metal loadings of 15 wt.%, 25 wt.% and 35 wt.% respectively were successfully 
synthesized and characterized. The characterization data obtained from powder XRD, FTIR, 
BET and SEM-EDX provided valuable insights into the composition, morphology and 
structure of the SnO2-Al2O3 catalysts synthesized. The XRD analysis revealed the minerals 
present and the presence of Sn and SnO2 on the alumina support, while the FTIR analysis 
revealed significant alterations in the surface hydroxyl groups of alumina and metal-oxygen 
interactions, confirming the structural modifications on the alumina surfaces because of the 
incorporation of the metal oxide. Data obtained from BET analysis revealed that the surface 
area and pore volume of the SnO2-based catalyst synthesized decreased with increasing metal 
loadings.  SEM micrographs provided clear evidence of morphological changes as the amount 
SnO2 deposited on n-Al2O3 increased. The EDS results highlighted notable changes in 
elemental composition, with a marked decrease in Al content with increase in metal loadings. 
The preliminary investigation into the catalytic performance of the catalysts showed that all 
SnO2-based catalysts supported on n-Al2O3 performed better than the pure n-Al2O3 
heterogeneous catalyst and the homogeneous SnCl2. 2H2O catalyst for the transesterification 
of castor oil to biodiesel. The catalyst with 25 wt.% metal loading on n-Al2O3 outperformed 
the other catalysts screened resulting in a 70% biodiesel yield.  These preliminary findings 
show that SnO2 supported on cheap neutral alumina as opposed to the expensive gamma 
alumina support (γ-Al2O3) are promising solid acid catalyst for the transesterification of castor 
oil to biodiesel.  
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