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Abstract  

Biodiesel is a sustainable alternative to petroleum diesel produced by trans-esterification of vegetable 

oils in a presence of a catalyst. The present study investigates heterogeneous transesterification of algal 

oil to biodiesel using novel calcium doped zinc oxide nanocatalysts synthesized using UV shaker. The 

developed catalyst was under different light sources UV and non UV, different calcium concentrations 

(0.01, 0.03, 0.05 M) and different calcination temperature (600,700,800°C). The catalyst has been 

characterized by scanning electron microscope (SEM), X-ray diffraction (XRD), Fourier Transform 

Infrared spectroscopy (FT-IR), Energy Dispersive Spectra (EDS). The effects of the different parameters 

used in catalyst preparation were studied for transesterification of algal oil. The catalyst of 0.05M calcium 

loading, calcination temperature 700 °C, synthesized in UV light is considered as the most suitable 

nanocatalyst which achieved 99.18% yield of biodiesel. The catalyst was used three times effectively 

with 76% yield. The chemical properties of biodiesel have been investigated using Gas Chromatography 

(GC). Keywords: Algae oil; Biodiesel; calcium doped zinc oxide; oil extraction; transesterification 

1. Introduction 

Renewable energy sources such as biofuels are considered a key to reducing reliance on the 

petroleum fuels and the lowering of the impact of greenhouse emissions, specially carbon dioxide and 

methane, as well as meeting rural development goals 1. Biodiesel has been shown to be a viable alternative 

to petroleum diesel. This fuel has properties that are similar to those of diesel oil and can be applied 

directly in diesel engines without modification to achieve similar performance 2,3. Along with 

renewability and biodegradability 2 . 

Biodiesel is derived from renewable sources such as vegetable oils and animal fats. It consist of 

mono-alkyl esters of long chain fatty acids. Waste cooking oil and Non-edible oils such as Jatropha  or 
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algae  oils are more competitive candidates as feedstock for biodiesel production in comparison to 

vegetable oil due to their low price 4.  

Microalgae with their high photosynthetic rate, do not compete for food production or arable land 

and they grow much faster than traditional crops However, the production cost of microalgae as a biofuel 

feedstock is higher compared to the final yield of the product.  In the biodiesel industry, crops with higher 

oil yield are more preferable. Despite this issue, microalgae remain imperative as a future energy 

feedstock 4–6. 

Biodiesel is usually prepared by trans-esterification of vegetable oils (triglycerides) with alcohol 

(methanol or ethanol) in the presence of suitable homogeneous or heterogeneous catalyst (base or acid) 

to form biodiesel (FAME) and glycerol. Faster rate of reaction is reported when using base catalysts 

rather than acid catalysts 7,8.   

Homogeneous basic catalysts  provide much faster reaction rates than heterogeneous catalysts but 

the  overall cost is not competitive due to separation and purification of the catalysts from the reaction 

mixture and moreover it leads to soap formation 9–11. Heterogeneous base catalyst are environmentally 

benign, reusable, noncorrosive and can easily be separated from the reaction mixture and thus reduces 

the generation of pollutants 4,9.  

The mechanism of the transesterification reaction with methanol using metal oxides catalyst depends on 

their structure hence it composed of positive metal ions (cations) which act as Lewis acids and negative 

oxygen ions (anions) which act as Lewis bases and they have direct effect on the adsorption of methanol. 

Forming methoxide anions and hydrogen cations as illustrated Figure (1). The methoxide anions then 

react with  the triglyceride molecules promoting transesterification reaction  to yield methyl esters as 

shown Figure (2)..12–14. Heterogeneous Nano structure metal oxide catalysts have become more 

preferable  for transesterification reactions  due to their  high catalytic activity, high stability , ease of 

separation from products and high yield of the reaction product 4. 

 

Figure (1) :Surface structure for metal oxide 

 



 

Figure (2) Reaction Mechanism for Basic Metal Oxide Catalyzed Biodiesel Reaction 

 

Zinc oxide can be used as a catalyst since it is cheap, stable, re-usable, commercially available 

and environmentally benign  10.However, due to its low basicity and catalytic activity 15, it can be used 

as a support with alkaline metals  or doped  with other metal oxide to originates a good basic solid catalyst 

and to improve the catalytic activity for the transesterification of vegetable oils   10. On the other hand, 

calcium oxide possess a high catalytic activity and basic strength. However, it undergoes leaching which 

influence the quality of the product. Previous studies have demonstrated the use of a combination of CaO 

with other metal oxides to provide higher yield of FAME 8,16.  

 

 Several authors have studied the transesterification reactions of vegetable oil using 

heterogeneous catalysts. However, limited literature exists on the transesterification of algae oil which 

was  reviewed by 17. Table (1) summarize the transesterification of algal oil using calcium oxide as 

heterogeneous catalyst.  Currently, no literature is reported in the biodiesel production using zinc oxide 

solely or doped with different metals for transesterification reaction of algae oil. 

 

 

 

 

 



Table 1: Transesterification of algal oil using calcium oxide catalyst 

Feedstock  Catalyst  Optimization Reaction condition  Conversion  References  

Mixed 

Algae  

 

CaO:TiO 

Calcined at 700 

Methanol:oil  15.68 :1  

Catalyst loading 5.12% wt  

time 8.5 hrs  at 50 °C  

86.4 % 18 

 Mixed 

Algae  

 

CaO Methanol : oil   9 : 1  

catalyst loading rate 1.5 % (wt.) 

Temp. 60 °C 

96%  19 

Chlorella 

vulgaris 

KF/CaO with 

different KF 

loadings 

Ultra sound-microwave radiation  

methanol :oil 8:1  

catalyst 12%wt  Time 60 min 

93.07 % 20 

Micro 

Chlorella 

Vulgaris 

CaOAl2O3 Methanol: oil volumetric ratio (3.2:10) 

catalyst 1.56 % w/w 

Time  125 min temperature of 50°C 

88.89% 21 

 
Nowadays there is an essential need to  develop an effective and inexpensive nanocatalysts with 

an environmentally benign process 8. Thus in this research a nanocatlayst calcium doped zinc oxide was 

designed using co-precipitation method in incubator shaker under different light sources with different 

loading of calcium and the obtained catalyst was calcined at different temperatures. This work 

investigates the effect of these conditions used during the synthesis on the catalytic performance for 

biodiesel production from algae oil. The main factors affecting transesterification reactions are molar 

ratio of glycerides to alcohol, catalysts, reaction temperature and time 22. Therefore, the same 

transesterification reactions conditions were applied for all the catalysts to study the effectiveness of the 

catalysts and its reusability.  
 

2. Materials and methods: 

2.1. Feedstock preparation: 

The algal biomass was collected from the Fish Research Center (Sudan). The utilization of pond 

water algae that grows naturally in fish ponds in the presence of nutrients available for the fish is expected 

to reduce the overall cost of biodiesel production from algae oil than using single culture algae. The algae 

was cleaned many times with distilled water and left to dry under sun for three days followed by drying 

in oven at 60 °C and pulverization. The extraction of the oil from the algae powder was conducted using 

hexane and ethanol solvents with 3:1 ratio followed by mixing and stirring in 350 rpm at 50 °C. The 



higher yield of extractable liquids from algae was achieved by repeating the above-mentioned process 

many times. The oil was separated form solvents by using rotary evaporator.  The value of free fatty acid 

(FFA) of the microalgae oil was determined 2.93% using titration with KOH and the yield of algae lipids 

was calculated from the weight of algae oil using equation (1) 23. 

 

Lipid yield =         Weight of oil          X   100%                                (1)                         

                       Weight of raw material 

 

2.2. Synthesis of the catalyst: 

All materials with analytical purity (99.9%) were purchased from Sigma Aldrich. The calcium 

doped zinc oxide (CZO) nano catalyst were synthesized by co-precipitation method. A stoichiometric 

amount of the precursors zinc nitrate Zn (NO3)2.6H2O and different concentrations of calcium nitrate 

Ca(NO3)2.4H2O (0.01,0.03,0.05M) were completely dissolved in deionized water and mixed with 

aqueous solution of sodium hydroxide (NaOH) and subsequently stirred vigorously  at room temperature 

with magnetic stirrer for 15 min to achieve complete dissolution. The pH of the solution was maintained 

between 11 and 12. The mixture was agitated in incubator shaker at 200 rpm for 2 hours at 45°C. The 

reaction was influenced by UV light and without using UV light, and then the precipitate formed was 

centrifuged and washed several times with deionized water to remove impurities. This was followed by 

drying in an oven at 120 °C for 120 min. The yielded nanoparticles catalyst were then calcined at different 

temperatures (600,700,800°C).  The identification of catalysts that were prepared under UV radiation 

was 0.01CZOUV, 0.03CZOUV, 0.05CZOUV and the ones prepared without using UV light as 0.01CZONUV, 

0.03CZONUV, 0.05 CZONUV . 
 

2.3. Catalyst Characterization:  

The average crystalline size and the phase structure of the obtained powders of Ca doped ZnO 

nanoparticles (precursor) were studied by X-ray diffraction analysis (XRD) using a SHIMADZU (XRD 

7000 model)  instrument with Cu- Ka radiation (l ¼ 1.5418 Å) in the 2θ range from 5 to 85 degrees with 

0.02 increments. The peaks in the XRD patterns were indexed using ICDD 36e1451.The average 

crystallite size was calculated using Scherrer's equation (2) 24  

 



(2) 

 

 

where D is the crystallite size, 0.89 is Debye-Scherrer constant, λ represent the X-ray wavelength used; 

β is the full line width at the half-maximum height of the main intensity peak, and θ is the Bragg angle .  

 

The surface morphologies, structure and size distribution of the agglomerates of the obtained samples 

was observed using an ultra-High-Resolution Scanning Electron Microscope (HRSEM) (HRSEM, 

Hitachi S4100).  The purity of the sample was tested by Energy Dispersive Spectroscopy (EDS). The 

UV–vis absorption spectra of the samples were recorded in the wavelength range of 200 to 800 nm at 

room temperature using a Shimadzu UV 3600 to study the optical band gap properties of the calcium 

doped ZnO samples and determining the absorption using Gaussian function.  The energy band gap (Eg) 

were calculated using plotted Tauc plots between (αhʋ)2 and photon energy hʋ where α is the absorption 

coefficient of the material, λ is the wavelength, h is the Planck’s constant, υ is the frequency of light and 

Eg is the band gap energy. The plotted graph plotted extrapolating the linear part of the graph until it 

meets the x-axis will give the value of the band gap.  

2.4. Transesterification of algal oil : 

The experiment was carried out in  a three-neck round bottom flask used a batch process reactor 

and  equipped with  a reflux condenser in the middle neck, thermometer in the side neck and placed on a 

magnetic stirrer. Pre-heating of the algae oil is carried out before the reaction to remove moisture, as well 

the catalyst was vigorously stirred with methanol (99.5%, commercial grade) at 50°C before mixing with 

algae oil for the transesterification reaction. Once the reaction is completed the catalyst was separated 

from the reaction mixture by decanting while the mixture is transferred to separating funnel and followed 

by adding little amount hexane and water for separation. The set up were left undisturbed overnight.  

Afterward the glycerol and little of the catalyst is withdrawn from bottom as an amber colour phase 

followed by biodiesel little lighter phase as seen on figure (3). The obtained biodiesel then measured. To 

study the reusability of the catalyst the used catalyst was washed with ethanol several times and 

centrifuged for regeneration.  

Transesterification reaction was carried out to study the effect of the catalyst preparation conditions on 

the catalytic performance for biodiesel production. The catalytic activity of the synthesized catalysts 

using UV radiation (CZOUV) were investigated and compared to the samples prepared without using UV 

radiation NUV (CZNUV). The reaction conducted for catalyst calcined at 700 ̊C with different loading of 



calcium (0.01, 0.03, 0.05) CZO to assess the influence of calcium loading on the catalytic performance. 

And to examine the effect of the calcination temperature the catalyst that produced the higher biodiesel 

yield was investigated at three different calcination temperatures (600,700,800 ̊C). The transesterification 

reaction condition was the same for all the prepared catalysts (methanol: oil = 25:1 molar ratio, catalyst 

dosage 2.9 wt. % of algae oil, reaction temperature 55 ̊C and 3 hours).  The FAME yield (wt.%) was 

calculated  using the equation (3) 

 

  Yield =         Weight of oil biodiesel (g)          X   100%           (3)                          

                      Weight of oil used (g) 

 

 
Figure 3: Schematic flow diagram for Transesterification process 

2.5. Characterization of  Algal oil and Biodiesel : 

To validate the adequacy of the biodiesel obtained from transesterification of algae oil both the oil and 

the biodiesel were characterized for their physical properties such as viscosity, flash point, pour point, 

fire point and cloud point correspondingly the chemical composition of the biodiesel has been analyzed 

using GC. 

2.6. Gas chromatography analysis  

The biodiesel  were quantified by a Gas  hromatography-Mass Spectroscopy (GC-MS QP 2010 Ultra, 

Shimadzu, Japan ) equipped with fused silica  column (30 m x 0.25 mm x 0.25 μm film thickness) and 

helium was the carrier gas. Briefly, 2ml of fatty oil was mixed with 7mL of alcoholic NaOH   followed 



by addition 7 ml of alcoholic (1%H2SO4). The mixture was then vortexed for 3 min and incubated 

overnight. 2 ml of supersaturated NaCl solution was added, followed by 2 ml of hexane , the solution 

then was shaken   for 3 minutes and   5 𝜇𝜇L  of the hexane layer was collected and   diluted with 5 ml 

dethyl ether and 1  gm  of Sodium sulphate were added as drying agent. The prepared sample then filtered 

and 1 𝜇𝜇L were injected in the GC-MS 

 

3. Results and Discussion: 

3.1. Characterization of the Catalyst:  

The XRD profile of the all catalyst samples prepared CZOUV and CZONUV showed the formation 

of the hexagonal ZnO wurtzite structure (JCPDS no. 36–1451). All samples showed a high crystalline 

nature diffraction peaks, no impurities were detected in the XRD patterns, confirming the high purity of 

the synthesized products. 

Figure (4) illustrated the XRD profiles of the 0.05CZONUV calcined under various temperatures 

(600,700, and 800 °C).Peaks of Ca(OH)2  and CaO were detected in all the calcination temperature used 

this can be attributed to the thermal decomposition of calcium carbonate to form CaO and Ca(OH)2 or it 

could be a result from the conversion of some CaO into Ca(OH)2 when it exposed  to the atmosphere, 

unlike samples prepared by UV (CZOUV)  CaCO3 peaks were detected in low calcination temperature 

(600,700) °C and it was not shown at high calcination temperature (800)°C as shown in Figure (5).  From 

XRD data Figure (6) when comparing using UV light and NUV light for 0.05CZO calcined at 700°C we 

can observe that the  crystallinity of the 0.05CZOUV  nanoparticles  is superior to that of  the CZONUV  

confirming that UV light acts as important  growth factor in agreement with what was reported by 25 and 

it acts as an excitation source. Moreover, a slight shift of the XRD peaks towards higher 2-theta degrees 

was observed when using UV light.  

 From Scherrer's equation (2) the average crystallite size varies in the range of 33-38 nm for 

0.05CZOUV and 0.05CZONUV respectively. The size  increases with the increase in calcination 

temperature and a similar trend has also been observed in literature 26 and slightly with increasing calcium 

loading.  



 

Figure 4: XRD profile of CZONUV 0.05 M of CZO calcined at different temperatures 600,700,800 °C 

 

Figure 5: XRD profile of CZOUV 0.03 M of CZO calcined at different temperature 

 
Figure 6: XRD profile of 0.05 M of CZOUV and CZONUV calcined at 700°C 

10 20 30 40 50 60 70 80

800

ZnO
CaO
Ca(OH)2

In
te

ns
ity

 (a
b.

u)

2θ (Deg.)

600

700

 

10 20 30 40 50 60 70

CZO
NUV

In
te

ns
ity

 (a
bu

.u
ni

t)

2θ(Deg.)

CZO
UV

ZnO
CaO
Ca(OH)2



The HRSEM analysis was used to investigate the morphologies of the CZO nanoparticles. According to 

the different morphologies obtained, it was clear that the reaction conditions such as light source, calcium 

loading and calcination temperature, have a great influence on the nanoparticles morphologies.     

Figure (7) illustrate the effect of calcium loading in the structure CZOUV and CZONUV (0.01, 0.03, 0.05). 

The results reveal that most of nanoparticles form a flower like structure.  A slightly tall nanoparticles 

with agglomeration was observed at lower Ca loading and more defined shapes at higher concentrations. 

Using UV light clearly plays was s a dominant factor on the formation of nano rods and  nano spherical 

particles which was observed at lower concentrations, The effect of the  calcination temperature was seen 

in the colour of the synthesized sample as it was white before calcination and it changed to yellow after 

it was exposed to  600 ̊C calcination temperature and slightly yellow at 700 ̊C to white at 800 ̊C which 

confirm the result obtained and by27. 

  



 

 

 

 

Figure 7: SEM Images (a) 0.01CZOUV (b) 0.01 CZONUV calcined700°C, (c) 0.03CZOUV (d) 0.03CZONUV 

 (e) 0.05CZOUV (f) 0.05CZONUV 



Using SEM-EDS analysis the energy dispersive spectra of the catalyst samples 0.05 CZOUV and CZONUV 

obtained are illustrated in Figure (8) and Figure (9) respectively. It shows clearly the presence of the main 

elements Zn, O and Ca dopant in the samples. 

 

 

Figure 8:  EDS spectrum for 0.05M of CZOUV Calcined at 700 C 

 

 

Figure 9:  EDS spectrum for 0.05M of  CaZONUV Calcined at 700 C 

 



3.2. The Algal oil Characterization  

The algae sample used for transesterification had a 65.86 moisture content, 5.89 ash, 8.26 protein, 9.71fat 

and 3.86 fiber for 100 g algae, the oil yield produced from algae was calculated using equation (3) and 

it’s found 52.4 % of dry weight algae, the oil extracted may contain dyes and other hydrocarbons 

dissolved in the solvents. The oil obtained had a refracting index 1.361 using refractometer. The analysis 

of oil is illustrated at table (2).  

Table 2: Analysis of Algae Oil 

Test Name  Result  Test Method  

Viscosity 1.7435 ASTM D 445 

Flash point 44 C° ASTM D93 

Fire Point 50 C° ASTM D93 

Pour Point < - 8 C° ASTM D2500 

Cloud Point   -5 C° ASTM D97 

Appearance  Green  

 

3.3. Effect of Calcium loading on biodiesel production : 

  

Figure (10) shows the influence of calcium loading on the catalytic performance for the catalyst that was 

prepared under UV and NUV , different concentrations of calcium doped in zinc oxide  CaO: ZnO (0:1, 

0.01:1, 0.03:1, 0.05:1 M) calcined at 700 ̊C,  were tested for algae oil conversion  under the same reaction 

conditions (methanol : oil = 25:1 molar ratio, catalyst dosage 2.9 wt.% of algae oil , reaction temperature 

55 ̊C, 3 hours). It reveals that when using ZnO pure as control a low yield of biodiesel was achieved, and 

when the calcium loading in the catalyst was increased from 0.01M to 0.03 M the conversion was 

increased from 89% to 91% respectively. The best catalytic performance was achieved at higher content 

of calcium on catalyst 0.05M which result in conversion 99% yield of FAME.  The obtained results can 

be attributed to the high basicity of calcium in comparison zinc.  



 
Figure 10: Effect of Ca loading on the catalytic performance of CZOUV and CZONUV for biodiesel 

production 

 

3.4. Effect of the catalyst calcination temperature on biodiesel production:  

  

The specific surface area, morphology and texture of the catalyst are important factors that influence its 

catalytic performance, and it is directly affected by the calcination temperature that the catalyst is exposed 

to. Therefore, the effect of the different calcination temperatures (600,700,800 ̊C) of the 0.05CZO (UV 

and NUV) catalysts on the FAME yield were examined at the same conditions of transesterification 

reaction (methanol: oil = 25:1 molar ratio, catalyst dosage 2.9 wt.% of algae oil , reaction temperature 

55 ̊C and 3 hours). Figure (11) shows that for CZOUV and CZONUV at 600 ̊C, the attained yield was 96 

% and 88%. At 700°C a higher biodiesel yield was achieved CZOUV and CZONUV 99 % and 97% and at 

800°C the yield (99%,98 % ) for CZOUV and CZONUV respectively. The difference in the yield between 

700 ̊C and 800 ̊C is minor so using 700 ̊C more preferable as calcination temperature for high biodiesel 

yield production. 
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Figure 11: Effect of calcination temperature on the catalytic performance of CZOUV and CZONUV for 

biodiesel production 

 

3.5. Effect of light Synthesis on the Catalytic activity :   

 

The yields of FAME produced via the transesterification of algae oil with methanol over several CZO 

are summarized in Table (3).  It can be seen that samples prepared using UV (CZOUV) light produce 

higher FAME than NUV (CZNUV) which shows that the light used during synthesis of the catalyst is a 

crucial parameter on the catalytic performance of CZO for biodiesel production  

 

Table 3: The yield obtain by different catalysts 

 

Catalyst 

 

Calcination Temp 

Yield% 

Light used during synthesis 

UV NUV 

 

CZO0.05 

600 95.69 88.04 

700 99.18 97.19 

800 98.71 97.61 

CZO0.03 700 91.19 85.49 

CZO0.01 700 89.06 80.34 

CZO0.0 700 20.42 15.06 

96 99 99

88
97 98

0

20

40

60

80

100

600 700 800

Yi
el

d 
%

Calcination temperature ͦC

UV NUV



3.6. Catalyst Reusability:  

The most important feature of a heterogeneous catalysts is reusability and stability. The catalyst 

0.05CZOUV according to the yield achieved was chosen as the optimal catalyst. Therefore, it was 

recovered and then reused three times for biodiesel production using the same reaction conditions (55 ̊C, 

molar ratio methanol: oil 25:1 for 3 hrs.). The catalyst, after each reaction, was cleaned, with ethanol 3 

times and then centrifuged and dried before use.  The initial amount of catalyst used was 2.9 wt % 

catalyst/oil but every repetition there was 1-2 % loss during separation and washing. As demonstrated in 

Figure 12 the catalyst can be used three times effectively. The biodiesel yield decreased up to 76% in the 

third time. Thereafter, there was a faster rate of  reduction in FAME yield in the fourth reuse probably 

due to the loss of catalytic active components with the leaching of the catalyst during the reaction 4. After 

the second use of the catalyst, an obvious lightening of the dark green colour of the biodiesel was noted, 

and it got more lightened in the third use and in the fourth it was almost yellow. These observation can 

address the highly efficient adsorption sites in the catalyst, so while the catalytic activity of the catalyst 

decrease the porosity of the catalyst increase.   

 

 

Figure 12: Effect of catalyst regeneration on the catalytic performance of 0.05CZOUV for biodiesel 

production at reaction conditions (methanol: oil = 25:1, cat. 2.9 wt.% oil , T= 55 ̊C , 3 hrs.) 
 

 

 

3.7. Characterization of algae oil and biodiesel produced 
The oil yield produced from algae was calculated using eq 1 and it’s found 52.4% of dry weight. Table 3 

tabulates the physical properties of the biodiesel attained by transesterification. The chemical composition was 
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analyzed using GC as seen on Figure (14) which showed the presence of C16,C17 and  C18  methyl ester and 

C16 ethyl ester  and it were identified using data base library. 

 

 
Figure 14: GC MS for algae biodiesel 

 

3.8. Characterization of algae oil and biodiesel produced: 

The oil yield produced from algae was calculated using eq 1 and it was found to be 52.4% of dry weight. 

Table 4 tabulates the physical properties of the biodiesel attained by transesterification.   
 

Table 4: Physical Properties of algae oil and Biodiesel 
Physical Test  Biodiesel ASTM for biodiesel  Test Method  

Flash point  46 C° Min 93 ASTM D93 

Pour point < - 6 C° - ASTM D97 

Fire point  58 C° - ASTM D93 

Cloud point - 3 C° Max 12 ASTM D97 

Specific Gravity  0.8166 - ASTMD4052 

Viscosity at 35 °C 1.4 1.9-6 ASTM D445 

Density gm/cm3 at 15 °C 0.82 0.84-0.89  

API 47.78 -  

Calorific value MJ/Kg 44.67 40-50  

Refraction index  1.346   
 



4. Conclusion: 

The present study dealt with mixed species of algae collected from fish farms. The natural water algae 

biomass is expected to be a cheaper feedstock for biodiesel production as compared to pure cultures of 

algae. Calcium doped Zinc Oxide CZO demonstrates an efficient nanocatalyst for FAME production 

from algae oil. The parameters used during nanocatalyst synthesis such as light sources (UV and NUV), 

calcium loading and calcination temperature have a significant effect on the catalytic performance of the 

catalyst for biodiesel production. Characterization of the catalyst was performed by XRD, SEM. It was 

shown that the preparation conditions has a significant effect on the texture, size and morphology of the 

catalyst. The catalyst showed a high performance, in general, in the transesterification reaction.  The 

highest biodiesel yield achieved was 99% when using 0.05 CZO of calcium loading and calcination 

temperature 700 ̊C. Over all, the best catalytic performance was found for the catalysts prepared under 

UV light. The operational conditions of the transesterification reaction were 55 °C; catalyst dosage 2.9wt% 

oil;. % oil; molar ratio methanol: oil, 25:1 for 3 h using a magnetic stirrer. The catalyst can be used three 

times effectively and maintain the biodiesel yield up to 76%. The GC MS for the biodiesel showed the 

presence of C15, C17 and C18 and it has a calorific value of 44.67 MJ/Kg. 
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