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BET Analysis: Brunauer–Emmett–Teller 
To determine the surface area of the produced 

catalyst, a plot was created by plotting the pressure 
(p/po) against the adsorbed nitrogen (cm3/g) at STP. 
Drying of the catalyst required degassing the 
sample (powder) at 200℃ for 24 h prior to BET 
analysis. The pore size, pore volume and surface 
area are found to be 275.826 Ao, is 0.030571 cm³/g, 
and is 4.8893 m²/g, respectively (Fig. 7). 

Impact of response conditions about the production of 
biodiesel using Cu-Cao catalyst 

Different parameters such as temperature and the 
amount of catalyst loaded, reaction time and the 
molar ratio of ethanol to oil were studied. In order 
to determine the optimal molar ratio of ethanol to 
fuel, loading of the catalyst was adjusted between 
5% and 12% in relation to the oil mass. The results 
showed that the conditions such as loading of 
catalysts 9%, a response period a molar ratio of 3 h 
and 12:1 of ethanol to oil were adequate to achieve 
the highest possible product yield of 90%.  

Temperature-dependent consequences of calcining for the 
catalyst's performance 

The impact of activation temperature on the 
transesterification activity of several catalysts was 
examined within the 600–1000°C. The catalyst 
Cu/CaO calcined at 900℃ had the highest level of 

Fig. 6 — XPS spectra for (a) Cu /CaO broad scan spectrum, (b) C 1s, (c) O 1s, (d) Ca 2p and (e) Cu 2p 

Fig. 7 — BET graph of Cu/CaO catalyst 
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catalytic activity between various temperatures of 
calcination. The remarkable entire source component 
of the C900's catalytic reaction is the catalyst's surface 
having an ideal number of active sites. It was 
discovered that C900's pore volume and BET surface 
area were much higher than those of activation of 
catalysts at 800℃, 900℃, and 1000℃.  

Effect of catalysts loadings 
The experiment involved raising the catalyst's 

intensity loading between 5 and 12 wt%, and the 
conversion of biodiesel was seen from Fig. 8. 
However, in some cases, the biodiesel production 
begins to decrease when catalyst loading increases 
from 7 to 8 wt%. The results indicate that a catalyst 
concentration of 9 wt% provided the appropriate the 
quantity of active sites needed to generate the 
maximum amount of biodiesel transformation 90%. 

Impact of ethanol to oil ratio 
The greatest yield ever reported was 90%, and the 

production of biodiesel rapidly decreases as the 
percentage of ethanol compared to oil increases (15:1) 
as shown in Fig. 9. When the ethanol oil ratio 
exceeded the recommended level of 15:1, the 
biodiesel yield decreased. Ethanol's polar hydroxy 
group also serves as an emulsifier, making it harder to 
separate the biodiesel product from the glycerol23, 
which reduces the synthesis of ethyl ester. Because of 
this, it was decided that the best molar ratio for 
ethanol and oil in this study was 15:1. 

Impact of reaction temperature 
The impact of reaction temperature (between 55 

and 70°C) on Azadirachta indica seed oil-derived 
biodiesel output was examined. The highest impact 
was observed at 65°C on ethyl ester conversion 
process; following this, the biodiesel conversions 
dropped. High temperatures induce reactant 
molecules to collide more frequently, which results in 
miscibility and mass transfer24. The amount of 
biodiesel produced dramatically dropped once the 
temperature of the reaction exceeded 65°C. The high 
temperatures at which the ethanol vaporized and 
remained in the reactor may have decreased the 
amount of ethanol available for the reaction25, 
resulting in a drop in the biodiesel conversion.  

Impact of response time 
The production of biodiesel with reaction time is 

shown in Fig. 10. The highest production is observed 
at 3 h and when the transesterification reaction was 
allowed to continue for more than three hours, the 
amount of biodiesel produced essentially dropped. 
Accordingly, the catalyst with a loading for 9 wt% 

Fig. 8 — Impact of molar ratio of catalyst to oil on biodiesel
conversion 

Fig. 9 — Impact of the molar ratio of ethanol to oil on biodiesel
conversion 

Fig. 10 — Impact of reaction time on the production of biodiesel 
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was found to be the result of the reaction value 
optimization experiments, to generate 90% biodiesel, 
the following conditions must be met: ethanol to oil 
molar ratio of 12:1, reaction temperature of 65°C, and 
reaction duration of 3 h.  
 
Reusability test  

Fig. 11 illustrates the ideal response circumstances 
for the recycling test among the C900 the catalyst, 
this was carried out using a fresh reactant. The 
utilized catalyst was removed from the reaction 
mixture by filtering it after each run, followed by a 
three-hour oven drying period at 110°C and an n-
hexane wash to get rid of any absorbed components. 
The finding indicated that up to seven runs might 
provide a yield of at least 75%. But, after of seven 
times, the yield began to decline. Organic 
contaminants covering the catalyst's surface may 
oxidize, resulting in a decline in transesterification 
efficiency 26-27.  

Characteristics of the catalyst, fuel, spectral and 
chromatographic characterization of the biodiesel, 
Contribution of the study towards Green chemistry, 
Process mass intensity, comparison of CaO catalysts 
to other heterogenous catalysts and Future outlook 
based on the study are discussed under Supplementary 
information.  
 

Conclusion 
The potential of neem seeds as a feasible and 

sustainable way to produce a low cost biodiesel using 
copper doped chicken eggshells was successfully 
explored. The C900 catalyst functioned admirably and 
generated a maximum yield of 90% under optimal 
reaction circumstances of ethanol to oil molar ratio of 
12:1, reaction temperature of 65°C, and reaction 

duration of 3 h. The green catalyst offers a number of 
benefits, including being inexpensive, easily 
obtainable, because it is environmentally benign, 
readily prepared, and biodegradable, it is a good 
choice for large-scale biodiesel production.  
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